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SURGXFWLYH ,QIHFWLRQ RI +XPDQ 6NHOH\
3DQGHPLF DQG 6HDVRQDO ,QIOXHQ]D $ + 1

ODULRQ '"HVGRXdADMMSLH OXQQBIWLH &KULVWL@GBHD WUHFRYWHDQOQLOQ % XWOHU
%URZQHGB6LPRQD 2]GHQWRLQH *HWYOYDQH 9DQ 'HULIBIGLD 1DIIBNKUUH
(PPDQXHO &HFFDOGL

8QLWp (SLGpPLRORJLH HW 3K\VLRSDWKRORJLH GHV 9LUXV 20GRW@QGN *p@\PWIILW X W BRWMFEOW L BBIUG W V ) 9)IDU
3DVWHXU 3DULVBOBUDQFK156 3DULV )BOMWH IRUPH GH OLFURVFRSLH 8OWUDVWUXFW X80D O HQ YQWLWLIWMX \B H3 D
0\RORJLH 8QLYHUVLWp 3LHUUH HW OBULH, BS(B0QH3BDUV\) UPUEFQIFH& 156 *+ 3LWLp 6DOSrwULqUI$ 3DULV )UDQ
8QLYHUVLWp 3DULV 'LGHURW 6RUERQ Q8&H®MXIOH &3ADWPN BRPWULYQ)LYBQFHWp 3DULV 'LGHURW B6RUERQQH 3DULV .

$EVWUDFW

%HVLGHY WKH FODVVLFDO UHVSLUDWRU\ DQG V\VWHPLF VI\IPSWRPV XQX
LQYROYH WKH VNHOHWDO PXVFOHV 1XPHURXV FDVHV RI DFXWH P\RSD
SDUWLFXODUO\ IROORZLQJ WKH RXWEUHDN Rl SDQGHPLF LQIOXHQ]D $ A
DVVRFLDWHG P\RSDWKLHV ,$0 UHPDLQV XQNRZQ DOWKRXJK WKH GLUH
VWXGLHG WKH VXVFHSWLELOLW\ RI FXOWXUHG KXPDQ SULPDU\ PXVFOH F
$+1 LVRODWH 8VLQJ FHOOV IURP GLIIHUHQW GRQRUV ZH IRXQG WKOW GLIIHL
KLIJKO\ VXVFHSWLEOH WR LQIHFWLRQ E\ ERWK LQIOXHQ]D $ + 1 LVRODWHV ZKt
ZHUH SDUWLDOO\ UHVLVWDQW 7KH UHFB®WR U/L ORHGQMDXGQADDFLEXVHEAMUH GHW
VXUIDFH RI P\RWXEHV DQG P\REODVWYV 7LPH OLQH RI YLUDO QXFOHRSURWHLQ 1:
WKH ILUVW VWHSV RI WKH YLUDO UHSOLFDWLRQ F\FOH FRXOG WDNH SODFH LQ
H[KLELWHG EXGGLQJ YLULRQV DQG QXFOHDU LQFOXVLRQV DV REVHUYHG E\ WUD
OLJKW DQG HOHFWURQ PLFURVFRS\ O0\RWXEHV EXW QRW P\REODVWV \LHOGHG L
QDLYH PXVFOH FHOOV DIWHU SURWHRO\WLF WUHDWPHQW ,QIHFWLRQ OHG WR D
FKDUDFWHUL]HG E\ WKH UHOHDVH RI ODFWDWH GHK\GURJHQDVH 7KH VHFUHWLR
ZDV QRW DIIHFWHG IROORZLQJ LQIHFWLRQ 2XU UHVXOWV DUH FRPSDWLEOH ZL
FDXVLQJ UKDEGRP\RO\VLV LQ ,$0 SDWLHQWYV

/XDO FRI
WK\ DQG
1 LQ

FW LQIHF
HOOV WHE

HW DO 3URG

MRXUQDO §

&LWDWHRGQRXLWY 0 OXQLHU 6 3UHYRVW 0 & -HDQQLQ 3 %XWOHU %URZQH *
3DQGHPLF DQG 6HDVRQDO ,QIOXHQ]D $ + 1 O9LUXVHV 3/R6 21( H GRL

(GLWRBRDXO 'LJDUG 8QLYHUVLW\ RI (GLQEXUJK 8QLWHG .LQJGRP
SHFHLY-HQH $FFHSWWHWGWHPEHU 3XEOLVKRIGHPEHU
&RS\ULJKW 'HVGRXLWV HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH

XFWLYH ,Ql
RQH

WHUPV RI

XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RUY|

)XQGLQXQGLQJ IRU WKLV ZRUN ZDV SURYLGHG E\ WKH ,QVWLWXW 3DVWHXU WKH &HQWUH 1DWL
0" ZDV D UHFLSLHQW RI D IHOORZVKLS IURP WKH IUHQFK PLQLVWU\ RI HGXFDWLRQ DQG UHVHDUY|

LIJILQDO DX

RQDO GH O
FK 7KH IXC

DQDO\WVLV GHFLVLRQ WR SXEOLVK RU SUHSDUDWLRQ RI WKH PDQXVFULSW
&RPSHWLQJ LQMWHUMXYWKRUYVY KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWYV H[LVW
( PDLO PDULRQ GHVGRXLWV#SDVWHXU IU 0' SLHUUH HPPDQXHO FHFFDOGL#SDVWHXU IU 3(&

,QWURGXFWLRQ FKLOGUHQ DQ DFXWH P\RSDWK\ IROORZLQJ U
FDOOHG P\DOJLD FUXULV HSLGHPLFD RU EH(
,QIOXHQ]D YLUXVHV DUH HQYHORSHG m@R®RINWLYH VWBYDQOWE CEYFW ENGDVYRFLDWHG
YLUXVHV PHPERUWKRRPWRHIDPLEGDIH,Q KXRDHYWHUDO LQIHFWLRXV DJHQWV EXW RFFXUV
WKH\ XVXDOO\ FDXVH DQ DFXWH VHOI OLRUWHGLRQORQHVY® | FXHQYDF WHUXYVEBEY ORDEQE\ RI
E\ UHVSLUDWRU\ DQG VV\WWHPLF V\PSWRPW SWRPVRUPHUOOQEMNIGH D IHZ GD\V DIWHU
QDVDO FRQJHVWLRQ FRXJK DQG VRUH WKURRWQ]|DQW PISUWAHR F D XD/ DEUH W\SLFDOO\ FKD!
YLUDO UHSOLFDWLRQ DQG ORFDO LQIODRMDIWISRQ @ @ QK W HIGIFISUQBWR UD MOUDFOM WR GLI
ZKLOH WKH ODWWHU FDQ LQFOXGH IHYHU7KKH G G\DHFIKWH IIDWILLIX HX HFHEWOO W \DMEFLDWHG Z LW
P\DOJL® >DQG FRXOG EH GXH WR V\VWHPDK\VANWRNGQH HOWYRQMEY SODVPD FUHDWLQH N
> @ FDVHV Rl P\RJORELQXULD ,W LV PRUH RIWHQ
%HVLGHV WKH FODVVLFDO P\DOJLD XEBRWXDWGERKSOHEBWDRQV \RHOI OLPE@WHG ZLWK
LQIOXHQ]D $ DQG % LQIHFWLRQ FDQ@ DI IHF®/X @MNWHNO HIW B \PWK VARKCHMD BWHULVWLF PXVFOH
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

RFFXU ZLWK JHQHUDOL]HG ZHDNQHVV DQGIHKWERB®RFRR O\VWKDERGRMBVDUFRPD FHOO OL
OHDGLQJ WR P\RJORELQXULD DQG SUHGRPLOPR@NWD W DV VRFO X WE®I ®E XN WKHVVXVFHSWLE
LQIOXHQ]D $ YLUXV @QIBPWLRQWY ZLVBKLRBIYHGBHIIHUHQWLDWHG DQG XQGLIIHUHQWL
UKDEGRP\RO\VLV FDQ GHYHORS D OLIH WK UHDOXQIDI $DFXWHLHEBGDLY RODWHY KDV QF
IDLOXUH > @ RU FRPSDUWPHQW V\QGURPGEDW KD

,Q $sULO D QHZ LQIOXHQ]D $ + 1 YLUXWKHV3UQNHQAMIV@G'XG\ ZH DVVHVVHG WK
DSSHDUHG LQ OH[LFR DQG UDSLGO\ FDXVSGLPDWN K X$PDG VNHOBWDL® PXVFOH FHOOV WR
VSUHDG ZRUOGZLGH 6HYHUDO SXEOLFDWLRQ® KYRODWHBRUWSIGHVNRW/IDWDLTH RI WKH
PXVFOH GDPDJH DIWHU LQIHFWLRQ ZLWK WKLYG SWIQKEHPLFVHDWKQDO $ 3DULV
,QFUHDVHG VHUXP FUHDWLQH NLQDVH &.7KOANYAGHWVAMWRQREDNUVIEGURHVVHG ERWK ZLW

RXW RI SDWLHQWYV ZL@ K+8 QKPP RQ LBHMHOVHUDWLYH FHOOV L H P\REODVWV DQ
ZHUH DOVR PHDVXUHG LQ QRQ VXUYLYRRXGWPQXBABDWRGVKHOOYRW H P\RWXEHV :H
SDWLH@VVD®G LQ FULWLFDOO\ LOO FRPSDEGWWRR PLOGYVHOO HHWMWMOMOWM GLITHUHQWLI
> @ OXOWLSOH FDVHV RI P\RSDWKLHV DVXREHBWHEOHALWR SDbQEHMHE]D YLUXVHV DQC
LQIOXHQ]D LQ FKLOGUHQ DQG DGXOWV PMRWXEHVRSURIGREUWRAQ LQIHFWLRXV YLUDO SUF
DOWKRXJK WKH DEVHQFH RI HSLGHPLRORYRECIO! WWK@EW HB VWsHIGI PG A VI IR\ HQWLDWHG SU|
FRQFOXVLRQ DERXW D SRVVLEOH KLJKHU PHQ®RFQ\YWY -EX W I KPRLQRHYIWEWXRQ WKH VHFUF
ZLWK PXVFXODU GLVHDVH F\AWRNLQHV

