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635L %DVHG 6WUDWHJ\ WR ,GHQWLI\ 6SHF
6\VWHPLF /XSXV (UIWKHPDWRVXV 5KHXPD

DQG $XWRLPPXQH +HSDWLWLYV

(OYLUH %HOHRINNQ /BKPHOOH $URRBWULFH "XRROXGH 1RJMHRQRUD
ODUWLQ@DWKHULQH -RKBQHW 6DPXMREDPPDG =DKLG O0XNWBVD KDKDUOH YV
9DOOpPHODOFROP % XBNPMDOORW

5HVHDUFK 8QLW
$SSOLTXpH

,QVHUP PROXOWIK LG H ) UID@IFFLQH
(16 &DFKDQ &156 &BBKWQ

8QLYHUVLW)\ 3MERWUBXNRLYUH GHMKILR ORIL
JUDHRWUH IRU UHVHDUFK LQ (SLGHPLRORJ\ DQG 3RS

"H
'"XFORV

GFHW GH 3}
XODWLRQ +

JUDQFHBQLWpPp GH 5HFKHUFKH &OLQLTXH $3 +3 +RSLWDO % UILPEHRWWHWRHUHHPOKQROFHWUI$3 4B QRELWDO 6DL

JUDQFHDFXOWp GH OpGHFLQH 8)5

8QLYHUVLWpP 3LHUWKH @WUGD ¥ h S DAKRJ /H. OA MU I )FD QFH{SLWDO 3DXO %L

$EVWUDFW

%DFNJURXB®HURJHQHRXYV QXFOHDU ULERQXFOHRSURWHLQ KQ513 $ %
VI\VWHPLF /XSXV HU\WKHPDWRVXV 6/( UKHXPDWRLG DUWKULWLY 5% D

$LP 7R PRQLWRU PROHFXODU LQWHUDFWLRQV EHWZHHQ SHSWLGHV VSD(
IURP SDWLHQWY DQG KHDOWK\ FRQWUROV

OHWKR&WUD IURP SDWLHQWY IURP HDFK SDWKRORJ\ DQG FRQWUROV ZH
,PDJHU\ 635L VXUIDFH FRQWDLQLQJ RYHUODSSLQJ SHSWLGHV RI P H
LOQYROYLQJ WKH LPPRELOLVHG SHSWLGHV ZHUH
ZHUH FDOFXODWHG

5HVXOMMYHUDO VLIJQLILFDQW LQWHUDFWLRQV ZHHDRKWWU EHGY ZHOHRL\BK H/]
VHUD FRPSDUHG WR FRQWUROV S =11 YIDLO YOHR/Z HELH W\E BDEXTBO3B D\ Q & LE)/K HUH
3 DQG 5% VHUD FRPSDUHG WR FRQWUROV S S S, YDOXHKHRE\
DIWHU WKH IRUPDWLRQ RI FRPSOH[HV ZLWK DQWL ,J0 DQG DQWL ,J* DQ
LQGLFDWH WKDW L ,J0 LVRW\SHV DUH SUHYDOHQW DQG LL QXFOHLF DF
DQG 3DQG DOVR EHWZHHQ FRQWUROV DQG WKH SHSWLGHV VWXGLHG

&RQFOXVIK@®VYH UHVXOWYV LQQ®ILADQYHBHIWKDMY 3D SRWHQWLDO ELRPDUNHU
DQG VXJIJHVW WKH UROH RI FLUFXODWLQJ QXFOHLF DFLGV HJ PL51$
GLVRUGHUVY DQG LQYROYHG LQ DQWLJHQ DQWLERG\ VWDELOLW\

&LWDWARQHRNHQ ( /HK + $UQRX[ $ 'XFRW % 1RJXHV & HW DO 635L %DVHG 6WUDWHJ\ WH
(UAWKHPDWRVXVY 5KHXPDWRLG $UWKULWLY DQG $XWRLPPXQH +HSDWLWLV 3/R6 21( H

(GLWBUHUUH %REp ,16(50 8QLYHUVLWp 3DULV 6XG )UDQFH
5HFHLY-BG\ $FFHSWIRGHPEHU 3XEOLVKHGPEHU

&RS\ULJKW %HOHRNHQ HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH
XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RU|

