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R™Is dans les lymphocytes T de la protZine Lisl, un rZgulateur de la dynamique des
microtubules dZpendante de la dynZine

RZsumZ

Les rZcepteurs dOantigens des lymphocytes T (TCR) sont assemblZs au cours du
dZveloppement prZcoce de ces cellules dans le thymus suite ~ des recombinaisons
complexes de genes. Le rZarrangement dOune chaine! des TCR fonctionnelle (prZ-TCR)
dZclenche des voies de signalisation intracellulaires qui entrainent la survie, IOexpansion et la
maturation des thymocytes. Par ailleurs, IOengagement des TCR " la surface des
lymphocytes T (LT) matures par des antigenes conduit Zgalement ~ des cycles de
prolifZration qui permettent le dZveloppement de rZponses immunitaires efficaces. Ces
Zvenements cellulaires sOaccompagnent de remaniemens importants du rZseau de
microtubules et une redistribution des moteurs molZculaires, tels que la dynZine, qui
vZhiculent les structures cellulaires sur ces rZseaux. Les mZcanismes molZculaires et les
consZquences physiologiques de ces remaniements sont peu connus dans les LT. Lis1 est
un rZgulateur de la dynZine qui est mis " contribution dans la migration neuronale et la
prolifZration des cellules souches au cours du dZveloppement neural. Son r™le au sein du
tissu lymphosde est peu connu. Dans ce travail, nous avons utilisZ des modeles de souris
spZcifiguement dZficients en Lisl dans les LT afin dOZtudier I8 fonctions molZculaires,
cellulaires et physiologiques de cette protZine dans ces cellules. Nous montrons que Lisl
joue un r™le essentiel dans le dZveloppement prZcoce des LT et dans IOhomZostasie desT
matures. La dZficience en Lisl nOaffecte pas le rZaangement de la chaine ! ou les
Zvenements de signalisation dZclenchZs par le prZ-TCR ou le TCR. Cependant, la
prolifZration des thymocytes ayant passZ la ! -sZlection ou des LT matures dont le TCR a ZtZ
engagZ, est fortement impactZe. LOanalyse fine ded mitose indique que la dZficience en
Lis1 ralentit fortement le processus mitotique, contrarie les remaniements intracellulaires
conduisant " la mZtaphase et entra’ne la rZpartition asymZtrique du matZriel gZnZtique dans
les cellules filles. LOanalyse desrZseaux de microtubules montre que IOabsence de Lisl
entra’ne |Oamplification du nombre de centrosomes et IOaugmentation des cellules
multipolaires au cours de la mitose. Enfin, nous montrons que Lis1 favorise IQinteraction de la
dynZine avec la dynactine, indiquant que Lis1 joue un r™Ie important dans lesLT pour relier
la dynZine aux structures cellulaires quOelle vZhiculeEn conclusion, nous avons montrZ que
Lis1 est importante dans la distribution du matZriel gZnZtique au cours de la prolifZration des

thymocytes doubles nZgatifs et des lymphocytes T pZriphZriques.
!






Functions in T cells of Lisl protein, a regulator of dynein-dependent microtubules dynamics

Abstract

The T cell receptor (TCR) is assembled during the early development of T lymphocytes in the
thymus after complexe genetic recombinations. The rearrangement of a functional TCR ! -
chain (pre-TCR) triggers intracellular signaling pathways that cause the survival, expansion
and maturation of thymocytes. The commitment of the TCR to the surface of mature T cells
after antigen recognition also leads to proliferation allowing the development of effective
immune responses. These cellular events go along with significant reorganization of the
microtubule networks and a redistribution of molecular motors, such as dynein, which
transport the cellular structures via this network. The molecular mechanisms and
physiological consequences of the reorganization are poorly understood in T cells. Lisl is a
dynein regulator involved in neuronal migration and stem cells proliferation during neural
development. Its role in lymphoid tissue is still unknown. In this study, we used mouse
models specifically Lisl-deficient in T cells to study the molecular, cellular and physiological
functions of this protein in T cells. We identifiy that Lis1 plays an essential role in the early
development of T cells and in the homeostasis of mature cells. Lisl deficiency does not
affect ! -chain rearrangement or signaling events triggered by pre-TCR or TCR, but leads to
the blockage of thymocyte cell division that have undergone ! -selection or mature T cells
stimulated. Fine analysis of mitosis indicates that the deficiency of Lis1 strongly slows down
the mitotic process, counteracts the cell changes leading to the metaphase and leads to
asymmetric distribution of the genetic material in the daughter cells. Microtubule networks
analysis shows that the absence of Lisl induces centrosomes amplification and increase of
multipolar cells during mitosis. Finally, we show that Lisl promotes the dynein-dynactin
interaction, indicating that Lisl plays an important role in T cells to bind dynein to the cell
structures it carries. In conclusion, we here described that Lisl is important for the
distribution of genetic material during double negative thymocyte and peripheral lymphocyte

proliferation.
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JLIXUH5HSUpVHQWDWLRQ G XQ UpFH®GS WXXUX & KX XXVEXSXOREX K
J)LIXUH SHSUpVHQWDDWHERDLQMY TX g H/HWH BIGXL Q&S

LVVXHV GH OD UHFRPELXQOLDVERLEKE XXX XX XXX XXXXXXXXXXXX:
J)LIXUH 6FKpPDWLVDWLRQ GTX&MKXXBKKRRKEXXDXXWXR XXX X X
JLIXUH5HSUpVHQWDWLRQ GHV FRUpFHSWHXUV &' HW &' FI
&0+ ,, UHVSHFWLYHPHQW XXXXXXXXXXXXXXXXXXXXXXXXXXX

JLIXUH SHSUpVHQWDWLRQ GH OD VLIQDOLVDWLRQ SUpF
XXXXXXXXKXAXXXXXXXXXXXAXXXXXXAXXXXXXAXXXXXXXXXXXXXXX
JLIXUH SHFUXWHPHQW GHVY FRPSOH[HV GH VLIJQDOLVDW|

JLIXUH6FKpPDWLVDWLRQ GH OD V\QDSWX KRR X®RIORIX X X M X
JLIXUHLIIpUHQFLDWLRQ GHV O\PSKRRXMXBM X XX B X KOOOOUOUXX
JLIXUH'LIITpPUHQFLDWLRQ GHV FHOOXOHV VRXFKHV KpPDWR
XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XXX X
JLIXUH 3ULQFLSDOHV LQGXFWLRQV PpGLpHWXSDUXRBXKXDIQT
JLIXUH 5HSUPVHQWDWLRQ G X QXXPHKSW M X ¥ XXX X 2B X X X X
JLIXUH 5HSUpPVHQW DBV RQHEMKBRIY X X X X X XX XXX XXX XXXXXXX
JLIXUH 6pOHFWLRQ SRVLWLYH HW QX3 B WX XXX M X XK B VEXREX )
JLIXUH 'LIIpUHQFLDWLRQ GHV FHOOXOHY GRXEOHV SRVLWL
RX & XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
)LIXUH OLJUDWLRQ GHV FHOOXOHV HW pYJQHPHQWYY GH Vp:
JLIXUH 5HSUpVHQWDWLRQ GH ODXXNXRMOXIQOMHX KKOXK X X X XXX
J)LIJXUH ORGQOH GH OD UpJXODWLRQ SRXXXWOVHX & KX DB XXX
JLIXUH /LV GDQV OD OLWWM@RESEBRKMXXXXXXXXXXXXXXXX
JLIXUH BWUXFWXUKXEBIXKXXXXXXXXXXXXXXXXXXXXXXXXXX)
JLIXUH 5HSUpVHQWDWLRQ GH /LV DX VHLRXGX ERPSION K XX
JLIXUH 5HSUpPVHQWDW LR QXGB XD BX G K XYB X XXX XXXXXXXXX?
JLIXUH /D G\QpLQH LQWHUDJLW DYHF OD G\QDFWLQH TXL U
VSPFLIXTOKEKX XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
JLIXUH /LV LQLWLH OH GpSODF BB G WXE M XXX RXX®MX X X)
JLIXUH /LV VWDELOLVH OD G\QpLQH DX[ H[WUpPXWHXXSGV L
JLIXUH /LV IDFLOLWH OH WUDQVSRUW GH FKRXJKXRKRDXXXE
JLIXUH /TpWDW QXFOpPpRWLGLTXH GH $$$ UpJXOH OJDFWLY]
GLQPXAMXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
JLIXUH 'pURXOHPHQW GX FWOOHX R K ROXOODOUHK X X X X X X X X X X »
JLIXUH 6FKpPD GH FRQFOXVLRQ GpFULYDQW OHV FRQVpTXI
VXU OH GpYHORSSHKRMONK GHIUX KX X X X X X X XX XXX XX XXX XXX X
JLIXUH )RQFWLRQV GH /LV DX FRXUV GH OD SUROLIpUDWL!
XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXX XXX XX XX
JLIXUH J)RQFWLRQV K\SRWKpWLTXHVY GHV LOWHUDFWLRQV (
GDQV OHV WK\PRF\WHYV HW /7 XXXXXXXXXXXXXXXXXXXXXXX
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$GKHVLRQ DQG 'HJUDQXODWLRQ SURPRWLQJ $GDSWHU 3U|

$RUWD *RQDG OHVRQHSKURYV
$XWR ,PPXQH 5(JXODWRU
6HULQH 7KUHRQLQH .LQDVH
$GHQRPDWRXV 3RO\SRVLV &ROL

$3& & $QDSKDVH 3URPRWLQJ &RPSOH]

$3 $FWLYDWRU 3URWHLQ

$73 $GHQRVLQH 7UL3KRVSKDWH

%DG %FO DVVRFLDWHG GHDWK SURPRWHU
% &/ % FHOO O\PSKRPD

% &/ % FHOO O\PSKRPD

%&5 % &HOO 5HFHSWRU

%LG %+ ,QWHUDFWLQJ 'RPDLQ 'HDWK $JRQLVW

%LP %FO ,QWHUDFWLQJ OHGLDWRU 21 &HOO 'HDWK
%5$3 %5&$% DVVRFLDWHG SURWHLQ

& : & & ; & PRWLI /LIJDQG

&$50% &$5' FRQWDLQLQJ 0$*8. SURWHLQ

&%0 &DUPD %FO ODOW FRPSOHI[H

F &%/ &DVLWDV % OLQHDJH /\PSKRPD

&' &OXVWHU RI 'LIIHUHQWLDWLRQ

&'& &HOO 'LYLVLRQ 'RQWURO SURWHLQ

&'. &\FOLQ 'HSHQGHQW .LQDVH

&'5 &RPSOHPHQWDULW\ '"HWHUPLQLQJ 5HJLRQV

&0+ &RPSOH[H ODMHXU G +LVWRFRPSDWLELOLWp

&03 &HOOXOH 0\pORLGH 3URJpQLWULFH

&06 S &DV OLJDQG ZLWK PXOWLSOH 6+ GRPDLQV

&3% &HOOXOH 3UpVHQWDWULFH GI$QWLJIgQH

&6+ &HOOXOH 6RXFKH +pPDWRSRwWpWLTXH

F60$8& FHQWUDO 6XSUDPROHFXODU $FWLYDWLRQ &OXVWHU
F7(& &HOOXOH pSLWKpOLDOH WK\PLTXH FRUWLFDOH
&71$ &\WRWRI[LF 7 /\PSKRF\WH $VVRFLDWHG SURWHLQ
& ; &5 & ; & PRWLI 5GHFHSWRU

'$* 'L$F\O*O\FHURO

'$03 'DPDJH $VVRFLDWHG OROHFXODU 3DWWHUQV

'‘//  'H/WD /LNH

'1 'RXEOH 1HJDWLI

'1$ 3. '1$ GHSHQGHQW SURWHLQ NLQDVH

'3 'RXEOH 3RVLWLI

'5($0 'RZQVWUHDP 5HIJXODWRU\ (OHPHQW $QWDJRQLVW ORGXOI
G60$& FHQWUDO 6XSUDPROHFXODU $FWLYDWLRQ &0OXVWHU
($ 7UDQVFULSWLRQ )DFWRU ( $0SKD

(5. ([WUDFHOOXODU VLJQDO 5HIJXODWHG .LQDVH

(50 (JULQ 5DGL[LQ ORHVLQ

(73 (DUO\ 7 FHOO 3UHFXUVRU

YH]l  )(= )DPLO\ =LQF )LQJHU

)17 )PV 5SHODWHG 7\URVLQH .LQDVH

JR[2 )RUNKHDG ERJ 2

JR[3 )RUNKHDG ERJ[ 3

*$'6 *UE UHODWHG $GDSWRU 'RZQVWUHDP RI 6KF

n



*$7$  *$7%$ %LQGLQJ 3URWHLQ

'3 *XDQRVLQH 'L3KRVSKDWH

*UE  *URZWK IDFWRU UHFHSWRU ERXQG SURWHLQ
*73 *XDQRVLQH 7UL3KRVSKDWH

+(% KHOL[ ORRS KHOL[ SURWHLQ UHODWHG WR ( $
,&$0 ,QWHU&HOOXODU $GKHVLRQ OROHFXOH

,G ,QKLELWRU 21 '1$ %LQGLQJ

)1  ,QWHUIpURQ

,J ,PPXQRJOREXOLQ

... Nb NLQDVH

./ ,QWHUOHXNLQH

.3 ,QRVLWRO WULSKRVSKDWH

,4*$3 5DV *73DVH DFWLYDWLQJ OLNH SURWHLQ
,7$0 ,PPXQRUHFHSWRU 7\URVLQH EDVHG $FWLYDWLRQ ORWLI

,7. ,QWHUOHXNLQ ,QGXFLEOH 7 &HOO .LQDVH

-$. -$QXV .LQDVH

.65 .LQDVH 6XSSUHVVRU RI 5DV

8 $73 GHSHQGHQW '1$ KHOLFDVH VXEXQLW .8

/$7 /LQNHU )RU $FWLYDWLRQ 21 7 &HOOV

/% [\PSKRF\WH %

/&. /\PSKRF\WH &HOO 6SHFLILF 3URWHLQ 7\URVLQH .LQDVH
/Y$ /\PSKRF\WH )XQFWLRQ DVVRFLDWHG $QWLJHQ
/ILV  /LVVHQFHSKDO\

/033 /\PSKRF\WH SULPHG OXOWL3RWHQW 3URJHQLWRUYV
/7 /\PSKRF\WH 7

0$,7 OXFRVDO $VVRFLDWHG ,QYDULDQW 7 FHOOV
0$/7 OXFRVD $VVRFLDWHG O\PSKRLG WLVVXH /\PSKRPD 7UDQV
0$0/ ODVWHUPLQG OLNH SURWHLQ

0$3. OLWRJHQ $FWLYDWHG 3URWHLQ .LQDVH

0$=5 O\F $VVRFLDWHG =LQF )LQJHU

0(. OLWRJHQ DFWLYDWHG SURWHLQ NLQDVH NLQDVH
07%' OLFUR7XEXOH %LQGLQJ 'RPDLQ

P7(& &HOOXOH pSLWKpOLDOH WK\PLTXH PpGXOODLUH
1&. 1RQ &DWDO\WLF 5HJLRQ 21 7\URVLQH .LQDVH
1&RU 1XFOHDU UHFHSWRU &R UHSUHVVRU

1)$7 1XFOHDU )DFWRU RI $FWLYDWHG 7 FHOOV

1,&' 1RWFK ,QWUD&HOOXODU 'RPDLQ

1.7 1DWXUDO .LOOHU 7 FHOOV

1)Nb 1XFOHDU )DFWRU NDSSD %

1XG 1XFOHDU 'LVWULEXWLRQ

29$ 2YDOEXPLQ SHSWLG

3$) 30DWHOHW $FWLYDWLQJ IDFWRU

3$)$+ 3%$) SFHW\O+\GURODVH

3303 3DWKRJHQ $VVRFLDWHG OROHFXODU 3DWWHUQ
S&0+ FRPSOH[H &0+ SHSWLGH

3" 3URJUDPPHG FHOO 'HDWK

3'. 3KRVSKRLQRVLWLGH GHSHQGHQW NLQDVH

3+ 30HFNVWULQ +RPRORJ\

3,3 3KRVSKDWLG\OLQRVLWRO ELVSKRVSKDWH

3,3 3KRVSKDWLG\OLQRVLWRO WULVSKRVSKDWH
3.4T 3URWHLQ TLQDVH &

3/&) 3KRVSKR /LISDVH &

(@



3/. 3ROR /LNH .LQDVH

3/. 3ROR /LNH .LQDVH

355 S3UROLQH 5LFK 5HJLRQ RX 3IDWWHUQ UHFRJQLWLRQ UHFHS\
36*/ 3 VHOHFWLQ JO\FRSURWHLQ OLJDQG

S60%& SHULSKHUDO 6XSUDPROHFXODU $FWLYDWLRQ &0XVWHU
S7. &KDLQH LQYDULDQWH SUH 7&5 D

38 +HPDWRSRLHWLF 7UDQVFULSWLRQ )DFWRU 38

5DF 5DV UHODWHG & ERWXOLQXP WR[LQ VXEVWUDWH

58* 5HFRPELQDWLRQ $FWLYDWLQJ *HQHYV

5%$3 5$V B3UR[LPDWH

5DS/ 5DV SUR[LPDWH ELQGLQJ SURWHLQ

5DV*53 5DV *XDQ\O 5HOHDVLQJ BURWHLQ

5% 3 - S5HFRPELQLQJ %LQGLQJ 3URWHLQ VXSSUHVVRU RI KDLUOF
5KR$ 5DV KRPRORJ JHQH IDPLO\ PHPEHU $

525J7 5$5 GHODWHG 2USKDQ 5HFHSWRU

566 S5HFRPELQDWLRQ 6LJQDO 6HTXHQFHYV

581; 581wW UHODWHG WUDQVFULSWLRQ IDFWRU

6%6 6SLQGOH DVVHPEO\ DEQRUPDO SURWHLQ KRPRORJ

6+3 6UF +RPRORJ\ UHJLRQ GRPDLQ FRQWDLQLQJ SKRVSKDWD)
6.%$3 6UF NLQDVH DVVRFLDWHG SKRVSKRSURWHLQ

6/3 6+ 'RPDLQ &RQWDLQLQJ /HXNRF\WH 3URWHLQ 21 .'D
613 6LQJOH 1XFOHRWLGH 3RO\PRUSKLVP

62&6 6 XSSUHVVRU 21 &\WRNLQH 6LJQDOLQJ

626 6RQ RI 6HYHQOHVYV

63 6LPSOH 3RVLWLI

67%7 6LJQDO 7TUDQVGXFHUY DQG $FWLYDWRUV RI 7TUDQVFULSW
67,/ &HQWULRODU $VVHPEO\ 3URWHLQ

67,0 6WURPDO LOWHUDFWLRQ PROHFXOH

6:, 61) 6: WFK 6 XFURVH 1RQ HUPHQWDEOH

6<. 6SOHHQ $VVRFLDWHG W\URVLQH .LQDVH

7&5 7 &HOO 5HFHSWRU

7+ 7 +HOSHU

7+(0,6 7TK\PRF\WH ([SUHVVHG OROHFXOH ,QYROYHG ,Q 6HOHFWL
7K32. 7K ,QGXFLQJ 32= .UXSSHO )DFWRU

72; 7K\ PRF\WH 6HOHFWLRQ $VVRFLDWHG +LJK ORELOLW\ *URXS
759% 7LVVXH 5HVWULFWHG $QWLJHQV

759%) 71) 5SHFHSWRU $VVRFLDWHG )DFWRU

Tunwy I\PSKRF\WH 7 UpJXODWHXU

763 7K\PLF 6HWWLQJ 3URJHQLWRU

7663 7K\PXV 6SHFLILF 6HULQH 3URWHDVH

9%03 9HVLFOH $VVRFLDWHG OHPEUDQH 3URWHLQ

9&%0 9DVFXODU &HOO $GKHVLRQ OROHFXOH

:$63 'LVNRWW+$OGULFK 6\QGURPH 3URWHLQ

59 ( :$63 IDPLO\ YHUSUROLQ KRPRORJRXV SURWHLQ

& &5 ; 5D\ 5HSDLU &URVV &RPSOHPHQWLQJ

=$3 =HWD &KDLQ 21 7 &HOO 5HFHSWRU $VVRFLDWHG 3URWHL

(@)
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ITLQWURGXFWLRQ GTXQ pOpPHQW pWUDQJHU DX VHLQ GH OfRUJ
HQ FHOOXOHV WXPRUDOHV PRELOLVHQW GHV PpFDQLVPHV GH
V\VWgPH LPPXQLWDLUH 'HX[ W\SHV GH V\VWqgqPH LPPXQLWDLUH
PpFDQLVPH GH UHFRQQDLVVDQFH PRELOLVp OH V\VWqgPH LPPX(
UDSLGH PDLV SHX VSpFLILTXH GHV SDWKRJqQHV HW OH V\VWqgP
XQH UpSRQVH SOXV OHQWH PDLVY GRWpH GTXQH PpPRLUH WUQqV '
/IHV FHOOXOHV GH OfYLPPXQLWpP LQQpH WHOOHV TXH OHV FH(
PRVLQRSKLOHYVY HW PDFURSKDJHV H[SULPHQW j OHXU VXUIDFH G
PRWLIV PROpFXODLUHV 355 3DWWHUQ 5SHFRIJQLWLRQ 5HFHSWRL
UHFRQQDVWUH GHV PROpPFXOHV VSpFLILTXHPHQW H[SULPpHV SI
SDWKRJHQ $VVRFLDWHG OROHFXODU 3DWWHUQ PDLV DXVVL
$VVRFLDWHG OROHFXODU 3DWWHUQ H[SULPpHV GDQV OfRUJDQ
ORUV GIfLQIODPPDWLRQVY /D UHFRQQDLVVDQFH GH 3%$03 SHX
SDWKRJqQH TXL HVW GpJUDGp DX VHLQ GH OD FHOOXOH HW
LQIODPPDWRLUHY TXL IDFLOLWHQW OD PLVH HQ SODFH GTXQH £
LVVXVv GH OD GpJUDGDWLRQ GHV SDWKRJgqQHV VRQW DSS
GIKLVWRFRPSDWLELOLWpPp &0+ TXL XQH IRLV H[SULPp j OD VXU
SDU OHV UpFHSWHXUV GHV O\PSKRF\WHV 7 7&5 GHV FHOO
LPPXQLWDLUH DGDSWDWLI /D UHFRQQDLVVDQFH WUQV VSpFLILT
7&5 FRQGXLW j OfYDFWLYDWLRQ j OD SUROLIpUDWLRQ HW j OD G|
SRSXODWLRQV HIIHFWULFHY D\DQW GHV IRQFWLRQYHXSpRWOLV
VH GLIIpUHQFLHU HQ GLIIpUHQWY VRXV W\SHV GH FHOOXOHV TXI
VHORQ OH W\SH GIDIJHQW LQIHFWLHX[ RX GfpOpPHQWUFIHOKR JQq
XQH DFWLYLWp F\WRWR[LTXH VXU OHV FHOOXOHYV LQIHFWpHV RX
GpJUDGHQW FRQVWDPPHQW OHXUV SURWpPLQHV HW DSSUrwHQ\
© VRL 2 TXL VRQW UHFRQQXV SDU OHV O\PSKRF\WHV 7 PDLV
LPPXQLWDLUH 'DQV OH FDV GH FHOOXOHYVY WUDQVIRUPpHV OflI
SHSWLGHV LVVXV GH PXWDWLRQV JpQLTXHYV DSSHOpV QpR DQWL
UpFHSWHXUV GHV O\PSKRF\WHV 7 &HWWH UHFRQQDLVVDQFH F
FRQWUH FHVY FHOOXOHY DQRUPDOHYV



&RQWUDLUHPHQW DX[ O\PSKRF\WHV 7 OHV O\PSKRF\WHV % QH
SUpVHQWpPV SDU OHV PROpPFXOHV GX &0+ PDLV UHFRQQDLVVHQ\
GHV SDWKRIPIHVPFHSWHXU GIDQWLJIGQH H[SULPp j OHXU VXU]
5HFHSWRU /D UHFRQQDLVVDQFH GIDQWLJGQHV VSpFLILTXHV S
DFWLYDWLRQ HW OHXU GLIIpPUHQFLDWLRQ HQ SODVPRF\WHV |
VSPFLILTXHV GHV DJHQWYV LQIHFWLHX[ FRQWULEXDQW j OHXU pCc

/JHV O\PSKRF\WHV VH GpYHORSSHQW LQLWLDOHPHQW DX VHLQ Gt
VRXFKHV KpPDWRSRWpWLTXHV $ORUV TXH OHV SUpPFXUVHXUV
WK\PXV SRXU FRQWLQXHU OHXU GpYHORSSHPHQW OHV SUpFXU\
OHXU PDWXUDWLRQ GDQV OD PRHOOH RVVHXVH $SUqV OHXU Gp
YHUV OHV RUJDQHV O\PSKRWGHV VHFRQGDLUHVY WHOV TXH OD U
LOV VRQW VXVFHSWLEOHV GYrWUH DFWLYpV GH SUROLIpUHU HW
GIXQ DQWLJQQH

$X FRXUV GH PD WKqVH MH PH VXLV SDUWLFXOLqQUHPHQW LQWplL
OH GpYHORSSHPHQW GHV O\PSKRF\WHV 7 GDQV OH WK\PXV HW
O\PSKRwWGHV SpULSKpULTXHV -9DL PLV HQ pYLGHQFH GHV U{OH
GX PRWHXU PROpFXODLUH G\QpLQH DVVRFLp DX[ PLFURWXEXOF
O\PSKRF\WHV 7 ORUV GH FHV SURFHVVXV

—_—
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,O H[LVWH GHX[ W\SHV GH O\PSKRF\WHV 7 /7 OHV /7 QRQ F
O\PSKRF\WaHW HW 0$,7 HW OHV /7 GLWV FRQYHQWERBQHDV RX
QRQ FRQYHQWLRQQHOV UHSUpVHQWHQW j GHV /7 FLUEXO
QpFHVVLWH SDV IRUFHPHQW OD UHFRQQDLVVDQFH GIXQ SHSWLC
OfLPPXQLWp LQQpH OD UHFRQQDLVVDQFH GLUHFWH GTXQ SDWK
i DEFEWLYHU FHV FHOOXOHWEUHS Up\PHSERFA\QWH\OD PDMRULWpP GHV
VHLQ GH OfRUJDQLVPH ,0V UHJURXSHQW OHV /7 DX[LOLDLUHV I
F\IWRWR[LTXHV H[SULPDQW OH FRU pG piEMHAIAK B Q W/ HRU/IZH&' W H Q W
OD UpSRQVH LPPXQLWDLUH BO-RIUPHDXHGHNHI WY FA\WRWRI[LTXH
OfDSRSWRVH GHV FHOOXOHV LQIHFWpHV RX WUDQVIRUPpHV 1F
GH FHWWH WKqVH DXJEO\PSKRF\WHV 7

, /IH UpFHSWHXU GHV DEPSKRF\WHYV 7

/HV O\PSKRM\EWH FDUDFWpULVHQW SDU OfH[SUHVVLRQ GfXQ Up
7&5 FRPSRVp GHV FRBWQPRRPI&YL TXH SDU OJH[SUHVVLRQ GH)
&' RX &' &KDTXH /7 H[SULPH XQ 7&5 VSpFLILTXH D\DQW XQH DI
DQWLJgQH GRQQp /D VIQWKqVH HW OYDVVHPEODJH GHV 7&5 VH
GX GPYHORSSHPHQW GHV /7 HW IDLW VXLWH j GHV UpDUUDQJ]
UHFRQQDLVVDQFH GIXQ DQWLJgQH SDU OHV /7 PDWXUHV SHX\
VSPFLILTXHV SDU H[SDQVLRQ FORQDOH PDLV DXVVL j OHXU GL
HITHFWULFHV D\DQW GHV IRQFWLRQV VSpFLILTXHV

6WUXFWXUH GHVY UpFHSWHXWE GHV O\PSKRF\WHYV 7

/H 7&5 HVW XQ FRPSOH[H PXOWLSURWpPLTXH FROWWLVEXD GHV F

UHVSRQVDEOHV GH OD UHFRQQDLVVDQFH DQWLJpQLTXH HW C

&' GHHW OHV FKDR@WVGH VRQ H[SUHVVLRQ DX VHLQ GX UpWLFX

FKDLQHDV&B®DVVRFLH DYHF GH) GRPYUTHX&' ODEFKIPL\QRF&E DX GLPq!

& JH /H GLPJUWHUDLW HVVHQWLHO | OYDVVRPI®\EIEBRQ GX FI

FRPSOH[HE &&HHW j VD VWDELOLWp SRXU VD SURJUHVVLRQ YHUV
)LJ



/D UpJLRQ WUDQVPHPEUDQDLUH

7RXWHV OHV VRXV XQLWpV GX 7&5 VRQW FRQVWLWXpHD GIXQH |
K\GURSKREH SHUPHWWDQW OHXU LQWHUDFWLRQ DX[ OLSLG
(WRQQDPPHQW FHWWH UpJLRQ WUDQVPHPEUDQDLUH FRQWLHC
LQFRPSDWLEOHYV DYHF XQ HQYLURQQHPHQW K\GURSKREH PDL\
FRPSOH[H 7&56GE' H]] (Q HIIHW OHV UpVLGXV DFLGHV OYDFLC
FKDLQHJ&W OHV DFLGHV DVSDUWLTXHW @3 WBKDLYNWQW Gt
LQWHUDFWLRQV LRQLTXHV DYHF OHV UpVLGXV EDMEBTXHV O\VLQ!
&HV UpVLGXV HQ SOXV GH PDLQWHQLU DVVHPEOp OH FRPSO}
H[SUHVVLRQ VWDEOH j OD PHPEUDQH SODVPLTXH

/[HV GRPDLQHVY H[WUDFHOOXODLUHV

/IHV FDUDFWpULVWLTXHYVY GHV GRPDLQHVY WUDQVPHPEUDQDLUHYV
DH®WGX 7&5 VRQW VLPLODLUHYVY PDLVY FHOOHYVY GHV GRPDLQHV H[W

/HV _GHX|[ FKDHESWpVHQWHQW FKDFXQH XQH UpJLRQ FRQVWDQW!

OfH[WUpPPLWp 1 WHUPLQDOH SUpVHQWDQW XQH IRLV DVVHPEOp
/IHV GHX[ FKDLQHV VRQW UHOLpHV HQWUH HOOHV SDU XQ SRQ\
FRQVWDQWH /HV F\WWpLQHV pWDEOLVVDQW FHWWH OLDLVRQ
OfH[SUHVVLRQ HW OD VWDELOLWp GX 7&5 (Q HIIHW OD PXWDW!|
GpIDXW GJH[SUHVVLRQ GH 7&5 j OD PHPEUDQH SODVPLTXH
FULVWDOORJUDSKLH DX UD\RQ ;: UpYgOH »Q@H VW XERQXW N D OREE
HW FRQVWDQWHYV /JHV ERXFOHV DX QLYHDX GHV UpJLRQV Y|
K\SHUYDULDEOHV DSSHOpHV &'5 TXL VRQW DX QRPEUH GH WURL
VH WURXYHQW HQ SpULSKpULH GX VLWH GH UHFRQQDLVVDQFH C
DYHF OHV XKGBNF&OH+ j OD VXUIDFH GHV FHOOXOHV SUpVHQWDWU
&'5 VH ORFDOLVHQW DX QLYHDX GX VLWH GJLQWHUDFWLRQ GX
SUpVHQWpPV SDU OHV &0+

/HV FKDLQHV &' HW FODWFKQ#WQWPIJLRQ H[WUDFHOOXODLUH QYD\D

OHV FRPSOH[HV &0+ SHSWLGHV HSXHOWR QW VXRKGRBNVQH H[WUDFF}
IRUPDQW XQH VWUXFWXUH JOREX@&D LY HF KEIRLE@AHRRCPCGBWR UGNHH T M M L

UpVLGXV GYDFLGHV DPLQpV /HV GRPDLQHN GHIWMUDWH O D XLO/D/IHIH
io



DYHF OHV BKBEMQHV 'HV F\VWpLQHV UpDOLVHQW GHV SRQWV GL)\
FKDLRPHN TXL QTHVW SDV OH FDVGERWUSGIHY BXWPWHWR Q' GH OD F\\
GH OD FKDLQH HWWEBRRH:XQWODKUGpIDXW GYH[SUHVVLRQ GHV 7
SODVPLTXH 'H SOXV OH UHPSODFHPHQW GH OD UpJLRQ F
SDU OD UpJLRQ HI WUDFHOOGDIDHBW Kz B 10D SRKMDAVQAHR @'] OD VXUID
7&5 &HV UpVXOWDWY GpPRQWUHQW OfLPSRUWDQFH GHV GR
& JHW &'GDQV OfDGUHVVDJH GX 7&5 j OD PHPEUDQH SODVPLTXI

/IHV GRPDLQHV LQWUDFHOOXODLUHV

7TRXW FRPPH SRXU OHV GRPDLQHV H[WUDFHOOXODLUHYV OHV GR
FKDLQHVY FRQVWLWXDQW OH 7&5 RQW GHV FDUDFWpPULVWLTXHV

/JHV _GHX[ FKDH@WARQWLHQQHQW XQH SHWLWH UpJLRQ LQWUDFH

HIWUpPLWpV & WHUPLQDOHYVY GHV SURWpPLQHV GRQW OD IRQFW
VHPEOHUDLW FHSHQGDQW TXH OD SHWLWB MRLIWRLP & Q WIKXPpHHGKL
OD UpJXODWLRQ GH OfH[SUHVVLRQ GX 7&5 VXLWH j OD VWLPXOI

/HV FKDLQHV/&'H FWUDFWpULVHQW SDU OD SUpVHQFH GH PRWL
7\URVLQH EDVHG $FWLYDWLRQ ORWLI GDQV OHXU UpJLRQ LQWU
GHV UpVLGXV W\URVLQHV TXL SHXYHQW rWUH SKRVSKRU\OpV VX
LQGLVSHQVDEOHV j OD WUDQVPLVVLRQ GHJGB WIRQDVEINQW DRD
VHXO ,7$0 DORUV TXH OH ORQJ GRPDLQHQ GRPORH® & XODRUH G@H
DLQVL XQ QRPEUH GH ,7$0 SDU 7&5 /D VPTXHQFH FRQVHQVX
<[[, 9/ Re ; UHSUpVHQWH XQ DFLGH DPLQp GLYHUV ,0 H[LVWH

OHV ,7$0V SRUWpPV SDU OHV VRXV XQLWpV GH VLIQDOLVDWLRQ

GDQV OH GpYHORSSHPHQW GHV /7 OYDFWLYDWLRQ GHV FHOOX
UpVLGXV OHXFLQHYV HW LVROHXFLQHV GHV ,7$0V QH VRQW SDV S
GHV 7&5 PDLV LOV VRQW QpDQPRLQV QpFHVVDLUHV j OD WUDQV

—_
ot



)LIXUH 5HSUpVHQWDWLRQ G XQ UpFHSWHXU GHV O\PSKRF\WH

SHSUpVHQWDWLRQ VFKpPDWLTXH GYXQ 7&5 FRQVWLWXp GH WU
& GH &' HW HW GH GHX[ FKDLQHEWRWDEOHWQW XQ QRPEUH G
HVVHQWLHOV j OD VLIQDOLVDWLRQ GX 7&5 /D YXH ' SHUPHW G
POHFWULTXHV VIHIITHFWXDQW HQWUH OHV GLIIpUHQWHY FKDLQH
FRPSOH[H $X VHLQ GH OY,7$0 ; UHSUpVHQWH XQ DFLGH DPLQp
OHXFLQH , 9/ ,VROHXFLQH O9DOLQH RX /HXFLQH [ LQWH
DPLQpPY TXHOFRQTXH® 0R®MIFWPDEHPHFKDQLVPV IRU WKH DVVH
UHFHSWRU+&' FR®BOE[HW :XFKHUSIHQQLJ

/ID UHFRPELQDLVRQ 9 ' -

/I MLPPXQLWp DGDSWDWLYH UHSRVH VXU GHV UpFHSWHXUV KDXW
SURWpPLQHV LVVXV GH SDWKRJgQHV TXL VRQW H[SULPpV j OD V:
/1% &KDTXH 7&5 HW UpFHSWHXU GHV O\PSKRF\WHV % %&5 SUp)
IRUPDQW DLQVL XQ UpSHUWRLUH GH /7 HW GH /% /TH[SUHVVLRC

io



UHFRPELQDLVRQV FRPSOH[HV GfXQ JUDQG QRPEUH GH JgQHYV
'LYHUVLWp HW - -RQFWLRQ /H FRPSOH[H 5%$* 5HFRPELQDWLF
GHV SURWPpPLQHV 5%* HW 58%* HVW VSpFLILTXH GH OD UHFRPE
VSpFLILTXHPHQW SDU OHV /7 HW /% /D GpILFLHQFH HQ 5%* FF
GpYHORSSHPHQW GHV O\PSKRF\WHV DYHF XQ EORFDJH GHV |
SUpFRFHV GX GpYHORSSHPHQW 3buU OD VXLWH MH GLVF>
SULQFLSHVY GH UHFRPELQDLVRQ VITHIIHFWXDQW DX FRXUV GX Gqg

JLIXUHSHSUpVHQWDWLRHBEBVYQ\WIQ AXH G HVHBKGXLDE&S LVVXHYV GH
OD UHFRPELQDLVRQ 9 ' -

/IHV Jg@HN®WVRQW FRQVWLWXpV GT1XQ HQVHPEOH GH JgQHV FRG

'LYHUVLWp ' -RQFWLRQ - HW FPOQRE BOWH &H BRPE DQMKLD/ARYH ¢
FRPSOH[H 5%* XQ VHJPHQW GH JgQH SDU JgQH 9 ' - HW & VH
H[SULPpV HQDRKEDKQWUH SDUHQWKqVHV HVW LQGLTXp OH QRPEU
GDQV FKDTXH JgQH 9 HRMHFRPEDLYWW IGRIQ FHQWUHY DQG WKH RUF
UHFRPELQ®MKRWYE HW -L

OpFDQLVPHY ELRFKLPLTXHY GH OD UHFRPELQI

/D UHFRPELQDLVRQ 9 ' - UHSRVH VXU OfDFWLYLWp GX FRPSOH[H
LPSOLTXpHVY GDQV OD UpSDUDWLRQ GH Of$'l /HV VpTXHQFH)
BHTXHQFHV ERUGDQW OHV JgQHV 9 ' HW - VRQW HVVHQWLHC
SHUPHWWHQW OH UHFUXWHPHQW GX FRPSOH[H 5%* &HV VpTX
FRQWLHQQHQW XQH VpTXHQFH G HVSDFHPHQW GH RX SE /I
VIHITHFWXH HQWUH GHX[ VPTXHQFHV 566 FRQVWLWXpHV GH Vp

SE /HV FRPSOH[HV 5%* VLWXpV VXU FKDTXH VpTXHQFH 566 VH

io



DX[ UDSSURFKHPHQWY GHV GHX[ VPTXHQFHV GH JgQHV j IXVLRQ
GRXEOH EULQ GT$'1 HQWUH OD VPpTXHQFH 566 HW OH JgQH GJLQV
GIXQ JURXSHPHQW K\GUR[\OH HIIHFWXDQW XQH DWWDTXH QXFO
GLHVWHU GX EULQ RSSRVp JpQpUDQW DLQVL XQH VWUXFWXUH
VRQW UHFUXWPpHV DX[ H[WUpPLWpPV LVVXHV GX FOLYDJH SDU
UHFUXWHPHQW GJ$UWHPLV SRXU URPSUH OfpSLQJOH j FKHYHX
JIDFWLYLWp GI$UWHPLYV QTpWDQW SDV VSpFLILTXH OD UXSWXL
H[WUpPLWpPV IUDQFKHV RX FRKpVLYHV /D WHUPLQDOH WUDQVI
DOpDWRLUH RX j OfpOLPLQDWLRQ GH EDVHV D]JRWpHV DILQ GH
MRLQGUH OHV GHX[ IUDJPHQWYV GH JgQHV /fHQVHPEOH GH FF
GLYHUVLWp GX UpSHUWRLUH GH 7&5 HW GH %&5 )LJ

JLIXUH6FKpPDWLVDWLRQ
GTXQH UHFRPELQDLVRQ 9

SHSUpVHQWDWLRQ GH
UHFRPELQDLVRQ HQWUH
IUDJPHQW GH JgQH YDUL
DYHF XQ IUDJPHQW GH J
-RQFWLRQ /H JgQH UpDUL
HVW FRQVWLWXp GH OD S
UpJLRQ YDULDEOH HW M
GIXQH FKDLQH GH 7&5
$GDSWpDEHZD\

(@}



5pJXODWLRQ GH OD UHFRPELQDLVRQ

/TH[SUHVVLRQ GHV VRXV XQLWpV GX FRPSOH[H 5%* VHPEOH rwu
OD UpJXODWLRQ GH OD UHFRPELQDLVRQ DLQVL TXH OfJDFFHVVLE
DLOOHXUV GHV VpTXHQFHV DFINHYD DY RAHW HRYWH Q B DQHFHRIP EL QI
JGQHV &HV VPpTXHQFHV VRQW FDSDEOHV GH UHFUXWHU GHV DFW
DXVVL rWUH VRXPLV j GHV SURFHVVXV GH UpJXODWLRQ TXL
UHFRPELQDLVRQ

([SUHVVLROQ GH OD PDFKLOQHUULHHGHUBINNRREL@BY \5RB® HVW VpTXH

GX GpYHORSSHPHQW GHV /7 (Q HIIHW HOOH VIHIIHFWXH C
GpYHORSSHPHQW SRXU OD UHFEPEKQY WRQ VGEHUQR AFKW LSRX U U+
GHV VWDGHVY SOXV WDUGLIV SRXU OD UHHBBENYDRQR@HGH5®DI
LOQWHUURPSXH j QRXYHDX DSUqV FHWWH GHUQLqUH UHFRPELQ
OfH[SUHVVLRQ GH 5%$* DX VHLQ GHV /7 (Q HIIHW OD GpOpWLRC
/ILQNHU )RU $FWLYDWLRQ 21 7 &HOOV GDQV OD OLJQpH FH
DXJPHQWDWLRQ GH OfH[SUHVVLRQ GH 5%$* 'H SOXV OfLQKL
VLIQDOLVDWLRQ GDQV OH PrPH PRGgOH RX GDQV GHV PRGqOl
DXJPHQWDWLRQ HQ FRPSDUDLVRQ j GHV FHOOXOHYV VWLPXOpHV

JTH[SUHVVLRQ GH 5%* SHXW DXVVL rWUH GLUHFWHPHQW UpJX
WUDGXFWLRQQHOOHV (Q HIIHW OfTH[SUHVVLRQ GH 5%$* pWDQ\
FHOOXODLUH GHV PpFDQLVPHV GH UpJXODWLRQ VRQW PLV HQ
SKRVSKRU\ODWLRQ GH 5$* VX%D0ODOWKRFRSIOLHIH F\FOLQS$ &'. F
OYDGUHVVDJH DX SURWpPDVRPH GH 5$* GXUDQW OD SKDVH * GX
LOQGXLWIE BDAWHGWLRQ SHXW GRQF IDYRULVHU OD GpJUDGDWLRQ

$FFHVVLELOLWP D XYHFRPHLQDLVRQ GHV JgQHV VH IDLW GITDERUG

6L OD UHFRPELQDLVRQ HQWUDLQH OH UpDUUDQJHPHQW GTXQF
VLIQDOLVDWLRQ FRQGXLVHQW j OfH[FOXVLRQ DOHHN @ HWWHGHYV
H[FOXVLRQ DOOpOLTXH FRXSH OYDFFqV GHV JgQHV DX FRPSOH[H
OfH[SUHVVLRQ j OD VXUIDFH GH SOXVLHXUV 7&5 D\DQW GHV VS|
DOOpOLTXH HVW GXH j GHV PRGLILFDWLRQV SRVW WUDGXFWLRC
GHV SURWPLQHV 5%* VXU OHV VpTXHQFHV 566 GHWE¥ J#HQHV FR:
UHFUXWHPHQW GH 5%$* DX QLYHDX GHV JqQHV j UpDUUDQJHU }

io



WULPPpWK\ODWLRQ GHV KLVWRQHV + VXU OHXU O\WLQH  5%$* L
SDU VRQ GRPDLQH 3+' FH TXL GpFOHQFKH VRQ DFWLYLWp HQJ\PLC
GHV KLVWRQHV SHXW FRQGXLUH j OJDUUrW GX UHFUXWHPHQW
UpSULPHU OH UpDUUDQJHPHQW GH JqQHV

,, [/HV FRUpFHSWHXUV &' HW &'

/JHV FRUpPFHSWHXUV &' HW &' VRQW H[SULPpV SDU OHV /7 I
UHVSHFWLYHPHQW &H VRQW GHV JO\FRSURWPLQHV H[SULPpHV
H[SRUWPpPHV j OD PHPEUDQH SODVPLTXH /H FRUpPFHSWHXW &' HV
EDORUV TXH OH FRUPFHSWHXU &' QH UHSUpPVHQWH TXIXQH VHX
/D UpJLRQ H[WUDFHOOXODLUH GH FHV JO\FRSURWPpPLQHV FRQWLF
SRXU OHV &0+ /H &' SUpPVHQWH XQH VpTXHQFH GILQWHUDFWLR!
,, DORUV TXH OH &' LQWHUDJLW VSpFLILTXHPHQW DYHF OH &0
IRQFWLRQ GH FHWWH LQWHUDFWLRQ YLV j YLV GX FRPSOH[H 7&5
VHPEOH LQWHUDJLU DYHF OH &0+ DILQ GH PDLQWHQLU OJLQWH!
VHPEOH SDV DYRLU FHWWH IRQFWLRQ GH VRXWLHQ

/HV UpJLRQV LQWUDFHOOXODLUHVY GHV FRUpPFHSWHXUV &' HW
NLQDVH /&. /\PSKRF\WH &HOO 6SHFLILF 3URWHLQ 7\URVLQH

GpFOHQFKHPHQW GH OD VLJQDOLVDWLRQ GHV /7 O |
OfHQJDJHPHQW GHV FRUpPFHSWHXUV &' HW &' SDU OHV S&O0+ |
VLIJQDX[ SDU OHV 7&5 &HSHQGDQW -LDQJ HW DO RQW REVI
UHFUXWp DX 7&5 DSUQV VRQ HQJDJHPHQW 8Q QRXYHDX PRG
SKRVSKRU\ODWLRQV GHV ,7$0 SDU /&. LQGPSHQGDPPHQW GHV &
i OYHQJDJHPHQW GHV 7&5 &HV SKRVSKRU\ODWLRQV FRQGXI
FRUPFHSWHXUV &' RX &' SDU OHV /&. DVVRFLpV j OHXU UpJLRQ
HW DXJPHQWHU OD VLIJQDOLVDWLRQ yLJ

-
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)LIXUH SHSUpVHQWDWLRQ GHV FRUpFHSWHXUV &' HW &' FRP
UHVSHFWLYHPHQW

6 XLWH j OfHQJDJHPHQW GX 7&5 SDU OH FRPSOH[H S&0+ OH FRU
& VRQW UHFUXWpV VXLWH j OfDFWLYDWLRQ GH /& DK &0+ , L
GRPDLQH JOREXODLDGXG& ODHF&®HL QHLQWHUDJLWESIDYWHV¥RAHGRP |
FRUpFHSWHXU &' *HEDPWE JHLHQFH

vy, S5pSRQVH GHV O\PSKRF\WHV 7 VXLWH j OD UHFRQQDLVVLEL

6LIQDOLVDWLRQ VXLWH j OfHQJDJHPHQW GHV 7&5

/IRUV GH OD GpWHFWLRQ GIXQ pOpPHQW pWUDQJHU SDU OHV F
SHXYHQW SKDJRF\WHU OH SDWKRJgQH OH GpJUDGHU HW SURGX
DVVRFLpV DX[ &0+ HW H[SULPpV j OD VXUIDFH GHV FHOOXOHV /
HQVXLWH YHUV OHV RUJDQHV O\PSKRWGHV VHFRQGDLUHV R F
VXVFHSWLEOHV GH UHFRQQDLWUH VSpFLILTXHPHQW OHV DQW
UHFRQQDLVVDQFH GHV DQWLJGQHV SDU OH 7&5 HQWUDLQH
PROpPFXODLUHV DX VHLQ GHV /7 /D VLIQDOLVDWLRQ GHV FHOO
VSPFLILTXHV HQWUDVQDQW OD SUROLIpUDWLRQ HW OD GLIIpUHC

~
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&RPSOH[HV GH VLJQDOLVDWLRQ PLV HQ
UHFRQQDLVVDQFH DQWLJpQLTXH
/D UHFRQQDLVVDQFH GX FRPSOH[H S&0+ SDU OH 7&5 FRQGXLW |
&' RX &' DX YRLVLQDJH GX 7&5 /ITDVVRFLDWLRQ GX 7&5
GHV FKDQJHPHQWYV FRQIRUPDWLRQQHOV GHV FKDLQHV LQWUDF
OYH[SRVLWLRQ GHV W\URVLQHV GHV ,7$0 DORUV DFFHVVLEOHV I
/&. SKRVSKRU\OH OHV W\URVLQHV GHV ,7$0 HQWUDLQDQ
=$3 =HWD &KDLQ 21 7 &HOO 5HFHSWRU $VVRFLDWHG 3URWH]
SKRVSKRU\OpHV HW DFWLYpHV SDU /&. /HV NLQDVHV =§
DORUV GHV W\URVLQHV VLWXpHV VXU OH GRPDLQH LQWUDF\WF
SKRVSKRU\ODWLRQV GH FHV DGDSWDWHXUV IDYRULVHQW OH |
PROPFXODLUHV j OJTRULJLQH GH YRLHV GH VLIQDOLVDWLRQ GLV

JLIXUHSHSUpVHQWDWLRQ GH OD VLIQDOLVDWLRQ SUpFRFH VXLW

JITHQJDJHPHQW GX 7&5 HQWUDLQH OH UHFUXWHPHQW GH C
GpSKRVSKRU\ODWLRQ GH OD WDWUR&'L QHDL KIDELW SKRM SKRU\ODW
FRQGXLW j OD SKRVSKRU\ODWLRQ GHKIOBWD ERYIL\DH OF W RDD RALRI
GH OJHQ]\PH /&. HVW UHFUXWpH DYHF OH &' RX &' DX 7&5 HV
GHV ,7$0 GHV &' HW QHVRX®XQHD/QW DX UHFUXWHPHQW GH =:
SKRVSKRU\OpV &HWWH NLQDVH HVW DFWLYpH SDU WUDQVSKRYV S
=$3 SKRVSKRU\OH OYDGDSWDWHX¥XWHOIH7 UNEBSWRUGMLAQDOOLC
EUDQFKHG GLYHUVLILISG W @@ ERXQGHBW =DPR\VND

~

~



SFWLYDWLRQ/&HH®W XQH SURWpPLQH NLQDVH GH OD IDPLOOH G

PHPEUDQH SODVPLTXH SDU OD P\ULVWR\ODWLRQ HW SDOPLWR\

(OOH FRQWLHQW XQ GRPDLQH 6+ FDSDEOH GYLQV
SKRVSKRU\OpHV FRQWHQXHV GDQV GHV PRWLIV SUpPFLV HW XC
WUDQVPLVVLRQ GHV VLJQDX] &HV SURWPLQHV SHXYHQW Q
SODVPLTXH RX DVVRFLpHV DX GRP D LDQHWL G W\ ZF H D OK® HMT XGH
HOOHV LQWHMUDBV/YBHDWQY ULFKHV HQ F\WWpPLQHYV (Q DI
PDMRULWpP GHV /&. VRQW VRXV FRQIRUPDWLRQ LQDFWLYH VXLW
W\URVLQH LQKLELWU&RAMWWH SKRVSKRU\ODWLRQ FRQGXLW j XQH
SDU LQWHUDFWLRQ GH VRQ GRPDLQH 6+ DYHF OD W\URVLQ
FRQIRUPDWLRQ LQDFWLYH 6XLWH j OTHQJDJHPHQW GHV 78
GpSKRVSKRU\OH OD W\URVLQH LQKLELWULFH GH /&. HQWUDVQD!
FRQIRUPDWLRQ DFWLYH /&. DXWRSKRVSKBH\®RQHQLWHDEDWOD \
FH TXL VWDELOLVH VD FRQIRUPDWLRQ DFWLYH 8Q DXWUH
IUDFWLRQ GH /&. SUpPH[LVWH VRXV IRUPH DFWLYpH GDQV OHV F
OYHQJDJHPHQW GHV 7&5 QTHQWUDVQH SDV GIDXJPHQWDWLRQ ¢
XQH UHGLVWULEXWLRQ GHV SURWPLQHV j SUR[LPLWp GX 7&5 SH

,7%$0 /HV PpFDQLVPHY SHUPHWWDQW FHWWH UHGLVWULEXWL
SHFUXWHPHQW GH =%$3 8QH IRLVY DFWLYpH /&. SKRVSKRU\OF
&' &HWWH SKRVSKRU\ODWLRQ FRQGXLW DX UMENKWHPHQW

GRPDLQHV 6+ DYHF OHV W\URVLQHV SKRVSKRU\OpHV GHV ,7$0
VXU OHV ,7$0V SKRVSKRU\OpV HQWUDLQH XQ FKDQJHPHQW
W\URVLQHY KW <GH =$3 TXL SHXYHQW DORUV rWUH SKRVSKRU\
NLQDVH /&. JHV W\HWV/GHW KRXYHQW VXU XQH UpJLRQ IO}
GX GRPDLQH 6+ DORUV TXHV @&/DOW RDFOLIMpH ¥ XU OH GRPDLQH 6+
SKRVSKRU\ODWLRQV HQWUDLQHQW OfH[SRVLWLRQ GX VLWH FD\

OD IRQFWLRQ NLQDVH GH =$3

SKRVSKRU\ODWLRQ GH /$7 8QH IRLY DFWLYpH OD SURWPLQH

WA\URVLQHY << HW &H /%7 /1$7 HVW XQH SURWPLQH WUD(
DYHF XQH SHWLWH UpJLRQ H[WUDFHOOXODLUH HW XQH JUDQG
WURXYH OHV WA\URVLQHV SKRVSKRWOWHYHSDUWHHIHBIDQB WBXIH SR
J 3KRVSKR /LBEDYHV&SHW SYRQW HVVHQWLHOOHY SRXU OH UHFL

GYpFKDQJH GH JXDQLQHV 9DY j /$7 8QH IRIKV KWRSSKNH\®DWHV
T



HQWUDLQHU OH UHFUXWHPHQW GH OJDGDSWHXU *UE *URZWK
S< HW SSHXYHQW pJDOHPHQW LQWHUDJLU DYHF OfDGDSWDWH
'RZQVWUHDP RI 6KF /H UHFUXWHPHQW GH *$'6 FRQGXLW DX UHF
6/3 6+ 'RPDLQ &RQWDLQLQJ /HXNRF\WH 3URWHLQ 21 .'D 3D
j /$7 GH *UE HQWUDVQH FHOXL GH 626 6RQ Rl 6HYHQOHVV R:
([SUHVVHG OROHFXOH ,QYROYHG ,Q 6HOHFWLRQ TXL LQWHL
OYDGDSWDWHXU

SKRVSKRU\ODWLRQ GH 6/3 6/3 LOWHUDJLW FRQVWHW XWLYF
*$'6 8QH IRLV UHFWABD'IB |jI$T SKRVSKRU\OH 6/3 VXU SO
WA\URVLQHYV /ID SKRVSKRU\ODWLRQ GH<6BW <RQQGXDW DRV I

UHFUXWHPHQW GIDXWUHV SURWPLQHV GH VLIQDOLVDWLRQ WHC
GH OD SKRVSKRU\ODWLRQ GHHW WMY&RVLQHV SKRVSKRU\OpHV S
FRQGXLUH DX UHFUXWHPHQW GH $'$3 1&. HW 9DY
SKRVSKRU\ODWLRQ GH /$7 HQWUDVQH OH UHFUXWHPHQW GTXQ |
i OTRULJLQH GH GLIIpUHQWHY YRLHV GH VLJQDOLVDWLRQ



J)LIXUHSHFUXWHPHQW GHV FRPSOH[HV GH VLIJIQDOLVDWLRQ j /$7

/D SKRVSKRU\ODWLRQ GH /$7 SDU =$3 FRQGXLW DY UMFUXWHP
UHFUXWHPHQW GH *UE HQWUDLQH OH UHFUXWHPHQW GH 7+(0,6
TXL DFWLYH OD YRLH GHV 0$3 NLQDVHV *$'6 FRQGXLW DX UHFU
6/3 TXL HVW SDU OD VXLWH SKRVSKRU\Op SDU =$3 &HW YV
UHFUXWHPHQW GH 9DY HW $'$3 TXL UpJXOH OH F\AWRVTXHOHWW
HW HQILQ ,7. TXL D FWDIFYWL 3 WLIRDQMHUBNIEQH OD SURGXFWLRQ GH
i SDUWLU GH 3,3 ,3 HQWUDLQH OH UHODUJDJH FDOFLTXH HW '$
OD YRLH GHV 0$3 NLQDVHV SDU DFWLYDWLR®5RH BDRI S\IKH 5BV *
DGDSWRU LQ 7 FHOO GHYHORSPHG@M DQ G LMY H®L HWUBQWLDWLRQ

BULQFLSDOHY YRLHV GH VLIQDOLVDWLRQ

/I YTHQVHPEOH GH FHV SKRVSKRU\ODWLRQV GpFOHQFKHQW OH UHF
HOQWUDLQDQW OTDFWLYDWLRQ RX OD UpSUHVVLRQ GH YRLHV GH
/ID SKRVSKRU\ODWILRRQFWHYRB/&D IRQFWLRQ SKRVSKROLSDVH T
SKRVSKRGLHVWHU UHOLDQW OH JURXSHPHQW SKRVSKR LQRVL)
SKRVSKDWLG\OLQRVLWRO ELVSKRVSKDWH 3L 3 &HWW
GH GLDF\OJO\FpURO '$* HW GYLQRVLWRO WULSKRVSKDWH

9RLHY FEDOFLTXHYV /19,3 SHXW rWUH FDSWp SDU OH UpFHSWHX
HQGRSODVPLTXH HQWUDLQDQW OH UHODUJDJH FDOFLTXH GHSX
F\WRSODVPH /H FDOFLXP UHOkFKp GDQV OH F\WRSODVPH SHXW
+DQG GH 67,0 FRQGXLVDQW j VRQ ROLJRPpULVDWLRQ /H FRPSO

~
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LRQLTXH 2UDL j OD PHPEUDQH SODVPLTXH HQWUDLQDQW VRQ R
FDOFLXP GHSXLV OH PLOLHX H[WUDFHOOXODLUH /H 10X
FRPSOH[H FDOFLQHXULQ FDOPRGXOLQ TXL GpSKRVSKRU\OH OH
IDYRULVH DLQVL VD WUDQVORFDWLRQ QXFOpDLUH $X VHLQ GX
HVW DFWLYp SDU OHV YRLHV GHV 0$3. OH FRPSOH[H 1)$7 $3 |
HVVHQWLHOV j OfDFWLYDWLRQ FHOOXODLUH /H FDOFLXP
UpSUHVVLRQV GpSHQGDQWHV GH IDFWHXUV GH WUDQVFULSWL
WpWUDPQUH DJLW FRPPH UpSUHVVHXU GH OYH[SUHVVLRQ GH
FDOFLXP FDSWp SDU OHV GRPDLQHV () +DQG GHV SURWpPLQ
FRQIRUPDWLRQQHO FRQGXLW j OD GLVVRFLDWLRQ GX FRPSOH[}
JGQHV UpSULPpV SDU '5($0 /TH[SUHVVLRQ GTXQH SURWPLQH '5(
() +DQG LQVHQVLEOHV DX FDOFLXP HQWUDLQH OD GLPLQXWLI
PYPQHPHQW VI{DFFRPSDJQH GH OD GLPLQXWLRQ GH OD SUROLIp

9RLHV GHV 0$3 NLQDVHV /IH "$* SHXW rWUH FDSWp SDU OD UpJ

NLQDVHV 3.& SHUPHWWDQW OD SKRVSKRU\ODWLRQ GH OD SURW,
*'3 HQ *73 VXU OHV SURWPLQHV 5DV /D SURWPLIQBUB26 TXL
D DXVVL XQH IRQFWLRQ GIpFKDQJHXU GH JXDQLQH VXU 5DV HV
5DV*53 /ITDEFWLYDWLRQ GH 5DV FRQGXLW j XQH FDVFDGH
SKRVSKRU\ODQW OHV SURWPpPLQHV 5DI 0$3... TXL DEWLYHQW OF
DFWLYHQW OHV NLQDVHV (UN 0$3. /HV NLQDVHV (UN SKRVSKR!
WUDQVORTXpH GDQV OH QR\DX DFWLYH $3 /D SURWpPLQI
VLIQDOLVDWLRQ GHV 0$3. HQ UHJURXSDQW OHV GLIIpUHQWH)
GpILFLHQFH HQ .65 FRQGXLW j OD GLPLQXWLRQ GH OD SKRVSKR
GLPLQXWLRQ GH VWLPXODWLRQ VIDFFRPSDJQH GYXQH GLPLQX!

