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6FLHQFHYVY GH OD 9LH HW GH OD 7HUUH

OpPRLUH SUpVHQWp SDU
=8% (PPD

3RXU OfREWHQWLRQ GX 'LSO{PH GH OYfeFROH 3UDWLT!

OpFDQLYVPH DOD/PIPHD W R GARD QY HX Q
PRGqOH GYpSLOHSVLH IRFDOH G
5{0GH OJDHBQHI[LQ

3UPVHQWpP HW RREWH @XYDBHVM XU\ VXLYDQW

3UpPVLGC'HOMHQD &S DH(/,1((3+( %WRUGHDX]
5DSSRUWUSROWRI®$B/,6*,1 *UHQREOH

([DPLYDWHUUpPGp BEEBBI6,10 ORQWSHOOLHU
7XW.BHGDJRJLUXHMDGLQH PFBTIB(6(3+(0ORQWSHOOLHU
7XWHXU VFHMQ@/ILUHFXWH XU G FRES A $

7KpPDWLTXH GH OfpTXHAK BBFYHFKHIWEKUR YDVFXODLUH HW

/IDERUDWRLUH, G DERMRRPLTXH )RQF W XRQ®H OOHEDUGRQLOO
ORQWSHOOLHU



3UpIDFH

&H PpPRHEBIPVHQWH SRXU PRL OD ILQ GTXQH OTRXQHI WH] DUH F F
DPRUFPIKk@H DBQWIIBW H MIDL GpFLGp TXH OH WUDYDLO 1
PSRTXH QH PMEPRYYWOW IXQ SO DHBIURWIHHE O/H RUIHK G Y FHNGLRLQ F
SULV OJLQLWLDWLYH GH GpPLVVLRQQHU HW GH IDLUH XQ
UHEXO HW GH UpIOH[LRQ VXNGPRRILQWRULWH DLOGRRESBXBLU
SDUFRRUWQWLILTXH -®BE GRQEHLO®RIBBMWHPHQW HQ GHXI[L
JUKFHPRODUFREKBOHEUHY O BWRIQXD AMHMNT X HP K BRRMW L Q X p

DYHF LEBIGFRIHVVLRERO@RAOH $QDO\WLTXH HW ([SpWREWMQWDC
PWHUQV HOQULWFKLF WP QW EXVVL LQWHSRXY RRL POV JB Q VBIDV
MIDL DXVVL FRQQX GHV UHERQTDL GG\ PDp YALHIBHER Q @ H
GqV PRQ SUHPLHU VWDGB GAHR MRWR D WYARRGSHQ W B O VX LBXH

VD YLVLRQ GX WUDYDLO PYfRQW SRXVVp jOFFRRIWMERPSALE PRQ

FDU MH P\ UHFRQQDLQWDUV WD OID WMHHFRKHQWKH VFLHQWLIL"
SRXU \PRUL O IF CBWOLQ UX Dj@PH VHWR XKDLW V -G DL PRIOFHW.\R B VHQV
WRXMRXUV DSSUHQGUH HW GH SRXYRLU HQYLVDJHU XQH U
W K g P HW TRXUHD DH ¥ HGH HOUDF K H H8 YRS RVBIRQF YRXV SUpVHQWHU
PYID pWp BRQIGDQW PD GHX[LgPH DQQpH GH &' j OFHLQVWLW X



SHPHUFLHPHQWYV

-H UHPHUFLH WRXW GYDERUG OH 'RFWHXU 1DERD@WQSDH+,
GHSXLV OH GPEXW GH PRQ SDUFRXQY WRYW DD L HFRHUD® |
VDYRLWUH FH TXL PYD SHUPLV GH PYfpSDQRXLU GDQV FH PL«
TXL PYD IRUPp j PHV GPEXWV HQ FKLUXUJLH HW P{D EHDXI
WR X UDQHVQAW YHUV WRXW HUO-KOTIXH. SHH WBUKR\RWHXE TXL QRXV D
WLHQV j UHPHUFLHU OHV HQ VLM CBQMXHYGHIGNY G3H (S DN L HR)P
UHQWH VSRQEEQPRPHWYWY GH GRXWSHDUWHF X6 B§GFEHD WH
%RFN PRQ PHOQRMRRVUMYBROW PX ORQJ GH FHV GHX[ DQQpHV |
SUHXYH GYXQH JUDQGH SDWLHQFH GDQV OHV PRPHQWV T
UHPHUFLH ODULQH %ODTXLqUH :HQG\ ./GRHPRQ PNXHOB H 3
TXL LO D WRARWRXEY WVW6H FRPSWHU

H UHPSURLRIQGPPHQW WRSWH STRUKLSHGIRRWHFKQLFLHQ
DYHF TXL MYDL SDVVp GH ORQJXHV KHXUHV HW GIRG/LISD!
UHVSRQVDEOH GH OPMQWRRMWRXRWPHWPXQRPWFGHPDQGHV HQ
GIH[SPULPHQWDWLRQ

-H UHPHUFLH HQILERPHNW QRIMDPW W XL \DRKQTX R W QG R\E H XWUH
GpGLH FH PpPRLUH



(DEOH GHVY PDWLqQUHYV

, .QWURGXFWLRQ

/TpPSLOHSVLHFRQWH[WH JpQpUDO

&ODVVLILFDWLRQ HW GLDJQRVWLF GHV FULVHV pSLOHS
/HV FULVHV JpQpUDOLVpHV
/HV FULVHV SDUWLHOOHYV
7UDLWHPHQW HW UHFKHUFKH

3K\WLRBWJDBODWRPLH GX V\VWqPH FpUpEUDO
$QDWRPLH HW RUJDQLVDWLRQ GH OD UpJLRQ KLSSRF
5{OH GH OD QHXUR LQIODPPDWLRQ HW OTXQLWp QHX!
OpFDQLVPH HW 9RLHCHQDBRP ®YPHR DOV L
([SUHVVLRQ GIDQQH[LQH $ GDQV OH FHUYHDX KXPDL

SUREOpPPDWLTXHY GH UHFKHUFKH

,,ODWpULHOV HW PpWKRGHYV

OpWKRGHV JpQpUDOH

/IH PRGgOH DQLPDO

'PILQLWLRQ GHV SURGXLWVHISPHYPEDQWDOHOD SURFpG:
/TDFLGH NDWQLTXH HW OHV UpFHSWHXUV NDwQDWH
$QHVWKpPVLTXHV XWLOLVpV

'PILQLWLRQ GX VLWH GJLQMHFWLRQ GX NDwWQDWH SDU |

'PILQLWLRQ GHV RXWLOV GH VXLYL HW GH VXUYHLOODQ
3UpSDUDWLRQ HW 3RVH GHV (OHFWURGHV SRXU OH V.
6\WVWqgPH ILODLUH GY(DQRW YLGPRVXUYHLOO

3URWRFROH 7HVW LSK B UP® G R DLRUH T$X H

3UpOgYHPHQWY GHV WLVVXV FpUpEUDX[ FKH] OD VRXUL
([VDQJIJXLQDWLRQ
57T3&5



‘HVWHUQ EORW
3UpOqYHPHQW VDQJXLQ WHVW (/,6% FRUWLFRVWpPURQ
,PPXQRKLVWRFEKLPLH
BWDWLVWLTXHV
.., 5pVXOWDWYV
5pSRQVH DQWL LQIODPPDWRLUH GXUDQW OD SURJUHVV
7UDLWHPHQW SKDUPDFRORJLTXH GDQV XQ PRGqOH PXU
7UDLWHPHQW SHQGDQW OHV FULVHV FKURQLTXHYV
7UDLWHPHQW SHQGDQW OfpSLOHSWRJHQQqVH
ODUTXPHEOXODLUH
,9'LVEXVVLRQ
5plpUHQFH
$QQH[HRQQpPHV GH 57T3&5



SEUpYLDWLRQV

$, $QWQIODPPDWRLUH

%t ( %DUULQUH KPPORDRO LT X H

&&I &KHPRNLQH /LIDQWYV

&&5 &KHPRNLQH 5HFHSWRU

&W] &RUWH]

,0  QWHUOHXNLQH

((* (OHFWURHQFpSKDORJUDPPH

)& '\WSODVLHV FRUWLFDOHV IRFDOHYV
*$%$ $FLGBPLQREXW\ULTXH

*)$3 *OLDO ILEULOODU\ DFLGLF SURWHLQ
%5 *OXFRFRUWLVRQ

.$5 .DLQDWH 5pFHSWRU

)3 L QWP LWRQpDOH

.9 ,QWYUHR. QH XV H

71( 7HPSRUDO OREH HSLOHSVL\

10'$ $FLGR pPWK\DVSDUWLTXH

57T3&5 5HYHUVH 7UDQDRULISWDWHYH 3RO\VPHUDVH &KDLQ 5F
6 ( BWDWXV HSLOHSWLFXV

61& 6\VW dPH Y HXQ & U D

656 6S R Q W DEMHHFROUEHHL QXU H

7%, 7UDXPDWLF EUDLQ LQMXU\

71/( 7THPSRUDO OREH HSLOHSV\



 QWURGXFWLRQ

/TpPSLOHSVLHFRQWH[WH JpQpUDO

(QYLWRQ[DEAWHOOLRQV G N MW VIRMWHMPNGIO YV OHMHRRQGH
PLOOLRQV TXDWHUHVRWDM GCLDIOFRVWLTXpHV BKDT RID MIGHH
YLYHQW GDQV GHV SD\V HQ ¥YR&HZGHR ZR HQRMRKM G B BW
VKHHWY GHWDLO HSH\WWWSIVPDODG L H K HB tPRHIQMOHX(IQV p PR Q
JUDQHMSLOHSVLH HVW O DIIHFWLRQ QHXURORJLTXH OD SOX
HQYLURQ@H OD SRSXOOQMWDRQ HW [D VIDV¥¥H/ WUDLWHPHQ
DQWLpPSLOGISWLTIOHY P pGLAOHG WHWY HHW ®H GVOJ DPYDAG IOH. |
UHSUMW®DMRILPSRUWDQW GX 3,%B 6QVHHEWDEQY ISDSR U WL
GH VROWWLRIMSHXWLTXHWX B O GIRIQ F DVFHHWP H SHMg FGBRHOWL D J Q R
GPQRPEUKHXDBWXHOOH HQYLURQ GH PO D/GWNLVEHWHQ
DQWLPSLOMSWLTXMAHQW VXU @HVPBDWHKPHQWY YRLHQW OHX
GpJUDGpPH DYHF XQ ULVTXH DFFUX R 16 FFU GG QWWR QGWIADE
EOHVVXUHV/ P FRYWEREHQHBHKQ WP®GHR RF HAXMUNWD BEOMHX PDMH
OD SULVH HQ FKDUJH GH OfpSLOHSVLH GH QRV MRXUV

JLIXUBHZZ ,QVHUP 11U

/TpSLOHISQVHEEORD O D GHEW GXUMFBUBHSPMM QDQW XQH DWW
VXUSUQUH FRUUHVSRQG N Y@ WRWH BEOIKUHHVHORQ OH W\S|
OVHL]X U KVOWG pVRUGUH QHXURORJLTYHF BKVIRY LUBRWY R Q X
EHDXFRRSFGELYREW HQFRUH pWHHG/LFV LVHY MRXOW FDUDFW g
GpFKDUJHVY DQRUPDOHV HEKRBE MU LWYHEKB RS 6 \GEOMVR IRWRH\R G M
SOXV RX PRLQVDFRENMDGXH $ OTpFKHOOHFHIBRUXYGINSRIYG | X
GpVpTXLOLEUH RYWDE VP HW WKW SHPEDKHE/DWH X 5 pV X OWD W



GH FH GpV pHWX LLEPNEHXK VO X W B PDpPQHMWE ®HYV IDFLOHPHQW IDY
OD SpUH@ GHVDO WoLSR_.OH SV LH

8QH FULVH p\SH GHRBDTKXHRX QRQ HQ SDUWDIOW XNS&I]ROHU
FHUYHDX SRLQW GH GpSDUW LQLWLDO HW OTH[WHQWLRQ GH
VIPSWRPDWRORSDHTXH ORLGHYHUVLW @R G H\WD DO B HFXMR KO G
UpVHBXXV FRVESOHIHW GHV PRGLILFDWLRQV VWUXFWXUHOO
SDU OD SODVWLFPWQ DEEHHURRSQDHICHHUP MD SIWIDFW pULVYIR GDU O]
VSRQWRXQPUWR YR FWH VHV LVROpHVY RX UpSpWpHV GDQV OH F

&ODVVLILFDWLRQ HW GLDJQRVWLF GHV FULVHYV

(Q O7,/$OWHUQDWLRQDO /HDJ%H BS R QB WFEBDEHI VFD WL
&RPPIRQ/RQ SFDWMRQ DQG 7THUPLQRORJ\ RI WKH ,QWHUQDW
%HUJOHW DOHV pSLOHSVLEWSpQH®V IV \RMWWDXERMKXLUD O H
VIPSWRPDX\Q DFHFYLGHQW YDVFXOD LRI F)X UEEHR DOK BXHX UWRB DX PE
HQFRUM pSLOHSVLHV GHRDKEHWLQFRQQXHV
'H QRV MRXUV OD FODVVLILFDWLRQFGi$W GHDPMNS BY WL BEQH F
OHV FO BHXH U HROX S HV/L W IV'M@KRWW ULV HV Jp Q p USDQMVIpHHI OHHW 8
IRFDQBVGLVWLQOXW GDQWVH\GHRXF DB Q G URHPH VG \VSODVLH
FRUWLRPDGRKO H SOXV \GRINY PR®I R U FBRYEDR G YOHO RS/G FORHHQ W
PSLOHSVLHVY GX OREH WHPSROD®p HV( G D BIHYH B $ R RPSRHF
VROW SOXSDUWDGKDWWRGYRHKD @F X QF B GH X [GRE\SGINS VL H
GHY LLHQWD HWDWUB LWERHQXW JILH HVW SURSRNVYW BRI GE BHH
FODVVIBRVQ WpVXOWDW W L5 RPW) B B RSN R ERIHEO7K H Q JH O
(SLOHSV\ 6XUJHU\ 2XWHRPOIDVNBIOHQW SH ORMNVWS BKILG QWYWL