JXQGLQ@XH DXWKRUV KDYH QR VXSSRUW RU IXQGLQJ WR UHSRUW

&RPSHWLQJ LQAMHUBIXWKRUYV KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWYV H[LVW
( PDLO HULF EDOORW#VDW DSKS IU

1 7KHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN

LV D WD
DG DXWR

QLQJ WK

UH SDVVI
UV FRYH

IROORZHG,|RY WIDF® WQ WR|H DDV GF

WDBELOLV
N D

QOYEGE F
NVLERGLH
|GV SDU\

RU $,+ L
SUHVHC

,GHQWLI\
GRL M

WHUPV RI \
LJLQDO DX

+Q513 $ %
SURFHVVLQJ DQG WUDIILFNLQJ DQG L
DIDL@VWQNKEHs MHHMEHUR HRHR¥WR VSOLF

,QWURGXFWLRQ

$QWLQXFOHDU DXWRDQWLERGLHV
QXFOHDU ULERQXFOHRSURWHLQ
DXWRLPPXQH GLVRUGHUYV

DV SDUW RI WKH VSOLFHRVRPH L\

Q WKH V
LQJ YDUL

KQ513 s RWHLRY HwRHWIHWHEG o4 QKXPDQ VHTXHQFH F
SDUWLFXODUQEVHYHIP® WRIQ DRLYWRYBFWEY WH SRVLWLRQ

GLVHDVHV VXFK DV VIVWHPLF OXSXV HUMKHPPWRES VKB FRPSOHWH VHTXHQFH FRC
UKHXPDWRLG DUWEUEWWVDG¥R>LQ DXWRLEBPXQH, KHSDWHWYY prRwWLI 550 GRPDLQV SRVL
$.+ > @ LQ WKH 1 WHUPLQDO PRLHW\ DOORZLQJ

WKH QXFOHXV ZLWK @UHA K6 BSWHUPLQDO PRLH\
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KQ513 % S5HDFWLYLW\ LQ $XWRLPPXQH 'LVF

JLJIXUHODMRU GRPDLQV DQG UHJLRQV LQ WKH FRPSOHWH LVRIRUP % RI KXPDQ KQ513 $
GRL MRXUQDO SRQH J

JO\FLQH ULFK UHJLRQ SRVLWLRQ KIQI5AR 1$Q PO XIGHHIVF BV IQXF @HWK VHUD IURP SDWLI
WDUJHW VHTXHQFH SRVLA@LRIQXUH >BWEZRJV\VWHPLF GLVHDVHV 6/( DQG 5% FRPSD
(Q]\PH /LQNHG ,PPXQR6RUEHQW $VVD\FRQMWBBROVDQG

LPPXQREORWWLQJ D ILQH HSLWRSH PDSSLQJ VWXG\ LQYROYLQJ

RYHUODSSLQJ SHSWLGHV VSDQQLQJ WKHOTPWHBLBO3 D § CXOMG KRGV

DV DQWLJHQV FRQFOXGHG WKDW VHYHUDO SHSWLGHV UHDFWHG ZLWK VHUD

IURP SDWLHQWV ZLWK YDULRXV UKHXPDWgF 0 WHPYE VHG @

.Q WKH (/,6% DSSURDFK D SRVLWLYH VLIQRQpYH AR \b WKioTXP MW \EORRG GROQRU
DQG WKH DIILQLW\ RI DQWLERGLHV DEOH Wi Rb@ % MR @ QW¢ PG R'EEHYHY +(sLwbo 6D
WZR DQWLERGLHV PD\ VKDUH WKH VDPH)§iF¥EQALEYLYR G6¥YRFDROWRARQKH &RPPLWWHH
FRQVWDQ@XW KDYH GLIIHUHQW UDWH FRQV\WRQWYKIFD RX¥RGEBWHRQPDQDIHG E\ WKH
Mo DQG GLVVRELDWLEBQ $AVR LW LV LPRRGWMEERH W5, 3DULKMMWAXS ZZZ FKE DSKS |
GHWHUPLQH DIILQLW\ GDWD IRU XQNQRZQuRFRQHEXQEY RYLYRY \ELCR EBDDX W XLEWMHFWSK W B D
XQGHWHUPLQHG FRQFHQWUDWLRQV LQ FRPZQHI\FHELDQMREEKHBYFRIBYRIQwW YRUW\ ILYH V
6LQFH WKH GLVVRFLDWLRQ UDWH FRQVWEHRWRENPR XRLKXNEDWAGGH I LRLQEHILQHG E\
SDUDPHWHU FKDUDFWHULVWLF RI D JLYRQWRPPXH ZH SOV LE TG RWBW Y H> IRU DQWL
PDNH XVH RI 6XUIDFH 30DVPRQ 5HVRQDQFdiw.PEREUNV6GAWHWWHG E\ LOQGLUHFW LPPXQR
H[SORUH WKH VWDELOLW\ RI WKH LPPXQHFEHRIRS PRIQROBLAY VG BOR Ko WHRRQFU\RVWDW VH
635L LV D ODEHO IUHH WHFKQLTXH WKDRY| Xy/FhW owU ¥V PP OHMHRWRG E\ LPPXQREORW
KLJK UHIUDFWLYH LQGH[ PDWHULDO ZLW K xR@H I/ Ud D R W HFIROW MG ZROWKH & E\ 6'6 3%+
WKLQ OD\HU R® JRQBORJIJLFDO PDWHULBRFANDGHFRUBPWRW®Y IURP UDW OLYHU KRPRJH
LPPRELOLVHG RQWR WKHVH VXUIDFHV DQGHBMPAIRYDMWA REQRIDOWKPWRRIY GHQVLW\ JUL
DW WKH VXUIDFH DV PDFURPROHFXOHV H®vVNROHEWHAFV D IMIUDBYWVRLWKOOHFWHG IUR
WDUJHW PROHFXOHV DUH IROORZHG kOWKRBRILWVPNQRROQORIULKXIIK SUHYDOHQFH |
TXDQWLILFDWLRQ RI WKH LQWHUDFWLRQ D&XR D6 WY BRKD W vD UHHU HYWDW Wi Y QRS XV HU\W