,O HVW FRQQX TXH %5%$3 UpJXOH QpJDWLYHPHQW OD YRLH C
SURWpPLQH DGDSWDWULFH .65 &HSHQGDQW DXFXQH GF
IRQFWLRQ GH %5%$3 DX VHLQ GHV /7

9RLHWA) 7RXW FRPPH OD YRLH GHV 0$3 NLQDVHV OH '$* SHXW
VSPFLILTXH GIXQH LVRIRUPH GHIBSKRYSKRUPMBHEL$50$ FH TXL HQ
VRQ ROLJRPPULVDWLRQ HW OH UHFUXWHPHQW GH %&/ HW HQ
&%0 FRQGXLW j OTDFWLYDWLRQ GH 75%) TXL DFWLYH ,.. SDU U]
GH ,.. SHUPHW OD SKRW8KRQWUDWDRPQW N GpJUDGDWLRQ HW

SURWPLQMVTX) pWDLHQW UHWHQXHV GERV O B WREADQH\H 15T
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SHXYHQW DORUV r'WUH LQWHUQDOLVpHY GDQV OH QR\DX Re HO
JgQHV HVVHQWLHOV j OfDFWLYLWp GHV /7

O9RLHV 3, . $.7 /H UHFUXWHPHQW GH OD 3, . /$7 VXLWH j OfHC

j OD SKRVSKRU\ODWLRQ GX 3,3 3KRVSKDWLG\OLQRVLWRO EL
SKRVSKDWLG\OLQRVLWRO WULVSKRVSKDWH GDQV OH IHXLC
/IH 3,3 UHFUXWH HQVXLWH GHV PROpFXOHV FRQWHQDQW GHV C
3+ WHOOHV TXH 3'. HW $.7 3'. SKRVSKRU\OH HW7 WpUL YD 6V KU
DFWLYDQW VRQ JURXSHPHQW FDWDO\WLTXH /ID SKRVSK
UpJXODWHXU QpJDWLI GX F\FOH FHOOXODLUH FRQGXLW j VD U
F\WRSODVPH &HOD SHUPHW OfHQWUpH GHV FHOOXOHV GDQV O
SKRVSKRU\ODWLRQ GHV IDFWHXUV GH WUDQVFULSWLRQ GH OD |
GX IDFWHXU GH WUDQVFULSWLRQ GDQV OH F\WRSODVPH /HV |
IDFWHXU SUR DSRSWRWLTXH %DG VRQW DORUV PRLQV H[SULP
SUROLIpUDWLRQ GHVY FHOOXOHYV

/HV YRLHV GH VLJQDOLVDWLRQ GpFULWHY GDQV FHWWH SDUWLE
GHV 7&5 SDU OHV FRPSOH[HV S&0+ /D VLIQDOLVDWLRQ GHV 78&
FRUPFHSWHXUV TXL SHXYHQW rWUH HQJDJpV SDU GHV OLJD
SUpVHQWDWULFHY GIDQWLJqQHVY /H FRUPFHSWHXU &' SDU H]
& HW &' jOD VXUIDFH GHV &3% /D GPILFLHQFH HQ &'
GH OD SUROLIPUDWLRQ GHV /7 VXLWH j XQH LPPXQLVDWLRQ
VDQV HQJDJHPHQW GX &' FRQGXLW j XQH VLIQDOLVDWLRQ PRL
IDLEOH GHV /7 &HV FRUPFHSWHXUV VRQW HQ HIIHW LPSRU
OYDFWLYLWp GHV /7 "IDXWUHV FRUPFHSWHXUV H[LVV
VWLPXODWHXU RX LQKLELWHXU GDQV OD VLJQDOLVDWLRQ OYDI

6\QDSVH LPPXQRORJLTXH

/IHV /7 © VFDQQHQW 2 OHV &3% j OD UHFKHUFKH GfXQ pYHQW

VSpFLILTXHV /ITHQIJDJHPHQW GX 7&5 SURYRTXH OfDUUrwW G
OfpODERUDWLRQ GYXQH ]JRQH GH FRQWDFW FHOOXODLUH pWURL
LPPXQRORJLTXH &HWWH VWUXFWXUH HVW LPSRUWDQWH

GH FHWWH DFWLYDWLRQ HOOH SHUPHW OD SRODULVDWLRQ Gl
FHOOXOHV FLEOHV GRQW HOOHV UpJXOHQW OfIDFWLYDWLRQ

~
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LPPXQRORJLTXH VH FDUDFWpULVH SDU WURLV UpJLRQV XOQH
6XSUDPROHFXODU $FWLYDWLRQ &0XVWHU GDQV ODTXHOOH VH
& HW &' GIDXWUHV FRUpPFHSWHXUV WHOV TXH &' HW GH
VLIQDOLVDWLRQ XQH UpJLRQ SUR[LPDOH S60%3& FRQWHQDQW
OYDGKPUHQFH FHOOXODLUH HW HQILQ XQH UpJLRQ GLVWDOH G6
FRUPFHSWHXUV UpJXODQW OD VLIQDOLVDWLRQ WHOV TXH &' H

/JRUV GH OfHQJDJHPHQW GX 7&5 OH UHFUXWHPHQW HW OD SKR\V
UHFUXWHPHQW GH OD SURWPpPLQH $'$3 $'$3 LQWHUDJLW F
5$3°7° OD IRUPH DFWLYpH GH 5$3 HVW SURGXLWH SDU XQH 5$3
'$* TXL UHFUXWH 3.& 5$3%% LQWHUDJLW DYHF 6.$3 HW FRQGXL\
GHV LQWpJULQHV /)$ SUREDEOHPHQW SDU UHFUXWHPHQW C
VLIQDOLVDWLRQ DXJPHQWH OYDIILQLWpP GH /)$ SRXU VRQ OL.
FHOOXODLUH HW OD SURGXFWLRQ GYDFWLQH FRUWLFDOH DX
UHFUXWHPHQW GH 9DY | 6/3 SKRVSKRU\OpH FRQGXLW j OD Q:
DFWLYDWLRQ GH &'& HW 5DF SDU pFKDQJH GH OHXU *'3 HQ *772
SURYRTXH OfDFWLYDWLRQ GH $US SDU UHFUXWHPHQW HW DI
:$9( SDU 5DF /TPODERUDWLRQ GH OD V\QDSVH LPPXQ
GpSHQGDQWH GX F\WRVTXHOHWWH GIDFWLQH /fXWLOLVDWLRC
GIDFWLQH FRPSURPHW OD IRUPDWLRQ HW OYDFWLYLWp GH Ol
/YDFWLQH IDYRULVH OH UHFUXWHPHQW GHV PLFURVFOXVWHUYV
PpFDQLTXH IDYRULVpH SDU OD SURWPpPLQH PRWULFH P\RVLQH
LQWHUIPpUHQFH j $51P RX WUDLWHPHQW SDU OHV LQKLELWHXUYV
KXPDLQV RX PXULQV HQWUDLQH OD GLPLQXWLRQ GH OD VLJQD
PRWHXU IDYRULVH GRQF OH PRXYHPHQW GHV 7&5 YHUV OD V\C
FHOOXOHV SULPDLUHV GH VRXULV HW KXPDLQHV /D
LPPXQRORJLTXH QpFHVVLWH GHV UpDUUDQJHPHQWY PROpPFXOD
IDYRULVHU OH GpSODFHPHQW GHV PROpPFXOHV j OD VXUIDFH GH
GH 9DY HVW DVVRFLpH j OD GLPLQXWLRQ GH OD SKRVSKRU\ODW
UHOLDQW OHV ILEUHV GYDFWLQH DX[ SURWpPLQHV GH OD PHPEUL
FRQGXLW j OD VROXELOLVDWLRQ GX FRPSOH[H (50 HW GRQF
LPPXQRORJLTXH SRXU IDYRULVHU OHV UHPDQLHPHQWYVY PROpFX
JHV ILEUHV GIDFWLQH HW OHV PLFURWXEXOHV VH FRRUGRQ(
GH OD VV\QDSVH LPPXQRORJLTXH /H UHFUXWHPHQW GX FHQWU

FRQWDFW HQWUH OD &3% HW OH /7 HVW XQH GHV FDUDFWpULYV
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LPPXQRORJLTXH JTLQWHUUXSWLRQ GHV PLFURWXEXOHYV
DX GpIDXW GH UHFUXWHPHQW GX FHQWURVRPH HW j OD IRUPDW
OD VpFUPWLRQ GHV F\WRNLQHV QH VRLW SDV DIIHFWpH SDU OTl
GH FHV GHUQLQUHV YHUV OD FHOOXOH FLEOH HVW FRPSURPLVH
OH UHFUXWHPHQW GX FHQWURVRPH VRQW HQFRUH j OfpWXGH 0
SXLVVH LQWHUDJLU DYHF OD G\QpLQH HW IDYRULVHU OH |
© FRXOLVVHPHQW 2 DX FRXUV GH OD VLIJQDOLVDWLRQ GHV LQWp
G\QpLQHV HW NLQPVLQHV VH GpSODoDQW VXU OHV PLFURWXEX
GH OD VIQDSVH LPPXQRORJLTXH HW VD IR QFS\ULRP® LAHH W GIHL WRIPL
SDU (+1$ XQ LQKLELWHXU GH OD G\QpLQH RX SDU $51P LQWHU|
IRUPDWLRQ GHV PLFURFOXVWHUV GH 7&5 (Q UHYDQFKH OD L
F60$& HVW IRUWHPHQW DOWpUpH &HWWH LQKLELWLRQ GH OD G
OD VLIJQDOLVDWLRQ SDU DQDO\VH GH OD SKRVSKRU\ODWLRQ GH
GH OfDXJPHQWDWLRQ GH OD VpFUpPWLRQ G,/ &HV UpVXOWDW\
OD UpJXODWLRQ GH OD VLJQDOLVDWLRQ SUREDEOHPHQW SDU C
XQH DXWUH SXEOLFDWLRQ H[SOLTXDQW XQ WUDYDLO UpDOLVp ¢
TXH OJLQWHUIpUHQFH j $51P GH OD G\QpLQH RX OYLQKLELWLRQ
HQWUDLQH OD GLPLQXWLRQ GH OD VLJQDOLVDWLRQ /HV DXV
UHFUXWHPHQW GX 072& HQ DEVHQFH GH G\QpLQNLIFRGDQWH[W
XQH NLQPVLQH GDQWWGIHDLUBY KXPDLQV GpPpPRQWUH TXH .,) H\
YPKLFXOHU OHV JUDQXOHV O\WLTXHV j OD VIQDSVH LPPXQRORJL
i $51P GDQV OD OLJQpH FHOOXODLUH SXURDMI HW KCPQ\L G\H G g P
OfLPSRUWDQFH GH *$.,1 XQH SURWPLQH GH OD IDPLOOH GHV M
UpJXODWHXUV QpJDWLIV GH OD VLIQDOLVDWLRQ

/IHV PLFURFOXVWHUV GH 7&5 VRQW FRQVWDPPHQW LQWHUQDO!
F60$& HW UHF\FOpV SUREDEOHPHQW SRXU OLPLWHU HW SHUSp\
VLIJQDX[ WUDQVPLV SDU OHV 7&5 /HV PpFDQLVPHV PROpF
HQWUDLQHU FHWWH HQGRF\WRVH QH VRQW SDV YUDLPHQW pWD
HVW UpJXOp SDU OHV SURWpPLQHV GX FRPSOH[H ,)7 PLV HQ SOI
OHV FHOOXOHV FLOLpHV &H FRPSOH[H IRQFWLRQQH DYHF O
NLQPVLQHYV GDQV GIDXWUHV W\SHV FHOOXODLUHYV &HSHQG!
QH SHUPHW SDV GH GpWHFWHU QL OfXQ QL OfDXWUH GH FHV PR
'"HV pFKDQJHV PHPEUDQDLUHV SHXYHQW VH UpDOLVHU GHSXLV Q
YPVLFXOHV FRQWHQDQW GHV 7&5 FRPSOH[pV DYHF GHV &0+ &H F
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SDV HQFRUH FRPSULY PDLVY LO VHPEOHUDLW TXH FH SURFHVVXYV

3DU DLOOHXUV XQH IUDFWLRQ LPSRUWDQWH GH /$7 HVW FRQW
OHV SURWPLQHV 9%03 &HV YpVLFXOHV JDJQHQW OD V\QI
QpFHVVDLUHPHQW IXVLRQQHU DYHF OD PHPEUDQH SODVPLTXH
FRPSOH[HVY GH VLIQDOLVDWLRQ GLUHFWHPHQW VXU OHV YpVLFX
FHOOXOHV -XUNDWV FRQGXLW j XQH GLPLQXWLRQ GX UHFUXWH
PHPEUDQH SODVPLTXH HW XQH UpGXFWLRQ GHV VLIJQDX[ WUDQ\
VXSHU DQWLJgQHYVY &HWWH REVHUYDWLRQ VXJJqUH OYLPSRUWD
OD VLIQDOLVDWLRQ GHV /7 TXL SRXUUDLW IDYRULVHU OD FRQ!
FRPSDUWLPHQWY LQWUDFHOOXODLUHYV

) LIXUHGFKpPDWLVDWLRQ GH OD VI\QDSVH LPPXQRORJLTXH

$ SHSUpVHQWDWLRQ GX F60%$& S60%$& HW G60%$& VXU OH /7 DX
XQH &3% HW OH /7 &KDTXH UpJLRQ FRQFHQWUH GLIIpUHQWHYV
UpJXODWLRQ GH OTYDFWLYDWLRQ GX /7 HW G®BQ ¥ HCGRN\b VUHHPW QWH F
GHV PRXYHPHQWY PROpPpFXODLUHY DX VHLQ GTXQ /7 FRQMXJXp j
7&5 DFWLIV VRQW GLULJpV YHUV OH F60%& SDU OH WUDQVSRUW
GH OYDFWLQH UpJXOpH SDU OD P\RVLQH $X F60%$& OHV 7&5 LC
FRPSOH[H ,)7 /HV JUDQXOHV O\WLTXHV VRQW GLULJpHV YHUV O
OD PHPEUDQH SODVPLTXH SDU OD NLQpVLQH

RN



'LIlTpPUHQFLDWLRQ GHV O\PSKRF\WHYV 7

/D VLIQDOLVDWLRQ GpFOHQFKpH SDU OHV 7&5 HVW DFFRPSDJQ
LQGXLWV SDU OHV F\WRNLQHV VpFUpWpHV SDU OHV &3$ RX SD
TXL VH IL[HQW j GHV UpPFHSWHXUV VSpFLILTXHV VXU OHV /7
GLIIpPUHQFLDWLRQ GHV /7 HQ VRXV SRSXODWLRQV VSpELILTXHV
7unsHW F\WRWR[LTXHV /D GLIIpUHQFLDWLRQ GHV /7 HQ VRXV S
GPpYHORSSHPHQW GYXQH UpSRQVH LPPXQLWDLUH VSpFLILTXH D
LQGXLVDQW OH UHFUXWHPHQW RUGRQQpPp GH FHOOXOHV VSpFLD

'LITPUHQFLDWLRQ GHV O\PSKRF\WHV 7 DX[LOL

/HV /7 DX[LOLDLUHV SHXYHQW VH GLIIpUHQFPULHH HORDEWEZRQ BK \
F\WRNLQHY GpOLYUpHV SDU OHV &3$ /D SUpVHQFH GY,/ FRQ
IDFWHXU GH WUDQVFULSWLRQ UHVSRQVDEOH GH OD GLIIpUHQFL
HQWUH DXWUHV ODTWLF UPPMLIORW I IODFWLYDWLRQ GHV PDFUR!
FRPPXWDWLRQ GH FODVVH GHV UpFHSWHXUV GHV /% &HV 7K H
UpSRQVH LPPXQLWDLUH GLULJpH SOXV VSpPpFLILTXHPHQW FRQWU
FRQGXLW j OfH[SUHVVLRQ GX IDFWHXU GH WUDQVFULSWLRQ
GLIIpPUHQFLDWLRQ HQ VRXV SRSXODWLRQ 7K &HV FHOOXOHYV
GpFOHQFKDQW OD SURGXFWLRQ GY,J( SDU OHV /% HW OfDFWLYD
GHV PDVWRF\WHV TXL IDFLOLWHQW OfpOLPLQDWLRQ GHV SDUD'
FRQWHQXHV GDQV OHV YHQLQWE HI) SUWOPXAH GAH/ GHSAXYW FRQGX
GLIIpPUHQFLDWLRQ HQ XQH DXWUH VRXV SRSXODWLRQ VpFUpWD
Gy, GY,/ GY,/] HVWHWHFHPOXOHV H[SHMPHQW &RBE FHOOXO
DSSHOpHV 7K HQWUDVQHQW OH GpYHORSSHPHQW GYXQH UpS
EDFWpULHV H[WUDFHOOXODLUHV /D GIHVW HQBDOLWLHR Q DA&H 8 OF IS
GY,/ HW GY,/ GDQV OH PLOLHX H[WUDFHOOXODLUH 'DQV FHYV
%&/ FRQGXLW j OTH[SUHVVLRQ GH 3' &;&5 HW &;&5 TXL MRX
FHVY FHOOXOHV TXL VRQW QpFHVVDLUHV j OD PDWXUDWLRQ GH\
KDXWH DIILQLWp SRXU OHV DQWLJgQHV pWUDQJHUV
(QILQ OD SRSXODW LLRYEG 7VSHQVDEOH j OD UpJXODWLRQ GH OD
TXYHOOH SXLVVH SURYHQLU GX WK\PXV ORUV GX GpYHORSSHPH
SDU GLIIpUHQFLDWLRQ GHV /7 DX[LOLDLUHE EBBVSBEPVRIQEFRHG I
FRQGXLVHQW | OTJH[SUHVVLRQ GX IDFWHXU GH WUDQVFULSWLI

.,



F\WRNLQHY DQWL LQIODPPIWRLUHWBDU DLO®HXUV OYTH[SUHVVLI
GH 3' LQWHUDJLW DYHF OHV OLJDQGV &' HW &' j OD VXUIL
OYDFWLYDWLRQ GHV /7 (QILQ OfH[SUHVVLRQ GX PDUTXHXU &'
$03 TXL HVW DORUV GpSKRVSKRU\Op SDU &' SRXU V\QWKpWLYV
OfHQYLURQQHPHQW LQIODPPDWRLUH GDQV OHTXHO UgJQH OHV

'LITPUHQFLDWLRQ GHV O\PSKRF\WHV 7 F\WRW

/HV /7 F\WRWR[LTXHV VH GLIIpUHQFLHQW P DM RULW B LXGIR HR W ]
DFWLYpV SDU GHV &3$%$ SURIHVVLRQQHOOHVY HW HQ IRQFWLRQ G
OHV /7 DX[LOLDLUHV &HOD VH FDUDFWpPULVH SDU OJH[SUHVVLRC
TXL RQW SRXU IRQFWLRQ GTLQGXLUH OfDSRSWRVH GHV FHOOXO
71)DSDU OHV /DRWLYpV IDYRULVH OHXU DFWLYLWp O\WLTXH
SURSRUWLRQ GSH/XMW RXVVL DFTXpULU OHV FDUDFWPpPULVWLTXHV
GH JUDQ]\PHV HW GH SHUIRULQHV



JLIXUHLIIpUHQFLDWLRQ GHV O\PSKRF\WHV 7 DX[LOLDLUHYV

/YDFWLYDWLRQ GHV /7 SDU OHV &3%$ FRQGXLW j OHXU GLIIpUHC
FDSDEOHV GYfRUJDQLVHU XQH UpSRQVH LPPXQLWDLUH DGDSWpt
GLIIpUHQFLHU HQ 7K SRXU XQH UpSRQVH VSpPFLILTXH GHV SDW
FRQGXLVHQW j XQH UpSRQVH DGDSWpH FRQWUH OHV SDUDVLW#F
GIpPRVLQRSKLOHYV GH PDVWRFRWMAU HVO HOH D@ BHUJqQHYV HW OH
WXPRUDO 'H SOXV LOV PRGXSHRQW ONPEWHYLW®PDZWWR ZPPXQL
HQWUDLQHQW OD VpFUpWLRQ GT,/ SRXU OfYDFWLYDWLRQ GH
UpDOLVHU XQH UpSRQVH VSpPFLILTXH DX[ EDFWpULHV H[WUDFHO
SHXYHQW rWUH UHVSRQVDEDRIYWE YBPPHUTXHYV/BYQFY OD PDWXU I
SRSXODWLRQFAMWRWRI[LTXH D pWp QRXYHOOHPHQW LGHQWLILpH
SUHPLQUHVY GRQQpPHV TXJLOV UpDOLVHQW XQH UpSRQVH FRQWU
SRSXODWHR® LPSRUWDQWH GDQV OD UpJXODWLRQ GH OD UpSRH

'LITPUHQFLDWLRQ HQ O\PSKRF\WHV 7 PpPRLUH

/I NYDFWLYDWLRQ GHV /7 FRQGXLW PDMRULWDLUHPHQW DX GpYH
FRQWUH OHV SDWKRJgQHV LQWUD RX H[WUD FHOOXODLUHYV
SDWKRJqQH OHV /7 VWLPXOpV PHXUHQW VXLWH j OD SULYDWLR!
UpFHSWHXUVY GH PRUW FHOOXODLUH SURJUDPPpPH &HSHQG
VSpFLILTXHY GHVY DQWLJgQHYVY SHUVLVWH DX VHLQ GH OfRUJDQL
FHOOXOHY SHXYHQW FLUFXOHU GDQV OTRUJDQLVPH RX UpVLGHL
VHURQW PRELOLVpHVY UDSLGHPHQW ORUV GYLQIHFWLRQV [|IXWX

PrPHV DQWLJQQHYV
i



/ID GLIIpPUHQFLDWLRQ GHV /7 PpPRLUHV SHXW rWUH GXH j OfD
SUHPLqQUH GLYLVLRQ FHOOXODLUH (Q HIIHW VXLWH j OYfHQJD
S&0+ OD FHOOXOH ILOOH DX FRQWDFW GH OD &3% UHORLW OHYV
HITHFWULFHV (Q UHYDQFKH OD FHOOXOH GLVWDOH DFTXLHUW
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/H GPYHORSSHPHQW GHV /7 VH GpURXOH GDQV OH WK\PXV DX V
SRSXODWLRQV SULQFLSDOHV GH WK\PRF\WHV /H VWDGH GRXEC
GX GpYHORSSHPHQW GHV /7 ,0 FRQGXLW j OD PDWXUDWLRQ
FRUpFHSWHXUV &' HW &' &RPPH QRXV OH YHUURQV GDQV FH
SURYLHQQHQW GH OD PRHOOH RVVHXVH HW DFTXLqUHQW DX F|
WK\PXV ODEFKDIZ®BE 6XLWH j OTH[SUHYV VE RXH G H HFOI Q/X\OHH ¥ KITRLHY S L
OHV FRUPFHSWHXUV &' HW &' POKVIRXVWHUFHARDXQHY GRXEOH
'3 VRQW VRXPLVHV j GHV SURFHVVXV GH VpOHFWLRQ SRVLW
GIpOLPLQHU OHV FHOOXOHV H[SULPDQW XQ 7&5 GH WURS IDLEO]|
XELTXLWDLUHV GX VRL SUpVHQWpPV SDU OHV &0+ &HV pYqQHPF
SURJUHVVLRQ GHV FHOOXOHV YHUV XQ VWDGH DX FRXUV GXTX}
FRUPFHSWHXU &' RX OH FRUpPFHSWHXU &' 'XUDQW FH VWDGH
&' 63 RX &' 63 VRQW VRXPLVHV j XQH QRXYHOOH pWDSH Gl
GIpOLPLQHU OHV FHOOXOHV H[SULPDQW GHV 7&5 TXL UHFRQQTE
VSPFLILTXHV GYRUJDQHV /HV FHOOXOHV D\DQW VXUYpEX DX[ Pj
OHXU PDWXUDWLRQ HW VRUWHQW GX WK\PXV SRXU UHMRLQGUH
/H GPYHORSSHPHQW SUpFRFH GHV /7 HVW IRUWHPHQW GpSHQ(
UpFHSWHXUV 127&+ TXL VRQW HQJDJpV SDU OHV OLJDQGV '// |
-DJJHG &KH] OHV PDPPLIQUHVY TXDWUH SDUDORJXHV GH 127&+
/I HW '// HW GHX[ -DJJHG -$* HW -$* /H UpFHSWHXU 127&+
UpJLRQ H[WUDFHOOXODLUH 1(&' TXL SHXW LQWHUDJLU DYHF VR
1,& /D UHFRQQDLVVDQFH GfXQ OLJDQG SDU OH UpFHSWHXU 1:
FRPSOH[H UpFHSWHXU OLJDQG | OYfLQWpPULHXU GHV FHOOXOH
H[WUDFHOOXODLUH GH 127&+ HVW FOLYpH SDU OD SURWpPLQH $
HVW FOLYpH SDUJVPBEWWRYHEHHOD,&' UHMRLQW OH QR\DX GDQ\
JJQHV FLEOHV HQ FROODERUDWLRQ DYHF OHV IDFWHXUV GH WU



, /ID GLIIpPUHQFLDWLRQ GHV SUpFXUVHXUV GHV O\PSKRF
RVVHXVH

2ULJLQH GHY FHOOXOHY VRXFKHY KpPDWRSRwWpWLT X

&KH] OfDGXOWH OHV SUpPFXUVHXUV GHV /7 VH GpYHORSSHQW D
GH SUPFXUVHXUV FRPPXQV j GIDXWUHV FHOOXOHV O\PSKRWGHYV
VRXFKHV KpPDWRSRWpWLTXHV &6+ VRQW RULJLQDLUHV GX Op
HPEU\RQQDLUH HW VH GLIIpUHQFLHQW j SDUWLU GYKpPDQJLREC
HQGRWKpOLDOHYV $X VWDGH I°WDO OHV &6+ DORUV DX V
*RQDGH OpVRQPSKURV $*0 HQWUHQW GDQV OD FLUFXODWLRQ
1°WDO GDQV OHTXHO HOOHV SUROLIQUHQW LQWHQVpPPHQW HW \
QDLVVDQFH OHV &6+ PLJUHQW YHUV OD PRHOOH RVVHXVH HW H
TXHOTXHV VHPDLQHV DSUQV OD QDLVVDQFH (OOHV UpVLGHURQ
GH OD PRHOOH RVVHXVH Rs HOOHV SRXUURQW VH UHQRXYHOHU
'HV IDFWHXUV GH FURLVVDQFH KpPDWRSRWpWLTXH VSpFLIL"
GLIIpPUHQFLDWLRQ GHV &6+ HQ FHOOXOHV P\pORWGHYV SURJpQLW
SURJPQLWULFHV &/3 /HV &03 VRQW j OfRULJLQH GHV pU\WKUF
GHV FHOOXOHV GH OJLPPXQLWp LQQpH WHOOHV TXH OHV PDFUR
OHV pRVLQRSKLOHV OHV EDVRSKLOHV HW OHV FHOOXOHV GHQGC
OHV FHOOXOHV 1. HW OHV /7 )LJ

'LIlpPUHQFLDWLRQ GHV &6+ YHUVY OH OLJQDJH O\PSKR

/ID VSpFLILFDWLRQ GHV &6+ HW GHV &/3 QpFHVVLWH &;&5
LQGLVSHQVDEOH DX PDLQWLHQ GHV FHOOXOHY DX VHLQ GH OD I
VpFUpWDQW GH OfF,/ (Q HIITHW OFf,/ HVW LPSRUWDQWH GDQV
/IHV &/3 VH GLIIpUHQFLHQW PDMRULWDLUHPHQW HQ /7 HW |
127&+ '// SDU FHUWDLQHYVY FHOOXOHV PpVHQFK\PDWHXVHV GH ¢
GHV SURJUDPPHYV JpQpWLTXHV GH GLIIpUHQFLDWLRQ GHV FHOO
FHOOXOHV SURJpQLWULFHV GHV /7 763 &HSHQGDQW G
OfH[LVWHQFH GY{XQH SRSXODWLRQ SUpFXUVHXU GHV &3/ DS
PXOWLSRWH QWD SlURWHQN RRIWH FDSDFLWp j IRUPHU GLUHFWHP



v $FTXLVLWLRQ GX OLJQDJH 7 GplLQLWLI DX VHLQ GX WK\

IHV pOpPHQWY JpQpWLTXHV GX OLJQDJH 7 VRQW DFTXLV DX VHI
GLIIpUHQFLDWLRQ GHV &6+ HQ 763 PDLV GHV SURFHVVXV VXSS
OH WK\PXV SRXU VWDELOLVHU OH OLJQDJH (Q HIIHW HQ DEV
SHXYHQW VH GLIIpUHQFLHU HQ GYDXWUHV FHOOXOHV O\PSKRw(
VWDGHY 'l TXH OH OLJQDJH 7 HVW GpILQLWLYHPHQW DGRSWp |
TXDWUH VRXV SRSXODWLRQV '1 HQ IRQFWLRQ GH OPHGIUHVVLR
UpFHSWHXU j OfY,/ HW GH &' XQH JO\FRSURWpPLQH LPSOLTXp
GHVY FHOOXOHV /D SUHPLqUH VRXV SRSXODWLRQ '1 SURYLHQW
HVW DSSHOpH '1&" &' RX (73 /HV FHOOXOHV 'l (73 H[SULPHQ
SURJUHVVHQW YHUV OH&WDG/H® 'GLPLQXWLRQ GTH[SUHVVLRQ GH
j OD SRSXODWLRQ&"1 & X FRXUV GX VWDGH '"E VY DHIF WHEWRH >XO®
PYPQHPHQW LQGLVSHQVDEOH GDQV OH GpYHORSSHPHQW GHV /7
GH FHWWH SDUWLH /EHVPDWU¥WIHR GH RPGXLW j OD VXUYLH HW |
FHOOXOHV /D SHUWH GH OfH[SUHVVLRQ GH &' FOUDHAWRULVH (
VH GpYHORSSHUD HQVXLWH HQ FHOOXOHYV '3 /HV SRSXODWLRQ'
GH VH GLIIpUHQFLHU HQ FHOOXOHV 1. HQ FHOOXOHY GHQGULWL
‘T HW 'l TXL VRQW HQJDJpHV LUUpYHUVLEOHPHQW GDQV OH OL

/HV PPEFDQLVPHYVY GTHQWUpPH DX QLYHDX GH OD MRQF)

GX WK\PXV
/HV FHOOXOHV D\DQW DFTXLV OH SURILO 763 VRUWHQW GH OD F
HQ TXHOTXHV PLQXWHV SDU OD FLUFXODWLRQ VDQJXLQH DX Q
ITH[SUHVVLRQ GH &:&5 FRQGXLW DX PDLQWLHQ GHV FHOOXOH
VXJIJpUDQW TXH &:&5 GRLW rWUH LQDFWLYpH RX PRLQV H[SULP
EORFDJH GH &;&5 SDU XQ DQWDJRQLVWH $0° HQWUDLQH OfHC
O\PSKRWGHV DX VHLQ GH OD FLUFXODWLRQ VDQJXLQH 8QH
OHV 763 H[SULPHQW OHV UpFHSWHXUV DX[ FKLPLRNLQHV &&5
VWURPDOHV WK\PLTXHV GH OD MRQFWLRQ FRUWLFR PpGXOODL
&&/  &&/ HW &;&/ VSpPFLILTXHV GH FHV UpFHSWHXUYV JH)
,&$0 j OD VXUIDFH GHV FHOOXOHV VWURPDOHV WK\PLTXHV VF
GHV FHOOXOHV DX QLYHDX OD MRQFWLRQ FRUWLFR PpGXOODLU
GYDQWLFRUSY DQWL 9&$0 RX DQWL ,&$0 FRPSURPHW IRUWHPH

7
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OHV 763 I THQWUpH GHVY FHOOXOHYVY DX VHLQ GX WK\PXV VH
GLVSRQLELOLWpPp GHV QLFKHV DX VHLQ GH OTRUJDQH /UH[SUH\
HQGRWKpOLDOHY DX QLYHDX GX SDUHQFK\PH WK\PLTXH FRQGXL
36*/ DX[ FHOOXOHVY HQGRWKpOLDOHYV WK\PLTXHV HW HVW IRUWI
QLFKHYV &' HVW H[SULPpH j OD VXUIDFH GHV 763 HW H)\
GHV FHOOXOHV DX VHLQ GX WK\PXV /IHV FHOOXOHV HQV
GLIIpPUHQFLHQW HQ (73 '1 SDU OD SHUWH GX PDUTXHXU )/7 HW
SUgv GH OD MRQFWLRQ FRUWLFR PpGXOODLUH R HOOHV UpDOL

) LIXUH 'LIlTPUHQFLDWLRQ GHVY FHOOXOHYVY VRXFKHYV KpPDWRSR

/HV &6+ VH GLIIpUHQFLHQW j SDUWLU GYKpPDQJLREODVWHYV DX \
VH GLIIpUHQFLHQW HQ /033 TXL VRQW j OJRULJLQH GHV &03 HW
FHOOXOHV GH OJLPPXQLWp LQQpH DORUV TXH OHV &/3 VH GLIIpl
GIXQH FHOOXOH VWURPDOH GH OD PRHOOH RVVHXVH H[SULP
VSPFLILFDWLRQ GHV &/3 HQ 763 /HV 763 SHXYHQW SURYHQLU C
/033 /HV 763 HQWUHQW GDQV OH WK\PXV JUKFH j 36*/ HW VH GL
SURJUHVVHQW DX VHLQ GX WK\PXV YHUV OHV VWDGHV '3 HW 63



/ID VLIQDOLVDWLRQ 127&+ HVW HVVHQWLHOOH GDC(
OLIJQDJH 7

/D VLIJQDOLVDWLRQ GHV UpFHSWHXUV 127&+ HVW SDUWLFXOLqU|
SUPFRFHVY GX GPYHORSSHPHQW GHV /7 &RPPH YX SUpPFpGHPPHQ
GH OD PRHOOH RVVHXVH DILQ GH FRQGXLUH j OD IRUPDWLRQ G|
OD VLIQDOLVDWLRQ SDU 127&+ HVW DXVVL LPSRUWDQWH GDQV
WK\PXV /D GpILFLHQFH HQ 127&+ FKH] OD VRXULV HQWUDLQ!
QRPEUH GH WK\PRF\WHV WRWDX[ DFFRPSDJQpH GH OfDXJPHQV
ITDFFXPXODWLRQ GHV FHOOXOHV DX VWDGH 'L UpYqOH OfDXJ
FHOOXOHWHWGBUPpVHQWDWLYHV GH /% DX VHLQ GX WK\PXV ,
GpILFLHQFH FRQGLWLRQQHOOH SRXU OD SURWPpPLQH 0$0/ XQ FR
127&+ GDQV OH PRBQOH 9IDW DLOOHXUV GHV FHOOXOHV 'l H
FXOWXUH VXU GHV FHOOXOHV VWURPDOHYV 23 VH GLIIpUHQFLHQ
GX UPFHSWHXU 127&+ '// (Q DEVHQFH GH FH OLJDQG OHV
LQFDSDEOHV GIDWWHLQGUH OH VWDGH '3 HW VH GLIIpUHQFLHC
&HV GRQQpPHV LOOXVWUHQW OfLPSRUWDQFH GH OD VLJQDOLV
OLJQDJH 7
/D VLIQDOLVDWLRQ 127&+ HQWUH HQ FRPSPWLWLRQ DYHF OH
IDYRULVH OH GpYHORSSHPHQW GHV OLJQpHV P\pORWGHYV
127&+ HVW HVVHQWLHOOH DX PDLQWLHQ GHV FDUDFWQUHV O\F
IDFWHXU GH WUDQVFULSWLRQ 38 ITH[SUHVVLRQ GH 3¢
VWDGH 'L HW '1 D XQH VRXV SRSXODWLRQ 'l H[SULPDQW XQ
UHYDQFKH OfH[SUHVVLRQ GH 38 GLPLQXH DX FRXUV GX VWDG
GRQW OH QLYHDX GH F NLW HVW LQWHUPpPGLDLUH $X FRXUV G
/D VXUH[SUHVVLRQ GH 38 FKH] OD VRXULV FRQGXLW D}
SUpFRFH DX FRXUV GX VWDGH 'l /YfDQDO\VH GHV FHOOXOHV '1
FHOOXOHV GLIIpUHQFLpHVFBQDFMOQUXO M. T&KHY¥ GHV FHOOXOHYV
/D UpSUHVVLRQ GH OJH[SUHVVLRQ GH 38 HVW GRQF LQGL
OLJQDJH 7 /YH[SUHVVLRQ GH 38 SRXUUDLW rWUH UpSULPpH SD
'H PDQLqUH LQWpPUHVVDQWH OD GpILFLHQFH HQ %&/ |
GYH[SUHVVLRQ GH BFO HWEVWqQpIXOp SRVLWLYHPHQW SDU 7&) O
OD VLIJQDOLVDWLRQ 127&+ /D GpPILFLHQFH HQ %&/ E FRQGX
FHOXL REVHUYp GDQV OH FDV GH VXUH[SUHVVLRQ GH 38
127&+ FRQGXLW j OD PLVH HQ MHX GIDXWUHV IDFWHXUV C

70



OfpWDEOLVVHPHQW GX OLJQDJH 7 FRPPH *$7% *$7$ HVW LPS
SUpFRFH GHV /7 FDU LO UpSULPH OD GLIIpPUHQFLDWLRQ HQ /% H'

vy, BVpOHFWLRQ OfYpWDSH LQLWLDOH GDQV OYpODERUDW

8QH IRLV GDQV OD JRQH VXEFDSVXOODLUH GX WK\PXV OHV FHC
HW FRQVWLWXHQW OD SR&XODWLRQ FHOO&OHV 'L D FDUDFWp
SRSXODWLRE VpOSIFWLRQ &HOOHV FL DUUrWHQW GH SUROLIpU!
FRGDQW SRXUEO®X FKEEL@ML VIDVVRFLHDL®QBUE BDQWHHERQ
DUUDQJHPHQW GEHGRDV EXKDIL@WL TXH VRQ DV VIR FADADIHRIF O HFH O |
VLIQDX[ LQWUDFHOOXODLUHYV HQWUDLQDQW OfH[SUHVVLRQ GH
LQGXLVDQW OD SUROLIpUDW LRV BHVFWHB QX OB \S URR B L IDRNDW L R ¢
FRQGXLW j OTH[SDQVLRQ GHV FHOP &R H\& H | 8 Q ER\DLQRVWY XHBIOFK CFLIQ
FDSDEOH GTDGRSWHU XQH FRQIRUPDWLRQ IDYRUDEOH | OD
VIDFFRPSDJQH GH OD SHUWH GIfH[SUHVVLRQ GH &' FDUDFWpUL
g

([SUHVVLRQ GX SUH 7&5

'PFOHQFKHPHQW GH OD UHERPELQDLVRQ GX 7

/JHV FHOOXOHV 'l HW 'l UpDOLVHQW GH QRPEUHX[ F\FOHV GH S
FHWWH SUROLIpUDWLRQ FHVVH DX GPpEXW GX VWDGHE'GXDYDQW
7&5 /HV IDFWHXUV GH WUDQVFULSWLRQ ($ HW +(% VRQW Qp
SUROLIpUDWLIV (Q HIIHW OD GpILFLHQFH HOUHF R QK LHW%) XDQ \
EORFDJH PDMHXU GX GpYHORSSHPHQW GHV /7 HQWUH OHV V
LQWPUHVVDQWH OD GpILFLHQFH SRXU FHV SURWPLQHV QTHQV
SRSXODWLRQ SDUWLFXOLqUH GH FHOOXOHV GRXEOHV QpJDWLY
QpDQPRLQV DXJPHQWpPH HQ DEVHQFH GH FHV SURWPpPLQHV ORUV
($ HW +(% IDYRULVH OYH[SUHVVLRQ GH OD SURWPpPLQH S HW O
GpILFLHQFH HQ S FRQGXLW j OfJDXJPHQWDWLRQ GH OD SUROLI

j OD GpPILFLHQFH HQ ( $ HW +(% OD GpILFLHQFH HQ S QH E
GHV /7 /D VXUH[SUHVVLRQ GH S HQ UHYDQFKH HQWUDVC
'1 '3 &HV GRQQPHV VXJJQUHQW TXH OJH[SUHVVLRQ GH (

VLIQDOLVDWLRQ 127&+ FRQGXLW j OD UpSUHVVLRQ GH S HW
oi



SURWPLQHV UpJXOHQW OfHQWUpPH GHV FHOOXOHV GDQV OH F\F(
FKDLEGX 7&5

ITH[SUHVVLRQ GHV VRXV XQLWpV GX FRPSOH[H 5%* DX FRXU'
GpYHORSSHPHQW GHV /7 HVYW LQGLVSHQVDEOH SRXU GHPFOHQFK
GX 7&5 /D GpILFLHQFH HQ 5%$* FRPSURPHW IRUWHPHQW OH Gp®
EORTXpV DX VWDGH 'l SDU GpIDXW GYH[SUHVVLRQ GX SUH 7&5
GPpEXWH DX FRXUV GX VWDGH '1 HW SRXUUDLW rWUH XQH Gl
GYH[SUHVVLRQ GH 38 /D VXUH[SUHVVLRQ GH 38 FRQGXLW |j
5$* /YHIIHW GH 38 VXU 5%$* HVW DWWpQXp VXLWH j OD VWLP XC
'// &HV UpVXOWDWV VXJIJqQUHQW TXH OD VLJQDOLVDWLRQ 127&
VRXV XQLWpPV GH 5%* HQ GLPLQXDQW OfH[SUHVVLRQ RX HQ GRP|
&KH] OD VRXULV OD GpILFLHQFH HQ %&/ E QH VIDFFRPSDJQH SI
GH 5$* DX FRQWUDLUH GH FKH] OfKRPPH /D GLPLQXW
IDYRULVH OJH[SUHVVLRQ GX IDFWHXU GH WUDQVFULSWLRQ F P\
FRGDQW 5%$* HW UpJXOH SRVLWLYHPHQW VRQ H[SUHVVLRQ
ITH[SUHVVLRQ GHV DXWUHV SURWPLQHV LPSOLTXpHV GDQV OD
UpJXOpH 3DU H[HPSOH OHV H[SUHVVLRQV GH Of$'l OLJDVH :5
UpJXOpHV SDU OH IDFWHXUDSH W UD @G\pF URISMQARBDARIYESLIV | XQ
EORFDJH DX FRXUV GHV VWDGHV SUpPFRFHV GX GpYHORSSHPHQW
$UWHPLV ;5&& .8 HW .8

/D VLIQDOLVDWLRQ 127&+ FRQGXLW j OfH[SUHVVLRQ GH %&/ E
HWV (76 VIDVVRFLH j 5XQ[ HW VH IE HQ WX 0D SWR P R
DFWLYDWLRQ /H UHFUXWHPHQW GH (76E IBWRBXQH \OOU
UHFRPELQDLVRQ EBXOD&BEKDRQHHFRPELQDLVRQ RUBBRJEB GH OI
SHXW rWUH UpJXOpH SDU OH FRPSOH[H F IRV SHUPHWWDQW OH
VPTXHQFHYV 566 /H GRPDLQH GILQWHUDFWLRQ GH OD VRXV XQL
UpJLRQ f568DHRULVDQW OD UH FIRPVE IE@QRTVEODW OD BHERPELQDI
H WE 9E )LJ

oi



)LIXUH BULQFLSDOHYV LQGXFWLRQV PpGLpHV SDU OD VLJQDOLVD

/D VLIJQDOLVDWLRQ 127&+ LQGXLWH SDU OHV FHOOXOHV VWURF
GH %&/ E %&/ E UpSULPHUDLW OfDFWLRQ GH 38 TXL IDYRUL\
HQ /% FHOOXOHV GHQGULWLTXHV HW 1. %&/ E FRQGXLW j OfH
OfDUUrW GH OD SUROLIpUDWLRQ HQ UpSULPDQW S HW HQ LQ
FRQGXLW DXVVL j OfH[SUHVVLRQ GH OD PDFKLQHULH BBH UHFERF
(QILQ %&/ E LQGXLW OfH[SUHVVLRQ GH (76 TXL VH FRPSO
UpDUUDQJHPHQW GH OD FKDLQH E HQED BWILW B G VO P SUbH I R DRIDQ(
7&5 OD VLJQDOLVDWLRQ HQWUDLQH OJH[SUHVVLRQ GH ,G TX
SUROLIPUDWLRQ HW j OfH[FOXVLRQ DOOpPOLTXH

([SUHVVLRQ GH DD FKDLQH S7

$X FRXUV GHV VWDGHV GRXE ®HVX Q& QI HY WOSDNKBLSIH PpH /TH
GIXQH FERQYMULD@WHFBXUV GX VWDGH 'L E HVW HVVHQWLHOO
GHV /7 /HV VRXULV GplLFLISQ\FHREG B R WU ODHEFBD@RMHHQSWVH QW XQ IF
EORFDJH GH OD WUDQVLWLRQ '1 | '3 DIGHpSHIOGY GREY COH W B X
GH WUDQVFULSWLRQ +(% HW ($ TXL VRQW H[SULPpV VXLWH |
GLPLQXWLRQ GJH[SUHVVLRQ GH 38 /D GPILEFLHQFH |
GLPLQXWLRQ GTH[SUHVVDRRPBH OB BWBPROQWSBAQW GHV GRQQpH
TXDQWLWDWLYHV FKH] OTKRPPH yLJ

/D VWUXFWXUH GB HOODWFEDUQH FX?OLqUH SXLVTXH PREWWEBLUHPH
HOOH FRPSRUWH XQH ORQJXH FKDLQH F\WRSODVPLTXH FRQWHC
DLOOHXUV OD FKDLQH H[WUDFHOOXODIGXH7EEW SO XMV RXYINGX
O\WLQH HW DUJLQLQH GDQV OH GRPDLQH WUDQVPHPEUDQDLUH °
HW HW SHUPHWWHQW OfDVVRFLDWLRGXDY&F% QOHDN &R FH\N WOLIR @ KID
FKDLEQHIVW DXVVL VRXWHQXH SDU XQ SRQW G@LVXONXUH FRPPH D"

of



JLIXUH SHSUpVHQWDWLRQ GTXQ UpFHSWHXU SUH 7&5

5HSUpVHQWDWLRQ VFKpPDWLTXH GIXQ SUH 7&5 FRQVWLWXp GH
& GH &' HW GTXQH FKDLQH DGY\D GHDQIE WKDUPH RQ LQWUDFHOC
GH OD FKDLSUHBHQWH XQH UpJLRQ ULFKH HQ SUROLQH HVVHQW
SUH 7&5

6LIQDOLVDWLRQV LVVXHV GX SUH 7&5

/IHV FKDLQHMW®B&5 VRQW DVVRFLpHV DX[ GLPqUHV GH &' DX V
HQGRSODVPLTXH /HV FKDLQHV & VRQW FUXFLDOHV FRPPH OH |
'1 '3 FKH] GHV VRXULV GpILFLHQWHY SRXU FHUWDLQV &' /T
7&5 HVW VLPLODLUH j OD VLIQDOLVDWLRQ GHV 7&5 (OOH LPSOL
VLIQDOLVDWLRQ /D GpILFLHQFH HQ /&. HQWUDVQH XQ EORFDJH
"1 /D GpILFLHQFH HQ /$7 FRQGXLW DX PrPH SKpQRW\SH

HQ =$3 QYDIIHFWH SDV GUDPDWLTXHPHQW OH GpYHORSSHPHQ
i OD GpOpWLRQ HQ 6<. XQH SURWpPLQH NLQDVH DSSDUWHQDQW

=$3 &HY UpVXOWDWY GpPRQWUHQW TXH OHV FLEOHV GH /&.
ol



j OD VLIQDOLVDWLRQ GX SUH 7&5 /ID GplILFLHQFH HQ *UE

VWDGH '1 ,O HVW IRUWHPHQW SRVVLEOH TXH OD SHUWH G&h
SURWpPLQHYVY GH VLIQDOLVDWLRQ FRPPH 9DY RX 6/3 '"fDLOOHX
j OYDXJPHQWDWLRQ GH OD SURSRUWLRQ GH FHOOXOHV "1 HW SD
HVW SOXV LPSRUWDQWH ORUV GHV GpOpWLRQV FRQFRPLWDQW
UpVXOWDWY VLPLODLUHVY RQW pWp REVHUYpV GDQV OH FDV G
VLIQDOLVDWLRQ GX SUH 7&5 HVW GRQF HVVHQWLHOOH GDQV O

'PFOHQFKHPHQW GH OD VLIQDOLVDWLRQ GX S

/D VLIQDOLVDWLRQ GHV SUH 7&5 FRQWUDLUHPHQW j FHOOH Gt
GIXQ OLJDQG (Q HIIHW OD GpOpWLRQ GH OfHQVHPEOH GHV |
QYHPSrFKH SDV OH SURJUHVVLRQ GHV FHOOXOHV YHUV OH VWI

'H IDoRQ VXUSUHQDQWH OD GpOpWLRQ VHX®HGIH GID UpJ
FKDLBRIX GH UpVLGXV LPSOLTXpV GDQV OfROLJRPpPULVDWLRQ
GpYHORSSHPHQW GHV WK\PRF\WHV SUpFRFHYV ,O HVW
H[WUDFHOOXDBHWIR HAKWS$7 GH VWDELGX VB GDQRKXQMHFRQIRUP|
IDYRUDEOH j OD VLIQDOLVDWLRQ &fHVVE DDHFRQEXE TPRQRILIDW L
j OD VLIQDOLVDWLRQ GHV SUH 7&5 &HSHQGDQW GH UpFHQWF
H[SULPp SDU OHV FHOOXOHV VWURPDOHV WK\PLTXHV SRXUUDLYV
SUH 7&5 'HV H[SPULHQFHV GH VSHFWURVFRSLH 501 UpYqOHQW
GILQWHUDJLU DYHF OH &0+ TXL LQGXLW GHV UpDUUDQJHPHQWYV
OD FXOWXUH GH 'l VXU XQH OLJQpH GH FHO OBX® HYQWWURAD O H'
XQLWp GX &0+ , FRQGXLW j XQH GLPLQXWLRQ QRQ QpJOLJHDEOH

JRQFWLRQV GHIDO®DRKDOQH/ BIQDOLVDWLRQ

/D GpOpWLRQ GH OD UpJLRQ ULFKH HQ SUROLQH VLWXpH VXU
FKDVQBIHSJWUDVQH XQ SKpQRW\SH VLPLODLUH j FHOXL REWHQX G
DYHF XQH DFFXPXODWLRQ GHV FHOOXOHYV DX VWDGH 'l &HFL V1
SUROLIPUDWLRQ GHV FHO O X0 TH[% HW XQW DKIJPKDMWHVLRQ G

'DQV XQH OLJQpH GH /7 KXPDLQ OD GpOpWLRQ GH FHWWH
OfHIIRQGUHPHQW GH IOX[ FDOFLTXH &HWWH UpJLRQ SHUPHW\

00



PROpFXODLUHV &06 HW &,1 &HV UpVXOWDWYV VXJIJqQUHQW TXH
FKDLQB VW LPSOLTXpH GDQV ODEWIpDHFOWIVOWLRQ GH ®WH 7&5
FRQVWDPPHQW LQWHUQDOLVp SDU HQGRF\WRVH HW VIDFFXPX
GPpPRQWUHQW GHV DQDO\VHV GYLPDJHULH /D WUDQVIHFWL
OfH[SUHVVLRQ GH &' RX &' IXVLRQQpV j OD [F KDQUHD ILQKV U |
OfDXJPHQWDWLRQ GH &' HW &' LQWUDF\WRSODVPLTXHV GpPF
LQWUDFHOOPOIOQWH GHHSBRF\WRVH GX SUH 7&5 /1DGDSWD
DYHF OH F\AWRVTXHOHWWH GIDFWLQHM DX F/RXWLJ G B 00 MDWEARR VR
SDU OB BMVW UHVSRQVDEOH GH OfJHQGRF\WRVH SHUPDQHQW!
GILQKLELWHXUV GH 6UF NLQDVH FRPPH /&. GDQV GHV FHOOXO!
7&5 UHVWDXUH SDUWLHOOHPHQW OfYH[SUHVVLRQ j OD VXUIDFH
REWHQX ORUVTXH OHV -XUNDWV H[SULPDQW XDQHA&E PKWLIPRQ @ p$iR
j OD UpJLRQ F\WRS@DVPLTAKHHGXTEH OH SUH 7&5 VRLW LQWHUQD
PDMRULWDLUHPHQW GDQV OHV O\WRVRPHV OfLQKLELWLRQ GX ¢
QRQ QpJOLJHDEOH GH OTH[SUHVVLRQ GX SUH 7&5 /{DFWLYDWLI
GX SUH 7&5 SDU F &EO SRXU IDYRULVHU VD GpJUDGDWLRQ

/D FKDLOWISFEOH DYRLU XQH IRQFWLRQ XQLTXH GDQV OD VLJQEC
VRQ UHPSODFHPHQW 36X X&QHHEWUQHQH XQ/ BSOHFEXWM RIH OD

6LIJQDX[ GH VXUYLH

/D VLIJQDOLVDWLRQ GX SUH 7&5 GpFOHQFKH DXVVL OfH[SUHVVL
GpILFLHQFH SRXU FH UpFHSWHXU HQWUDLQHE VpPHRBIVRRVH GH'
/ITLQWHUDFWLRQ GH Of,/ DYHF VRQ UpFHSWHXU HQWUDLQH O
IDFWHXUV GH WUDQVFULSWLRQ 67$7 /I{DVVRFLDWLRQ GH 67%$7
GX IDFWHXU DQWL DSRSWRWLTXH %&/ LPSRUWDQW GDQV OD V:
/D GpILFLHQFH HQ 1)$7 HQWUDLQH OD GLPLQXWLRQ GYTH[S!
IRUWHPHQW OD VXUYLH E\HOOHEOWLIRIH VXLWHH[SWMHVVLRQ HFWRS
GDQV GHV VRXULV GpILFLHQWHY SRXU ,/ 5 UHVWDXUH SDUWLHC
/7 /TDFWLYDWLRQ GH 67$7 HQ SOXV GILQGXLUH OfH[SUHVVLR
GH %&!/ /TDEVHQFH GH %&/ GDQV GHV VRXULV GpILFLHQW
SUROLIPUDWLRQ HW OD VXUYLH GHV '1 /D VLIQDOLVDW]I
OfDFWLYDWLRQ GH BW YRHHSGEMMMYLRQ GH %&/ $ %&/ $ IDYRU
FHOOXOHV HQ LQKLEDQW OD FDVSDVHEFO/D WSDBQN GXFWE R Q O
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GpILFLHQWHV SRXU 5%$* UHVWDXUH OD VXUYLH GHV FHOOXOHYV
OYDEVHQFH GH VLIQDOLVDWLRQ SDU OHV SUH 7&5 FRQGXLW j Of
GH S HW )R[R /{DFWLYDWLRQ GX SUH 7&5 HQWUDLQH OfD
SKRVSKRU\OH )R[R HW SUpYLHQW DL QBLLP (0D G/p ULDFQ WA LY @ WLLR:
%LP GDQV GHV VRXULV QYH[SULPDQW SDV GH SUH 7&5 FRQGXLW
GHV FHOOXOHV '1 3DU DLOOHXUV OD GpILFLHQFH FRQFRPL!
OH EORFDJH GH OD WUDQVLWLRQ '1j '3 DYHF OfDFFXPXODWLRC