UHFIQRMHORQ HWO OMHRWNEDVLWp
&ODVVHPHQW (QJ

&ODVVH[HPGMW F¥ULVHYV LQ ,DVDQV FULVH GHSXLV OD FKLUXUJLH

,EFULVHVY SDUWLHOOHY VLPSOHV QRQ 1

,FFHUWDLQHYV FU LD/SIUmN XD O X & DIQHW FFJL
LQYDOLGDQWHY SHQGDQW DX PRLQV

,GFRQYXOVLRQV JpRQ GBI LPMDH 5 WH.F X
XQLTXHPHQW

&ODVWVWILVHYV LQYDOLGD!(,,D FULVHV UDUHV
, FULVHY LQYDOLGDQWHY UDUHV



, BOXV TXH GHV FUDWHRRURVHWDGMS XL
, GULVHV QRFWXUQHV XQLTXHPHQW

&ODV,YBPpOLRUDPWILRKVVLE ,,, DpGXFWLRQ GHV FULVHV XWLOHYV

., EQWHUYDOOHY VDQV FULVH FRUUHYV
SpULRGH GH VXLWGIDIDQSDV PRLQ

&ODWVEXFXQH DPpOLRUD ,9 WDXFXQH DPpOLRUDWLRQ YDODEOH

,9 5DV GH FKDQJHPHQW DSSUpFLDEOH
,9 BPJJUDYDWLRQ GHV FULVHYV

7TDEOH®&ADVVHPHQW (QJHO

/IHEULVHV JpQpUDOLVpPHV
/HV FULVHV JBQRY DBVQGHOMN DEHWP FRKWP LVSKgqUHY FpUpEUD X
VPPLRORJLH FOLQLTXHGNWY WVDUDH S @RK/HPDARI MWV MIBH\E O H
WURXEOHV GH /BN FR QWYY HRAHH X B0 FBOIXTYYXHHIMP X W ERD DV H H
UpSpWAWRDYHFRQWUDFWLRQV P XV EX®BQRLFRQ Y R X REHYXH R Q
GH SNBORQMHWHWROQLITIBWRQLTXH LQWHUBXSRPLGRDY GX WR
P\RFORQER XMW UD¥FWWFXRO®LUH EUXWDOH HW LQYRORG®GMWDLUH
VRQW GW BXIMPEOXHHOTXHYV VHFRQGHWHERQHOA YWH\S HP LGHX FUHLW

/HV FULVHV SDUWLHOOHYV
/HV FULVHV S D UWIHO@PBORMCOIEIRD ® G HRQOGIRE ® Sl & pH U
PSHOWRIIGQISOXV VRXYHQW/ ONKLGISRARPSIN) &' X OFRRAKW HH W
DO /HV FULVHV VRQW UHSUpVHQW pW\P SWD{PENCH ORIV HT Gl
FRUUHVSRQGH Q VW2 QEINVR/MHNK FESDVWNLHOOHYV VLPSOHV
SDUWLHOOHV FRPSOH[HV
/JHFULVHV SDUW VRQOH Y YRIBOBNTHY GpFKDUJHE DOV EHQW
FRUWH[ VRP DR\ B QMRISISHRE D(SHH VW U D G X L V HO@DW FLOWD G HR Q!
GHV SHUWHYV GH WP WPRROUEHWH G P R URIY@HK@VLHY XQLODWpU
PWDWV GH UrYWHHIMWXNHQVDWLRQ
/HV FULVHV SDUWLHOOHV FRPSOH[HV HOOHV VH FDUDFWp
X@UULWVEBHUDFWXRE WRELDICAHD W LR Q HA¥Q FRP B\ UYWHAPH © R\W U |
RX VDROWRPDWLRBPHIUGNK W IHVW S\U M P RRURBK@KFHHIP G M-V
OfpOHFWURHQFP$KRPLRI P GAPSIfUPBIIWHGIH FLEOHU HW ORFDC



7UDLWHPHQW HW UHFKHUFKH

$X FRXUV GH OD SUHPLQqUH BRIVWREREY L QP RNNDGF R\E VD F U p
DX GPYHORSSHPHQW GHI @\R Yo\XEHEDML TR(-DIL PDISBX U /H
SUHPLHU WUDLWHPHQW GpFRXYHUW IXW OH EURPXUH GH S
GIHQWUHU HQ FRPSPWLWLRQ DYHF OHV LRQV FKORUXUH C
SURYRTXHU XQH K\S®USRIBDUpWBWDPWHKIE HGpYHORS SHPHQW
PpGLFDPH@WMLpPpSIVOESWRIXHH GHX[LgPH HW VEDREMVYqPH Jj
PpFDRHY GIDEMAREEIRUWRQWYHWUHERREDIH GX FDQDO V
SUPV\QDSORIFRMDPLGH OKYQPWRBXGBWH X% $ RMLDA DIEL Q H
YDOS GRDWRGRXMQFRUH OHV EORTXHWKRRIXG F B MDD O F L X
,O HVW SDUIRLYV QpFHVVDLUH GYDVVR ELpHHUD IS'® XW K B X D § HPXRAOL

/| pSLOHSVLH GX OREI$SUPBMNPASRWHD G HAH VIR ® HV RPSUOM[HD Q HV
O T ((*&THBWW X HOXOPH HERWP AXL PRQWUH OH SOXV GH UpVL!
DQWLPSLOHSWLTXHV H[8Y W IVQWID WHQYH URRXU FRQWRXUQHL
rWBHVH HQ SODFH $YHF OHV FRQQDIWWV D @KRHY ODFCLXHQB H
OLPLW IG5 DAVEPFK DU JIHV  SHKFNR (QIDTOHNWRBIMIM WIKHHY FRP SRV D
FHOOXORLBHUNGOWHK) MHX GDQV O H& PHSRIKQITO®RL Q HX UR
LQIODPPBW EDQ UL qU HH R PHRDRRIONK Hp VBXSW gtV SDUWLFXOLH
OYDVVRFLDWLRQ HQ@/RUBIQMNQIHD DPRDWPRHRS KDWY R BIFR W L
PSLOH®PWPEXHXIJIpUp FRPPH QRXYHOOH SLVWH SRXU FRQWR
FHWWH PDODGLH

'HV PRGQqOHV DQLPDBXp\SKGERHMPDHQ@W YV WHSRH VY HEH FFAX MHD Q \
PDQLIHVWDWERRYRBE IXH¥®RLY HWFRPPH OD PLVH HQ SODF
PSLOHSVLH |RGI®EF B UY ApEBYOR QFOEERYNMTWHW XV HE L GOSWLF XV
FRPPXQpPHQMNDSS B & pP D08 PSE B PRIBIHOBIDHNM B XV XWLOL\
EDVp GXQGXPWKB®LVH pSLOHSWLTXISDEK KQ HD DL QARKEM VR Q
KESRFDPSLTXH GIDMLED QRMIWMQLTXHLGH NDWQLTXH HVW X
VSPFLILTXH GHVXWDPHDSMHHIXIWYT XHY CBYURRR QXYXHD VILFYWD QYL AV (S X |
20QHW DO /fLQMHFWLRQ SURYRQRB BB O D OHRIORHEH D DR P
XQ UHP D QHVAXEMUPEDRY OTKLSBREXRYBDBUGY XQH SpULRC
ODWHQFH j OD FUpDWLRQ&EYXPr PR \H OGRISAHIMRS\E R QD S DU C
GHV FULVHVIRBEBQMXDMRYHWE pSLGHEWLTXH



Epileptogenese et remodelage cérébro-vasculai
Neuro-inflammation

JLXUH'pFRXUV WHPSRUHO @R XGRHYQOs DQHPWVWICH GX OREH WH

'IDXWPRIEqOHY DQLPDXRGW SULCSHBDORDIOY VHW FHBPIO 1§ H X W
rWUH LQGXLWH SDU OTLQMHFWLRQ $DHD B LW R FIDQMH LMW CB@LL

HQFBSDMW L P X\OpIDVAIERVQUAO X\H O H NPIRVGBH DWW AH GW Y VRV HVW OH ¢
SHUWLQHQW SRXU QRWUH pWXGH FDU LO UHGKR®E58 HSNR X W
GX OREH WHPSRUDO

SK\VLRBWRIDQDWRPLH GX V\VWgPH FpUpEUDO

$X YXQRWUH pWXGXU PPAPSLUHISVLH GX D\REH MSRABRDQW GH
SK\WVLRORJLH GH HOMKQISSREDIPBHHQWY FLUFXLWV QHXURQD
FULVHV VSRQWDQpHYV

$QDPLR HW RUJDQLVDWLRQ GHF®H]JUPDLRRXKLSSRFD
/TKLSSRFDBOWWRH GX W p CCHOF PORPOH] KWWY pIDRIQ ELODWpU
FRP SIRGADW J\UXV*GHQWRUPH GH EDDLQW QOHF AN LOD F&RIHOM GT$P
FRQVWQW XEHDOXFHFHO H V X B BRUGXKLIQ@ Y RUURKXPYM OTKLSSRFDP
GHV FRXFEHXUBBHV S\OBP V@MW XPH UNDVBRIR GVXPXHOWD H YV H
QHXURQHV XD OMOQDLRWRDWLRQ DUULYHCS BIW Vi FBRWWHY ME
QHXURQHV JUDQXWDDYHWV\G® H'ID LVF HDDKO®DHUS B ESEDQUAH/
ILEUHV PRXVVXHV YHUV OBW £HKXUREHW HQUDEHDX$E]L Y H
S D WRRD ODHBASEKID [ |THLW) F /HV GHX[ KLSSRPLPYHNVQWRUIHWH X[ S
JLPEULD



Pyramidal
neuron

Str. Radiatum
Str. moléculair

Granule neuron

Entorhinal ¥3/
cortex
Dentate
gyrus
subiculum neuron

JLIXUBFKpBBELUFXLW QHXURQDO GDQV O KLSSRFDPSH FKH] ¢

5{0H GH OD QHXUR LQIODPPDWLRQ HW OfXQLWp QH
8QLWp QHXUR JOLR YDVFXODLUH
'DQV OH FHUYHDX RQ UHWURXY®V H® CCOHCRUW J@HIVOQHVX UL
PLFURJ@®VYHRHOOXOHV HQGRWKILOL O B VWD OHE WS XQL E\®H W\
HW SOXVLHXBN\VRR O RAARKRAINVK R P p RVDUBAGIML OHV DOM URF\W
FRQWEHKOBTLQIODFPBWLRQHV PHRBUHRI @MYL R R\QWHU 0 G H

SHUPPDELOLWp | OFLYQDAVH X EDIMMY FFpSIE UDKY FHOOXOHV HQ
DVVRFLSHWIDRRWHV

Pericyte
Endothelial cell, ™.

)LIXUBIFKpPGWYX QHXUR JOLR YDVFX

https://www.researchgate.net/figure/Diagram-of-the-neurovascular-unit-The-

neurovascular-unit-represents-an-interactive_figl 275363150)
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IHXU®IDPPDWLRQ

/TLQIODPPDWLRQ HVW XQ SURFHVVXV UpDFWLRQQHO GH G
PDLQWLHQ GH OVROMWHpDQMN X QEX FILVH pSLOHSWLTXH LO
G 1D JH QWY CSIUARPDMHOL UBEK 7,D). ,/ SDU OHV FHOOXOHMHOLDO
DVWUREMMBWYL HW DOPDLV DXVVL SDU OHV FHOOXOHV HQGR
FPLRNLQH OLJDQGR]]\&8&W D@&&/ VWLFOIGHSUHVVLRQ GHV PR
GOGKpVLRQ DX QLYHDX GH OJHQGRWKpPOLXP IDYRULVDQW D
GDQV OH FHUBHRBRBSDW OHV FHO OSKHIHE/D QO DOINMYEF @XN b N
UHFUXWNPRQRFOMHY YBRQDRLONW &V PRQRF\WHV VRQW SR
UpFHSWHXUVXL&YRQMDUFOHYMBEWWUDFWLRQ GH FHV PRQRF
UpDRFVLQ O D P PMSW R MUH K-RWP iR VW D WE.T X ddV GOHH OID ¥ B D WHL o@JHH O
JUDGLHQW LQWHUVWLWLHO GHV IDFWHXUV FKLPLRWDFWLT)
SDU PRXYHPHQWY DPLERWGHY MKV TRILCPO\RRMQWHHR)QV © D FFDCS\D
GH PRGLILHU OD SHUPpDELOLWpP GH OD %+( SDU XQ SKpC
MRQFWLRQ HQWUH OH\6\WEPDWA MV FHIP\EEMBR p®D RTHNMH V W
XQAHOQ@ROKQLWDLUH UpVLGHYMWMHH GTHDWO XOMHTBXEEQDIDLG X $IW H
UDSL G HPKQB-HRED HWpSRQBHYV FKLPHRWNIDPHYUHY WUDQVF
QHXXRQDBHQRWDPPHQW GXUDQW OHV &l WKDH JBIFW p 3 DOH.R
PLFURUDLBpOBUOLEGYDYMWEBBYAMWRRQW FRQWULEXHU j PRG
GHV UpVHDX[ GRXVREHK[SKpQRPgQHVWIRQAX BAWL® UsDQV
YLFLH®WHD P FOWNMR Q

OpFDQLVPH HW 9RLHQHQDRB BQHR IDWQHV L

,OH[LVGAHY YRLHV GORRRPISIQGINVIHNLIQNQDPP WS RQRMXQLWDLUH
SURYRTXpH SDIUXQ TPWILLYRREWY RPD®XHPH HQFOHQFKp SDI
OLEpUDWLRQ GH @FOFPOID/BRDEBEEH OfpSLOHSWMW DGPLV TX
UpORWLRQ GX PpFDQLVPHLRSDODPIIDBRLQYH WMNW GX UpFH:
JOXFRFRUWRFRWEBIRpWKDVRQH P pWRUWSIMRQI VRMRQIHV p V
WKpUDSLH FRPSODBEMOMIEDDYH FHUWDILIBWL SHBRMWDPPHQW
LQIDQWROFKL HW DOHQ TXIMIILEFQWH GLQRQW VEBHIWP HIIHW V