QRQ VSHFLILF ELQGLQJ DQG ZKLFK RSWOBLVKHSNHWRQGDWWRKYLWLY 53 Q GLDJQF
LPPRELOLVHG OLJDQGV WR WKH DQDO\WHU LWHVROXMMLWRHKBNHUUHDH QR@OHJIH RI 5KH
EHHQ GHYHOR&@HG8QGHU WKH FRQGLWLRQRUBBDHRRBHIG EODRRG GRQRUV +' Q ZHU

1RIJXHV HW D@ >635L LV LGHDO IRU KLJHKJIMKIURK FIRSWUROV 6HUD WKDW VWDLQHG D
H[SHULPHQWYV WKDW VFUHHQ FRPSOH[ SKRPXRREOEWQ XROXWRRQON GRUHG WR EH SRV
QHZ ELRPDUNHUYV $ % DXWRDQWLERGLHV DV GH¥FWKIEHG HOV]
‘H GHPRQVWUDWH KHUH WKH XVH RI $WKAVZDQ ZWRKNOWWUMHARSQEIHG E\  6/( VHUD

WHFKQRORJ\ LQ DXWRLPPXQLW\ VWXGLHV LQDDGSHSWLGH+ MHVUHDUDFWLRQO WKH VHUD
GLVSOD\ XVLQJ SHSWLGHV VSDQQLQJ WREBRHQWIHUH \QHDOHMIAHH R(LJKW VHUD RI HDF

3/26 21( _ 2ZZ SORVRQH RUJ '"HFHPEHU _ 9ROXPH _ ,VVXH _F


http://www.chb.aphp.fr/rechercheClinique/biobanque/index.phtml
http://www.chb.aphp.fr/rechercheClinique/biobanque/index.phtml

KQ513 % S5HDFWLYLW\ LQ $XWRLPPXQH 'LVF

UDQGRPO\ XVHG IRU IXUWKHU H[SHULPHQWY®R DURX QU W SSHSW. GEIIEY EXVLEBAEDHO 7RYH\ /%:

635L WHFKQRORJ\ $00 VHUD ZHUH VWRKXP® @®W* D QAN XERNGLA VX VIHE ZHUH SXUFKDVI
'XULQJ 635L H[SHULPHQWYV WKH VHUD ZHUB QGO XWHGLPSDFW RILQXFOHDVH WUHDWPHQ
SKRVSKDWH EXIIHU VDOLQH 3%6 EHWZHHQ VHUD DQG SHSWLGHV DQG

H[DPLQHG E\ FRPSOHPHQWLQJ WKH EXIIHU ZL
3HSWLGH VIQWKHVLYV EHQJRQDVH 5RFKH )UDQFH DQG XQLWV PO
7KLUW\ QLQH PHU SHSWLGHV zLWK DQUNHopdKdl VHYRQZBPHQRLOXWHG WLPHV

DFLGV ZHUH GHVLJQHG (XURJHQWHF s$bBRBOHROBWHE 3WEHPRG LQFXEDWHG DW URF

SHSWLGHV VHOHFWLYHO\ FRYHUHG WKH ZkROWHR BAKRUkixp@WHE ¥4 RRQ

% LVRIRUP DV UHSRUWHG LQ WKH 6ZLVV3URW GDWDEDVH XQGHU

DFFHVV QXPEHU 3 YLIXUH 7KH\ FR &w6 HYHE B LRIPWLR®D o

WKLRO JURXSV WKDW SHUPLWWHG LPPREKLIQOVOURFXRIQY HO\E5Z HUXU IREMMDLQHG XVLQJ

WUHDWHG DV GHW@FUAEBIGLWY PRQWURO ZPNWQHESBWERAYH WQYD\ )JUDQFH &XUYHV REWD
RI SHSWLGHV XVLQJ WKH 0$/', 72) WHFKQWHUD FWURQH@WHFAHUD DQG SDVVLYH 3(*