7KH SDWKRJHQHVLV RI LQIOXHQ]D DVVRFLDWHG P\RSDWKLHV ,$0
LV SRRUO\ NQRZQ DQG FRXOG EH LPPBEHNXOGIWWHG DQG RU
WULJJHUHG E\ GLUHFW@ OWFD® DQBKMWILRFW LQGXFHG
P\RVLWLV@ $OWKRXJK WKH K\SRWKHVLV RIIDRAWNBNE @QHLVWRUP LQIHFW SULPDU\ KXPD
FRQWULEXWLQJ WR WKH GHYHORSPHQWFRIOQOM LV VRPHWLPHV SXW
IRUZDUG OHYHOV Rl SURLQIODPPDWRU\ 35\WRNL Qe /3 Wk viEBHHPYN OOV HLWKHU GL
PHDVXUHG LQ ,$0 SDWLHQWV 7KH GDWD zRy\(iy @ B B HR R Hb SAWKk HEXO WLSOLFLW\ RI
ZLWK ,$0 DFXWH UHQDO IDLOXUH DQG PHRkDIULIWLE PHIE ZRERURIMT SDQGHPLF $ &DC
OHYHOV RI VHUXP SURLQIODPPDWRU\ F\WRIM®Rd Yo BVBIRAMHUYHG LQIOXHQID $ + 1 L
PRVW SDWLHQWYV ZLWK LQI@XBERUM KILWHRDRYBREDPRQ RI WKH YLUDO QXFOHRSURWHLQ
REVHUYDWLRQV ITURP PXVFOH ELRSVLHVEUHYBPOHFWIRMP RORAOXROUMVFHQFH VWDLQLQJ
UHJHQHUDWLRQ WRJHWKHU ZLWK ILEHU Q#dd R8lkY WUKEVRBW Y HWKEFHHE RS Wk WHK Y GLXP 7
PRGHUDWH DQG SDWFK\ RU PR@H $SQWHKRMIFOH >R| LQIHFWLRQ WR RFFXU 1XFOHDU 13 L
PDFURSKDJH LQILOWUDWLRQ PD\ UDUHQ\u\BM FHWRFWIREODE RPHWRYY SRVLWLYH PXOV
LQILOWUDWHY DUH JHQHUDOO\ DEVHQWp\RKXEH\P WL QK RBIPL SRV WWKIHHFWLRQ K3,
K\SRWKHVLV Rl DQ LPPXQH PHGLDWHG GEHMHOWH PG W XIIHVWIHIG EHWZHHQ DQG
WKDW ,$0 LV QRW D WUXH LQI@DBPMWKREBWEHPRWK\YRUXY $ &DOLURXWHSD 13
VHYHUDO DWWHPSWYV DW LVRODWLQJ WHKH PrYRYHBRPL PXW F Otb \E LIRSW-HKIVU GHWHFWHG
KDYH IDLOHG > @ $ DQG % LQIOXHEFINWKEY®VIEY RI P\RWXEHV DW K3, DQG D
KDYH EHHQ UHFRYHUHG IURP PXVFOH KbOREVMHYSOWLPMAEG RIPRQROQXFOHDWHG P\RE(
SDWLHQWYV ZLWK ,$ »Q RQH FDVH YLUDQ U YRUFIPHMWRQ GW\ ILUVW DSSHDUWHG DW
YLUDO DQWLJHQV LQ PXVFOH HHO O¥WEaH UgH WorosvdRD G IIVWHEW HESP XQRUHDFWLYLW\ ZDV GHW|
ORUH UHFHQWO\ WKUHH IDWDO FDVHV RI SRHXPRPLRE®HN WAR LWKHF@HME ZLWK WKH $ 3D
LQIOXHQID $ + 1 SDQGHPLF YLUXV VKRX®G DAWHWLS B, RUIPDKQ WKH $ &DOLIRUQLD
LQYDVLRQ ZLWK YLUDO SDUWLFOHV EHLAQWIGEWWRKWH® DLOQ L WKGID WNNOH®IPIGWHG P\RW)
PXVFOH > @ PDLQO\ F\WRSODVPLF 13 H[SUHVVLRQ ZKHUH
,Q H[SHULPHQWDOO\ LQIHFWHG PLFH YLODHFrWHE ZPWREVNWFWHEWL@O H[KLELWHG D
WKH VNHOHWDO PXVFOH RI DQLPDOV LQRHAX0ORWWHGER @ QWKH JBUPOIQF ZWW RIDWQKH 13 VWDI
LQIOXHQ]D %@YLWXF B QRQ SHUPLVVLYH LQIKBWLRQPRRPEBNWHN DQG P\RWXEHV XVLQJ C
ILEHUV ZDV UHSRUWHG ZKHQ WKH YUDXVHEDVDUL@RFXDDYHEQID $ + 1 GDWD QRW
LOQWUDPXVF@BODKBVH UHVXOWY VXJIJHVW WKBWH, SOSDMRDXGEPROVWUDWH WKDW LQIOXHQ]L
GXH WR GLUHFW LQIHFWLRQ RI PXVFOH FH®I®V¥ WL ISUH P /EKH Q X ¥ BIQQ MXKIWFPE LWIO &V W KH 1L
XQFOHDU ZKHWKHU LQIOXHQ]D YLUXVHV \ADKDS SRR DK B WH UID® ¥NHIOH W@ WDNH SODFH |
PXVFOVYLWWRGLHY RQ KXPDQ SULPDU\ PX®G OHHRHDWLOWHRBUWXVFOH FHOOV ,QWHUHYV
SURGXFWLYH LQIHFWLRQ RI GLIITHUHQW L BWHG WPKIRQL Q & BOGHOMOH® PP MR RBMVRFFXUUHG |
E\ LQIOXHQID $ + 1 WLUXMHWKH QHXURWRARSWLFEHY ,Q DGGLWLRQ LQ P\RWXEHV DV
$ :61 VWUD@QDQG E\ LQIOXHQ]®@ BKWUUDIMKIN WLPH OLQH RI 13 H[SUHVVLRQ ZDV VOLJK!
WKH VXVFHSWLELOLW\ RI XQGLIIHUHQW IKDWHRWPOQREODVWMV. WRRDWHHEWHRQFRPSDUHG
UHPDLQV XQFOHDU DQG VHHPY WR GHSHQG RQ WKWRQODWBO ¥ WHDW®UHKWYWDIW ZDV DOVR
EHLQJ XVKG 2QH UHFHQW SXEOLFDWLR GQFHHSBR UGDAV B URRGX FAK RYZ I
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

A MYOTUBES B MYOBLASTS
California/7/2009 Paris/1149/2008 California/7/2009 Paris/1149/2008

4h- -- 2h- --
- - N\ "

Desmin DAPI Desmin DAPI NP

JLIXUH([SUHVVLRQ NLQHWLFV RI WKH YLUDO QXFOHRSUR \WHGE&QUHBW LIP P R QHRA O X S URXNEFHHF
RI GHVPLQ UHG OHIW SDQHOV DQG 13 JUHHQ ULJKW SDQHO$® RD FRRE®MXUGNRW G4 G

E\ LQIOXHQ]D $ &DOLIRUQLD RU LQIOXHQ]D $ 3DULYV YLUXV DW YDULRXV WLPI
EOXH OHIW %DU —P
GRL MRXUQDO SRQH J

O\RWXEHV DUH KLJKO\ VXVFHSWLEOH WWUHMQGXHIMDFRGIUWUPHG ZKHQ P\REODVWV IUR
YLUXV LQIHFWLRQ ZHUH LQIHFWHG DW YDULRXV 02,V DQG DQDO\V

‘H IXUWKHU DVVHVVHG WKH VXVFHSWLEXYLWY RI&ERPIDRP RQREOBD FAWMIOYAW\ WR LGHQWLIN\
WR ERWK LQIOXHQ]D $ + 1 YLUXVHV XVD@WYDIBLDQWLERG\ 7KH SURSRUWLRQ RI 13
DQG SIX SODWHG FHOOV DQG PXVFOR\REHDIDW GHEDMV HBSHDRPHGO\ IRXQG WR EH KL.
GLIIHUHQW KHDOWK\ GRQRUV :H TXDQWLILHG WIKWHR S D R/$IR WWKIDRQ ZRIWKH OWXKWH $ &DOLIRUC
H[SUHVVLQJ 13 LQ GLIIHUHQWLDWHG P\RW)LE XY LR HHEPHIQO VSH[SUHWOL®RF :KLWQH\ 8 WHYV
GHVPLQ DQG FRQWDLQLQJ PRUH WKD@KHFRQRXEOMKDW DKH GERIIHUHQFHV REVHUYHG E
XQGLIIHUHQWLDWHG P\REODVWYV L Hp\ RERQR/QXF QHDWHRWFERPYWR WKH SUHVHQFH
H[SUHVVLQJ GHVPLQ RU 1&$0 E\ LPPXQRI®NRUHF KO @XM PREAKP IRU P\RWXEHV YV
IORZ F\WRPHWU\ DW K3, LQ WKH DEVHQRH_ B| B L U bSY LB, fﬁg ML,}@JOV ZLWK HLWKHU R
FXOWXUH PHGLXPO\RWXEHY ZHUH VKRZQ WRHESUKLWIKSRH R VHUXP IRU KRXU\
VHQVLWLYH WR LQIHFWLRQ E\ ERWK LVRGOWHY rQHRD S 8 A\ Wik GE K HAHUP Lo NG £
SRVLWLYHO\ VWDLQHG IRU 13 DW D 02, Rl;5 B |%‘Pz§ PB\MWPB'\N\MKHSQG WKH VHUXP FRG
DW D 02, RI HLIXKUH 1R GLIIHUHQFHV ZHUH- URSRUWLRQ RI LQIHFWHG FI