VHERQGDLHWV FQip MW O HWVH OFRHR LW/IHD HW H P H QWV , O XH @ W QG RRRF
QpFHVVDLUH GH FRQWRRUQRLH HY WK p QIR WOHD H Q G
OLEpPUDWLRQ GHV *& LP S0 RW{GIHXEDH [ B OHIYCRH. G H R H OFGHHW W H



HVW FRBSRVpH QHV FR GLURW GREMW OHV U{O0H\ R/RWQ I OYOIRUIL\D
PWXGLHU OfDQQH[LQ $

/[IDQQH[BQHRX HQT~P"'v

OLSRFRUNMW HXQRW OO o ge.ummms
DQMQIODPPDWR L UBD oo \r oo,
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‘ / Cytoplasm
J O X F RFFRRNUGMAIM XHL Y | antiinflammatory
signalling 9 @
DFWL Yﬂlﬂzw Iﬁ ILJ Oé)ﬁ\nnexin o, Glurce%ceoprtt:)crmd
VLWXp VXU OH FKU ( l
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Anti-inflammatory
gene expression Nucleus

HVW GH (G\DEDH(WW')LJXUHGLJQDOLVDWLRQ FHOOXO

RX SDUDPHERQHS$S®MF

OTLQKLELWLSRKRVGKRODSDVH $ HPSrFKDQW OD ELRV\QW
OfLQIODPPDWLRQ FRPPH OHWH®HXFRVWUR G QP BRYQ/HHND F R U H
/ID PROPpFXOHUPHHSIMWH ®X FHORXODRIQGBX)YH XQ PHVVDJIJH DQ\
ILJ (OOH DXDXNMHW LGHK IOFIDVBHY U H Q F H RFRONGEN @Bl YPW DR\ L C
OH 618 SOXV HOOH UpJXOH SRVLWLYHPHQ QWO DO LRGIL
QpJDWLYHPHQR]R&EW DPDQQHILOBIGRIqQHSOUEPHY PLFURJO
MRXH DXY®H XKW HHVHXMXHMR GHRWHY GIDQQH[LQH $H W[RQ §Q H \
DYpUpV EpORVTEHVX®UHV PDODGLHYVY GX 61& FRPPH OD VFC
GH OD EDUU HQRp KPRDMMBEWIY QW H RX HQFRUH VXU OD G\V
YDVFXEODUGHDTXH HW UpQDOH GpFRXOBWRIW GX GLDEqQWH GH
ITpTXGHHV ODTXHO @H VWWH G\RUIDFNVIH@®OVGHPLW HQYLWBJIHDEOF
YRVYSUR HW DQWL D QH®G DXFP DRFKIMUMXU OTDQQH[LQH



!

I
o

JLIXUH\SRWK@EVYWP TXLOLEUMH GCDRPORMIAQ@WM OHV FULVHV GfpSl




([SUHVVLRQ GYDQQH[LQH $ GDQV OH FHUYHDX KXP
'HV GROQIMGIPIMXHT XTLO \ D XQH G pS\p B XCONDRIBRS GOHEG\B Y
WLVVXV BHPOWMS\WODVLH JFREWYFORGYpHY QRXV RQW HQFRXU
SURILO VSDWIH SUHHP\S\RILRHD F.KH] B QpSREHSM PXULQ

TS ’27"'\\/_‘\ 1D2 /i B

ANXAL ANXA1

JLIXUHRFDOLVDWKROWIRFIKL®LTXH GIDQQH[LQH $ GDQV GH
KXPDURNG % ,QWHQVH LPPXQRUpPDFWLYLWp mRWRHMU ODH V
SUPVHQFH GH FHOOX Q®IyF% BUIL Y DMV-PX0 DLBH V

JLIXUHDQV OH )& GH W\SHGH R HXWRVHM- B \VPRUSRKHVXEM (
EDOORQ PLFUWHOLH +/$ SRVLWLYHV * SHUWH GILPPXQR

IOQFKH (%pPU —P+ —PFLWGRQW JUBGMVWHULVHY D pWp pYDC
OD FODVVLILFDWLRQ GYT(QJHO



SUREOpPDWLTXHV GH UHFKHUFKH

(Q VDFKDQWI[IBH GID@MWQBH FHUY HIRP EXPOH B OXMO PH SURFI
LQIODPPDWRLUH QRXV F KQHUWHR RREDQ G R DM 7 FHRRS U H
AXDWUH TXHVWLRQV VH VRQW SUpVHQWpPHV j QRXV

i 4XHOVW OH SURILO WHPSRUHO GH OD YRLH WQWL LC
OTpLRHSEQqVH HNB FOHIW DFQUPLHAH V

i 4XHO/W OH SURILO WHPSRUHO GH OfL QHWD PRVWALRLY I
VSRQWDQpPHYV

i /TpTXLOURUMHQWL LQIQBPPRDWRIQXH HVW

i (VWHTXH OfDSSRUW GIRIYIH LEHXW DPpOULRORILBGD S
LQIODPPDWR IHIOHD HOV R ReHWM MIGHDA) M VO HXMR.®&d- Vi "

3RXU HVVD\HU GH UpSRQGUH j FHVQPRHVWILERUHP LHH® OQRMX
QpYDOXHU OH IRQFWLRQQHPHQM)MEXO P PPDQR/IPHH HHGG R/LA
SK\WLRSDWRRKORDYRQV XWLOLVP GCYpBROHSMLBIQERDOREH W
VXLYL ORGIYDOIVENCELBFRILE T XHMW HUXQU EGOHRWYV pULHV GH
DX GpFRXUQDWIERREVHED YHWPG Q A QWO IDFWLYDWLRQ GX U
GHYO X FRF R U WIRPRW ®F\R QW DEBRYHFR WFRHD ODERG BW HXWU D W p J L
GYREVHUYDWLRQV GHV GLNpGBQW\D H FFR YW VEH RAHR DLV PHL
PDLQWV HQ [GHHO H S VB X T XA WU p \QFOWDIWR QV W H QMQP WKIQHR D S ¢
VXOR P H R G gORMW X GILpYH Q WKBIQM PHQWYV S KW LARD PILT X E V|
JUKFH | XQHPRRIS®MWDY SURWBREMRQPIHEQHRXV DYRQN RIXUNL

HQ SGEBMHSLOBIRVEHY D QOGP OHFWURHQFpSKDORJUDSKL



,, ODWpULHOV HW PpWKRGHYV

OpWKWR@EBpPUDOH

([SPULPHQWDWPRGQOHDQLPDO

/H PRGqQOH DQLPDO HVW OH SLOLHG pFR@WUTHRDXGEHANWW H p\
JUDSK

*UDSKLTXH GHV H[SPULPHQWDWLRQV GH OfpW
ORQU{TFHMQWUDO REMEPW FHOBUWPLVH HQ S.GD FHYBXJ PREDWLR Q
JURXSHDQLBRXJUHVWQ D OMIBYES5HQHVW HURMWH WP XQRKLVWRFKLP
GLVHFWLRQ HW FRQJpODW IHRQXEHRIDLRIHW ERKIpEXDDHV FSU
PRQLWRULQJ ORQJ WHUOGWH OGBYD GRQQBHQGODW* OTpW>
SKDUPD F R OfRAUTDXWXOMOY R XBILMHIEXLOHSWLTXH SDU OH SU|
LOMHEQWRQ FABYKBRUDIRLYWFHSWHXUV GX WX WIBP®WH O L

4XDQG MH WXL/ \DUDLIY [GDQV OfpTXLSH OH PRGQOH QfF
URXVEIBWW XQ pWXGLDQW W® V8 K@PWFH TDXYLH & HO B HARWDHD BRU D V
'RFWHKXSDXOLV GH O, QVWLWXW GHLDWVAURYFLHR B WWH RSHHQ Y
VD PLVH HQ SODFH GDQV QRWUH @ IPEHR LROUPRIIUU H O-DRBIK LR
VXLV GHYHRDMUHVVLYHPHQW DXWRQRPH HQ PH SPREXUDQYV
PDWpPULHO -H YRXV SUpVHQWH GRQRDXHO®DERW BWRQH HWDE



/IHPRGqOH DQLPDO

/H RGqOH SYpSLARDOBU LQMH FDIRIK G 8 SREWDAS\DN GHV
VRX&LW%/- DGXORMW DYRQV W U D YDH\DIWH V XMH B B MQRR/

ORJpV GDQV GHV FDJHV LQGLYDG XGICHMWX BLYGIW HIRAVE G B\ X U
OXPLQUH REVEXTURXWPHFHOHV H[Sp Ul PIHIGWE DWWk RD \F RR@I\R U P
UgJOHVY GH OD GLUHFWLYH GX FRPLWp HXURSpPHQ GX QR
SURFpPGXUHY RQW pWp DSSURXY pHVYWIDH DOOL R/MOU DR X U HT X
FRPLWpPV GIpWKLTXHW 8 RXPRV DLIFRBUWNCEVVHIIRUWY RQW pW
PLQLPLVHU OD VRXIIUDQFH DQLPD OHK [MW\LBEHNSGIFRDX) OD U
GpFRXUV WHPSRWHO JRNRGBPHHF JURXSH K6+&0 VHPDLQH
VHPDLQHVVRQAWLOSREHVOMB&FZXQH DXWUH IVQ UR BI XGOSR X U

: HYWHUQ EORWSH DYHF JURXSK &HFODLYHPDLQHY  VHPDLOQ
HW GHX[ VpULMHYLP®K[ SDU JURXSH 6+$0 SRXUDOWYYV WHV'
SKDUPDFRGRH WPV H GH DQLPDX[ SRXU WHVWHU OD PR
GRVDJH VXSpULHXU

1RXV DYRQV pJDOHPRRWL\XWEOGR®A OHV SpULF\WHV H[S
IOXRUHVEHGRX WRXYXPODEWHYLYDP GHV SpULF\WHV HWRUV G
IDL UK FXMQRKLVWRERHPMH HW DO



JLIXUHPERXUV WHPSRUHO GX PRG @EWH MY PHRBIIKW DO DYHF
VHPDLQH BIMQ HVH

'PILQLWLRQ GHV SURGXLWVHIEBPHYFBOQWDWOHOD ¢

/9D F INGHL TKW O H VX UNWEDHDSWWHH . $5

'DQV OH 6LE&RXR® WH QRPEUHXDWH HSEWURRSQARRWY GX JOXW
TXL SHUPHWWHQW OD UpJXODWLRQ B¥JPOOMIWH CFQ WADLE/MALIR
QHXURQDBH WRMXXNQLWPX. j *OXTIXLDVYHPEBAHQWHPPHQW SR.
GRQQHU GHV UpFHSWMKHX[ ISRROFWY IGROGIME QS RRPSWH GDQV
PLVH HQ SODFH/ (GKUPBE QOHHW O XD O@IWH HVW FRQQX SRXU ¢
GH FULVHV FRPSIRWWERRA®YWREMNY URCSBIUIRIPKDQW GH OfpSL«
WHPSRUDO FKI8D ORI KRAPEFHMWQWR QDG BEONIVHHPLEP SHUPHW
OYDFWPDDWEGHEY .$5 TXL VRQW SHUP pME MHW IDBIBWEEHRL R Q V
GpFKDUJHV QBRUBDRPANW HQ SO DEAH SHOOWMW DODOGH H



$QHVW K XWLLTXIHW V
/H &RODO +\GUDWH
&HW DQHVWKpPpVLTXH HVW XWLOLVp HQ WKpUDSHXWLTXH G|
K\SQRWLTXH RX DQDOJpVLTXH &fHMKDPR®p WOLE B UPBWLR
H@FWLYDQW OHV UpFHSWHXUV *B%HBXH J LR IXHH WV W6 I \W\R pLPRH. \@
SURQRRITAPH QH SUpVHQWHQRIMXE HHEQMULIVH 8 R K UL VARYXQW BIRXMUL (
OHV LQMHFQDRGKLGM BNEDP SLTXH FDU FRQWUDLUHPHQW DX
SUPVHQWH O WSIDDHWFEGTYNBH GH7EROHOHW D&OTHVW XQ
DQHVWIKO/MLEDH TXH OD NpWDPLQH L®&HVWGOQPANY B PLQH
SRXU VIDVVXUHU TXH OD VRXULVHYEDID) BOMINpGHY FRQGLWL
/D [\OD]LDRIQALN GHV UpFHSWHXUVXD\G\W VP BIIQFXINH X[ FHQWU
GLPLQXH OD OLEpUDWLRQ GH VRGLXP HW LQKLEH @M V\VW
QRFLFH®WLWRRQXV PXVFXODLUH HW OD YLJLODQFH HW LQGX
/HV VRXULYD RHOWW i ppRMHF WD R Q |, 3GEHD W KPQ RNID O/ KIOW
GHQLPDO DVVRFLp PODNXBSUHYQHULILFDWLRQ GX VHXLO GF
DWWHLQWH GX VWDGH SDU HDI® HY/L RREH/P HigMh) S ISEPUH-SLC
VAW pRWDLUTXBYHFY XQHI L BEVW IRU L]R QW D®S G RYRIKQ B SSOL T X
GH @WRGLQH XQH LQFLWORIQHWXW HIDHBWBR K HGKRAW IDLUH DS
DYDQW HW D U URLKIH. B.@ QUEDHHER IRVWHHIHMEXIQ FRWRQ WLJH LP
GWpUSR\VLRORJLTSQH VAWPDULIRW RPLH H VWG X | VHLRWHX G LIDX 1F
DSUQqV UHSBRRUIB R@Wp HV WANHIW\WRIWL D QXFOVGIR & i B LIBHWG T X Q t
IUDLVH GHAGHQWEVWHWH PDQ IHS/X0O BBPYOREGDWHUEBTXXHO \ D
GpWpULRVDRYIORQ JGIND BIDW IGHIR @G HVDLIJQHPH @ QU LB 8IRWW D QW
VPUBR\WLRORJILTXH HVW Qp PHV /OQ K HSSRKYPHMIRE R LIGH U0 D | L
HW OLPLWHU DLQVL OHV GRPPDJHV FpUpPEUDX[ VXSHUILFLHZ