$QJHUV )UDQFH *UDQG $YHUDJH RI +\GRRSDMIQUFLIWQR*SHSWLGHYV ZHUH XVHG WR VXE

,QGH[ ZDV FDOFXODWHG XVLQJKWWREWRYRDYLQWRROUIDFHY ZLWK LPPRELOLVHG SHS

ZHE H[SDV\ RUJ SURMDEDWHD P6 %HIRUH HN$W\ YGBW DW OHDVW VHWV WKH ERWWRP O
SHSWLGHV ZHUH VXVSHQGHG LQ GLVWLO QR® X¥BSWHIULFLBDOGERQ F HQMFWILW HR® WKHUH L
RI PJ P/ EHWZHHQ VHUXP DQG WKH VXUIDFH FKHPL

SUHYLRXVO\@ )XUWKHUPRUH WKH DLP RI WK
635L QRW WR TXDQWLI\ WKH DPRXQW RI UHDFWLYH P

6LQJOH VXUIDFHV FRQWDLQLQJ PXxOowLSWR GHRVRY ki BBBHWKLQIHEHMA WG VSHFELILFD
ZHUH FRQVWUXFWHG DQG LQWHUDFWLRQRAZVIWR ¥RPIDESH SWRIFHFRRRBRWUDWLRQV RI
VHUD IURP GLIIHUHQW SDWLHQWV ZHUH ¥HRBP WG HHIGE WL LF QIR RPDEOH DSSDU

UHDO WLPH N, ZHUH FDOFXODWHG DW SHULRGV WR PL
3ULVPV ZHUH SUHSDUHG HVVHQWLDOO\RbWEHHYRMINIMLRRAVEYPYHXVLQJ D VLPSOH
> @ S$IWHU VHFRQGY RI LPPHUVLRYQAWLR@WR ILW WKH GLVVRFLDWLRQ SKDVH

PHUFDSWRXQGHF\O WHWUD HWK\OHQH JORFREOLQsRPSODFPYEYLIRW VepilBy ZLWKLQ WKH KL.
4XHQWLQ )UDQFH VROXWLRQ LQ HWKDQRO WKH SULVPV ZHUH LQFXEDWHG
LQ PO PHUFDSWRXQGHF\O WHWUD HWK\OHQH JO\FRO
FDUER[\OLF DFLG HWKDQROLF VROXWLR®WIMFKXWAFP O9PQOPW L\UDQFH
GXULQJ PLQXWHV 7KH VXUIDFHV ZHUH WQHRDMEHGE VWR FRPEIDXM MWKH IRXU JURXSV RI
ZLWK D PL[WXUH RI HWK\O G LIPHIDKU B OUMYRFU R SAORQ FRQVWDQW UDWHV ZH
FDUERGLLPLGH K\GURFKORULGH ('& DQW®WKHKWMN\DXEFOQLNLGHVW %HFDXVH RI WKH
1+6 DW ILQDO FRQFHQWUDWLRQV RI P & DRSO U PYRGHWV SWRBIVYLMEPLWWHG WR 'XQQ 6
$PLQH FRXSOLQJ NLW *( +HDOWKFDUH PRREODKW)RIQAHR WBHIDKRPW S YDOXH WKUHVKRO
ZHUH WKHQ WUHDWHG ZLWK D VROXWLRQ RI S\ULGLQ\OGLWKLR
HWKDQHDPLQH K\GURFKORULGH 3'($ DWS5M VLQOW \FRQFEQWVEWVRQA RO