EHWZHHQ WKH WZR LVRODWHV RU EHWZHE\Png(ISIOS ﬂ?QBUés%%WX&gLFbLWH WKDW GLIIH
WKH WKUHH GLITHUHQW GRQRUYV

O\REODVWY ZHUH OHVV VHQVLWLYH WK %‘Jﬁ%@g{i %EE%O%F%/HPPg XHZ\\I/?:ODDC\)/V\IZVI?)EJ(
LQIOXHQ]ID $ + 1 YLUXVHV VLQFH WKH S'U I-? Q Q

FHOOV YDULHG IURP WR DW

GHSHQGLQJ RQ WKH GRQRU DQG WKH YLU%'(?{UQJ)%\%HYLHQR{ EHV@V&REV DUH SUHVHQ
DW ORZHU 02,V%)LIXUHLOOHG EDUV KAPPRyRXVFOH F

HYHQ DW D KLJKHU 02, RI D KLJK SURSRUWIMNHR I ZK\rWE BV WIKELEGLITHUHQFH LQ VXVFI

QRW H[SUHVV GHWHFWDEOH OHYHOV RI 1% GLIWY 6RWHIWWKRRQ ZDV UHODWHG WR GLIIHUH
,QWHUHVWLQJO\ P\REODVWYV IURP WKH YLEDIOHUHGWSWRYNUDW HMRHGYXUIDFH RI P\RE
VOLJKWO\ PRUH VHQVLWLYH WR WKH $,@BWHHG KRVW WHIMRIQD@G WLVVXH WURSLVP R
LVRODWH WKDQ WR WKH $ &DOLIRUQLD LQ SDQ@WHRHWHROCOWE EKLWKH VSHFLILFLW
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JLIXUH3URSRUWLRQ RI LQIHFWHG FHOOV LQ FXOWXUHV RI P\RWXESHWRU) P\REOBGE WD UV
,QGLUHFW LPPXQRIOXRUHVFHQFH GHWHFWLRQ RI 13 DQG GHVPLQ LQ FXOWXUHV RI PXVF
& () .06& & DQG SURSRUWLRQ RI 13 SRVLWLYH P\RWXEHV $ & ( RU P\REODVWYV

$ &DOIRUQLD EOXH RU WKH $ 3DULV JUHHQ LQIOXHQ]D $ + 1 LVRODWH'
LQGHQSHQGHQW H[SHULPHQWY DQG HUURU EDUV UHSUHVHQW WKH VWDQGDUG GHYLDWLH
% RSHQ EDHWHFWLRQ RI 13 DQG 1&%$0 H[SUHVVLRQ E\ IORZ F\WRPHWU\ LQ FXOWXUHV RI

WKH $ &DOLIRUQLD EOXH RU WKH $ 3DULV JUHHQ LQIXHQID $ + 1 LVRODW
FHOOV DPRQJ 1&%$0 SRVLWLYH P\REODVWYVY 5HVXOWY DUH WKH PHDQ RI WKUHH LQGHSHQC
GRL MRXUQDO SRQH J
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

JO\FRSURWHLQV IRU WKHLU UHFHSWRUW UWDMWPLHQ \B F LPGXW FDW WIHXONG ZWBH( QRW LQIHI
JDODFWRVH. E\ D DQ OLQNDIH ¥KXV ZHU\SVIAKLFK LQGLFDWHV WKDW WKH +$ LV QR\
LQYHVWLIJDWHG WKH SQIBVHQEGNRIG VLDOLG PXQGEXUHV RI P\ARWXEHV
RQ WKH VXUIDFH RI PXVFOH FHOOV XVLQJ VSHFLILF OHFWLQV %RWK
P\REODVWYV DQG P\RWXEHV VWDLQHG SRVOWLY B EXWBI WKH FOFHPWLQ VY Q@ FHRWXEHY DQG L
ZKLFK ELQGV SUHIHUBIRQQWH® YLWRLF DFLGY HD@Fz6A§ I HFWLYLW\ DQG 0 51$ TXDQWLW\ L
ZKLFK ELQGV SUHIHUK®QWNBGOXLWALF DRLEYFWHG PUREODVWY SURPSWHG XV WR FKHFN
0'&. 6,$7 FHOOV XVHG DV D FRQWUR® QRWEFYKRAE L3 IEKVFOH FHOOV E\ PHDQV RI WL
7KHVH GDWD VXJJHVW WKDW ERWK FHOON| HIRYEKYE\LQI@XHQKRBUVLHMVYHU LQIHFWLRQ I
UHFHSWRUV DQG WKDW WKHUH DUH QRSFPPWRY ©HoldlUHEFEMRWREMKH ZH ZHUH DEOF
GLVWULEXWDRYX®G RVLDOLF DFLG UHFHSWRUYNoBW WKR X ¥ UbIH VSKHULFDO H[WUDFHOOXO
RI PA\REODVWYV DQG P\RWXEHV 7KH XVH BRY@AR4 HW RIOKXKRUBBDHWUIDFH WKDW ZHUH DE
DOORZHG XV WR FRQILUP WKDW PDMRULWpPRSEJ®EF0 )sPIRERP P VHYURAFHDGN RQV ZHUH DO\
WKH &+4 GRQRU DQG WZR DGGLWLRQDOy BRPRUKEVAUEHGDPRE® VHHPLQJO\ LQWUDFHOO:
.0 & ZHUH VWDLQHG ZLWK ERWK OHFWLQPR\BY HSHNHARRKRMWMPRSO-Ad0oX0DU VSDFHV EHWZ
6,$7 FHOOV )hJXNEG &8QIRUWXQDWHQXUIPRZRI WKH FXOWXUH SODWH GXH WR WKt
F\WRIOXRURPHWU\ DQDO\VLV RI P\RWXE ¥ piM (5 UpFOXBHHESHE \) LW K BHY R ZKHD BNV H
ODUJH VL]H +RZHYHU LQWHUHVWLQJO\ sHUWRXQE VWIKKWEWKHGURWHRVRILFDO PRUSKRC
OLQNHG RYHWNHG VLDOLF DFLGV LV RZIH3P L@ HPUREOD VWYY QP DQG BRIGNHRU )LJ>
WKDQ LQ 0'&. 6,$7 FHOOV ZKLFK FRXOG VREN RiBEXMNHP WB &KbtH 6BED DW RQH SROH
VXVFHSWLELOLW\ WR KXPDQ LQIOXHQ]D $sWXYHMH RI ULERQXFOHRSDUWLFOHV 513V
LQIHFWHG FHOOV SUHVHQWHG QXFOHDU LQFO.
,QIOXHQ]ID $ + 1 YLUXVHV XQGHUJR SURKGXWWIHYUH QHYHU REVHUYHG LQWWQLQIHFWHC
UHSOLFDWLRQ LQ KXPDQ PXVFOH FHOOV+ DUURDWG ZHUH GLVWLQFW IURP QXFOHROL
‘H H[DPLQHG ZKHWKHU LQIOXHQ]ID $ YLUXVMD BRXIORDXPRBUQRFOHDU DJJUHIDWHV ZH
SURGXFWLYH UHSOLFDWLRQ IROORZLQJ LQIARWWUR®RIFXPAWKUHVWVROOK.DAWSD LQIHFWHG
02, RI SIX SODWHG FHOO E\ PHDVXULQJ WNHUXYI HAEMKEHNV- WLWHU LQ
WKH VXSHUQDWDQWYVY RI LQIHFWHG) FHQUBYV W QD UWRNKYV WDIPHH WRIEEWNVTXH RQO\ UDUH
$ % 7R DOORZ WKH PDWXUDWLRQ RI WKREYHWYd K HED P\REWDYMWQ R$OWXUHV GDWD Q|
VDPSOHV ZHUH WUHDWHG ZLWK —J PO 7FRRQUBXEWHG ERIRUWHOWWWUD WILEIRW DQG HOHFW
E\ SODTXH DVVD\ 7KLV WUHDWPHQW ZOSHRXLEFOOYWREBMHWHORGEHVPLQ SRVLWLYH
FRPSOHWH PDWXUDWLRQ RI ERWK YLUXVHWREOD VW IDWGH G LEWWRIIWXNVEIP\REODVWYV IUR
LQFUHDVLQJ FRQFHQWUDWLRQV RI WU\SGIHY PEO VR IO YWKRAQOV, Vv MW DUH DOVR SU
VXSHUQDWDQWY RI P\RWXBEHKWH DRIMNBWLRRYXQGLWHMYDFHOOXODU YLULRQV FORVH WR
LQFUHDVHG DV HDUO\ DV K3, DQG UHDPKREODVMHMLPXPZHRO3DY DURXQG 13 H[SUHVVLC
EHIRUH GHFUHDVLQJ SUREDEO\ GXH WR FHOOVGHRWK DRJGWEHIMYWEOSWHE QL3 H[SUHVVLQJ
RI YLULRQV 7KH SDQGHPLF YLUXV ZDV EXBGEGXRHGYDWLRRQYKHW WILWHRQY WUDSSHG EHV
WKDQ WKH VHDVRQDO YLUXV FXOWXUHLMWDRGL 3 4 5 7 DUURZKHDPGV
,Q WKH VXSHUQDWDQWYV RI%P\RBO®GNVV \FPOBINMUWHRQ QXFOHDU DJJUHJDWHV LGHQWLFI
REVHUYH DQ\ LQFUHDVH LQ WKH YLUDP\RWWEHWY ROGRL 6QIHBOWMHGVERQ 6,$7 FHOOV Z
+RZHYHU WKH SUHVHQFH RI VHUXP LQ RWREWD\WVIO O X Q Wit F\REODREMMW QR W
GHFUHDVHV WKH VHQVLWLYLW\ DQG DFFXQDMQLRIHNFKH G RQTHVH )DV¥BH
SRVVLEO\ PDVNLQJ ORZ YDULDWLRQV LQ WLWROWNBORBKFWLLRRELIKEKDZHFHOOV ZHUH V
H[WUDFWHG 51% IURP VXSHUQDWDQWYV DQHFKRE TWKkH RPREUMKERIGETZHQF\ RI H[WUDFHC
FHOOV WR TXDQWLI\ WKH SURGXFWLRQ RIHYHO IHOR Y XL BAVVRHBIHIDWHY ZDV DV
51$V IURP WKH 0 VHJPKQWQ )UXSbiH QDWDPWSWKKVLQI FHOOV IRU WKH SDQGHPLF DQf
DPRXQWV RI 0 51$V LQFUHDVHG PRGHUDWH®YS HAWLKY MQ Y HD VREHORPWRY 13 QHIDWLYH FF
LVRODWHYV +RZHYHU WKH VKDUS DFFXPKEIBRWPRQ WR 0 5RJyDQDO\WHG LQIHFWHG FI
REVHUYHG LQ FHOOXODU H[WUDFWV IRUEKRWKQEVRWY DMKHL Y FPEIPEARIRE WRBwW SUHVH
LQIOXHQ]D YLUXVHV XQGHUJR QR PDMRUBYOOGY RY LIS HR Y LS oOlUHFDRVREY GDWD ZH FI
GHIHFW LQ P\REODVWYV P\RWXEHV EXW DOVR P\REODVWYV DUH DEOH
7R GHWHUPLQH ZKHWKHU WKH YLUDO® $DUWYFOHRQRVURGXFHG E\
P\RWXEHV ZHUH DEOH WR LQIHFW PXVFOH FHOOV WKH VXSHUQDWDQWYV RI
&+4 P\RWXEHV FROOHFWHG DW K3, zRUGXKQHEB $SWR1LQUAFMFWLRQ RI PA\RWXEHV D
P\RWXEHY DQG P\REODVWY GHULYHG IUR P HXGHY W RHF 8 ORQ\ VKA Q
WKH YLUDO LQRFXOXP ZDV SUH WUHDWHG\RHGMKY W¥&D /G \BWVRWXEHBY FXOWXUHV ZHUH
H[SUHVVLRQ ZDV GHWHFWHG KRXUMOBOWHURLQ PEVWEGBIPMO®VFHOO DQG FHOO PRUSK
T WU\SVL@ FRQWUDVW LQ WKH DEDNYHANVRIGSERWOBYHWHFW LPPXQRIOXRUHVFHQI
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