/D VXUYLH GHVY FHOOXOHV HVW DXVVL pWURLWHPHQW OLpH
OHV WK\PRF\WHV HW OHV FHOOXOHV VWURPDOHV /D VXUYLH C
VXSPULHXUH ORUVTXH FHOOHV FL VRQW HQ FXOWXUH VXU GHV
/D VLIQDOLVDWLRQ 127&+ GpFOHQFKH OfH[SUHVVLRQ GH IDFWH
PPWDEROLTXH HVVHQWLHO j OD VXUYLH HW OD SUROLIpUDWLRQ

,QGXFWLRQ GH OD SUROLIpUDWLRQ FHOOXOD

/D VLIQDOLVDWLRQ GX SUH 7&5 FRQGXLW j OfH[SUHVVLRQ GX U
UpFHSWHXU HVW LPSRUWDQW FDU LO FRQWULEXH DX[ pYQqQHF
SUROLIpPUDWLRQ FHOOXODLUH /H WUDLWHPHQW GH FHOOXOHYV |
IRUWHPHQW OD FDSDFLWp GHVY FHOOXOHYV j DWWHLQGUH OH VW
SUH 7&5 FRQGXLW | OD SKRVSKRU\ODWLRQ GH 6KF$ TXL HQWL
WUDQVFULSWLRQ (JU XQ DFWLYDWHXU GX IDEWHXU GH WUDQ\
LQKLEH OHV IRQFWLRQV UpSUHVVLYHV GH ( $ HW +(% MXU OD S

/ITIDFWLYDWLRQ GH 6KF$ IDYRULVH DXVVL OJH[SUHVVLRQ GH
QRPEUHX[ SURPRWHXUV UpJXODQW OfH[SUHVVLRQ GH JgqQHV H
F P\F HVYW GRQF XQH SURWpPLQH HVVHQWLHOOH j OTHQWUpPH Gt
UpSOLFDWLRQ GH Of$'1 )LJ ITH[SUHVVLRQ GH F P\F ¢
HQ 5$* UHVWDXUH OD SUROLIPpUDWLRQ GHV 'L PDLV QTHQWUDVC
HQ '3 /fH[SUHVVLRQ GH F P\F HVW UpJXOpH SRVLWLYHPHQW SDU
GH FHWWH IDoRQ OD SUROLIpUDWLRHF®HR @ H O O X80 DAY DY
GpPRQWUH TXH OD SUROLIpUDWLRQ GHV 'l QfHVW SDV V\PpWL
'l FRQGXLUDLW j OD IRUPDWLRQ GH EN EO HIF WL\R Q WWSRXWW H Q [F R
GHV FHOOXOHV D\DQW OHV FDUDEWpPULVWLTXHV '1 D /H GpIDXW
GDQV OD SRODULVDWLRQ FHOOXODLUH FRQGXLW j OfDXJPHQWLE
j OD GLPLQXWLRQ GH OfDV\PpWULH GHV GLYLVLRQV /HV DXV
DV\PpWULTXHV SHUPHWWHQW DX[ FHOOXOHV GYDFTXpULU GH
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SHUPHWWDQW GH SURJUHVVHU YHUV OH VWDGH 'l RX GH SHUVL
FHOOXOHV UHFHYUDLHQW XQH TXDQWLWp LPSRUWDQWH GH %&/
SURJUHVVHU YHUV OH VWDGH 'l GYDXWUHV DXUDLHQW XQH TXL
OD VXUYLH DX VWDGH '1

([FOXVLRQ DOOpPOLTXH

6 XLWHEJVPDHFWLRQ LO HVW HVVHQWLHO TXH OH ORFX& FRQGX

VRLW EORTXp DILQ GYfpYLWHU OD UHFRPELQDLVRQ GH OYYDOOgO

7&5 HVW HVVHQWLHOOH SRXU OH SURFHVVXV GYfH[FOXVLRQ DOO|
DILTHFWH OfH[FOXVLRQ DBPGXY JIKBXH GH OD FKDLQH

J)LIXUH 5HSUpVHQW DRV RQHE W IORQ

$X VHLQ GX WK\PXV OHV FHOOXOHV (73 '1 '1I D HW 'L E RQ\
SUROLIpUDWLRQ $X FRXUV GH FHV VWDGHV OfH[SUHVVLRQ GH
HQWUDLQDQW DORUV OYJDFTXLVLWLRQ GX OLJQDJH O\PSKRF\WLI
FRQGXLW j OD UHFRPELQBHWRQO®H[SDHWLIRIHGTXQH FAADLQH L«
OD UHFRPELQDLVRQ SHUPHW OBNDX ¥R BIORW VRQHGSHU 6 D7 & B BIRXH U D
XQ VLIJQDO FRQGXLVDQW j OTH[SUHVVLRQ GX IDFWHXU GH VXUYI
SRXU LQGXLUH OD SUROLIpUDWLRQ GHV FHOOXOHYV
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, 9 7TUDQVLWLRQ YHUV OH VWDGH GRXEOH SRVLWLI

/IH SDVVDJH DX VWDGH GRXEOH SRVLWLI VH FDUDFWpULVH S
FRUpFHSWHXUV &' HW &' HW SDU OPHGEXUH&S ITKQ GMH W DV XKWH
GpJUDGDWLRQ GHDO OD FKDLQH S7

([SUHVVLRQ GHV FRUpFHSWHXUV &' HW &'

&KH] OD VRXUWPOHBWLRQ FRQGXLW j OTH[SUHVVLRQ GX FRUpF
LQWHUPPGLDLUH HQWUH '1 HW '3 DSSHOp ,63 &KH] OTKRPPH
HVW H[SULPp DX VWDGH ,63 &KH] OD VRXULV OfDQDO\VH G
TXH OHV BG@HWLHQQHQW DFFHVVLEOHV | SDEWDO HGPWVYWQGH '1

/TH[SUHVVLRQ GH &' HVW PDLQWHQXH VRXV VLOHQFH SDU OH

FRXUV GHV VWDGHV 'L PDLV ,NDURV IDYRULVH OTJH[SUHVVLRQ ¢
DX[ JqQHYV &H QTHVW TXTDSUQV OH VWDGH ,63 TXH VH ID
&' 7RXW FRPPH OHV FHOOXOHV GRXEOHV QpJDWLYHV OHV FH
F\FOHV GH SUROLIpUDWLRQ /D VLIQDOLVDWLRQ 127&+ HVW LPS
PDLV QTHVW SDV SOXV PLVH HQ MHX DX FRXUV GHV VWDGHV X
&KH] OD VRXBIHWWWLWHFUXWpH j OD UpJLR®GHOWDPRBGXGW DX
UHFUXWHPHQW GfXQH KLVWRQH DFpW\OWUDQVIpFBVEHDWB O\VI
K\SHUDFpW\ODWLRQ IDYRULVH OTH[SUHV\ELFRR®Q G KL& D XD EGXR EPLUH
GpYHORSSHPHQW DX VWDGH ,63

'PFOHQFKHPHQW GH OD UHFRPED@XLYV&® GH OD FKDL

&RPPH SRXU OHV UpDUUD QJHERIKQT GOIHYDUBRD U@ JHPHQWYV GH
QpFHVVLWHQW OD PLVH HQ MHX GHV 5%* HW GH OD PDFKLQH
VLIQDOLVDWLRQ GX SUH 7&5 GpFOHQFKHDGX 715 RPE LDFMLMRDR G
UpJLRQ HQKDQFHUIKW OH WUDLWHPHQW DYHF OD LRQRP\FLQH

HQWUDLQH OfDXJPHQWDW LRGGIH @[5 M\ DQYE i 8 V¥ HRO@ BBID LU H V
j'1 D 3DU DLOOHXUV OH WUDLWHPHQW GHV FHOOXOHV DYHF XQ
OfH[SUHVWER®G &/ VWLPXODWLRQ ITH[SUHVVLRQ GX SUH 7:¢
GHV IDFWHXUV GH WUDQVFULSWLRQ (UJ (UJ HW (UJ TXL VH IL[
HQKDQBHRXU GpFOHQFKHU OMWHFRPENDWRVRY W DXVVL LPSRU\
OH UpDUUDQJHPHQW G3H 7&B HIDOQHIpH GH WK\PRPH PXULQH -(
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SRXWDWRMVHQWH XQ SKpQRW\SH 'l TXL H[SULPH OH SUH 7&5 F
UpDUUDQJHU OHV JgQHV FROGDQW[SBRHVYVORQFED/NIHURY GDQV |
UHVWDXUH OfH[SUHVVLRQDQRDFPADMWGRQGIFKDUGM DX FRPSOH]
QLYHDX GH OD VpDXRQEWH(D UHPRPEQQDQNREDOW OTDFWLRQ |
GH OE /D VLJQDOLVDWLRQ GX SUH 7&5 HQWUDLQH OD GLPL
2U OH UpDUUDQJHPHQW QpH HVN LMKD LOJH[SUHVVLRQ GX FRPSOI
GpSHQGDQW GH OD VLJQDOLVDWLRQ GX SUH 7&5 'HV PpFDQLVP
SUREDEOHPHQW PLV HQ SODFH GDQV OD WUDQVL\WWHRQ GHODH ¢
FKDLPH &RPPH SRXU OH SUH 7&5 OD VLJQDOLVDWLRQ GpFOHC
OfH[FOXVLRQ DOOpPOLTXH GH OfDOOqOH QRQ UpDUUDQJp (OOH |
HW GHV PRGLILFDWLRQV pSLIJpQpWLTXHV TXL HPSrFKHQW OD UH

‘X SUp 7&5 DX 7&5

BHORQ 7URS HW DO OfH[SDEBXVL&® @H QpF FKDILWH SDV OD GplJ
OfDEVHQFH GTH[SDHY \HIRMWG OB X IME&BHHQWUH HQ FRPSpWLWL]
SDSRXU VRQ H[SUHVVLRQ j OD PHPEUD QHQYE B WPS DX HH [SU ER PH. G
PHPEUDQH SODVPLTXH ORUVTXTHOOH HVW FR H[SULPpH GDQV X
D 6RQ H[SUHVVLRQ HVW FHSHQGDQW GpWHFWpH GDQV OH F\WR
GpPRQWUp TXH ,NDURV LQWHUIqQUH DYHF OH GRPDLQH LQWUDF
DLQVL OYH[SUHVVLRD GH OD FKDLQH S7
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6XLWH DX UpDUUDQJHPHQW DOpDWRLUH GH SOXVLHXUV JgQHV S
GX 7&BH® XQ WUQV JUDQG QRPEUHVBEW &JSULPpV &HV 7&5 RC
DIILQLWpPV GLYHUVHV SRXU OHV DQWLJgQHV GX VRL SUpPVHQWDp\
FHOOXOH H[SULPH XQ JURXSH GH 7&5 D\DQW OD PrPH VSpFLILFL
FRQWUH OH VRL RX OH QRQ VRL 8QH JUDQGH SDUWLH GH FHV 7
GLUH TXYLOV RQW XQH DIILQLWpP LQVXIILVDQWH SRXU OHV FRP
SURFHVVXV GH VPOHFWLRQ SRVLWLYH SHUPHWWDQW GH VpOHFW
/HV /7 H[SULPDQW GHV 7&5 D\DQW XQH DIILQLWp WURS IRUWH
VXVFHSWLEOHV GYLQGXLUH GHVY PDODGLHV DXWR LPPXQHV 8Q |
GRQF PLV HQ SODFH DILQ GYpOLPLQHU OHV /7 H[SULPDQW GH

PYQQHPHQWY GH VPOHFWLRQ LO D pWp HVWLPp TXH PRLQV GH
GHV /7 PDWXUHYV )LJ

)LIXUH 6pOHFWLRQ SRVLWLYH HW QpJDWLYH GHV WK\PRF\WHYV

$X VHLQ GX FRUWH[ WK\PLTXH OD UHFRQQDLVVDQFH GJXQ FRPE
VXUYLH GHV FHOOXOHV 8QH VLJQDOLVDWLRQ WURS IDLEOH GX¥
S&0+ FRQGXLW j OD PRUW GHV FHOOXOHV SDU QpJOLJHQFH 8¢
VLIQDX[ WURS LPSRUWDQWY HW HQWUDLQH OJH[SUHVVLRQ GH I
DSRSWRVH GHVY FHOOXOHV 6HXOHV SHUVLVWHQW OHV WK\PRF\W
i OTH[SUHVVLRQ GH PDUTXHXUV GH VXUYLH $X VHLQ GH OD Pp
GHV FHOOXOHV SRXU XQ DQWLJgQH GX © VRL @ HQWUDLQH OD P|
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, /IHV VPOHFWLRQV FORQDOHYV DX VHLQ GX FRUWH[ WK\PLT

/IHV WK\PRF\WHV '3 H[SULPHQW OHV UpFHSWHXUV DX[ FKLPLRNLC
OHXU FKLPLRWDFWLVPH YHUV OH FRUWH[ WK\PLTXH /HV FHOO}
F7(& VpPFUQWHQW OHV FKLPLRNLQHV &&/ HW &;&/ VSpFLILTX
SDU OHV FHOOXOHV '3 $X VHLQ GX FRUWH[ OHV F7(& DSSUrw
DQWLJQQHV XELTXLWDLUHV GX VRL SURYHQDQW GH OD GpJUDG
SDU OHV F7(& /HV 7&5 H[SULPpV SDU OHV WK\PRF\WHV LQ\
&0+ FKDUJpV VHORQ OfHIILFDFLWp GHV UpDUUDQJHPHQWYV J
GILQWHUDFWLRQ RX XQH LQWHUDFWLRQ WURS IRUWH FRQGX
LQWHUPPGLDLUH FRQGXLW j GHV VLJQDX[ PRGpUpV IDYRUDEOF
IDFWHXUV DQWL DSRSWRWLTXHV )LJ

SUpVHQWDWLRQ GH SHSWLGHV SDU OHV F7(&

'DQV OHV F7(& OD GpJUDGDWLRQ GH SURWPLQHV FRQGXLW j Of
FHWWH GpJUDGDWLRQ DX[ &0+ SDU GHV YRLHV VSpFLILTXHV /H
GHV SURWPLQHV SDU OH WK\PRSURWpPDVRPH SDVVH GDQV OH
WUDQVSRUWHXU 7$3 HW VRQW DSSUrWpV DX[ &0+ , /HV &0+ , V
PHPEUDQH SODVPLTXH SRXU OD SUpVHQWDWLRQ GHV SHSWLGH)
UHVWUHLQW DX &0+ , JDE V& p I XPIHHQARXVHXQLWp VSpFLIL
WK\PRSURWpPDVRPH FRQGXLW j OD GLPLQXWLRQ GHV &' 63 DOR|
SDV DIIHFWp &HFL VIDFFRPSDJQH GIXQH IBNWLISK®URLTQKHW LRE)C
LPSDFW VXU OHV /7 /® VpOHFWLRQ SRVLWLYH GHV WK\PRF\WHYV
GLPLQXpH GDQV FHV VRXULV 3DU DLOOHXUV OHV SHSWLGHV LV
DXWRSKDJLH VRQW DSSUrWpV DX &0+ ,, DX VHLQ GH YpVLFXOH
UpWLFXOXP HQGRSODVPLTXH HW DVVRFLp j XQ SHSWLGH LQYDU
YPVLFXOHV HQGRF\WLTXHV D\DQW IXVLRQQp DYHF OHV SKDJRO\
GLULJpV YHUV OD PHPEUDQH SODVPLTXH SRXU OD SUpVHQWD\
H[SULPDQW XQ 7&5 UHVWUHLQW DX &0+ ,, /D GpILFLHQFH
7K\PXV VSHFLILF VHULQH SURWHDVH SUHFXUVRU LPSOLTXpHV
DX FRXUV GH OfDXWRSKDJLH FRPSURPHW OD VpOHFWLRQ SRV
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6LIJIQDX[ GH VXUYLH LQGXLWYV SDU OD VpOHFWLRQ SF

/D VLIJQDOLVDWLRQ LQGXLWH SDU OfLQWHUDFWLRQ HQWUH OH
GRXEOHV SRVLWLIV FRQGXLW j OfDFWLYDWLRQ GH QRPEUHXVI
SUpPpVHQWpPHV GDQV OJLQWURGXFWLRQ JpQpUDOH &HV YRLHV G
OD VPOHFWLRQ SRVLWLYH HW QpJDWLYH GHV /7 HQ FRQWU{ODQ
GH VXUYLH RX SUR DSRSWRWLTXHV /I{DXJPHQWDWLRQ GH OfHI[¢
RX %&/ ;/ SURWgJH OHV FHOOXOHV GH OfDSRSWRVH % &/
GHV FHOOXOHV '3 DYDQW TXJHOOHV VRLHQW HQJDJpHV GDQV
VXUH[SUHVVLRQ GH %&/ ;/ FRQGXLW j OTDXJPHQWDWLRQ GX QR
OH WUDLWHPHQW GH VRXULV WUDQVJpQLTXHV SRXU %&/ ;/ SDU
FHOOXOHV TXL HVW QRUPDOHPHQW LQGXLWH GDQV OHV VRXULV
LQGXLWH ORUV GH OD VpOHFWLRQ SRVLWLYH SDU OD VLJQDOI
OYHQJDJHPHQW GX 7&5 OYDFWLYDWLRQ GH OD YRLH GHV 0D!
OYH[SUHVVLRQ GH (UJ /D GpILFLHQFH HQ (UJ HQWUDLQH XQH
WK\PRF\WHV HQ VLPSOHV SRVLWLIV /YDQDO\VH GH OD VXUYLH F
GLPLQXWLRQ GH OD VXUYLH HW XQH GLPLQXWLRQ GJH[SUHVVLR
rWUH H[SULPpH VXLWH j OfDFWLYDWLRQ GHV WK\PRF\WHV '3
OfH[SUHVVLRQ GH %&/ 3DU DLOOHXUV OfHQJDJHPHQW G|
1XU TXL HVW FRUUpPOpPH j OTLQWHQVLWpP GHV VLIQDX[ WUDQVPL
GH 1XU FRQGXLW j OfDXJPHQWDWLRQ GH OfJDSRSWRVH GHV FF
FRQFRPLWDQWH GH 1XU HW GH %LP HQWUDLQH OJDXJPHQ
VPOHFWLRQQpPHV SRVLWLYHPHQW /D IRUFH GX VLJQDO TXL |
OHV S&0+ GX VRL HVW GRQF LPSRUWDQWH SRXU GpWHUPLQHU O

7TUDQVLWLRQ GHV VWDGHYV '3 j 63

/ID VPOHFWLRQ SRVLWLYH IDYRULVH OTH[SUHVVLRQ GH IDFWHXL
WUDQVLWLRQ GH '3 )63 &HWWH WUDQVLWLRQ VH FDUDFWpULVH
& /D UHFRQQDLVVDQFH GX &0+ , SDU OH 7&5 FRQGXLW j OD G
HQ WK\PRF\WHV &' 63 DORUV TXH OD UHFRQQDLVVDQFH GX &0+
GHV FHOOXOHV &' 63 )LJ



&KRL[ GX OLJQDJH &' HW &'

'LIIpUHQWY PRGQOHY RQW FRH[LVWp SRXU H[SOLTXHU OHV PpFI
GLIIpPUHQFLDWLRQ GHV FHOOXOHV HQ WK\PRF\WHV &' 63 HW &'
GLWV © VWRFKDVWLTXH @ HW © LQVWUXFWLI @ RQW pWp SUR!
UHFRQQDLVVDQFH GX S&0+ FRQGXLW j GHV VLJQDX[ HQWUDL
OYH[SUHVVLRQ GX FRUpPFHSWHXU &' RX GX FRUpFHSWHXU &
VLIQDOLVDWLRQ VH PHWWUDLW HQ SODFH DX FRXUV GH ODT)
FRUPFHSWHXU FRUUHVSRQGDQW | XQ S&0+ GRQQp FRQGXLUDLW
FDV FRQWUDLUH OD FHOOXOH PRXUUDLW SDU DSRSWRVH

8Q DXWUH PRGgOH HVW HQVXLWH GHYHQX SUpGRPLQDQW GDQ
PRGgOH SURSRVH TXH OD UHFRQQDLVVDQFH GX FRPSOH[H 7&
FRUUHVSRQGDQW FRQGXLUDLW j GHV VLJQDX[ VSPFLILTXHV GpW
& RX &' /D VLJQDOLVDWLRQ LVVXH GX FRUPFHSWHXU &' HQWL
HW RX SOXV IRUWV IDYRULVDQW OfH[WLQFWLRQ GJH[SUHVVLRQ
GX 7&5 FRUUHVSRQGDQW DX &0+ , GpPFOHQFKHUDLW GHV VLJQD
IDYRULVDQW OJH[WLQFWLRQ GX &' (Q IDYHXU GH FH PRG(q(
GYIXQ LQKLELWHXU GH OD YRLH (UN DSUQV LQMHFWLRQ GYDQWLF
j OD GLIIpUHQFLDWLRQ GH &' 63 GDQVE®HWX YR XRXW QL ARLpH@XV & (
, 3DU DLOOHXUV OfLQMHFWLRQ GYDQWLFRUSV DQWL &' FR
OD GLIIpUHQFLDWLRQ HQ &' 63 GDQV XQ PRGqOH GpILFLHQW SR}
SRXU OYDSSUrWHPHQW GHV SHSWLGHV DX &0+ ,, 8Q GHU
FLQPWLTXH D SOXV UpFHPPHQW pWp SURSRVp SRXU H[SOLTXHU
OLJQDJH VJHIIHFWXH &H PRGQOH SURSRVH TXH VXLWH j OD Vp
PWHLQGUDLHQW OfJH[SUHVVLRQ GX FRUpPFHSWHXU &' /HV FHOC
LQWHUPpPGLD&URYEDQV OHTXHO OJH[SUHVVLRQ GX FRUpPFHSWHX
VLIQDX[ WUDQVPLY GDQV OHV FHOOXOHV H[SULPDQW XQ 7&5 UH\
SDU FHWWH GLPLQXWLRQ FDU OHV FRUpPFHSWHXUV &' VRQW W
VLIQDX[ HQWUDVQHQW OTH[WLQFWLRQ GpILQLWLYH GX JqQH
VLIQDOLVDWLRQ GX UpFHSWHXU j OT,/ (Q UHYDQFKH VL OH V
GX & Of,/ FRQGXLUD j OD UpH[SUHVVLRQ GX FRUpPFHSWHXL
GLIIpUHQFLDWLRQ GHV WK\PRF\WHV '3 HQ FHOOXOHV &' 63

GpOpWLRQ KpWpURJ\VJRWH GH 67$7 XQ DFWHXU GH OD VLJQDOL
i OD GLPLQXWLRQ GH OD GLIIpUHQFLDWLRQ GHV FHOOXOHV '3 F
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HQ FXOWXUH GH RHB®XOHFH& FHOOXOHV VWURPDOHYV H[SULPDC
OD GLIIpUHQFLDWLRQ GH FHV FHOOXOHV HQ &' 63

$FWHXUV PLV HQ MHX GDQV OD GLIIpUHQFLDW

/D VLJQDOLVDWLRQ WUDQVPLVH ORUV GH OD VpOHFWLRQ SRVLYV
GH WUDQVFULSWLRQ F P\E HW GH 72; F P\E LQGXLW OfH[SUHVYV
72; HQWUDLQHQW OfH[SUHVVLRQ GH 7K32. /D GpILFLHQFH HQ F
GLIIpPUHQFLDWLRQ GHV FHOOXOHV '3 HQ &' 63 HW XQH OpJqUH I
HQ &' 63 /D UHFRQVWLWXWLRQ DYHF GH JIDNBROHO/OE HRV VH
VRXULV GpILFLHQWHY BRXWXOS0VR¥RYQXIME j OD GLIIpPUHQFLDW
DX OLHX GTHQ &' 63 'H SOXV OD GpILFLHQFH HQ 72; GDQ
SRVLWLYH $1' FRQGXLW j OD GLPLQXWLRQ FULWLTXH GH OD G
VLIQDOLVDWLRQ LQGXLWH SDU OH UpFHSWHXU j O,/ GpFOHQF
VXU OH SURPRWHEWW XY F§QHPH VRQ H[SUHVVLRQ HQ LQKLEDQW
IDYRULVDQW DORUV OfH[SUHVVLRQ GH &' 'H PDQLqUH
7K32. HVW LQGXLWH SDU GHV VLJQDX[ SHUVLVWDQWV GHV 7&5
FLQPWLTXH 7K32. SHXW IDYRULVHU OfH[SUHVVLRQ GH 62&
GHV F\WRNLQHV /D GLPLQXWLRQ GH OD GLIIpUHQFLDWLRQ GF
GpPILFLHQWHY SRXU 7K32. SHXW rWUH UHVWDXUpH SDU OfH[SUH\
DLOOHXUV OD VXUH[SUHVVLRQ GH 7K32. GDQV XQ PRGQqOH

GLIIpUHQFLDWLRQ GHV WK\PRF\WHV HQ &' 63 DX OLHX GH &' 63
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)LIXUH 'LITpUHQFLDWLRQ GHVY FHOOXOHYV GRXEOHV SRVLWLYHYV

$X VHLQ GX FRUWH[ WK\PLTXH OD UHFRQQDLVVDQFH GJXQ FRP
OD VPOHFWLRQ SRVLWLYH VL OH VLJQDO HVW PRGpUp &HWWH
GYH[SUHVVLRQ GH & HW GYH[SUHVVLRQ GX UpFHSWHXU GH Of,
OHV FHOOXOHV H[SULPHQW *$7$ HW 72; TXL DEFWLYHQW OTH[:
OYH[SUHVVLRQ GH JgQHV VSPFLILTXHV j OD GLIIpUHQFLDWLRQ G
OH VLJQDO 7&5 HVW LQWHUURPSX OH VLJQDO ,/ FRQGXLW j ¢
OYH[SUHVVLRQ GH 7K32. HW LQGXLW OJH[SUHVVLRQ GH JqQHYV
$GDSWp&H WK\PRF\WH GLITHUHQWMDMWSLR GDU FEBQPRWIRH

., ID VPOHFWLRQ QpJDWLYH DX VHLQ GH OD PpGXOOD

/D VLIJQDOLVDWLRQ LQGXLWH SDU OD VPOHFWLRQ SRVLWLYH FR
OH FKLPLRWDFWLVPH GHV FHOOXOHV YHUV OD PpGXOOD GRQ!
PpGXOODLUHV P7(& VPFUQWHQW &&/ HW &&/ yLJ $
OHV P7(& SUPVHQWHQW j OHXU VXUIDFH GHV &0+ DVVRFLpV j

DSSHOpPV 75% UHSUpPVHQWDWLIV GHV WLVVXV GH OJRUJDQLVPH
DX[ IDFWHXUV GH WUDQVFULSWLRQ VSpFLILTXHV $LUH HW )F
HVVHQWLHOOHY DX GpYHORSSHPHQW GHV /7 'H PDQLQUH LQ\
UpJXOHQW OJYDFWLYLWp HW OH GpYHORSSHPHQW GHV P7(& /I
FRPSOH[HV S&0+ VXU OHV P7(& HQWUDLQHQW GHV YRLHV GH V
FRQGXLUH j OTDSRSWRVH GHV /7 HW j OD PDWXUDWLRQ GHV P7(!
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JLIXUHOLJUDWLRQ GHY FHOOXOHY HW pYgQHPHQWY GH VpOHFW

/HV 763 HQWUHQW DX VHLQ GX WK\PXV VRXV IRUPH (73 'Ll SDU
SXLV SURJUHVVHQW YHUV OH VWDGH 'l HW 'l MXVTXJ{DWWHLC
FHWWH JRQH VH GpORKWHRQDHW OHV WK\PRF\WHV SUROLIqQUHQW
HW ,63 VIDFFRPSDJQH GH OfH[SUHVVLRQ GHV UpFHSWHXUV DX]
SHUPHWWDQW GH UHMRLQGUH OH FRUWH[ WK\PLTXH VpFUpWDQV
WK\PLTXH VH GpURXOH OD VpPOHFWLRQ SRVLWLYH SHUPHWWDQ
DIILQLWp VXIILVDQWH DYHF OH FRPSOH[H S&0+ /D VpOHFWLRQ S
6XLWH j OD VLIQDOLVDWLRQ FHV GHUQLQUHV H[SULPHQW &&5
PpGXOOD VpFUpWDQW &&/ HW &&/ $X VHLQ GH OD PpGXOOD \
VXLWH j OfJH[SUHVVLRQ SDU OHV P7(& GH SHSWLGHV GX © V
OYRUJDQLVPH /fDIILQLWp WURS IRUWH GHV 7&5 SRXU OH S&O0+ F
OH PpFDQLVPH GH VpPOHFWLRQ QpJDWLYH 6XLWH j OD VpOHFWL
H[SULPHQ@WOBXU SHUPHWWDQW GH UHMRLQGUH O® BLUGRODWL
LOWHJUDWLRQ DQG FURVVWDON GXULQJ WK\PRFUWHR YRL JHW W L
%KDQGRROD

([SUHVVLRQ GHV 75%$ WLVVXH UHVWULFWHG DQWLJH

/IHV IDFWHXUV GH WUDQVFULSWLRQ $LUH HW )H]I FRQGXLVHQW
SDU GLIIpUHQWY WLVVXV GH OTRUJDQLVPH 6XLWH j FHWWH H[S
HW DSSUrWpHV DX &0+ GHV P7(& /D GpILFLHQFH HQ $LUH FKH] O
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SRO\HQGRFULQRSDWKLH GH W\SH , $36 DXVVL FRQQX VRXV
SRO\HQGRFULQRSDWK\ FDQGLGLDVLV+HFWRGHUPDO G\VWURSK\
ORQJXHPHQW pWXGLp GDQV OfH[SUHVVLRQ GIDQWLJGQH GX V¥
P7(& &HSHQGDQW GH QRPEUHXVHY GRQQpPHV VXJJqQUHQW TXH $
GH WUDQVFULSWLRQ FRQGXLVDQW j OTH[SUHVVLRQ GIDQWLJQqQ}!
JGQHV VRQW H[SULPpV SDU OHV P7(& $LUH QH FRQWU{OH OfTHI:

YH]l D pWp GpFRXYHUW FRPPH pWDQW XQ DXWUH IDFWHXU
OYH[SUHVVLRQ HW OfDSSUrWHPHQW GIDQWLJgQHV GX VRL j O
GpILFLHQFH HQ $LUH OD SHUWH GH )H]I FKH] OD VRXULV FRQC

/IHV P7(& VRQW HVVHQWLHOOHYV j OD WROPUDQFH FHQWUDOH F
GIDXWUHV FHOOXOHYV SUpVHQWDWULFHY GIDQWLJgQHV SURIHV\
DXVVL XQ U{OH GDQV FH SURFHVVXV /D GpSOpWLRQ GHV FHOOX
DX GPpYHORSSHPHQW GH UpSRQVHV DXWR LPPXQHV FKH] OD \
GHQGULWLTXHV DX VHLQ GX WK\PXV HQWUDVQH XQH DXJPHQWD
PRQWUDQW DLQVL OfLPSOLFDWLRQ GH FHV FHOOXOHV GDQV O
GHQGULWLTXHV SHXYHQW FRQGXLUH j OD SUpVHQWDWLRQ GH 7
GH PDWpULHOV PDLV DXVVL j OD SUpVHQWDWLRQ GIDXWR DQWL
GIDXJPHQWHU OYHIILFDFLWp GH OD VpOHFWLRQ QpJDWLYH /
OYRYDOEXPLQH RX GH FHOOXOHV GHQGULWLTXHV FKDUJpHV S
QpJDWLYH GDQV GHV VRXULV H[SULPDQW OH 7&5 27,, VSpFLILTXEI
FHOOXOHV GHQGULWLTXHV HW GHV PDFURSKDJHV DX VHLQ GX W
&&/ VpFUpWpHV SDU OHV P7(& &&/ HVW OH OLJDQG GH &&5 H]
HW OHV FHOOXOHV GHQGULWLTXHV /HV P7(& SHXYHQW VpF
LQGXLWH SDU OHXUV LQWHUDFWLRQV DYHF OHV WK\PRF\WHV
FHOOXOHV GHQGULWLTXHV DX VHLQ GX WK\PXV IDYRULVH OfD
FORQDOH HW FHQWUDOH FRQGXLVDQW j OD GLPLQXWLRQ GX QR

S5SpJXODWLRQ GH OD VXUYLH FHOOXODLUH SDU OD IR

/ID UHFRQQDLVVDQFH GHV SHSWLGHV GX VRL SDU OHV WK\PRF\W
EUHIV GpFOHQFKDQW OYDSRSWRVH GHV FHOOXOHV SDU DFW|
VLIQDOLVDWLRQ LQGXLWH SDU OD UHFRQQDLVVDQFH GfXQ S&O0-
HW %LP /D VPpOHFWLRQ QpJDWLYH HVW GplHFWXHXVH HQ DEVFE
VRXULY WUDQVIJpQLTXHV SRXU OH 7&5 27,, FURLVpHY DYHF GHV
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GDQV OD PpGXOOD WK\PLTXH JHV VRXULV GpILFLHQWHV HQ
OH SHSWLGH 29%$ GDQV OD PpGXOOD WK\PLTXH HQWUDVQH OH
LPPXQ /H PrPH UpVXOWDW D pWp REWHQX GDQV XQ PRG(qC
/H IDFWHXU GH WUDQVFULSWLRQ 1&RU SURWQgJH OHV FHC
UpSULPDQW OTH[SUHVVLRQ GH %LP /Y{DFWLYDWLRQ GH OD FDV:
OHV FHOOXOHV 63 GH VRXULV GpILFLHQWHYV SRXU 1FRU HW \
QRPEUH GH WK\PRF\WHV &' 63 HW &' 63
/TLQWHQVLWpP GH OD VLIJQDOLVDWLRQ DX VHLQ GH OD PpGXOOI
&' 63 j VH GLIIpUHQFLHU/B@PBILFLHQFH HQ $LUH RX )H]I FRQGXL
GHuA;GpPRQWUDQW TXH OD SUpVHQWDWLRQ GHV 75$ HW OD VLJ¢
UHFRQQDLVVDQFH GH FHV SHSWLGHV FRQWULEXHQW j OD GLIlIp
QILQGXLVHQW SDV OfDSRSWRVH /D IRUFH GX VLJQDO ID
GHu#)R[3 &' /D PDWXUDWLRQ GH Fhi;GuPHXVUMMMUOHEY F\WRNLQF
./ H[SULPpHV SDU OHV FHOOXOHV GHQGULWLTXHV HW OHV P7
HQWUDLQHQW OYDFWLYDWLRQ GH OD YRLH -DN 67$7 IDYRULVD
DX SURFHVVXV GH VPOHFWLRQ QpJDWLYH GDQV OD PpGXOOD O
OH UpFHSWHXU j 6SKLQJRVLQH 3KRVSKDWH 6 35 OHXU SHUPH
VDQJXLQH yLJ

.., 7+(0,6 XQH SURWPLQH LPSRUWDQWH GDQV OHV PpFDQL

7+(0,6 7+\PRF\WHV ([SUHVVHG OROHFXOH ,QYROYHG LQ 6HOHFW
SURWpPLQHY FRQVWLWXp GH WURLV PHPEUHV 7+(0,6 7+(0,6 H\
FRQVWLWXpHV GIXQ GRPDLQH ULFKH HQ SUROLQH 355 GH DF
WHUPLQDOH HW GH GHX[ GRPDLQHV &$%,7 GH DFLGHV DP
F\WWWDOORJUDSKLTXH GH FHV GRPDLQHV HVW LQFRQQXH PDL\
SUPGLVHQW TXJLOV VRQW FRQVWLBIRWP BQXXRRL § W GRIWEK UHHXH
GDQV ODTXHOOH VH WURXYH OD F\WWpLQH FRQVHUYpH /HV
VPTXHQFH FRQVHQVXV FHQWUDOH GH DFLGHV DPLQpV TXH OTI
&$%,7 DX VHLQ GH QRPEUHXVHV HVSqQFHV DQLPDOHYV /IH &$9
GH ORFDOLVDWLRQ QXFOpDLUH GRQW OD IRQFWLRQ QYD SDV |
7+(0,6 HVW H[SULPpH GDQV OHV /7 HW OHV PDVWRF\WHV 7+(0,¢
HW OHV PDFURSKDJHV HW 7+(0,6 HVW H[SULPpH GDQV OHV FHO
IRQFWLRQ GH 7+(0,6 GDQV FHV FHOOXOHV HVW LQFRQQXH

no



)LIXUH5HSUpVHQWDWLRQ GH OD SURWPpPLQH 7+(0,6

/IHV SURWPLQHV 7+(0,6 VRQW DX QRPEUH GH WURLV HW SUpPVHQ
GRPDLQHV &$%,7 SUpVHQWDQW XQH VPpTXHQFH FRQVHQVXV GDOQ
FRQVHUYpH HW XQ GRPDLQH ULFKH HQ SUROLQH 355 /H &$%,
WUDQVORFDWLRQ QXFOpDLUH /H GRPDLQH 355 SHUPHW OfDVVR
*UE /HV GRPDLQHV &$%,7 HW &$%,7 LQWHUDJLVVHQW DYHF OH

HW 6+3 HW SRXUUDLHQW HQWUDLQHU RX GX PRLQV IDYRULVHL
GHV SKRVSKDWDVHV 6+3 HW 6+3

5{OHV SK\VLRORJLTXHV GH 7+(0,6 GDQV OHV O\PSKR!

7+(0,6 D pWp GpFRXYHUWH SDU GLIIpUHQWHY DSSURFKHV SDU |
/TDQDO\VH GLIIpUHQWLHOOH GH JgQHV H[SULPpV HQWUF
KpPDWRSRWPWLTXHV HW OHV WK\PRF\WHV GRXEOHV QpJDWLIV C
7 D UpYpOp XQ JgQH LQFRQQX H[SULPp IRUWHPHQW ORUV GHV p
GHV /7 &H JgQH ( 1 5LN D DXVVL pWp GpWHUPLQp SDU C
JGQHY HQWUH GHV WK\PRF\WHV GpILFLHQWY SRXU 5%$* EORTXpV
GpILFLHQWYV SRXGXOD&SERTRKVWWDGH '33DU DLOOHXUV OfDQDO\
EDQTXH GH VRXULV WUDLWpHV SDU OfDJHQW PXWDJgQH (18
PYLGHQFH XQH OLJQpH QH UpSRQGDQW SDV j GHV LPPXQLVDWL
WK\PRF\WHV HVW IRUPHQW DOWpUpH /IDQDO\VH GH JqQHV UpY
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VH FDUDFWpULVDQW SDU OD VXEVWLWXWLRQ GJXQH EDVH D]R\
W\URVLQHQ< FRGRQ VWRS /fDQDO\VH SUpGLFWLYH VXJJqUH O
WURQTXpH j OD ILQ GX GHX[LJPH GRPDLQH JOREXODLUH &$%,7

JGQH TXL MRXH XQ U{OH HVVHQWLHO GDQV OD VpPOHFWLRQ WK\P
© 7+\PRF\WHV ([SUHVVHG OROHFXOH ,QYROYHG LQ 6HOHFWLRQ 2

/H U{OH GH 7+(0,6 GDQV OH GPpYHORSSHPHQW GHV /7 D pWp H[W
GH VRXULV GpILFLHQWHY SRXU 7+(0,6 GpPRQWUH XQ U{OH LPSF
WUDQVLWLRQ '3 63 &HV VRXULV SUpVHQWHQW XQ QRPEUH GH
GLPLQXp DORUV TXH OH QRPEUH GH FHOOXOHV '1 HW '3 HVW QF
FHV VRXULV DYHF OHV PRGQOHV GH VPOHFWLRQ H[SULPDQW O
GpPRQWUH TXH 7+(0,6 HVW HVVHQWLHOOH j OD VPOHFWLRQ SRV
HQ 7+(0,6 UpGXLW DXVVL OJHIILFDFLWp GH OD VPpOHFWLRQ QpJIL
FHOOH FL (Q SPULSKpPULH 7+(0,6 HVW LPSRUWDQWH GL

%LHQ TXH OD IRQFWLRQuYXSs S/RHLW SO ®HNHFWpH SDU OD (
7+(0,6 FKH] OH UDW /HZLV HOOH HVW IRUWHPHQW LPSDFWpH FI
GX UDW /HZLV HW GX UDW %1 UpYqOH GHV SRO\PRUSKLVPHV DII
UpJLRQ GH NE VXU OH FKURPRVRPH 8Q GH FHV SRO\PRUSK
SURWpPLQH GH VLJQDOLVDWLRQ 9DY HW HQWUDVQH XQH PXWD)
$UJLQLQH SDU XQ 7U\SWRSKDQH FKH] OH UDW %1 &HWWH PXWD
OYH[SUHVVLRQ GH 9DY HW UpGXLW VD IRQFWLRQ DGDSWDWULF!
7UHJ GDQV OHV UDWV %1 GpILFLHQWV SRXU 7+(0,6 HQWUDVQH
OTLQWHVWLQ (Q UHYDQFKH OH UHPSODFHPHQW GH OD UpJLRQ
SURYHQDQW GX UDW /HZLV SUPYLHQW OH GPpYHORSSHPHQW G{XC
PRQWUHQW TXH 7+(0,6 HW 9DY FROODERUHQW GDQV ®DMUIRQFW
DLOOHXUV OD VXUH[SUHVVLRQ@BKHT 10, & REDQV PRIZGXLW j OfD
GH OHXU IRQFWLRQ VXSSUHVVLYH 7+(0,6 HVW GRQF LPSR!
GHV /7 PDLV DXVVL GDQV @8 plRIBHKBURDXGNYV /HY IRQFWLRQV PR
7+(0,6 HW 7+(0,6 VHPEOHQW UHODWLYHPHQW FRQVHUYpHV SXL'
GDQV GHV VRXULV GpILFLHQWHY SRXU 7+(0,6 UHVWDXUH OH G|
FRPPH 7+(0,6 GDQV OHV WK\PRF\WHV 7+(0,6 HVW LPSOLTXpH
GHV /% HQ GpPYHORSSHPHQW HQ PRGXODQW OD VLIJQDOLVDWLRQ
DQWLJQQHYV
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JRQFWLRQV GH 7+(0,6 GDQV OD VLJQDOLVDWLRQ GH\

7+(0,6 HVW UHFUXWpH DX VHLQ GHV FRPSOH[HV GH VLJQDOLV]
7&5 /D UpJLRQ ULFKH HQ SUROLQH 355 LQWHUDJLW FRQVWLWX\
*UE TXL HVW UHFUXWpH j OTDGDSWHXU /$7 VXLWH j VD SKR\
7+(0,6 HVW DXVVL XQ VXEVWUDW GH =$2Q YWRIRG XXWHS H XODH
SKRVSKRU\ODWLRQ GHW WHSBHM@EDOW OD IRQFWLRQ GH FHWW
QYD SDV HQFRUH pWp GpWHUPLQpH /fLQWHUDFWLRQ GH 7+(0,6
GPpYHORSSHPHQW GHV /7 (Q HIIHW OD WUDQVGXFWLRQ GH &6+
JGQH FRGDQW XQH IRUPH GH 7+(0,6 SULYpH GH VD UpJLRQ 355 C
GPpYHORSSHPHQW GHV /7 FRQWUDLUHPHQW j OD IRUPH VDXYDJH
/D IRQFWLRQ GH 7+(0,6 GDQV OD VLJQDOLVDWLRQ HVW WUQqV
SULQFLSDX[ RQW pWp SURSRVpV

7+(0,6 HVW XQ UpJXODWHXU QpJDWLI GH OD V

8QH SUHPLQUH pWXGH UpDOLVpH SDU OH JURXSH GH 1LFN *DVF
HQ 7+(0,6 SHXW FRQGXLUH j XQH DXJPHQWDWLRQ GH OD SKR)\
PDQLqQUH LQWpPUHVVDQWH FHWWH DXJPHQWDWLRQ QYfHVW PLVH
HQJDJpV SDU GHV OLJDQGY GH UHODWLYHPHQW IDLEOH DIILQ
DXJPHQWpP GDQV OHV WK\PRPFAWHRXD#HW,6DQV GHV FRQGLWLRQV
PWXGH PRQWUH TXH 7+(0,6 LQWHUDJLW DYHF 6+3 XQH SKRVS|
GpOLYUpV SDU OHV 7&5 /H FURLVHPHQW GHV VRXULV GpILFLHQ
GpILFLHQWHY SRXU OH IDFWHXU SUR DSRSWRWLTXH %LP UHVWE
HW &' 63 FRPSDUDEOH DX[ VRXULV :7 ITK\SRWKqVH IRUPXO
PWXGH HVW TXH 7+(0,6 DWWpPQXH OHV VLIQDX[ GHV 7&5 VXVFHS
GHV FHOOXOHV ORUV GH OD VpOHFWLRQ SRVLWLYH 7+(0,6 DJL
HQ UHFUXWDQW 6+3 GDQV OHV FRPSOH[HV GH VLJQDOLVDWLRC
D PRQWUp HQ XWLOLVDQW OHV PrPHV PRGQOHV PXULQV TXH Ol
OD PDWXUDWLRQ GHV WK\PRF\WHV &' 63pHWS®pPUQRREBVYH50G BV 708\
GpILFLHQWHY SRXU 7+(0,6 $QQHI[H 'H SOXV OD PXWDWLF
GH 6+3 UHQGDQW OD SKRVSKDWDVH LQDFWLYH D SOXW{W XC
7+(0,6 HQ IDYRULVDQW OD VpOHFWLRQ SRVLWLYH 8Q DXW
GDQV OH SDUDJUDSKH VXLYDQW D pWp SURSRVp SRXU H[SOLTX
GX GpPYHORSSHPHQW GHV /7

~
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7+(0,6 HVW XQ UpJXODWHXU SRVLWLI GH OD V

3OXVLHXUV UpVXOWDWYV VXJJqUHQW TXH 7+(0,6 H[HUFH DXVVL C
VLIQDOLVDWLRQ GHV 7&5 /TH[SUHVVLRQ GH 1XU XQH SUF
SURSRUWLRQQHOOH j OD VLIQDOLVDWLRQ GHV 7&5 HWBW GLPLQ
HQ FRXUV GH VPOHFWLRQ SRVLWLYH /D VXUH[SUHVVLRQ GH
OYH[SUHVVLRQ DFFUXH GH 1XU 7+(0,6 UHFUXWH OD SURWp
VLIQDOLVDWLRQ GHV /7 /D GpILFLHQFH HQ 7+(0,6 UpGXLW OD S
WK\PRF\WHV VWLPXOpV SDU GHV GRVHV YDULDEOHV GYDQWLFR!
GH 5D TXL HVW GpSHQGDQWH GH OJDFWLYLWp FDWDO\WLTXH G
*UE TXL FRQWULEXH DX UHFUXWHPHQW GH 9DY j /$7 HVW GLP]
FRPPH OH GpPRQWUH OYDXJPHQWDWLRQ GH OfXELTXLWLQDWI
WK\PRF\WHYV $QQH[H 8Q WUDYDLO UpDOLVp SDU OfpTXLSH
VXJIJqQUH TXH 7+(0,6 DJLUDLW VXU 9DY HQ EORTXDQW OfDFWL)
DQDO\W® WLWORDLGH GH SURWPLQHV UHFRPELQDQWHYV FRGDQ\
7+(0,6 RX XQH IRUPH WURQTXpH FRQWHQDQW XQLTXHPHQW OH
7+(0,6 HVW FDSDEOH GJLQKLEHU OJDFWLYLWp SKRVSKDWDVH G
VRQ VLWH FDWDO\WLTXH (Q IDYHXU GH FH PRGgqOH QRXV DYRQ

GDQV OHV VRXULV QYH[SULPDQW SDV 7+(0,6 UHVWDXUH WRY
WK\PRF\WHV 63 HW OH QRPEUH GH /7 PDWXUHV GDQV OHV RU.

$QQH[H )LJ



JLIXUH ORGgOH GH OD UpJXODWLRQ SRVLWLYH GH OD VvLJQDOLV

6+3 HVW XQ UpJXODWHXU QpJDWLI GH OD VLIJQDOLVDWLRQ TX
FRQVPpTXHQW IDYRULVH OD GLPLQXWLRQ GH OD VLIQDOLVDWLR
OfR[\GDWLRQ GH OD F\VWpLQH FDWDO\WLTXH &HWWH R[\GDW
IDYRULVH OH VRXWLHQ GH OD VLIQDOLVDWLRQ SRXU OD VpOHF\

5pJXODWLRQ GH 7+(0,6
5pJXODWLRQ GH VRQ H[SUHVVLRQ

/TDQDO\WH GH OTH[SUWMNMBERIU GX2TE&H GpPRQWUH XQH DXJPHQ
OTH[SUHVVLRQ GH 7+(0,6 ORUV GX VWDGH GRXEOH SRVLWLI SLU

7+(0,6 LQWHUDJLW DYHF OD GpXELTXLWLQH HQJ\PH 863 ; T
VHLQ GHV FRPSOH[HV GH VLJQDOLVDWLRQ VXLWH j OTHQJDJHP]
TXH OJHQJDJHPHQW GX 7&5 FRQGXLW j OD GLPLQXWLRQ GH OfXE
GLPLQXWLRQ GIXELTXLQDWLRQ GpSHQG GH OYDFWLYLWp C
VSPFLILTXHPHQW GDQV OHV /7 $D%¥' &% PWRGHO HD BBEBIPHQWD WL
OYXELTXLWLQDWLRQ GH 7+(0,6 VXLWH j OfHQJDJHPHQW GX 7&5



5pJXODWLRQ GH VRQ DFWLYLWp HW GH VD OR

'HV DQDO\VHV GH VSHFWURPpWULH GH PDVVH UpYqQOHQW TXH 7
SURWPLQHYV GRQW OHV IRQFWLRQV VXU OD VLJQDOLVDWLRQ GH
PROQOWUHQW pJDOHPHQW TXH OTXQ GHVY SDUWHQDLUHV SULQFLS
HVW XQH SURWpPLQH LPSOLTXpH GDQV UpJXODWLRQ GH OD G\Qp
WUDQVSRUW GH PROpFXOHV HW GH VWUXFWXUHY FHOOXODLUHYV
/LY TXL HVW OfREMHW FHQWUDO GH PRQ WUDYDLO GH WKqgVH
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&+$3,75( ,,, /1,6 81( 02/(&8/( ,1',63(16%$%/( '$16 /$ 9,
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/HV WUDYDX[ GJ2UO\ 5HLQHU VXU XQH PDODGLH QHXUDOH VpYql
PYLGHQFH OD SHUWH GX ORFXV RX GTXQH SDUWLH GX ORFXV ¢
&HWWH SHUWH GH ORFXV HQWUDVQH GHV GpOpWISOQDKGEXQH ST
/D SURWPLQH LVVXH GH FH JqQH IXW DLQVL DSSHOpH /LV SRXU
FH ORFXV FRQWLHQW GIDXWUHV JgQHV LO D IDOOX DWWHQGUH
FKH] OD VRXULV SRXU pWDEOLU XQH UHODWLRQ IRQFWLRQQHOC
ILV

/IHV IRQFWLRQV FHOOXODLUHYV HW PROpPFXODLUH$\GHHALI CRIW p
QLGXOHBHQWXWDQWYV SUPVHQWDLHQW XQ GpIDXW GH GLYLVLRQ
WHPSpUDWXUH &HV pWXGHV RQW SHUPLV GH GpWHQXIEQHU XQ
QXFOHDU GLVWULEXWLRQ GRQW OD PXWDWLRQ DIIHFWH OD U}t
'HV DQDO\VHV DSSURIRQGLHV GH FH JURXSH GH JgQHV pWDLHQ\
ODTXHOOHQXIG FR@MUDLW XQH SURWPLQH GH VLIQDOLVDWLRQ [
QXFOpDLUH PpGLpH SDU OD G\QpQRE $HR/GP B DHQ VDU B/ HOSDQHP |
VPTXHQFHV RQW PRQWUp XQH LGHQWLWp GH HW XQH VLPLO
VXJIJpUDQW TXYLO VIDJLVVDLW GHV PrPHV SURWPpPLQHYV /D
pPWp SDUWLHOOHPHQW pWDEOLH Q/XG\UB$N SHILPM B G X VEE V G XK@Y
PLJUDWLRQ FHOOXODLUH HVW UpWDEOLH GDQV OHWREWDQWYV
ORUVTXH QN GBHQW VXUH[SULPp GDQV OH PRGQOH VXIAEBYDQW T
DIl HRYXHG $

1RXV YHUURQV GDQV FHWWH SDUWLH TXH /LV HVW pWURLWHPI
DXWUH FRPSOH[H DSSHOp 3$%$)$+ % HW SDU FRQVpTXHQW DX]

FHOOXODLUHV DVVRFLpPV j FHV FRPSOH[HV

, (l1THWV SK\VLRORJLTXHV DVVRFLpV j OD SHUWH RX DX JD

/ID YDULDWLRQ GTH[SUHVVLRQ GH /LV TXYLO VIDJLVVH GYXQH S
j GHV HIITHWV QHXURORJLTXHYVY JUDYHV ,0 VIDJLW j FH MRXU G
SOXV GpFULWHV VXLWH j XQ GpIDXW GYfH[SUHVVLRQ GH /LV
VSRQWDQpH GH /LV RX OD SUpVHQFH GH 613 DX VHLQ GX JgQH
GH GpYHORSSHPHQW WXPRUDO

00



&RQVPTXHQFHYV QHXURORJLTXHV

/IHV FRQVpPpTXHQFHYVY QHXURORJLTXHV DVVRFLpHV j GHV GpIDXWV

GXHV j GLIIpUHQWYV W\SHV GH PXWDWLRQ (Q HIIHW LO SHXW V1
SDUFH TXH OH JgQH HVW WURQTXp RX H[FLVp GYfXQ JDLQ GH
H[SUHVVLRQ HW HQILQ GH PXWDWLRQV SRQFWXHOOHV VXU OH

IRQFWLRQ GH OD SURWPpPLQH UpVXOWDQWH

/HV OLVVHQFpSKDOLHV HW PLFURFpSKDOLHV VRQW GHV PDO
FDUDFWpULVDQW SDU OD PDXYDLVH RUJDQLVDWLRQ GX FRUWH
QHXUDO (OOH WRXFKH QRXYHDX Qp VXU HW LO QYH[LVW
HQIDQWY QDLVVDQW DYHF FHVY PDODGLHV RQW XQH HVSpUDQFH
OHV SOXV JUDYHV /HV SDWLHQWYV DWWHLQWY GH OLVVHQFpSH
FHUYHDX VDQV VLOORQV FpUpEUDX[ DJ\ULH 'DQV OH FDV GF
SUpVHQWYV PDLV UpGXLWV SDFK\JLULH )LJ $ /H VI\QGURP
OTH[FLVLRQ DX QLYHDX GX ORFXVSDIMDK ERQWHQD QW OfHD ¥ YMUHH V
IRUPHVY GH OLVVHQFpPSKDOLHV RX PLFURFpPSKDOLHV SHXYHC
SRQFWXHOOHV FRQGXLVDQW VRLWDIDB BHWWRHWG || [ BH[KBWWHMR/Q |
SURWpPLQH WURQTXpH RX LQDFWLYH yLJ & 'YDXWUHV I
UDUHVY VRQW GXHV j OfH[SOPBVIVYKRE® M DEBOHBpPEXGHHUYHDX GH F
HVW FRQVLGpPUDEOHPHQW GLPLQXpH VXJJpUDQW TXH OfH[SUHV\
UpJXOpH

&HSHQGDQW SOHDBEqEDMFHVW SDV VHXO UHVSRQVDEOH GHV FDV (
PLFURFpSKDOLHV (Q HIIHW FHV PDODGLHV SHXYHQW VXUYHQL
JQQHV VSpFLILTXMXEBRGPHNLI HWLI D

o
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)LIXUH /LV GDQV OD OLVVHQFpSKDOLH

$ ,50 GH SDWLHQWY VDLQV DWWHLQWY GH PLFURFpPSKDOLH HW
LQVLIJKWY LQWR JHQRW\SH+SKHQRW\SH FRUUHODWLRQV IRU W
VSHFWUXP 2 SDU %DKL %XLWWERXpPWWLO/DWLRQ QRQ j OfpFKHC
S /HV JgQHV SUPpVHQWpPV QH UHSUPVHQWHQW TXJTXQH OLVW
JHQRPH EURZVHU KWWSV ZRZ6F KQPVDW EVDRMULR Q QRQ j OfpFKH
SDIDK BUPpVHQWDQW TXHOTXHV PXWDWLRQV UHWURXYpHV FK
OLVVHQFpPSKDOLH RX PLFURF,5S KDH®IHN $G LYW P BWHEG OLVVHQFH
RI PXWDWLRQV DQG UHODWLRQVKLS\5ZUVSK LPADMR R U PHOW DROQ VHY

'PYHORSSHPHQW WXPRUDO

/D SHUWH GTKpWpURJ\JRWLH HVW XQH SHUWH GTXQ ORFXV RX C
SHUWH GTH[SUHVVLRQ GHV JqQHV SUpVHQWYV GDQV FH ORFXV &
QRPEUHXVHV IRUPHVY GH FDQFHU /D SHUWH GIKpWpUR]J\VJRWLH
UpFXUUHQWH HW D pWp GpWHFWpH GDQV GHV FDV GH OHXF
RYDLUHV WXPHXUV DVWURF\WDLUHYV /H U{OH H[DFW