PO 7KLRO FRXSOLQJ NLW *( +HDOWKFDUH IRU PLOXWHV 80Q
UHDFWHG DFWLYDWHG FDUER[\O JURXSV RQ@QWK3I$V %U DV HD QHIUMS EORPNMG SURWHLQ LQ F
E\ LQFXEDWLRQ ZLWK HWKDQRODPLQH OHDPSREW RI IRI$S WRLRWWRH\ODVP DQG W@ ORPHUF
7KH SULVPV ZHUH ULQVHG ZLWK GLVWLCDIHG LZWDW H [S DI\GV IGRQ HG R@GHILHG 1@ D QXPE
SXUH DUJRQ JDV 7KH SHSWLGHV ZHUH KODKHQ $V IR WSRN/Y HR/QGWR RDKH FULWHULD WKDW
I[UHVKO\ SUH WUHDWHG SULVP VXUIDFH MRO®JDN B RPDOWHRRDWA DHSDHWSRI WKH VSOLFH
URERW DQG D PRGLILHG SLQ WRRO SURW RPRH WEDWLFHQYBDVFGQERBWDEWVRILW LV DEO
WKH SLQ WRRO ZLWK WKH JROG FRDWHG5YXUDQBH LWIWKNUHY PQROWWRIYDRN FRQVHUYHG
LOQFXEDWLRQ LQ D KXPLG FKDPEHU WKSRWHQWLD ZHWDUIHWHFWAA QDWXUDO DQG
LQVHUWHG LQWR WKH 635L DSSDUDWXBXWEOQBWAERBXHWU:HZDMSRUW KHUH WKH ILU)
LPPHGLDWHO\ IORZHG DFURVV WKH VXUIDIFRRUDWH VWXBLR| LQWHUDFWLRQV EHWZHHQ K
7KH LQWHUDFWLRQ RI VHUXP GLOXWHGWKDWLPRIWHDLWKH O Z1WK % SURWHLQ ZKL
WKH SULVP VXUIDFHV ZDV H[DPLQHG E\ LQMFGWRQ D G WLIWGIGF WHJXPHIYW LQ 6/( 5$ DQG
—0O PLQ LQ 3%6 DFURVV WKH VXUIDFH DSLQFH WRKHUWLBXWMV FRPPRQ DQWLJHQLF |
JROORZLQJ WKLV LQMHFWLRQ SKDVH WK H Q/5UBID Fil V LOH VH YAHRIDWL Q X RRLOP XQH GLVHDVE
ZDVKHG ZLWK 3%6 DW —O PLQ IRU PLOSWIDG 1$Q+RUWHLW WRHREBORZH RI LQWHUHVW W]
GLVVRFLDWLRQ Rl UHVXOWLQJ FRPSOH[HNR , PRMMWRDVHVEKMHH ®IOMIDVHY  6LQFH W
DQWLERG\ ZDV LQMHFWHG DQWL KXPDQFRDQFRQWDQWLKXPDR HBROHFXOHV LQ VHUD V
DQWLERGLHV ZHUH LQMHFWHG DW IGADDWE R SXR WL QWKWH XMW RZQ ZH GHFLG
GLVVRFLDWLRQ SKDVH $QWL KXPDQ WRBFKQROREIRGWRVXVAHWKH PHDVXUHG DSSDUH
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JLIXUH,QWHUDFWLRQV EHWZHHQ S$ S6/865G HN\. QG LVHRXUYHV Rl VHUXP DQG SHSWLGHV LPP
SULVP &KDQJHV LQ UHIOHFWLYLW\ ZHUH PHDVXUHG DV D IXQFWLRQ RI WLPH (DFK FX
GLIIHUHQFH LPDJHV Rl WKH SULVP VXUIDFH DW GLIIHUHQW WLPHV 3HSWLGH VROXWLR
'LIIHUHQFH LPDJHV VKRZ WKH VXUIDFH DW WKH VWDUW RI LQMHFWLRQ GXULQJ WKH LQN
LQWHUDFWLRQV EHWZHHQ WKH SHSWLGHV FRYHULQJ WKH VHTXHQFH RI KQ513 % DQ!
$,+ VI\WWHPLF OXSXV HU\WKHDPWRVXV 6/( UKHXPDWRLG DUWKULWLY 5% SDWLHQWYV
GRL MRXUQDO SRQH J

FRQVWDQWY RI FRPSOH[HV IRUPHG EHWZ DG SH S WHLSIG H ¥ HWPPDOUN@LE@N WRGO\ PDWHULDO SLU
KQ513$ % PROHFXOH LPPRELOLVHG DWG6D( &35UDVXOWDFHOOQHY LQ VHUXP 5% ERXQG
SXWDWLYH WDUJHW PROHFXOHV LQ WKHS$$HUD)LRX SHDWLHQWY DQG WKXV
DWWHPSW WR FKDUDFWHUL]H WKH KXPRGDOXRENSRIVH LQWGIUDHFWHRWY YV SHSWLGH
DXWRLPPXQH GLVHDVHV WKDW LQYROMBHFKQBEA3I$SQ #WHDFRVIJURXS RI VHUD EXW RQO
DXWRDQWLJHQ LQWHUDFWLRQV LQ WKH JURXS RI +' LQ $,+
7KH & WHUPLQDO &\V FRQWDLQLQJ SHSVBLG MM UDH ZH W FOFWHOG CROQ WKHQ WR ELQG WR
VDPH SULVP VXUIDFH DOORZLQJ VLPXOWDIXHRXV @B WHQ DRAWLL@W M UDIPMK R Q V ZDV |
HDFK VHUXP LQMHFWHG %LQGLQJ FXUNMHRXSZHUH REWDLQHG E\
UHSRUWLQJ FKDQJHV LQ UHIOHFWLYLWS$SB3W UM QWQ BWVY RRF IROWWRRHE H D W HF IF@ ©X/O\CD/QHY
JLIXUHV $ DQG % (DFK VHUXP VKRZHG DDEIOHHE HQWREDWKNHHUQ BLVVRFLDWLRQ FXUYH
UHDFWLYLW\ ZLWK WKH SHSWLGHV 2QO\ PDWHBKXBSY [URBXVHUX® R6BDWLUQWFDO DQDO\\
5$ ZDV VHHQ WR ELQG WR DOO WKH SHSWULRXSY R&REDMIUNG\@Y PDWH WO GRQRUV RQ W
LQ DOO WKH VHUD LQWHUDFWHGQ R IPDKRVSHERXSHY Bl $BWLHQWV WZR E\ WZR RQ WKH R\
LQ VHUXP IURP KHDOWK\ GRQRUV ERXQG WR BHBEMO@GWM GLIIBHHQFHV EHWZHHQ JURXSV 7
ODWHULDO IURP $,+ VHUD GLG QRW ELQG WRISHISWLGNXPPDWHHY WKH UHVXOWV RI
3 $% DQG 3 $$ DQG PDWHULDO IURPRPISDAHWIRQV 7KH FRPSOH[HV IRUPHG E\ Wk
GLG QRW ELQG WR SHSWLGHYV 3 $$$ SDWLHQWYV ZLWK SHSWLGH 3 ZHUH PRUH VWDE
3 $$ 3 $3 3 $3 3 $3 +' ,QGHHG ZH REVHUYHG D VLJQLILFDQW LQ
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7TDEOHNRII V YDOXHV RI VWDWLVWLFDOO\ VLIJQLILFDQW FRPSDULVRQV RI LQWHU
GRQRUV DQG SHSWLGHYV