JLIXUHHWHFWLRQ RI VLDOLF DFLGY DW WKH VX®IDFH IR} XPIDQN A BVWEIOCHOEA @FVY GV ZHUH (
QRQ SHUPHDELOL]HG PXVFOH FHOOV P\REODVWY DQG P\RWXEHV IURP GRQRU &+4 E\
UHVSHFWLYHO\ /HFWLQ ELQGLQJ ZDV IXUWKHU UHYHDOHG E\ 6WUHSWDYLGLQ $ VWDL(
RI LQWUDFHOOXODU GHVPLQ UHG E\ LPPXQRIOXRUHVFHQFH

% 7KH 0$$,, DQG 61$% OHFWLQV ZHUH XVHG IRU WKH GHWHFWLRQ Rl WKH WZR W\SHV RI V|
P\REODVWVY IURP GLIIHUHQW GRQRUV &+4 .0 & .0 & DQG 0'&. 6,$7 FHOOV DV D FRQ
WKH VWDLQLQJ RI 1&$0 7KH JHRPHWULF PHDQ Rl IOXRUHVFHQFH LQWHQVLW\ *HRO), |
JUHHQ 61$ GDUN JUHHQ LV JLYHQ IRU WKH WRWDO SRSXODWLRQ RI 0'&. FHOOV ZKLF]
SRSXODWLRQ LQ P\REODVW FXOWXUHV 'DWD DUH WKH PHDQ RI WZR GXSOLFDWHV ZLW
LQGHSHQGHQW H[SHULPHQWYV

& 'LVWULEXWLRQ Rl WKH OHFWLQ VWDLQLQJ LQWHQVLWLHYV LQ WKH 1&$0 SRVLWLYH SRS
DQG 61$ GDUN JUHHQ

GRL MRXUQDO SRQH J
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

JLIXUH.LQHWLFV RI YLUDO 51$ DQG SDUWLFOH SUR GDKFHWILRIQ! EW PRXV O\ WHOOW Q WKH VX!
P\RWXEBHWU P\RE@DYWWH PHDVXUHG E\ SODTXH DVVD\ DW YDULRXV WLPH SRLQWV DIWH
EOXH OLQHV RU WKH $ 3DULV JUHHQ OLQHV YLUXVHV 'DWD DUH WKH PHDQ RI
GHYLDWLRQ 7KH GHWHFWLRQ WKUHVKROG JUH\ OLQH ZDV SIX PO IRU P\RWXEHV DQ
FRQFHQWUDWLRQ RI VHUXP LQ P\REODVWVY PHGLXP ZKLFK FRXOG OLPLW WKH HIILFLHQ
DVVD\ ZDV UHGXFHG WR
& 7KH DPRXQW Rl WRWDO 0 51$V ZDV TXDQWLILHG E\ 57 T3&5 LQ VXSHUQDWDQWYV GDVK
P\REODVWV DW YDULRXV WLPH SRLQWV DIWHU LQIHFWLRQ ZLWK WKH $ &DOLIRUQLD
YLUXVHV 'DWD DUH WKH PHDQ RI LQGHSHQGHQW H[SHULPHQWYV ZLWK WKH VWDQGDUG ¢
' ( 6XSHUQDWDQW IURP P\RWXEHV ZHUH KDUYHVWHG K DIWHU LQIHFWLRQ ZLWK WKH $
LQFXEDWHG ZLWK RU ZLWKRXW 73&. WU\SVLQDQ QG VREODI VNRFLY K+ WDP\IR VB REDHRW & +4
LPPXQRIOXRUHVFHQFH GHWHFWLRQ RI GHVPLQ UHG DQG 13 JUHHQ DQG VWDLQLQJ RI
—P
GRL MRXUQDO SRQH J
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

JLIXUH 9LUXV EXGGLQJ IURP LQIHFWHG P\RWEEMR DQWQVPREODRYVHOHFWURQ PLFURVFF
SHUIRUPHG RQ QRQ LQIH PWHRBQPRRRWKXEENY LQIHFWHG IRU K ZLVEK WKH B B DVKH RADQLLD/
* + LVRODWHV DQG RQ 0'&. 6,$7 FHOOV K DIWHU LQIHFWLRQ ZWWKZKWHKBGY &D

EXGGLQJ YLULRQV RU YLULRQV LQ FORVH FRQWDFW ZLWK WKH FHOO $UURZV GHQVH Q:
—P ) QP

WR ®RUUHODWLYH OLJKW DQG HOHFWURQ PLFURVFRS\ &/(0 ZDV BQGUREGP FRED RQV
LQIHFWHG IRU K ZLWK WKH0$ RDOWBRBRQLWKH $ 3DULV4 5 6 7 LVRODWG® V4
,PPXQRIOXRUHVFHQFH LPDJLQJ RI P\REODVWV H[SUHVVLQJUBQWPLY VUG HDG G VRWR Q3 P
LPDJLQJ Rl D QRQ LQIHFWHG P\REODVW REVHUYHG 2@ .D@BER& L7Q J7 LDIQ V. RMWI/A\R QQ K DI ¥
PLFURVFRS\ LPDJLQJ RI WKH FHOOV REVHUYHG LQ 0 DQG 4 UHVSHFWLYHO\ VKRZLQJ E:
EXGGLQJ YLULRQV RU YLULRQV LQ FORVH FRQWDFW ZLWK WKH FHOO $UURZV GHQVH Q)
5 —P / 2 36 —P 7 QP
GRL MRXUQDO SRQH J
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7DEOH 6XPPDU\ RI LQIHFWLRQ |HDWXU$|‘§/HL#&V\’/H PG OYR!I ./ ZHUH GHWHFWHG L

P\REODVWV E\ &/(0 PRFN LQIHFWHG P\REODVWYV DW K3, DQG HYH
JLIXU¥ ' ZKLWH EZKW¥K SUREDEO\ FRUUHVSR
WKH DFFXPXODWLRQ RI WKHVH SURWHLQV RYHL
9LUXV ,) VWDWIXV1IXPEHU SURSRUWLRQ RI FHOOV ZL\M%H OLWHUDWXUH > @ UHPDMQHD%O)RZ RU N

DERYH WKH GHWHFWLRQ WKUHVKROG ,QIHFWLF
VHDVRQDO LQIOXHQ]D $ +1 YLUXVHV KDG Q
VHFUHWLRQ RI WKH WHVWHG SORW HLQ JYHKQ

RQH RI
EXGGLE®JWUDFH®OXOWID WKWV H
YLULRQVULRQV LQ QXFOHXIVWXUHYV

EDUV

$

"HVPLQ
&DOLIRUQLD

3

'LVFXVVLRQ

"HVPLQ
13 6HYHUDO K\SRWKHVHV PD\ H[SODLQ WKH GH
$ 3DULV 'HVPLO DFXWH P\RSDWK\ DVVRFLDWHG ZLWK LQIOXHQ]L
13 $PRQJ WKHP WKH GLUHFW LQIHFWLRQ DQG O
PG > @ LV VXSSRUWHG E\ WKH LVRODWLRQ RI L1
13 ,$0 SDWLHQWVY VNHOHWDO PXVFOH VDPSOHV
'HVPLO YLUDO SDUWLFOHV LQ PXVFOH® WI(MWUWB >
PREN o SXOPRQDU\ UHSOLFDWLRQ RI LQIOXHQ]D YLUX\