'PILOQDBXR/LWH GIX@DHWFHVBRIORGH GH VWpUpRWD

1IRXV DYRQV XWLOLVp XQ DSSDUHLO GH PDUWDXH6X3) ,QV
OYDSSDUHLO GHWAURULHRWDSIOD FBMW XU GHV UqJOHV IL[HV
SRVLWLRQ GXJEHWJIBB VH GpSODFHU HQ ' /D SUpFRVLRQ G|
&HWWH SUpFLVLRQ SHUPHW GH IDLUH GH VY XI)QMDF ALLERIH DY



O0DQLSXOD
< = \ 'RUVR 9HQWUDO
%DUUH GT OpGLR ODMW[

%DUUH GF+—

$QWpUR SRVW

JLIXUH&DGUH VWp@pRWDU TKRIQJH X U

6 XWXUH FRVYRWGERIOH \

o

JLIXUH6XUIDFH GRUYBRQ®X IFQUW OHV SRERW\O B KRULYRIQ'
EUHJPD HW ODPEGD

/H VLWH GTLQMIPWIVRQ KIHS YRWDXMSH GRUVDO GWPRPLW >DQW
PPGLRODWpPUIP® 0GRUVRYHQWRM@ D®HBHJIJPD FRPPH UplpUH
3D[LQRV HW )UD@NXOWROLVDQW XGH VHNQRWXH\VGHKQHXH :3,
DLIXLOR¥LDPQWUH Al %9P3, XH LQMHFWLRQ DYHF QO C
j PO GHQEMBAMH 6LJPD GDQV 1D&IOUH  \WPWHAW B R IVTpH

LOQOMHFWLRQ D pWp UpDOLVpH SHQGDQW XQH PLQXWH j O
FRQWW{OHXUR :3, /D VHULQJXH D pWp ODLVVpH HQ S¢
VXSSQMPHLUHV SRXU ODPYL.OVHLG DW LRI @G OTLQMHFWLRQ HYV
XQBIRXYHOOH LQMH FROLIRVQVIK IRRIS/R E MDYGHD YXGQHD Q¥ R ASHIXWITXLHD B Y
GHAMULVWB NP G H X IQ @MRXIKKBOFIO-H VWDGH OHV VRXULV VRQW V
DYHF XQH pOHFWURGH GHVWRDX®V (QARKRVUDRIUH OHV VpUL
HQ ELRFKBRIDK HYW UHIHUPPBHFKOWYRUGIHFB B8 H RO M M LEDLpRAT
HQ SRVW RIBYNDWREVGEPB R R GEH Q WIDUPH I8 YPHV )XEWH HSLOHSV



PRXYHPHQWY FORQLTXHV DV\PpWULTXHV pFDBMWHWORQLT:
LPPRELOLVDWLRQ SDBORWJIpHY RECHDEWYHQRH/BW RQGPOKQG
H SUpVHQWDQW 60VRIHV WHWQKWYVGEH OTpWXGH

'PILQLWLRQ GWHWWMRXWMWOBHGHUXUYHLOODQFH ((*

3UpSDUDBMRMMQGHRGEBMFSRXU OH VXLY U DPOKFWHRHQF
$ OD VXLWH GH OTLQMHFW LTR® | BXE)UHLPTDROHFH\DUBRYGPHH (ERASSARIDDW b
DX QLYHDX GX VLNID GWLQMGIHWAHRY ILOV LVRGH SHRUWD G
GLDPQqW 9 HHX[ DWW VRRROMW UHOLpPV j GHV YLVFWBHDWQDFOF
86% HQFUpHV VXU OH FUKQH HW HQ FRQWDFW DYHF OD VXI
ILJ /fJPOHFWURGH ELSRODVWHM FHHUPWM VG O THQUHORFRO GDQ
XQH JRQH WUQV OLPLWp SRXU DY R/IHY XDQOWIHFMDWRGH \S S KV ]
OTHIQVWUHPHQW GH OT(QFEBHWQEBRO ILGR ERO®XU QH Y WDKXP & ®
FHUYHOHW VHUW GYpOHFWURGH GH HFWHX-UQS H p /IHE WIRT®Y H
SSQ FRQQHFWRU 86%$ HQAKGQF LIP[k GHAW CLRUR GIbOBBYBHISXHUIQ WD L U

JLIXUH6FKpPD GH SRVLWLRQQHPH QWD G{YRSODQW ILODLUH S

BHXOV OHV DQLPDX[ PRQWLBQMW LG HAOINWKHIBAYSRYMDSRXU U
PRXYHPHQWY FORQLTXHV DY % VBEL THWH  pIBARPIRIEWRO®RRIOQ M L |
SURORQJpH REVHUYpH DSUQV Up¥XH LR QVE WHWHQEM SREUSH
GH OfpSLOHSVLH



6\VWgPH ILODLUH GYT((* HW YLGpRVXUYHLOODQFH
I1((* HYW XQ DSSDUHLO FRQVBAWHYPQ GHIXGH X H FMQURIGHPA C
SUPFPGHRWHR® DP SO L/HVF DHAQHDH J L V W UDIP HPQRE @ XG PEKRDH QW V
DSUQM SURWRFROH GIDQYMHFPFRIORRUBHPNDRW | QRWUH PRGQ
VHQVHXURMRG@HPWHXU GRLY HDRAQ ¥ WKEHERDE B HRVL F IWWL VD W
QpFHVSRKUHXQH PDQLSXODWLRQ VDQV ULVTXH GYDUUDFKF
OLEUHV GH OHXUV PRXYHPHQWMVSRR®D SRV R UL RV GHFSQ D
HQUHJLVWUHPH QMWD RIDFN XOMp SHIUHRGH G 1D G D SOMDRLIMRHY G
GTHQUHJILVW U HRHQMW L \&WD/M FRRGWWDELOLVp VXU GHX KHXU
UHSRV RX DFWLYHV
ITH[DPHQ GHV YLGpPRV D pWp HIIHFWXp SRXU pOLPLQHU OH'
((* JUDWWDJH PDVWLFHEWERQ RXW.RPOPEHY GRQQpHV HVW
©6LUH@IXLVELWILRGRXUTKKDVRXULY OD GXUpH GH OD SURJU
GpWHWHPLQKFH DXPOARHGLPKSWNKL SE8YPGIMWLQDWLRQ GHV DU
VPOHFWLRQ GH OD SPUH RGRVFSERKBEONDHU W L K QD QUM @B D W LR C
FKDTPUHLWXLYDQWY GHV SDUDPqQWUHV pWDEOLYV HQ DPRQW
/HV SDUDG® § BVFUTHVWR QWL RTX H QFTHX IOALWLRQ JQRPEUH GH SRLC
HQUHYYXW X®FRQGHGH JIDIPSOLILFDWLR@\GXHY | DEDOLVLWLR(
GHV RQGHV FpUPpHEYW D®HRD UQOHWL REVNMMYHU VRQW +GH OfRU(C
1RXV HQOH@RRXV OHV E WX XWREHR \Wp@pEEDE K] 6 XLYDQW
OH SURWRFROH DKDIEBERKRORIHFWKRQV IOHQWLHIX. VX\QB H ¥ M DR
MRXU VHRDLORQQPHY VRQWHHSVLEpPHRUEYHL \KHXU QRPEUH
©OVSLRHRNULVHV K



J)LXUH 6FKgPDV FDQDX[ GHVY pOHFWURGHYV HW GX SUpDPSOLI

&H SUpDPSOLILFDWHXU HQYRL
DPSOLILFDWHXU THXNVLMWQDQVpHP®
VLIQDO LQIRUPDWLTXH

S

& UFXODWLRQ GH O LQIRUPD'
'LVSRVLWLI GX VAVWAPH (( ofDFTXLVLWLRQ

3URWRFROH 7HVW LSK ¥ PR FHE@R JL T X H

(Q FROODERUDWLREX DY HR ®HNRIEZABLYHUVLWp 4XHHQ 0DU
WUDLWHPHQMN IVGXQ B CEIRE L IQMHIR P E LROWMXEH FRQFHQWUD)
PqUH GHJ POIDL HIIHFWXp XQH SUpSDIOUH. R/QR O W HRPS RjU
FRQFHQWUDWLERQ HO ONHFHXQ WORSR® PO 1DFO + 2
FRQVHUYp | f& SHQGDRQW PYHOD QHP BHYWHW GH FRQVHUYH
SURWPLQH MXVTX®RHWRVDH L G RIVHHF VDL ROQJGVW QHWREGIHHWWIRGHM bl HUDpHF p
Y D O ISRpH)  GVIEIDXWMKURHD R EAHHDW WMWY IDQY\W WO B QURDY GH GLDEQWH (
6ROMWFRD O RX HQ F FOUHV \SXEN DXVHWH U RX ¥ O plWR/VHHW D O

/HV VRXWIHNO R QWH GRGH DEHIHHD HQMHFWLRQ R X VOUIDFSIPU W F
YROXPH GH 1®RXUFRGW VKDV

8QH VpULHVERXDIYWHF XQ WUDLWHPHQWX |10 FDQK® [E®B VH
GIpSLOHSWRJgQQVH OD SUHPLQUH LQMHPRRXXOTWBRXY KH:
VILQVW DEHOH FRGY. WLRQV3IBDWKRQR IMIHMH¥WLRQ TXRWLGL
XQH VHRDWOQHI ISVEWXYE MRXU GHX[ISBQGDQW  MRXUV



8QH DXWUH VpULHH®EH R XQDpW W H DHEBBYY X p®HA FRQGLWLR Q\
DYHF XQH GRVH GH —J

/D GHX[LqPGHVYMRNE LWV p HV O PD YQ H LS\ TXDWUH VHPDLQH
TXRWLGLHQQHPHQWSRQYBHEQOWL MRXUV

JLIXUHS[H GH VXLYL HW G pWXGHDSKXPHIRRFRPO RIMFRAELOHF ¢

3UpOQqY KERHH/QWFNM\EWIDEK][ O D HWR DWIDWO\VHV ELRFKIL

,O D IDOOX GHMPpWHIQWHY GH VRXULV SRXU FKDTXH DQDO\VF
&HV SUpPpOQYHPHQWY RQW pWp HIIHFR@EHWOF @NSDENV p U L H
GpFDSLYMWLRMYV DQBOWHIQ GEHORW HWRBHLVDQBRQGLWLRC

FRPPH FRQGBIZWLR®BRVW 6( K SRVW 6( VHPDIRYHR SSRVW 6
HW VHPDBQHV SRVW
8QH DXWUH VpWLH DRI pv RMPIY HUBTP 3 & 5 VRXULV FRRQGLWLF

SUpOQYHP p\GHVNH RBSWHYMHFWLRQ GH SHQWREDUELWDO HQ |
LOQWUDFDUGLDTXHSBXU3@BWWREEY @BV XWLSRXUUGHW JpQp
LQWHUIPYHBFRHW pOpPHQWYV UHFKHUFKpV GDQV OHV WLVVX
8QH GLVVHFWLRQHGM FWKXYHH VX SBRRBWRXIWWLQIXHU OHV GLI
JRQHV j DQDO\WHU QRWDWPPH @R REMED SR R FDELSYEARFDIXDH O
YHQWUDO HW GRUVDO

(QILQH VDFULILFH GINVIDYQNHLH QV 6 REWpSUPFRL@MBEWQRQ , 3
GH SHQWRDOWE SW DDA R@L D DXHS BXUBBBX L Q ®OMLROD VXLWH
O fI\W U D IB\X LIRFQUAWHD RDWLVE HFOLX BOW Q Jp OB Q V SIHD G CKQ W



(IVDQJXLQDWLRQ

JLIXUHpPWKRGH GH GLVVMROQLEQWITFDO SH U | X

/D VRXULYMHN@UpIB DYHF XQH GRVH BH NH GWRE B VVHNDE 0G G
OD SDWWH SR HIpHEW XL O BWRKPYGH XU G
/D VRXULYpSD/WOHY SDWWHV VXU XQ SODQ GH WUDYDLO DG
HIITHFWKPH 8QBLIXLOOH GH YIDWRLEFXHU OfDSH[ ®RXOHHQW!
YHQWUDRKFBBH LQFLVLRQ GDQV OfRUHLOJ® M VXD V& IURQ WGHK
DSWIWH HQ URXWH GYTXQHUBRPBHI jS p URDV WDWD VQL X VDLUH C
PDQXHOOHPHQW O YR ULFRXWDRE\R QP G\RHO YO B )R EHRUEEUR Q
PLOQXWOIN SHUIXVLRQFR [ WRIOJRE HID W HU | X VHL RHQV G XONRLU U LY p
OLTXLGH VRUMHI Y TRIUHLOOHW W H
8QH IRLV OD SHUIX WL RIGNVR-EpH © pGHHDX P IDVGD SWpV  WRXV OH
GX FRX VWHR/QWD QWWLUpPV SR XU KO FESRUADUD \§ B XBVDSH) FRFRDHE H U |
GPpFRXSH V pWHQGDQW MXVTX j OD E R BGRXWHHSMNGMD OGIH & H
F{WPR XU U H WQ BHRNUFGIRHY FRDLHMA J O LMWHHIUX D BY L FDWHPHQW O
VXUIDFH LQWHUQH GX FUD @R UWGDUVH OGHL K\I B MDHIM IXNRTDUIDHOLR | (
OTDLGH GHV FLVHDXAFKQH \D G XY SDXW UR GWOHO FSHRIXY W BPX W W U
$ OTDLGH G T1XQD VOB XAHDIB XX Q IODFRQ ;UHP YRIOXPH
GX FHUYHBXs SRXU OHDWDEXGIQW p IfH ROHFRWY SODFp | f& SHOQ
K