GpYHORSSHPHQW GHV FDQFHUV QYD SDV pWp pWXGLp HQ GpWEL
UpVXOWDQWY GH FHWWH SHUWH GTKpWpURJ\JRWLH QH FRQGXLW
&HSHQGDQW GDQV OH FDV GX FDUFLQRPH KpSDWLTXH HOOH
GIH[SUHVVLRQ GH /LV /D WUDQVIHFWLRQ GH VK $51P GLULJp ¥
OLJQpH GH FHOOXOHV KpSDWLTXHV FRQGXLW | GHW @ pYLAORS SH

00



JITLOQOMHFWLRQ j GHV VRXULV GH FHOOXOHYV WUDLWpPHV SDU FH \
WXPHXU KpSDWLTXH VXJJpUDQW TXH OD SHUWH KpWpUR]J\JR
GpYHORSSHPHQW WXPRUDO (Q UHYDQFKH OD VXUH[SUHYV
WXPRUDOHV QH FRQGXLW SDV DX GPYHORSSHPHQW GH WXPHXU\
8QH PWXGH D DXVVL UpYpOp OD SUpVERAHK @H \BUR XDV FBH ]JG
QRPEUHX[ SDWLHQWY SUpPpVHQWDQW GHV OHXFpPLHV P\pORWGHV
OH GpPYHORSSHPHQW WXPRUDO FKH] FHV SDWLHQWY UpVXOWH G
GIXQ SUREOQPH IRQFWLRQQHO OLp j FHWWH SURWpPLQH

&RQVPpTXHQFHYV LPPXQLWDLUHY GH OD SHUWH GTH[S

/IHV FRQVPTXHQFHV LPPXQLWDLUHYV GH OD GpILFLHQFH HQ /LV
MRXU &HSHQGDQW LO H[LVWH XQ FDV GH SDWLHQW SRXU OHTX
GLPLQXWLRQ GHW /& BfDQDO\VH pWDQW IDLWH HQ LO VIDJLV
OD OLVVHQFpPSKDOLH VDQV FHUWLWXGH TXH /LV VRLW DIIHFW
GpIDXW QH VRLW G€ TXfj XQ VHXO JqQH

,»w JRQFWLRQV PROpFXODLUHV

/ILV HVW H[SULPpHSSDDK@RBEOQHVp VXU OH FKURPRVRPH  FKH]
OH FKURPRVRPH FKH] OD VRXULV /D SURWPLQH /LV GIXQH W
GRPDLQH GH GLPpULVDWLRQ 1 WHUPLQDO /LV+ HW GTXQH UpJLR
VWUXFWXUH WULGLPHQWLRQYH®»IHWHYRKXVOLRHUPH KRPRGLPQqU
OYLPSRUWDQFH GX GRPDLQH /LV+ SRXU VHV IRQFWLRQV )LJ
GpPRQWUHQW TXH OD VXUH[SUHVVLRQ GH OD UpJLRQ 1 WHUPLQLE
GHV FRORBYSHWIAPOXV QLGBPOUDMMOOHXUV OD GpOpWLRQ GX GR
VRXULV DIIHEFWH OH GpYHORSSHPHQW QHXUDO /YDEVHQFH C
OfLQWHUDFWLRQ GH /LV DYHF OD G\QpLQH RX OH FRPSOH[H 3
GLPqUH DUWLILFLHO GH /LV GpSRXUMX G HYRPIDXDH QDVFED S®F LV
j UpJXOHU OD G\QpLQH IRUPPHKPDWFHY GRPDLQHV :' SHUPHW
GH /LV DYHF VHV SDUWHQDLUHV )LJ & /YDQDO\VH VWUXF
FRPSOH[H 3%$)$+ % GpPRQWUH TXH GHV LQWHUDFWLRQV LRQLT
UpJLRQ HW OHV DXWUHV VRXV XQLWpV GH FH FRPSOH[H
OLVVHQFpPSKDOLHV SUpVHQWHQW GHV PXWDWLRQV SRQFWXHO
VXEVWLWXWLRQ GTXQ UpVLGX FKDUJp SDU XQ UpVLGX QHXWUH

Ol



OLJQpHVY FHOOXODLUHV GpPRQWUH TXH VXLWH j FHV VXEVWLYV
SDUWHQDLUHV HVW IRUWHPHQW FRPSURPLVH /D SURWPLQH
OfpYROXWLRQ /D VRXULV HW OJKRPPH SDUWDJHQW XQH LGHQ\
SURWPLTXH /LV HW VRQ KRPRORJXH 3DF FKH] OD OHYXUH R
VLPLODULWp GH &KH] OHV YpJpWDX[ 2V/,6 / HVW XQt
GRPDLQH GH GLPpPpULVDWLRQ /LV+ HW VHSW GRPDLQHV :' VL
LQWpPUHVVDQWH GHV PXWDQWV SRXU 2V/,6 / SUpPVHQWHQW X
FURLVVDQFH SDU GpIDXW GH OD SUROLIpUDWLRQ GHV FHOOXOH
VXLWH GH FH FKDSLWUH TXH /LV MRXH XQ U{OH HVVHQWLHO GD

)LIXUH 6WUXFWXUH GH /LV

$ 6FKpPDWLVDWLRQ GH OD SURWPLQH /LV DYHF XQ GRPDLQH C
EFRQVWLWXpH GH VHSW GRPDLQHV ' SRXU OfLQWHUDFWLRQ C
EVRQW UHOLpHV SDU XQH%b6M URWERELKPHE HESIHO/LV+ REWHQXH
GLII/UDFWLRQ GHV UD\RQV ; SRWBLWILRLXHWXDKW GH G6H5>H KPOLFHYV
FRPSOH[pHV j XQ GLPgqgUH REWHQX DSUQV GLIITUDFWLRQ¥%GHV UD\F
HW& OHV LPDJHV RQW pWp REWHQXHYVY DSUqV VpOHFWLRQ GH
YLHZHU 2 SDU 5RVH HW DO HW S5SRVH HW DO

5pJXODWLRQ GX FRPSOH[H 3%$)$+ %
/H FRPSOH[H 3%$)$+ %

/H FRPSOH[H 30DWHOHW DFWLYDWLQJ IDFWRU DFHW\OK\GUROD
IDPLOOH HQJ\PDWLTXH 3%$)$+ FRPSUHQDQW OD /\WRSURWHLQ L
3$)$+ % HW 3$)$+ &HV HQJ\PHV FDWDO\VHQW OD GpDFpW\OD
OLSLGLTXH233®PN\O DFHW\O VQ JO\FHUR SKRVSKRSKDWLG\OF}I
IRUPDWLRQ GH O\WVR 3$) OJLQWHUPpPGLDLUH LQDEWLI GH 3$) &t
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VPFUpWp SDU OHV FHOOXOHV VXLWH j GLYHUV VWLPXOL /D VWLI
3$) HQWUDVQH OYDFWLYDWLRQ GH YRLHV GH VLJQDOLVDWLRQ
K\GURO\VHQW OH 3,3 HQ '$* HW HQ 3,3 &HWWH VLIQDOLVDWLR
GH IDFWHXUV LQIODPPDWRLUHV SDU OHV FHOOXOHV LPPXQL
QHXURWUDQVPHWWHXUV GDQV OH V\VWgPH QHUYHX[ /D GpUpJX
LQIODPPDWLRQV H[DFHUEpPHV HW j GHV HIITHWV WR[LTXHV VXU O

5{OH GH /LV GDQV OD IRQFWLRQ HQJ\PDWLTX

/H FRPSOH[H 3%$)$+ % HVW XQ WpWUDPqUH FRQVWLWXp GH GH
3$)$+ % HW RX 3$)$+ % /H GLPqUH GH 3$)$+ % FRUUHVSRQ
OfLQWHUDFWLRQ GX FRPSOH[H HQJ\PDWLTXH /D IRQFWLR
3$)$+ % HVW FRPSOH[H (Q HIIHW VRQ DFWLRQ GpSHQG GH OD
HQJ\PDWLTXHV GH 3$)$+ % 'HMQ HYSPWMHQRBW TXH /LV DXJP
FRQVLGPUDEOHPHQW OYDFWLYLWp HQJ\PDWLTXH GX GLPqUH 3%)
SDV GYHIIHW VXU OH GLPQgUH 33%$)$+ % 3%$)$+ % $X FRQWUDLL
UpSUHVVLYH VXU OJDFWLYLWp GX GLPqUH 3$)$+ % 3$)$+ %
VRLW FDSDEOH GH FDWDO\VHU OD GpDFpW\ODWLRQ GH 3$) LOV
VXEVWUDWY HW j GLIIpUHQWY WLVVXV )LJ

-_—
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J)LIXUH 5SHSUpVHQWDWLRQ GH /LV DX VHLQ GX FRPSOH[H 3%$)$+

$ 5SHSUPpVHQWDWLRQ VFKpPDWLTXH GH /LV FRPSOH[pH DX[ GLP
3$)$+ % 3$)$+ % HW 3$)$+ % 3$)$+ % /LV IDYRULVH OTJDFW
3$)$+ % 3$)$+ % FH TXL FRQGXLW j OD GpDFpW\ODWLRQ G
VLIQDOLVDWLRQ HW OTLQIOD P® DRI R DY WRRLIPRIY Y BE)XFW XUDC
3$)$+ % REWHQXH SDU GLIIUDFWLRQ GHV UD\RQV ; EDGHpVROX\
/LV FRPSOH[pHV DX GLPqUH GH 3%$)$+ D pWp REWHQXH SDU 7DUL
/LV+ SDU .LP HW/DQJRWDWLRQ D pWp UpDOLVpH j OfDLGH GH © 1
DO HW 5RVH HW DO

5pJXODWLRQ GH OD '\QpLQH

*PQpUDOLWPYV VXU G\QpLQH

/D G\QpLQH HVW XQ FRPSOH[H GH KDXW SRLGV PROpPFXODLL
QRPEUHXVHV VRXV XQLWpV J/HV GHX[ FKDLQHV ORXUGHV FRQ
GILQWHUDFWLRQ DYHF OHV PLFURWXEXOHV 07%' XQ GRPDLQF
WHUPLQDOH GH GLPpULVDWLRQ HW GILQWHUDFWLRQ DYHF GHV

GRPDLQHV $73DVH $$$ /HV GRPDLQHV $$$ | $$$ VRQW FEDSDE
IRQFWLRQV SUpFLVHY GHVY GRPDLQHV $$$ HW $$$ QH VRQW SDV
$$$ HW $$$ K\GURO\WHQW Of$73 HW SDUWLFLSHQW j OTDFWLR(
$$$ HVW OH GRPDLQH HVVHQWLHO DX GpSODFHPHQW GH OD G\
HVW LPSRUWDQW SRXU UpJXOHU OH GpSODFHPHQW /D UpJ
ELDLVY GH VHV GRPDLQHV PRWHXUV HW GHV GRPDLQHV GJLQWH !



FKDLQHVY LQWHUPpGLDLUHY GHX[ SHWLWHYV FKDLQHV LQWHUPPC
PLVHV | FRQWULEXWLRQ GDQV OD UpJXODWLRQ GX FRPSOH[H HYV

J)LIXUH 5SHSUpVHQWDWLRQ GH OD G\QpLQH

$ SGHSUpVHQWDWLRQ GTXQ GLPqUH GH G\QpLQH VXU XQ SODQ [
GHX[ FKDLQHV ORXUGHV FRQVWLWXpHV GTXQH UpJLRQ PRWULFH
OHXU H[WUpPLWp 1 WHUPLQDOH GHX[ SHWLWHV FKDLQHV LQWHL
HW VL[ SHWLWHV FKDLQHV TXL SDUWLFLSHQW j OD GL®PpPULVDW
5HSUpVHQWDWLRQ GH OD G\QpLQH YXH GH F{Wp DYHF OD GHXJLc
HOOH VHUD UHSUpVHQWpH GDQV OD VXLWH GH FHWWH WKqVH
G\QpLQH REVHUYpH HQ PLFURVFRSLH pOHFWURQLTXH SDU %XUJ]I
©\QHLQ VWUXFWXUH DQG &SRRXYHRFNMWQWNGH OD G\QpLQH YHUV
QpJDWLYH GHV PLFURWXEXOHV /9$73 VH IL[DQW VXU $$$ FRC
G\QpLQH GHV PLFURWXEXOHV /fK\GURO\VH GH 07$73 HQWUDLC
SURSXOVDQW OD G\QpLQH &H FKDQJHPHQW FRQIRUPDWLRQQHO
PLFURWXEXOHV /D OLEpUDWLRQ GX 3L HQWUDLQH OD FRQIRUP
QRXYHDX IL[HU XQH PROpPFXOH G1$73



/D G\QpLQH UpDOLVH XQ GpSODFHPHQW UpWURJUDGH VXU OHV
VLWXpH DX FRUWH[ FHOOXODLUH YHUV OYH[WUpPPLWp QpJDWI
OfH[FHSWLRQ GHV QHXURQHV /D G\QpLQH WUDQVSRUWH GH
PROpFXOH FRPPH Of7$51P j OfRUJDQLWH FRPPH OHV PLWRFK
GpSODFHPHQW HVW GpSHQGDQW GH O07$73 VIK\GURO\VDQW GDC
FRQGXLVDQW j GHV FKDQJHPHQWY FRQIRUPDWLRQQHOV PRGLILI
OHV PLFURWXEXOHV 'H SOXV FHV FKDQJHPHQWY VWUXFWXUD}
G\QpLQH SRXU VRQ GpSODFHPHQW yLJ

/D IRQFWLRQ GH OD G\QpLQH GDQV OH WUDQVSRUW RX GDQV OD
GpSHQGDQWH GX FRPSOH[H G\QDFWLQH HW GHV UpJXODWHXUYV /
j OD G\QpLQH HW DJLW FRPPH XQ LQWHUPpPpGLDLUH HQWUH OD G\
TXL VH IL[HQW DX[ FDUJRV (OOH GpFOHQFKH OD PRELOLWp GH
VWDELOLVDWLRQ VXU OHV PLFURWXEXOHV VHORQ OHV DGDS
DGDSWDWHXUV VRQW GHV SURWpPLQHYV D\DQW XQH VSpFLILFLWp
FHOOXODLUHV j WUDQVSRUWHU $ORUV TXH 6SLQGO\ HVW
G\QHLQH DX[ NLQpWRFKRUHV ORUV GH OD PLWRVH +RRN HW
GIHQGRVRPHV HW GJRUJDQLWHYV +N53 FRQGXLW DX W
GDQV OHV FHOOXOHV 1. YHUV OD WV\QDN HYV W PP QAR ORI A XGIX HW
PLWRFKRQGULDO %LF' HW (JO VRQW DVVRFLpHV DX WUL
P513 ,O D pWp UpFHPPHQW GpFRXYHUW TXH OD QLQpPLQH Ut
GH OD G\QpLQH /D QLQPLQH HVW XQH SURWPLQH GX FHQWURVI
LPSRUWDQWH GDQV OH GpSODFHPHQW GX FHQWURVRPH yLJ

(@}
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)LIXUH /D G\QpLQH LQWHUDJLW DYHF OD G\QDFWLQH TXL UHFUX

$ 5SHSUpVHQWDWLRQ GH OfLQWHUDFWLRQ HQWUH OD G\QpLQH
DYHF OHV FKDLQHV LQWHUPpG®%DDUBVQBHWQQHGUMHFAWDHNH GH C
DGDSWHXUV VSpFLILTXHV DX[ VWUXFWXUHV j YpPKLFXOHU +RRN
GHV RUJDQLWHY HW GHV HQGRVRPHV 7UDN HW OLOWRQ VRQW
PLWRFKRQGULHV 6SLQGO\ HQWUH HQ MHX ORUV GH OD PLWR
PLFURWXEXOHV DX[ NLQpWRFKRUHV %LF' HW (JO LQWHUYLHQQH
HVW PLV HQ SODFH SRXU OD SRODULVDWLRQ GHV JUDQXOHV O\
GHV FHOOXOHV 1. (QILQ OD QLQpPLQH HVW XQ SRWHQWLHO DGD
HVW VSpFLILTXH GHVY FHQWURVRPHY PDLV LO UHVWH j GpWHUPL
j OD G\QpLQH

5pJXODWLRQ GH OYDFWLYLWp PRWULFH

,O0 HYW VROLGHPHQW pWDEOL GHSXLV GH QRPEUHXVHV DQQpHV
OD UpJXODWLRQ VSDWLDOH GH QRPEUHXVHV VWUXFWXUHV FF
OYDFWLYLWp GH OD G\QpLQH TXL HVW ILQHPHQW PRGXOpH SDU

QpFHVVLWH OHV SURWPpPLQHV LI@G MLRKDECHQRKD EHHWY SURWpPLQH
SDV OJLQWHUDFWLRQ GH /LV DYHF OD FKDLQH ORXUGH GH OD
UpJLRQ GH VHSW GRPDLQHV :' GH /LV HW DYHF OHV FKDLQHV 1
FRPSOH[H /LV 1GH 1XGH/ LQWHUDJLW DYHF OD G\QpLQH HW
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G\QDFWLQH /H FRPSOH[H G\QDFWLQH LQWHUDJLUD HQVX
VWUXFWXUHV GILQWpPUrW 'H QRPEUHX[ PRGQOHV H[LVWHQW
UpJXODWLRQ GH OD G\QpLQH SDU /LV

/LV LQLWLH OH GpSODFHPHQW GH OD G\QpLQH j SDUWLU GHV H]|
'"HV H[SpULHQFH®PPRQWUHQW TXH OD YLWHVVH GH GpSODFHPH
PLFURWXEXOHV HVW FRQVLGPUDEOHPHQW DXJPHQWpPH HQ SUpV
H[SpULHQF HMEKREVSHUJLOXV QrBROQWQMQW OH FRQWUDLUH
LQWpPUHVVDQWH 1XG( HW OD G\QDFWLQH LQWHUDJLVVHQW DYHF
LQWHUPpPGLDLUH GH OD G\QpLQH 'HV DQDO\WHV ELRFKLPLTXHV
HQWUHQW HQ FRPSPpWLWLRQ SRXU LQWHUDJLU DYHF FH GRPDL
TXH OD G\QDFWLQH GLVVRFLH OH FRPSOH[H 1XG(/LV GH OD G

6XSSRUWDQW FHWWH LGpH OH VXLYL GH OD PLJUDWLR
GpPRQWUH TXH /LV QH FRORFDOLVH SDV DYHF OHV HQGRVRF
FRQWUDLUH GH OD VRXV XQLWp S GH OD G\QDFWLQH
PRXYHPHQW GH OD G\QpLQH VXU OHV PLFURWXEXOHV PDLV QH U
ORUV GX WUDQVSRUW GYRUJDQHOOHV )LJ

J)LIXUH /LV LQLWLH OH
GpSODFHPHQW GH OD

G\QpLQH

JLV HVW UHFUXWpH |
G\QpLQH SDU OHV PROpF
1XG( 1XG(/ HW VWDELOL\
G\QpLQH VXU OHV
PLFURWXEXOHV /TLQWH
GH OD G\QDFWLQH DYH
G\QPLQH FRQGXLW |j
OLEpUDWLRQ GH OD G\Qj
/JLV HW GRQF | VRO
GpSODFHPHQW

(@}
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/LV UHFUXWH HW VWDELOLVH OD G\QpLQH DX[ H{WUpPLWpV SRV
/LV HVW IRUWHPHQW FRQFHQWUpH DX[ H[WUpPPLWpPV SRVLWLY
GpWHFWpH DX FRXUV GX GpSODFHPHQW GHV REMHWY FHOOXODI
DX UHFUXWHPHQW GH OD G\QpLQH j OJH[WUpPLWp SRVLWLYH
OfLQWHUDFWLRQ GH OD G\QDFWLQH DYHF (% HW &/,3

,4*$3 DX QLYHDX GX FRUWH[ FHOOXODLUH FH TXH QRXV GLVFX

FHOOXODLUHYV @ 3DU DLOOHXUV HQ IDYRULVDQW OfLQWH
&/,3 /ILV IDYRULVH OH UHFUXWHPHQW GH OD G\QpLQH DX QL
PLWRVH )LJ

J)LIXUH /LV VWDELOLVH C
G\QpLQH DX[ H[WUpPLV
SRVLWLYHV GHV PLFURW X

JLV  HVW UHFUXWpH |j
G\QpLQH SDU OHV PRODpF
1XG( 1XG(/ HW VWDELOLV
G\QpLQH VXU OHV
PLFURWXEXOHV/H
UHFUXWHPHQW GH OD G\C(
FRQGXLW j OfDVVRFLDWL
G\QpLQH DYHF &/,3 FH
TXL OH VWDELOLVH DX QL
NLQPWRFKRUHV HW GX |
FHOOXODLUH

/ILV IDFLOLWH OH WUDQVSRUW GHV JURV FKDUJHPHQWY SDU OD
/ILV HVW LPSRUWDQWH SRXU OH GpSODFHPHQW GHV VWUXFWXU
YpVLFXOHV HW GIDXWUHV VWUXFWXUHY FHOOXODLUHYV

REVHUYp TXH OfH[WLSOAWKRER GEXLHyWQH XQ GpIDXW GH PLJUDWL
O\WWRVRPHV GH WDLOOH LPSRUWDQWH DORUV TXH OHV SHWLWYV (
GRQQpHV VXJIJqgQUHQW TXH OD IRQFWLRQ GH /LV VXU OD G\Q]
WUDQVSRUWHU 8QH SXEOLFDWLRQ UpFHQWH GpPRQWUH GDQV
FRPSOH[H /LV G\QpLQH 1GH SHUPHW GH PDLQWHQLU OfLQWH
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PLFURWXEXOHYV /LV VHUDLW VHXOHPHQW LPSRUWDQWH SRXU
OpJgqUHV PDLVY FRQWULEXHUDLW DX WUDQVSRUW GHV FKDUJHV O
VXU OHV PLFURWXEXOHV 'DQV FH FDV SUpFLV /LV SHUPHWWL
G\QpLQH DYHF OHV PLFURWXEXOHY HW VRQ FDUJR )LJ

)LIXUH /LV IDFLOLWH Ol
WUDQVSRUW GH FKDUJHPF
WDLOOH LPSRUWDQWH

/ILV HVW UHFUXWpH j OD G
SDuU OHV PROpPFXOH
1XG( 1XG(/ HW VWDELOLV
G\QpLQH FKDUJpH GH JUL
FDUJRV VXU OHV PLFURW
SRXU PDLQWHQLU XQH W
VXIILVDQWH HQWUH OD G\
OHV PLFURWXEXOHV 3RX
SHWLWYV FKDUJHPHQWYV

QYHVW SDV LQGLVSHQVDE

6XU OH SODQ PROpPFXODLUH GHV pWXGHV GH GLIIUDFWLRQ
POHFWURQLTXH UpYqOHQW TXH /LV LQWHUDJLW DYHF OD Up
/ITLQWHUDFWLRQ GH OD G\QpLQH DYHF OHV PLFURWXEXOHV QLI
GRPDLQH $$$ /LV H[HUFH GHV PRGLILFDWLRQV VWUXFWXUDOI
OfDIILQLWp GX GRPDLQH 07%' SRXU OHV PLFURWXEXOHV &HW
GX GRPDLQH $$$ (Q DEVHQFH GH QXFOpRWLGH RX HQ SUpVHQF
DXJPHQWH OfDIILQLWp GH OD G\QpLQH SRXU OHV PLFURWXEX
LQWHUDFWLRQ ORUVTXH OH GRPDLQH $$$ IL[H XQH PROpPFXO|
GRPDLQH $$$ UpJXOH OHV PRGHV GILQWHUDFWLRQ GH /LV D°
POHFWURQLTXH HW UHFRQVWUXFWLRQ DWRPLTXH GX FRPSOH[H
TXH GHX[ GRPDLQEG HQK@ORFHH GH /LV VH IL[H VXU OD G\QpLQF
/1XQ LQWHUDJLW DYHF OH GRPDLQH $$$ DO RFRV OTHG FHRIDIDX W U H
FKDLQH ORXUGH IDLVDQW OYJLQWHUPpPGLDLUH HQWUH OH PRWH.

DEVHQFH GH QXFOpPRWLGH RX HQ SUpVHQFH IGIW'B U NHXD HDPYHHE\
600



G\QpLQH DX QLYHDX GH $$$ (Q SUpPVHQFH G1$73 OFEL@MWHUDFW
/LV 1UDJLOLVH U DAR\. HGIGRRREMYGDELOLVHUDLW OJLQWHUDFWLR
PLFURWXEXOHV HQWUDLQDQW VRQ GpFURFKHPHQW yLJ

)LIXUH /TpWDW QXFOpPRWLG
GH $$%$ UpJXOH OYDFWLYLW
YLV j YLV GH OD G\QpLQH

/D SUpPVHQFH GY$73 VXU
GRPDLQH $$% FRQGXLW

OJLQWHUDFWLR@ GIKQH Kg
/LV DYHF OH FBRRROH® R RLO

GH $$% HQWUDLQDQW

GpVWDELOLVDWLRQ (Q SI
GT$'3 RX VDQV QXFOpRW
OTKpOLOWHUDJLW VHXOHPH
$$$ HW VWDELOLVH OD G\Q
OHV PLFURWXEXOHYV

v, JRQFWLRQV FHOOXODLUHYV

&RPPH PHQWLRQQp GDQV OHV SDUDJUDSKHV SUpFpGHQWV /LV
HW GH 3$)$+ % /LV HVW GRQF LPSOLTXpH GDQV GH QRPEU
GpSHQGDQWY GH FHV FRPSOH[HV PROpPFXODLUHYV

/ILV GDQV OD PLJUDWLRQ FHOOXODLUH

/D IRQFWLRQ GH /LV GDQV OD PLJUDWLRQ FHOOXODLUH D pWp
SRUWDQW VXU OD OLVVHQFpPSKDOLH (Q HIIHW FKH] GHV VRXUL
GX FRUWH[ FpPUPEUDO HVW IRUWHPHQW DOWpUpH HW OH VXLYL
UHWDUG GH PLJUDWLRQ GHV FHOOXOHV 'H SOXV Of
LQWHUIpUHQWY GDQV GHV QHXURQHV FRQGXLW DX GpIDXW PDM}I
/D VXUH[SUHVVLRQ GH /LV DIIHFWH pJDOHPHQW OJRUJDQLVDWL
GRQQpPHV GpPRQWUHQW OJLPSRUWDQFH GX GRVDJH GH /LV GI
IRQFWLRQ GH /LV GDQV OD UpJXODWLRQ GH OD PLJUDWLRQ
QHXURQHV HW SHXW rWUH PLVH HQ MHX GDQV GIDXWUHV W\

(@}



ILEUREODVWHYV 1,+ 7 OfH[WLQFWLRQ GH /LV FRQGXLW j OD G|

/ILV SHXW DIIHFWHU OD PLJUDWLRQ GHV FHOOXOHV SDU GLIIpUF
GpSHQG GH OD SRODULVDWLRQ GH PROpFXOHV HIIHFWULFHV SFH
OfDJULSSHPHQW GHV FHOOXOHV j XQ VXEVWUDW SDU OH ELDLYV
GpSHQG DXVVL GX UHF\FODJH GH FHV PROpFXOHV GYDGKpVLRQ H
DX VHLQ GHV FHOOXOHYV

5HFUXWHPHQW HW SRO\PpULVDWLRQ GTDFWLC

/YDFWLQH FRUWLFDOH UHSUpVHQWH OHV ILODPHQWV GIDFWL
FHOOXODLUH 6XLWH DX FKLPLRWDFWLVPH GHV ILEUHV GYDFV
UpFHSWHXUV DX[ FKLPLRNLQHVY SHUPHWWDQW DORUV OD IRUPD
SRO\PpULVDWLRQ SRODULVpH GIDFWLQH HVW GXH j OD UpJXODMW
HW 5KR$ /fDFWLYDWLRQ GH FHV PROpPFXOHV VH IDLW SDU pFKI
&'& VRQW DFWLYpHV DX QLYHDX GX ODPHOOLSRGH j OfDYDQW
5KR$ HVW DFWLYpH j OfXURSRGH GH FHOOH FL ,O D pWp G
GH /LV GDQV OHV QHXURQHV GH VRXULV FRQGXLW j OD GLPLQ
FHOOXOHV VRQW PLVHV HQ FXOWXUH VDQV VWLPXODWLRQ /YDQ
* GpPPRQWUH XQH IRUWH GLPLQXWLRQ GH OJDFWLYDWLRQ GH 5I
5KR$ &HOD VIDFFRPSDJQH GYXQH UpGXFWLRQ GH OD SRO\PpU|
'DQV XQ FRQWH[WH GJDFWLYDWLRQ QHXURQDOH SDU HQ.
OYDFWLYDWLRQ GH 5DF &'& HW PrPH 5KR$ HVW GLPLQXpH G
GpILFLHQWHYV SRXU /LV /YDFWLYDWLRQ GH FH UpFHSWHXU FRQ
TXL QYHVW SDV DIIHFWp SDU OfDEVHQFH GH /LV &HSHQGDQW
SURWpPLQH ,4*$3 DX QLYHDX GX FRUWH[ FHOOXODLUH D pWp FR
FDOFLXP HW SHUPHW GH VWDEL®IMW RUZOHM*SRBUARVPIDFDLW XQ
FRPSOH[H DYHF /LV HW &/,3 VXLWH j XQ IOX[°ADWRLFXH SRXU
DX QLYHDX GX FRUWH[ FHOOXODLUH HW IDYRULVHU OD SRO\PpU

$GKpUHQFH GHV FHOOXOHV HW DGKpUHQFH IF

/I NTDGKpUHQFH GHVY FHOOXOHYV DX VXEVWUDW SRXU OD PLJUDWLF
IDPLOOH GHV LQWpJULQHV HW GHVY FDGKpULQHV &HV SURWDPLQH
DILQ TXH OH F\WRVTXHOHWWH SXLVVH GLULJHU OD FHOOXOH H\

ofi



SXEOLpH FHWWH DQQpH D PRQWUp TXH OH QRPEUH GYDGKpUHI
GLPLQXp DX ODPHOOLSRGH VXLWH j OTH[WLQFWLRQ GH /LV SDU
1,+ 7 &HFL HVW FRUUpPOp j XQH UpGXFWLRQ GH OD IRUFH GH W
GURVRSKLOH LO D pWp GpPRQWUp TXH OD GpILFLHQFH HQ /LV F
j OD VXUIDFH GH FHOOXOHV VRXFKHV JHUPLQDOHV /D IRQFWLRC
i OD VXUIDFH GHV FHOOXOHV GH FHWWH PROpPFXOH GIDGKpVLF
DLOOHXUV LO D pWp pWDEOL SDU GHV H[SPULHQFHV GH ELRFKL
& WHUPLQDO GH OD SURWPpPLQH $3& /D GPILFLHQFH HQ
/LV HW GH OD G\QpLQH VXJJpUDQW TXf$3& UpJXOH OD ORFDOLYV

$3& HVW WUDQVSRUWpPH YHUV OH ODPHOOLSRGH SDU OD |
DGKpUHQFHV IRFDOHV DYHF ,4*$3 $3& SHUPHW GH GLVVRFLH
SHUPHW DLQVL OD SURJUHVVLRQ GHV FHOOXOHYV

ORXYHPHQW GYfRUJDQLWHY DX FRXUV GH OD P

$X FRXUV GH OD PLJUDWLRQ FHOOXODLUH OH QR\DX VH UpRULI
GH JROJL HW OH FHQWURVRPH VH SODFHQW j OfDYDQW GX QR
QXFOpDLUH QfHVW SDV WRWDOHPHQW FRPSULV ,0 VHPEOHL
GpSODFHPHQW GHV FHOOXOHV HQ IDFLOLWDQW OTJLQWHUDFW
H[WUDFHOOXODLUH SDU OJLQWHUPpPGLDLUH GHV SURWpPLQHV G
GX JROJL HW GX FHQWURVRPH HQ UHYDQFKH VHPEOHQW rWUH L¢
SXLVTXYJLOV SHUPHWWUDLHQW GH GLULJHU OHV YpPVLFXOHV YF
FRQQH[LRQ GX FHQWURVRPH HW GX QR\DX HVW LPSRUWDQWH SF
GH OD PLJUDWLRQ 'DQV GHV FHOOXOHV HQ FRXUV GH PLJUDW
FRXSODJH HQWUH OH FHQWURVRPH HW OH QR\DX /LV HW '&; S
PLJUDWLRQ QHXURQDOH HQ PDLQWHQDQW OYDVVRFLDWLRQ GX
GHV PLFURWXEXOHV HW GH OD G\QpLQH 3DU DLOOHXUYV
ODPHOOLSRGH GH FHOOXOHV 1,+ 7 HQ PLJUDWLRQ /JH[SUHVV
DIIHFWH OD UpRULHQWDWLRQ GX FHQWURVRPH HW SDU FRQVpTX
HVW GRQF LPSRUWDQWH GDQV OD UHORFDOLVDWLRQ GX FHQ\
PLJUDWLRQ FHOOXODLUH
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SpJXODWLRQ GH OD GLYLVLRQ FHOOXODLUH

/D SUROLIPUDWLRQ GHV FHOOXOHV VH FDUDFWpULVH SDU OD SU
FHOOXODLUH /HV FHOOXOHV DX UHSRV VRQW GDQV XQH SKDVH
GH ODTXHOOH OJDFWLYLWp LQWUDFHOOXODLUH HVW GLPLQXpH
pWDW GH TXLHVFHQFH HQWUHQW HQ SKDVH * HW VH SUpSDU
SUpSDUDWLRQ QpFHVVLWH OfH[SUHVVLRQ GH SURWPpPLQHV LPSO]
SRO\PpUDVH /D VIQWKgVH GH Of$'1 VH UpDOLVH SHQGDQW OD
TXDQWLWp GT$'1 HVYW GRXEOpH /IH FHQWURVRPH VH GXSO
SKDVH 6XLWH j OD SKDVH 6 OHV FHOOXOHV HQWUHQW H
VPpSDUDWLRQ GH Of$'1l HW SDU FRQVpPTXHQW j OD GLYLVLRQ

FHQWURVRPHV QRXYHOOHPHQW IRUPpV FRPPHQFHQW j VH V
PLFURWXEXOHV LVVXV GHVY FHQWURVRPHYV LQWHUDJLW DYHF OD
DX[ SRUHV QXFOpDLUHV &H GpSODFHPHQW HQWUDLQH SDU OD
QXFOpDLUH DX GpEXW GH OD SURSKDVH /D PLWRVH HVW XQ
UpJXOp TXL DVVXUH OD ERQQH UpSDUWLWLRQ GH Of$'l HW G
RSSRVpV GH OD FHOOXOH TXL JpQPUHURQW OHV FHOOXOHV ILOO
GH O7$'1 ORUV GH OD SURSKDVH DX FRXUV GH ODTXHOOH OD PH
HW OH UpWLFXOXP HQGRSODVPLTXH VH IUDJPHQWHQW /HV F
SURPPpWDSKDVH UHMRLJQHQW HQVXLWH OD SODTXH pTXDWRULL
FKURPRVRPHV ORUV GH OD PpWDSKDVH HVW XQ SURFHVVXV IL
VXUV VRQW PDLQWHQXHV VXU OD SODTXH PpWDSKDVLTXH SDU
SDU OHV PRWHXUV PROpPFXODLUHV NLQPVLQHV HW G\QpLQHV DX
FHV FKURPDWLGHYV V°XUV VRQW OLpHY HQWUH HOOHV SDU OD FEI
OD GpJUDGDWLRQ GH OD VpEXULQH OLEpUDQW OD VpSDUDVH &
FRQGXLW j OD VpPSDUDWLRQ GHV FKURPDWLGHV V°XUV /TLQ
FHV SURWPLQHV PRWULFHV FRQGXLW j XQ GpVpTXLOLEUH D
FKURPRVRPHV &HV PRWHXUV PROpPFXODLUHV VRQW DXVVL PLV |
GHV FKURPDWLGHV V°XUV YHUV OHV S{OHV RSSRVpV GHV FHOO
QRFRGD]JROH VI\QFKURQLVH OHV FHOOXOHV ORUV GH OD SURPpW
GHV PLFURWXEXOHV GDQV FH SURFHVVXV )LJ



J)LIXUH '"pURXOHPHQW GX F\FOH FHOOXODLUH

6FKpPDWLVDWLRQ GX F\FOH FHOOXODLUH DX FRXUV GXTXHO OH
ILOOHV $X FRXUV GH OD SKDVH 6 VH GpURXOH OD GXSOLFDWL
FHQWURVRPHY FRPSRVpYVY GH FHQWULROHV VH VpSDUHQW DX F
SURWpPLQHYV PRWULFHV /Y$'1 VH FRQGHQVH HQ FKURPRVRPHV LC
FKURPRVRPHV VH UpRULHQWHQW SDU OD SRODULWpP GRQQpH SI
$X FRXUV GH OfDQDSKDVH OHV FKURPDWLGHYV V°XUV VH VpSDUHI
FRQVWLWXpHY GH OD PrPH TXDQWLWp GH PDWpULHO JpQpWLTXH
OfRUIJDQLVDWLRQ GHV PLFURWXEXOHY HQ PLWRVH 7URLV JURX
PLFURWXEXOHVY DVWUDX[ HQ YHUW TXL IL[HQW OHV FHQWL
PLFURWXEXOHYV NLQpWRFKRULHQV HQ URXJH GRQW OfH[WUrg
NLOQpWRFKRUHV HW HQILQ OHV PLFURWXEXOHY SRODLUHV HQ E
GX PDLQWLHQ GH OD SRODULWp GHVY FHOOXOHV HQ PLWRVH JUk



/LV MRXH XQ U{OH HVVHQWLHO DX FRXUV GH OD GLYLVLRQ FHO
JgQ8DIDK BVW OpWDOH FKH] OD VRXULV /fDQDO\VH GH OD SUR
OYHPEU\RJpQgVH GDQV FHV VRXULV GpPRQWUH XQH GLYLVLRQ
LPSRUWDQWH GDQV OD SUROLIpPUDWLRQ GHV FHOOXOHV DX FRX
OD UpJXODWLRQ GH OD G\QpLQH 'DQV OH FDV GH VRXUL)
F\FOHV GH SUROLIpUDWLRQ QYHVW SDV DIIHFWpH GH IDoRQ PI
GLYLVLRQV HVW FRPSURPLVH FH TXL HQWUDVQH OD GLIIpUHQFLI

/D IRQFWLRQ GH /LV GDQV OD SUROLIpUDWLRQ FHOOXODLL
HVSQFHV FRPPH OH GPPRQWUH VREVSHIOILPODWVYRIL O XOMHQRY G H
HOHJDQV 'URWRBKHDDHYV YpJpWDX[ HQ SOXV GH FKH] OHV PDPF

JROQFWLRQV GH /LV DX FRXUV GH OD SKDVH *

'XUDQW OD SKDVH * VH GpURXOH OD VpSDUDWLRQ GHV FHQWL
SKDVH 6 GX F\FOH FHOOXODLUH /D GXSOLFDWLRQ GHV FHQWL
GpURXOHPHQW GH OD PLWRVH 'DQV GHV OLJQpHV FHOOXOD
XQ PRGQOH LQGXFWLEOH SO P RAMDEPAR[WI GJX G5 SDUW j OTDP S«
FHQWURVRPHVY HW j OD PDXYDLVH ORFDOLVDWLRQ GH FHV Gt
UpVXOWDQWH GH OfDPSOLILFDWLRQ GHV FHQWURVRPHV SHXW |
FKURPRVRPHVY HQ PpWDSKDVH /fDPSOLILFDWLRQ GX FHQWURVR
SKPQRPGQHV (OOH SHXW rWUH OD FRQVpPTXHQFH GH OD IUDJP
PDXYDLVH UpJXODWLRQ GH OfpORQJDWLRQ GHV FHQWULROH

SURPpWDSKDVH 3DU DLOOHXUV OfYDPSOLILFDWLRQ GX F
I UDJPHQWDWLRQ GX PDWpULHO SpULFHQWULRODLUH HQWRXUD (
QXFOpDWLRQ GHV PLFURWXEXOHYV /IYDQDO\VH ILQH SI

FHQWURVRPHV GDQ¥WOIHPRSGE@H(EQH DXJPHQWDWLRQ GX QRPE
GDQV OH PDWpPULHO SpULFHQWULRODLUH &HSHQGDQW OHV Pp
VRQW HQFRUH PDO FRPSULYV

JRQFWLRQV GH /LV GDQV OH GpPURXOHPHQW

/D PLWRVH HVW XQ pYpQHPHQW HVVHQWLHO GDQV OD SUROLIpL
SKDVH ILQDOH GX F\FOH FHOOXODLUH HW HQWUDVQH OD VpSD
EpQpILFLHURQW GTXQ PDWPpPULHO JpQpWLTXH LGHQWLTXH &HS
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DV\PpWULTXH OD GLVWULEXWLRQ GHV SURWpPLQHV HVW GLIIpUF
FHOOXODLUH 0() SDUVOHVPRBQGMLIB | XQH DXJPHQWDWLRQ GX
WUDQVLWLRQ PpWDSKDVH j DQDSKDVH 3DU DLOOHXUV OfI
XQH PDXYDLVH RUJDQLVDWLRQ GHV FKURPRVRPHV VXU OD SOD
GPpURXOHPHQW GH OD PLWRVH QpFHVVLWH OfLQWHUDFWLRQ G
QLYHDX GHV FKURPRVRPHV PDLV DXVVL OD FDSDFLWp GH OD G
UpWURJUDGH /H PDLQWLHQ GHV FKURPRVRPHV HQ PpWDSKI
GH OD G\QpLQH j FRQQHFWHU OHV PLFURWXEXOHYV SRODLUHV HYV
FKURPRVRPHV VXU OD SODTXH PpWDSKDVLTXH QpFHVVLWH GH\
NLQpPVLQH JTLQKLELWLRQ GH OD G\QpLQH RX GH OD NL{
FRQGXLW j XQ GpIDXW GIDOLJQHPHQW GHV FKURPRVRPHV VX
UHYDQFKH OTLQKLELWLRQ FRQFRPLWDQWH GH OD NLQPVLQH HW
FKURPRVRPHV /D PDXYDLVH RUJDQLVDWLRQ GHV FKURP
GpILFLHQWHV SRXU /LV HVW UHVWDXUpH SDU OfLQKLELWLRC
GpPRQWUHQW GRQF OJLPSRUWDQFH GH /LV GDQV OfpTXLOLEL
NLQpVLQH DX FRXUV GH OD PLWRVH /JLV FRORFDOLVH DYHF
GHV H[SpPULHQFHV GYLPDJHULH 8Q GHV FRPSRVDQWV GH\
LPSRUWDQW GDQV OH UHFUXWHPHQW GH /LV HW GH 1GH 1GH/ |
/H PRXYHPHQW GHV FKURPRVRPHV SDU OD G\QpLQH YHUV OHV
OYDGDSWDWHXU 6SLQGO\ &RPPH DWWHQGX OJH[WLQFWLRQ GH
XQH UpGXFWLRQ GX WUDQVSRUW GH 6SLQGO\ YHUV OH FHQWUR

7TUDQVSRUW GTRUJDQHOOHYV

IHV GpFRXYHUWHY GHV IRQFWLRQV FHOOXODLUHY HW PROpPFXOLIL
DX FRXUV GTpWXGH¥WSHU DIHOPR@GRIHE X*BPQVHQGUH OD PLJUDWL
GDQV FHV FHOOXOHV &HV GRQQpHV PRQWUHQW FODLUHPHQW
PRXYHPHQW GX QR\DX DX VHLQ GH OD FHOOXOH /LV HVW DXVYV
HQGRVRPHVY HW GHV SHUR[\VRPHVY GDQV FHV FHOOXOHV 'H PDQ
/ILV FKH] OD GURVRSKLOH DXJPHQWH OH WUDQVSRUW PLWRFK
&HSHQGDQW FHWWH PXWDWLRQ QIfHQWUDLQH SDV OD GpOpWLR
REVHUYDWLRQ VXJJqUH TXH /LV GDQV FHUWDLQHYV FRQGLWLI
WUDQVSRUW GHV PLWRFKRQGULHYV &HSHQGDQW OfH[WLQF
$51P FRQGXLW j XQH UpGXFWLRQ PDMHXUH GX WUDQVSRUW
PLWRFKRQGULHVY HW GHV O\WRVRPHV GDQV GHV OLJQpHV FHC
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LOQWpUHVVDQWH J/LV HVW FDSDEOH GYfLQWHUDJLU DYHF OD

DQWpURJUDGH /D GpOpWLRQ GH /LV DIIHFWH OH PRXYHPHQW G|
GHV PLFURWXEXOHYV PDLVY SDV VRQ WUDQVSRUW UpWURJUDGH '
1GH RX 1GH/ QYDIIHFWH TXH OH WUDQVSRUW UpWURJUDGH C
VXJIJgUHQW TXH /LV HVW FDSDEOH GH UpJXOHU OYDFWLYLWp Gt
GH 1GH DX FRXUV GX WUDQVSRUW GYfRUJDQHOOHYV

7TUDQVSRUW HW UHF\FODJH GHV PROpFXOHV
7TUDQVSRUW GY{$51P

/H WUDQVSRUW GYT$51P YHUV XQH ]JRQH VSpPFLILTXH GH OD FHO
ORFDOLVpPH GH OfH[SUHVVLRQ GH SURWPpPLQHYV JTLQYHVWLJIC
GH ORFDOLVDWLRQ GHV $51P FKH] OD GURVRSKLOH UpYqOH TXH
UHFUXWPpPHV j OD VPTXHQFH VLJQDO GH ORFDOLVDWLRQ GHV $5
GURVRSKLOHV PXWDQWHVY SRXU /LV GpPRQWUH TXH OD PXWDW
GHV $51P DX VHLQ GHV FHOOXOHV /LV HVW LPSRUWDQWH SRXL
OD G\QDFWLQH j OD VpTXHQFH GH ORFDOLVDWLRQ GHV $51P

QYDIIHFWH SDV OH UHFUXWHPHQW GH (JO HW %LF' TXL VRQW O
GY$51P (JO HW %LF' VRQW GRQF GLUHFWHPHQW DVVRFLpV j O
$51P HW /LV IDYRULVH OfDVVRFLDWLRQ GH (JO HW %LF' j OD G\

7TUDQVSRUW GH SURWPLQHYV

/H WUDQVSRUW HW OH UHF\FODJH GHV SURWPLQHV SHXYHQW Vt
HW H[RF\WpHV ,0 D pWp GpPRQWUp TXH /LV MRXH XQ U{OH LPS
OfDL SUpVHQWpP GDQV XQ SDUDJUDSKH DQWpULHXU 8QH IRQFWL
j IDLUH UHWRXUQHU OD G\QHLQH j VD SRVLWLRQ GYRULJLQH j O
D pWp GPPRQWUpP TXH OD GpILFLHQFH HQ /LV FRQGXLW j OD GLP
G\QpLQH SDU OD NLQpVLQH &HWWH GRQQpH GpPRQWUH GRQF O
GH OD G\QpLQH YHUV OJH[WUpPPLWp SRVLWLYH GHV PLFURWXEXZ(

/ILV DX VHLQ GDQV OD VLIQDOLVDWLRQ FHOOXODLU|

%LHQ TXH /LV QH VHPEOH SDV rWUH LPSOLTXpH GDQV XQH YRL
SRXUUDLW rWUH PLVH HQ MHX GDQV OH WUDQVSRUW RX OD VW
&HSHQGDQW OHV GRQQpHV GpPRQWUDQW OD IRQFWLRQ GH /LV
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(Q HITHW LO D pWp PRQWUp TXH /LV LQWHUDJLW DYHF OD SURW
YRLH GHV 0$3. /D GpILFLHQFH HQ 1GH FRQGXLW j OJDXJPHQW
XQ DGDSWHXU GHV 0$3 NLQDVH HW SDU FRQVpPTXHQW XQH DXJP
OHN HW (UN VXLWH j OD VWLPXODWLRQ SDU GHV GRVHV UpGXLW
.65 HVW UpGXLW HQ OYDEVHQFH GH /LV pJDOHPHQW 'H SDU
LQWHUSUpWpP TXH /LV MRXHUDLW XQ U{OH GDQV OH UHFUXWHP

8QH SXEOLFDWLRQ UpFHQWH VXJJqUH TXH /LV VWLPXOH OTC
HQ FRQWU{ODQW OfH[SUHVVLRQ GHV UpFHSWHXUV )*)5 'DQV F}I
PRGJOH FRQGLWLRQQHO VXSSULPDQW FRPSOqQWHPHQW OH JqQH
XQH GLPLQXWLRQ GYH[SUHVVLRQ GX UpPFHSWHXU )*)5 TXL HV
GpJUDGDWLRQ SDU OHV O\WRVRPHV HW OD GLPLQXWLRQ GH VRQ
)*)5 FRQGXLW j OD SKRVSKRU\ODWLRQ GH 1GH LQWHUURPSDQ\
DFFRPSDJQpH GH OD GpJUDGDWLRQ GX UpFHSWHXU SDU OH O\V]

,9 5pJXODWLRQ GH /LV

/I fH[SUHVVLRQ RX OfYDFWLYLWp GH /LV HVW KDXWHPHQW Up.
ORQJXHPHQW GLVFXWpH GDQV FH FKDSLWUH OfYH[SUHVVLRQ H]
/ILV VRQW DVVRFLpHV j GHV WURXEOHV SK\WVLRORJLTXHV JUDY
GIDFWLYLWp GHV SURWPpPLQHYV SHXW VH IDLUH j SOXVLHXUV QL
FHOOXODLUH SDU OHXU H[SUHVVLRQ RX PrPH SDU GHV PRGLILF

5pJXODWLRQ GfH[SUHVVLRQ JpQLTXH

/IHV IDFWHXUV GH WUDQVFULSWLRQ UpJXODQW OfYH[SUHVVLRQ
OfH[SUHVVLRQ GH FH JgQH VRLW IRUWHPHQW UpJXOpH (Q HIIH
VHORQ OHV VWDGHYV GH GpYHORSSHPHQW DSUqV OD QDLVVDQFI
FHOOXODLUHV HW WLVVXV

5pJXODWLRQ SRVW WUDQVFULSWLRQQHOOH

0$*2+ HQWUH HQ MHX GDQV OH FRPSOH[H GH WUDGXFWLRQ GHYV

GH GpOpWLRQ KpWPURKOIIHRWHYEBX GH WUDQVFULW GH /LV HVW

DORUV TXH OD SURSRUWLRQ GH SURWpPLQHV HVW BDPRQXpH /I

SUpVHQWHQW XQ SKpQRW\SH FRPSDUDEOH j FHOXL REVHUYp GL
00



SRXU /LV /IfTH[SUHVVLRQ GH O1$5DRDXKURQY HQIRQWY LEDH JHRXKU |
DXVVL rWUH UpJXOpH SDU GHV SHWLWYV $51 'DQV OD OLJQpH FH
S FRQGXLW j OD GLPLQXWLRQ GfH[SUHVVLRQ GH /LV &H SHWLW
FKH] OH UDW 'DQV OHV OLJQpHY FHOOXODLUHV 3& HW +&1 @)
HQWUDLQH XQH IDLEOH PLJUDWLRQ GHVY FHOOXOHV /fH[SUHVVL
FRQVLGpUDEOH GH OD PLJUDWLRQ TXL HVW GLPLQXpH GUDVWL

ORGLILFDWLRQV SRVW WUDGXFWLRQQHOOHYV
SKRVSKRU\ODWLRQ

'"HV H[SPULHQFHV DQFLHQQHV VXJJqQUHQW TXH /LV SHXW rWUH S
WHVWV GH SKRYSKRHEWUBRWILRHQFH GH GLIIpPUHQWHY NLQDVHV Uy
rWUH SKRVSKRU\OpH SDU OD NLQDVH &.,, 'H SOXV /LV HVW
GHV QHXURQHV j OD 'VpULQH XQ DJRQLVWH FDSDEOH GH
SKRVSKRU\ODWLRQ GH /LV SRXUUDLW UpJXOHU OD ORFDOLVDW
&/,3 GPSHQGDQWH /H U{OH SUpFLV GH FHWWH SKRVSKRU
SDV FRQQX &HSHQGDQW OD SKRVSKRU\ODWLRQ GHV SDUWH
LQWHUDFWLRQV (Q HIIHW OD SKRVSKRU\ODWLRQ 8W TGH HW
UHVSHFWLYHPHQW SDU 3.$ FRQGXLW j OD SHUWH GH OfJLQWHU
/TDEFWLYLWp GH 3.$ HVW PRGXOpH SDU OH FRPSOHI[H 3'( ',6& VX
GY$03F GDQV OD FHOOXOH &HWWH SKRVSKRU\ODWLRQ HVW H
FHQWURVRPHV DX FRXUV GH OD PLWRVH SUREDEOHPHQW SRX|I
SURFHVVXV 1GH HW 1GH/ SHXYHQW DXVVL rWUH VXEVWU
WHOOHV TXH &'. &'. HW $XURUD $ UpJXODQW OJLQWHUDFWLR
FRPSOH[H 1GH /LV DYHF OD G\QpLQH /D SKBDEK&KU\DRWRRKQ \GH
GH OD SURSKDVH GHV FHOOXOHV QHXUDOHV UpGXLW OTLQWH!
OTHQYHORSSH QXFOpDLUH 3DU FRQVPTXHQW OHV SKRVS
SHXYHQW UpJXOHU LQGLUHFWHPHQW OD IRQFWLRQ GH /LV YL\

6 XPR\ODWLRQ HW XELTXLWLQDWLRQ

,O D pWp GPpPRQWUp FKH] OD OHYXUH TXH 3DF S XQ KRPRORJ.
XELTXLWLQp /D IRQFWLRQ GH FHV PRGLILFDWLRQV SRVW W
&HSHQGDQW FHW DUWLFOH D GpPRQWUp TXH OD VXPR\ODW
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OTXELTXLWLQDWLRQ GH FHWWH SURWPpPLQH &HOD SRXUUDLW
SURWpPDVRPH

5pJXODWLRQ VSDWLDOH HW GH VD VWDELOLWQpP

6WDELOLWpP IRQFWLRQQHOOH

&RPPH MH OfDL SUpVHQWp ODUJHPHQW GDQV FH FKDSLWUH /L
FRPSOH[H HQJ\PDWLTXH 3$)$+ % HW XQ UpJXODWHXU GH OD G
LQGLVSHQVDEOHVY SRXU OD IRQFWLRQ GH /LV GDQV OD UpJX
LQWPUHVVDQWH 1GH HW 1GH/ HQWUHQW HQ FRPSpWLWLRQ DY
OHXU LQWHUDFWLRQ DYHF /LV /D VXUH[SUHVVLRQ GHV VR
% GDQV GHV OLJQpPHV FHOOXODLUHV FRQGXLW j OD GLPLQXWLF
HW j GX UHWDUG PLWRWLTXH (Q UHYDQFKH OfH[SUHVVLRQ HF
VXUH[SULPDQW OHV VRXV XQLWpV 3$)$+ % HW 3$)$+ % UHVW
RUJDQHOOHV /D IRQFWLRQ GH /LV GDQV OH FRPSOH[H 3$)$+ ¥
OD UpJXODWLRQ GH OD G\QpLQH &HV GRQQpHV GpPRQWUHQW
GDQV OH FRPSOH[H HQJ\PDWLTXH 3%$)$+ % RX GDQV OfDFWLYLW
QpJDWLYHPHQW SDU 1GH 1GHO HW OHV VRXV XQLWpV 3%$)$+ ¥
DLOOHXUV OD VXUH[SUHVVLRQ GHV VRXV XQLWpV 3$)$+ %  GI
i OTDXJPHQWDWLRQ GH OfDQRUPDOLWpP GX QRPEUH GH FHQWU
LPDJHULH GpPRQWUH OD ORFDOLVDWLRQ DIIHFWpH GH /LV HQ
GH 3$)$+ % 'DQV OHV QHXURQHV OfDFWLYLWp GH /LV HVW
OD 5HHOLQ 6XLWH j OfDVVRFLDWLRQ GH OD 5HHOLQ VXU OH U
UpFHSWHXU 9/'/5 HQWUDLQDQW OD SKRVSKRU\ODWLRQ GH 'DE
FRQGXLVDQW j OD GLVVRFLDWLRQ GH /LV GX FRPSOH[H 3$)$+ ¢
GLVSRQLEOH SRXU VRQ DFWLYLWp GH UpJXODWHXU GH OD G\Qp

6WDELOLWp VWUXFWXUDOH

/D VWDELOLWp GH /LV SHXW rWUH UpJXOpH FRPPH PHQWLRQQp
XELTXLWLQDWLRQ ODLV OD SURWPLQH 1XG& SDUWLFLSHUD
OTH[WLQFWLRGEXUW §QWHUIpUHQFH j $51P FRQGXLW j OD GLPLQ
GDQV GHV FHOOXOHV +H/D &H UpVXOWDW VIDFFRPSDJQH GH OD
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HW OD SURWPLQH FKDSHURQQH +VS /JLV SHXW LQWHUDJLU DY
LQWHUDFWLRQ DYHF OD FKDSHURQQH +VS

S5pIJXODWLRQ VSDWLDOH

/D NLQpVLQH HVW HVVHQWLHOOH GDQV OD UHORFDOLVDWLRQ G
OTH[WUpPPLWpP SRVLWLYH GHV PLFURV$XEXO BNO @X\8)\OW G & DIRX\F K
PD\GLG/ILFLHQWHY SRXU XQH NLQpPVLQH OD G\QpLQH HW /LV

QpJDWLYH GHV PLFURWXEXOHV HQ FRPSDUDLVRQ j GHV VRXFKF
GIXQ GpIDXW GH PRXYHPHQW GHV HQGRVRPHV VXLWH j OJDE"
OYH[WUpPPLWpP SRVLWLYH GHV PLFURWXEXOHV