WKH QXFOHXV FRXOG QRW EH REVHUYHG IRU Doo VvkkiHiGWHED - Q& b blx PRt QY F oW kELWHPLD LV VRP

QXFOHXV ZDV VHHQ LV WKXV LQGLFDWHG DQG WKH SURBOMN WHKOVWRY s”RLWK HREHO&Y G LEVWHMPVKlg DQG ZDV |
WKLV QXPEHU LQIOXHQ]D % + 1 SDWLHQWY ZLWK DFXWH

GRL MRXUQDO SRQH w HOHYDWHG &. @HYHONLGHY LQIOXHQ]D YLUXVEH
UHSOLFDWH LQ WKH P\RFDUGLXP GXULQJ

SRLQWV DIWHU LQIHFWALRQ PXOXWXHHYV RF\ GLI@LVDQG YLUDO SDUWLFOHV ZHUH G
P\RWXEHV 13 H[SUHVVLQJ FHOOV VWDUWHﬁ \PM %LgVB8%ﬁ%'HWBHEU IPWDO FDVHV RI
DW K3, ZKLOH QRQ LQIHFWHG P\RWXEI—PT\SJJQIQiJ % LQIOXHQID $ +
K3, 7KH 13 LPPXQRUHDFWLYLW\ SDWWHL{/\%J |5' KU QHDRE ITDD?(LPURXGVHH?/V FDlngo
SDWFK\ LQ PRVW LQIHFWHG P\RWXEHYV

VMKQH L
F\WRVNHOHWRQ ZDV QRW $DOWQHUIH®EIHF) DO )ﬁDXV OH HE ZRLgVKDQFgQIVSPI(_HFWII:S
P\REODVWY 13 H[SUHVVLQJ FHOOV DOV \}(_)éél(—,‘/ V\%R)Bd 85 D‘%

GHWDFKLQJ DW K3, DQG WKLV ZDV DFF }IJ"V R
TR I LR 4 L R AR Rt L et wLeLoLw vl

0,
QXFOHDU DOWHUDWLRQV % H B8R LQHHRW HGJ DWHG XSR HUHQWLDWLRQ RI P\REO

QHIDWLYH FHOOV GLG QRW HIKLELW DQ\ mw%a%wa&ﬁwgwpwLFQXJOWXUHV R1 K

WKH VSDDPUHD(S;';L:"E)RGZH B HDVXUHG  WKH DUH PEOH WR GBEF LPERVGHHO KDV EHHQ UHI
Q WR VWXG\ VNHOHWE

GHK\GURJHQDVH /'+ LQ WKH FXOWXUH v %@I@ %WhUl—F 100 U HEDSLWXODW
O\WLV DQG FDOFXODWH D FHOO SHUPHD QEEQ§VL[H\7}“;I\$FJ‘Q%U@V LOHTEWKG S
EHJDQ WR LQFUHDVH DW K3, LQ FXOWX‘\’/ \&ELPORW\%LE&J SRBBYHEOwWXUHY RI PXVFC
WKH VHDVRQDO YRUXMHHQXBBEUV ~ DW LYH L |HFWLRQ RI GLIIHUHQWLDWHG
FXOWXUHV RI P\RWXEHV LQIHFWH(,ELEXU\NI GSD@@I@E’(IHF UXY 1 Yy UXVHV DQG E\ Wi
& EOXH EDUV DQG DW K3, LQ FXOWX H VRED YV IRY ERWK I SWLELOLW\ RI P\
YLUDO LVRODWHVKXM XWKH F\WRSDWKLF ﬁéIHlf_-\(X/Lﬁ?Ed/Ib @ KHLU DELOLW\ WR SURG XFH
E\ LPPXQRIOXRUHVFHQFH ZDV IROORZHG i\ 8RmbQEHYROY EQFFNOR Lw 2DV ORW H[SOF
SHUPHDELOLW\ LQGLFDWLQJ WKDW LOpREWLRQoRLWANRYWXEHEK ®QKHY  +HUH zH
P\REODVWYV E\ LQIOXHQ]D $ + 1 YLUXVHVpRHRKEY IR FIFPL P YEVoIs WHFKQLTXHV WR DGC
‘H DOVR WRRN DGYDQWDJH RI HDUO\ SDVVD
,QIHFWLRQ GRHV QRW DIIHFW WKH VHFYHWLRQ Rd & \WRMWPMHW BAR DYRLG D SRVVLEO!
PXVFOH FHOOV DGDSWDWLRQ RQ YLUDO WURSLVP
‘H DVVHVVHG WKH FRQFHQWUDWLR)Q RI 8RAMWRINRRQWNOH)EHOOV IURP WKUHH GLITHUHQW
71). ./ ,/ DQG FKHPRNLQH 0&3 LQPWVKWXOHHDOYMHWRQWO\ VXVFHSWLEOH WR LQI
RI FXOWXUHG P\REODVWYV RU P\RW YEMYGDW + K3,Y)UIVHY )LIXDHUHHPHQW ZLWK WKH GF
K3, )JLIXWH' ,Q WKH VXSHUQDWDQWY RD@GRWXBHQNHG VLDOLF DFLGV DWKWKHLU V
ZKHWKHU LQIHFWHG RU QRW DOO SURW HIQFW EBIVH KIQGHIW RWWRED W HWHABWL Q WKH VX ¢
)1. ZKRVH OHYHOV ZHUH MXVW DERYH W KIH XGIHWW BW HR Q WARKIBIMAKK-RO @ LWVDK WKH GHWHFV
DOO FRQGLWLBQW MUMNUBHYHOV RI 0&3 WUDQNO®GVVLRQ HOHFWURQ PLFURVFRS\ 7(0 R
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,QIOXHQ]D 9LUXV 5HSOLFDWLRQ LQ

JLIXUHOXVFOH FHOO GHDWK DQG O\WLV DIWHU LQKHBWLIRK) ERUSKHRERQ|RISWKH DFWLQ F
UHG RI P\RWXEHV DQG P\REODVWVY GRQRU &+4 ZDV REVHUYHG E\ LPPXQRIOXRUHVFHQF
&DOLIRUQLD RU $ 3DULV LVRODWH DQG LQ QRQ LQIHFWHG FXOWXUHV JURZQ
XVHG WR GLVFULPLQDWH EHWZHHQ LQIHFWHG DQG QRQ LQIHFWHG FHOOV DQG '$3, ZDV
&' 7KH FRQFHQWUDWLRQ RI ODFWDWH GHK\GURJHQDVH /'+ UHOHDVHG LQ WKH FXOWXU
DW YDULRXV WLPH SRLQWYV DIWHU LQIHFWLRQ E\ WKH $ &DOLIRUQLD RU WKH $ 3DUL
XVLQJ XQWUHDWHG DQG FKHPLFDOO\ SHUPHDELOL]HG QRQ LQIHFWHG FXOWXUHV WR FD
SHUPHDELOL]DWLRQ 5HVXOWV DUH H[SUHVVHG DV WKH PHDQ DQG 6' RI WZR LQGHSHQGH
GRL MRXUQDO SRQH J

DQG H[WUDFHOOXODU YMNMBRREYJION MXIK XYWV WKOW LGHQWLILFDWLRQ RI DFWLYH SUR!
PDWXUH LQIHFWLRXV YLULRQV DUH SURG KFRIG ,SORSDMOLUHEWM & RXROVBXEMWHTXLUHG

‘H DOVR VKRZHG WKDW LQIHFWLRXV YLUXVHNMOSENRGXRMGX EN\P\FPWKEGNVWY DSSHDUHG SI
UHTXLUH 73&. WU\SVLQ WUHDWPHQW WR LIZIHFKWHR QL @IHFK PXNFHQIPHG®GVL  YLUXVHV
JLIXUH7KXV SURSDJDWLRQ RI LQIOXHQ]D/NRORWHWVLOQVWKH RKHRHIH OHVV OLNHO\ WKD
WLVVXH ZRXOG UHTXLUH D ORFDO H[SUHWVLYRQ RO CS®HMXIDAVOHH S ZRWHDVHRKOG UHGXFH
IRU WKH PDWXUDWLRQ RI +$ 30DVPLQRJHQIBHWLRAG +REZBIWAHLY WKHFKHDQ QXPEHU RI Q
LV DEOH WR FOKIDYARX®G> IDFLOLWDWHEHQQIXBIQRXQWGLUXQ® RXU FXOWXUHV GDWD QRW
SURSDJDWLRQ LQ WKH PXVFOH DV SODVPQQRJHQEHWEHLT X\RRRDVOMMG DQG P\RWXEHV F
WKH XURNLQDVH W\SH SODVPLQRJHQ DFWUYWWRUODRVJIM[SUHWUH@FHEY LQ WKH SURSRU
PXVFOH FHOOV GXULQJ@UHXHOPRBRPWQRIQ EXEMKL PQYHRPRUH OLNHO\ GXH WR WKH GLIIHUH
H[SUHVVLRQ RI RWKHU SURWHDVHV XSRG URSRIWLREY RV IRBENFBUMH/G/LL@J P\REODVWV F
WKH P\RFDUGLXP GXULQJ LQIOXHQ]D @VVWRELIHWMWY RMRBDUBQWHINU®\ EORFNDGH DW WK
FRXOG DOVR IDYRXU YLUDO SURSDJDWIRQNV HQRW D\GGYHY MV WHKHFMLQJ WKH UHSOLFD!
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JLJIXUH6HFUHWLRQ RI  F\WRNLQHV DQG FKHPRNLQH KN E®IGIFMIVEGU DXL FRH,0, PNV
DQG®°,DQG 0&3 ZHUH VLPXOWDQHRXVO\ PHDVXUHG LQ WKH FXOWXUH VXSHUQDWDQWYV
SDQHOV $DW DIQG &K' DIWHU LQIHFWLRQ ZLWK WKH LQIOXHQ]D YLUXVHV $ &DOLIRUQLD
JUHHQ EDUV RU LQ QRQ LQIHFWHG FHOOV FXOWXUHG LQ SDUDOOHO ZKLWH EDUV
H[SHULPHQWY RQ FHOOV IURP GRQRU &+4