57T3&5

/HV WLROMX E XBLVpV SRXTB&OHVRAE FRUWH [L SYDUN g WD
FRQW U RGBSR F DR S®D WHHW OFR Q W P RD O
/HV WLVVXV VRQW VXVSHQGXV GDQV —O0 GH WDPSRQ 5
PHUFHSWMK® QRO 1RXV DYWRFHWMMOLYPWIHY ' )DOW 3UHS
%LRPHGLED QWD $63RXU OD O\WHHGBW BMWVNXW HQVXLWH S|
FRORQQHV 4,3VKHGGHU 4LDJHQ O9HQOR HW FHQWNILWXJp
GILVROHPHQW 51HDV\ OLQL 51$% 4LDJHQ 9HQOR IHWHVD SX
'1IDVH 4LDJHQ 9HQOR /D FRQFHQWDRWLRQR® 3HWG H F KK
1IDQRGURS F 7KHUPR ILVKHU 6FLHQWLILFD®6$VW8 @ BPDBWVI
57 JUKFH DX NLW GH VI\QWKgVH Gf$'1F 5RBRHG 861D EMWWFDX
/D &5 HVW UpDQYRPHKPFRIDQRWHQDOR  QJ GI1$GEFDPRUFHRO
WE HW — 0 GH 6<%5 *UHHQ 3& B 6XD VGADHW 0GH V5RERAXHV
H@GXSOLFDWH
/H SURJUDPPH XWLOLVp HVW GH F\FOHV VG GQ@m MW K X DW
f& VHF VXXQYIDGORQJIHPHOQMKL @ DSSDUHLO /LIKW&\FOH
86%
$SUHV DPSOLIRPOVEHR QX VIRHAD YSRKX U JDUDQWLU OD SUpVH
SURGXLW &KDTXH SICD¥®O IIGWHHUPSKNU JpQpUHU XQH FRXL
GH OfTHIILEFDFLWp GHWHDXRUGHSY 1FHRQ®Y pWp TXDQWLILpV
FRPSDUDWWH/HV YDOHXUV GX &W JqQH FLEOH RQW pWp Q
GTXJqQH GH PpQDIG\EBBDO GKRGIHKDWHGHK\GURJHQDVH

7TDEOHPRPXRURMAMLOLVpHY SRXU OHV JrQHV FLEOHYV



"HWHUQ EORW

“H WLHQVHY VILJK OFGI W W M XS.[Y DY WHH  HRVD MOHDW B RHDI OHDEEVRXRD W L R
ONpTXLUBN U WORQVHUP 8V XU \GHMEHRK D Q WELHD @ ROQWILX/H
QRPYRQV HYPDOLRMREI TXTLOV [SD@B §GHOW SEXGEHYW 8 H R U
ODERUDWRLUH

/HV DQDO\VHV VRQWHM B S B BTGy ¥DEKR QW UR GHWYRR N[V
PRGGIHSUpPOWHHW LPPpGLDWHPHEW H RGILOEHRIQY A& Y pV
&RQGLWE&RNV K SRVBR(W 6K VHPDLQH SRVW 6( HW V}t
/HV pFKDQWLO/RRQVXPRQ ILEUXEHTOPSKRE) GBWAVH HW FHQV
/HV VXUQDJHDQWYV VRODAH QB R&HIR®U RMAMW QIBMWERUpH JUKFH
%&$ T7RRILVKHU 6FLHQWRLIBPYEHDRIFHSMP 8BYRWRQYHXWLOLV
SRXUTDQDO\HWWIU®Q EORW /HV pFKDQWLOORQV VRQW Vp
SRO\DFU\ODPLGH X B VK Q\HU P 8 W Ef U@ HYBOQLSRUMN )UDQFH
PHPEUDQH HVW LQFXEpH SHQGDQWVODUQRDWIFE FERERRFIHF O
SXLV LM)FROEYHF OYDQWLFRUSV VHBROG P IGENUTRDRBWXY LW D
SHUR[\GIPWWOpM DYHF OH UpDFWLI GH FKLPLFOXFHQHRFH C
OHUN /fLQW HOQXWPLLVDH BFNVQ BKRD QWL | L RJ LD SWR @D L Q H
WXEXOLQH HVW XWLOLVpH FRP PO HR G\SH{WDLHP 16 QWD UR B \S R

SURWpPLQH FRQF SRVBROpFXODL +{WH "LOXWL

$QWLFRUSYV SULPDLUH :HVW

$QQH[LQKBHUPR)L S5DEELW

*)$3 6LIBDGULF PRXVH

*5 &HOO 6LJQDO UDEELYV

S*5 &HOO 6LJQDO UDEELV
,ED:DNR &KHP 2

UDEELV

WXEXGLIDBO G UL PRXVH

$QWLFRUSV V
*RDW DOBELW , 6LIBODGULFK

*RDOYWRXVH ,J* 6LIBODGULFK
7TDEOHBRAWLFRUSY XWLOLVpV SRXU OHV :HVWHUQ %ORW



3UpOqYHPHQW VDQJIXLQ WHVW$/,63 FRUWLFRVWDpPUF
/H VDQJ HVSDEURIDSHAWM WhRRSpUp GD QW XOL WREE K'G K L
HW FHQWYLIX j f& HW SOPRODHUYP&JHV FROMHRWQY HQ
FRUWLFR\WDWEOURQBRAM GRVpHY DYHF QINLWF (HQFHWQ F6 $
— 0O GH SODVPD DB K @ XVD P S RIY G®IVE B WORMAW G KW
/HV SODTXHV (/,6$ VRQW L QFXE ML \GRUE IV WU-B YBIHF %6
PRQRFORQDO GH VRXULV JpQpUp HQ LQWHUQH GDQV XQ WL
PO 1D &2 S+ /D SODTXH HVW HQVXLWHQ ODW (BD R TIXY H FGI
XQ WDPSRQH EOBHAD%6S$ 3%6 [SHP&GDOGVD GH pRRNQWRMD
FKDVUJpW MQFKEF& SXLY OMWHF GX WDPSRQ I®& @DYDJH
7ZHHQ + 2 /HV SXLWV VRQW— I QrRX KPS @WERIFRH F O/L | IQQ
SRO\FORWMD[® D 8. | K& $SUHV ODNPXERFRBMNIOHVHEpWHFW
HQ DMRXWDQW O JQID SGI) PRVFUB D OKWRYSKDWDVH DOFDOLQH
$SUHV ODYDJHVH & RSDMBEBW\OHS$BGURBFK 8. HVW DMR
ODLVWLQ SRXWORSGPHPHQW FRPSOHW GH ODDUDDDB WHLHR Qi \FV
HQVXLWH OXH SDU QEVRWEPRFHLIPHFRPPH ORQJXHXU GR
UpIpUHQFH VXU XQ VSHF®QILRIOXR WL P §WR H$ X\MB DK H

PPXQRKLVWRFKLPLH
1RXV DYRQV XWLOLVp OH¢ BSUWDKWLX]|UEHGH OD VpULH GYD
SRXU OD SKDWP NYERRRHVHVRX ULV GR QWS HIGHLVH SR MH X Q H
IOXRUHURK@®W pJDOHPHQW pWp XWLOLVpPHV SRXU YLVXDO
656.0HPHQW HW DO
'"HV FRXSHV FpUpER DR B WMEWDOLRGDWRPH SXLVRALID EPHW
GX 3%6 (OOHV VRQW HQX®HWHRH ERDEERDHINR G VBPKX P
WULWRQ 3%6 SMHQGREWEDWLRQ VXU OD QXLW QW E&RHASW
SULPDEBEH /HFVRXSHRWQW ODYPHW DX 3%6 HW KLQRXHERSINVUDW XL
DPELDIDWHIF O JDQMAFGREBU®EAVEH /HV FRXSHQVXRIEDWFpHY HW
PRQUWPQWUH ODP K GIfDIO®DHP IEIRE IHFWDVKLHOG '$3, SRXU R
PLFURVFRSLH j IOXRUHVFHQFH



SURWPLQH FRQFI +{WH 'LOXWLRQ

$QWLFRUSV SULP

,%$ :DNR 5DEELW
*Y$3 $EFDP &KLFNHQ
3'*) 5t (Abcam) S5DEELW

'$3, 9HFWRU ODEF 9HFWDVKLF >'$3,@ —

$QWLFRUSV V&I
L% $HW 3" M(5DFNVR 'RQNH\ DIEARL W

'RQNH\ PKQLFN
$OH[D IOXRI

7TDEOHBRAWLFRUSV XWLRCPLVQR KSR XUR BKIMVP LHV

*$3 -DFNVRQ

6WDWNVWLTXH

/IHV DQDO\WHV RQW pWp HIITHFWXpHV j O DLGH GH *UDSK3DG
j O DLGH GH WHVVRWQ I WD PHRRROQITXBIYD P p W U LTKLAWREND Q Q
.UXVNDOOHY IRQFWLRQ GH OD GLVWULEGRMRER QFHHY QRILW p O

(Q FH TXL FRERHUQ®G DOWD\R R YV QXRBRMA LI\ [F LBHRQUW pHD W L R C
©SHDYVRWXU OH20RJILBLHO



1 1) 5pVXOWDWV
5pSRQVH DQWL LQIODPPDWRLUH GXUDQW OD SU

1RXV DYRQV FKHUFKp WR X\ HXJPH RUBGFR K S @MOD-P PQWRILU H
DQQH[LQH $ JOXFRFRUWLFRWGHV &H FRXSOH HVW HQ pT
LQIODPPBWRVUHY pWDW SK\WLRORJLTXH QRUPDO 1RXV DYR
GH FHW p@XQULEQHWDW SDWKRISWW UR OHR@LHNIHERERNRHT X H Q F
TXL HQ GpFRXOHQW /HV PRGLILFDWLRQV ELRFKLPLTXHV H
SURFHVVXV IRQFWLRQQHO FKH] OD) @ RPEWDSIR YOUr HRE \DEBIS RHUWV X
PYHQWXHOOH PRGLILFDW L BQHFMQGRHDW pSKHD OR DD S KLE |

1RXYRIRQW HUDM DFWIGYDWhRIPSWHXU *5LEDOPPPWRE®WL 3R>
UDLVR@XY DPRQNITK HEO RIWRWFUSK RV S KGRU UM [FHH SW FDXQF X O p
OH UP®WRH OD IRUPH SKR %S KRLHO/PHEGURIR QY RHXOWH YRLU X
DXJPHQW DSKIRRV/E REW WSU D Q VL WK IV HS VAUDIRAHU pSLOHSWLTX
PRGGONKLY XQH GV PLQXYOR@LUYWNUHPBLQHPDHWMPDLQHYV

ILJ $ 'X SOXV QRXV DYRQV TXDQWLILp XQ PDUTXHXU ¢
LQIODPPDWRLUMKL GSWR®EMLQH DFLGH ILEULOODLUH JOLDOH
2Q REVHUYH XQHGIRX-T® BN DWHMRILQH VHPDLQHM HW VHP
/D SKRVSKRU\ODIMILBQH@HO*¥ UDSSRUW GHV SWRWPELQHV 3K
GLIPQXH SHQGORHWYRHpSW SHQGDQW OD SKDVH FKURQLTX!
UpFXUUHQWHV&WUYR R BAHLIMENMIMXRT®IH OD IRQFWLRQQDOLWDp
DOWpUpH (Q DYDO GH GiW VG H QWD IP\DDMW IQAVRIL BB 5K RY/ESAHRSUN
DQQH[LQHWWE RLYHDNX EBWRXW DXVXR®HFE XS N XARUQ
GplILEHWJpSRQQHOD®WD W B Q8 HD HIGEFHI WO QIXIHV OTLQIODPPDW
SURJUHVVH FRPPH OH PRQWUH OYVDXURF\WEILWHERQ GH OD SL



YLIXUH2EVHUGHWREBEG W L REXQ DRR /@ H PLGYHH [ G MWFWLYDWLRQ
DVWURF\WD IGDH) V* 3BKLESRIEBRPB H) SLOH S W LOMX\WM/p SHYQ G R QW U T
OD SURJUHVVLRQ GHV EQLMERD GH BLoQH PSH QBDRGBHL. QH GH ED
EDQGBURWPLQH DYHF PRGLILFDWLRQ SRVW WUDGXFWLRQQ
U7XESURWPLQH GH UplpUHQFH DYHF XQH FRQVWDQWH TXDQ



%

JLXUH :HVWHORW GH OD TXDQWLW 5 BXUSHQKFDISK B D SBR U W p

HW GH VRQ UDBSRADM\IX VEHITHFWXpHV VXU XQKGMERXUV \

VHPDLQHVWQ®RMNVVXD OHV KLSBRERPSRW W ROIWEE BN LOIR WE

: LONSRXU OD QRWPBQVWIQWHZXMRBRXUFRPSDUDLVRQ DYHF C

GXFNH\V PXOWL SWHVERPSOH ISRRQW UHSUpVHQWH @TKLSSF
6LJQLILF CSADLOLAV p



%

JLXUH 5pVXONVDWHWQ EORWpGH OESTHND GAEHLY &DQV
OfKLSSRFEDMMNHWDSSRUWpP DX[ 6KDP GXUPQW DEGKENTROX W L R
SRLQW UHSUPVHQWH O TKALS\E RROPGH G TRMOWD D BRIFDIH W
SRXU OD QW PHDOMR/OEDHS G R DY HFEY X FN H\ | PRKRORG IDRMAHR/QV
$QQ H{L® *)$3 Q 6LJQLILFDW LW ®)pH

$YHF OHV GRQQpHEYR®&XOHDMNRYQWHQWpP GH PHWWUH HQ pY
HQWVQRL OMBKH[SUHVVLRQ GHV SURW p LIQWARKX IS WR GIWNDTQ(W O LLE
XQ QLYHDPREBPMDHOQWUH DQQH[LQH $ HW J)$KIYKWHOQHWRERQ\



/TDXJPHQWDWLRQ SURJUHVVLYH GGIX DI® S UHI YRIER@D GIBH/ O
DFFRP SDBIXQH D XJP HQOHWLRKD SFRPDIOWL OSRFDP SHW LSVL
FRQOWDWpPUDX$ % RQQRWHQFOLQDLVRQ GH OfpTXLOLEU}
OTLQIODPIPDWLFRLQWWGAIRXWHOD JRQH FRORUpH HQ URVH