3DU DLOOHXUV OTLQWHUIpUHQFH j $51P GH 1XG& FRQGXLW j OD
HW GHV RUJDQHOOHV /f{DQDO\VH SDU LPDJHULH GpPRQWUH TX:
/ILV  1GH/ HW GHV VRXV XQLWpV GH OD G\QDFWLQH VRQW DFF
&HOD VXJJqUH TXJYHQ DEVHQFH GH 1XG& FHV SURWPpPLQHV QH SD
/D SURWPLQH 1XG& FRQQXH SRXU LQWHUDJLU DYHF /LV 1
PRWULFH NLQPVLQH /LV LQWHUDJLW DYHF OD G\QpLQH HW OD
SDU OD NLQpVLQH /YDQDO\WH GH OD PLJUDWLRQ LQWUDFH
XQH IRUWH GLPLQXWLRQ GX PRXYHPHQW DQWpURJUDGH GH OD
DQWLFRUSY DQWL 1XG& &HV UpVXOWDWYV GpPRQWUHQW GRQF
NLQpVLQH HW OH FRPSOH[H /LV G\QpLQH SRXU OHXU WUDQV:!
PLFURWXEXOHYV /TDUULYpH GX FRPSOH[H /LV G\QpLQH NLQ
PLFURWXEXOHV QpFHVVLWH OD OLEpUDWLRQ GX FRPSOH[H SRX
GpPRQWUp TXH 5DE D FRQGXLW j OD OLEpUDWLRQ GH OD G\QplL
/LV HW GH OD G\QpLQH 3DU DLOOHXUV OD ORFDOLVDWLR!
SURWPLQH $VXQGHU XQ DXWUH UpJXODWHXU GH OD G\QpLQH
$VXQGHU GDQV GHV GURVRSKLOHYV FRQGXLW j XQH GLPLQXWLRC
GHV FKURPRVRPHV GDQV GHV FHOOXOHV JHUPLQDOHV HQ FRXU\
(QILQ OD UpJLRQ FHOOXODLUH GH WUDGXFWLRQ GH Of$51P FR
ORFDOLVDWLRQ VSDWLDOH (Q HIIHW OYDERQGDQFH GH O7$5
VWLPXODWLRQ SDU 1*) GDQV OHV D[RQHV GHV QHXURQHYV
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9 J/LV GDQV OH V\VWgPH LPPXQLWDLUH

/ID IRQFWLRQ GH /LV GDQV OH V\VWQPH LPPXQLWDLUH D pWp S
SXEOLFDWLRQV UpYgOHQW OYLPSRUWDQFH GH FHWWH SURWDPLQ
GH SOXVLHXUV FHOOXOHV GX V\VWgPH LPPXQLWDLUH

JRQFWLRQV GH /LV GDQV OHV OLJQpHV KpPDWRSRwy

&RPPH H[SOLTXp DX FRXUV GX FKDSLWUH , GH FHWWH WKqVH O
P\PORWGH HW O\PSKRwGHKYHHVPRGEOHDFNpULVH SDU OD GpOpW!
VHGMV &6+ &HSHQGDQW OMMAMRKYVRWYWDYDYV YLDEOHV FDU HOO
XQ SKPQRW\SH GpSRXUYX GH VDQJ GLW © EORRGOHVV 2 /1DQDC
GpPRQWUH XQH SURSRUWLRQ UpGXLWH GH &6+ SDU UDSSRUW
SUROLIpUDWLRQ GHV FHOOXOHV QH VRLW SDV DIIHFWpH GH IDo
OD SKDVH * 0 GX F\FOH FHOOXODLUH HVW REVHUYpH /fDQDO\V
PLWRVH GpPRQWUH XQH PDXYDLVH UpSDUWLWLRQ GHV FKURPR
QRPEUH DQRUPDO GH FHQWURVRPHV &HOD FRQGXLW j OfDXJF
DQHXSORWGHV TXL VIDFFRPSDJQH GTXQH DXJPHQWDWLRQ GX

'DQV XQ PRGgOH L'OERFIWIHETIR QIOXLVDQW j OD GpOpWLRQ G
GHV &6+ VXLWH DX WUDLWHPHQW SDU OH WDPR[LIgGQH OD SUR
FKH] GHV VRXULV DGXOWHV &HSHQGDQW OHV DXWHXUV QH WL
/LV VXU OD SUROLIPUDWLRQ HW OD PLWRVH GH FHV FHOOXOHYV
1XPE XQH SURWPLQH LPSOLTXpH GDQV OD SRODULVDWLRQ GH
GpILFLHQFH HQ /LV DFFURLW OYDV\PpWULH GHV GLYLVLRQV F
VI\PpWULH GHV GLYLVLRQV DFFURLW OHV SURFHVVXV GH GLIIpU
SURSRUWLRQ GH &6+ &HV GHX[ SXEOLFDWLRQV GpPRQWUHC
OD GLIIpPUHQFLDWLRQ GHVY FHOOXOHV VRXFKHV KpPDWRSRwWpWLT
GHV FKURPRVRPHV VXU OH SODQ PpWDSKDVLTXH HW GIDXWUH
GHV SURWPLQHV DX VHLQ GHV FHOOXOHV HQ FRXUV GH GLYLVLF

5{OHV GH /LV GDQV OD IRQFWLRQ GHV O\PSKRF\WHYV

8QH SXEOLFDWLRQ IDLWH HQ GpPRQWUH OH U{OH GH /LV GD¢
&HV DXWHXUV RQW XWL&HWNOBILRR GIREWH QLU XQH GplILFLH
VSPFLILTXHPHQW GDQV OHV /% DFWLYpV /H QRPEUH GH /% GTC
IRUWHPHQW UpGXLW VXL WSIDjl DD EDOpMOA\RE SRUGE®BIHULH GHV
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PLJUDWLRQ UpYgOH TXH OD GpILFLHQFH HQ /LV FRQGXLW j OYDF
TXH OfJXURSRGH GHV FHOOXOHV HQ PLJUDWLRQ SUpVHQWH XQH
HW HQ FRUPFHSWHXUV HW TXH OH F\WRVTXHOHWWH HVW LPSRU
DXWHXUV RQW DQDO\Vp VL OD GpILFLHQFH HQ /LV DIIHFWH OD V
/ID SKRVSKRU\ODWLRQ Gf$.7 HW GH (UN HVWU'DXWPBQWpH GDC
WUDQVJIPQLTXHV /HV DXWHXUV PRQWUHQW DXVVL TXH OH F\FO
DEVHQFH GH /LV /f{DSRSWRVH GHV FHOOXOHV HVW DXJPHQWp
SURSRUWLRQ GHV /% DFWLYpV /LV D GRQF XQH IRQFWLRQ LPSR
ERQ GPURXOHPHQW GH OD PLWRVH VXLWH j OHXU DFWLYDWLRQ
SRODULVDWLRQ GHV FHOOXOHV DILQ GH SHUPHWWUH XQH V
VWLPXODWLRQ UpJXOpH

5{OHV GH /LV GDQV OD IRQFWLRQ GHV O\PSKRF\WHYV

(Q 1JRL HW DO RQW SXEOLp XQ DUWLFOH PRQWUDQW OH
FRQGLWLRQQHOOH GH /LV GDQV OHV &P/ IHNO '&\W LROR.T P@NV PR®D B8 R
i OD GpOpWLREQI®X ESPHWLU GX VWDGH GRXEOH SRVLWLI GX Gp
SKPQRW\SDJH GH FHWWH OLJQpH GpPRQWUH TXH OfDEVHQFH GH
GHV /7 (Q UHYDQFKH XQH IRUWH O\PSKRSpPQLH D pWp PLVH HQ |
GH OD SURSRUWLRQ GHW'HV DFH®AYPNQFHY GH WUDQVIHUW DGRS
63 PDWXUVRILY HW G & \#U%" GDQV GHV VRXULV UHFHYHXVH)
TXH OHV WK\PRF\WHV GpILFLHQWYV SRXU /LV PLJUHQW QRUPDOH
VHFRQGDLUHV &HSHQGDQW OD SUROLIpUDWLRQ KRPpPpRVWDW
VWLPXODWLRQ SDU OY,/ HVW IRUWHPHQW LPSDFWpH WXH FH V
&' /D GpILFLHQFH HQ /LV DFFURLW OfDSRSWRVH GHV FHOOXC
FHWWH VWLPXODWLRQ /D GpILFLHQFH HQ /LV BIWH&WHGXXWH. S
VXLWH j OTHQJDJHPHQW GHV 7&5 1pDQPRLQV OHV DXWHXUV FR
D XQ LPSDFW SOXV VpYqUH VXU OD SUROLIpUDWLRQ LQGXLWH SI
/YDQDO\WH GHV UpVXOWDWYV SUpVHQWpPV VXJIJqUH SDU DLOOHXU
IRUWHPHQW OD SUROLIFXBWLHRIRO G HRNI &'GH OTHQJDJHPHQW GH
YLYRYILPPXQLVDWLRQ GH VRXULVLYWHSDD RR & RRSBRPH@EIW O H
SHSWLGH 29% PRQWUH TXH /LV QYDIIHFWH SDW6 i ALSIDIQXA\HNR G H. ¢
OTDQWLJIGQH HW OD SDREXFHVRRGU®H )ID SIHRGX DXVRQLQRUBDO}
YLWGIRQV OHV FHOOXOHV SRODULVpPHV HQ 7K (Q UHYDQFKH Ol
GLPLQXWLRQ GRpFRERUHV VXLWH j OJLQIHFWLRQ SDU /LVWHULI

Ol



DQWLJPQLTXH SDU OH SHSW2TGH QDW%IVHNVQ/ B&HVHQFH GY,/ RX ,
TXH OHV FHOOXOHV GpILFLHQWHV SRXU /LV QH SDUYLHQQHQV
PpPRLUMN YLWHR UpVXOWDWYV VXJIJqQUHQW TXH /LV H[HUFHUDL
GLIIpPUHQFLDWLR QP BRR/LIUH&' 8QH DXWUH pWXGH PRQWUH TXF
DX VHLQ GH OD V\QDSVH LPPXQRORJLTXH VXLWH j OD VWLPXOD\
HW GHV VXSHUDQWLJqQHV 6(( 1GH HVW HVVHQWLHOOH DX UHF
OD V\QDSVH LPPXQRORJLTXH /fDEVHQFH GH 1GH DIIHFWH C
LPPXQRORJLTXH HW HQWUDVQH XQH GLPLQXWLRQ GH UHFUXWHI
VIQDSVH &H SKpQRW\SH HVW VLPLODLUH j FHOXL REVHUY
-XUNDWYV GpILFLHQWHY HQ XQH VRXV XQLWp GH OD G\QpLQH



2%-(&7,)6 '"( /$ 7+(6(

7+(0,6 HVW XQH SURWPLQH GH VLIJQDOLVDWLRQ IRUWHPHQW L
VPOHFWLRQ SRVLWLYH HW GH VPpOHFWLRQ QpJDWLYH DX VHLQ G
VRLW UHFUXWpH DX[ FRPSOH[HV GH VLJQDOLVDWLRQ SDU *UE
OfLQWHUDFWRPH GH 7+(0,6 GDQV OH EXW GH GpWHUPLQHU GH
GYDFFXHLO DQDO\VD OJLQWHUDFWRPH GH 7+(0,6 SDU VSHFWU
GRXEOH K\EULGH 3DUPL OHV SDUWHQDLUHV GH 7+(0,6 VRQW G
GH VLIJQDOLVDWLRQ PDLV DXVVL OD SURWPLQH /LV TXL QYDY
$QQH[H $X GPEXW GH PRQ GRFWRUDW MH PH VXLV LQWpU
DYRQV GpWHUPLQp OHV GRPDLQHV GYLQWHUDFWLRQ HQWUH
&HSHQGDQW DILQ GH FRPSUHQGUH OD IRQFWLRQ GH OJLQWHUD
VRPPHV GHPDQGpPV VL /LV FRPPH 7+(0,6 SHXW MRXHU XQ U{C
WK\PLTXHV /fDQDO\VH GHV FRQVpPTXHQFHV GH OD GpILFLHQFH
WK\PLTXH QH GpPRQWUH SDV GTHIIHW GH OJDEVHQFH GH /LV V
XQ PRGQqO¥"&HV DQDO\WHV FRPSOpPHQWDLUHV FRQILUPHQW TXI
VRQW SDV DIIHFWpV GDQV FH PRGqOH (Q UHYDQFKH FRPPH 1JI
GRFWRUDW OHV FRQVPTXHQFHV VXU OD SRSXODWLRQ GHV /7
GLPLQXWLRQ FRQVpPTXHQWH GH OD SURSRUWLRQ GHV /7 SpULSK]|
IRUW LPSDFW GH OD SUROLIpUDWLRQ GHV /7 SpULSKpULTXHV VX
QRWUH TXrWH SRXU OD FRPSUpPKHQVLRQ GH OJLQWHUDFWLRQ HC
XQ PRGQOH GH GpILFLHQFH HQ /LV GLIIpUHQWYV GHVIHREOCHW DO
FRQGXLUH j XQH GpOpWLRQ WURS WDUGLYH GHV JgQHV HW QR
SHUPHWWUDLW SDV GH GpWHFWHU GTpYHQWXHOV GpIDXWV DX |
1RXV DYRQV GRQF FURLVp GHV VRXULV GDQV OH EXW GH FUpHU
SUPFRFHV GX GpYHORSSHPHQW GHVEPE QRXQW FHPPRGXE B V& X QH
GLPLQXWLRQ GH OD FHOOXODULWpP WK\PLTXH DYHF OJDFFXPXO
SUpFRFHVY GX GpYHORSSHPHQW GHV /7 ODQLIHVWHPHQW OHV ¢
WKgVH QH QRXV RQW SDV SHUPLV GH GpWHUPLQHU XQH pYHQ
PYQQHPHQWY GH VPOHFWLRQ 3DU FRQVpPTXHQW QRXV QRXV VR
EORFDJH GX GpYHORSSHPHQW SUpFRFH GHV /7 HQ DEVHQFH
FRQVPTXHQFHV PROpPFXODLUHV GX EORFDJH GH OD SUROLIpUDW
PRGgOH QRXV REVHUYRQV XQ EORFDJH DX FRXUV GHV VWDGH)V
&HSHQGDRWOBBWLRQ QTHVW SDV DIIHFWpH ODLV QRXV DYRQV
GHV WK\PRF\WHV SUpFRFHV HVW IRUWHPHQW DOWpUpH WRX\
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SPULSKPULTXHV 3DU GHV DQDO\VHV GH F\WRPpWULH HQ LPDJH

GHV FHOOXOHV HQ FRXUV GH PLWRVH DYHF OD GLPLQXWLRQ GH
DQDO\WHV GH PLFURVFRSLH FRQIRFDOH HW GH YLGpR PLFURYV
PYLGHQFH XQ GpIDXW DX FRXUV GH OD SURPpWDSKDVH GH O
OYDQDSKDVH &HOD FRQGXLW j OD GLVWULEXWLRQ LQpJDOH

OfDQDSKDVH HQWUDLQDQW OD IRUPDWLRQ GH FHOOXOHV ILOC
ORUVTXH OHV FHOOXOHV SDUYLHQQHQW j VH VpSDUHU &H SKpC
LPSRUWDQWH GHVY FHOOXOHYV SRXYDQW H[SOLTXHU OfDEVHQFH
GLPLQXWLRQ GH /7 SpPULSKpPULTXHV
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5(68/7$76

/ILV HVW HVVHQWLHOOH DX GpYHORSSHPHQW SUpFRFH GH\

3RXU DQDO\VHU OH U{OH GH /LV GDQV OH GpYHORSSHPHQW GH\
LQWHUDFWLRQ DYHF 7+(0,6 QRXV DYRQV FURLVp GHV VRXULV H
OH FRQWU{OH GX SURPRWHXU &' RX &' DYHF GHV VRXULV SUp)\
VPTXHQFHV /R[3 IODQTXDQW OHV SHIROKVE)Lj) 6% JqQH/D &UH

UHFRPELQDVH HVW H[SULPpH VRLW HQWUH OHV VWDGHV 'l H\
WUDQVJIpQLEPKH &  VRLW SOXV WDUGLYHPHQW HQWUH OHV VV
PRGgOH GH VRXULV WHEWQVIp@IXHIKBY GHX[ PRGqOHV OHV DQ
IHUWLOHV HW QH SUpVHQWHQW SDV GH VLJQHV FOLQLTXHV DSS

&RQILUPDQW XQH pWXGH SUpFpGHQWH UpDOLVpH GDQV XQ PRG
TXH OD GpILFLHQFH HQ /LV ¢&'DE8WREVIVRSWDIW®ED FHOOXODULW
SURSRUWLRQ GHV VRXV SRSXODWLRQV GH WK\PRF\WHV 'l '3 &
)LI $ /HV SRXUFHQWDJHV GHHRPHHMDONMNOHVREGWEDXVVL QRUPDOH
VRXULV )LJ 6 & 1RXV REVHUYRQV pJDOHPHQW GHV SURSRUW
63 H[SULPDQW XQ QLYHDX POWKFIpW ITRWN TEH OD GpILFLHQFH HC
SDV OD VpPOHFWLRQ SRVLWLYH )LJ 6 ' 3RXU FRQILUPHU FHWW]
VPOHFWLRQ SRVLWLYH GHV WK\PRF\WHY & '¢V8{J SGD.@ D GW \O M RNELEL
WUDQVJIPQLTXH $1' TXL HVW UHVWUHLQW DX[ PROPFXOHV GX &
SUPFpPGHQWHY QRXV PRQWURQV TXH OJDEVHQFH GH /LV GDQV
HW OH SRXUFHQWDJH WK\PRF\WHV &' 63 )LJ $ /THQVHPEOH

/ILV FRQWUDLUHPHQW | 7+(0,6 QYHVW SDV HVVHQWLHOOH

WK\PRF\WHYV

&HSHQGDQW OD GpOpWLRQ GH LR GE®QW OGHX PRIGIRUMW B' GLPLQ >
FHOOXODULWpP GX WK\PXV HW j XQH DXJPHQWDWLRQ GH OD SUR!
% /H QRPEUH DEVROX GH FHOOXOHV 'l HVV '&LPHOD LAHN HQW
DQLPDX[Y/BWRUV TXH OHV SRSXODWLRQV '3 HW 63 VRQW TXDVLP
EORFDJH GX GpYHORSSHPHQW SUpFRFH GHV /7 )LJ % /fDQDC

IOX[ PRQWUH TXH OHV FHOOXOHV '3 HW 63 SHUVLVWDQWHYV GDC
00



RX WRWDOHPHQW /LV VXJJpUDQW TX XQH SDUWLH RX TXH OD W
GpOpWLRQ GX JgQH FRGDQW /LV SDU OD &UH UHFRPELQDVH )L
SRSXODWLRQV 'l GDQVW @HY¥HMIRXWLNVXH.XQH DFFXPXODWLRQ GH
&' &' HW XQH GLPLQXWLRQ PDMHXUH GX QRPEUH GH F
&RQWUDLUHPHQW DXPHOQL PR p&HQWHQW XQ SKpQRW\SH VpYql
&' &UH/LVP KpWpPURJ\VJRWHV TXL RQW XQH GpILFLHQFH SDUWLHO
GIDQRPDOLH VLJQLILFDWLYH GX GpYHORSSHPHQW GHV /7 )LJ

/LV HVW HVVHQWLHOOH DX GPpYHORSSHPHQW SUpPFRFH GHV /7 &
PRGqOH!®HVW pJDOHPHQW H[SULPpH DX VWDGH SUpFRFH GX Gp
DYRQV DXVVL DQDO\Vp OJHIIHW GH OD GpILFLHQFH HQ /LV VXU

GpILFLHQFH HQ /LV GDGYFRQBRGWOHXQH GLPLQXWLRQ GUDVWL
/% HQ GPYHORSSHRHQWVH6WUDGXLVDQW SDU OD GLPLQXWLRQ Gl
& F NLWO SUH% %' F NLWO HW /% LPPDWX&H P6NLNO

GDQV OD PRHOOH RVVHXVH /D SRSXODWLRQ GHWFHOMWOHYV SL
GLPLQXpH PDLV OpJqQUHPHQW HQ FRPSDUDLVRQ DX[ SRSXODWLR
SHUWH GH /LV GDQV FH PRGqOH HQWUDVQH XQ EORFDJH j FH V\
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) LIXUH /IH GpYHORSSHPHQW SUpFRFH GH O\PSKRF\WHV 7 HVW

$ %ODUTXDJH GH VXUIDFH GH &' HW &' VXU GHV WK\PRF\QVIIW LVVXV
GPILFLHQWHY HQ /LV GD @YHOHREP RG'GOM \BUE1' /L\P3A" &' &UH §

HW &UYH /L\P & &UH o & ODUTXDJH GH VXUIDFH GH &' HW &' DSUQV J
SRSXODWLRQ WK\PI&TXHLMVXH GH VRXULV'F ROW G pOHR HQWHY GDQV OH
&' &UH/LVO &S &UH /HY YDOHXUV GDQV OHV FDGUDQV UHSUpPVHQWHQW OHYV
GHV SULQFLSDOHYV SRSXODWLRQV WK\PLTXHV /HV KLVWRJUDPPHV UHJ!
DX VHLQ GHV GLIIpUHQWHY SRSXODWLRQ@V F&IQW HMW XKDHMY WHR &/ DUDLLHVHFY
LQGPSHQG® GWBIWXQH FRQVWLWXpH GH j SVRXUHWVVSDQR QURXSBIP pW UL
GH 0DQQ :KLWQH\
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ILY QYHVW SDV HVERMPWHHWQRQ@ GBIV WK\PRF\WHV GRXEOH

/D VPOHEWVWQXQH pWDSH GH WUDQVLWLRQ HVVHQWLHOOH HQWL
OD VXUYLH HW OD SUROLIpUDWLRQ GHV WK\PRF\WHV SUpFRFHV
IRQFWLRQQHOV GH3XO DX &KDLQH 3RXU pYDOXHU OH U{OH GH

SURFHVVXV QRXV DYRQV DQDO\Vp OfH[SUHK @XRT&EQ&EJIDFHO O X
SDU F\WRPpWULH HQ IOX[ 1RXV REVHUYRQV TXH OB/&WRSRUWL
HVW GLPLQXpH GH HW UHVSHFWLY H® ®QWHXD DR PGIDW DIOLRQ
DX[ DQLPDX[ FRQWU{OHV /D GpILFLHQFH HQ /LE7 &G M D IDHHRMWHH O C
SDV OHV QLYHDX[ GTH[SUHBXLRED GHXODp BRRMQFXH /LV QIHVW S
DX UpDUUDQJHPHQVE GBIQWDFFKDFRBBOXOHYV )LJ $ /THISUHVVL]
IRQFWLRQQHOOH GpFOHQFKH GHV pYpQHPHQWY GH VLIJQDOLVDYV
VXUYLH GHV FHOOXOHV 3RXU GpWHUPLQHU OfHIIHW GH OD G
GpFOHQFKpH SDUE GBIVFRREQH)RXV DYRQV FRPSDUp OTH[SUHVV
FRUPFHSWHXU GRQW OH QLYHDX GTH[SUHVVLRQ HVW FRUUpPOp j
SUH 7&5 HW OHV 7&5 VXU OHV FHOOXOHV 'l EHGEVLPRRW RX
/TH[SUHVVLRQ GH &' HVW DXJPHQW pHE7 %Xt Q HR PFS-DOIDYYIRD ' 1

FHOOXOHE/ &BFIRQIRUPPPHQW Wi @XRUDW /H QLYHDX GYHI[S
&' HVW DXJPHQWp GDQV FHV GHX[ SRSXODWLRQV HQ DEVHQFH
GX GPYHORSSHPHQW GHV /7 j FH VWDGH QH UpVXOWH SDV GIXQF
FHV FHOOXOHV )LJ %

'"HX[ SRSXODWLRQV GH WK\PRF\WHV 'l VH GLVWEZQPRHOW /HV W}
QTH[SULPHQW SEVREHF WHKROQOHOOH HW RQW XQH IDLEOH FDSDFL
/HV WK\PRF\WH\E7T'@5E&' KF H{TSULPHQW XBHWKDHQMKLYHDX[ pOHYp
SURWPLQHV IDYRULVDQW OHXU VXUYLH OHXU SUROLIpPUDWLRQ
o,/ OD SURWPLQH %&/ RX OH UpFHSWHXU WURSKLTXH &'
OYH[SUHVVLRQ GX UpFHSWHXU j 0T,/ HW GH %&9 '@ HVAMWLPLOD
/LVO N?XJJpUDQW TXH OHV SUH 7&5 GpOLYUHQW GHV VLIJQDX[ GH
HQ DEVHQFH GH /LV )LJ & J/YH[SUHVVLRQ EDVDOH GH &' HV
'1 D HW 'l E GpILFLHQWHY HQ /LV HQ FRPSDUDLVRQ GH FHV Pr
GDQV OHV VRXULV FRQWU{OHV VXJJpUDQW TXH OHV FHOOXOF
POPWDEROLTXHEDBOH¥WLRQ )LJ ' J/YHQVHPEOH GH FHV GRQQ
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GpILFLHQFH HQ /LV QYHQWUDVQH SDV XQ EORFDJH GHV pYqQH
SUpFRFHV OLpV DX BDYYBBWIGRQOD



)LIXUH /ID GpILFLHQFH HQ /LV QYDIIHFWH\5DOHBW LGRXQQU RXOHPF

$ ODUTXDJH LQW U DEI&6 OXXQD GHN @M \PRF\WHV '1 LVVXV GHBARXULV FI
GPpILFLHQWHYV HQ /LV G DB@V LOARP RS /Y &LVWRIUDPPHY EDUUHV UHSUj
SURSRUWLRQV GHFHDXOXBHY GHV VRXV SRSXODBWLRQM '1&' &'
&' HW '1 &'&' /HV GURLWHV WUDFpHV VXU OHV KLVWRJUDPPF
SRSXODWLR®VWFDUTXDJIH GH VXUIDFH GH &' VXU GH¥SWRMPRF\WHV '1
LE7&®RLVVXV GH VRXULV 'PRQW GPOHRL HQWHY HQ /LV GBYWVLEHY PRGQqO
&' &UH /JHV GURLWHV WUDFpHV VXU OHV KLVWRJUDPPHV K$&HBVLQWqJU!
KLVWRJUDPPHY EDUUHV UHSUpVHQWHQW OHV YDOHXUV GH 0), GH &'
LE7 &5 HW '1E7I8®R & 'ODUTXDJH GH VXUIDFH GH ,/ 5 %&/ HW &' VXU G
'1 D [EF&PR&' OR '1 E IREL& KL HW 'l  &'&' LVVXV GH VRXULV FRQW

/LV° AW GpILFLHQWHV HQ /LV GDBQV LY #RG/HVYHNLEWRJIUDPPHV EDU
UHSUPVHQWHQW OHV YDOHXUV GH 0), DX VHLQ GHV VRXV SRSXODWLR
VXU OHV KLVWRJUDPPHV )$&6 UHSUPpVHQWHQW OHV YDOHXUV GH 0), C
UpVXOWDWYV WRWBGE MY HRAW MLORLY H[SpULHQFHVFKQE X 8 HQFRRIQOAMH. W X p H

i VRXULV SDWJURXSWW QRQ SDUDPpPpWULTXH GH 0DQQ :KLWQH\
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/ILV HVW HVVHQWLHOOH j OD SUROLIpUDWLRE § p®HWF WIKRBR F

1RXV DYRQV HQVXLWH pYDOXp OH U{OH GH /LV GDQV OHV pYqQ
OBVPOHFWRRY® FH EXW GHV WK\PRF\WHV '1 D RQW pWp LVROpV S
7UDFH 9LROHW &79 HW PLV HQ FXOWXUH VXU XQH OLJQpH GH |
OLJDQG 127&+ '// /D ILJXUH $ PRQWUH TXH OD GpILFLHQFH HQ
PDMHXUH GX SRXUFHQWDJH GH FHOOXOHYV HQ FRXUVEGXSUROLI
7&5 GH & GH &' GH ,/ 5 HW GH %&/ HVW VLRLORLEM GDQV C
HW OHV WK\PRF\WIHN¢ 'FRQWWRMHYW TXH OD VLIQDOLVDWLRQ LQ
QYHVW SDV DIIHFWpH SDU OYDEVHQFH GH /LV )LJ % HW )LJ &
VL /LV pWDLW LPSRUWDQWH SRXU OH GpPURXOHPHQW QRUPDO G.
GX '$3, /YDQDO\WH PRQWUH TXH OD GpILFLHQFH HQ /LV HQWUD:\
HQ SKDVH * 0 GX F\FOH FHOOXODLUH )LJ ' LQGLTXDQW XQ E
F\FOH FHOOXODLUH &HV UpVXOWDWYV VXJIJQUHQW TXH /LV HVW
'1 DSUQV OD V(POHFWLRQ
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)LIXUH /ID SUROLIpUDWLRQ GHV WK\PRF\WHV "1 HVW FRPSURP

$ $QDO\WH GH OD SUROLIpUDWLRQ GHY FHOOXOHV 'l PLV HQ FXOWXU|
GH VRXULVY FROQWRXOGMLFLHQWHY HQ /LV GPQVYWE PR®EEH L' K

K HW K /HVY GURLWHYV VXU OYKLVWRJUDPPH )$&6 UHSUpVHQWHQW
/I MKLVWRJUDPPH EDUUH UpVXPH OHV SURSR U WLORDQM X501 I H@MXUWCHAH E Q X
GH7&5 HW PDUTXDJH GH VXUIDFH GH &'"°HPWV/MFE GORQAMWHQ FHXOWXUH VX
OLJQpH 23 '// /IH FDGUDQ GpPDUTXH EO&3 &'HO GIXWO IODHVIERPIEFUHYV Ol
SURSRUWLRQV GH FHOOXOHV 'l E DX &6RDQTEBIJHDCIREXOIMWHR®H 1/ 5
HW &' GHV '"EMRPR&' °R HW '1 E/&F-&' Xt DSUQqV K GH FXOWXUH GHV |
'l J/LVOMW /P8O &UMY XU OLJQpH 23 '// /IHV YDOHXUV LQGLTXpHV VXU OH
FRUUHVSRQGHQW DX[ YDOHXUV GH 0), GXOPDUXRHBHN U ARVUISBHY SRQGCHD WS
FHOOXOHVETRPR&LRRHW '1 E7 &F&' Xt DSUqV K GH FXOWXUH GHKVPFHOOXC
HwW /MW &UHV XU OLJQpH 23 '// /IHV GURLWHYV VXU OHV KLVWRJUDPP

N 7



SRSXODWLRQ HQ SKDVH * * 6 . Hw * 0 . GX F\FOH FHOOXO
UHSUpVHQWHQW OHYV SURSRUWLRQV GH FHOOXOHV * * 6 HW * 0 /TKL
GH FHOOXOHV * 0 DX VHLQ GHHOD ISIK$HOD WRRMD ALEFHQW VHSW HW VL[ }
LQGpSHQGDQWHYV UHVSHFWLYHHPWR W R QMWW UHBUPpWHQWDWLYHYVY GH TXI
H[SpULHQFHY LQGpSHQGDQWHY UWVWHFWLYHPHERWUUHFWLRQ GH :HOFK
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/ILV UpJXOH OD SUROLIpUDWLRQ GHpUOSKPKRFXWNYV 7 &'

1RV UpVXOWDWYVY LQGLTXHQW TXH /LV MRXH XQ U{OH PDMHXU ¢
LQGXLWH SDU OH SUH 7&5 2U XQH pW XG HO Ugp E¥HQXNIH }UMLDXMD Q'
OD GpILFLHQFH HQ /LV QYD TXfXQ HIIHW PRGpUp VXU OD SUROL
DSUQV HQJDJHPHQW GHV 7&5 3RXU GpWHUPLQHU VL /LV D
SUROLIpUDWLRQ GHV WK\PRF\WHV QRXV DYRQV DQDO\Vp OfHI
SUROLIpUDWLRQ GHV /7 SpULSKpULTXHV &RQILUPDQWC°ODQDO\
&' %M QRXV PRQWURQV TXH OD GpILFLHQFH HQ /LV GDQV FH PR
PDMHXUH GX QRPEUHHWH&/GD&V OHV RUJDQHV O\PSKRWGHV VHI
GpILFLHQFH HQ /LV GDOYFRMBRGWOHX® SKpQRW\SH VLPLODLUH
6 % 1pDQPRLQV OfH[SUHVVLRQ GH /LV GDQV OHV /7 SpULSKp
FRPSDUDEOH j FHOOH REVHUYpH OHV /7 FRQWU{OHV UpYpODQ
SDUYLHQQHQW j VH GPYHORSSHU GDQV FHV VRXULV pFKDSSHQW
OH JgQH FRGDQW /LV UpVXOWDWYVY QRQ PRQWUpV &UIRRXUDYRQV
PWXGLHU OJHIIHW GH /LV VXU OD SUROLIpUDWL\WR@EBEW /FWp UL
LVROpV PDUTXpV DX &79 HW VWLPXOpV SDU GHVY DQWLFRUSV D
&79 PRQWUH TXH OYDEVHQFH GH /LV GDQV FHV FHOOXOHV HQW
SUROLIpUDWLRQ SV SRp&W'LTXHV )LI $ PDLV QYD SDV GILPSD
SUROLIpUDWLRQS@HVNSKpP&LTXHYVY )LJ 6$ /D SURBLSPUPWQWQ C
OH 7&5 WUDQVJpQLTXH $1' HVW DXVVL IRUWHPHQW EORTXpH F
FHOOXOHV VRQW VWLPXOpHV SDU GHV FHOOXOHV SUpVHQWDYV
SHSWLGHV GH 0&& ORWK F\WRFKURPH & VSpPFLILTXH GX 7&5 $1'
PDUTXHXUV GIDFWLYDWLRQ &' HW &' HV\EpQRAULMHIONHY GIRXW Ol
DSUQV K GH VWLPXODWLRQ LQGLTXDQW TXH /LV QfHVW SDV
GIDFWLYDWLRQ GpOLYUpV SDU OHV 7&5 )LJ 6 % 'HIVSOXV O
IRUWHPHQW GLPLQXpH HQ DEVHQFH GH /LV ORUVTXH OHV FH
30$ LRQRP\FLQH VXJJpUDQW XQ U{OH GH /LV HQ DYDO GHV YRL
SDU OHV 7&5 )LJ & /D SUROLIEYDWLIP® EGHYQW BRUWHPHQW C
DEVHQFH GH /LV ORUVTXH OHV FHOOXOHV VRQW VWLPXOpHV D
TXH OD GpILFLHQFH HQ /LV D XQ LPSDFW GLIIpUHDOR @ XOH 0D\ SH
VWLPXODWLRQ XWLOLVp )LJ ' 1RXV DYRQV HQVXLWH DQDO\V
OH F\FOH FHOOXODLUH &RPPH SRXU OHV WK\PRF\WHV QRXV P
GDQV OHV /H@WUDVQH XQH DFFXPXODWLRQ GHV FHOOXOHV HC
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FRQFOXVLRQ QRV UpVXOWDWYV VXJIJqQUHQW TXH j OfLQVWDU G
SPpULSKpULTXHV HVW IRUWHPHQW GLPLQXpH HQ DEVHQFH GH /LV

—_—
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) LIXUH /ID GpILFLHQFH HQ /LV DIIHFWH OD SUROLIpUDWLRQ G

$ & $QDO\WH GH OD SUROLIpUDWLRQ DSUQV K GH FXOWXUH HQ SUpVH
$ RX GH 30$ LRQRPEH.QH &'LVVXV GH VRXULV 'FREWAIQFVYHQWHY HQ /L
GDQV OH PRGYOMVRE &UH /HY FRQFHQWUDWLR®W KQGQLAXpKHIWWRJIUDP P
)$&6 LQGLTXHQW OD FRQFHQWUDWLRQ GYDQWL &' XWLOLVpH /HV

SURSRUWLRQ GH FHOO X ®4$Q H@\\6H BGILOPU BWRRQIpUDWLRQ DSUqV K G
GH FHOOXOHV 3 FKDUJpHV GH SHIWLGWUXVE&HGWRIUL'V ' FROWU{OHV /
RX GPpILFLHQWHV HQ /LV @DV OHYBRG{OIHE" $QDO\WH GH OD SUROLIpU
DSUQV K GH FXOWXUH HQ SUPVHQFH GH BYY¥X\RGRPYRXYUH \G'ARPQV&U{OH
RX GpPILFLHQWHYV HQ /LV GDQUWEA PRGIgOM & /HV GURLWHY WUDFpHV V
KLVWRJUDPPHV )$&6 GpOLPLWHQW OD SRSXODWLRQ GH FHOOXOHV H
FRUUHVSRQGHQW j OD SURSRUWLRQ (CH FHODMOEHW BO$SIURDUIpHD WELHR

e



& VWLPXOpV K HQ SUpPVHQFH GYDQWL &' HW DQWL &' /HV GURLW
GpWHUPLQHQW OD SRSXODWLRQ * * . 6 . HW * 0 . J/HV QRPE
OHV SURSRUWLRQV GH FHOOXOHV * * 6 HW * 0 /YKLVWRJUDPPH EDU
* 0 DX VHLQ GH OD SRSXOBWERQHV &RQQpHV WRWDOLVHQW GHX]

LQGPSHQGDQWHYV ( /DHEUXWHQWH XQH H[SPpULHQFH SD®WPRQIGNMW HW

UHSUpVHQWDWLYH T8H GIWQMHWRWKDYWF FRUUHFWLRQ GH :HOFK

-_—
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/ILV UpJXOH OD UHGLVWULEXWLRQ GHV FKURPRVRPHV OF
O\PSKRF\WHYV 7

1RV UpVXOWDWYV SUPpFpGHQWY LQGLTXHQW TXH OD GpILFLHQFH
SKDVH * RX HQ PLWRVH 0 GX F\FOH FHOOXODLUH 3RXU GpWHU
GX F\FOH FHOOXODLUH GDQV ODTXHOOH OH\R® WODXD MW VARQDN \E
GHV SODTXHV DGVRUEpHV GYDQWLFRUSYV DQWL &' HW DQWL &'
DQDO\VpV SDU LPDJHULH HQ IOX[ /H SDUDPqWUH © %ULJKW 't
GIpYDOXHU OfpWDW GH FRQGHQVDWLRQ GH Of$'1 D pWp XWLOL\
FHOOXOHV HQ SKDVH 0 SRXU SOXV GH GpWDLOV YRLU OD VH
REVHUYRQV TXH OD GpILFLHQFH HQHQW U DBV XAOHV DFF&P XODV
FHOOXOHV HQ FRXUV GH PLWRVH VXJJpUDQW XQ EORFDJH DX F
6 & (Q XWLOLVDQW XQH DSSURFKH VLPLODLUH QRXV DYRQV H
OYDOLJQHPHQW GHV FKURPRVRPHV VXU OD SODTXH PpWDSKDVL
SDUWLFLSDWLRQ DFWLYH GHV PRWHXUV PROpFXODLUHV VXU OH
RQW pWp VWLPXOpV VXU GHV SODTXHV DGVRUEpPHYV GIDQWLFRU:
$SUQY K GH FXOWXUH OHV FHOOXOHV RQW pWp V\QFKUR
VIQFKURQLVDWLRQ OH QRFRGD]ROH D pWp pOLPLQp HW OHV FH
OHV VWDELOLVHU HQ PpWDSKDVH /JHV FHOOXOHV VRQW HQ\
DSUQV PDUTXDJH GH OT$'1 HQ XWLOLVDQW OH SDUDPgQWUH © HC
GH OD ORQJXHXU HW GH OD ODUJHXU GYXQ PDVTXH '$3, HW SH
PpPWDSKDVH 1RXV UHPDUTXRQV XQH IRUWH GLPLQXWLRQ GHV F
i ORUVTXH OHV FHOOXOHV PLVHV HQ FXOWXUH VRQW GplILFL
/YDQDO\WH GHV UpVXOWDWY PRQWUH TXH OD GpILFLHQFH HQ
SRXUFHQWDJH GH FHOOXOHV HQ PpWDSKDVH VXJJpUDQW TX
UpRUJDQLVDWLRQ GHV FKURPRVRPHV DX FRXUV GH OD PLWRVH
OD G\QDPLTXH GH UHGLVWULEXWLRQ GHV FKURPRVRPHV QRXYV
&' SDU YLGpR PLFURVFRSLH /HV FHOOXOHV RQW pWp PLVHV F
FKDPEUHV DGVRUEpPHV GIDQWLFRUSY DQWL &' HW DQWL &' S)
+RHFKVW /HV LPDJHV RQW HQVXLWH pWp DFTXLVHV DX VSLQQL
,PDJH- SRXU OH PRQWDJH GHV YLGpPRV 1RXV FRQVWDWRQV TXF
HVW DXJPHQWpH HQ DEVHQFH GH /LV )LJ & 3DU DLOOHXUYV

VRQW VRXYHQW LQWHUURPSXHV GDQV OHV FHOOXOHV GpILFLHQ
i OTpPHUJHQFH GH GHX[ RX WURLV FHOOXOHV ILOOHV DYHF XQH
GX PDWpPULHO JpQpWLTXH HW OD SUpVHQFH GH QR\DX[ PXOW

T



PXOWLOREpVY GDQV OD SKDVHGH HWLHQGHW H®Q &LV DLQVL TXH O
GH OD SKDVH VXE* FRQILUPH TXH OD GpILFLHQFH HQ /LV FRQ
GHV FKURPRVRPHV HW SDU FRQVpTXHQW j OD PDXYDLVH GLY
I fTHQVHPEOH GH FHV GRQQpHV PRQWUH TXH /LV HVW HVVHQWL
PLWRVH HW UpJXOH OD UpSDUWLWLRQ RUGRQQpH GX PDWpULHO

/D GpVRUJDQLVDWLRQ GHV FKURPRVRPHV SHXW rWUH OD FRQVpT
FHQWURVRPHV TXL VRQW UHVSRQVDEOHV GH OD PLVH HQ SODF}
OD PLWRVH $X FRXUV GH OD SKDVH 6 OHV FHQWURVRP|
DX FRXUV GH OD SKDVH * SRXU GpPDUUHU OD PLWRVH 3R X
FH SURFHVVXV QRXV DYRQV GIDERUG DQDO\Vp OH QRPEUH GH |
'1 E HQ PLWRVH LVROHY YAXIRRXVPREVHUYRQV TXTXQH SURSRUW
FHOOXOHV FRQWLHQW XQ QRPEUH DQRUPDOHPHQW pOHYp GH
GpILFLHQWY HQ /LV 1RXV DYRQV HQVXLWH DQDO\Vp OH QRPEUH
VWLPXOpV SDU GHV DQWLFRUSV DQWL &' 3RXU GpWHUPLQHU
FHQWURVRPHV HVW FRQFRPLWDQW j OD GLYLVLRQ FHOOXODLL
EODVWLTXH HQ FRXUVKG H W LR @ LERID \PM RTRKV PERQWURQV TXH
GpILFLHQFH HQ /LV QYDIIHFWH SDV OH QRPEUH GH FR®WURVRP
EODVWLTXH )LJ ) (Q UHYDQFKH XQH IUDBWHGRQLER SR WW DISRXF
/ILV FRQWLHQW XQ QRPEUH GH FHQWURVRPHV VXSpULHXU j GH
VRQW SDV RUJDQLVpPV DX VHLQ GHV FHOOXOHV HQ PLWRVH Gy
FHOOXOHV FRQWU{OHV )LJ ( &HV UpVXOWDWV VXJIJqUHQW
FKURPRVRPHVY SHXW rWUH OD FRQVPTXHQFH GH OfDPSOLILFDV
FHQWURVRPHYV

/D UpRUJDQLVDWLRQ GHV FKURPRVRPHV OfDPSOLILFDWLRQ H\
GpSHQGHQW GX FRPSOH[H G\QpLQH TXL UHFUXWH GHV SURWpL:
FHOOXODLUHV SDU OfLQWHUPpPGLDLUH GX FRPSOH[H G\QDFW
VXJJqUHQW TXH /LV UpJXOH OH WUDQVSRUW GHV RUJDQLWHV F
IDYRULVDQW VRQ LQWHUDFWLRQ DYHF OD G\QDFWLQH

XQ HIIHW VLPLODLUH GDQV OHV /7 QRXV DYRQV DQPUN¥p OD F
XQH VRXV XQLWp GH OD G\QDFWLQH DYHF OD FKDLQH LQWHUF
H[SULPDQW RX QRQ /LV VWLPXOpV SHQGDQW K 1RXV REVHL
G\QpLQH HW OD G\QDFWLQH HVW IRUWHPHQW GLPLQXpH GDQ
FRPSDUDLVRQ DX[ /7 FRQWU{OHV &HV UpVXOWDWYV PRQWUHQW
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G\QpLQH DYHF OD G\QDFWLQH GDQV OHV /7 ,0V VXJIJqQUHQW T>
QRUPDO GHV PLWRVHV GDQV FHV FHOOXOHV HQ UpJXODQW
G\QpLQH G\QDFWLQH TXL VRQW HVVHQWLHOV DX WUDQVSRUW C
FHQWURVRPHV HW OHV FKURPRVRPHV )LJ 6
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)LIXUH /IH GpPURXOHPHQW GH OD PLWRVH HVW DIIHFWp SDU OI

$ %HSUpVHQWDWLRQ LVVXH GH ORD¥TKQVEXOQOWRUGHLYAV XY GH VRXUI
/ILVO QW GpILFLHQWHY HQ /LV GOONV&VEPRGEGFOANWRIUDPPH UHSUpVHQ!
OH SDUDPqQWUH © %YULJKW '"HWD/L®°, @WHQY¥ LWHHQGCKDNVR'* 0 DSUqV K
GH FXOWXUH HQ SUpVHQFH GYDQWLFRUSY DQWL & HW DQWL &' [/HV (
OHV SRSXODWLRQWHHDWPOWR WHD O%I'XUV FRUUHVSRQGHQW DX[ SURSRUW
DX VHLQ GH OD SRSXODWLRQ GH FHOOXOHY HQ SKDVH * 0 &H UpVXOW
DYHF DFTXLVLWLRQ GTHQYLURQ FHOOXOHYV GDQV OD SRSXODWLRGCQC
GIXQH VRXULV SDY 5HRPNVEGWDWLRQ HQ GRW SORW GHV SDUDPqWU
© 6SRW FRXQW 2 GHVC /AW VL& &VHHQ PLWRVH DSUqV K GH FXOWXUH |
GIDQWLFRUSYVY DQWL & HW DQWL &' VXLYLH GH OD VIQFKURQLVDWLRC
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UHSUpVHQWH OD SRSXODWLRQ GH FHOOXOHV GH YDOHXU © (ORQJDWHC
/HV YDOHXUV LQGLTXHQW OD SURSRUWLRQ GH FHOOXOHV HQ PpWDSKE
UpVXOWDW HVW UHSUpVHQWDWLI GH GHX[ H[SpPULHQFHV DYHF DFTXL
SRSXODWLRQ HOLPRWRV¥H WISpPULHQFH HVW FRQVWLWXpH GIXQH j WU
7LPH ODSVH UHSUpPVHQWDQW OHV QR\DX[ PDUTXpV DX +RHFKVW GHYV

SUpVHQFH GYDQWLFRUSV DQWL &'  HW VXYWGEH'VRXULUV BREW U{OHV

GPILFLHQWHYV HQ /LV G DBV LOARP RIE gHHWHPSY LQGLTXp VXU FKDTXH LP
IRUPDW + PLQ /HV IOgFKHV SRLQWHQW OHV FHOOXOHV HQ FRXUV G
WHPSV GH PLWRVH HQ KHXUH GH FKDTXH FHOOXOH REVHUYpH &HW\
H[SPULHQFHY LQGPSHQGDQWHYV FKDFXQH FRQVWISWXpH7 BWQERQR XU L
SDUDPpWULTXH GH 0DQQ )WDWLPHKP ,QWHQVLW\ 3URMHFWLRQ GH = VW
PLFURVFRSH FRQIRFDO DSUQqV PDUTXDWKBXOEBEWUIR\GKP BRADX SDU O
FHOOXOHV HWEGH /7 & VWLPXOpV K HQ SUpVHQFH GYDQWLFRUSV DQ!
)6&L' HW P&& /HV ILIJXUHWYVRQW UHSUpPVHQWDWLYHV GH GHX[ H[SpULH
ODTXHOOH RQW pWp DFTXLVHV j FHOOXOHV
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/ID SHUWH GH /LV IDYRULVH OYDSRSWRVH GHV FHOOXOHYV |

/ID UpSDUWLWLRQ GHVY FKURPRVRPHY ORUV GH OD PpWDSKDVH H
YpULILH OH ERQ DOLIJIQHPHQW GHV FKURPRVRPHV VXU OD SODTX

RUGRQQpH GX PDWpPpULHO JpQpWLTXH /D IRUPDWLRQ GH F
DQRUPDOHYVY GH PDWpPULHO JpQpWLTXH FRQGXLW DXVVL j OTH[S!
HQWUDvQDQW OD PRUW GHV FHOOXOHYV /ITDQDO\WH GX PDUT

‘1 D VWLPXOpV SDU GHV FHOOXOHV 23 '// PRQWUH TXH OD Gp
DFFURLVVHPHQW GH OD IUpTXHQFH GHV FHOOXOHV HQ DSRS\
HQJDJpHV GDQV GHV F\FOHV GH G2R L ¥Q R\ FE PIOK @BILBR XU BH @
FHOOXOHV HQ DSRSWRVH HVW FRPSDUDEOH DM MHR QWK \P RV
HQFRUH pWp HQJDJpV GDQV GHV GLYUVMLRYV FHODXOPHUIMDYR Q7
/7 & VWLPXOpV SDU GHV DQWLFRUSV DQWL &' D\DQW VXEL GH
VRQW GDYDQWDJH HQ DSRSWRVH TXH OHV PrPHV SRSXODWLRQV
)L % 3DU FRQWUH OD GpILFLHQFH HQ /LV QYD SDV GTYLP
FHOOXODLUH GDQV OHV F#i POX®HIRQFGLLWIMPWHVE'/H PDXYDLV Gp
OD PLWRVH HW OD PDXYDLVH UpSDUWLWLRQ GX PDWpULHO JpC
FRQGXLVDQW j OJDSRSWRVH GHV FHOOXOHV 1RXV PRQWU
DXJPHQWpPH GDQV OHV WK\PRF\WHV 'l GH VRXULV GpHEYELHQWH\
)LJ & 'H SOXV OYH[SUHVVLRQ GEp3LFGIHQWWOBERXD &'V HVW D
SDU UDSSRUW DX[ /7 FRQWU{OHV DSUQV K GH VWLPXODWLRQ )
GpPRQWUH TXH /LV SUpYLHQW OD PRUW FHOOXODLUH GHV WK\
UpRUJDQLVDWLRQ GHV FKURPRVRPHV HW GHV FHQWURVRPHV OF
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) LIXUH /ID SHUWH GH /LV IDYRULVH OfDSRSWRVH GHV FHOOX

$ %ODUTXDJH GH VXUIDFH SDU $QQH[LQY9 VXU XQ KSR R ¥ XG/HGW KW RK E\WWF
FRQWU{OAWRX/GWILFLHQWHY HQ /LV GU'QMAEN PROBOHVEFXOWXUH VXU O
23 $ HW GH /7 BVVXV GH VRXULV 'PRQW G pOHAL HQWHY HQ /LV GDQV Ol
&' &UH [L\P ®' &UH % /HV GURLWHV VXU OHV KLVWRJUDPPHV )$&6 GpOLI
$QQH[LHW OHV YDOHXUV UHSUPVHQWHQW OD SURSRUWLRQ GH FHOOXO
SRSXODWLRQ '1 D '1 & RXN/7T1& % /HV KLVWRJUDPPHV EDUUHV UHSU|
SURSRUWLRQ GH FHOOXOHV SRVLWHYWW SRXOROM $PYPODXEW OTH[SUHV
VHLQ GHV '1 &VRW I /7 @WLPXOpV GH 5DFK D pWp XWLOLVpH FRPPH FR
TXDQWE WYL HYV ILIXUHQW WRW B ®LX® WS (MURLQFHY LQGESHRBDQWHYV
GRQQpPHYV VRQW UHSUpPVHQWDWLYHV GH GIBX[ HM pWH MW FBIYWHIEQRSRS Ul IRV
"HOFK
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JLIXUH 6XSSOpPHQWDLUH /IH GpYHORSSHPHQW SUpFRFH GHV /7 QTH\

GPpILFLHQFH HQ /LV

$ 5HSUpVHQWDWLRQ QRQ EDNPKHBDQHXGXGHIGOHX[ VPTXHQFHV /R[3 HQV
HW OTH[®QAXDQWLILFDWLRQ GX QRPEUH WRWDO GH WK\PRF\WHV DX \
FRQWU{ORVAWLGEpPILFLHQWHY HQ /LV GBOVLPHRY RGN0 BN /&P 0

&' &UH 5pVXOWDWY UHSUpPVHQWDWLIV GH GHX[ HWSKXLW HV[\WpQRKQF H\
SDUDPpPWULTXH GH 0DBQED KIDWQH\GH VXUIDFE &5 8XU BWV WK\PRF\WH

A



LVVXV GH VRXULV PROW GPOHNLHQWHY HQ /LV &I QMPAH PRGHUH &'
FDGUDQV GpOLPLWHQW OHV SRSXODWLRQV GH WK\PRF\WHV &' 63 PDW
LQGLTXpHVY FDUDFWpPULVHQW OD SURSRUWLRQ GH FHOOXOHV PDWX
KLVWRJUDPPHY EDUUHV UHSUpPVHQWHQW OHV QRPEUHV DEVROXV GH &
ODUTXDJH GH VXUIDFH GH &' HW &' VXU \GHW VBHK\ R/RRF\WLHA EHEEW U { O H V
GPpILFLHQWHY HQ /LV GDGY OIHARP RG HWH B &1 /LWS$A' &' &UH [HV
YDOHXUV GDQV OHV FDGUDQV UHSUpPVHQWHQW OHV SURSRUWLRQV GH
WK\PLTXHV /HV KLVWRJUDPPHV EDUUHV UHSUpVHQWHQW OHV QRPEU
GLIIpPUHQWHY SRSXODWIRQV WHVPLAPSHPWLHQFHY WRWDOLVHQW GH:
LQGPSHQGBQWHWHVW QRQ SDUDPpPWULTXH GH 0DQQ :KLWQH\
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JLIXUH 6XSSOpPHQWDLUH /IH GpPYHORSSHPHQW SUpFRFH GHV

SHUWH SDUWLHOOH GH /LV

$ ODUTXDJH LQWUDFHOOXODLUH GH /LV GH WK\PRMWHWD LMVLX\QGEHW R
/ILV GDQV OH PRGBJOWER'¢YH 9% ODUTXDJH GH VXUIDFH GH &' HW &' HQ |
&' HW &' HQ EDV VXU GHV WK\PRF\WHV LVYXW&HWRXELVRFWRAWUHDF
GDQV OHV PRGYOHW &' &4YH /HV YDOHXUV GDQV OHV FDGUDQV UHSUpVH(
GH FHOOXOHYVY DX VHLQ GHVY SULQFLSDOHYV SRSXODWLRQV WK\PLTXHV

QRPEUHY DEVROXV GH FHOOXOHY DX VHLQ GHV GLIIpUHQWHY SRSXODYV
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JLIXUH 6 XSSOpPHQWDLUH /IH GpPYHORSSHPHQW GHV /% HVW IR

OfDEVHQFH GH /LV

$ ODUTXDJH GH VXUIDFH GH % HW &' VXU GHV FHOOXOHV LVVXHYV
FRQWU{OMYWLEpILFLHQWHY HQ /LV &DPOWEHPRGHOH BOHXUV GDQV O
FDGUDQV UHSUPVHQWHQW OHV SURSRUWLRQV GH FHOOXOHV DX VHLQ
EDUUH UHSUpVHQWH OHV QRPEUHV DEVROXV GH FHOOXOHV DX VHLQ
RVVHXWYODUTXDJH GH VXUIDFH GH F NLW HW ,80 VKUVGEHV BHOPKIOGI® H
RVVHXVH GH VRXULVORRWG VBY {DFHM QUWHY HQ /LV UDQW GHEPRGHOH &'
YDOHXUV GDQV OHV FDGUDQV UHSUpVHQWHQW OHV SURSRUWLRQV C
SRSXODWLRQV /fKLVWRJUDPPH EDUUH UHSUpVHQWH OHV QRPEUHV DE
SRSXODWLRQV GH OD PRHOOH RVVHXVH &HV H[SpULHQFHV WRWDOLVH
7HVW QRQ SDUDPpPWULTXH GH 0DQQ :KLWQH\
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JLIXUH 6XSSOpPHQWDLUH /ID GpILFLHQFH HQ /LV DIIHFWH OH

ODUTXDJH GH VXUIDFE &BHS MW &'WHW ®'VXU GHV VSOpQRF\WHV LVVXV
FRQWU{OMYWLEpILFLHQWHY HQ /LV &DPOWEHPRGHOH BOHXUV GDQV O
FDGUDQV UHSUPVHQWHQW OHV SURSRUWLRQV GH FHOOXOHV DX VHLQ
EDUUH UHSUpPVHQWH OHV QRPEUHV DEVROXV GH FHOOXOHV DX VHLQ G
H[SPULHQFHV WRVSDIOWVIHDW GHX{[SpULHQF BVFKQ 6 X 8 HQRRIAMHW Xp GH
VRXULV SDUSIURXBHIVW QRQ SDUDPpPWULTXH GH 0DQQ :KLWQH\
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JLIXUH 6XSSOpPHQWDLUH /ID GpILFLHQFH HQ /LV QYDIIHFWH

&' SpPpULSKpULTXHV VXLWH j OD VWLPXODWLRQ SDU GHV DQWLF

$ $QDO\WH GH OD SUROLIpUDWLRQ DSUqV K GH FXOWXUH HQ SUpVHQI
17 & LVVXV GH VRXULV PRXWGHOHLHQWHY HQ /LV GHBOVYL@®H PRGqOt
&' &UVH /JHV FRQFHQWUDWLRQV LQGLTXpHV VXU OHV KLVWRJUDPPHYV )$&
&' XWLOLVpH /HV KLVWRJUDPPHV EDUUHV SUpVHQWHQW Q@D SURSRL
ODUTXDJH GH VXUIDFH GH &' HWL¥® RWHY &"DSUqV K GH FXOWXUH
SUpVHQFH GIDQWLFRUSY DQWL &' HW DQWL &' /IHV GURLWHYV UHSI
GpOLPLWHQW OHV SRHMWR@DWHWREGR@FHQWUDWLRQV LQGLTXpHV VXU OHV
LQGLTXHQW OD FRQFHQWUDWLRQ GIDQWL &' XWLOLVpH /HV KLVWRJU
FHOOXOHWW' & DX VHLQ GH OD SRSXQUDDUDRQ® /3D& SUROLIpUp &HV HJ
WRWDOLVHQW GHX[ H[SpULHQFHV LQGpSHQGDQWHY FKDFXQH FRQVW
S W WHVW DYHF FRUUHFWLRQ GH :HOFK
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JLIXUH 6XSSOpPHQWDLUH /ID GpILFLHQFH HQ /LV DIIHFWH OD

$ %6FKpPDWLVDWLRQ GHV SDUDPgWUHW @ % EL { @ WQ HMWEH @G WWHOQ V L W
UHSUpVHQWDWLRQ QTHVW SDV LVVRHELSGXSWRDLMAHP HIIY QGH P,R@GBILFDV
UpDOLVpH VX& ,PDRRBIJH GH FHOOXOHYV DFTXLVHV SDU ,PDIHH&WUHDP; U!
HW (ORQJDWHGQHVWDJIJH SURYHQDQW GILPDJH6WUHDP; GH /7 & VWLI
GIDQWL & HW DQWL &' SURYHQDQW GH VRXULV GHYLEVYHOWHY HQ /LV
DSUqV JDWLQJ VXU OD SRSXODWLRQ VXE* 6 HW * GX F\FOH FHOOXODL
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OD SURSRUWLRQ GH FHOOXOH SUpVHQWDQW GHV QR\DX[ PXOWLOREpPV |
/I MKLVWRJUDPPH j GURLWH UHSUpVHQWH OD SURSRUWLRQ GH FHOOXOH
UHSUpVHQWDWLI GH GHX[ H[SpULPHQWDWLRQV FRQWHQDQW XQH VRXU



JLIXUH 6XSSOpPHQWDLUH /I TLQWHUDFWLRQ GH OD G\QpLC

LQWHUURPSXH HQ DEVHQFH GH /LV

"HVWHUQEORW UHSUpVHQWDQW OD FKDLQH ORXUGH GH OD G\QpLQH '+
‘& OD VRXV XQLWp GHODIEVQDHFWEQH DSUqV LPPXQRSUpPFLSLDWLRQ
,J*E HW LPPXQRSUpPFLSLDWLRQ GH ',& S$IOWIXV, & HVXRX®HV 'FIR&W U {OHV
GPpILFLHQWHYV HQ /LV GDOW/IOMP RCGqOHRRRQGLWLRQ © :&/ @ UHSUpPVHQV
WRWDO DYDQW LPPXQRSUpPFLSLDWLRQ 5DF D pWp XWLOLVpH FRPPH FR
&H UpVXOWDW HVW UHSUpVHQWDWLI GIXQH H[SpULHQFH
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ODWpULHOV HW PpWKRGHYV

$QLPDX]

/HV VRXUPVC/LBBDIDK"E $2E HW&&"% &J 7J & LFUH .LR - SURYLH
GH 7KH -DFNVRQ /DERUDWRUYHIM\WIORQ@pHWpPE'GRQQpPHY SDU 'U
RIIUH ,16(50 805 7RXORXVH HW SDU 'U 3DXO /RYH 1DWLR
%HWKHVGD 86$% UHVSHFWLYHPHQW 7RXWHV OHV H[SPULPHQ
FRQFRUGDQFHV GHV kJHV HW GHV VH[HV HQWUH DQLPDX[ kJpV
pWp FURLVpHV DX VHLQ GH OfXQLWp 86 GH OY,16(50 VRXV OH
DQG 2SSRUWXQLVWLF 3DWKRJHQ )UHH HW RQW pWp PDLQWH:C
6SHFLILF 3DWKRJHQ )UHH 7RXWHV OHV H[SPULHQFHV RQW
DSSURXYpV SDU OH FRPLWp pWKLTXH ORFDO VHORQ OHV UqJOH
FRQFHUQDQW OH ELHQ rWUH HW OD SURWHFWLRQ GHV DQLPDX]

/ILIQpPHVY FHOOXODLUHV

/IHV FHOOXOHV 23 '// RQW pWp IRXUQLHV SDU 'U 6RSKLH /DIIRQV
7RXORXVH HW VRQW PDLQWHQRHM BRRQEDV) PLOLHRRPOSOpPHQW
69) 6LJPD $OGULFK &DW ) HW GH SPQLFLOOLQH VWL
/JHV FHOOXOHV 3 RQW pWp GRQQpHV SDU 3U 5RQDOG *F
+HDOWK %HWKHVGD 86$%$ HW VRQW PDLQWHQXHV GDQV XQ PLO
FRPSOpPHQWp GH 69) HW GH SpQLFLOOLQH VWUHSWRP\FI
GDQV XQ LQFXEDWHXU j f& HW &2

&E\WRPpWULH HQ 10X][

/ID OLVWH TXL VXLW pQXPgUH OHV DQWLFRUSV SULPDLUHV FRX

F\WRPpWULH HQ I0X[ GDRWEGRQWUDYDLO&' &FORQH 50 & F
0 E7&5 FORQH + D FDRQH 55 & FORQH &' F
) % FORQH 58 % *U FORQH 5% & &' E FORQH O

1 7HU FORQH 7(5 &' FORQH & 1. JEGRANV.