GRL MRXUQDO SRQH J

YLUXVHV LQ D VXESRSXODWLRQ RI WKHYVH EW®OVE X \PLR DU RH PLHOQ &/XHIQYE BRUXYV UHFHSWI
HDUOLHU \V@VXBKH> WLVVXH WURSLVP DQR\RERDWWWYDZHHIXRHG VHULDO GLOXWLRQV RI W
LQIOXHQ]D YLUXVHV LV GHWHUPLQHG LQQGDD® HISHWKPHQWBWSWROQGLWLRQ LQ ZKLF
VSHFLILFLW\ RI WKHLU VXU@DFHWJQVFREPRWBIDQNG>ZKLOH WKH RWKHU ZDV QRW IROORZ
DFFHSWHG WKDW KXPDQ LQIOXHQ]D $ YLQRWHY KRAW®G SAKH FKU VRN HYROW MIRW WKHUH ZHU
VLDOLF DFLGV DWWDFKHG W®LDIND®DHW R QMIERVBIK OHY HIDQGRIOLQNHG VLDOLF DFLGV SUH\
UHFHQW VWXGLHV SRLQW WR WRBGZLGHV®UYDIRH LRV\ PRREODVWY DQG P\RWXEHV ,Q F\
OLQNHG VLDOLF DFLGV DW WKH VXUIDFH ®RLWAMUH KXW DRQU HRVY S DHFWR Q\ WWDE®LQJ RQ 1.
HSLWKHOLXP DQG WR WKH FRPSOH[LWWPRRQRWRED G HILMUKFROQND QDN W HFSID U D WIHI XQUHIDW LY
LQIOXHQ]D YLUXV HIIL&LHERWREUQBQAZIOCHGIJH KWANKIEBRHY QRW UXOH RXW WKDW WKH VXE
SUHVHQFH RIU OLQNHG VLDOLF DFLGV RIRIWKH.VXDI@EHRBROLF DFLG H[SUHVVLRQ PLJKW
PXVFOH FHOOV KDV QRW EHHQ DVVHVVHW®RXSQXORLIR @ DAV WBKBRNHEDBADUD 00 HAWVKIHD KeH W H U R J
GHWHFWHG ERWK . ERXQG E\ 61$ OHFWIXY FEOWLELOEWXQWRE\LQIOXHQID $ + 1 YLU
0$$,, OHFWLQ OLQNHG VLDOLF DFLGV D®R BX®DWXRID FAH FROLPW AR EWVXQGHUVWRRG D
JLJXUH ,Q DQ DWWHPSW WR FRPSDUH GRIUHUBQWFYWHDOMHWRH SUROLIHUDWLRQ DFWLY
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$OWKRXJK VRPH P\REODVWV GLG H[SUHVROIBWBHIW BY BQHYW\REVQ\QGHNVFRIWEEQFH ZLW
WKH\ VKRZHG VHYHUDO GLIIHUHQFHV ZKH@QH@RRSOHWHE ODRVILRQHRWHEL RHWKLFV DQG ZL
P\RWXEHV )LUVW WKH RQVHW RI 13 H[SUNKMLRDWLOQ VQ XRAD KDV BIHIROWHSUHVHQWDWL Y
RFFXUUHG ODWHU LQ P\REODVWV WKDQULD.QDBWXEMROBMABQI®RP WKH TXDGULFHS
P\REODVWV ZLWK D VWULFWO\ QXFOHDU &% LMP X QRIDWDR /G YERA ZDHEH & D \HDU F
GHWHFWHG DW K3, DQG DW ODWHU W&PH BRLQWW REEUHDY 1B & DQG D \HDU
VWDLQLQJ ZDV PRVWO\ F\WRSODVPLF LQ POR® XBNRVEDWVWHKLNVQODUN I DWLFRKOWXUH ZHUH
SRLQW 7KLUG QR LQFUHDVH LQ LQIHFW LZRXWK W E@HW D 0PR X O*G BEFFR P HDXNXSJHEBPHQWHG  ZL
DQG RQO\ D ORZ LQFUHDVH LQ H[WUDFHGDEMWLY DOWHHIGS |8 HWH®VERYLQH VHUXP )%6 *L
GHWHFWHG LQ P\REODVWVY VXSHUQDWDQWYJ POWKRNYRR HGH{O DAMR/ RFODWEGWKHLU GLI
0 513 OHYHOV GLG LQFUHDVH &RUUHOPWWMEKVIKRMREQGVWYHRWURQZDVKHG WZLFH
PLFURVFRS\ &/(0 GHPRQVWUDWHG WKDWRGRMWGI1B8DH[BHUNVRHQUXP ' 0(0 *LEFR VXSSC
P\REODVWV VKRZHG VLJQV RI YLYLRQHEXGCGX\YDODPEOAHE JHQWDP\FLQ DQG WKHQ JURZQC
+RZHYHU DV ! RI VXFK FHOOV GLG QRMAHBKUELW ML UDIOEXG®IKQFOXWDOD[ JHQWDP)
DQG DV EXGGLQJ YLULRQV PD\ QRW EH LQIHFWPRXVLDPIDUMQA® ONG B IQIFIW ULQL Q —J PO
WKH ODWH VWHSV RI WKH YLUDO F\FOH FB@JRMHBIID W XZHUG RMVR ZDY HQDPRGIRXHG (DJOH
REVHUYDWLRQV VXJJHVW WKDW VHYHUD O* GERRV L @ K\§ SEXOHPAHND/GHHE RILWKH MQWDP\FLQ J
F\FOH QRW RQO\ DW DQ HDUO\ VWHS RWWKHQHLUP®D PYF®H EXK& DOVR

SRVVLEO\ DW WKH VWHS RI 513 QXFOHDU HT&RUMQ DIX3 @)D DY\ WK/ V VH&DRIL IRU QL D
YLULRQ DVVHPEO\ RU EXGGLQJ FRXOG LP\SBODQVKP\SURIBX FARIRKAR® ! ® DQG $ 3DULV
PDWXUH YLUDO SURJHQ\ E\ P\REODVWY LVRODWHG E\ WKH 1DWLRQDO S5HIHUHQFH &l
,Q SUHYLRXV VWXGLHV LQIOXHQ]D $ RU ¥RYMIKHURQIHBPWERQ RHWPH\VIFRORDLILHG E\ WZR
FHOOV OHG WR D F\WRSDWKLF HIIHFW PXWK USHOQAHDWHN MRII LSTHIWEWERQRRXIMDY. FHOOV 7
FRQWHQW GD\@® 3ZKLFK ZDV DOVR REVHWWYHGVLWUWWHG XVLQJ D SODTXH DVVD\ DGDS
SUHVHQW VWXG\ $)AWXKRKJIK LQIOXHQ]D $1WLUXVHV@DR® 0'&. 6,$7 FHOOV

XVXDOO\ SUR DSRSWRWLF LQIHFWHG PXVFOH FHOOV H[KLELWHG QHFURWLF

UDWKHU WKDQ DSRSWRWLFR @ DMWXWHIYW PN JE LMFKWW R MU

NQRZQ UHVLVWDQFH WR2 DBREWRVMWK YWKH_ PPXQRIOXRUHVFHQFH HOHFWURQ PLFL
UKDEGRP\RO\VLV DQG ILEHU QHFURVLV RENREYENWG RQ HPIHERBHGRYWVP\REODVWY ZHUH
> @ :H DOVR VKRZ WKDW LQIHFWLRQ RI PXY6QHREFHRIYUANKY LQ ZHOOV SODW!
LQIOXHQ]ID $ YLUXVHV GRHV QRW LQGXIskhp M VIRRWBWBRRURP AW RI ODFWDWH GHK
LQIODPPDWRU\ FAWRNLQHWUYWLFX®DU W KHWRNL\OMLWXSHIVH P\REODVWYV ZHUH SODWHC
VHFUHWLRQ RI ,/ 0&3 DQG ./ E\ P\REQB¥WWR@PKIHTW ERWWRP ZHOOV SODWHV )R
SUHYLRXVO\ GHWFUDRIG ZBV FRQILUPHB\REQDWRWY ZHUH SODWHG DRMHOOXHQWERW\ RI
H[SHULPHQWYV ZDV QRW DIIHFWHG E\ LQy@X¥t]BQ o WHIX V7 & RIEFWWWLE P\RWXEHV P\REOD
2XWQ YIPRGBRIO VHHPV WR UHQDSINRCORQWW/BHH GHQVLW\ OHIW LQ WKHLU PHGLXP IRU
PXVFOH QHFURVLV DQG ORZ LQIODPPDWLREXE®DWHEG EIQREVHHVYHBREDWLRQ PHGLXP IRU
VXJJHVWV WKDW D GLUHFW F\WRSDWKLFRUHHFEKOEWXBH RQIOVRMAPHYLBERYHUVOLSY ZHUH
LQIHFWLRQ FRXOG WULJJHU WKH UKDEGRPRR@WYIYQRE V& Y HED QwWDI LIbF WHG 0 X OWLSOLFL
SDWLHQWYV  +RZHYHU WKH H[LVWHQFH-DRIFXRWHHE SO WKRHHRXPEHU RI SODTXH IRL
PHFKDQLVPV FDQQRW EH UXOHG RXW , QBHH&VHELHRGFHRW, VEOWOHROLWHU LQLWLDOO\
FHOOV DQG IXOO\ PDWXUHG ILEUHV PDJ\REODSRRE zEUHHUGIRQWAHA RQH GD\ DIWHU S«
LQIOXHQ]D $ YLUXV LQIHFWQRQPWEBQ FZHKEAWHQ RKY GD\V RI GLIIHUHQWLDWLRQ %HIR
FRQVLVWYV RI SUROLIHUDWLQJ P\REODY¥MWMM HBQWZLRKHOW MWIXEBRRDWIIBNH EXIITHUHG VD
P\ARWXEHV PLPLFNLQJ WKRVH IRXQG LQ PHURPHQHURW LBV MXY/EPEH RQ FHOOV LQ D PL(
' QWHUHVWLQJO\ SUHYLRXV VWXGLHV LQoWMKREXEEWHHIAHERAEOZ VW XKIHNOWEP\FLQ ZLWKRX
WKDW LQGXFWLRQ RI PXVFOH UHJHQHUPRMWR @R PLJKNEDWEFRGDYHOWYHZHUH ZDVKHG Z
VXVFHSWLELOLW\ RI WKH PXVFOH WL Xip MER X R @DOs SOHP UMW ARG ZLWK 73&. WU\SVI
)XUWKHU XQGHUVWDQGLQJ RI WKH SDWKRJHQHVLV RI ,$0 ZLOO UHTXLUH