3HSWLGH 3HSWLGH 3 3HSWLGH 3 3HSWLGH 3 3HSWLGH 3

S YDOXH S S S S
*URXS $,+ 'RQRUV 6/( 'RQRUV 6/( '"RQRUV 5% 'RQRUV

Q

NR VHUXP

Ne i VHUXP i
Ne VHUXP

NeVHUXP

Ng VHUXP 1

Ng VHUXP

Nr i VHUXP

Ne i VHUXP

NejlYDOXHV LQXWNDO :DOOLV WHVW 'XQQ 6LGDNTVIFRQBMF®HR® UBLYTHIXH$,+ DXWRLPPXQH KHSDWLWLV 6/( VIVWHP
5KHXPDWRLG DUWKULWLYV
GRL MRXUQDO SRQH w

7DEOHRPSDULV.RY RI NHWZHHQ JURxstFWD\FIQH WKDQ ZLWK 6/( VHUD ZKHUDIOXHVQLILF
HUH IRXQG WKDQ REVHUYHG IRU $,+ VHUD S

7DEOH 6LRL®DORHVNIRU WKH UHDFWLRQV E

RORUV 'RORUV RQRUV VHUD DQG SHSWLGHWG 3$$$$ZHUH ORZHU WKDC

SHSWLGH, + 611 5 $.+ 6/(5,+ 556/(5s WKRVH FDOFXODWHG ZLWK 5$ VHUD S IRU
3 e e e T e 7DEOH 'LVVRFLDWLRQ UDWH FRQVWDQWYV
s S 16 16 16 s 16 LQWHUDFWLRQV EHWZHHQ SHSWLGHV 3  $$
3 3 $% DQG 5% VHUD WKDQ ZLWK 6/( VHUD