*/ & FORQH ,0 &' FORQH 3& & FORQH 5 | 5 F

% &/ FORQH ) &' FORQH " &' F NLW FORQH % ,JO FC
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3RXU WRXV OHV PDUTXDJHV GH VXUIDFH OHV FHOOXOHV VRQW
69) PO ('7$ FRQWHQDQW OHV DQWLFRUSYV SULPDLUHV 3RXU O
OHV FHOOXOHV VRQW IL[pHV GDQV XQH VROXWLRQ GH 3)$ HW
WDPSRQ © SHUPHDELOL]DWLRQ EXIIHU @ ,QYLWURJHQ &DW
DQDO\VpHY SDU F\AWRPpWULH HQ IOX[ RQW pWp SUpPDODEOHPHQW
7KHUPR)LVKHU VFLHQWLILF &DW

3RXU OH SKpQRW\SDJH GHV WK\PRF\WHV OHV WK\PXV VRQW EL
&' VRQW PDUTXpV 3RXU OYDQDO\VH GH OD SRSXODWLRQ '1 Ol
GHVY DQWLFRUSYV GLULJpV FRQWUH OH OLQpDJH /,1 *U &' E &'
HW 78% &'DHW &' $SUQV VPpOHFWLRQ GHD &R SXOGINWLHIQO/XA KV VI
DQDO\VpHV JUKkFH DX PDUTXDJH GH VXUIDFH &' &' &' &' HW
LQWUDFHOOXCH)&RBH3R&EU OHWSKpQRW\SDJIJH GHV VSOpQRF\WHV C
HW OHV JOREXOHV URXJHV VRQW O\VpV j O71%$&. *LEFR &DW $
PDUTXHXUV &' &' E&&5 HW

3RXU OfDQDO\WVH GH OD PRHOOH RVVHXVH OHV IpPXUV GH VRXI
/IHV FHOOXOHV VRQW HQVXLWH PDUTXpHV SRXU GpWHFWHU SDU
% FNLW HW ,J0

/IHV GRQQpHV RQW pWp DFTXLVHV VXU OH F\PRPgqWUH /65 ,, %'
OfDLGH GX ORJLFLHO )ORZ-2 7UHH 6WDU ,QF

&EXOWXUH GH FHOOXOHV SULPDLUHY GH VRXULYV

/I THQVHPEOH GHV FHOOXOHYV SULPDLUHYV VRQW PLVHV HQ FXOW.
&2 HW PDLQWHQXH GDQV GX PLOLHX 530, 6LJPD $OGULFK &DW
69) *LEFR FDW SpPQLFLOOLQH VWUHSWRP\FLQH O0(0 *L
+(3(6 *LEFR &DW PO 6RGLXP 3\UXYDWH 6LJPD $OGULFK
JOXWDPLQH *LEFR &BIW/ JHQWDP\FLQH 6LJPD $OGURFK &DW *
PHUFDSWKRpWKDQRO *LEFR &DW
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$QDOWHNH YLBMHWRD SUROLIpUDWLRQ GHV '1

/IHV FHOOXOHV '1 VRQW LVROpHV SDU VpOHFWLRQ QpJDWLYH DS
GHVY DQWLFRUSV JpQpUpVY DX ODERUDWRLUH HW DSUqV LQFXEDW
EHDGV ,QYLWURJHQ &DW " /H&'FH&OOX@HVRA D&Y/ LQ

&' &' VRQW WULpHV VXU WULHXU FHOOXODLUH )$&6%5,% ,, ¢
6253 %' LRVFLHQFHYVY DSUqV PDUTXDJH GHV '1 GDQV XQ WDPSR
3RXU OYDQDO\WH GH OD SUROLIpUDWLRQ XQH SDUWLH GHV '1

&79 ,QYLWURJHQ &DW & DYDQW GYrWUH PLVH HQ FXOWXU'
"I SRXU OHV WHPSV LQGLTXpV GDQV OHV UpVXOWDWYV HQ SU
UHFRPELQDQW 3HSURWHFK &DW $X[ GLIIpUHQWYV WHP

UpFXSpUpV HW PDUTXpV SRXU OD GpWHFWLRQ GHV PDUTXHXUYV
GHV PDUTXHXUV LQWUDFERO®®D XSRXIWW AW BBUTXHIH SDU OT$QQH[LC
VRQW SUpDODEOHPHQW PDUTXpHV DYHF OHV DQWLFRUSV GH
UHSULVHV GDQV OH WDPSRQ GH PDUTXDJH $QQH[LQ9 %' %LRVF
OT$QQH[LQY9 %' %LRVFLHQFHV &DW /JHV FHOOXOHV QYD\D
VRQW PDUTXpHV DX '$3, DSUqV IL[DWLRQ GDQV XQH VROXWLRQ ¢
OH WDPSRQ © SHUPHDELOL]DWLRQ EXIIHU 2 _QYLWURJHQ /H '$
DMRXWp DX[ FRACPOXADHQN jGX 3%6 SRXU OfYDFTXLVLWLRQ

$QDO\WR YL RD SUROLIPUDWLRQ GHV /7 SpPULSKpPULTXHYV

/HV /7 & HW OHV /YRQW LVROpV SDU VpOHFWLRQ QpJDWLYH DS
% &0+ ,, 1. HEW E HW GX &' % &0+ ,, 1HW BFJ
UHVSHFWLYHPHQW SDU GHVY DQWLFRUSV JpQpUpV DX ODERUDW!|
'\QDEHDGV PDJQHWLF EHDGV ,QYLWURJHQ 3RXU OfDQDO\VH G|
HVW PDUTXpH DX FHOO WUDFH YLROHW DYDQW GIrWUH PLVH HC¢
OHV UpVXOWDWYV J/HV /7 VRQW VWLPXOpV VXU GHV SODTXHV
LQGLTXpHV GIDQWLFRUSY DQWL & DQWLFRUBY GUIRBXL' DX C
FORQH %LR;&HOO &DW %/ 3RXU OD VWLPXODWLRQ
FHOOXOHV VRQW VWLPXOpHV HQ SUpVHQFH QJ P/ GH 30% 6l
QJ P/ GH LRQRP\FLQH 6LJPD $OGULFK &DW VVRQW MWLPXQPpV V
FHOOXOHV 3 FKDROJ©BH SGHSWLGH 0&& ORWK F\WRFKURPH
$1(5%$'/,$</.4%$7. 3URGXLW | IDORQ SHHIQGIIMMEXYWHV /7 VRQW VV
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SHQGDQW K j KDXWHXU GH /7 SDU 3 $X[ GLIIpUHQWV WH
UpFXSpUpV HW PDUTXpV SRXU DQDO\WHU SDU F\AWRPpWULH HQ 10
OH PDUTXDJH SDU OT$QQH[LQ9 OHV FHOOXOHV VRQW SUpDODE
UHFRQQDLVVDQW OHV PDUTXHXUV &' HW &' SXLV UHSULVHV
$QQH[LQY9 FRQWHQDQW OT$SQQRLO®ODUTHNV/DE'&79 VRQW PDUTX¢
DSUQqV IL[DWLRQ GDQV XQH VROXWLRQ GH 3)$ HW SHUP}
© SHUPHDELOL]DWLRQ EXIIHU @ ,QYLWURJHQ PJHP/$GD®VVE O MR
3%6 SRXU OJDFTXLVLWLRQ

&E\WRPpWULH HQ LPDJH

3RXU OTDQDO\WH GH OD SRSXODWRIRDQ VWLPRB W/ BEDQWLFRUSV
DQWL &'PH®W GITDQWL &' DGVRUEpV VXU GHV SODTXHV SHQGDAQ
OD PpWDSKDVH OVRIQW7VAVLPXO P SOHDQWLFRUSVPD QWG & Q W\W

&' DGVRUEpPV VXU GHV SODTXHV SHQGDQW K $SUqV K GH FX

$OGULFK &DW 0 D pWp DMRXWp SRXU QJ P/ ILQDO SH
VIQFKURQLVpHV VRQW ODYpHV GDQV GX 530, FRPSOROPERWpP GH
0* 6LJPD $OGULFK &DW 0 SHQGDQW K J/HV FHOOXOHYV

,PDIJH6WUHDP; OLOOLSRUH DSUqV PDUTXDJH GH &' GH OD YL
SURWRFROHV GpFULWY SUpFpGHPPHQW

/HV GRQQpHV RQW pWp DQDO\VpHV VXU OH ORJLFLHO GYDQEC
GLVFULPLODWLRQ GHVY FHOOXOHYVY PLWRVH HW FHOOHYV HQ FHO(
SDUDPQWUH © %ULJKW 'HWDLO MRUWH/QOVUWLW @H EYXQML GH IRC
DFTXLVHV HW FDOFXOH OJLQWHQVLWpP GHV SL[HOV UHVWD
PDUTXDJH DX VHLQ GfXQH FHOOXOH FRQGXLW j XQH YDOH>
HQ PLWRVH D\DQW Of$'l FRQGHQVp SUpVHQWHQW XQH
PDUTXDJH '$3, TXH OHV FHOOXOHV * j $'1 GpFRQGHQVp )L
3RXU OfDQDO\WH GHV FHOOXOHV HQ PpWDSKDVH QRXV I
© (ORQJDWHGQHVYV 2 VXU OH PDVTXH '$3, TXH QRXV DYRQV SUpC
UDSSRUW GH OD ORQJXHXU HW GH OD ODUJHXU GYXQ PDVTXH
PDVTXH '$3, GHV FHOOXOHV HQ PpWDSKDVH FRQGXLW j OTDXJPH
DORUV XQ UDWLR GH )LI 6
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,PDIJHULH FHOOXODLUH

/HV WK\PRF\WHV &' E &1LQ &' RX /1&Q &' &' VRQW WULpPV VX
WULHXU FHOOXODLUH )$&6%5,$ ,, RX )$Q8H5E plv/ 6268 VAUGHRFWLRQ (
VRQW PDUTXpV DX &79 HW VWLPXOpV VXU PGHV G DPDJWHVE'DGWR
P)J P/ SHQGDQW K /D SKSRADRWLRROEMUDQWH D pWp WULpH V
)$&6$5,% 6253 /HV 'l E RX ORVYVROW GpSRVpHVY VXU ODPHV DG\
GH SRO\ / O\WLQH 6LJPD DOGULFK &DW 3 IL[pHV SDU

SHUPpPDELOLVp GDQV GH 6DSRQLQH 6LJPD $0 GWIXEK GDYH
FORQH & %LR/HJHQG &DW HVW UpDOLVp j f& GDQV

PO +(3(6 SHQGDQW K HW OH PDUTXDJH VHFRYGWURY HX WD W
$ GDQV OD PrPH VROXWLRQ SHQGDQW K j WHPSpUDWXUH DP
HVW UpDOLVp DX '$3, SHQGDQW PLQ j WHPSpUDWXUH DPELDQV
HQVXLWH PRQWpHY HQ SUPVHQFH GTXQH VROXWLRQ GH '$%&2 6
LPDJHV VRQW DFTXLVHV DX PLFURVFRSH FRQIRFDO /60 =HLVV

3RXU OD YLGpR PLFURVFRRDN DWHROMMVE&S DU VPpOHFWLRQ QpJDWL
SHQGDQW K VXU XQH FKDPEUH ,%,', &DW DGVRUEpH GH
XJ P/ GIDQWL &' 3RXU OH PDUTXDJH GH Of$'l GX +RHFKVW

% D pWp DMRXWp GDQV OH PLOLHX VXU OHV /7 SRXU XQH FRC
FHOOXOHY HQ SUpVHQFH GH +RHFKVW VRQW REVHUYpHV D.
GLVN SHQGDQW K GDQV XQH FKDPHEWHRADIHY REWKEQAXHYVY HQ ] VV
HQVXLWH PRQWpHY HQ ILOP HW DQDO\VpHV j OTDLGH GY,PDJH-

,PPXQRSUpFLSLWDWLRQ HW ZHVWHUQEORW

3RXU OJLPPXQRSUpPFLSLWDWLRQ GH OD FKDLQH LQWHARRPWELDLU
LVROpV SDU VPpOHFWLRQ QpJDWLYH HW O\VpV GDQV XQ WDPSR
PO 7ULWRQ 92 1P0 1D) PO ('7$ PO 306) PO OHXSHSWLQH

$SURWLQLQH J P/ SHSVWDWLQH J P/ SHQGDQW PLQ GDQV
FHQWULIXJDWLRQ | USP SHQGDQW PLQ /H VXUQDJHDQW
DGVRUEpPHV GIDQWL ',& FORQH 6DQWLF &DXJVED\WUXF &DW RK

SHQGDQW KHXUHV VXU URXH j f& $SUQV LPPXQRSUpFLSL
DYHF GX WDPSRQ GH O\WH HW OHV SURWPpPLQHV VRQW pOXpHV G

&DW 13 HW GH OYDJHQW UpGXFWHXU ,QYLWURJHQ &DW 13
ioi



3RXU OYDQDO\WH GH SVROWVWUL&Y SDU VpPOHFWLRQ QpJDWLYH
SODTXH DGVRWEPH GHDQWL &'PJHRW GHDQWL &' SHQGDQW K H
$SUqV FKDTXH WHPSV GH FXOWXUH OHV FHOOXOHV VRQW UpFX
WRWDX[ VRQW LVROpV SDU VPOHFWLRQ QpJDWLYH HW O\VpV GLI

/HV O\WDWV VRQW GpSRVpV VXU GHV JHOV 6'6 3$*( SUPFRXOpV ¢
GDQV XQ WDPSRQ 7ULV *O\FLQH 6'6 ; %LR 5DG &DW JH\
WUDQVIpUpPHV VXU XQH PHPEUDQH GH 39') OLOOLSRUH &DW ,309
WUDQVIHUW VHPL VHF GDQV GX WDPSRQ GH WUDQVIHUW pWKDQC
(8 SHQGDQW K j 9 /HV PHPEUDQHV VRQW VDWXUpHV GDQV
6DOLQ (XURPHGH[ &DW (7 7ZHHQ 6LJPD $OGULFK &DW
GH ODLW UpJLODLW /HV PHPEUDQHV VRQW LQFXEpHV DYHF OH
&UX] &DW VF DQWL 5DF FORQH $ OLOOLSRUH &DW

&DW VF DEPWEFORQH S *OXHG %' %LRVFLHQFHV &DW

FORQH & &HOO 6LJQDOLQJ 7HFK &DW VXU OD QXLW | f&
DYHF GX 7%67 SXLV LQFXEpHV K j WHPSpUDWXUH DPELDQWH D
VRXULV -DFNVRQ ,PPXQR5HVHDUFK &DW RX DQWL ODS
,PPXQR5HVHDUFK &DW (QILQ OHV PHPEUDQHV VRQW
GDQV XQH VROXWLRQ GH &KHPLOXPLQHVFHQW 3HUR[LGDVH 6
&36 HW OHV SKRWRV VRQW REWHQXHV SDU %LR5DG ;56 LPD.

$QDO\WHV VWDWLVWLTXHV

/I THQVHPEOH GHV UpVXOWDWY D pWp VWDWLVWLTXHPHQW DQDO
WHVW VXLYL GH FRUUHFWLRQ GH :HOFK /D S YDOXH HVW LQGLT
S S S S
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',6&866,21

/IH GpYHORSSHPHQW HW OHV IRQFWLRQV GHV /7 VRQW UpJXOpV
HOQOWUDVQHQW OD PRELOLVDWLRQ GH IDFWHXUV GH WUDQVFL
JpQpWLTXHYV /{DFWLYDWLRQ HW OD GLIIpPUHQFLDWLRQ GHYV

UpDUUDQJHPHQWY GX F\WRVTXHOHWWH TXL FRQWULEXHQW

VLIQDOLVDWLRQ j OD UpRULHQWDWLRQ GHV RUJDQLWHYV HW j O
OHV FHOOXOHY FLEOHV %LHQ TXH GH QRPEUHXVHV pWXGHV VI
VLIQDOLVDWLRQ HW OD UpJXODWLRQ GHV JgQHV SHX GH WU
PpFDQLTXHV DVVRFLpV DX F\WRVTXHOHWWH GDQV GHV /7 [HV
UpJXOpHV SDU GH QRPEUHXVHV SURWpPLQHVY PRWULFHV TXL SH
FHOOXODLUHVY RX GH PROpFXOHYV j WUDYHUV OD FHOOXOH

/JHV PRWHXUV PROpPFXODLUHV NLQPVLQHV G\QpLQHV HW P\RVLQ
/7 /D P\RVLQH HVW HVVHQWLHOOH GDQV OJDFWLYLWp HW OD VW
HQ VIDVVRFLDQW DX F\WRVTXHOHWWH GIDFWLQH $X QL
HVW LPSRUWDQWH GDQV OD VpFUpPWLRQ GHV JUDQXOHV O\WLT:
MRXH XQ U{OH LPSRUWDQW GDQV OfpWDEOLVVHPHQW GH OD V\(C
GH FHOOH FL /D PDMRULWpP GHV pWXGHV UpDOLVpHV VX
F\WRVTXHOHWWH XWLOLVH GHV OLJQpHV FHOOXODLUHV RX GH
NLQPVLQH .,) XWLOLVH XQ PRGQqOH PXULQ GpILFLHQW RX KpWp!l
IRQFWLRQV SK\VLRORJLTXHV GH FHWWH SURWPpPLQH GDQV OH V\\
DXWHXUV RQW XWLOLVp GHV VRXULV KpWpURJ\JRWHV SRXU .,)
GX JQQH /HV DQLPDX[ KpWpURJ\JRWHY QH OHXU SHUPHWWHQW
GH .,) GDQV OH GpYHORSSHPHQW GHV /7 HW GDQV OHXUV IRQ
HPEU\RQV GpILFLHQWY SRXU .,) DX VWDGH ( GX GpYHORSSH
TXH OD GpILFLHQFH HQ .,) DIIHFWH OpJqUHPHQW OD WUDQVLWL
IRLH 1°WDO GYfHPEU\RQV GpILFLHQWYV HQ .,) GDQV GHV VRXULV
HQWUDLQH XQ SURILO QRUPDO GHV SRSXODWLRQV GH /7 SpULS
GH OJDFWLYDWLRQ FHOOXODLUH DSUQV K GH VWLPXODWLRQ
LQWpPUHVVp DX UpJXODWHXU GH OD G\QpLQH /LV DILQ GH FRPSL
DX VHLQ GHV /7 &RPPH SRXU OD GpOpWLRQ WRWDOH GH .,) ¢
$ILQ GH FRPSUHQGUH OHV IRQFWLRQV SK\VLRORJLTXHV G

SURGXLW GHV VRXULV GpILFLHQWHYV HQ /LV VSpFLILTXHPHQW G
iol



%LHQ TXH 1JRL HW DO QH GpPRQWUHQW SDV GH GpIDXW PDM]
DEVHQFH GH /LV OfXWLOLVDWLRQ GIXQH OLJQpH GLIIpUH:
IRQFWLRQ FULWLTXH GH /LV GDQV OH GPpYHORSSHPHQW WK\PLT
FRXUV GH FH WUDYDLO GH WKqVH HW OHV LQWHUSUpWDWLRQV
IRQFWLRQ LQGLVSHQVDEOH GH /LV DX FRXUV GH OD SUROLIpUD
MRXH SDV GH U{OH BXpRRXUNLBE PDLV HVW HVVHQWLHOOH j O
H[SULPDQW X@H> XKM5QHRQFWLRQQHOOH /IDFFXPXODWLRQ GH\
VWDGHV '1 UpVXOWH GX GpIDXW GH SUROLIpUDWLRQ GHV FHOOX
HW GLVWULEXHU OHXU PDWpPULHO JpQpWLTXH &H PrPH GpIDXW
OYDQDO\VH GH /7 SpULSKpPULTXHV DSUQV OHXU VWLPXODWLRQ

UDOHQWLVVHPHQW GH OD PLWRVH HW OD GLVWULEXWLRQ LQpJC
ORUVTXH FHOOHV FL SDUYLHQQHQW j VH VpSDUHU /fHIIHW PDWV
SDU OD PRUW FHOOXODLUH SURJUDPPpH DILQ GfpOLPLQHU FHV

JLIXUH 6FKpPD GH FRQFOXVLRQ GpFULYDQW OHV FRQVpTXHQFH)
GpYHORSSHPHQW GHV /7

/D GpILFLHQFH HQ /LV FRQGXLW DX EORFDJH GX GpYHORSSHPF
SUpFRFHV /HV DQDO\WHV RQW GpPRQWUp TXH OfH[SUHVVLRQ G
VLIQDOLVDWLRQ (Q DEVHQFH GH /LV OD VLJQDOLVDWLRQ FRQ
VXUYLH VXJJpUDQW TXH OD GpILFLHQFH HQ /LV QYDIIHFWH SDV
VXLYDEBWpOBFWLRQ &HSHQGDQW OHV DQDO\WHV GX F\FOH FHOC
OD SKDVH * 0 GX F\FOH FHOOXODLUH /HV DQDO\VHV PROpFXODL
UpYqOHQW TXH OD PLWRVH HVW EORTXpH DYHF OD IRUPDWLF
OTLQWHUUXSWLRQ GH OD PLWRVH RX j OD UpSDUWLWLRQ DQRUT
OD PRUW SDU DSRSWRVH VXLWH j OfH[SUHVVLRQ GH S DX F
SUREDEOHPHQW '1

iod



, JRQFWLRQV SK\WVLRORJLTXHV GH /LV GDQV OHV O\PSKRF
%ORFDJH SUpFRFH GX GpYHORSSHPHQW &HY $7"GDQV OH PRGoC

ORQ WUDYDLO GH WKgqVH PRQWUH TXH OHHYMW EORS X H FDHXQ WWDLGH
ORUVTXH OD &UH UHFRPELQDVH HVW H[SULPpH VRXV OH FRQWU/{
& /HV UpVXOWDMY YREMUHRQ XVOTDLGH GHV FHOOXOHV 23 '//
GLPLQXWLRQ GH FHOOXOHV DX[ VWDGHV '3 HVW OD FRQVpPTXHC
FHOOXOHVEN$SOHFWDRQ )LJ 1RXV PRQWURQV GDQV FH V\VW.
/LV HQWUDVQH XQ DFFURLVVHPHQW GX WDX[ GIDSRSWRVH GDC
SOXVLHXUV F\FOHV GH GLYLVLRQV FHOOXODLUHV (Q UHYDQFKH
OD SURSRUWLRQ GH FHOOXOHV HQ DSRSWRVH GDQV OHV FHOOX
GH VWLPXODWLRQ & 3DU DLOOHXUV OfYDEVHQFH GH VWLPXC
FRQGXLW j XQH SURSRUWLRQ VLPLODLUH GH OD PRUWDOLWp |
EORFDJH GH OD SUROLIpUDWLRQ QH SHUPHW SDV OfDESOLILFD
IRQFWLRQQHOOH LQGXLVDQW DORUV OD G L L8QDFW L\RQ JGI HD I XSH
/ILV QYHVW SDV HVVHQWLHOOH j OD VXUYLH GHV WK\PRF\WHV
QpFHVVDLUH DX GpPURXOHPHQW QRUPDO GHV F\FOHV GH SUROLI
DX VWDGH 'l HW OH EORFDJH GH OD SUROLIpUDWLRQ QH UpVX
OD FKBEWQH7&5 )LJ $ /JH[SUHVVLRQ QRUPDOH GH &' GDQV O
FKDLBHMSEX 7&5 GpILFLHQWHVY SRXU /LV VXJJqQUH TXH /LV QTYH
VLIQDOLVDWLRQ GHV FHOOXOHV SDU OH SUp 7&5 GDQV OHV W
PRQWURQV DXVVL TXH OD GpILFLHQFH HQ /LV QYDIIHFWH SDV C
HVW QpFHVVDLUH j OD VXUYLH GHV FHOOXOHV j FH VWDGH HW |
'3 )LJ & J/YLQGXFWLRQ GH Of,/ 5 SDU LQWHUDFWLRQ DYHF VF
YRLH -DN 67%$7 FRQGXLVDQW j OD SKRVSKRU\ODWLRQ GH 67$7
QR\DX 67$7 DX VHLQ GX QR\DX HVW UHVSRQVDEOH GH OD WU
WHOV%PH6XLWH j OD VWLPXODWLRQ GX UpFHSWHXU j Of,/ O
(Q UHYDQFKH OH SHVYOHAWEGERQOBVW FRUUpOpH DYHF Of
OYH[SUHVVLRQ GH %&/ $ ,O QVYH[LVWH SDV GH GRQQpt
FRQVPTXHQFHV GH OD SHUWH GH %&/ $ DX FRXUV GX GpYHC
&HSHQGDQW LO HVW FODLU TXH OYH[SUHVVLRQ GH FH IDFWF
DXJPHQWpPH DSUQV HQJDJHPHQW GX SUH 7&5 HW GX UpFHSWHXL
JTH[SUHVVLRQ GH %&/ QYfHVW SDV DIIHFWpH GDQV OHV VR)
$ILQ GH YpPULILHU TXH OD GLPLQXWLRQ GH OD SURSRUWLRQ GH

ox
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HQ /LV QH SURYLHQW SDV GH OYDEVHQFH GYfH[SUHVVLRQ GH %&
OfH[SUHVVLRQ GH &;&5 HW OTLQGXFWLRQ GH %&/ $

/IH SKPpQRW\SH REVHUYp FRQGXLW DX EORFDJH GH OD SUROLIy
OfH[SUHVVLRQ GH /LV /IYDQDO\WH GH OD TXDQWLWp GT$'1 P
SURSRUWLRQ GHV FHOOXOHV HQ * 0 HQ DEVHQFH GH /LV VXJJp
GHV WK\PRF\WHV HVW OD FRQVpPTXHQFH GfXQ EORFDJH GHV F
FHOOXODLUH )LJ '

8QH SXEOLFDWLRQ UpFHQWH G EPWRDWB W TR D B H\R G Y LG/H. @V D
RQW OLHX SRXU FRQWU{OHU OH GHYHQLU GHV FHOOXOHV /D Gp
OD SRODULWp FHOOXODLUH FRQGXLW j OfDXJPHQWDWLRQ GH
WUDYDLO SUPpFpGHQW PRQWUH TXH OD GpILFLHQFH HQ /LV GDQV
i OTDV\PpWULH GHV GLYLVLRQV GH &6+ 1RXV SRXYRQV SHC
GDQV QRWUH PRGQOH IDYRULVH OfDV\PpWULH GHV GLYLVLRQV

WK\PRF\WHV '1  /YfDQDO\VH VXU GHV FHOOXOHV 'l VWLPXOpHV
GH B6FULEEOH HW D3.& GHV SURWpPLQHV LPSOLTXpHV GDQV

SHUPHWWUDLW GH TXDQWLILHU OD SURSRUWLRQ GH FHOOXOHYV

/ID VPOHFWLRQ SRVLWLYH HVW QRURDGH GDQV OH PRGqOH /L°

/H GpPYHORSSHPHQW WDUGLI GHV /7 VH FDUDFWpPULVH SDU GHV |
FRQGXLVDQW j OD VXUYLH RX j OTDSRSWRVH GHV FHOOXOHV VH
GX VRL SUpPVHQWpPV SDU OHV PROpPFXOHV GX &0+ GDQV OH WK\PX
HQ /LV GDQV OHN @R¥UQMILWFWH SDV OHV VRXV SRSXODWLRQYV
63 HW &' 63 HW QYDIIHFWH SDV OD VpQGHBWLRODQSR QHWALTHS$SGH )T
$ ,0 HVYW SRVVLEOH TXH /LV QH VRLW SDV HVVHQWLHOOH j O
FHOOXOHV ,0 HVW DXVVL SRVVLEOH TXH OHV PRGgOHV XWLOLYV
OYLPSRUWDQFH GH /LV GDQV OH GpYHORY%ISOQRHNQWQW DG EIORRAL
TXDVLPHQW FRPSOHW GX GpYHORSSHPHQW WK\PLTXH DX FRXUYV
GIDQDO\WHU OHV pWDSHV XOWYUHAWUBYQ HH SRXKGY OWMU&' XQH G|
WDUGLYH GH /LV QH SHUPHWWDQW SDV GH UpYpOHU OTHIIHW G
(Q IDYHXU GH FHWWH GHUQLQUH K\SRWKq&HG DD WOLIG MVYDGNHL R
OYDGDSWDWHXU PROpFXODLUH *UE QH GpPRQWUH SDV GYTHIIH
GPpYHORSSHPHQW GHV /7 (Q UHYDQFKH &Y fiXQMLLIOLIVDDALVR X GHH ® (R
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SOXV SUpFRFH FRQGXLW j OD GLPLQXWLRQ GH OD SRSXODWL
LPSOLFDWLRQ GH FHW DGDSWDWHXU DX FRXUV GHV pYqQHPHQW

/H GPYHORSSHPHQW WDUGLI GHV /7 QpFHVVLWH XQH VLJQDOLVD
UpVXOWDWYV SUPFpPGHQWY REWHQXV GDQV GHV QHXURQHV LQGL
GH OD VLIQDOLVDWLRQ GDQV FHV FHOOXOHV HQ VWDELOLVDQMW
FHOOXODLUH VXLWH j OD VWLPXODWLRQ QHXURQDOH 'H SO
HQ /LV SHXW GLPLQXHU OD VLJQDOLVDWLRQ GH OD YRLH GHYV
UHF\FODJH GH UpFHSWHXUV DX[ IDFWHXUV GH FURLVVDQFH

UpDOLVpPHV SDU PRQ pTXLSH GYDFFXHLO GpPRQWUH TXH /LV LQ
HVVHQWLHOOH DX[ pYJQHPHQWY GH VPOHFWLRQ GDQV OH WK\P X
SHUPLV GYpWDEOLU OHV FRQVPTXHQFHV IRQFWLRQQHOOHV GH C
GHV GRQQpHV GH OD OLWWpPUDWXUH VXJJgUHQW XQH K\SRWKqV
GH VLIQDOLVDWLRQ FRQWHQDQW XQ GRPDLQH &$%,7 &HQMHUD JL
GHUQLgQUH HVW LPSRUWDQWH GDQV OD UHORFDOLVDWLRQ GH

QHXURQHVHLQWHUDJLW DYHF OH FRPSOH[H .LQpVLQH /LV HW 1
DYHF ',6& (QILBHVW SUpVHQWH GDQV OfLQWHUDFWRPH Gl
IRUWHPHQW TXH /LV LQWHUDJLW DYHF 7+(0,6 DILQ GH UHORFI
SHUVRQQHOOH SDU 'U 5HQDXG /(62851( /LV SRXUUDLW GRQF r\
UpJXODWLRQ GH OD ORFDOLVDWLRQ GH 7+(0,6 DX VHLQ GHV FH(
GRQF LQWpPUHVVDQW GYDQDO\WHU SDU LPDJHULH FRQIRFDOH C
FHOOXOHV VWLPXOpPHV GpILFLHQWHY HQ /LV 'HV H[SPULHQFHYV
GpPRQWUHQW OJLPSRUWDQFH GX GRPDLQH &$%,7 GH 7+(0,6 G
SURWpPLQHV /LV LQWHUDJLW SULQFLSDOHPHQW DYHE VHV SD
SUREDEOHPHQW SDU OH ELDLV GILQWHUDFWLRQV LRQLTXHV
GpWHUPLQHU OHV UpVLGXV GILQWHUDFWLRQ HQWUMQRHN,6 HW
LFRQWHQDQW GHV PXWDWLRQV LQYDOLGDQWHYV GX RX GHV UpV

5{OH GH /LV GDQV OD PLJUDWLRQ GHV WK\PRF\WHYV

%LHQ TXH OD SUROLIPUDWLRQ VRLW XQ pYqQHPHQW HVVHQWLF
GIDPSOLILHU GHV WK\PRF\WHV SUpMERGEXV &5 SR QFWQWQQHD BKD IC
SRXYRQV SDV H[FOXUH TXH OfHIIHW GH /LV VXU OH GpYHORSS|
FRQVPTXHQFH GTXQ GpIDXW GH PLJUDWLRQ GHV FHOOXOHV [HV

ioo



UpJLRQV GX WK\PXV WRXW DX ORQJ GH OHXU GpYHORSSHPHQW
SDU OD MRQFWLRQ FRUWLFR PpGXOODLUH HW PLJUHQW YHUV
GPpURXEBNPO®MFWLRQ $SUQV GLIIpUHQFLDWLRQ HQ '3 OHV FHOO!:
GXTXHO OD VPOHFWLRQ FORQDOH VJHIIHFWXH SDU LQWHUDFWLF
VPOHFWLRQ SRVLWLYH PLJUHQW YHUV OD PpGXOOD SRXU VXEL
H[SULPDQW OHV SHSWLGHV DQWLJpQLTXHV GX VRL ID GpO¥
FKLPLRNLQHV &;&/ HQWUDLQH OYDXJPHQWDWLRQ HQ SURSRUYV
HW j OD GLPLQXWLRQ GH OD SUROLIpUDWLRQ GH FHV FHOOXO|
OYDEVHQFH GYH[SUHVVLRQ GH %&/ $ DSUQqV HQJDJHPHQW GX
DXFXQH GRQQpH QYH[LVWH FRQFHUQDQW OD FDSDFLWp GH FHV
i 07,/ HW GHV IDFWHXUV WURSKLTXHV &RPPH SRXU OD SUF
QHXUDOHV OD PLJUDWLRQ GHV QHXURQHV HVW HVVHQWLHOOH
LO D pWp GLVFXWp GDQV OJLQWURGXFWLRQ /LV HVW HVVHQWL]

/IHV OLVVHQFPSKDOLHV LOOXVWUHQW GIDLOOHXUV
PLJUDWLRQ HW GH SUROLIpUDWLRQ GHV FHOOXOHV LQGXLWH)\
SDIDK HVW PXWp FKH] GHV SDWLHQWV 3DU FRQVPTXHQ\
TXH /LV SRXUUDLW DXVVL MRXHU XQ U{OH VXU OD PLJUDWLRQ
SUpFRFH HW WDUGLI GH FHV FHOOXOHV 1RXWDDPRYZRNHN®OLVp
H[DPLQHU FHWWH SREWMWRH[SIPWpHQFHY SUPpOLPLQDLUHYV UpDOL\
SPULSKpPULTXHV GpILFLHQWYV HQ /LV QH GpPRQWUHQW SDV GH
&&/ GRQQpPHY QRQ PRQWUpHV 1pDQPRLQV FHWWH VWUDWpJL
GHV FHOOXOHV PDLV SOXV SDUWLFXOLqQUHPHQW OD FDSDFLWj
FKLPLRNLQH HW j VH GpIRUPHU SRXU DWWHLQGUH OHXU EXW &}
/LV QYHVW SDV QpFHVVDLUH j OD GLDSpGgVH XQ SURFHVVXV FR
FLUFXODQWHY DX VHLQ GYXQ RUJDQH 8QH DQDO\VH SDU PLI
SHUPHWWUDLW GYDQDO\VHU SOXV ILQHPHQW OD PLJUDWLRQ HQ
LQWpPUHVVDQW GH WULHU GHV FHOOXOHV '1 RX '3 GpILFLHQWH\
FRXSH pSDLVVH GH WK\PXV VDLQ SRXU DQDO\VHU OD FDSDFLWp
OTRUJDQH

JRQFWLRQV GH /LV GDQV OHV O\PSKRF\WHV 7 SpULSKpULTXH)\

I NDEWLYDWIGRH@HK-HY GH YRLHVY GH VLIQDOLVDWLRQ PRELOLVpHYV
SDU OHV S&0+ HW j OD ILIDWLRQ GH OLJDQGV VXU OHV UpFH

FRUpFHSWHXUV &RPPH LO D pWp PHQWLRQQp GDQV OD SDUWLH
io6



SRXUUDLW rWUH DIIHFWpH SDU OD SHUWH GH /LV HQ FRQVLGpU
3DU DLOOHXUV OD VWLPXODWLRQ GHV /7 FRQGXLW j OD IRUPD
TXTHVW OD VV\QDSVH LPPXQRORJLTXH VH FDUDFWpULVDQW SDI
QLYHDX GX FRQWDFW FHOOXODLUH HW DX UHFUXWHPHQW GHV
UHF\FODJH /D IRUPDWLRQ HW OD IRQFWLRQ GH FHWWH
PRWHXUV PROpFXODLUHV G\QpLQH HW NLQpVLQH &
GLVFXVVLRQ OD G\QpLQH HW LPSRUWDQWH GDQV OH UHFUXWH
HVW UHFUXWpH j OD V\QDSVH LPPXQRORJLTXH HW SRXUUDL!
UpDUUDQJHPHQWY PROpPFXODLUHV ,0 SRXUUDLW GRQF rWUH LQ
&3%$ HW GH /7 FRQMXJXpV SDU F\WRPpWULH HQ LPDJH RX PLFUR\
GpILFLHQFH HQ /LV QYDIIHFWH SDV OfH[SUHVVLRQ GHV PDUTXH
OHV /7 VWLPXOpV SDU GHV DQWLFRUSY DQWL 7&5 RX SDU GHV L
PRQWUpPHYV 'H SOXV OD VpFUpPWLRQ GH F\WRNLQHV QYHVW SDV

HW DO ,O D pWp GPPRQWUpP TXH OD VpFUPWLRQ GH F\WRNLC
SDV DIIHFWpH (Q UHYDQFKH OD SRODULVDWLRQ GH FHV F\V
FRPSURPLVH ,O HVYW SRVVLEOH TXH OD GpILFLHQFH HQ /LV

OD VI\QDSVH GHV F\WRNLQHV VpFUpWpHYVY SDU OHV /7 'H OD PrP
SRXUUDLW FRQGXLUH j OD PDXYDLVH SRODULVDWLRQ GHV JUDC(
FRQVpTXHQW FRPSURPHWWUH OD PRUW GHV FHOOXOHV FLEOHYV

/D SUROLIpUDW'LRRS®HY HQJDJHPHQW GX 7&5 HVW IRUWHPHQW ¢
GH /LV )LJ $ HW )LJ % /D VWLPXODWLRQ GH FHV FHOOXO
GpPRQWUH TXH OH GpIDXW GH SUROLIpUDWLRQ HVW LQGpPSHQG]!
GX WK\PXV OD IRUWH GLPLQXWLRQ GH FHWWH SUROLIpUDWLRQ
DVVRFLpH j OfDXJPHQWDWLRQ GH OD SKDVH * 0 GX F\FOH FH
OYDSRSWRVH GHV TXHOTXHV FHOOXOHV HQ SUROLIpUDWLRQ )L
DFFRUG DYHF FHX[ REWHQXV SDU 1JRL HW DO PRQWUDQW XQ
GpILFLHQWYV HQ /LV VWLPXOpV HQ SUpVHQFH GTY,/

'H PDQLgQUH LOQWpPpUHVVDQWH HW FRPPH OTRQW PRQWUp 1JRL HV

GpIDXW GH SUROLIpUDWERQVGHWLFX&DWLRQ SDU GHV DQWLFRL

&' )LJ 6 $ %LHQ TXH OD VWLPXODWLRQ SDU OH 7&5 QH FR

SUROLIpUDWLRQ GBIWWLRBXODWLRQ SDU 30%$ LRQRP\FLQH UpYqOl

OD SUROLIpUDWLRQ )LJ ' /IH WUDQVIHUW GH &' QDwlV GDQ

FRQGXLW DX GpIDXW GH SUROLIpUDWLRQ HQ DEVHQFH GH |
ioo



/| PRQRF\WRESHE®W VRXULV 27 , FRQVWLWXpH PDN®WUWDQHH®H
GLPLQXWLRQ GH /7 GDQV OH VDQJ HW OHV RUJDQHV O\PSKRWGH)
GH FHOOXOHV HQ SUROLIpUDWLRQ VHPEOH QRUPDOH ITHQV
OD SUROLIpUDWLRSQIGAVHIGWY HQ /LV HVW DIIHFWpH ORUV GH C
VROXEOHV FRPPH OD 30$%$ ,RQRP\FLQH HW OHV F\WRNLQHV ,/
LPPRELOLVDWLRQ RX SDU GHV &3%$ QH GpPRQWUH SDV GH GplID
GLIIpPUHQFLDWLR@ BHFLHQWY HQ /LVSHXYWHQ@W'VH GLIIpUHQFLHU
SRSXODWLRQV FHOOXODLUHV HIIHFWULFHV RX PpPRLUHV DSUQ)\
GH F\WRNLQHV VSpFLILTXHV VpFUpWpHV SDU OHV &3$ /D GLII
SRSXODWLRQV D OLHX GgqV OH SUHPLHU F\FOH GH GLYLVLRQ F
DV\PpWULTXH HQWUH OH S{OH SUR[LPDO SURFKH GH OD &3$ HYV
GH IDFWHXUV GH WUDQVFULSWLRQV GpWHUPLQDQW OHV IRQFW
HW DO RQW GpPRQWUp TXH OD GpILFLHQFH HQ /LV FRQGXLW j O
VXJIpUDQW XQH DXJPHQWDWLRQ GH OD GLYLVERQ DVWIpMQULT X}
TXH -7 &KDQJ DLW pWp OH SUHPLHU j GpFULUH OD GLYLVLRQ D\
GDQV VRQ WUDYDLO VXU /LV GTH[SpPULHQFH GH PLFURVFRSLH
GH /LV GDQV OD GLYLVLRQ DV\PpWULTXH ,0 HVW GRQF SRVVL
GLYLVLRQV FHOOXODLUHV GDQV OHV /7 FRPPH HOOH OH IDLW
KpPDWRSRWpWLTXHV PDLV FHFL UHVWH j GpPRQWUHU SDU OfXW
HW 6FULEEOH FRPPH FLWpV SUpFpGHPPHQW

/ID SHUWH SDUWLHOOH GH /LV QH FRQGXLW SDV j XQ GpIDXW (
GHY OLVVHQFHSKDOLHYV

IHV FRQVPTXHQFHV GH OJKpWpURJ\JRWLH GH /LV GDQV OH V
FRPSDUDLVRQ DX WLVVX O\PSKRwGH /JHV SDWLHQW
UpVXOWDQW GIXQH PXWDWLRQ KpWpURJ\JRWH VXU OH JqQH FR(
DSSDUHQW GHV SRSXODHW RM@DGW OH&'DQJ FRPPXQLFDWLRQ St
3U 1DGLD %DKL %XLVVRQ 'H SOXV FKH] OD VRXULV OD SHUW
SDV j XQ SKPQRW\SH GLIIpUHQW GHV VRXULV VDXYDJHV DORUYV -
J)LI 6 $ HW )LJ 6 % $VXQGHU HVW XQ GHX[LgPH UpJXODWHXU C
D\DQW XQH IRQFWLRQ LPSRUWDQWH GDQV OD UpJXODWLRQ GH C
PWXGLpH FKH] OD GURVRSKLOH 'HV H[SPULHQFHV GILQWHUIpUF
HVW LPSRUWDQWH GDQV OD ORFDOLVDWLRQ SpULQXFOpDLUH Gt
TXH $VXQGHU HW /LV SXLVVHQW LQWHUDJLU OD ORFDOLVDWLI
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SDV GpSHQGUH GH /LV 'H PDQLQUH LQWpPUHVVDQWH

JpQLTXH REWHQXV GDQV OHV EDVHV GH GRQQpHYV

KWWSV ZZZ HEL DF XN J[D KRPH VXJJqQUHQW TXH OH JgQH FR
GDQV GH QRPEUHX[ WLVVXV HW SDUWLEXOLqUHPHQW GDQV OH \
GRQQPHV VXJJQUHQW TXH $VXQGHU HVW H[SULPpH SOXV IRUW
GLIIpPUHQFLpPY HQ VRXV SRSXODWLRQV HIIHFWULFHV GH /7 [TH]
PRLQV LPSRUWDQWH GDQV V\WVWgPH QHUYHX[ TXH GDQV OH \
SKpQRW\SH FODLU GDQV OHV VRXULV /LV KpWpURJ\JRWHYV

FRPSHQVDWLRQ GH OD SHUWH SDUWLHOOH GH /LV SDU $VXQGH
OYH[SUHVVLRQ GH $VXQGHU HQ DEVHQFH GH /LV HW GH FUpHU X
$VXQGHU HW GIfDQDO\VHU OD SHUWH KpWpURJ\JRWH GDQV FH PF

,, OpFDQLVPHVY PROpFXODLUHV HW FHOOXODLUHV SDU OH
GDQV OHV O\PSKRF\WHYV 7

/ILV GDQV OD UpRUJDQLVDWLRQ GHV FKURPRVRPHV HQ PLWRYV

/D SUROLIpUDWLRQ GH¥ WIOWRWFLRBOVHSRBMW IREBGWHPHQW DOWp
DEVHQFH GH /LV )LJ $ HW )LJ $ 1RXV DYRQV GpPRQWUp DS
FHWWH SUROLIpUDWLRQ HVW DVVRFLpH j OfDXJPHQWDWLRQ GF
F\FOH FHOOXODLUH )LJ ' HW )LJ ( J/IXWLOLVDWLRQ GH OD F
GLVWLQJXHU OHV FHOOXOHV HQ * HW OHV FHOOXOHV HQ PLWR\
FRQGXLW HVVHQWLHOOHPHQW j XQH DFFXPXODWLRQ GH FHOOXC
WHFKQLTXH QRXV PRQWURQV DXVVL TXH OD SURSRUWLRQ GH
IRUWHPHQW GLPLQXpH HQ DEVHQFH GH /LV VXJJpUDQW XQ U
SRVLWLRQQHPHQW GHV FKURPRVRPHV VXU QH SO®Q (QT ®BF WRWGE |
DYHF FHWWH REVHUYDWLRQ OD TXDQWLILFDWLRQ SDU YLGpR |
GYIXQH SDUW j XQ UDOHQWLVVHPHQW LPSRUWDQW GH OD WUDQ"
HW GYDXWUH SDUW j GHV DQDSKDVHV LPSDUIDLWHV FRQGXLV
PDWpPULHO JpQpWLTXH RX j XQH LQWHUUXSWLRQ GHV PLWRVHV
GLYLVLRQV SUpPVHQWHQW VRXYHQW XQ QR\DX PXOWLOREp S
GpVPTXLOLEUH JpQpWLTXH HW GYXQ GpIDXW GH UHIRUPDWLRQ
PLWRVH /fDQFUDJH GHV FKURPRVRPHV VXU OHV PLFURWXEXO
NLQPWRFKRUHY DX QLYHDX GHV FHQWURPQUHV GHV FKURPRVRP
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HW j OD G\QDFWLQH SRXU IDYRULVHU OYDQFUDJH GHV NLQpWRF
GH OD SURPpWDSKDVH OH FRPSOH[H 5== VLWXp GDQV OD FRXUR
6SLQGO\ OD G\QDFWLQH HW OD G\QpLQH /fDQFUDJH GHV FKURI
OD G\QpLQH TXL pORLIJQHUDLW GHV SURWpPLQHYV UHVSRQVDEOHYV
GH IDYRULVHU OYDQDSKDVH

JITHQWUpPH HQ DQDSKDVH HVW KDXWHPHQW UpJXOpH /H ERQ DC
PLFURWXEXOHVY SRODLUHV SHUPHW OYDFWLYDWLRQ GH $3& &
GpJUDGDWLRQ GH OD VPpFXULQH &HWWH GHUQLQUH OLEqUH GR(
OD FRKpVLQH SRXU HQWUDLQHU OD VpSDUDWLRQ GHV FKURPDW
GH OfDQDSKDVH SHXW rWUH OD FRQVpPTXHQFH GX PDXYDLV |
PLFURWXEXOHV PDLV DXVVL GX GpVpTXLOLEUH GH OfDFWLYLW
PLFURWXEXOHV SRODLUHV QH SHUPHWWDQW SDV XQH RULHQWI
GH PLFURVFRSLH j KDXWH UpVROXWLRQ SRXUUDLHQW QRXV St
SRVLWLRQ GHV G\QpLQHV SDU UDSSRUW DX[ PLFURWXEXOHV SR
NLQpWRFKRUHV SDU UDSSRUW DX[ H{[WUpPLWpV SRVLWLYHV GHV

/IHV H[SpULHQFHV GH F\WRPpWULH HQ LPDJH QpFHVVLWHQW X(
GIDFTXpULU SOXV GH FHOOXOHVY HQ SKDVH * 0 GX F\FOH FHOO?
GH UpbOLVHU FHWWH H[SpULPHQWDWLRQ VXU GHV FHOOXOHYV '1
SOXV OD YLGpR PLFURVFRSLH QpFHVVLWH GH VWLPXOHU OHV F
OfLPDJHULH HQ SUpVHQFH G123 GDQV OH FDV GH 'l /D SUpVH
SRXUUDLW JpQpUHU XQ EUXLW VXSSOpPHQWDLUH j OYDQDO\VH
SHXYHQW DXVVL SUROLIpUHU /HV GpIDXWV TXH QRXV YHQRQ
SPpULSKpULTXHV SRXUUDLW GRQF VXUYHQLU GH IDoRQ VLPLODLLU
GLYLVLRQ BDYpYQMFOMLRQ HW SURYRTXHU OD PRUW GHV FHOOXOH
YLD OD SURWpPLQH S

6pSDUDWLRQ GHV FHQWURVRPHY DX FRXUV GH OD SKDVH *

/ID UpRUJDQLVDWLRQ GHV FKURPRVRPHV QpFHVVLWH OD UpRU
/I fDQDO\WH GHV FHQWURVRPHV GDQV OHVGWK\PIRFOWHNYV HQW/LG/H \
SUROLIpUDWLRQ GpPRQWUHQW OTDXIJPHQWDWLRQ GX QRPEUH G
UpVXOWDWY SUpOLPLQDLUHVY SHUPHWWHQW DXVVL GH YRLU X

FHQWURVRPHYVY VRQW FRQVWLWXpV GTXQH SDLUH GH FHQWULRO
int



GXTXHO VH FRQFHQWUHQW GH QRPEUHXVHV SURWB5Q@HNVXGH UpJ
VRQW j OTRULJLQH GH OD QXFOpDWLRQ GHV ILEUHV GH PLFURW
FRXUV GH OD SKDVH 6 GX F\FOH FHOOXODLUH HW VH VpSDUHQW
SDU OH ELDLV GH SURWpPLQHV PRWULFHV YHUV OHV S{OHV RSS!
GHV FHQWURVRPHV HVW XQ SURFHVVXV FRPSOH[H GpFOHQFKp
SKRVSKRU\ODQW 67,/ HW 6$6 FRQVWLWXDQW OJDPRUFH G{XQ C
GpILFLHQFH HQ 3/. 67,/ RX 6$6 FRQGXLVHQW j OTDEVHQFH GH
IDYRULVH OJDPSOLILFDWLRQ GHV FHQWULROHYV HW OfDOWpPUDW

/D VXUH[SUHVVLRQ GH 3/. FRQGXLW j OfDXJPHQWDWLF
WK\PXV HW OHV VSOpQRF\WHV HQWUDLQDQW OfDXJPHQWDWLR
VXLWH DX UDOHQWLVVHPHQW GH OD SKDVH * 0 8QH pOTF
FHQWULROHYV DX FRXUV GH OD SKDVH 6 SHXW FRQGXLUH j OJDP
PLWRVHV PXOWLSRODLUHV /D G\QpLQH HVW FDSDEOH GH
FHQWURVRPHV HQ IRUPDWLRQ GTXQH SDUW SRXU DSSRUWHU O}
PDLV DXVVL GHV PROpPFXOHV GH UpJXODWLRQ (Q IDYHXU GH FHV
GH WUDQVSRUWHU %5&$ YHUV OHV FHQWURVRPHV /D SHUWH ¢
HQWUH OHV FHQWULROHV DX FRXUV GH OD SKDVH 6 /D SH
FHOOXOHV 0() FRQGXLW j OfDPSOLILFDWLRQ GHV FHQWURVRPH
OYLVRODWLRQ GHY FHQWURVRPHYV 3DU FHOD LO SRXUUDLW
GX FHQWURVRPH GDQV GHV FHOOXOHV GpILFLHQWHYV HQ /LV DI
SUpVHQWHQW OH PDWpPULHO QpFHVVDLUH j OHXU GXSOLFDWLRQ