FRPELQHG DQDO\VLV Rl PXVFOH ELRSVLHYpIWRR| @XREWYEHORWMLYRWYOLQJI DOG OLIKW

DQG WKHLU ORFDO DQG V\VWHPLF LPPXQH MIW(PW\QHUH IL[HG LQ 3%6 FRQWDLQLQJ s
6LJPD DQG ZDVKHG LQ 3%6 6DWXUDWLRQ DQ

ODWHULDOV DQG OHWKRGV ZHUH SHUIRUPHG LQ 3%6 ZLWK QRUPDO JRD
DQG 7JULWRQ : 6LJPD &RYHUVOLSV ZH
&HOOV DQG YLUXVHYV ZLWK WKH IROORZLQJ GLOXWLRQV RI SULP
+XPDQ PXVFOH FHOOV P\REODVWV IURP QWKWEBRGGHYVIHDBQW KHPAWKN ,J* E $UJIH
GRQRUV ZHUH REWDLQHG IURP WKH $)0 FRRKG® HED @M WAVRRRYEW,UR Q 9HFWRU )RU

JUDQoDLVH FRQWUH OHV O\RSDWKLHV + *pQEWRRYLRDKHRI ZHUHRXSOHG SKDOORLGLQ
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DGGHG WR WKH VROXWLRQ Rl VHFRQGDU\ FBIQWNERBUH)RIUHGHN®LR)$ DQG IXUWKHU
VWDLQLQJ FRYHUVOLSY ZHUH LQFXEDWHGR$@ \DWDLQIGQDXOWLRBEVEIUDBMGE DERYH 6DPSO
GHVPLQ UDEELW SRO\FORQDO DQWLERG\XWEFDP RMHHOEVKRI ¥R URPHWHU %HFNWRQ
DQG WKHQ LQ D GLOXWLRQ RI $OH[XHUH ®QIDHGHBQXWLL QD BEKUIW)ORZ-R VRIWZDUH
,J* VHFRQGDU\ DQWLERG\ 3LHUFH )RU FR VWDLQLQJ RI 13 DQG
LQIOXHQ]D $ + 1 DQWLJHQV FHOOV ZHUAUDHUAPHIVBALRPHEOHFWUYRQ PLFURVFERS\
ZLWK TULWRQ DQG VDWXUDWHG ZLWRwXE QR DROPKREYPVW FXOWXUHV ZHUH SU
VHUXP &RYHUVOLSV ZHUH LQFXEDWHG L& PURVFRSNOBWLERRQVRY IFE@ELs UHNILARX VFHODV Z
LQIOXHQID $ + 1  YLULRQV JRDW SRO\FQRQROpRWQWKERG\Q SEFBPEXWDUDOGHK\GH 0 F
DQG WKHQ LQ D GLOXWLRQ RI GRQNHRDPQWd LIRBWD W FRFWERE sR¥W IL[HG LQ RVPL
SUHSDUDWLRQ ZDV IXUWKHU IL[HG LQ  SIHHRIGWFRH EK\eHlu 66BPBOHY ZHUH GHK\GUDW
DQG IXUWKHU VDWXUDWHG ZLWK QRYURMID JREOW tMHUXP DGEHRQFXEDWHG RYHUQLJK
LPPXQRVWDLQLQJ RI'13 DQG GHVPLQ ZHUHWRRIRTWHE WK HPRPUGPYEDWHG LQ SXUH UHVI
GHVFULEHG &RYHUVOLSVY ZHUH ILODOR\y PRXRWx®y bW '$f?& 8OWUDWKLQ VHFWLRQ
JOXRURPRXQW *  BRXWKHUQ %LRWHFKsHBRUPKSH LW W GOXYWUDPLFURWRPH /HLFL
PLFURVFRSH VOLGHV 7KHUPR 6FLHQWLILFYDRBIHVHADUNHFIE BHHEROGTV OHDG FLWUL
DQG DQDO\WHG ZLWK D =HLVV $[LR30ODQ |ONR PHEERHDYUWY DREFYRWRSWDIH LQ D -(2/
ZLWK D =HLVV $[LR&DP FDPHUD DQG DQPPrVRGFRISWKH WK it VL WK DQ (ORWVH OHJD ¢
$[LRILVLRQ VRIWZDUH
&RUUHODWLYH OLJKW DQG HOHFWURQ PLFUR

&\WRIOXRURPHWU\ 0\REODVWV DQG 0'&. 6,$7 FHOOV ZHUH SOD)
$w KRXUV SRVW LQIHFWLRQ K3, P\REQRDBWXY HHIGDRMIMKER IWWKQLQJ D JODVV LQVI
3%6 ('7$ LQFXEDWHG LQ 3%6 ('78 gFRUVSRUD&LRQ DW D BHOWUTKMRIROORZLQJ GD\
KDUYHVWHG DQG IL[HG LQ 3%6 ZLWK wkBPZRAUMHUPOHEWHEHW 02, RI SIX P\REODV\
6LIJPD $IWHU 3%6 ZDVKLQJ FHOOV ZHWBHVEYWEHE EHIRXEDWHEHUQ K IRU P\REODVWYV
—O 3%6 FRQWDLQLQJ ERYLQH VHUXP; BPEXRGOV AYHORGIG LQ SDUDIRUPDOGHKN\!

VDSRQLQ DQWL 1&%$0 SRO\FORQDO JRPWAOWHLEBEK\GH B%6 IRU PLOXWHY DW U
6\WVWHPVY DQG DQWL 13 PRQRFORQDO P&RXM$IOMWPRWHERGSHUPHDELOL]HG DQG VDWXUDW
$UJHQH DQG WKHQ LQ —O 3%6 %6% 3%6 NMREWOLQLZIMWK ERYLQH VHUXP DOEXPL
$3& FRXSOHG DQWL JRDW ,J* DQWLERG\ YDSRONBPLPRIES 6DPSOHV ZHUH LQFXEDW
), 7& FRXSOHG DQWL PRXVH ,J* 9HFWBUPDGDPEEOWIVERBUHY DIJDLQVW 13 PRXVH $LU
DVVD\HG XVLQJ D )$&6&DOLEXU F\WRIOYBERPWWHEHFDBPHFRWRXKRXUV LQ 3%6 FRQWDI
'LFNLQVRQ DQG UHVXOWV ZHUH DQDO\WHA X b@QE XHXOBYIEVW DRBSRQLQ WKHQ LQ D

JORZ-R VRIWZDUHV DQWLERGLHV DJDLQVW PRXVH 9HFWRU DQG |
VDPH EXIIHU IRU PLQXWHV $IWHU ZDVKLQJ
'"HWHFWLRQ RI VLDOLF DFLGV LQ 3%6 DQG LPDJHG ZLWK DQ LQYHUWHG

0'&. DQG P\REODVWV ZHUH SODWHG WRKH WWDAFRBHMREUWKD ®c=HLVV $[LR&DP DQG WKH
P\RWXEHV ZHUH SXW WR GLIIHUHQWLDWH RRYZDEH\V RHIREHAYVW O KEUGHYFHQW OLIKW PL
&HOOV ZHUH ZDVKHG RQFH LQ 3%6 FRQWBL®LRQAG SHURFHEYKEG IRU HOHFWURQ PLFUR
LOQFXEDWHG OLYH IRU K DW f& LQ 3%6 HREHOLEHUWK ELRWLQ\ODWHG
ODDFNLD $P XQUHRWLY ,, 0$%$,, 9HFWRU /DERUDWRULHYV
RU ELRWLEDPBDXWAXY 10BEWLQ 613 OSHEWRWUDFWLRQ DQG TXDQWLWDWLYH 57 3&

IDERUDWRULHY &HOOV ZHUH ZDVKHG RQEMW LEDF¥%6 WILHFHG SIRQ 3W RI WKH NLQHWLFV
ZDVKHG DQG LQFXEDWHG LQ 3PBO)®R6P\REOWYWY ZHUH UHPRYHG DQG FODULILHG E\
6WUHSWDYLGLQ $ /LIH 7HFKQRORJLHVPLQREZKL®H PWOOY&ZHUH ZDVKHG DQG KDUYH)\
BUHSDUDWLRQ ZHUH WKHQ SURFHVVHG LIQU7UGEVPQQ' 7WDQYLWURIWQ DQG VXEVHTXH
GHVFULEHG DERYH DQG ZHUH LPDJH XVLQJ D /HURD '051$%ZDV H[WUDFWHG IURP FH
PLFURVFRSH ZLWK D 3KRWRPHWULFV &RROSHEPDWBQWDWPIHUEIDHY XVLQJ WKH 51HDV\ OL
FRQWUROOHG E\ WKH OHWDORUSK VRIWZDAHUHPOWHGZHIWMAKSURFEVRIHG\VLY EXIIHU ZKH!
XVLQJ WKH ,PDJH- VRIWZDUH EXIIHU ZHUH DGGHG WR —0 RI VXSHUQLI
JRU UHODWLYH TXDQWLILFDWLRQ RI VLDXIEFVBFXBQWSVWWBMVMRQHUH $8BUIRUPHG IROOR:
P\REODVWYV DQG 0'&. ZHUH SODWHG WKHLGVWBMNFRWUIHR YWDAWL@MUDOW QDO HOXWLRQ YRO)
FHOOV ZHOO LQ ZHOO SODWHV &H®TVOXG UHX BGWIDWRWGEYH\ 57 3&5 ZDV SHUIRL
LQFXEDWLRQ LQ 3%6 ('7$ PO IRU PLQ 6XWHUYG&FWIBWKHG, LQ3ODWLQXP 2QH6WHS T57
3%6 DQG 3%6 )%6 DQG LQFXEDWHG IRU K Q@OW WABRIB®B % X Y®O J —0O RI 51% VWDQGDUG