e = 16 1€ 16 &€ S DQG S UHVSHFEWLYHO\ IRU WKH WK

3 VXJIJHVWLQJ WKDW WKH FRPSOH[HV LQYROYLQ

16 16 s 61616 6/( VHUD ZHUH OHVV VWDEOH WKDQ WKRVH L

3 SHSWLGHV DQG FRPSRQHQWYV IURP 5% VHUD )LJ

16 16 16 e 16 S 3HSWLGHV 3  $3Q0G 3 $$ EHORQJ WR WKH

3 s . e . e 16 550 UHJLRQ 7KLV REVHUYDWLRQ WKHUHIRUH I

VWXGLHV WKDW XVHG EDFWHULDOO\ H[SUHVVH

3 e e e s 1e s WKDW WKH PDMRU HSLWRSHV RI KQ513$ GHWH

6/( VHUD DUH ORFDWHG LQ WKRH GEUHBRIPDLQ

7KH GLVVRFLDWLRQ fJRW N HURR VWRPQWKHNWKUHH JURX$V KIHW WL HOWY BB R WHG WKDW DQWL KQ513 $ DC
FRPSDUHG ZLWK WKRVH RI KHDOWK\ GRQRUV XVLQI HYDNDDPHNAPLS UVHEGWR ZLO®D QXW®\ GLUHFWHG WR \
6LGDNYV FRUUHFWLRQ $ ,¥DOXWRLPPXQH KHSDWLWLVU BY LIRKOXPDWBWFKLQJ ZLWK VHTXHQFHV FRUUH\
DUWKULWLY 6/( VIVWHPLF OXSXV HU\WHPDWRVXV 16 $GRW VWEYLVWLRPOG) VWERIRRW DQG DOVR ZLWK
GRL MRXUQDO SRQH w $$ WKH ODWWHU ZLWK D ORZ UHDFWLYLW\ 7|
RYHUODSSHG LQ RXU H[SHULPHQWYVY ZLWK SHS
SHSWLGH 3 DQG WKH $,+ LWHEPP IDWHKGDWERRWHS N DQG 3 $$
FRQWUROV S 7DEOH VXJIJHVWLQITBHKEKK NWRDBLOVWYRILWRH SDUWLFXODU LQW
FRPSOH[HV JHQHUDWHG E\ $,+ VHUD MREOESBOPE RARYV WHKIRWSW IRU VHUXP 58 WKDW
JHQHUDWHG ZLWK FRQWURO VHUD )LIJXUBS$ $ 7KWYK UHWESW W X\ RH\B\W 8 W DRIG 3 $$
WKDW SHSWLGHFRX®$ EH D VSHFLILF ELRPHUNHVUKIRW GHULYHV IURP WKH JO\FLQH ULFk
LQ KXPDQ VHUD UHSRUWBGWXKXDW LQ 6/( VRPH DXWRDQWLERGL
6XUSULVLQJO\ FRPSOH[HV IRUPHG ZLWKR\BHBW®GERBY '3$ HYRVV UHDFW ZLWK WKH DU
DQG 3 $$ E\ 6/( VHUD ZHUH OHVV VWBEBPDOHQZD)WWWEKHUPRUH WKH PDMRU HSLWRSH
VLIJQLILFDQWOW KDQKWKRYVH IRUPHG E\ +' VHUD LY UHSRUWHG WR FRUUHVISRQRARUR WHJLI
DQG S UHVSHRWXYHO\$ 7DEOH 7TRLKQBQYPROHFXOH
DSSOLHV WR WKH LQWHUDFWLRQV EBOGHHRISHEWOGRABWLREG Rl WKHVE, YDOXHY F®mMW O\
VHUD IURP 5% SDWLHQWY DQG +' DQG ZLWHK DQKHQHQW D/QRV VG HI MUHFERH. TXH 7KH (/,6$ W
LQxr/N S JLIXUH $ 7DEOH ,QWHUD@ WILSROWR EH WDI$ISQQJ LV DQ HQGSRLQW DVVD\
SHSWLGH 3 $3QG $,+ VHUD ZHUH IRXQW&LW@D®OHUMROHFWY DIILQLW\ DW HTXLOLEULXP
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KQ513 % S5HDFWLYLW\ LQ $XWRLPPXQH 'LVF

7TDEOHN, YDOXHWIWWDWLVWLFDOO\ VLIJQLILFDQW FRPSDULVRQV RI LQWHUDFWLRQV I

3HSWLGH 3HSWLGH 3 3HSWLGH 3 3HSWLGH 3 3HSWLGH 3 3HSWLGH 3 3HSWLGH 3
S YDOXH S S S S S s

*URXS $,+ 6/( $,+ 5% $,+ 5% 6/( 5% 6/( 5% 6/( 5%
Q

Nr VHUXP

NRj VHUXP 1° e i
Ne i VHUXP

Ne VHUXP

NR I VHUXP 1 1
Ng | VHUXP o

Nr VHUXP

Ng VHUXP i

N lYDOXHV LQUXVNDO :DOOLV WHVW 'XQQ 6L'GDN Y VLFRURM FMHMRIQUSLYEGXH' QRW GHWHUPLQHG $,+ DXWRLPPXQH K
HU\WKHPDWRVXV 5% 5KHXPDWRLG DUWKULWLV

GRL MRXUQDO SRQH w

JLYHQ E\ DQ DSSDUHQW GLVVRFLDWLRQ HRTX$OEWUGXP 3E LRYBH FRRERGQGVWRIKQ SRVWXODWH
DOVR GHILQHG DV WKH UDWLR RI WKHJG PROCRHFLOMWHNR Q UHD $/UHH ¥ R Q W@ WKDW WK H\
MNiWR WKH DVVRFLDWLRQRFRQWWPER®LMNYV ROLVKRYM DIIRUGHG E\ SHSWIRGHRBP $$DEOH
WKH VDPH GLVVRFLDWLRQ ELXQVE L®UIIARQF®W BEOMHIHY 7KH REVHUYDWLRQ RI WKH ELQGL
UHVSHFWLYH RQ DQG RIlI NLQBWEBSEREXMWBOWY NLQHWLFV REWDLQHG LQ UHDO WLF
PHDVXULQJ DSSDUHQW RQ DQG RIlI UDWHRP DRIV ADNDEXPOWLRPR@QWIERGLHY  )LIXUH
NLQHWLF FRQVWDQWY DQG HVWLPDWLRQFRO MOKH/ LIRSS MKkIbQWP R UMV BRWIRDIRRLERGLHY W
ELQGLQJ FRQVWDQW ZLWKRXW QHFHVVD U RUHITWRUWRH R VRG\SKRLM \RELVWULEXWL
VWHDG\ VWDWH HTXLOLEULXP LQDFBQMR%/M/HNDR:F(/,§$ QWKUDO DQWLERGLHYV GHWHI
SURYLGHV OLWWOH LQIRUPDWLRQ RI WKk NGLRFHMNF B PR ¢ H K HBDWPEOY MM E Y  1RU 2zt
GLVVRFLDWLRQ UDWH FRQVWDQW XQOHVVDﬁMHl@_}l,@fR@SHWLWLRQ DVVD\V
,Q WKLV VWXG\ WKH QDWXUH RI WKH UHD, ergL@,k,yéH\ﬁhHM ERVRBYWRHERBYFUHDVHG VW
QRW NQRZQ :H DOVR KDYH QR ZD\ RI NQRZ LG & h 5% R HOMHEINL BR Swi GHY Do6 90
Rl WKH UHDFWLQJ VSHFLHV LQ WKH VHUpg g%\y\{_mvlj-wl._) \(,\lla}gjvw bW WKH SHSWLGHYV