8QH DXWUH K\SRWKgqVH FRQFHUQH OH UDSSRUW GX UHWDUG
FHQWURVRPHVY ,0 D pWp GpMj GpPRQWUp TXH OH UHWDUG GH
FHOOXOHV VI\QFKURQLVpPHV HQ * HQWUDLQH OJDPSOLILFDWLR(
ORQJXH SOXV OH QRPEUH GH FHQWURVRPHV DXJPHQWH &H SK|
QRUPDOHPHQW HVVHQWLHOOH DX FRXUV GH OD PLWRVH SRXU FF
V°XUV SDU GpJUDGDWLRQ GH OD FRKpVLQH PDLV DXVVL DSUqV O
/ID GpILFLHQFH HQ VpSDUDVH VXLWH j LOQWHUIpUHQFH j $51P
OYDPSOLILFDWLRQ GHV FHQWURVRPHV GHV FHOOXOHV HQ UHW
VXLWH j OTDFWLYLWp GH O7$3& & TXL GpJUDGH OD VpFXULQH
HQWUDLQH OD UpGXFWLRQ GH OfDPSOLILFDWLRQ GHV FHQWURYV
GRQF LQWpPUHVVDQW GH WpIDEWHQWYHNQ 7/L& VWLPXOpV DYHF
$3& & HW GIDQDO\VHU OfLQWpJULWp GHV FHQWURVRPHV SDU Pl
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/I THQVHPEOH GH FHV GHX[ K\SRWKqgVHV GpJDJH GHX[ H[SOLF
DPSOLILFDWLRQ GHV FHQWURVRPHV /{DPSOLILFDWLRQ GHV FH
PLWRWLTXH VXLWH j OD PDXYDLVH RUJDQLVDWLRQ GHV FKURPR
j OfLQYHUVH FHWWH DPSOLILFDWLRQ SHXW rWUH OD FRQVpPTXH (¢

&RQVPTXHQFH GH OD GpILFLHQFH HQ /LV VXU OD VXUYLH FHC
/IHV FHOOXOHV VRQW GRWpHV GT1XQ V\VWgPH GH VXUYHLOODQF

ULVTXHV GH WUDQVIRUPDWLRQV WXPRUDOHV VXLWH730D SHUWF
HVW XQ JgQH VXSSUHVVHXU GH WXPHXU FRGDQW SRXU OD SUF

GXSOLFDWLRQ GH Of$'1 HW j OD ILQ GH OD PLWRVH /H ER
FRQGXLW j OD GpJUDGDWLRQ GH S (Q UHYDQFKH XQH HUUHX!I
HQ SKDVH 6 SHXW UHWDUGHU OfHQWUpPH HQ PLWRVH /D SU

PDWpPULHO JpQpWLTXH SHXW FRQGXLUH j OTH[SUHVVLRQ GH JqQ
1RXV REVHUYRQV SDU YLGpR PLFURVFRSLH XQH UpSDUWLWLF
JpQPWLTXH YHUV OHV FHOOXOHV ILOOHV &HUWDLQHV VRQW FD
TXH GIDXWUHV VRQW LQFDSDEOHV GH UpDOLVHU OYDQDSKDVH
GRWpH GH GHX[ IRLV WURS GH PDWpULHO JpQpWLTXH /fDQDO\VF
IRUWH GH OfH[SUHVVLRQ GH FH PDUTXHXU ORUVTXH OHV FHO
VXJIJpUDQW TXH OJDSRSWRVH GHV FHOOXOHV VXUYLHQW VXLWH
GLVWULEXWLRQ GX PDWpPULHO JpQpWLTXH /HV SKpQRW\SHV W
GDQV OHV VRXULV GpILFLHQWHV HQ /LV SURYLHQGUDLHQW Gl
PDXYDLVH UpSDUWLWLRQ GX PDWpPULHO JpQpWLTXH ,0 VHUDLW
HQ GpWHUPLQDQW VL OD GLPLQXWLRQ GH S UHVWDXUH OH Gp
GH /7 SPULSKpULTXHV HQ DEVHQFH GH /LV
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)LIXUH JRQFWLRQV GH /LV DX FRXUV GH OD SUROLIpUDWLRQ GF

5HSUpVHQWDWLRQ GX F\FOH FHOOXODLUH GHV WK\PRF\WHV HW
UHPDUTXRQV XQ UDOHQWLVVHPHQW GH OD PLWRVH LPSRUWD
FKURPRVRPHV /I{DQDO\VH GHV FHQWURVRPHV UpYqOH XQH DP
SHXW rWUH OHV FRQVpPTXHQFHV GH GHX[ SURFHVVXV OfDPSC
FRXUV GH OD SKDVH * HW FRQWULEXH j OD GpVRUJDQLVDWLRQ
GHV FHQWURVRPHV HVW OH UpVXOWDW GX UHWDUG GH OD PL
VpSDUDVH SDU $3& & /HV FHOOXOHV VRQW FDSDEOHV GH IDLUH
QH VRQW SDV RUGRQQpPV GDQV OHXU VpJUpJDWLRQ FRQGXLVDC
TXDQWLWp GH PDWpPULHO JpQpWLTXH GLIIpUHQWH &HOD IDYRUL
OD PLWRVH HW OD IRUPDWLRQ GJ{XQH FHOOXOH ILOOH PXOWLQX
FRQVWLWXpHV GIXQH TXDQWLWp GH PDWpULHO JpQpWLTXH GLII
H[SULPHUDLHQW S IDYRULVDQW OYDSRSWRVH

5pJXODWLRQ PROpFXODLUH GH OD PLWRVH SDU /LV

/ID G\QpLQH SDUWLFLSH j OD UHGLVWULEXWLRQ GHV FHQWURVRF
PLWRVH 3RXU FHOD HOOH UHFUXWH OD G\QDFWLQH TXL SHXW
VIDVVRFLHU DX[ NLQpWRFKRUHV HW DX[ FHQWURVRPHYVY UHVSHF'
OD SHUWH GYLQWHUDFWLRQ GH OD G\QpLQH DYHF OD G\QDFWLC
FHY UpVXOWDWY LO SRXUUDLW rWUH LQWpUHVVDQW GH GpWI
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OYLQWHUDFWLRQ GH OD G\QpLQH DYHF OHV DGDSWDWHXUV 6SL
H[SPULHQFHV SDU VSHFWURPpWULH GH PDVVH SRXU GpWHUPL
OfLQWHUDFWRPH GH OD G\QpLQH GDQV OHV FHOOXOHV HQ PL
GpWHFWp GIDGDSWDWHXU GDQV OH PDWpULHO SURWPpPLTXH FR
PLFURWXEXOHV VRQW GHV VWUXFWXUHV VHQVLEOHV DX[ YDUL
PRGLILFDWLRQV GX PLOLHX LQWUDFHOOXODLUH $LQVL LOV
FRQGLWLRQV GH O\WH | f& TXH QRXV XWLOLVRQV GDQV QRV H[S
OfLQWHUDFWLRQ GH OD G\QpLQH DYHF OHV SURWPLQHV GH W>
PLFURWXEXOHV VRLHQW SRO\PpULVpV 3DU FRQVPTXHQW LO H
H[SPULPHQWDOHY OfJLQWHUDFWLRQ GH OD G\QpLQH DYHF OH
5HGZLQH HW DO RQW XWLOLVp XQH VWUDWPpPJLH DVWXFLHXVH O
GHV SURWRFROHV GH O\WH FHOOXODLUH &HV GHUQLHUV RQW H
SRXU XQH VRXV XQLWp GH OD G\QpLQH FRXSOpH j OD ELRWLQH
SUpVHQFH GH ELRWLQH HQWUDLQH OD ELRWLQ\ODWLRQ GH W
UHQFRQWUp DX FRXUV GH OD FXOWXUH /TLQFXEDWLRQ GX O\VD'
GH SUpPFLSLWHU OHV SDUWHQDLUHV GH OD G\QpLQH PrPH VL FHC
DSSURFKH UpDOLVpH DX VHLQ GH OLJQpHV FHOOXODLUHV SRX!I
/7 DSUqV H[WLQFWLRQ GX JgQH /LV HQ XWLOLVDQW GHV VK51$
VWUDWpPJLH GYDQDO\VHU DLVpPHQW OJLQWHUDFWRPH GH OD
VWLPXODWLRQ

&RPPH QRXV OfDYRQV YX SUpFpGHPPHQW /LV LQWHUDJLW IRU\
&HSHQGDQW OH U{OH GH FHWWH LQWHUDFWLRQ UHVWH j H[SOR
OD ORFDOLVDWLRQ GH 7+(0,6 DX VHLQ GHV /7 ISDUDQ® GEWBILV C
JOREDOH GH OfH[SUHVVLRQ GHV JgQHV GDQV OHV WK\PRF\WHV
VPOHFWLRQ VXJJqQUH TXH 7+(0,6 UpJXOH GHV JgQHV LPSOLTXpV
FHOOXODLUH &HSHQGDQW OH PDUTXDJH GH O7$'L QH GpPRQW
7+(0,6 VXU OHV GLIIpUHQWHY pWDSHV GX F\FOH FHOOXODLUH G|
PTXLSH D UpFHPPHQW SURGXLW GHV VRXULV TXL VRQW VpOHFV
GDQV OHV /7 PDWXUHV &HV VRXULV SUpVHQWHQW XQH GLPLQX
GHV /7 &GDQV OHV RUJDQHV O\PSKRWGHYV VIHF K PRDRUHYQ WH V XIHQ
OHV /7 &GpPILFLHQWY HQ 7+(0,6 SUpVHQWHQW XQ GpIDXW GH ¢
VWLPXOpV SDU GHV IRUWHV GRVHV GY,/ /THIIHW GH Of,/ V.
UHYDQFKH SDV DOWpUpH SDU OD GpILFLHQFH HQ 7+(0,6 ORUVT
GHV IDLEOHV GRVHV GY,/ TXL QTLQGXLVHQW SDV OD SUROLIpU
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TXH 7+(0,6 SRXUUDLW H[HUFHU XQ HIIHW VpOHFWLI VXU OD SU
VLIQDOLVDWLRQ SDU OH UpFHSWHXU j Of,/ &HV REVHUYDWLR
GDQV OHV /GRLFLHQWY HQ /LV GR@WYOW URIRYUIMpBDWHR® QW C
UpSRQVH j OT,/ ,0 HVW GRQF SRVVLEOH TXH 7+(0,6 HW /LV F
FHOOXODLUH GHV /7 &'

8Q WUDYDLO UpFHQW DXTXHO M{DL FROODERUp PRQWUH TXH 7+
HQ LQKLEDQW GLUHFWHPHQW OYDFWLYLWp W\URVLQH SKRVSK
$QQH[H 2U LO D pWp PRQWUpP TXTXQH PXWDWLRQ HQWUDL
HQWUDVQH XQ GpIDXW GH F\FOH FHOOXODLUH HW OfDPSOLILF
FHOOXODLUHV 0() 1RXV SRXYRQV SHQVHU TXH /LV IDYRUL
DX FHQWURVRPH SRXU UpJXOHU OD SURWPLQH NLQDVH 6+3
IDYRULVH OJDFWLYLWp GH 3/. &HWWH NLQDVH DFWLYH $:
VPpSDUDVH HW HQWUDLQH OD VpSDUDWLRQ GHV FKURPDWLGHYV
GpPpEXW GH OD SKDVH * /JLV SRXUUDLW UpJXOHU OD ORFDOL
SRXU UpJXOHU OYDFWLYLWp GH 6+3 HW SDU FRQVpTXHQW GH 3

,,, ID SHUWH GH IRQFWLRQ GH /LV SRXUUDLW IDYRULVHU

/ITDQHXSORWGLH HW OJYDPSOLILFDWLRQ GHV FHQWURVRPHV St
WXPRUDOH GHV FHOOXOHV /D SHUWH GIfKpWpURJ\VJRWLH GX OR
SRXU /LV HVW UpFXUUHQWH GDQV GH QRPEUHX[ FDQFHUYV

SDV VA\VWpPDWLTXHPHQW j OD SHUWH GJH[SUHVVLRQ GH /LV
KpSDWLTXHV OD SHUWH GYKpWpURJ\JRWLH HQWUDLQH OD GLPI
GpOpWLRQ GH /LV SDU LQWHUIPpUHQFH j $51P VXU XQH OLJQpH I
FRORQLHYVY GpPRQWUDQW TXH OH GpYHORSSHPHQW WXPRUDO SH
/JLV 'H SOXV OD SHUWH GITKpWpURJ\JRWLH DX QLYHDX GX ORF X
FDV GH OHXFpPLH 3DU DLOOHXSDJD & HEYL&/MEHQW W DR QRIU L\
GpYHORSSHPHQW GH OHXFpPLHV P\pORWGHV PDLV DXFXQH LQIF
FRQVPTXHQFHV GH FHV 613 VXU OJLQWpJULWp GH /LV /9D
PLFURWXEXOHV HVW HVVHQWLHO SRXU OH ERQ DOLJQHPHQW
KRPRJJQH GX PDWpPULHO JpQpWLTXH ,0 HVW GRQF SRVVLEOH T:
SXLVVHQW DXJPHQWHU OD VXVFHSWLELOLWpP DX GpYHORSSHPH(
S VIH[SULPH SDUWLFXOLqQUHPHQW DX FRXUV GH OD SUROLIpU]
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H[SUHVVLRQ HQWUDLQH OYDSRSWRVH GH FHV FHOOXOHV SUREL
GX PDWpPULHO JpQpWLTXH /H JgQH 3/ X8 BHUHWYXK IV XGH O\HX PR K X V
GX FKURPRVRPH SURFKH GH OD ORFDOLVDWLRQ GH /LV

VHLQ GHVTXHOV OD SHUWH GIKpWpURJNJRWLH VIHIITHFWXH GX ¢
PXWDWLRQ RX OYDEVHQFH GH S HVW UHWURXYpH GDQV SOX)\
GIDQDO\WVHU VL /LV SHXW rWUH UHVSRQVQ EYQ® RXV ®pRHOR SIS R PV
GHV VRXULV GpILFLHQWHYV RX KpWpUR]\JRWHY YSHEXG H Y VD GLIPQWX [C
KpWpURJ\JRWHV SRXU S  /fpPHUJHQFH GH OHXFpPLHV GDQV FI
IRLV GHV DQRPDOLHV GH SUROLIPUDWLRQ GHV O\PSKRF\WHV
UpPpGXLWH GHV /7 j GpYHORSSHU GHV UpSRQVHV DQWLWXPRUDOH

)LIXUH JRQFWLRQV K\SRWKpWLTXHV GHV LQWHUDFWLRQV G\QplL
OHV WK\PRF\WHV HW /7

1RXV DYRQV GpPRQWUp DX FRXUV GH FHWWH WKqgVH TXH /LV H
GHV WK\PRF\WHV HW GHV /7 ,0 HVW SUREDEOH TXH FH SKpQRPO0
GH /LV DYHF OD G\QpLQH &HSHQGDQW FHWWH LQWHUDFWLRC
PLJUDWLRQ GHV WK\PRF\WHV DX FRXUV GHV pYgQHPHQWYV GH Vp
U{OH VXU OD VPOHFWLRQ GHV WK\PRF\WHV (Q SpULSKpULH /LV
VPFUPWLRQ SRODULVpH GHV F\AWRNLQHY HW IDYRULVHU OHV IRQ
G\QpLQH SRXU OD UHORFDOLVDWLRQ GHVY SURWpPLQHV GH VLJQD
GDQV OD VpOHFWLRQ GHV WK\PRF\WHV /JLQWHUDFWLRQ GH /LV
GDQV OD VLJQDOLVDWLRQ HQ IDYRULVDQW OD UHORFDOLVDW
GpSHQGDQW KBKHQILQ SDUFH TXH /LV SRXUUDLW IDYRULVHU OD L
FHWWH LQWHUDFWLRQ SRXUUDLW UpJXOHU OD IRQFWLRQ GH ¢
UpJXOHU OHXU DPSOLILFDWLRQ HW GRQF IDYRULVHU OH ERQ Gp
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$X FRXUV GH FHWWH WKqVH MIDL SX GpWHUPLQHU OHV IRQFW
GDQV OHV /7 &HWWH SURWPLQH QYD IDLW OfREMHW TXH GTXQFt
HVW LPSRUWDQWH GDQV OD SUROLIpUDWLRQ KRPpRVWDWLTXH
TXH OHV DXWHXUV DLHQW ELHQ FDUDFWpULVp FHV GpIDXWV G
DQDO\Vp OHV FDXVHV HW FRQFOXDLHQW TXH /LV QYDYDLW SDV
DYRQV SX PRQWUHU GDQV FH WUDYDLO TXH /LV HQWUH HQ MH X
SUpFRFHV D\DQWVPDWEWDRQ 1RV DQDO\WHV PROpPFXODLUHV VX
/LV UpJXOH OYDFWLYLWp GH OD G\QpLQH GDQV OHV /7 HQ IDYRU
HW DX[ VWUXFWXUHV FHOOXODLUHV j WUDQVSRUWHU /LV UpJ
FRQGXLW j OD UpSDUWLWLRQ RUGRQQpPH GX PDWpULHO JpQpWL"
GH /LV OHV FHOOXOHV VIDFFXPXOHQW DX VWDGH 'l VXLWH j C
OD PLWRVH /HV FHOOXOHV TXL QH SDUYLHQQHQW SDV j UpDOLV
FRQGXLVDQW j OD PRUW GHV FHIOK[BHV LDDQ FMWD GH 'UHEY W D X U D
FRXUV QRXV SHUPHWWURQW GH FRQILUPHU TXH OJDSRSWRVH
UHVSRQVDEOH GH OYDEVHQFH GH FHOOXOH DSUqV OH VWDGH
GHV /7

&RPSWH WHQX GH OfLPSOLFDWLRQ GH /LV GDQV OD UpJXODW
SXEOLFDWLRQV DVVRFLpHYV j OD SHUWH RX OD PXWDWLRQ GH |
QRXV pPHWWRQV OYfK\SRWKgqVH TXH /LV SXLVVH rWUH PLVH H(
WXPRUDO DX VHLQ GXIWXKVVXVEPRIRHRWEGXH QRV DQDO\WVHV HQ FR.
GpILFLHQWHY HQ /LV HW KpWpURJ\JRWHV SRXU S QRXV SHUPE
OfLPSOLFDWLRQ GH /LV GDQV OD FDUFLQRJpQgVH GX WLVVX O\

%LHQ TXH /LV HQWUH HQ MHX SDUWLFXOLqQUHPHQW GDQV OD SC
WUDYDLO LOOXVWUH OLPSRUWDQFH GH FHWWH SURWpPLQH GDC
DYRQV DXVVL GpPRQWUp SDU GHV H[SpPULHQFHV SUpOLPLQDLUF
GpYHORSSHPHQW GHV /% HW GRQF HVVHQWLHOOH j OfpWDEC
DGDSWDWLI (QILQ VHORQ OHV GRQQpHV GH OD SXEOLFDWLR¢
QDLVVDQFH GHV &6+ SDU UpJXODWLRQ GH OD GLYLVLRQ DV\PpW
OD QDLVVDQFH GX V\VWgPH LPPXQLWDLUH GDQV VD JpQpUDOL\

GLIIpPUHQFLDWLRQ GHVY FHOOXOHY SURJpQLWULFHYVY GX V\VWqgPH
ifnod



OfLQWHUDFWLRQ HQWUH 7+(0,6 VSpFLILTXH GHV /7 HW /LV H'
UpJXOH OD SUROLIpUDWLRQ SHXW HOOH MRXHU GHMLIRQFWLEF
GIfDEDO\VHU VL /LV SHXW LQWHUDJLU DYHF GHV SDUWHQDLL
VRXKDLWRQV WHUPLQHU FHWWH WKqgqVH SDV OYDQDO\VH GH
VSHFWURPpWULRKRIBWHW CPRYYHHY SRXUUDLHQW QRXV SHUPHWWUH
vL /LV LQWHUDJLW DYHF GHV SDUWHQDLUHV DVVRFLpV j OD SL
GH QRXYHOOHV SLVWHV GIpWXGHV FRQFHUQDQW G{YDXWUHV I
FHOOXOHYV
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$OQH[H=YH]GRYD ( OLNRODMF]DN - *DUUHDX $ 0D
/ /HH - &KRL 6 %ODL]JH * $UJHQW\ - )DPLOLDGH
GH BHUHGR $ % XUOHW 6FKLOW] 2 /RYHKHPLNVRX!
HQKDQFHYVY 7 FHOO UHFHSWRU VLIQDOLQJ GXULQ.
SURPRWLQJ 9DY DFWLYLW\ DQG *UE VWDELOLW\

3RXU FHWWH DQQH[H MY{DL FRQWULEXp j OD UpYLVLRQ GH OfDU
OHV UDSSRUWHXUV TXH OD VWLPXODWLRQ SDU DQWLFIRQSV QfH
YLWOUHHRWK\PRF\WHV LVVXV GH&VR X\ P7V, 7SS0, 66HY WpWUDPQUHV VS
G129% SRXU OD VWLPXODWLRQ RX GH &/,3 SRXU OD FRQGLWLRQ
SUpVHQWpPpVY GDQV OYDUWLFOH
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RESEARCH ARTICLE

Themisl enhances T cell receptor signaling during
thymocyte development by promoting Vavl
activity and Grb2 stability

Ekaterina Zvezdova, ** Judith Mikolajczak, 2°*°* Anne Garreau, 23*° Marlene Marcellin,
Lise Rigal, 23*° Jan Lee," Seeyoung Choi, * Ga‘tan Blaize, **° JZrZmy Argenty, 23%°>
Julien Familiades, *#°® Ligi Li, * Anne Gonzalez de Peredo, ¢ Odile Burlet-Schiltz, ©
Paul E. Love, ! Renaud Lesourne %3%%

The T cell signaling protein Themisl is essential for the positive and negative selection of thymocytes

in the thymus. Although the developmental defect that results from the loss of Themis1 suggests that

it enhances T cell receptor (TCR) signaling, Themis1 also recruits Src homology 2 domain Beontaining
phosphatase-1 (SHP-1) to the vicinity of TCR signaling complexes, suggesting that it has an inhibitory
role in TCR signaling. We used TCR signaling reporter mice and quantitative proteomics to explore the
role of Themis1 in developing T cells. We found that Themis1 acted mostly as a positive regulator of TCR
signaling in vivo when receptors were activated by positively selecting ligands. Proteomic analysis of

the Themisl interactome identified SHP-1, the TCR-associated adaptor protein Grb2, and the guanine
nucleotide exchange factor Vav1l as the principal interacting partners of Themis1 in isolated mouse thy-
mocytes. Analysis of TCR signaling in Themis1-deficient and Themisl-overexpressing mouse thymo-
cytes demonstrated that Themis1 promoted Vav1l activity both in vitro and in vivo. The reduced activity

of Vav1 and the impaired T cell developmentin  Themis1'” mice were due in part to increased degrada-
tion of Grb2, which suggests that Themis1 is required to maintain the steady-state abundance of Grb2 in
thymocytes. Together, these data suggest that Themis1 acts as a positive regulator of TCR signaling in
developing T cells, and identify a mechanism by which Themis1 regulates thymic selection.

2WB0USI0S 8Y1S//.dny Wolj papeojumod

regulates the activation of downstream pathways such that two distinct oi-
Both the positive and negative selection of thymocytes are requiredames [cell death (negative selection) or survival and continued maturatlen
optimize T cell responses to foreign antigens and to prevent autoimm(pusitive selection)] can be elicited by engaging pMHC.
reactions against self-antigens. The affinities of T cell antigen receptordVe and others identified the previously uncharacterized protelraj
(TCRs) for self-peptides bound to the major histocompatibility compl@kemisl as being required for the positive selection and maturation §
(PMHC) determine the fate of T cells during selection in the thymuBcells in the thymus2E6). Themis1 lacks any discernable catalytic domain, B
Negative selection eliminates T cells that strongly interact with self-pMHGt it contains two previously uncharacterized cysteine-based gIobuIQg
molecules, which could otherwise result in autoimmunity, whereas pdemains (name8CABITQ of unknown structure and functioB)(It also 2
itive selection promotes the survival and maturation of T cells with retntains a bipartite nuclear localization signal (KR-X12-KRRPR) and &
tively low affinity for self-pMHC molecules, favoring the developmenE-terminal proline-rich region (PRR) that matches a class Il Src homology 3
of cells with greater self-reactivity within a permissible range constrair(&H3) recognition motif. Themis1 is constitutively associated with the cy-
by the negative selection threshdljl (The recognition of pMHCs by the tosolic adaptor protein Grb2 (growth factor recefitound protein 2)37)
TCR stimulates multiple intracellular signaling events that are modulasedl is recruited to the transmembrane adaptor protein LAT (linker of acti-
guantitatively and qualitatively on the basis of the strength of TCR-pMH@ted T cells) after TCR engagement, where it becomes rapidly phospho-
interaction to selectively trigger selection processes and to promotergiated by the protein tyrosine kinase L&k 9).
netic programs required for T cell maturation and egress from the thymusAlthough Themis1 was identified as a component of the TCR signalosome,
Whereas the signaling pathways activated by TCR engagement have inétiad investigations failed to pinpoint a major alteration in TCR signaling
identified, it remains unclear how the intensity of TCR stimulation precis@lyThemis1-deficient thymocytes; however, several experimental findings
obtained fromThemisi” mice are consistent with there being reduced
LT - - - TCR signal strength. The cell surface Iabundance of the signaling sensor
o e e e e i oo paen g CDS i tediced n CDICDE® Thermis” thymocytes), whereas tha
Health, Bethesda, MD 20892, USA. Centre de Physiopathologie de Toulouse of CDGQ_'S defreased in the absence of Themis1 in prese!Pthed OT-ITCR
Purpan, Toulouse F-31300, France. ®Institut National de la SantZ et de la Recherche  transgenic CDACD8" thymocytes [referred to as double-positive (DP) thy-
MZdicale, U1043, Toulouse F-31300, France. “Centre National de la Recherche  mocytes] after stimulatiohrtough ovalbumin peptieonjugated tetramers
gdel”g‘l%u‘? U5T282|, Tou'glgsfsgglgoov ngllncgt- stUdnngLSitZ de ";Ol{'ousted US?V?VS?TZ (2. In addition, negative selection and CO4ell lineage commitment, which
e i, U EITEC5E 2% P99 are ependent on nfense or Sustaine Bnas, especively,are both
*“These authors contributed equally to this work. impaired inThemis1” mice @, 5). In agreement with these studies of ro-
Corresponding author. Email: renaud.lesourne@inserm.fr dent thymocytes, human Themis1 enhances extracellularEsggnaated
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kinase (ERK) phosphorylation and nuclear factor of activated T c€ll€R signaling 2, 3, 5, 9). To analyze the effect of Themis1 on the TCR
(NFAT)Enctivator protein 1 (AP1) luciferase promoter activity in Jurkatgnaling response to endogenous selecting ligands in developing thy-
cells stimulated with TCR cross-linking antibodi8s Further biochem- mocytes, we took advantage of the previouslyarted Nur77green
ical investigation to identify the molecular function of Themis1 has shofilmorescent protein (GFP) transgenic mouse model in which GFP abun-
that it interacts with two other positive effectors of TCR signaling, phasance correlates with the intensity of TCR signals transmitted during pos-
pholipase Qg1 (PLCgl) (2) and Vav1, a guanine nucleotide exchangitive or negative selectiofh§). We crosse@ihemis!” mice with Nur77-GFpP
factor (GEF) Rho family guanosineptiosphatases (GTPase9) i®@thy- transgenic mice expressing a fixed MHC claBeHBtrictechb-TCR trans-
mocytes, but the importance of these interactions for TCR signaling giede (AND). GFP amounts were analyzed by flow cytometry ex vivo in
T cell development remains obscure. preselection (TCRCD69°) CD4 and CD8 DP thymocytes, in postselection
In contrast to these initial studies, one recent report proposed DRtthymocytes at early (TCIRD69") or late (TCRICD69") stages of
Themisl sets the threshold between positive and negative selectiopdsytive selection, and in postselect©D4 single-positive (SP) thymocytes.
acting as an attenuator of TCR signaling during positive selection me&h-previously reported for mice on the wild-type C57BL/6 background,
ated by low-affinity antigend.0). It was shown in that study that the losSGFP abundance was low in preselection DP thymocytes and was increased
of Themis1 results in enhanced calcium{G#ux and increased phos- in postselection DP thymocytes (Fig. 1A). GFP abundance was similar in
phorylation of Lck, LAT, and ERK in preselected DP thymocytes that gueeselectiohemist’* andThemisi” DP thymocytes, but was reduced
stimulated by low-affinity pMHCs. Themis1 binds to the inhibitory proin Themisl" DP thymocytes undergoing positive selection (Fig. 1A) and in
tein tyrosine phosphatases SHP-1 (Src homology 2 déwmiteining Themisl” CD4 SP thymocytes (fig. S1A). To further analyze the influence
phosphatase-1) and SHP-2 in thymocy1€s &nd Jurkat cellsl@l). The of Themis1 on TCR signaling, we next crossed AND-Nur77-GFP trans-
tyrosine phosphorylation of SHP-1 and its recruitment to LAT are igenic mice with mice that overexpress Themisl (Themis1-tg). In these
duced ifThemisl” thymocytes, which suggests that Themis1 inhégits mice, Themis1 abundance was increased by about threefold in DP thynm-
ly signaling events by controlling the activity and localization of SHP-tytes compared to that in DP thymocytes in nontransgenic wild-type cog-
On the basis of these results, it was proposed that Themis1 functiortsale (fig. S1B). GFP amounts were comparable in presel&dtiemis1’™ [}
QiligitalizeOTCR signaling to prevent the generation of strong signaaad Themis1-tg DP thymocytes, but were increased in postselection Themis&ig
that induce negative selection in response to relatively low-affinity TCRP thymocytes (Fig. 1A) and in CD4 SP thymocytes (fig. S1A). Togethe&
self-pMHC interactions. However, this model is inconsistent with resultese data suggest that Themis1 has a positive role in the regulation of TgR
obtained invivo that indicate that negative selection and Cdll lineage  signaling during positive selection.
commitment are impaired ffhemis1” mice. In addition, the proposed A previous report proposed that Themisl acts as an attenuator@f
model is not fully supported by previous studies that showed that SHPER signaling, such that in the absence of Themis1, positive selectl@
is not necessary for normal T cell developm&gex5). signals, which promote the development of DP thymocytes to the SP
To gain further insight into the function of Themis1 during thymistage, are converted to negative selection signals, leading to thymocgte
selection, we analyzed the effect of Themis1 deficiency or overexpressipoptosis10). On the basis of this model, the reduced amount of GFi
on TCR signals elicited in vivo by positively selecting ligand interactiorthiat we observed ifihemis1" mice might reflect the absence(®frongly
Through experiments with TCR signaling reporter mice, we showed thigmnale@®thymocytes (which would have been eliminated by apoptosi§
Themis1 acted mostly as a positive regulator of TCR signaling during pather than an intrinsic decrease in TCR signal strength that occurred
itive selection. Molecular analysis by quantitative mass spectrometry (M&}ause of a positive function of Themis1 in TCR signaling. To exclud&
revealed that Themis1 interacted priéally with Grb2, SHP-1, and Vav1, this possibility, we analyzed the effect of Themis1 deficiency on GFP prg*
but to a lesser extent with SHP-2 and R§ICAnalysis of TCR signaling tein abundance in transgenic mice that overexpressed the prosurvgal
events in cells treated with either low or high concentrations of TCR crdssstor B cell lymphoma 2 (Bcl2-tg), which blocks negative selectlom
linking complexes demonstrated that Themis1l promoted the phosphdyf; 18). We observed that DP thymocytes from Bcl2-tg mice had greatt?\)
ation and activity of Vav1 independently of the strength of TCR stimulatiamounts of GFP at early and late stages of positive selection than &l
Further biochemical analysis revealed that the reduced phosphorylatiquivalent cell populations from rigBcl2-tg mice (Fig. 1A), which was ~ ©
and activation of Vavl ifhemis1” thymocytes was due in part to the in-suggestive of the overall rescue of thymocyte clones that had received a
creased turnover of Grb2 in these cells, demonstrating a requiremenstimng signal through the TCR. However, we found that the amount of
Themis1 in the maintenance of steady-state Grb2 protein abundance ifGRR in Bel2-tgThemisi” DP thymocytes was reduced compared to that
mocytes. Finally, we showed that positive selection was impai@th#’*  in Bcl2-tgdThemis1’™™ DP thymocytes (Fig. 1A). Together, these results
mice and was rescued by the transgenic expression of Themis1, suggesiipgest that the reduced TCR signaling observEldémisi” thymocytes
that the reduction in Grb2 abundance accounted for part of the develegs not caused by the elimination of thymocytes that exhibited enhanced
mental defect observed Themis1” mice. TCR signaling, but rather reflected an intrinsic defect in TCR signaling in
DP thymocytes.
We previously showed that the transgenic expression of Bcl2 in
Themis1” mice restores the development of CD8 SP thymocytes, but
not CD4 SP thymocytes, which also suggests that the block iff TD4
Signaling reporter mice identify a positive role for cell development iThemis1” mice did not result from an enhanced
Themisl in TCR signaling in vivo susceptibility of CD4 SP thymocytes to negative selectpnli{ was
Themisl is a component of the TCR signaling machinery, but its pregiseposed that disruption Bim (a gene essential for negative selection)
function, and particularly whether it positively or negatively regulatesscues CD4 SP developmenfTinemisi” mice; however, a detailed
TCR signaling responses, remains unclear. Some in vitro studies travalysis of thymocyte maturation and mature T cells was not performed
proposed that Themisl acts as a negative regulator of TCR signaiimipat study {0). To examine in greater detail whether the disruption of
(10, 12); however, this is inconsistent with the developmental defect dbim could rescue SP thymocyte maturatioTiremis1” mice, we re-
served inThemis1” mice, which supports a positive role for Themis1 igapitulated these experiments and analyzed the proportions of mature SP
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thymocytes (CD24) and peripheral T cells. We observed that, similar
to the effect of Bcl2 overexpressidBim disruption restored CD8 SP
thymocyte developmentifhemisi” mice (Fig. 1B). However, the per-
centages and numbers of CD4 SP thymocytes and €jilnic T cells
remained reduced ifthemis1” Bim' " mice compared to those in
Themis1’* Bint* control mice (Fig. 1B and fig. S1C). The percentages
of CD24° CD4 SP thymocytes were also markedly reducéthimis!”

Bin * mice compared to thoseTiemis1’*Bini * mice (Fig. 1B). These
data suggest that the disruptiorBafn does not rescue the block in CD4

SP T cell development ifihemis1” mice, and support the notion that
Themisl acts as a positive regulator of TCR signaling that promotes pos-
itive selection.

Quantitative proteomic analysis identifies SHP-1 and
Vavl as predominant interacting partners of Themisl
with effector functions in thymocytes

Previous studies reported that Themisl interacts with several positive
(PLC1, Grb2, SHP-2, and Vavl) and negative (SHP-1) regulators of
TCR signaling, but the relative importance of these interactions remains
unclear because some of these binding partners were identified in in-
dependent studies or within distinct cellular models through approaches
that do not always enable global comparisons of protein-protein inter-
actions. To determine which of these signaling proteins preferentially in-
teracted with Themis1 during T cell development, and to investigate the
mechanism by which Themis1 positively regulated TCR signaling, we
performed an MS-based analysis of Themis1-containing signaling com-
plexes in thymocytes. Themis1 was immunoprecipitated from wild-type
or Themis1" thymocytes that were untreated or treated with pervanadate.
Protein complexes were eluted with antigenic peptides, and the compo-
nents of the different purified complexes were characterized by nanoflow
liquid chromatography combined with tandem MS. To estimate the rela-
tive abundances of the different interacting partners in the immunopreci-
pitated samples, we used the intendidsed absolute quantification
(iBAQ) metric, which corresponds to the sum of all of the peptide inten-
sities divided by the number of theoretically observable tryptic peptides of
a protein (for further details, see Materials and Methods).

On the basis of our selection criteria (see Materials and Methods), we
identified 42 potential interactirgartners of Themisl in thymocytes
(table S1). We decided to focus our analysis on the most abundant inter-
actors (mean iBAQ > 20 10°), which represented more likely direct
blndln_g partners of Themis1 or prot_e_lns that had a functional l.mk.WIIT—Ji] . 2. Mass spectrometric analysis of the Themis1 interactome in thymo-
Themisl (Fig. 2). Under these conditions, we found that Themis1 inter. i L o .

. AN L - . tes. (A) Table representing the main interactors of Themisl in resting
acted mainly with distinct proteins in resting thymocytes (Fig. 2, A and nstimulated) thymocytes and in pervanadate-treated (stimulated) thy-
Among these proteins was the cytosolic adaptor Grb2, the tyrosine phos-

] maqcytes from C57BL/6 mice. Proteins were filtered and sorted on the basis
phatase SHP-1 (also known as PTN6), and the Rho family GEF Vav1, W%IF he enrichment ratio (m.i., mean intensity) and the mean iBAQ metric as

were previously reported to interact with ThemiB(10). In addition, escribed in Materials and Methods. The complete list of proteins identified

we found that Themis1 constitutively interacted with the cytosolic adapborproteomic analysis of Themis1-immunopurified samples is provided in
protein GAD.S (falso known as G_rapz) and LI.S]" a prOte!n that has note% le S1. WT, wild type; KO, knockout. (B) Schematic of those proteins that
ported function in T cells. Quantitative analysis of these interactions (wi I ! N -
normalized iBAQ intensities) indicated that Grb2 was by far the most pr J)nr]ezferentlally interact with Themisl in stimulated thymocytes. Layouts indi-
inent binding partner of Themis1 in thymocvtes (iBXQ _ 98!])05) P cate the classification of these proteins according to their signaling function

9 P - y Y - " (purple layout: adaptor proteins; green layout: effector proteins; gray layout:
whereas the interactions between Themisl and SHP-1 (iBAQ 2A®),

NP - ) _ . B unknown function in T cell signaling). Keys indicate protein classification
=221 = =
Lis1 (BAQ 22.‘ 105)’ GTaPZ (IBAQ 13 105)’ and Vavl (iBAQ 10. according to molecular function (phosphatase, GEF, and E3 ubiquitin ligase).
10°) were quantitatively similar (Fig. 2A). Treatment of thymocytes with tPES ) : _
S . . ata are representative of three independent experiments.

phosphatase inhibitor pervanadate increased either moderately (by about
2-fold for Grb2 and Lis1) or strongly (by about 10-fold for SHP-1, Vav1, and
Grap2) the extent of the associationseen these proteins and Themisprotein), the cytosolic adaptors Grap (GRB2-related adaptor protein) and
(Fig. 2A). Treatment of thymocytes with pervanadate also induced theSisP-76 (SH2 domafitontaining leukocyte protein of 76 kD; also known
sociation of Themis1 with additional proteins, including the transmembrasd_cp2), the E3 ubiquitin ligase c4C#nd the tyrosine phosphatase SHP-2

adaptor proteins LAT and SIT1 (SHB¥&eracting transmembrane adaptofalso known as PTN11). Analysis of the iBAQ values indicated that the
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interaction between Themis1 and SHP-2 (iBAQ + 26°) was not as pre- thymocytes had increased amounts of phosphorylated Vavl compared to
ponderant as those between Themisl and other effector proteins, suthoas of preselection wild-type DP thymocytes (Fig. 3B). Confirming the
SHP-1 (iBAQ = 378 10°) and Vavl (iBAQ = 97! 10°). Note that data obtained from experiments with TCR cross-linking antibodies, we
PLC-gl, which was previously reported to interact with Themis1 in thjsund that Vavl was less phosphorylatedremisi” postselection DP
mocytes, was detected in our current analysis with a statistically signifi¢hgtmocytes than ithemis’* postselection DP thymocytes (Fig. 3B).
enrichment ratio in immunoprecipitated samples, but with only a low inten- The phosphorylation of Ty#* and Ty**® of Vav1 relieves its catalytic

sity value (iIBAQ =4 10°), and thus was not selected in the list of majabbl homology domain from its autoinhibitory conformation and causes

Themisl-interacting proteins (table S1). Vavl to promote GDP to GTP exchange on the small GTPase Rcl (
The GTP-bound form of Racl then stimulates signaling that leads to the
Themisl enhances Vavl activity in thymocytes activation of the mitogen-activated protein kinase (MAPK) 23324).

Our analysis of the Themis1 interactome identified SHP-1 and Vav1l asTbenvestigate the effect of Themisl on signaling events downstream of
two predominant effector proteins that bound to Themisl in thymocytéavl, we analyzed the extent of phosphorylation of p38 and the abundance
Vavl is a known positive regulator of TCR signaling that promotes gu#-Rac1-GTP generated after TCR cross-linking. The amount of phos-
nosine diphosphate (GDP) to guanosine triphosphate (GTP) exchangehomylated p38 was reducedThemisi” thymocytes compared to that
Rho family GTPase proteins (that is, it has GEF activity) and may alsarhemist’™ thymocytes when either low or high concentrations of anti-
serve as an adaptor protein to stabilize the recruitment ofgPlt€the body complexes were used (Fig. 3A). The amount of Rac1-GTP generated
transmembrane adaptor protein LAT after TCR engagefi@nKaock-in  was also reduced iFhemis” thymocytes compared to thafihemis1’™

mice expressing a GEF-deficient form of Vavl exhibit a block in T cell deantrol thymocytes when cells were stimulated with a high concentration of
velopment at the DP to SP transition, which is similar to the phenotyg@ibody complexes (Fig. 3C). Together, these data suggest that Themis1
of Themis" mice Q0). We therefore suspected that the impaired T celhhances Vav1 activity in thymocytes.
development observed hemisl" mice might result, in part, from a

defect in Vavl GEF activity. The abundance of Grb2 protein is reduced in

To first confirm the results obtained by our MS analysis, we us@themis1'” thymocytes
Western blotting to analyze the interaction between Themis1 and V&V next investigated the mechanism by which Themis1 stimulates Vav;
in thymocytes stimulated with TCR cross-linking antibody complexegctivity in thymocytes. TCR cross-linking stimulates the translocation og
Although Themis1 was coimmunoprecipitated with Vavl from restin@vl to the submembranous area and results in its recruitment to the
cells, the extent of the interaction between Themis1 and Vavl was teansmembrane adaptor protein LAT where it becomes phosphorylatét
hanced after TCR cross-linking (fig. S2A). Transfection of human eamd activated by ZAP-7@%). Because Themis1 interacts with both Vavl E
bryonic kidney (HEK) 293T cells with complementary DNA encodingnd LAT after TCR engagement, we examined the possibility that Themis®
tagged versions of Themis1 and Vav1 showed that Vavl coimmunopwas important to enhance the recruitment of Vav1 to LAT. Similar amount$.
cipitated with Themis1 only when cells were treated with pervanadafevavl were coimmunoprecipitated with LAT frofinemisi” and %
(fig. S2B). The coimmunoprecipitation of Vavl with Themis1 was onljhemis1’™* thymocytes at the earliest time point of stimulation with g
mildly reduced when the PRR of Themis1, which is required for its inteross-linking antibodies (Fig. 4A); hewer, the recruitment of Vavl &
action with Grb2, was deleted, indicating that Grb2 was not required forLAT was impaired iThemis1” thymocytes when the cells were stim- ©
the interaction between Vavl and Themisl (fig. S2B). ulated for longer periods of time (Fig. 4A). In comparison, the recruitmenf

We previously showed that the phosphorylation of Vavl is impairedtmLAT of the enzyme PL@H, which poorly interacts with Themis1 in thy-
Themisl” CD4 SP thymocyte$]; however, two studies suggested thamocytes, appeared to be similaffimemis’™* andThemisi" thymocytes
Themis1 acts primarily as an attenuator of TCR signaling when thyn(Big. 4A).
cytes are stimulated by low-affinity antigeti8,(L1). The phosphorylation A possible explanation for this observation is that Themis1 directly
of Vav1 and its downstream substrates was not examined in these stuthitegacts with Vav1 after its recruitment to LAT and that it contributes toRQ
To recapitulate with cross-linking titodies what was previously reportecthe enrichment of Vav1 proteins in LAT signaling complexes. Alternatively,”
with antigenic peptides, we incubated thymocytes with either loeg(B1) Themis1 might be required to stabilize the interaction between Vav1l and
or high (30mg/ml) concentrations of preformed complexes of anti-CD3 arydosolic adaptors, such as Grb2 and SLP-76, which mediate the binding
anti-CD4 antibodies to induce either weak or strong TCR stimulation. CofivVavl to LAT (26E81).Therefore, we examined whether Themisl regu-
sistent with previous reports that used antigenic peptides, we found lhied the interaction between Vavl and these two adaptor proteins. Western
ERK phosphorylation was increasedremis1” thymocytes under weak blotting analysis showed that the amount of Grb2 that coimmunoprecipi-
stimulatory conditions, but was comparable to thatiemis1’* controls tated with Vavl was decreasedlihemisl” thymocytes compared to
when strong stimuli were used to induce TCR signaling (Fig. 3A, tophat inThemisI’™ cells, regardless of whether the cells were stimulated
The phosphorylation of SHP-1 was reduced@remisl” thymocytes with preformed antibody complexes (Fig. 4B). Similar amounts of phos-
whether low or high concentrations of antibodies were used. The phosgitmrylated SLP-76 were coimmunoprecipitated with Vav1 under the iden-
rylation of Vav1 was decreasedlihemis1”" thymocytes when either weaktical stimulation conditions, supporting a selective effect of Themis1 on
or strong stimulation occurred (Fig. 3A). In comparison, the phosphoryie formation of Grb2-Vav1l signaling complexes (Fig. 4B). Furthermore,
ation of Lck, ZAP-70 £ chairBassociated protein kinase of 70 kD), LATanalysis offhemisi” thymocyte extracts revealed that the total cellular
and SLP-76, a cytosolic adaptor that associates with Zay]v(as similar abundance of Grb2 was reduced relative to thheamis1’™* thymocytes
in Themis1™* andThemisi" thymocytes regardless of the strength ofFig. 4B, right panel). Quantification of Grb2 protein abundance in whole-
stimulus (Fig. 3A and fig. S3). cell lysates revealed that it was reduced by about twofoldémis1”

To demonstrate that Themis1 enhanced Vav1 activation during positivenocytes and was comparable to the amount of Grb2 pro@i#"*
selection, we next analyzed the phosphorylation of Vavl by intracytbymocytes (Fig. 4C). Further analysis by flow cytometry showed that Grb2
plasmic staining in pre- and postselection DP thymocytes Tremisl”  abundance was reduced similarly in DP and SP thymocyted fremis1”
AND-TCR transgenic mice. We observed that postselection wild-type Bice (Fig. 4D), suggesting that the reduction in Grb2 abundance in
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Themisl” thymocytes relative to that themis’* thymocytes was nota and similar to what we previously observed for Vavi, the recruitment of
result of reduced numbers of SP thymocyte$liemisi” mice. The Grb2 to LAT was normal at early time points after TCR stimulation but
amounts of Grb2 that were coimmunegipitated with other known Grb2 was progressively impaired Themisl” thymocytes at later time points
binding partners, such as c-Cbl and Sos1, were also reduBeeriis1”  (Fig. 4A). To test whether the partial reduction in Grb2 abundance in
thymocytes compared to those in wild-type controls (fig. S4). Moreov&hemisi” thymocytes accounted for the impaired activity of Vav1l in
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these cells, we compared the extent of Vav1 phosphorylat®rbiz’*  Themis1'” thymocytes exhibit increased turnover of

andGrb2”' thymocytes stimulated with low or high concentrations dBrb2 protein

preformed antibody complexes. Supporting this idea, Western blottif@investigate the mechanisms leading to the reduction in Grb2 protein
analysis showed that Vavl phosphorylation was also reducddii’’  abundance iThemisl” thymocytes, we first quantifie@rb2 mRNA
thymocytes under both stimulatory conditions (Fig. 4E). by real-time polymerase chain reaction (RT-PCR) analgsiz mRNA
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amounts were similar ifihemisi’* andThemisi” thymocytes, indi- intracellular staining and flow cytometry. Whereas the amount of Grb2

cating that the reduction in Grb2 protein abundanchiemisl” thy-

protein was reduced by about 10% in cycloheximide-treEttechis 1’

mocytes was likely a result of posttranscriptional effects (Fig. 5A). Tteymocytes, it was reduced by 30%Tihemisl” thymocytes (Fig. 5B),
direct interaction between Themis1 and Grb2 suggested the possibilitjch suggests that Grb2 turnover was accelerat@tiémisi” thy-

that Themis1 might regulate Grb2 protein stability and turnover in thpocytes. Next, we treated thymocytes with MG132 for 18 hours to in-
mocytes. To investigate this possibility, we incubated thymocytes frdnibit proteasome-mediated protein degradation. Under these conditions,
Themis1’™* or Themisi” mice with cycloheximide for 18 hours to in- Grb2 abundance ifihemisl” thymocytes increased from 60 to 80% of
terrupt protein synthesis and then measured Grb2 protein abundandadtyin controlThemis1’™ thymocytes, demonstrating that blockade of

A M Themis1** B B Medium
[0 Themis1®® [ Cycloheximide
O Grb2+® .
%k
< os _ 100
x LL
E g 04 = 90
N
g _<§ 0.3 g 80
© g 0.2 L 70
Q = =
k= 0.1 S 60
T i
4 0
Th+/+ ThD/D
C Themis1** D
u ) 1P Grb2
O Themis19® PV
" * Themis1: B/D +/+ DD +/+
[
= 90
N -102 kD
2 80
O
g 70 IB: ubiquitin —52kD
8 60
& . -25 kD
+MG132

IB: Grb2

Fig. 5. Grb2 protein turnover is increased inThemis1'* thymocytes. (A) RT-PCR
analysis of Grb2 mRNA abundance in total thymocytes from Themis1**,
Themis1' " , and Grb2""" mice. Data are means + SD of three independent
experiments each including one mouse of the indicated genotype. ( B)
Thymocytes from Themis1** (Th"*) and Themis1'” (Th'"*) mice were left
untreated (black bars) or were treated (white bars) for 16 to 18 hours with
cycloheximide (10 mg/ml). Grb2 protein abundance was then analyzed by
flow cytometry after intracytoplasmic staining of the cells with anti-Grb2
antibodies. Bar graphs show relative mean fluorescence intensities (MFIs)
of Grb2 in treated cells as a percentage of the MFI of Grb2 in untreated
cells, which was set at 100%. Data are means + SD of three mice of each
genotype. (C) Thymocytes from Themis1** (black bars) and Themis1' "
mice (white bars) were left untreated or were treated with 1 mM MG132 for
16 to 18 hours. Grb2 protein abundance was analyzed by flow cytometry
after intracytoplasmic staining of cells with anti-Grb2 antibodies. Bar graphs
show the relative MFls of Grb2 in treated cells as a percentage of the MFI
of Grb2in Themis1** thymocytes, which was set at 100%. Data are means +
SD of three independent experiments each including one mouse of the
indicated genotype. (D) Thymocytes from Themis1"* and Themis1'* mice
were preincubated with MG132 and left untreated or treated with pervana-
date (PV) for 5 min at 37;C. Grb2 was then immunoprecipitated from cellular
extracts as described in Materials and Methods. Samples were analyzed by
Western blotting with anti-ubiquitin and anti-Grb2 antibodies. Western blots
are representative of three independent experiments each including one
mouse of the indicated genotype. Data in (A) to (C) were analyzed by two-
tailed unpaired t test. *P < 0.05, **P < 0.01.

proteasome-mediated protein degradation partially restored Grb2 abun-
dance irfThemis1” thymocytes (Fig. 5C). Because ubiquitylation plays

a major role in targeting proteins for proteasome-mediated degradation,
we evaluated the amount of ubiquitylated GrbZhemisi” thymocytes

by Western blotting analysis. Under conditions in which similar amounts
of Grb2 were immunoprecipitated from thymocyte lysates, the amount
of ubiquitylated Grb2 was increasedinemisi” thymocytes compared to

that in wild-type controls (Fig. 5D). Because c-Cbl was identified by our
MS analysis as being among the preferential binding partners of Themis1
in thymocytes, we suspected that c-Cbl might regulate Grb2 degradation
and that Themis1 might inhibit this process. However, we found that Grb2
protein amounts were unaffectectiChbl * thymocytes (fig. S5A). Inad- ©
dition, we found that the TCR-stimulated phosphorylation of c-Cbl was sing
ilar in Themis™* andThemisi" thymocytes (fig. S5B).

Increased Grb2 abundance and Vavl phosphorylation in
Themisl1-tg mice correlate with enhanced positive
selection of CD4 SP T cells
The strength of TCR signaling was increased in vivo when Themisl was
overexpressed (Themis1-tg) in AND TCR transgenic thymocytes (Fig. 1A9\§
We therefore examined the consequences of Themis1 overexpressiorfion
Vavl phosphorylation and Grb2 protein abundance. The extent of Vad,
phosphorylation induced by low (Fig. 6A) or high (fig. S6A) concentra—%
tions of preformed anti-CD3 and anti-CD4 antibody complexes wag
increased in thymocytes in which Themisl was overexpressed. West&n
blotting and flow cytometric analyses showed that Grb2 abundance was
increased by about twofold in Themis1-tg thymocytes compared to thath
Themisi™* controls (Fig. 6, B and C). In addition, the extent of the inter->
action between Grb2 and Vav1 and LAT was increased in Themis1-tg thg_-
mocytes compared to thatTinemisi’™* controls (fig. S6B). =
We next analyzed the consequences of Themisl overexpression;ﬁn
T cell development. The percentages and numbers of CD4 and CD8 SP
thymocytes were unaffected in Themis1-tg mice compared to that in litte
mate controls (fig. S7A). However, in Themis1-tg mice that also expressed
the MHC class Brestricted AND transgenic TCR, the percentages of CD4
SP thymocytes and \14"'9"thymocytes were increased relative to those
in norBrhemis1-tg controls (Fig. 6D). The percentage of mature €D24
CD4 SP thymocytes was increased in ANBemis1-tg mice, which is in-
dicative of increased positive selection (Fig. 6D). In addition, the numbers
of DP thymocytes, and, to a lesser extent, of CD4 SP thymocytes, were re-
duced in ANCBTCRBThemis1-tg mice compared to those inBidremis1-tg
controls (fig. S7B), suggesting that the enhanced TCR signaling in Themis1-tg
thymocytes may also partly convert positive selection signals into negative
selection signals. The cell surface expression of CD5, a signaling marker
that correlates with TCR signal intensi82), was also increased on DP
and SP thymocytes in ANDFhemis1-tg mice (Fig. 6D), consistent with
results obtained from Nur77-GFP transgenic mice (Fig. 1A).