FRQWUDODWpPUDO UpJLRQ FDGHFWPULWHH GREY PH BRIGREDE
WHQOILPEBHIQUBEDQW OfpSLOHSWRJIHQqVH HW OHV FULVHV F

) LI 5DSSRUW GH OYDFWLYDWLRQ DVWURF\WDLUH HW

SURWpPLTXH 2EVHUYDWH® QDG HXQ GH PNXIQOQOBEBRDWLRQ GD

GDQV OYKLSSRFDPSH FRQWURODWDPUDO SHDUVRQ FRUUF
K Q PSLOHSWRJIJHQQVH 656

(QVXLRXV DYRQV XWLOLWBES50BRWHFKXQLQWH. | THWE GHW GBIFW |
OfLQIODPPDWLRQ HQ SDUWLKFWGEHWR LA \F \QSR'N L ‘Y 7 1)
PROpPFXOPWYPRREMHEOXVLHXIW RYWGHWpP VXJIIpUpHV FRPPE
LPSRUBDQWQ  pSHIPBIS V LHHW IDRXV DYRQV DX\pVQ DT RBQWF X O H
LQIODPPDWRHIUH/B® QUHMNXQ0 WDWYV BRO QRSO \ D XQH UpDFW

KSRXU FHV IDFWHXUV DY HFS¥@XUBWRXLGXBDW LERRIU G PDQ Q|
TXDQW j HOOHD XQWMNMBDMH EWRSR XU VXLYUH PAPNEROBXWLRQ C
KILJ 2Q SHXW RMRXWVRIGHXQH MpIEHH @B K® XV V KD YSIFUWL U
PDLQWLHQ GH FHWWH WHQGDQFH



JLIXUH'RQQp&AWW DOXILIDSSRUWPAR\HQ QWK DKW HD FWHX UV

VROXEKWHQIODPPI3WHRQQH GH PFQIIH&&/ HW RE/SRLQW SDU
KLSSRFORSHRXQULMY GRQQPHV R Q&Y KOS MPRSRX W KD\DWQ R UP D O
SXERQAHD\ $QRNIDEW D pFKRXp DX WHVVG GCRRARPRVE@DOMPpD Y HF
QUXVEDOMLY QRQ SDUDPpPpWULTXH SRMOWXOWM VLIQLILFDWLYL



JLIXUH 'RQQpHWRIXH UDSSRUWpPHYDRRMHNIQBD SRLQW SDU
KLSSRFDPSH GH VRXH\ \GR S DRYMY WEKBSIIURSRXU OD QRUPDO
SXIX\@ER QHD\ $QRYOXU OD VLIQYDGEROMLYLWDp

1RXV DYRQV GIMOXGWIHRME L Q10 D PARDWDHRY GRQQpHVRRROOHF
UpSHUWWRURQ QHI[H



$1:$ D DXVVL pj\WOHI[SRbGIMNOR QY UDSUWFRW WM EM LQIODPPDWRL
&&/ &&/ RX HQFRDHILZINUH % &RQWUH XQH EDODQEFH DQ
IDFW HXIUYI GARRP DW R L QHHV | RLYF ROUHNV KUpH VXUWRXW GDQV O
IRVHUV pSLGWIWULDEERUW DX 6KDP 1RXV DYRQV HIITHFWXp
KLSSRFDPSHVDWROQWX[R $% & HW FHOD D PRQWUp GHV FKI
SDUWLFXOLHU I QXDRWDW 6P RQM WH VTS R G XFIV LR BOO/MBDOIQ H [ L
IRQFWLRQ GH OJDXJPHQWDWLRQ GHV IDFWHXUV SUR LQIO
FKURQLTXH

JLIXUHOLVH HQ pYLGHQFH G XQ GpVpTXIQODDPH WA GIDRDMH X |
OBRVW 6( HW HQ FULVHV FKURDRS B W QPREQWHEIDS SRFDP !
ODWpBHED®HRUW HQWUH OHV GLQIODHPE@WW RLEWHX[8USIVR LR
€@ HDUVRQ FRUUHOBWDRQ FRW\\M LF L BLGDM S W R J85@ @V H

/1D Q QMY LYH X W UGNDUWHSMU OHV G OONKIPHV LPPXQLWDLUH SpuUl
FRQGLWLRQ SDWKRORJLIRKV BDRRWD F RV KPHED/RMA M. @ H
VDQJ DYHR QLY W B M QGRIQW VYRR G CPISLOBGSEVHH OD FRUW
DFWLYDWHXU HQGRJGFHMWGKRYpPHHSWHXU *5



/ITIPQQOHHE QVDQHXLD % HWFRDWLFRVW pUR QHU B Q WL W R KUHH@ W @ V
DSUQV OH 6( HW UHWURXYEDV® QISHHDGDQW OfpSNMOHSWR.
FKUR@LMXARPSWDJH GHV FHOOXOHY EODQFKHY PRQWUH XQ
LQIODPPOBWRLL F RRWHFRYMH XQH GREBKRRKWLHRQ AGEHIW BXODQV
$ HW XQHQIKDW LRIDXB/HIRSE kb OMD X JP H Q W PR QRRGL B/HEV

VRXWQHEWDW SUR LQIODPPDWRLUH H[LVWHD@WH PSEFHBNG T5QIW

UpVXOWDWY LQGLTXH XQ GpQUPLDVP P®XYPHFLENGIL \BP K CCDIML
OfpSLO® RLLYH

J)LXUH 7DX[ VDOIIKLKRUWLFRVWpPURQH $GXWD QW QQHSUGH UH
GHV FULVHV FRKDTRRVGWULNSDPVPR@I$ XQ % Q
WHROH 3QRYBDYDOXH

JLIXUH&RPSWHDHW FHOOXOHY EODQFKHV SpULSKpULTXHV DX
7/1(Q W HEM W X VZNDODSDBLYWD O X H



7UDLWHPHQW SKDUPDFRORJLTXH GDQV XQ PRGq

7UDLWHPHQW SHQGDQW OHV FULVHV FKURQLTXHV
$YHF FHV UpVXOWDWYV GRKXYLDWRBYH @IFHCOFHR BEDQDQWH S|
VWLPXOHU OHV PpODMRRPBHWRDQMM. HQGRJIGQHV HW pwX
SK\WVLRSDWKRORLUQHY BYR/ FHMVBRVHYV GIDQQHI[RIQRIWH. H[RJq
VRQW DYpUpV Ep@PDXWXHNY GBDIMIYDGLHY GX 61& FRPPH OD
& U L VIWHIVQ W O RX HQFRUWHIDXOODFH GH OD PUFQROWDVF
GpFRXODQW GX G BDEGMWD W WAISHIQ, TXH OTRQ REVHUYH XQt
UpVXOWDWY VXU OHV DQLPDX[ WUDLWpV OfDGPLQLVWUDYV
FULPRRLY GH SRYSWH WUDH@ BBBQWQLPBXPSDU UDSSRUW
GHV DJLPRQWUIOHYQ JpQpW DMUDALWHPHQW D pWp EpQplLTXHI
DORUV TXTXQ WUDLWHPHQW j OD VROXWLRQ VDOLQ¥W GpYRL
2Q REVHUYH TXTDXFXQH GRXY IO % & B PG Q PIL Q& ¥ MRAYPFBWI D O
GH FBQVH[HREDHULDWLRQ G T EX( BVRXHE H HH B/H GO © YINDW WHIY W
ILJ$ $ 2Q SHXW YRLU D8QFEXHRAROGRE S R UWWGHPARLIU JH V
FDUDFWpPGIX@H TPUHWH SHQGDQW OH TVXbiD\L VPP I ®I\WW{U O 1. Vi@



J)LXUH 6FKpPIMIGALQLVW@QHR QHBFRPEDQYHOHY FULVHV VSR
FKURQ@LDXHUL$OM O\WVHV HQ RPRIWMD S K LABRIWW VXLYL WHPSRUH(
SKDUPDFROHRMMR SUDFPHFBAWDJH GH YDULDVEGIDREY BXXWHP S
VRXULV %



JLIXUH([HPSOH GT((* PRQWBPQW @HVIWWUpPY DYDQW HW S
DQQH[BOXUDQVEKDVH PRHEQRIXBIQGLVVHPHQVS $IXQH JRQH

JLIXUH&RXUEHM VXUYLH RHIL DG DQLVVDQW OH SRXUFHQWD
UpG-WLRQ GHV FULVHYV



7UDLWHPHQW SHQGDQW OfpSLOHSWRJIJHQQVH

1RXV DYRQV DXVVL pYDOXp VL OJGRQW[IOJHSE OBS WIRY pDW Y
HIITHWV PRGLILFDWHXUV IGHW FHSVHY HQHPIBLQHV GIDGPL
GIDQQH[WHFRBPEHQDGWHRXULV WX USUpVHDIWHQW GHV GXUpt
LQIPULHXUHV | PLQ KDPRQWHIBURXEBXUBRQIAMPOGXUpH GH

PLOQXWHRKRLMUFHLWUDLUHPHQW JUKFH j OTH[SPULHQFH TX
UpVXOWDWY VRQW U H F RIQQD DWYD K Q HVGY. L \pYXUHHEE HPGIRW D E O |
GH VRXWDPYVHWRGH LY WODDQPSEREW* D pWidHFSWKQGDH W
WUDLW IO DQMBH NLRY WPDLQH BRBRWWHE( $OD ILQ GX WUDLWHP
HW  VHFAQLORYYV WDWRH WHOMHV LR Q p T X IGHX) HQ\W K SGIVQIWSOHV D
WUDLWBRNGNW\SRIORWH R @G RVW HV V& HEX®OKN. QOHY p'L[
PLFURJUDHPBW®S [HQVUDLWHKRHQ SLOH S WRY pRIVHY GRQG LW |
TXIDYHFWOIR HQWD R R QWIQWHQGDQBHGLP ICQNWREBY GH FULVH
VHPDIHYHWVHWWH WHB QW D3R HQG ALY HIP 5 QMF jX QUHRBYBHYD WL
DQLPBMRGDQW PHV LQWHV YHQAHERQHRG@IHUQIDL REVHUYp L
GLIIpPUHQFH GH FRPSRUWHPHQW HQWKB PG HS M¥AISIHHWUD LV
VHFRQGDLUH OLp DX SRLGV QYD pWE REVHUYp GXUDQW OH W



JLXUH $GPLQLVWUDPWH[RGHABD QW O pSLOHSWRJIPRGVHHT HW FR
GXUDQW OH @56pERXMAW RXLYL W HPKSIRUWAHIDF &M ROKCIHT XH VR X UL
SURJUHVVLRQ GHV FULVHW G ULERQKM OTpSLOHSWRJIpQqVH



JLIXUH ([HPSOH GH WIHXFRN GR WHRKQY IL\R WSITR FIBPHS@EDH) W
WUDLWIBKDPEM OHSWRJIJHQqVH 1RPEUHVL®N BRI ELHNX GHIVFIEK
VRXULV WUDLWpPH DQQH[LQH $ | OT((*VSIPD LIS BEWWME(JUF



QV

QV

%

JLIXUH4XDQWLIHRD \WRRBESXD W HPRSM@H FUBWHV GX QRPEUH G
VSIVKHAGXUDBW FDYNFH\WQH SKDUPDHRRORHKER AIEXQKHEIRY D JH
GH —J MHRRXW QHP WX[DHE# PWP7 UDLWp ¢IQ BHEIWQ QRLU WHVW
VWD WHR@/ ISDUDPpWULWXIQBDQQ

3RLGV VRX J+ 35
6+%$0 1D&C 22,3+ 1 23,8+ 1,1 23,4+ 1,3 27,9+ 1.2
$Q[D 22,3+ 0,8 24,7+ 1,3 24,5+ 1,7 27,9+ 2.3

7DEOHBXUDWLRQ GX SRLGV GHV VRXULV SHQGDQW OH WUL
1D&0 HQ-) B



ODUTXDJH FHOOXODLUH

6XU GHV VRXULV WUDILWPHRYqO B U Q@RIOWQ ONR@WH YRXOX REVH
SRXYDLW DPpO MRINIKYDI@QW DD GKIIVH FKURQLTXH

/H WUDLWHPHQW DQQBEPLQBP $LEUM\PH XLBBSR¥PDRSDTNH DXLR
FKURQAD®M OH IRLH/PSWLOFDSAIMUIKY GHV FULVHV FKURQLTXH
GIXQH LQYHUVLRQ GH OfpWDW ILEURWIDV KX O®H. UWDH] K IQSSLRTE
GDQV FH PRWGLGFOHOW[B® OHV PRGLILFDWLRQV PXOWLFHOOXC
VRQW SHUPDQHQWHY HW LUUpYHUVLEOHYV

J)LXUH ([HPSOH GJLPPXQRKLVWR FK KR IS RFHPI®SSFRVQMW \& & DG W W
$QQH[LQH* $VUHSHULFB/OID\EFE YHOHW DVWURF\WHV HQ YLROF
'\WVPRUSKLH SpULF\WDLUH DFWLYBHBLRSS R EEDVEBINL\D OWHDIOW I



,9'LVFXVVLRQ

/HV WUDLWHPHQWY DQWLPSLOHSWLTXHV VRQW XQH QpFHYV
PDODGLH %HDXFRXS X W RGWD QN SHOL @ RTR@HH 8 pERIXYD X [
GH QRXYHOOHV PROpPFXOHYUKKFH VDX DORFEHBUEOUHDEIMKLHTK H

$ FH MRXU HQ GLVFXWDQW DYHF GHV P@GH@ LYW \DR X
UpSRQGHQW DX[ WUDLWHPHBRWG B V VilSR{LODHBW/IATHRK M GIX\F FDFOR

,O D DXVVLTXWN pGRHRQRDIEPE O IRPPH OHV OXSXV RX OD
SODTXH SHXYHQW HQJHQGUHU GHV FULVHYV UDIIMDHFSHAQW X
FODVVLTXHV GX¥RI@DWW[WGH] XIQQ |OD P P DQ/IRLDPH D WHRWL UBIQW V W p
SURYRWRMN ORQJ FRXUV QGBY UHVHB/POYWER HV SIR/X pWOKHS H5\D W
FOLQLTXHV VRQWUHQPRUPKRH OWRXD :LDQJ 0 &FAOLQLF
VRQW GHNVSHWIGHW pFKHOOHV WRXMRXUV WUgV ORFDOLV
GIXQ FHYUW DHQSHW PDQWXH DWXBE8 HRPHQ pHYV HFW L'GILFNHD LMD F