LPSRVVLEOH WR XVH WKH ODZ Rl PDVV DRWLBQ T HWKDW WKH QDW X!

DVVRFLDWLRQ SDUW RI WKH ELQGLQJ FXUYH S’VW K QRRYY WDV\W*?(LD RW XQGHU.J

ZK\ ZH H[DPLQH RQO\ WKH GLVVRFLDWLR(E |L KHHVLI-bQ_ B UDWLR 2 KHVH
9‘]H WKDW

WDNLQJ DGYDQWDJH RI WKH IDFW WKDW H V | L
LQGHSHQGHQW RI WKH FRQFHQWUDWLR\% %L\@K S er%‘ 5&/5/5 g}\g—kmﬁ\v
DSSDUHQW NLQHWLF FRQVWDQW GLVVRFL V{; \{/ EL\?LW}(
L K DW
OoRHEgHs BIsACakhy

RI FRPSOH[HV IRUPHG GXULQJ WKH LQWHU S
VHUD SHSWLGHV DQG , PROH FXOHV DUH PHGLDWHC

7KH H[DFW QDWXUH RI WKH PROHFxoﬁDVQE')EFW( &\g‘SRl—‘r’LY‘bHQNW WwW DQWL KQ513% DQW
LOQWHUDFWY ZLWK WKH SHSWLGHV RQ WKH EPMEHALWM BEQ%N\A:’QV\%%@-'?DWGWWHDMQ

GLIIHUHQFHV LQ UHDFWLYLW\ ZE®K ®Qscs¥y KHLU DVVRFLD LRQ ZE@NRHEXPWHHW WRHGVQW |
3 g RQ WKH RQH KDQOG DOG RQ WK 8YRSHUWLHV RI KQ513 W LV DOVR RI LQWHUH
RWKHU KDQG DUH VXJJHVWLYH RI D FROIRYPGSWM ROV g4 HFHRWLILHG DV UHDFWL
EHWZHHQ ERWK JURXSV ZLWK OR X DX el bR S p P WKH 550 UHJLRQV Rl KQ513

'H VXVSHFWHG WKDW SHUKDSV ,J* RU L YXVERIFWHG W IR YK W XEQHLF DFLGV PLJKW EH

LQYROYHG LQ RU PHGLDWH LQWHUDFWLROWKzZWKEK TRKRBDWYLRPs WL yMPEQH FRPSOH[HV
WKHUHIRUH UHIRUPHG FRPSOH[HV E\ SDWPRA®JIQHURO HFX® HB\b W Wk VHUD  H WKHUHIF
DQG GRQRUV DFURVV VXUIDFHV FRQWDEBOWHEIQWKPHBMEWQGRYVGWKH®R HOLPLQDWH DV
FKDOOHQJHG WKHVH VXUIDFHV zZLWK DOW$RQA* QX§EHIgQWELGY WKDW PDPLIXKWFEBUHVH
DQWLERGLHV :KHUHDV QR UHDFWLRQ ZDV$VWKQVEW Wi BW 8 H®RW SIGH[HYHO\ UHGXFHG WKH
DW WKH VXUIDFH DQG DQWL ,JfLBEROHFXORARLBYV IWRIRQS$LEH 35 DQG 6/( SDWLHQWYV 6LJIQLII
,J0 PROHFXOHV VWURQJO\ UHDFWHG |IRWNUHDWERHQW ZDHO WK RIH GRFOG WKH ELQGLQJ RI ,
SHSWLGH 3 $IOWKRXJK DOO PDWHULDO WHR BFHS WLHEM &) H MDIXWHG BW 7KXV VRPH IRUP RI
DOO SHSWLGHV FURVV UHDFWHG ZLWK D QSVWIHYVHQMWQ WQEWGHHVHUDR WKH GBRPHO\ LPSOLFD
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