Ny wouy papeojumo

Overexpression of Themis1 enhances TCR signaling and
rescues positive selection in  Grb2*" mice

Consistent with a previous repoBtj, the phosphorylation of Vavl and
p38 was reduced in TCR-stimulat&ib2” thymocytes compared to
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that inGrb2"* thymocytes (Fig. 4E). &cause the overexpression ofhat positive selection is not affect@8). In that study, the authors used
Themisl in thymocytes resulted in increased Grb2 abundance andtleaMHC classfirestricted H-Y TCR transgenic and the MHC clagBs Il
hanced Vavl phosphorylation in response to TCR engagement, we nestricted DO.11 TCR transgenic mice to evaluate positive selection. In
examined whether overexpression of Themisl1 could restore the ameontrast to these observations, we found that the proportions of CD4 SP
of Grb2 and rescue the TCR signaling defect&ih2*"* thymocytes. thymocytes and ®11"9" thymocytes were reduced by 40 to 50% in
Western blotting analysis revealed that transgene-mediated overexpi®-Grb2"! mice compared to that in ANGrb2"* mice (Fig. 7C
sion of Themis1 increased the abundance of Gré2ba™* thymocytesto and fig. S8A). Positive selection was also impaired, although to a lesser ex-
amounts that were comparable to thos&ib2™* thymocytes (Fig. 7A). tent, in OT-BGrb2"”' mice (fig. S8B). Note that Themis1 overexpression
Moreover, phosphorylation of Vavl and p38 in response to TCR engaggrected the defect in positive selection caused by Grb2 haploinsufficiency
ment was restored when Themisl was overexpressarbti’* thymo- as demonstrated by the restoration of normal proportions of CD4 SP and
cytes (Fig. 7B). Activation-induced phosphorylation of ERK was similaither Va11"9" (for AND) or Va2"9" (for OT-2) T cells in the thymus
in GrbZ™ andGrb2"" thymocytes irrespective of whether the Themis(Fig. 7C and fig. S8, A and B).
transgene was expressed (Fig. 7B). To determine whether Themis1 overexpression restored T cell devel-
We next examined whether Themis1 overexpressiGmi®™” mice opment in mice that exhibit a TCR signaling defect that is not linked to
restored the defect in T cell development that occurs in these mice. G2 signaling complexes, we crossed ANBemis1-tg mice with knock-in
ditional deletion ofGrb2 in thymocytes impairs T cell development atnice that express a mutant CzBain protein that tks signaling capability
the DP to SP transition and induces a block in positive selection that(m8¢"). We previously reported that TCR signaling is attenuated in homo-
sembles what is observed Thhemisi” mice @4). A previous report zygousz®™®" mice, which exhibit a block in positive selection at the DP
demonstrated that negative selection is impaire@rb2*’* mice but stage. ANDz®""*Fmice, which have one copy of wild-typ®and one copy
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Fig. 7. Transgenic expression A

of Themis1 in Grb2*" mice re-
stores TCR signaling and posi-
tive selection. (A) Top: Total
cytoplasmic extracts of thymo-
cytes from Grb2** and Grb2™"
mice that either expressed (+) or
did not express (! ) the Themis1
transgene (Themisl-tg) were
analyzed by Western blotting
with anti-Grb2 and anti-GAPDH
antibodies. Bottom: Bar graphs
show the mean ratio of Grb2 in-
tensity values to GAPDH inten-
sity values normalized to the
ratio in WT control thymocytes, C
which was set at 1. Data are

. Grb2+*
means + S.D of three m_depen- Themis1** Themisl-tg
dentexperiments each includ- 41 50
ing one mouse of the indicated
genotype. (B) Thymocytes from
Grb2*"* and Grb2™"" mice that
either expressed (+) or did not
express (! ) the Themisl trans-
gene (Themis1-tg) were stimu-
lated with preformed anti-CD3 54 67
and anti-CD4 antibody com-
plexes (30 mg/ml) for the indi-
cated times. Total cytoplasmic
extracts were analyzed by West-
ern blotting with antibodies
against the indicated phospho-
rylated proteins. Western blots D — g chain 6Y/6Y
are representative of three inde- Themis1** Themis1-tg
pendent experiments. (C) Flow 43 61
cytometric analysis of positive
selection in AND-Grb2*"* and
in AND-Grb2*" mice that did
or did not express the Themis1
transgene (Themis1-tg). Con-
tour plots represent CD4 versus
CD8 staining profiles of thymo- 49 61
cytes from mice of the indicated
genotypes. Histograms repre-
sent the cell surface staining of
the AND TCR on total thymo-
cytes with anti-Vall antibodies.
Numbers indicate the percent-
ages of cells in the gated populations. Right: Bar graphs show the mean
percentages of CD4 SP thymocytes (top) and Va11™" thymocytes (bottom)
from mice of the indicated genotypes. Data are means + SD of five mice (for
Themis1** and Grb2*" ) or three mice (for Themis1-tg and Themis1-tgGrb2*").
(D) Flow cytometric analysis of positive selection in AND z8¥*¢" and AND z®"/
mice that did or did not express the Themisl transgene (Themis1-tg). Contour
plots represent CD4 versus CD8 staining profiles of thymocytes from the in-
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dicated genotypes. Histograms represent AND TCR cell surface staining with
anti-Vall antibodies on total thymocytes. Numbers indicate the percentages
of cells in the gated populations. Right: Bar graphs show the mean percentages
of CD4 SP thymocytes (top) and Va11™" thymocytes (bottom) from mice of the
indicated genotypes. Data are means + SD of three independent experiments
each including one mouse of the indicated genotype. Data in (A), (C), and (D)
were analyzed by two-tailed, unpaired t test. *P < 0.05, *P < 0.01.
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positive selection (Fig. 7D and fig. S8C). The percentages of CD4 SP thpositive effect on TCR signaling, Themis1 overexpression in AND-Themis1

mocytes and ¥11"9"thymocytes were reduced by about 70% in ANEYE
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Va11"9" thymocytes (Fig. 7D); however, Themis1 overexpression did notGrb2 cell surface abundance in thymocytes compared to that in thymo-
restore positive selectionfi®Ymice to the same extent as that observezytes hemideficient iGrb2 or Themislalone (Fig. 8B).

in z8Y/%Y mice, suggesting that the positive effect of Themis1 on TCR

signaling is restricted to Grb2 signaling complexes and does not compensate

for the broad signaling defects caused by impaired TCR signaling potential

(Fig. 7D and fig. S8C). Initial studies reporting the identification and characterization of Themis1
included extensive analyses of T cell development in Themis1-deficient

Themisl hemideficiency exacerbates the defects in mice but failed to precisely identifile molecular function of this protein

positive selection and TCR signaling in ~ Grb2*" mice (2B6). Despite the absence of strong biochemical evidence, it was presumed

To further demonstrate that Themis1 enhances Grb2-mediated signdffiagThemis1 likely functions as a positive regulator of TCR signaling be-
during positive selection, we next used a reverse strategy and examaaese several defectsTihemis” mice, such as a marked impairment of
whether Themis1 hemideficienciiemisi’ ) exacerbates the defectinboth positive and negative selection, were consistent with a deficiency in
TCR signaling and positive selection that is observe@rb2™”! mice. TCR signaling 2B6). It was subsequently shown that Themis1 interacts
The proportions of CD4 SP anca¥1" thymocytes were decreased bywith Vavl and that Vavl phosphorylation is reduce@iiemisi” thymo-
40 and 20%, respectively, in ANDhemisT’ mice, an effect that was com- cytes, results that also implied a positive role for Themis1 in TCR signaling
parable to the defects observed in AREBZ"' mice (Fig. 8A and fig. (9). Nevertheless, two reports suggested that Themis1 acts primarily, if not
S8D). Note that positive selection viagher impaired in AND-TCR trans- exclusively, as an attenuator of TCR signaling, in part through the recruit-
genic mice that were hemizygous! (Hor bothGrb2 andThemis1which  ment of the phosphatase SHP-1 to LAT, and these studies further proposed
displayed 70 and 60% decreases in the percentages of CD4 S®IAREV that Themis1 is required to prevent the induction of strong TCR signals in
thymocytes, respectively, relative to those in ANEemis1’* Grb2”*  response to engagement by low-affinity antigdiis 11). Although this
mice (Fig. 8A and fig. S8D). We also observed that the cell surface abmodel can explain the block in positive selectiofitiemisi” mice, it does
dance of CD5 was reduced hemis1”* Grb2"" thymocytes, but not on not fully explain the mechanism by which Themis1 also presumably reg
single heterozygotéhemist” thymocytes oGrb2”" thymocytes, indi- lates signaling during negative selection and CD4ell lineage commit-
cating that the combined reductioriihemislandGrb2 expression had a ment. In addition, other studies have shown that positive selection is n
cooperative effect on TCR signaling and positive selection (Fig. 8B). Finadnverted to negative selection in the absence of SHERLT), which sug-
ly, hemideficiency in boterb2 andThemistesulted in a further reduction gests that Themis1 has additional effects on TCR signaling beyond t!
regulation of SHP-1.
To gain further insight into the molecu-
lar function of Themis1, we performed a
. guantitative proteomic analysis of the inter-
= - actome of Themis1 in thymocytes. Analysis
of this interactome showed that Themisl
preferentially interacted with proteins that
function in TCR signaling, supporting a pri-
mary role for this protein in TCR signaling
complexes. Among these proteins, we found
that Themisl interacted with several cyto-
solic adaptors, such as Grb2, GADS, SLP-
76, and Grap, but that Grb2 was by far the
most abundant protein in this interactome.
This finding suggests that Themis1 might
be preferentially recruited into TCR signal-
ing complexes through Grb2. Confirming
previous studies, we found that Themis1 in-
teracted with the transmembrane adaptor
protein LAT in pervanadate-treated thymo-
cytes. Themisl also interacts with SIT1,
atransmembrane adaptor protein that inhib-
its TCR signaling through the phosphatase
Fig. 8. Themis1 hemideficiency exacerbates the defects in positive selection and TCR signaling inGrb2"*  SHP-2 B85, 36). One possibility suggested
mice. (A) Flow cytometric analysis of positive selection in AND-Grb2*"* and in AND-Grb2™"* mice thatwere by these data is that Themis1 is recruited
either WT (Themis1**) or heterozygous (Themis1*" ) for Themis. Contour plots represent CD4 versus CD8  to both LAT and SIT and that it promotes
staining profiles of thymocytes from mice of the indicated genotypes. Histograms show the cell surface  either positive or negative signals depending
staining of the AND TCR on thymocytes with anti-\a11 antibody. Numbers indicate the percentages of ~ on the transmembrane adaptors to which it
cells in the gated populations. Right: Bar graphs s how the mean percentages of CD4 SP thymocytes (top)  is recruited.
and Va11"9" thymocytes (bottom) from mice of the indicated genotypes. Data are means + SD of five mice The quantitative analysis of the Themis1
(for Grb2*"™* Themis1** and Grb2*"* Themis1**) or three mice (for Grb2** Themis1*™ and Grb2** Themis1™).  interactome revealed that the phosphatase
*P < 0.05 by two-tailed, unpaired ttest. (B) Histograms show the cell surface staining of CD5 and the relative ~ SHP-1, but not SHP-2, is a predominant in-
amounts of Grb2 in CD4 SP thymocytes from mice of theindicated genotypes. Data are representative of  teracting partner of Themisl in thymocytes.
three independent experiments. Themisl attenuates the phosphorylation of
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Lck, LAT, and ERK, mostly through its role in facilitating the recruitmerthe recruitment of Vav1 to the immunological synapse and its subsequent
of SHP-1 to TCR signaling complexel). This effect was most clearly phosphorylation. Here, we showed that loss of Themisl did not affect the
demonstrated when the TCR was engaged by low-affinity, but not higitility of Vav1 to interact with phosphorylated forms of SLP-76 after TCR
affinity, antigens, conditions that mimic positive selection. Confirmirepngagement, which suggests that the impaired recruitment of Vav1 to LAT
these results, we found that Themis1 enhanced the phosphorylaticim @hemis1” thymocytes resulted from the reduced Grb2 abundance in
SHP-1 and attenuated ERK phosphorylation when low, but not high, ctirese cells, and that distinct mechanisms may control the recruitment of
centrations of TCR cross-linking antibody were used to stimulate thynvav1 into TCR signaling complexes in peripheral T cells and thymocytes.
cytes. However, we failed to detect any increased phosphorylation of morérevious MS-based studies of thbBinteractome in distinct cell types
TCR-proximal signaling proteins, such as Lck, ZAP-70, and LAT, whidtave reported the interaction of Grb2 with proteins involved in ubiquitin-
suggests that stimulation with low concentrations of antibodies could mediated degradation processes, such as c-Chl, Cbl-b, TSG101, and SOCS1;
fully recapitulate what was previously observed when the TCR was Bowever, whether these enzymes regulate Grb2 turnover has not been ex-
gaged by tetramers bound to low-affinity antigens in the absence of castiined so far40, 41). Because c-Cbl was identified by our MS analysis
mulation. The moleculagvents that meditate ERK activation can bamong preferential binding partners of Themisl in thymocytes, we sus-
driven by hysteretic regulatory effects, and it is therefore assumed thatpaéted that c-Cbl might regulate Grb2 degradation and that Themis1 might
nor changes in TCR-proximal signals can have a major effect on ERKibit this process. However, we found that Grb2 protein amounts were un-
activity (37, 38). It is therefore possible that TCR cross-linking witlaffected inc-Chf * thymocytes and that the interaction between c-Cbl and
low concentrations of antibodies might not be sensitive enough to de@«ti2 was decreased rather than increasgtémis” thymocytes com-
effects on early regulators of TCR signaling, but could still reveal thared to that in wild-type thymocytes. Although we cannot exclude the pos-
consequences on downstream proteins, such as ERK, that exhibit a dgjhidity that Cbl-b compensates for the loss of c-Chl, this seems unlikely
mode of activation. given that the abundance of Cbl-b in thymocytes is relatively low compared
Our MS analysis also revealed that the Rho family GEF Vavl constithat in peripheral T cells and that c-Cbl deficiency alone has a major eﬁ&:t
tuted one of the predominant binding partners of Themis1 in thymocytms.TCR abundance and signalid®), In-depth analysis of the Themis1 >
Consistent with our previous resul®, (ve found that Themis1 enhancednteractome identified the deubiquitylating enzyme USP9X as a potentigf
Vav1l activity under both weak and strong stimulatory conditions. Theeractor of Themisl in thymocgéable S1). USP9X is part of the TCR £
phosphorylation of p38, which is dependent on Vavl actid8),was signaling machinery and enhances TCR-proximal signaling events, suc}*%ls
also reduced iThemisi” thymocytes compared to that in wild-typethe phosphorylation of LAT and Vava3). One hypothesis, therefore, is >
cells. This suggests that Themisl has more than one function in Tl@& Themis1 prevents Grb2 degradation by interacting with a deubiquiti-
signaling and that the balance between the positive and negative effasesthat targets Grb2. Further experiments with USP9X-deficient T cellsw@
of Themis1 on TCR signaling may be dependent on the extent (or intearequired to determine whether USP9X is involved in this process.®
sity) of TCR engagement. Our findings suggest that Themis1 functionsln contrast to previous studies with DO.11 TCR transgenic model&_
mostly as a positive regulator of TCR signaling with respect to its effee found that positive selection driven by the AND or OT-2 TCR was parb
on Vav1 when selection processes are mediated by relatively high-affitiély attenuated itGrb2”* mice. Because Grb2 abundance was 5|m|IarIyrD
ligands. This interpretation would explain why negative selection, a preduced ifThemis1l” andGrb2"" thymocytes, this suggests that at Ieas'gQ
cess that is induced after the strong interaction of TCR with self-pMH@art of the defect in positive selection observelthiemis1” mice couldbe o
is impaired inThemis1” mice @, 5). Our results further suggest that thettributed to the reduced abundance of Grb2. However, the modest eff&et
strength of TCR signaling is reducedTihemis1l” mice when positive of Grb2 hemideficiency on T cell developmentin comparison to the markedl
selection is driven by a single transgene-encoded TCR (AND), a TCR thefiect observed ifihemisi” mice implies that Themis1 regulates other <
reportedly binds with relatively high affinity to self-pMHQ3.(Thus, the T cell signaling processes independently of its effect on Grb2 protem
positive effect of Themis1 on the effector function of Vavl might also ls&ability. We showed here that the interaction between Themisl and VaT\\/,l
important to facilitate positive selection. Consistent with this idea, @i not require the binding of Grb2 to Themis1, which suggests thg®
found that the phosphorylation of Vavl was reduced in vivo in postsel@temis1 might be important to recruit Vavl directly into TCR signaling™
tion DP thymocytes from AND-ThemiS'l mice as compared to that incomplexes. Another possibility is that Themis1 has a direct role in stimulat-
Themis1’ controls, and that the overexpression of Themigarb2"”*  ing the enzymatic function of Vavl. Mice deficient in Vavl GEF activity
mice restored both Vav1 phosphorylation and positive selection driverelpibit a phenotype similar to thatBiemis” mice, with a marked block
the AND TCR. at the DP to SP transition, which contrasts with the phenotype ofVavi
Our results demonstrated that the abundance of Grb2 was reducexide that exhibit an almost complete block athitselection checkpoint
Themis” thymocytes to an extent comparable to th&ib2*" thymo-  (20). Mice deficient in Vavl GEF activity also exhibit a defect in Rac1-GTP
cytes. Vavl phosphorylation was also decreas@tti@”' thymocytes, production similar to what we observedTlinemis" mice. Furthermore,
which suggests that the reduced abundance of Gii&imis1” thymo- our MS analysis revealed that Themis1 interacted predominantly with the
cytes could account, at least in part, for the impaired phosphorylatiomiérotubule-associated protein LiaHirect binding partner of Rac1, which
Vavl in these cells in response to TCR engagement. Grb2 binds throcayhstabilize the GTP-bound forms of small GTP-bindigeins (G pro-
its SH2 domain to phosphorylated tyrosine residues on 28T dnd teins) in neurons4d). An interesting hypothesis is that Themis1 func-
through its C-terminal SH3 domain to a PRR within Va&@) (Themisl tions as part of a cooperative signaling complex that includes Grb2,
may therefore facilitate the recruitment of Vavl to LAT and its subsequ¥at1, and Lis1 and controls the generation and the stability of active
phosphorylation by the tyrosine kinase ZAP-70. Accordingly, we showsaall G proteins, which in turn transmit signals that are essential for positive
that the recruitment of Vav1 to LAT was impairedlinemis1” thymo- and negative selection.
cytes. A previous study of peripheral CDHcells showed that the recruit-  In conclusion, our results identify a positive function for Themis1 in
ment of Vav1 to TCR signaling complexes was mostly mediated by fR€R signaling during T cell development and identify a primary role for
binding of SLP-76 to the Vavl SH2 domain through®tgand Tyf*®  Themis1 in promoting Grh2 stability and Vav1 effector function. These
of SLP-76 89). In that study, deletion of the Vavl SH2 domain preventdahdings are concordant with a report demonstrating an epistatic effect of
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ThemislandVavlgenes on the suppressive function of regulatory T cefissin coated with 1hg of polyclonal rabbit anti-Themis1 antibodies. The
and the development of inflammatory bowel dise4Sg I view of inves-  resin was washed three times and incubated for 15 min at room tempera-
tigations that support a negative role for Themisl in TCR signaling, dure in 200nt of elution buffer [50 mM tris-HCI (pH 7.4), 150 mM NacCl,
study suggests that Themis1 might have a more complex function dueng Themisl antigenic peptide (20@/ml)]. Samples were further pro-
T cell development, perhaps transmitting either positive or negative sigoakssed for proteomic analysis on a Q Exactive mass spectrometer (Thermo
depending on the affinity of the TCR for self-pMHCs, the contribution &cientific) as described in the Supplementary Materials. To analyze TCR
co-receptor signaling, and the intensities of the elicited TCR-proxinsajnaling, thymocytes were collected and rested for 2 hours in RPMI medi-
signals. The identification of new Themis1 partners, such as Lis1, which at 37;C at a density of!510° cells/ml. Thymocytes were resuspended
is mostly known as a regulator of dynein anchoring to microtubules in naiia density of 16cells per 56nl and incubated at 37;C for 10 min before
rons, suggests that Themis1 may have additional functions in T cells thabaneg stimulated. Antibody complexes were prepared'atar&entration
not directly related to its role in TCR-proximal signaling. before being used to stimulate cells at 37;C for 10 min with biotin-conjugated
anti-CD3 and anti-CD4 antibodies mixed with equal concentrations of
streptavidin. Thymocytes were stimulated witm8@f antibody complexes
(6 or 60mg/ml) for the times indicated in the figure legends. Cell lysates
were prepared as described earlier. Further delailg enmunoprecipi-
Mice tations can be found in the Supplementary Materials.
Nur77-GFP reporter mice were provided by K. Hogquist (University of
Minnesota, Minneapolis, MN-Chbf * mice were provided by J. ChiangAnalysis of MS data
(National Cancer Institute, Bethesda, MTHemisi” (5), Themisl-tgg), Raw MS data files were processed with MaxQuant software (version 1.5.0)
Grb2™ (33), TCR°Y®Y (46), and TCR°F°" (46) mice were described for database search with the Andromeda search engine and for quantitative
previously. The AND and OT-2-TCR transgenic mice were obtained framalysis (see the Supplementary Materials for details on the MaxQuagt
Taconic Farms. Theimt * mice were obtained from the Jackson Laboraarameter settings and for the processing of quantitative data). Potenéal
tory. In some experimentBhemisi” and Themis1-tg mice expressing théfhemis1 interactors were selected on the basis of an enrichment ratio of
AND TCR were crossed 6rb2"' mice to generate either AND-TCR->5 between immunopurified samples framemis1’™ and Themis!” =
Themis1" Grb2""" or ANDBETCRBThemis1-t§GrbZ” mice. Themlsi’ cells and® < 0.05 (by Studef@t test) over triplicate biological experiments. g
mice were also crossed willimi # mice to generaf@hemisl” Bim* mice. Of the potential candidates, we retained as bona fide binding partners thase
Animal experiments were approved by the Animal Care and Use Committes were identified in th‘éhemlsi’* immunopurified samples with strong g
of the Eunice Kennedy Shriver National Institute of Child Health and Henass spectrometric evidence (number of unique identified peptides > 2) aﬁd

man Development, National Institutes of Health. high abundance based on the intensity of the MS signal. The iBAQ metri&
which corresponds to the sum of all of the peptide intensities divided by thé.
Antibodies and flow cytometry number of observable peptides from a given protfiy, (vas used to es- %

Sources for antibodies and reagents used in this study include the followtingate absolute protein abundance, and a minimal iBAQ threshold of 20 §
anti-Grb2 (C-23), arflPLC-gl (1249), anti-Vavl (C-14), anti-ubiquitin 10° was thus applied to filter low-abundarfsins from the §it of potential g
(P4D1), and arfit-Chbl (A9), which were from Santa Cruz Biotechnologypartners. Additionally, to define the Themis1 interactome, we also eliminateg]
anti-LAT (11B.12), anti-Sos1, and anti-Racl, which were from Milliporeandidates that had strong intensity signals in the cd’hmhisi” sam- ‘S
anti-pVav1(Y174), which was obtained from Abcam; and anti-pERjes (mean iBAQ > 20 10°), which were more likely to correspond to the >
(T202/Y204), anti-pp38 (T180/Y182), and &pBHP-1 (Y564), which nonspecific binding of abundant cellular proteins in the immunopurifiecg
were obtained from Cell Signaling Technology. Alexa FluoBd88jugated samples. The remaining candidate interactors were sorted on the basis-of
phalloidin was purchased from Life Technologies. Anti-Themis1 rabbieir calculated iBAQ value in tHEhemis1’™ immunopurified samples, S
antibodies were previously describ&l Thymocytes were incubated forwhich reflected their absolute abundance in the sample and the strenggh
16 hours with cycloheximide (2Gg/ml, Sigma) or M MG132 (EMD of their interaction with the Themis1 bait. The complete unfiltered list of
Biosciences). Biotin- and fluorochrome-conjugated antibodies agamstteins identified in the immunopurified samples is provided in table
CDg3e, CD4, CD5, CD8, CD24, CD25, CD44, andaA1 were purchased S1. The MS proteomics data were deposited to the ProteomeXchange con-
from BD Biosciences. Single-cell suspensions from the thymus, splesartium through the Proteomics Identifications (PRIDE) partner repository
or lymph nodes were incubated in phosphate-buffered saline, 0.5%With the data set identifier PXD004072.

vine serum albumin, and 0.01% Nabbntaining the appropriate anti-

bodies. Cell detection was performed on a FACSCalibur flow cytomeRac1 activation assay

(BD Biosciences), and data analysis was performed with FlowJo softweingmocytes fronThemis1’™* andThemisl” mice were collected and

(Tree Star Inc.). rested for 2 hours in RPMI medium at 37;C at a densitylo16° cells/ml.
Cells were resuspended dt 30 cells per 100nl, preincubated at 37;C
Thymocyte stimulation and immunoprecipitation for 10 min, and then left untreated or treated with an equal volume of a

For MS analysis, 2 10° thymocytes fronThemis1’™* or Themisl”  premixed 2!cocktail of biotinylated anti-CD3 and anti-CD4 antibodies
mice were left untreated or were treated with 100 nM pervanadatednd streptavidin (10@) for the times indicated in the figure legends. Cells
5 min at 37;{C. The treatment was stopped on ice, and cells were mere lysed directly in excess lysis buffer (90 for 20 min on ice. Lysates
mediately centrifuged and resuspended in 2 ml of ice-cold lysis buffeare cleared by centrifugation at 18,8@6r 15 min at 4iC. Cleared lysates
[10 mM tris-HCI (pH 7.4), 150 mM NaCl, 1% Triton, 2 mM N&D,, 5mM  were subjected to pull-down with B0l of PAK1-GST agarose beads with
NaF, 1 mM EDTA, and protease inhibitor cocktail tablet (Roche)] and irtation for 1 hour at 4;C. An aliquot of cleared lysates was saved for whole-
cubated for 20 min oniice. Lysates were cleared by centrifugation at 18,08¢lysate analysis. Beads were washeek times with ice-cold lysis buffer.

for 15 min at 4;{C, and Themis1 was subjected to immunoprecipitatiBroteins were eluted from the beads by heating them to 70;C for 10 min
from cleared lysates for 2 hours at 4;C withm8Ibf protein ASepharose in Laemmli buffer. Proteins were resolved by Sp&facrylamide gel
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Materials and Methods

Fig. S1. Themis1 enhances TCR signaling during thymic selection.

Fig. S2. Analysis of the interaction between Themisl and Vav1 in thymocytes and HEK
293T cells.

Fig. S3. Themis1'” thymocytes exhibit normal phosphorylation of Lck, ZAP-70, and LAT
after cross-linking of the TCR with low or high concentrations of antibody complexes.
Fig. S4. The amount of Grb2 that coimmunoprecipitates with c-Cbl and Sos1 is reduced in
thymocytes from Themis1'” mice.

Fig. S5. Loss of c-Cbl does not affect Grb2 protein abundance in thymocytes.

Fig. S6. Analysis of TCR signaling and Grb2 coimmunoprecipitation with Vavl and LAT in
Themis1 transgenic thymocytes.

Fig. S7. Effect of Themisl overexpression on T cell development.

Fig. S8. Transgenic expression of Themis1 in Grb2*" mice restores positive selection in
TCR transgenic mice.
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THEMIS enhances TCR signaling and enables
positive selection by selective inhibition of the
phosphatase SHP-1

Seeyoung Chéj Claude WarzecHa Ekaterina ZvezdoviaJan Lek JZrZmy ArgenB3 Renaud Lesourr?e,
L Aravind* & Paul E Love

THEMIS, a T cellbspecific protein with high expression in CD4CD8'* thymocytes, has a crucial role in positive selection and
T cell development. THEMIS lacks defined catalytic domains but contains two tandem repeats of a distinctive module of
unknown function (CABIT). Here we found that THEMIS directly regulated the catalytic activity of the tyrosine phosphatase
SHP-1. This action was mediated by the CABIT modules, which bound to the phosphatase domain of SHP-1 and promoted
or stabilized oxidation of SHP-10s catalytic cysteine residue, which inhibited the tyrosine-phosphatase activity of SHP-1.
Deletion of SHP-1 alleviated the developmental block in Themis' /* thymocytes. Thus, THEMIS facilitates thymocyte positive
selection by enhancing the T cell antigen receptor signaling response to low-affinity ligands.

T cell development is a continuous process that begins when progeraotein tyrosine kinases (PTKs) LCK and ZAP-70, the protein tyro-
tor cells that originate in the fetal liver or adult bone marrow enter thime phosphatase (PTP) SHP-1 (encodeBtbyng, and specialized
thymus and are induced to commit to the T cell lineage. Thymocyséetaptors such as LAT and SLP-76 (r6f6). THEMIS, a T cellb
progress through multiple well-defined maturational steps that fepecific protein, has an important role in thymocyte selection. In the
simplicity are grouped into three main stages defined by expressaabsence of THEMIS, thymocyte development is partially blocked at
of the co-receptors CD4 and CD8: C8 (double negative the DP-to-SP transition stage, which results in a substantial reduction
(DN)), CD4*CD8* (double positive (DP)), and CD4r CD8 (single in mature CD4SP thymocytes and, to lesser extent, CD8SP-thymo
positive: CD4SP or CD8SP, respectively). The transition of thynegtes and peripheral T cefpd!
cytes through these stages of maturation is dependent upon signal$1EMIS is the Ofounding member® of a group of structurally related
transmitted by various cell-surface molecules, including Notgbroteins that are defined by the presence of one or more copies of a
cytokine receptors and precursor or mature forms of the T c€RBIT (Ocysteine-containing all beta in THEMISO) globular module
antigen receptor (TCRY with a median length of 261 amino acids that contains a conserved
All thymocytes are subjected to a selection process at the DP stage motif ( RCX;.,6 XLP K3GXF, where @HRs any hydrophobic
that is based on the affinity of their expressed TCR for self-peptidsidue, OXO is any amino acid, and the subscripted number indicates
ligands bound to major histocompatibility complex (self-pMHC) thathe number of residue$)All members of the mammalian THEMIS
tests TCR functionality and enforces self-toler&ndéymocytes family, including THEMIS, THEMIS2 (which is restricted to B cells
that express TCRs that fail to bind to self-pMHC or that bind wittmd myeloid cells) and the more distantly related THEMIS3 (which
high affinity to self-pMHC are Onon-selectedd or Onegatively seisctagé®ssed in the large and small integjicentain two tandem
respectively, and are triggered to undergo apoptotic death, whe®A8IT modules and a C-terminal proline-rich sequence but lack a
thymocytes that express TCRs that bind with low affinity to sekihown catalytic domaih THEMIS binds directly to the cytosolic
pPMHC are Opositively selected® and progress to the CD4SP or Gid@p@r GRB2, and this interaction requires the proline-rich
stagé. The affinity of the TCR for self-pMHC controls the intensitgequence of THEMIS13 Mass-spectrometry screens of proteins co-
and duration of the TCR signaling response, which in turn leads to thmenunoprecipitated with THEMIS have identified SHP-1 as a puta-
differential activation of downstream signal-transduction pathwayise THEMIS-interacting proteitf15 and it has been suggested that
and transcriptional responses that dictate celffate THEMIS functions by regulating the activity of SHP-1 or its recruit-
Thymocyte selection is dependent upon the expression and fument to LAT617, Nevertheless, a specific role for THEMIS in T cell
tion of several lineage-restricted effector molecules, including ttevelopment has not been clearly defined, and it remains unclear if
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its effect on TCR signaling is mainly activating or inhibité®}6 GRB2 Fig. 1a). In lysates of HEK-293 human embryonic kidney cells
A particular challenge has been to identify a function for the CAB¢®-transfected with plasmids encoding SHP-1 and THEMIS lacking
modules that constitute most of the THEMIS protein. The presencdltd GRB2-binding proline-rich sequence (THEMIS-1-493), SHP-1
highly conserved core sequences and their requirement for THENH8nunoprecipitated together with THEMIS-1-498i¢. 1b). GRB2-
activity in vivol® suggests that CABIT modules have an importaimdependent association of THEMIS and SHP-1 was also detected
biological role; however, their distinctiveness from all previoudly co-immunoprecipitation of THEMIS with SHP-1 from lysates of
described protein domains indicates that they may perform a uni@BB2-deficient total thymocyteBi¢. 1c).
cellular functiof. SHP-2 (another dual Src-homology-2 (SH2) PTP that is closely
In this study, we identify a biological function for the CABIT modrelated to SHP-1) bound to THEMIS when co-expressed in HEK-293
ules that clarifies the role of THEMIS in T cell development. We foucells, but two other class | PTPs (PTPN1 and PTPN7) that are expressed
that the THEMIS CABIT modules bound directly to the PTP domain thymocytes did not bind to THEMISS(pplementary Fig. 1#).
of SHP-1 and inhibited the PTP activity of SHP-1 by promoting @o locate the sequences within THEMIS that mediated its binding to
stabilizing oxidation of the catalytic cysteine residue. That activiBIP-1, we next performed co-immunoprecipitation experiments in
coupled with the stage-specific regulation of THEMIS during T celEK-293 cells transfected with plasmids encoding SHP-1 and various
developmentP.11provides an explanation for the unusual sensitivityuncations of THEMIS. SHP-1 immunoprecipitated together with a
of DP thymocytes to TCR stimulati&h a property that is essentialTHEMIS protein that contained only the CABIT1 and CABIT2 mod-

for positive selection. ules (THEMIS-1-493) and, to a lesser extent, with truncated THEMIS
proteins containing only the CABIT1 module (THEMIS-1-260)

RESULTS or CABIT2 module (THEMIS-260-493Fig. 1b). In similar co-

Binding of THEMIS to the PTP domain of SHP-1 transfection experiments, a protein containing only the PTP domain

To determine if THEMIS binds directly to SHP-1, we first performeaf SHP-1 immunoprecipitated together with THEMIS-1-493 and with
cell-freein vitro protein-binding assays. THEMIS bound to a-gluTHEMIS-1-260 Fig. 1d). Also, purified SHP-1 lacking both SH2
tathioneStransferase (GST)DSHP-1 fusion protein in the absencelofains but containing the PTP domain (GS$HR-SHP-1) bound
GRB2, although the THEMISDBSHP-1 interaction was enhanced®yHEMIS-1-493n vitro (Fig. 1le and Supplementary Fig. 1d).

Figure 1 THEMIS binds directly to SHP-1. (a) In vitro GST-precipitation assay of GSTDSHP-1, assessing the binding of THEMIS to SHP-1 in the
presence (+) or absence (!) of GRB2. (b) Co-immunoprecipitation analysis (below) of the binding of THEMIS CABIT modules to SHP-1 in HEK-293
cells co-transfected with Flag (F) parent plasmid or plasmid encoding various Flag-tagged (F-) THEMIS constructs (top) plus plasmids encoding SHP-1
and Myc-tagged GRB2 (above lanes), assessed by immunoblot analysis of cell lysates (bottom two blots) or proteins immunoprecipitated with anti-Flag
(IP: Flag; top three blots). PRS, proline-rich sequence. (c) Co-immunoprecipitation analysis of THEMIS and SHP-1 in lysates of total thymocytes from
Themis**, Themis'"! and GRB2-deficient (Grb2f LCK-Cre) mice (above lanes). @) Co-immunoprecipitation analysis (below) of the binding of THEMIS
CABIT modules to the PTP domain of SHP-1 in HEK-293 cells co-transfected to express various Flag-tagged THEMIS constructs (as ib) plus plasmid
encoding SHP-1 or its PTP domain (top) (above lanes), assessed by immunoblot analysis of lysates or immunoprecipitated proteins as in. (e) In vitro
GST-precipitation (ppt) assay of GSTDSHP-1, assessing the binding of histidine tagged THEMIS CABIT modules (His-1-493) to the PTP domain of
SHP-1 ($SH2-SHP-1 construct, d). Data are representative of three experiments.
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Figure 2 THEMIS directly inhibits the tyrosine-phosphatase activity of SHP-1. (a) In vitro PTP assay of GSTDSHP-1 in the presence of increasing
amounts (below plot) of THEMIS; results are presented (throughout) as picomoles of phosphate releasedb In vitro PTP assay (top) of GSTDSHP-1 in
the presence (+) or absence (!) of THEMIS or GRB2 or both (below plot), with non-PTP proteins added at a molar ratio 5:1, relative to the PTP (inbEe);
below, immunoblot analysis of input histidine-tagged THEMIS or GRB2. (c) In vitro PTP assay of SHP-2 (left), PTPN1 (middle) or PTPN7 (right) in the
presence or absence of THEMIS or THEMIS2 (below plots).q,e) In vitro PTP assay of GSTDSHP-1 in the presence or absence of THEMIS, THEMIS-
1-493 or THEMIS-1-260 ( d) or THEMIS, THEMIS-C-A or THEMIS2 €). NS, not significant (P > 0.05); * P < 0.05, ** P <0.01 and *** P <0.005
(t-test). Data are representative of three experiments &b, d,e (GSTBSHP-1, PTPN1 or PTPN7 with THEMIS variants or THEMIS2); mean + s.d.)

or five experiments (a,b,d,e (GSTDSHP-1 alone or with THEMIS); mean + s.d.).

Together these results demonstrated that the CABIT modulessefjuences necessary for regulating the PTP activity of SHP-1 but that
THEMIS interacted directly with the PTP domain of SHP-1. both CABIT modules were required for full inhibition. THEMIS2,
which OrescuesO the developmental bidtkemis/! thymocytes
Inhibition of SHP-10s PTP activity by the THEMIS CABIT modules when transgenically expressed in thymocytes, and therefore could
To determine if THEMIS directly regulates the PTP activity of SH&bstitute for THEMISn vivo!3, inhibited the PTP activity of SHP-1
1, we used aim vitro assay to detect the release of phosphate frgRig. 26) and, to a lesser extent, that of SHP-2, but not that of PTPN1
a tyrosine-phosphorylated peptide. The PTP activity of SHP-1 veaTPN?7, inin vitro tyrosine-phosphatase assaysg( X).
diminished in the presence of THEMIS, and this correlated with theAll mammalian CABIT modules contain a conserved cysteine
concentration of THEMISKig. 23). The PTP activity of SHP-1 wasresidue (underlined below) within the core motif ¢KCXy.
not inhibited by GRB2, which also binds to SHP-1, which demog; XLP FX3GXP°. To determine the role of the cysteine residue in
strated that the inhibitory effect was specific to THEMIS; howevtte regulatory activity of THEMIS, we introduced cysteine-to-alanine
the inhibition of SHP-1 was slightly greater when THEMIS and GRB@&int substitutions in both the CABIT1 module (Cys153) and CABIT2
were added togetheFig. 2). In a similar assay, the PTP activity afodule (Cys413) of THEMIS (THEMIS-C-A). THEMIS-C-A immu
SHP-2 was diminished slightly by THEMIS, whereas THEMIS didprecipitated together with SHP-1 in lysates of HEK-293 cells trans-
not inhibit the PTP activity of PTPN1 or PTPNFiq. ). THEMIS- fected to express THEMIS-C-A and SHRSLijplementary Fig. 1e
1-493 was nearly as effective as full-length THEMIS at inhibitiagd inhibited the PTP activity of SHP-1 in anvitro tyrosine-
the PTP activity of SHP-Fig. 2d), which indicated that the CABIT phosphatase assafig. 2), which indicated that the cysteine
modules were responsible for this inhibitory function of THEMISesidues in the CABIT domains were not essential for regulating the
THEMIS-1-260 also inhibited the PTP activity of SHP-1, although TP activity of SHP-1. This was consistent with published observa
as effectively as THEMIS-1-493, which contains both CABIT moduliemis that retrovirally encoded THEMIS-C-A is able to Orescued the
(Fig. 2d); this indicated that a single CABIT module contained theP-to-SP developmental block Fhemié/! thymocyted?. These
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results demonstrated that the THEMIS CABIT modules directly
inhibited the PTP activity of SHP-1 and that the conserved core

cysteine was not required for this function. ] ] ] ]
Deletion of Ptpn6 restores T cell development inThemis' ! mice : : : :

We next determined if inhibition of the PTP activity of SHP-1 would e e e e
reverse the developmental blocRimemis’! thymocytes in am vitro

differentiation assa&}. Overnight culture of immature (TC® DP E 3 E E
thymocytes with plate-bound antibody to the TCR invariant chain E E 1 1

CD3 Hanti-CD3E plus antibody to the adhesion molecule CD2 (anti- E E E E

CD2), followed by 24 h of rest without stimulation, induces their pro L R S B S s B i B
gression to the CD€D8° stagél, which replicates the initial stages

of positive selectiom vivo. In contrast to wild-type DP thymocytes, o

Themis/! DP thymocytes exhibited an impaired ability to transition

to the CD4CD8° stagé (Fig. 3). The block in the progression of - =

Themi$/! DP thymocytes to the CD@D8° stage was significantly L]

alleviated when thim vitro assay was performed in the presence of
sodium stibogluconate, a selective inhibitor of SHP-128{Fig. 3);
this indicated that the enhanced PTP activity of SHPThamis/!
thymocytes contributed to the developmental defect. —_— —
To determine if the developmental blocklinemi$”' thymocytes
could be OrescuedO by a reduction in the expression of SHP-1, weggar Inhibition of the PTP activity of SHP-1 restores the in vitro
eratedThemi$/" Ptpné/fCd4Cre mice, in which T CeIIDIineageE‘Y‘atur?tion of Themis' " thymocytgs. Flow cytometry (top) of Themis' /' or
specific deletion dbxP-flanked alleles encoding SHPPJIp(né"f'), Themis** DP thymocytes left unstimulated (US) or treated by a two-step

. . . . (stimulation-rest) processin vitro with anti-CD3 plus anti-CD2 (CD3+CD2),
via Cre recombinase expressed via the T cellDsped#romoter, in the presence (+SSG) or absence ('SSG) of the SHP-1 inhibitor sodium

occurs mainly in DP thymocyt&s Thymocytes froniThemis’! stibogluconate (left margin); cell recovery and frequency of apoptotic cells
Ptpn6”*Cd4Cre control mice exhibited normal maturation up tQ(positive for the apoptosis marker annexin V) were similar forThemis #* and
the DP stage but a marked reduction in the number of CD4SP thyrfibemis™+ samples treated identically (data not shown). Numbers under
cytes and, to lesser extent, CD8SP thymocytes and peripheral T @#lred areas (top) indicate percent CD4*CD8P° cells. Below, summary
(Fig. 4ab), similar to the developmental phenotyperafemié“ of results ak_)ove. *P < 0.05 ( t-test two-tailed equal.variance.). Data are
mice. The expression of SHP-1 in total thymocytes fidramis’! representatlve_ of (top) or from (bottom) four experiments withn = 1 mouse
. . per genotype in each (error bars, s.d.).
Ptpnd"Cd4Cre mice was reduced to approximately 25% that
observed in total thymocytes frofhemis’! Ptpn6’/*Cd4Cre
mice, as assessed by densitomefig. (4c). This reduction in the PTP active-site cysteine residues to the sulfonic acig${@m?24,
expression of SHP-1 alleviated the developmental block, as evincdd logll-free suspensions of GSTDSHP-1 in the presence or absence
the significantly greater frequency and number of mature "TCRf THEMIS. Oxidized SHP-1 was detected by immunoblot analysis
CD4SP and CD8SP thymocytes and peripheral T celleémis’!  with a monoclonal antibody specific for sulfonylated PTP active-site
Ptpnd"f'Cd4-Cre mice than inThemi$/! Ptpn6/*Cd4Cre mice cysteine®. Oxidation of SHP-1 by pervanadate was enhanced in the
(Fig. 4ab). In contrast toThemi$”' Ptpn6/*Cd4Cre mice, which presence of THEMIS, and this effect was most evident at concen
had a large frequency of peripheral T cells with a CR®BC D44  trations of pervanadate that resulted in sub-maximal oxidation of
memory T cell phenotype as a result of lymphopenia-induced exp&tP-1 Fig. 5aandSupplementary Fig. 3a THEMIS also increased
sion’, the frequency of CD6ZPreCD44 T cells inThemis/!  the susceptibility of SHP-1 to oxidation by pervanadate in HEK-293
Ptpn@/f Cd4-Cre mice was similar to that Themig’*Ptpn6/*Cd4  cells co-transfected to express THEMIS and SHPid. & and
Cre mice Fig. 48). Deletion oPtpn6at an earlier stage of developmerBupplementary Fig. 3p
(predominantly at the DN stage) through the use df@{DCre trans To evaluate the redox status of SHP-Thiemis/' thymocytes, we
gené3resulted in a nearly complete absence of SHP-1 protein in tdédleled catalytically active SHP-1 at the time of cell lysis by the addi-
thymocytes and also substantially alleviated the developmental blomk of iodoacetylbpolyethylene glycolbbiotin, which immediately and
caused by the deletion Bhemis Supplementary Fig. 2 Together irreversibly binds to reduced, de-protonated' §-8ysteine thiok.
these results indicated that the developmental defeEhamis’!  The abundance of catalytically active SHP-1 was slightly but consist-

thymocytes was due to the enhanced PTP activity of SHP-1. ently greater imrhemis’! total thymocytes and was lower in total thy-
mocytes with transgenic expression of THEMi®an in Themig™*
Regulation of active-site oxidation of SHP-1 by THEMIS (control) total thymocytesHig. &). Lysis of thymocytes in the absence

All classical PTPs, including SHP-1 and SHP-2, contain a consef@dTP inhibitors resulted in the rapid oxidation and inactivation of
active-site cysteine residue (with an unusually low acidic dissociatB#iP-1 Supplementary Fig. 3cl); consequently, we were unable to
constant) that catalyzes the removal of phosphate from phosphecurately evaluate the PTP activity of SHP-1 immunoprecipitated
ylated tyrosines However, the catalytically active deprotonatéd (Sfrom thymocyte lysates by the tyrosine-phosphatase assay. However,
thiolate state of the active-site cysteine is highly susceptible to ox@tdP-1 was much less susceptible to oxidation by pervanadate in
tion by intracellular reactive oxygen species (ROS), which inactivEemis/* total thymocytes than ifihemig’* total thymocytesKig. &

the PTP. To determine if the binding of THEMIS to SHP-1 directlgndSupplementary Fig. 3e The susceptibility of SHP-1 to oxidation
regulates the redox state of the active-site cysteine, we added perignpervanadate was restoredTihemis/! thymocytes with trans

date, a panbtyrosine-phosphatase inhibitor that irreversibly oxidigesic expression of THEMIS2 (ref) 1Big. %), which demonstrated
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Figure 4 Deletion of Ptpn6 alleviates the developmental block in Themis' ' thymocytes. (a) Flow cytometry of cells from the thymus (left) or spleen
(right) of Themis** Ptpn6*/*Cd4-Cre mice, Themis' ! Ptpn6*+Cd4-Cre mice, Themis'”! Ptpn6®f Cd4-Cre mice or Themis** Ptpn6fl Cd4-Cre mice
(left margin), assessing the staining of CD4 versus CD8 on total thymocytes (left column) or gated TCR thymocytes (right column) (thymus), or

the staining CD4 versus CD8 on total splenocytes (left column) or staining of CD62L versus CD44 on gated CD4SP T cells (right column) (spleen).
Numbers adjacent to outlined areas indicate percent cells in each gated area. p) Quantification of CD4SP cells and CD8SP cells in the thymus and
spleen of mice of the genotypes ina (key). (c) Immunoblot analysis of THEMIS, SHP-1 and actin (loading control) in the thymocytes in a (genotypes,
above lanes). *P < 0.05, ** P<0.01 and *** P < 0.005 ( t-test). Data are from one experiment representative of four experiments withn = 1 mouse per
genotype in each (a,c) or are from four experiments with n = 1 mouse per genotype in each p; mean + s.d.).

a function shared by THEMIS and THEMIS2. The activation of T cedisH,O,, which inhibit SHP-1 activity, led to an increase in p-SHP-1
and B cells results in the production of ROS, predominang9,H relative to its abundance in their untreated counterpdfig. (6de).

and this effect has been shown to positively regulate both TCR @ogether these results demonstrated that SHP-10s phosphorylation sta
BCR signaling and effector responses through oxidative inhibitionte$ could not be used to predict its PTP catalytic activity and suggested
SHP-1 (refs26D28). In the presence of THEMIS, active-site oxidatithat the lower abundance of p-SHP-1Tinemi$/' thymocytes was

of SHP-1 by HO,, assessed by immunoblot analysis with antibodgcondary to enhanced auto- or trans-dephosphorylation by SHP-1.
to sulfonylated PTP active sites, was markedly incre&sgdX),

which indicated that THEMIS regulated the redox state of SHP-1Tihemis' /' signaling defects in the presence of ROS

response to physiological ROS. Together these results demonstiatedntrast to mature T cells, in which engagement of the TCR induces
that THEMIS inhibited the PTP activity of SHP-1 by promotinghe production of ROS83, stimulation of thymocytes via the TCR

or stabilizing ROS-mediated oxidation of the active-site cysteiiaded to elicit RO% (Supplementary Fig. 4a However, ROS are

residue of SHP-1. induced in thymocytes by stimulation with the lectin concanavalin
A34 which engages multiple cell-surface molecules in addition to the
p-SHP-1 does not correspond with PTP activity TCR. Tyrosine-phosphorylation of the PTK ZAP-70 (p-ZAP-70), a

We found that phosphorylation of SHP-1, which occurs at twaown target of SHP-1 (refs. 6)35t Tyr319 was lower iFhemis'!
C-terminal tyrosine residues (Tyr536 and Tyr564), was lowertatal thymocytes than ithemis’* total thymocytes following stimu-
Themis!' total thymocytes than imhemis’* total thymocytes lation with concanavalin ARig. 79, whereas there was no difference
(Fig. 6ab), in confirmation of published resul The amount of betweeriThemis$/' total thymocytes an@ihemis’* total thymocytes
tyrosine-phosphorylated SHP-1 (p-SHP-1) in total thymocytes can-their abundance of p-ZAP-70 following stimulation with anti-CD3
related with the expression of THEMIS protein, and the amountpfis anti-CD4 Fig. 7hc). However, when kD, was added at the
p-SHP-1 was restored ifhemi$/! thymocytes by expression of @ime of stimulation with anti-CD3 plus anti-CD4, the tyrosine-phos
transgene encoding THEMIS2 (r&f) (Fig. 6am). The lower abun phorylation of ZAP-70 induced by this was loweremis’' total
dance of p-SHP-1 ifthemi$/' thymocytes has been interpreted agiymocytes than imrhemig’* total thymocytesKig. 7). In vitro
evidence of diminished catalytic activity of SHP-1 (r&f; however, cell culture promotes ROS production due to high oxygen tension as
phosphorylation of SHP-1 is not required for its PTP catalytic activell as pro-oxidant metabolic and media effét#sreshly harvested
ity, and its physiological relevance has not been estatfli$hdthe Themis!' total thymocytes exhibited no clear defects in proximal TCR
amount of catalytically active SHP-1 in unstimulaféémis’' total signaling responses relative to thos@lmémis’+ total thymocytes
thymocytes was greater than, not less than, tHEtiémis’* total thy  (Fig. 7c). However, aftein vitro culture for 6 h, the tyrosine phospho-
mocytes Fig. 5¢f). Because SHP-1 is a target of SHP-10s phosphaydation of ZAP-70, as well as the tyrosine-phosphorylation of LCK
activity29.30 we reasoned that the diminished amount of p-SHP¢{mahosphorylated at Tyr394), another putative target of SHP- Bk .
in Themis/' thymocytes was secondary to increased auto- or tramgas lower inThemis/' total thymocytes than iThemig/* total
dephosphorylation by SHP-1. Indeed, treatment of Bidiemig’*  thymocytes in response to either stimulation with anti-CD3 plus
total thymocytes an@hemis!! total thymocytes with pervanadateanti-CD4 (Fig. 7¢d) or stimulation with peptide presented by
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Figure 5 THEMIS promotes or stabilizes the oxidation of SHP-1.

(a) Immunoblot analysis of the in vitro active-site oxidation of GSTBSHP-1
after treatment with various concentrations (above lanes) of pervanadate
(PV) in the presence or absence of histidine-tagged (His-) THEMIS (above
lanes). (b) Immunoblot analysis of the active-site oxidation of SHP-1 in
HEK-293 cells transfected to express a Flag epitope vector (F) or Flag-
tagged (F-) THEMIS (above lanes) and treated with various concentrations
of pervanadate; arrowhead (right margin) indicates SHP-1 (throughout).
(c) Immunoblot analysis of proteins immunoprecipitated with anti-SHP-1
from total thymocytes of mice with transgenic expression of THEMIS
(THEMIS-Tg), orThemis*’* or Themis' "' mice (above lanes) after labeling
with iodoacetylPpolyethelyene glycolbbiotin, probed with streptavidin®
horseradish peroxidase (SA-HRP) for the detection catalytically active
(reduced) SHP-1 (top), antibody to SHP-1 phosphorylated at Tyr564
(p-SHP-1(Tyr564); middle) or anti-SHP-1 (bottom). (d) Immunoblot
analysis of active-site oxidation of SHP-1 in Themis** and Themis' /!
thymocytes treated with various concentrations of pervanadate, assessed
in cell lysates (top two blots) or proteins immunoprecipitated with
anti-SHP-1 (bottom two blots). (e) Immunoblot analysis of thymocytes
obtained from Themis** or Themis'”* mice or from Themis'"* mice with
transgenic expression of THEMIS2 (THEMIS2-Tg) (above lanes) and
treated with various concentrations of pervanadate, assessed in proteins
immunoprecipitated with anti-SHP-1 (top two blots) or cell lysates

(bottom two blots). (f) Immunoblot analysis of active-site oxidation of
SHP-1 in thymocytes treated with H,O,. Data are representative of two
experiments (a,b,d), six experiments (c) or three experiments (g,f).
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Figure 6 The diminished tyrosine-phosphorylation of SHP-1 in

Themis' /! thymocytes is caused by increased PTP activity of SHP-1.

(a) Immunoblot analysis of SHP-1 phosphorylated at Tyr536
(p-SHP-1(Y536)) or Tyr564 (p-SHP-1(Y564)) and total SHP-1

(left margin) in Themis** and Themis' " total thymocytes left
unstimulated (0) or stimulated for 1 or 3 min (above lanes) with
anti-CD3 plus anti-CD4 (CD3+CD4). (b) Immunoblot analysis of

SHP-1 phosphorylated at Tyr564 and total SHP-1, as well as total
THEMIS (left margin), in total thymocytes obtained from mice with
transgenic expression of THEMIS, andThemis**, Themis*" or Themis' /"
mice (above blots). (c) Immunoblot analysis of tyrosine-phosphorylated
and total SHP-1 (as in a; left margin) in total thymocytes obtained from
Themis** and Themis' ' mice and Themis /! mice with transgenic
expression of THEMIS2 (above blots) and stimulated as ina (above lanes).
(d,e) Immunoblot analysis of tyrosine-phosphorylated and total SHP-1
(as in b; left margin) in total thymocytes obtained from Themis** and
Themis' "' mice and treated with various concentrations (above lanes)
of pervanadate @) or H,O, (e). Data are representative of three
experiments (a,c), four experiments (b) or six experiments (d,e).

dependent upon ROS. Collectively, these results established a posi
tive role for THEMIS in proximal TCR signaling by promoting or
stabilizing the oxidation of SHP-1 by ROS.

DISCUSSION

Here we have shown that a critical function of THEMIS during T cell
development is to negatively regulate the activity of the PTP SHP-1
in DP thymocytes and thereby enhance the TCR signaling response
to low-affinity self-pMHC and enable positive selection. THEMIS
promoted or stabilized oxidation of the catalytic cysteine of SHP-1,
which inhibited its PTP activity, and this regulatory activity was
conferred by the CABIT modules that bound directly to the PTP
domain of SHP-1.

thymocytes also exhibited less induction of tyrosine-phosphorylationWhile it remains to be determined how the CABIT modules
of LCK and ZAP-70 in response to treatment witfO- alone than regulate the oxidation of SHP-1, several plausible mechanisms can

that of Themig’* total thymocytes treated in an identical weig( 7e).

be suggested on the basis of their inferred structure together with

De-phosphorylation of ZAP-70 or of the related B cell PTK SYK Wat is already known about the structure and redox regulation of
SHP-1 was inhibited by THEMIS in HEK-293 cells transfected wiiP-1. CABIT modules, which are composed of multiple SH3Bike
plasmids encoding ZAP-70 or SYK plus plasmid encoding SHP-1 &adrel domaing probably form an extensive protein-binding globu-
cultured under conditions in which ROS are constitutively prodéfcedar interface that specifically recognizes the PTP domain of SHP-1.
(Fig. 7fg). THEMIS-mediated inhibition of the PTP activity of SHP-The catalytic cysteine residue of all classical PTPs is housed inside a
in HEK-293 cells transfected with plasmids encoding SYK and SHpetket with an aperture that allows the entry of only the phosphate

(Supplementary Fig. 5por in vitro (Supplementary Fig. 5pwas

attenuated by the addition of the ROS scaveNggretyl- -cysteine,

moiety on tyrosine residu&s Thus, binding of the CABIT modules
might prevent access of the oxidized catalytic cysteine of SHP-1 to

which indicated that the redox regulation of SHP-1 by THEMIS wialucing agents such as glutathione in the bulk solvent or to cytosolic
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Figure 7 Attenuated TCR signaling responses irThemis' /' thymocytes in the presence of ROS. &,b) Immunoblot analysis of ZAP-70 phosphorylated
at Tyr319 (p-ZAP-70(Y319)) and total ZAP-70 (left margins) in Themis** and Themis' /' total thymocytes stimulated with various concentrations
(above lanes) of concanavalin A (ConA)d) or with various concentrations (above lanes) of HO, in the presence (+) or absence ( ) of anti-CD3 plus
anti-CD4 (b). (c) Immunoblot analysis of signaling responses (left margin) in Themis*/* or Themis'/* total thymocytes cultured for 0 h (left) or 6 h
(right) at 37 {C in serum-free medium and left unstimulated (0) or stimulated for 5 or 15 min (above lanes) with anti-CD3 plus anti-CD4, assessed

as tyrosine phosphorylation (pY), LCK phosphorylated at Tyr394 (p-LCK(Y394)) and total LCK, tyrosine-phosphorylated and total ZAP-70 (as ig,b),
SHP-1 phosphorylated at Tyr564 (p-SHP-1(Y564)) and total SHP-1, and total THEMIS (left margin). (d) Immunoblot analysis of signaling responses
(left margin; as in c) in total thymocytes obtained from mice with transgenic expression of THEMIS, orThemis*/* or Themis' ' mice, then cultured

for 6 h at 37 {C in serum-free medium and left unstimulated (0) or stimulated for 2, 5 or 10 min (above lanes) with anti-CD3 plus anti-CD4.

(e) Immunoblot analysis of tyrosine-phosphorylated and total LCK and ZAP-70 (as inc) in Themis** or Themis' /' total thymocytes treated with various
concentrations (above lanes) of HO,. (f) Immunoblot analysis of tyrosine-phosphorylated and total ZAP-70 and SHP-1 (as inc), and total LCK and
THEMIS (left margin), in HEK-293 cells transfected with various combinations (above lanes) of plasmids encoding LCK (always included, to induce
phosphorylation of ZAP-70), ZAP-70, THEMIS and/or SHP-1. @) Immunoblot analysis of SYK phosphorylated at Tyr352 (p-SYK(Y352)) and total SYK,
tyrosine-phosphorylated and total SHP-1 (as inc) and total THEMIS in HEK-293 cells transfected with various combinations (above lanes) of plasmids
encoding SYK, THEMIS and SHP-1. Data are representative of three experimentsa(b,d,e), four experiments (c) or two experiments {,g).

redox-regulatory proteir®. Alternatively, the CABIT modules mightthe cellular portion of SHP-1 that is presumably the most relevant to
stabilize the PTP domain of SHP-1 in an unfolded state, which woulldR signaling. Finally, GRB2 might also be needed to position SHP-1
expose the catalytic cysteine to oxidation by ROS or prevent reactwval THEMIS near sites of ROS production by NADPH oxidases at
tion of the oxidized catalytic cysteine by inhibiting intra-moleculahe cell membrane.
relay of sulfenic acid to the two regulatory cysteine residues (Cys32bhas been proposed that THEMIS enhances the activity of SHP-1,
and Cys363) in SHP-1 (re#40,41). We note that oumn vitro PTP- either directly or by assisting in its recruitment to LAT, and thereby
inhibition data suggest that the inhibitory effect of THEMIS cannaicts to dampen TCR signaling in DP thymoc¥iesccording to
be explained solely by redox regulation. Thus, binding of the CABKRt model, the PTP activity of SHP-1 is diminished remis/!
modules probably also blocks access of the catalytic cysteineto gbBsthymocytes, and engagement of the TCR by low-affinity ligands
phorylated-tyrosine ligands, a mechanism of inhibition that is ntthat normally promote positive selection results in the transduction
mutually exclusive with redox regulation. of enhanced signaling responses that trigger negative seléction
Although the CABIT modules of THEMIS bound directly tdur results do not support that model. If the thymocyte-maturation
SHP-1, experimental data suggest that the interaction of THEMI&ect ofThemis/! mice was caused by diminished SHP-1 activity,
with GRB2 is important for ité vivo functiont21820 Co-binding deletion ofPtpn6or inhibition of the PTP activity of SHP-1 should
of SHP-1 and THEMIS to GRB2 brings these proteins into clos# have Orescued®, and might possibly have exacerbated, the block
proximity and might facilitate and stabilize their direct interactiorin T cell development iThemi$/! mice. Instead, inhibition of the
In addition, following engagement of the TCR, GRB2, via its SHZP activity of SHP-1 or deletionBfpn6in DP thymocytes allevi-
domain, recruits SHP-1 to tyrosine-phosphorylated ligands at thted the developmental block imposed by THEMIS deficiency; these
cell membrane, including LAT and CD28 (ref. 42). Thus, the bindingsults identified enhanced PTP activity of SHP-1 as the underlying
to GRB2 ensures that THEMIS is positioned to affect the activitycafise of the maturational defectTihemis/! thymocytes. It is also
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