OD EDODQFH EpQplLFHHWURT &V PHRRHEGHE BRRMN @IXCL WSRO MH QW
SDU OH FRUSVEPMMWWHDON XGH QRXV DYRQV FKH WRKYV H SRKXY

JOXFRFRUWLF RDGHVL PRAIHMWILRIQH GHIQ GHR B FRURIBX LUH GH
DQMWQIODPPDWRLUHYVY HW DLQVL DXJPHQWHU OH EpQplILFH
VIVWgPH HQGRJQqQH H[LVWH SRXU OLRUWHIDQD S HUFHH GH B F
GILQIODPPDWLRQ VpYqUHQNW GXURGQWIPH QM [EQ@XERED UMW
LQGXLWH SDU OHWWONR®EHRURLH BWHGHNMNIQDOLVDWLRQ DQW
ELDLV GWHXEFHB3 TXH G NBADQWD OW \[SEERMIDLVOIHM N YVMWME FG-D Q V
QHUYAHQVEHDOHWWL H® HDON DYPHP WK H5 B 05 URQVE B WR R\W ROLQ
D GpMj pWp GPRRQUWINPH OpURVH HQ SODPKHE DO FAEX GHDAE
OKp P R U WLIDIA B D F pfUplEVWIBIDEW D Q D QK \BD *XVVHQKRYHQ HW

'DQV QRV FRQGLWLRQWVBPIDPBIRH@W DO HMWX QLYHDX VDQJIXLC
FKDQJHQW SDV SHQGDQW OTpSLOHSWRJIHQQq\GL THW QD X3P L
GLVIRQFWLRQQHPHQW IGHOPRWIWHRIYRHLHHOGRIGQH 8QH ¢
OYLQYDOLGDWLRQ GH OYDQQH[LQH $ j XQH DXJPHQWDWLR
UpSRQVIHQ ISDWDRP P D W R L UFR Y- IBHINRO p H 1 RXON R Q VWERNYV X QH

DXJPHQWDWLRQ UDSLGH PDURMH BQQVWERH UMD GH FIRUWLL F R
$ HQ SRVW 6( 8QI FRIG/L KQFBRRR W HVH HDAW QLYHDLX WDRX X L



PDQWLHQ GHV P PORMWHRQ IPXWH L Q| HBRAD WASARQV B &\UN DA D
TXH OfDQQH[LQH $ DJLW GLIIpUHPPHQW VXU @HHQWWGQ PHWL
DO (OOH UpJXOH j OD KDXVVH OfDQWDJR Q HWW H O®H E DUp/RA
&8&5 3HUUHBOWL HWW FRKpUHQW DYHF OHV WDX[ GT$51P Gl
WURXYpV GDQV QRWUH pWXGH HW GLUHFWHPHQW LPSOL
9H]]DQIO HW /D OLWWPpPUDWXUH PRQWUH TXH $1;$ UpJXOI
F\WRNLQKVODPP BRWRRE& HVYO 3HU UMW WISFTXLVRWKRHQFRUH ,0

<DQHWO D HW 3HVKDYHDWOL\D WDQGLV TX P DFHUGMLHHM HO/R Q W
GLDEQqWH 3X\S¥H WO SHXYIHOBXLUH OTH[SUHWRIFRPH GT$1
VLIQDOLVDWLRQ5B XMRPHU IPQRDGKVPHY GH UpWURDFWLRQ
/ITDQQH[LQH $ VIDMRXWH j XQH OLVWH GH SRLQWV GTHQ\
OYLQIODPPDWLRQ &HWWH OLVWH FRPSUHQDQW GpMj OH U
SODTXHWWHN Ep@HDP H3@® HW OH EORTXHXU GH$SQBDPNQWHDOF
&ODUNWRQ 'H6HQmMOHW OH /RVDUWDQ HWD®mDIBWMGIMP\FLQF

'DQV FHWWH pWXGH XQH pY DO X DOyQ R & H VO HHILEFERVE KX\ G
PRGQOH DQphBDOHSVISBQHREBDOWH GTHIILFDFEQW p DHOWW XDQrH LED
SUR DQVMDIDPPDWRLUH GpWpERRWYH GNHEDIORUWHVBKRVSH
OTDXJPHQWBNIHRQGO®YW OfpSLOHSWRIHQJINW BRIG\L IQ A U VW IUR @}
GH FHV YRLHV VRQW pJDOHPHQW REVHUYDEOHV GDQV Oft
OJDFWLYLWp GHV/BUQNVNWW YHD SWKRISDPHW HQ pYLGRQEH OYD]
OD PLFURJOLH BWYWVKQ$H QG DICRN HOIDV SFIURDWIMWYWR BW DO
1IRXV pPHWWRQV OfK\SRMK §F®FTWKIR 6 BN W/HNVP HBXV M\ V W q
*5 SRXUUDLW SDUWLFLSHU | OfLQIODPPDWLRQ QRQ FRQ!
FLFDWULVIPWLRQVDQIUH DXYFWAQRH BoFHF ¥R OODJqQHY HFWRSL
,Q ILQRXV DFKHUFKp j FRQQDLWUH OHV HIIHWV WKpUDSH
GTQH[YRHY QRWUH PRGqOH GfpSLOHSVLH IRFDOH 1RXV DYF
GH OD GXUpH GH FULVH\ BRRBHDOFHYV | PUDW HQIGRKE BXL/O § WipV H
&HV H[SPULHQFHV QRXV RQW DSSRUWp GHV LQIRUPDWLRQ
PRGLILFDWLRQV GH OfDFWLYLWp(QOHIFWW L TREV SOOI W QOH

DXJPHQWDW IGRHUQGRH/BRPO RO H GLVSDULWDp GMFGD W pSpS/EIRW M
DX[ FRQWU{OHV



'HV HIIRUWV GDQV OH GpYHORSSHPHQW GH PRGQqOHV DQI
GIDQQpPHV %HDXFRXS GIpWXGHV FKHUFKHQW Q HS/F RXYH\L U
PDLV VDQV SUHQGUH HQ FRPSWH OH F{WFKHIQ IO PP RHW R L Wt
LQWpPUHVVDQW GDQV XQ PRGgOH DQLPD®HYVGWUDRWHPLH.
DQWLpPSLEWSIQWDCHWP DWRLUH

O HVW pYLGHQW TXH OHV YDULDELOLWpPV GXHV DX GLVSRV
PWXGH VRQW SULPRUGLDOGIN §SHXQI GH HQ FRPSWISRXUUD
LOMHFWDQW GLUHFWHPHQW OfDQQH[L®HQGHEQIWWO RS SRIKX
VILQWHUURJHU VXU OH SDVVDJH GH OD PROpFXOH YLD OD
PWXGRXV QIDYRQV SDV PRQWUp GIDPpOLRUDWLRQ RX GH

FLEFDWULFLHO GH OYKLSSRFDPS ® H\ ABMLHO DNMBIABIERWIDOR/D I
OTK\SRWKgVH TXH OTDQQH[LQH $ DJLUDLW GRQF HQ LQW
VRO X E O HY | OLPRP D WIRQ B \WDY HW SOXW{W TXJHQ UpSDL
PRGLILFDWLRQV FHOOXD@V UHV PRGYPHHURLERHBLW pWp St
SHUPpPDELOLWp GH B0 FpSKD QI EWRHP ) WRH LOMHFWLRQ Gt
GH IOXRUHVFpLQH DYDQW VDFULILFH DILQ GJREVHUYHU XQ|
OHV WRMDLWpPHY DYHF OTDQQH[LQH $ H[RJgQH HQ FRPSDUL
HQ HIITHW TXH O9DQ Q HIRQHL$YIRHFRWP EH@OHXOHY HQGRWKpC
FXOWLYpHY DYHF GHV SpULF\W H 8 DUN XD 05§ FOHTR MW U LG Y
PWXGHV RQW SURXYp XQ HIIHW EpQpILTXH GHYRHAFW®IDS WRIW
FDUGLDTXHV HW UpQDOHV HQJHQGUpHV SDU3GHYLBIDBWGLH

,O VH SHXW TXH OH PRGqQOABLNBQYDWRH WXWURBXNVINMKWVVLI
LUUpYHUVLEOH TXDQW DX[ PRGLILFDWLRQV HQJHQGUPpPHV V)
PRGqOH PXULQ UHVWH WRXW GH PrPH XQ WUqV ERQ PRGgO
GH OfpSLOHSVQaH SPEPOOARG6XBXODLUH LO SHXW DSSRUWHU
GHKRUV GX IR\HU pSLOHSWLTXH GDQV OYfKLSSRFDPSH YHQ
PWXGH HQ FRXUV GDQV OfpTXLSH /ITKLSSRFDPSH TXL IL
LQURDWLRQV SUpFLHXVHV VXU OYfpWDW SK\WLRORJLTXH PC
OfLOMHFWLRI® GO HUD WQDWHSURGXFWLRQ GHV PRGLILFDWLR
VHXOHPHQW j OD UpSpWLWLRQ GH FULVH R PDOD GLEH AKXK[]
OTKRPPH DYHF FH PRGqOIHQ G PR qidOW DBRPSOpWHUDLW



UpVXOWDWY FDU LO SHUPHWWUDLW GYDVVRF IpislU GFHHSW DB SR
7ZHOH HW D&H PRGqOH UDW HVW Q PIRGHPHHQ &/H XTQ (WIHAAL \EVR L
PpPGLFDPHQWY HW SRXUUDLW SHUPHWWUH GH PHWWUH HQ
SK\WLRORJLTXH SDU DVVRFLDWLRQ GTDQQE&[DQR D WIRR UHIH
pPWp pWXGLpHV GDQMHX XL O HGW IFHH QWOSDJY LGIDQNW BB LOH S
RQ VDLW TXJLO \ DXVVL D XQH IRUWH DXJPHQWDWLRQ GH
&$0 R$0 TXL HQIJHQGUH OTHQWUpH GHV PRORODNWMYV HFLUTF
*UDQDWD MVW GRQF HVVHQWLHO GH ELHQ FRPSUHQGUH Ol
OHV GLIIpUHQWM IDAMPRBPWRLIJHR/ SRXU HQVXLWH REWHQL
SKDUPDFRORJLTXHV

&ULWLTXH HW $PpOLRUDWLRQ GHV SURWRFROHV H[SpULPHC

(Q FKLUXUJLH

IDEKRLVL GILQWpPJIJUHU ®RDH\GHPMHY WK p§ K RANFDRY HO M HEKOO R
VXIILVDLW SDV j DWWHLQGUH O LV i ¥ D @ HPHA @QNDULF R DH S Q RFFH
GILPSODQWDWLRQ GYpOHFWURGH ((* QR WRRP DWW MQPDU H W
VRXULV FDU FRQOXHV SREXWRRHpP WDW HIQQN. X MONBHERLAD W S FSXOWD |
OTLPSOD®MYRQW VRXUFH GILQIODPPDWLBEXFBR@PWULRIS O
SURIRQGPPHQW GDQV OH FRUWHMWUHLWHDLBRUWLGDHMPIE/U B B QC
UHPSODFp SDU GHV IL\0pV HI VXIH Q MH MSXKQ W HF B GFORImOBIX & Uk
FLPHQW GHHQWBWUEBD ERQQH IL[DWLRQ GH OfLPSODQW

(Q pOHFWURHQFpSKDORJUDSKLH

/IRUV GH OTDQDO\VH GHV ®RXWHRBEWHUNYROWXQH*YDULDELOL
HQ WHUPHV GH OLJQH GH EDVH &H SKpQRPgQH SHXW rwu
HQFRX®H ILEURVH VILQVWDOODQW HQWUH OHV GHX[ ILOV !
SHX[ ORPWHW GWRLQHV FKLUXGHLRAXMEPFBDIOWWGHX[ GHEWUpPP LYV
POHFWSRRX@HNYYLWHU FH SKpQRPgQH (Q FH TXL FRQFHUQH O
FKDTXHWRPIHVW XQH QU VY HRRMUB®DIQYD \WH PR G qO H

(Q +LVWRORJLH

/DWHQWDRMOLWYTHRBEBH[LEKH] OD VRXULV HQ LPPXQRKLVWRFKI
UpDBK@pHIITHW DXFXQ SURWRGRQW OLD FOORY @QFADUV AN G F
LPSRVVLEOH GH VDYRLU VL OYDQQH[LQH DJILRWQ S&D QY VR OW
WLVVX



&HV WUDYDX[ RQW IDLW O R ESAHIWP LG 1IGHEDEXSIGEOM F-IRX UR® O
KWWSV _GBRXBHMGREH FRP OLON UHYLHZ X®E|XUQ DD

EE HB FEFED |[DF

5plpUHQFH

%HUJ $ 7 %HUNRYLF 6 ) %URGLH 0 - %XFKKDOWHU -
6FKHIIHU , BHYLVHG WHUPLQRORJ\ DJ@GVER® FRH SWHWL [DRL
DQG HSLOHSVLHV B5HSRUW RI WKH ,/$( &RPPLVVLRQ R(

(SLOHSVLD=*

%R]]JLDQ&GDOHR 0 (SLOHSV\ B6HL]XUHV DQG ,Q&@DFPFPWMLRQ
/LIDQG &KHPRBLQDIQG &HOO %LRORJW
GRL GQD
&ODUNVRQ %'&RDHIDQEH.DKRXGORHOYDHALBY 3D\QH (7 +RZ|
)XQFWLRQDO GHILFLHQF\ LQ WEGERSWRRX D@ VQDIHRUY
SDWLHQWYV ZLWK UHBWLOMG LBSHPWSRQ V\QGURPH ), 5
1IHXURORJ\

&UpSHO 9 O0XOO3K\MLRSDWKRORJ\ RI NDLQDWH UHFHSWI
2SLQLRQ LQ 3KDUPDFRORJ\

&ULVWDQWH ( OF$SUWKXU 6 0DX® =0 BDLYWRIDGS R XSDXEGU R
32 /RSMUHPROHGD - &KUDWHWLD @ +@DDAE BRI W R (
,GHQWLILFDWLRQ RI DQ HVVHQWLFEW MG EDWYRKY UBWN
DQGWYV SDWKRORJLFDO DQG WXHRMD-ERXMVAIEH LPBW L ROV
$FDGHP\ RI 6FLHQFHV Rl WKH 8QLWHG 6WDWHV RI $PHU

'DYDORV ' *UXW]HQGQRU--9 <BAR %< -XQJ 6 /LWWPDC
0/ *DQ % $73PHGLDWHY UDSLG PLFURJOLDO UHVSRG
LQ YLPWXUH 1HXURVF+HQFH

'"HSDXOLV $ 6 +DPHOBLQLMHMODRRGHOV IRU PHVLRWHPSRUD
HQG RLWDXQGHUVIMHMDYQELQHKHURORJILTX

'"H6HQD $' 'R 7 6FKXOKBWWHPLF DXWRLQIODPPDWLRQ ZLWK
PDQDJHG ZLWK EQWHNDEBMNNROQQIODPPDWLRQ JHE

*DUEHOOL 5 O0XQDUL & 'HX%EDVYH G50 RO LO/HIDRIDUWLRRS 0 0DL
%DWWDJOLD * DQG 6S3DMDRUFR BRUWLFDO G\VSODVLD
XOWUDVWUXFWXUDO LPP %@PKIQVHRFKRPREIDO VWXG\

*KDIIDUSRXU 0 3DNGDPDQ + +RRNOGLEOKODDLUFKDROD 0$ *KI
=PDQL % %DKUDPL 3 G6RKRBRD®WRNLQHWLF DQG SKDU
SURSHUWLHV RI WKH QHZ $(UWDW Q% UH ¥ R MUV RF DHHX U R

+



*XVVHQKRYHQ 5 .OHLQ / 2SKHOGHUV ' +DEHWV '+- *LHEH
SHXWHWIHUJHU &30 DQG :BQIYH[LQ $ DV 1HXURSUR
'"HWHUPLQDQW %IRDL Q% OFDORIGJLHU ,QWHJIULWV FIKGH PLIFR QL
(QFHSKDORSIMWUR\OHG

-DFREV 03 /HEODQMYPOWURRRYRABQYWHLQ '+ 1RHEHOV -/
' 6ZDQQ -: &XULQJ HSLOHSV\ 3URJUHV\SRQGE SIX\W X U
%HKDYLR Ut

.OHPHQW : %ODTXLHUH 0 =XE ( GH%RFN ) %RX{ ) %DU
SHULF\WH JOLD VFDUULQJ GHYHORSV DW WE&EXKUO®DN\ F
VHL]XUH OBWQMBWLD

.OHPHQW : *DUEHOOL 5 =XE ( 5RV%DQIXL U WW BWRLY D U C
%RFNODPUFKL 1 6HL]XUH SURJUHVVLRQ DQG LQIODPPDW
SHULF\WRVLYV FOLGG RRIHOUWLIDF WO VWHULQJ DW WKH FHUHEU
RI 'LVHDVHt

XVWHUV ' + 0 &KDWURX 0 / LORHRVW®»%O0 $ %D X'AHH QML
YDQ GHU 9RUNXWHOLQJIJVSHUJHU3IKOUPDFRORJIJLFDO 7UH
ZLWK $QQH[LQ $ 5HGXFHV $WKHURYVF OHERWLG 3HO/DNTEKWHC
7\SH 'LBIM6 21(

/IVEKHU : $QLPDO ORGHOV RI 6HL]XUHV D Q@GS ()SUDKIGBY\ 3DV
IRWKH 'LVFRYHU\ RI $QWXVREKHPH FDX0J¥HVHDUFK

|ODUE1(!I_*UDQ)EI)WLDIH(UL&LX‘VDI(ELDJkaI[BXYHIQ(DIH[MJWOH[RSIRORXV

$[-DOIJUR (IILFDF\ RQMWQIODPPDWRU\ WKHUDS\ LQ D PRGH

DQG LQ D SRSXOPMAIFDQVRILF GUXJ UHDYIWWDQWHHRIOIKBSWLFE
MRXUQDO SRQH

ODUIEK1 *UDQDWD 7 DQG -DQQUIIOIRRPPDWRU\ SDWKZzZD\V R
GLVRUGHQGYV 1HXURVFL

ORVKp 6 / SHUXFFD ( 5\'YOLQ 3JSLORABRNVRQHZ DGYDQFH

IDQFHW +

1D G Q@H U .DLQLF DFLG DV D WRRO IRU WKH VM/XG\ RI V
6FLHQFHV  +

20QH\ -: SKBIIGR 2/ .DLQLF DFLG ®HMHRIRWR{DF DQDOR]
JOXWDWRDMH) 5HVDHFK

3DUN& - %DLN 6 ++ +®KR 6+ - &KRL + .LPX®J-, « ORRN

$QOH[LQ $ UHVWRGHKEHGE EDREEDUULHU GLVUXSWLR
LQKLELWLRQER IVEKIRIDOLQJ SDWKZD\ $JLQJ &HOO

3D[LQRV DQ®VUDQJKBLRRXVH EUDLQ LQ VW HHGHRWL R [ F GRRHRYUL

SHUUHWW®WG 0 $FTXLVWRBQQH[LQ $ DQG JOXFRFRUWLFRLGV
UHVROXWLRQ RL1RDWIBDP PBMXRRO



SHUUHWWL 0 /HUR\ ; %OODHGHQRGBR®HRRWHVIRRQ 3KDUPDF
2SSRUWXQLWLHV IRU RRHLUD SEDODPPHDOQARYIWDIUPDFRO €

3HVKDYDUL\D +0 7D\ORU &- *RK & /DRRBWERDQY ) &KDQ
$QQH[LQ 3HSWLEKH S$HVVHYGXEFHG ,QIODPPDWRU\ 5HV:
, QKLELWLRQHBH®G®HFQW 1$'3+ Q2[tBPNMB (QGRWKHOLDO
3/R621( H

3XUYLV *6' &KHIDQID $JRYRIGR 5 ODUWLQ / .XVWHUV '+0 5F

& )RXQWRXODNLV 1 *QXG / <DTRRE 00 &ROOLQR 0 7

$QQH[LQ $ DWWHQXDWHV PLFURYDVFXODU FRPSOL
VLIQDOOLQJ LQ D PXULQH PLROEHOVRORISH GLDEHWHV

3XUYLV BROLWRQBKLHPHUPDQQ &QQH$LQ7KHUDSHXWLF 3RW
LQ OLFURYDVFXORQWLHUDNVHQ ,PPXQRORJ\

5DYL]]D 7 *DJOLDUGL % 1Rp ) %RHU .  SUFDQVLAEDDQG
DGDSWLYHN GRPXQUWSLOHSWRJHQHVLY DQG VSRQWDQF

HISHULPHQWDO PRGHOV DQG KXRBRUWHPRBABRDORODREW
+

SLEDQ 9 %RXLOQOHUWW?7 9 ) UIKIDWPFXDBBEH X[ & '"HSDXOLV
(YROXWLRQ RI KLSSRFDPSDO HSLOHSWLF DFWLY

KLSSRFDPSDO VFOHURVLY LQ D PRXVH IRRXGQHRY ARIH YHHP
-+

6DWR 0 5DFLQH 5- OF,QW\QGOLKJ EMQAIFVPHFKQG FOLQ
YDOLGLW\ (O&GWQURHRBRSKAVLRO

6WDPDWRYLF 6 O 6KDNXL 3 .HHS 5 ) ORRUH % % .
$QGMHONRYLF $O0RQRF\WH &KHPRDWW UBDH WID@W LRULR WR

%ORRGDLQ %DUULHU 3HUPHDELOLW\ -RXUQDO RI &HUF
+

7TKXUPDQ ' - %HJIKL ( %HJIOH\ & ( %HUJ $ 7 % XFKK
6WDQGDUGYV IRU HSLGHPLRORJLF VWXGLHV DG VXUYHL

7UHQWLQ 3 * )HUUHLUD 73 $UDQWHV $& &LDPEDUHOOD %
ODUWLQV 0$ DQG 6LOHNMHRBEONQ $ PLPHWLF SHSWLGH |
LQIODPPDWRU\ DQG ILEURWLF HIPHEW\3 KD URIDAFEDO SDUW

7ZHOH ) 7|00QHU . %UDQGW &LJQIVIFKHQW: HITHFWV Rl VH
DQHVWKHVLD LQ WK OLQDWIHK IPFRSRAD PRISAHO RI PHVLD
HSLOHSYOHSV\ %HKBDYLRU

9DQ 90LHW ($ )RUWH * +ROWPORQHZIHG YSHREGUFR +(DQG
*RUWHU -$ ,QKLELWLRQ R|I PD®PPROLDDRSDWPDEUE UHG
HSLOHSWRJHQHVLEUDRQG EBEOBRMU OHDNDJH EXW
DFWLYBWQRSKVLD



9H]]DQL $ *UDQDWAUDLQ ,QIODPPDWLRQ LQ (SLOHSV\
&OLQLFDO (YLGHQFH (SLOHSVLD

9H]]DQL $ )UHQFK - %DUWIDL 7TKD QR Q4D BDR QIFODPPDWLRQ
1DW 5HY 1HXURO

'DQJ= &KHQ = <DQJ - <DQJ = ;<B@HQ =:XRL* +'XD@PG &KHQ
,GHQWLILFWWR RRKMRVSKRU\ODWLRQ VLWHV HWEWHDQ®@LDO
EDUULHU SURWHFWLRQ DIWHU H[SHULP HQ &HWH E QIQMHEQ
YORZ OHWDE

<DQJ <+ S$HEHUOL ' 'DFXPRV $ ;XH -5%QQiE[LORDBRIE ()
PDFURSKDDH)G/ 71) YLD JOKORKRUWLFRXELOPXQROHU

<DQJ < + 7RK 0/ &O\QH & ' /HHPKH O S$SBEXRRWL /$DQKDUPD
ORUDQG () $QQH[LQ QHJIJDWLYHOSUHYXQRQYWHED/HIIHFV
0$3. DQG 0%$3. SKRVS KDPXM\RHD
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5pVXPp

,O D pWp UpFHPPHQW PRQWUp TXH GHV FKDQJHPHQWV L
OTpSLOHSVHMNBQUQPFRWYROH DYRQV WHVWp OTK\SRWKqVH
SDWKRSKW ILRGKLWH SDRTGHV XFUH \DHOW $ U R W.IQR Q D@ IP LO/DRY. R |
HQGRJIYIQHHH Q @HHL® 'HV FRUWH[ pSLOHSWLTXHV KXPDLQV S
GIpSLOHSKV,LHHW 07/( HWMWPRHQYV RQW pW pHWXWLYDIONPIVW SR
KLVWREGHEOLQLGMHM SUHV\GLTBQ QHHBLQ1RXV DYRQV H[DPLQp
OTDGPLQLVWQO@MLR® &9 H[RJgQQH PRGLILDLW OWDFWLYL
SDWKRSK\\QLRFQRIBR KV LDY R QD/X YWQL PRWGOH PXULQ GYpSLOHS
PHVWRHPSRUDO DWW/ (VXU OfLQHWLISP\WRER®SLPWHIDGIDFLGH ND
DQDOGHYVYGER GH ELRORJLH PRPHB¥XOBVYUWD QGIXWANW HW
SKDUPREIRTR@OW pWpVINIXHFWKNp PRGIEHAOUHPLQXWLRQ SURJUHV
OTH[SUBWVOR BKRMHOpH GX UpFHSWHXU SX[HEXX BERBERW WF
S*5 *5 WRWDO SHQGDQW OD SKDVH GYpSLOHSWRBX QWWHH G |
FRQVWIOQWPWHUDO GHV UHVV 3R AHQLIPHEE QHVTWHUHVWpH j GHV ¢
EDVLTXHVWHQIXgBH LQIODPPDWLRQ SHUVLVWDQWH /HV HIIH
OD IRUPH GB$QGQYHQKY QLYHDX[ GH FRUWLFRVWpPURQH VRQW
ORQJ GH OY9gSHWHOWRQWQDXJPHQWp GHXWDW L oV W XQ V L\
(SLOHSVBRQHXBXJPHQWDWLRQ GHWDW®RGRIMMEIVE S U RXIODIQW P
SPULSKPBXIVVHN FUpVXOWDWYV VXJIQHQHRWH PH Q BV HQFEEDGTE X P
IWRIODPPDWRLHH *BQOMN[LKBXU OD SURJUFWMLIRY GMHYV OF
PFKDQWLOORQV KXPDLQV QRXV B®RE VL GREIQDWD O X N/ FOH
LPPXQRUpPDFWLYLWpWSpPRILSIDWFKOB BB Vi VDX MRQ/QY X VS MpIP F
$ORURXVQ DYR QVWHI®MXD B HS RW H GBML DOL \Wp\W R Q RO-D DRDWMR L U |
HQGRB(PQAHDGP L QQ VBN PWRBRH® @ HS DRMVPH[QEHFRRPELQpPH SRXUL
PRGLILHU OD SDWKRSK\\LIQR ® B9 RH QG HX @& DO P DIDMSRLQMEH W. Q W H |
pWp YDULDEOH OfDEPH®LWHIRDNVIER®PGY$GH UpGXLUH OH
GIDFWphpSLWHSWRTXRVH SO H{ORFRFRUWVYWRW®MAMUPH GXU|

SURJUHVVLRQ GH OfpSLOHQVLHT XITROOH SARRPSRMRMPW LR Q SKI
PpFDQLVPHVVDQWRJHQWRNRDLBMKrWWIHH HQYLVDIpH FRRRHHXQH C

WKpPpUDSHXWLTXH FR®IS O\ B QAHRSHUG@WESD/AL W

ORWV FQ@BVOHSVLH $QQH[LQH $ LQIODPPDWLRQ JOXFR
HQFpPSKDOLTXH