ZLWK 0%$$%,, RU 61% &HOOV ZHUHRWRH@®ZOPOKWEHLWKHU XQGLOXWHG RU DW D
WLPHV LQ 3%6 )%6 DQG LQFXEDWHG IR/MMDKWIQR®%6ROMWPH RI —O LQ D /LIWK&\FOH
ZLWK PO Rl 6WUHSWDYLGLQ $ $IWHU ZRNKHYV LTKB%EBRDPOKRZLQI SULPHUV ZHUH XV
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DPSOLILFDWLRQ RI D ES SRUWLRQ&\RMRNL QM UDURGXBWLRQ DIWHU LQIHFWLRQ
ETT7T&THHEE*$**T&*$$$&*TS *5%0 )z DRXOWXUH VXSHUQDWDQWY RI LQIHFWHG P\RE
TGP FAFTTHFTRTIT*T&TTTS *5%0 5Y Z74UH FROOHFWHG DW DQG K3, FODULILHG
DPSOLILFDWLRQ SURGXFW ZDV GHWHFWHEK X VHRQF WEWUBRWORG LR SURRMNLQHY DQG  FI
78377888&8&78&3357&&*$* > @)DP > @%+471)*5%01 )1 DQG 0&3 ZDV WKHQ DVVHVVEH
7R TXDQWLI\ WKH DEVROXWH QXPENXSRUQDMRSGWY LWRKWKXIK VLPXOWDQHRXV G
VDPSOHV D WLWUDWLRQ FXUYH ZDV GRPXYHRWNHKOGRORGL OXWIRRNQWOHRIKXPDQ 6LQJO
51% IURP DQ LQ YLWUR WUDQVFULEHG SRDORZA FIROMOIIQADEWNUHU ¥ LQVWUXFWLRQV

VHTXHQFH UHFRPPHQGHG DPRXQW RI HDFK UHDJHQW
/'+ UHOHDVH DVVD\ $FNQRZOHGJHPHQWYV
O\REODVWY DQG P\RWXEHV ZHUH LQIHFWHG DW_ D qz, R SIX
: H ENQ HGJH (PPDQXHOOH 3HUL
SODWHG FHOO $W RU K3, @x%%ﬂ%\%% (S’WW A gH IRUPH GY.PDJHULH

DVVHVVHG IRU /'+ HQ]J\PDWLF DFWLYLW\ XQE\% FW W?' W H k}l\_/\ KHOS L PLF
GHWHFWLRQ NLW 5RFKH JRU HDFK WLP % q Dlé/Hé@ 5RFED DQQG ‘DY
ZHUH XVHG DV D QHJDWLYH FRQWURO D él%g( ]é'% \|7 % %O | 5BHIHUHQFH

DV D SRVLWLYH FRQWURO RI /'+ UHOHDVH_Z ) |'\|( Ll})YV LVRODWHYV LC

O_&HL
EXIIHU 5RFKH ZHUH DGGHG LQ D FRQW”%( gv o§' H 'Oxé & WLWXW GH O\RORJL
LQFXEDWLRQ VXSHUQDWDQWY ZHUH KDL%H Y @% 8v &%ULL : Y OO0 EXOWXUH.
FHQWULIXJDWLRQ DW J IRU PLQ —o R1UD PSHUEEW TEW 24 LR
GLOXWHG LQ —O 3%6 DQG —O RI WKH &xijy K RWRR'YW (FPLE W

QSV
ZHUH DGGHG $IWHU PLQ RI LQFXEDWLRQ DW URRP WHPSHUDWXU

—O0 RI WKH VWRS VROXWLRQ 5RFKH gROHHLPIPEH QP @R VWIFHG WKH H[SHULPHQW\
DEVRUEDQFH DW QP ZDV PHDVXUHG 7Kg+ §H'URH QW IBHRINRUPHG WKH H[SHULPHQWYV 0
UHOHDVH RU FHOO SHUPHDELOL]DWLRQ3LQGHEQB®Y]HEKWRHFEBWHO BWEIEGS 083 3- *% % 62
DFFRUGLQJ WR WKH IROORZLQJ IRUPXOD gRBQWUQREKRWHES GHOPYQOQWY PDWHULDOV DQDO\V

QRQ LQIHFWHG FHOOV $ O\WHG FHOQKWH $WKHRRQXQFURWWG 0' 60 11 $* 69': 3(&
FHOOV

S5HIHUHQFHYV

XLNHQ 7 7DXEHQEHUJHU -. 3DWKRORJ\ RI 3KNXM) @DIGLIOXB G DGH OD 5RVD =DPERQL ' 3RQFH GH /
UHYLVLWHG 9DFFLQH 6XSSO M YDFFG@®H 0 4XLxRQHV )DOFRQL ) HW DO 3QHXPRQLD DQG |

3XEOHG IURP VZLQH RULJLQ LQIOXHQID $ + 1 LQ OH[LFR 1
+D\GHQ )* )ULW] 5 /RER 0& $OYRUG : BWUREHU : HW DGRL /RADM®RD 3XEOHG

DQG V\VWHPLF F\WRNLQH UHVSRQVHV GXULQJ H[SHULI®DH WDKK XPRWQ *L QISUHYM 6( ODFLDV $( 3LQWR
$ YLUXV LQIHFWLRQ 5HODWLRQ WR V\PSWRP IRUBBWHRQ H/M ® KRVW GHIHWNFHDGO\ ,00 SDWLHQWV ZLW

&OLQ ,QYHVW GRL -&, 3XEOHG LQ OH[LFR -$08% GRIDPD
IXQGEHUJ $ 0\DOJLD FUXULV HSLGHPLFD $FWIXBOHGLDWU
GRL M WE [ BXEOHG 7R .. +XQJ,) /L ,: /HH ./ .RR &. HW DO '"HOD\HG

$J\HPDQ 3 'XSSHQWKDOHU $ +HLQLQJHU 8 $HELR& YLUDOQIORBI®] QG PDUNHG F\WRNLQH DFWLYDWL
DVVRFLDWHG P\RVLWLV LQ FKLOGUHQ ,QIHFWLEQQGHPLF + 13XEOHIGQIOXHQ]D YLUXV LQIHFWLRQ &C
GRL 3XEOHG
+X -- DR &/ /HH 3, &KHQ &0 /HH &< HW DO GRQQRX MO +PBWMKORV]RX 6 2XUDQL 6 'HPRVWKHQRXV
RI LQIOXHQ]D $ DQG % LQ FKLOGUHQ DQG DVVRFLDWLR®VAH VRK PHMRMUWLBFXWH FKLOGKRRG P\RVLWL
OLFURELRO ,PPXQRO ,QIHFW 3XEOHG LQIOXHQID $ + 1 YLUXV LQIHFWLRQ &OLQ OLFUREL]
&KL &< :DQJ 60 /LQ && :DQJ +& :DQJ -5 HW DO GRL &OLQMFDO [ 3XEOHG
IHDWXUHV Rl FKLOGUHQ LQIHFWHG ZLWK GLIIHUH@GWOVWUDLGVZDRDRRI6OXHRKBEUW\LE) .RUPDQ 70 9%XWW
VRXWKHUQ 7DLZDQ 3HGLDWU ,QIHFW 'LV1i) OHOWRQJ PXVFOHV QRYHO + 1 LQIOXHQ]D $ DVVRFLE
E H EH 3XEOHG 3HGLDWU ,QIHFW 'LV - ,1) GRL
0DOO 6 %XFKKRO] 8 7LEXVVHN ' -XUNH $ $Q GHU EHLHGEHQFO HW BXEOHG
$ ODUJH RXWEUHDN RI LQIOXHQ]D % DVVRFLDWHS®\DEHR LJ Q. DFXADH )FKLBIGRRRG-+ 7DP - 8SDGK\D\
P\RVLWLV LQ *HUPDQ\ 3HGLDWU ,QIHFW 'BXDEGRA\RCHVLY DVVRFLDWHG ZLWK LQIOXHQID $
GRL ,1) E H H 3XEOHG GRL MDPD 3XEOHG
<RVKLQR 0 B6X]XNL 6 $GDFKL . )XND\DPD 0 ,QDPDRDWXIZOOR (W&HK 5 2UQHODV $UUR\R 6 3pUH] %XVWR
LQFLGHQFH RI DFXWH P\RVLWLY ZLWK W\SH $ LQIOX8IQBHY (WX YBOHEWLRQ 5KD BMGRP\RO\VLY DQG DFXW
HOGHUO\ ,QWHUQ OHG LQWHIRIDOPHGLFLQH KXPDQ LQIOXHQID $ + 1 PHGLDWHG LQIHFWLRQ *DF
3XEOHG 3XEOHG
7DND\DQDJL 1 7RNXQDJD ' .XERWD 0 +DUD . 6DZRWRX® W& DOWHNLQ 9 2UEDN = 5KDEGRP\RO\VLV
&RPPXQLW\ DFTXLUHG SQHXPRQLD ZLWK UKDEGRPAIRQDLYDUQXBER $RMRENDWHG ZLWK ,QIOXHQ]D $ +
*DNNDL =DVVKL 3XEOHG LQ D &KLOG ZLWK &ULJOHU 1DMMDU 6\QGURPH - (PHU.
$EH 0 +LJXFKL 7 2NDGD . .DL]X . ODWVXPRWR &KHQ 6&OLQIXFD® &KDQJ +5 /HH <7 &KHQ && HW I
VWXG\ RI LQIOXHQ]D DVVRFLDWHG UKDEGRP\RO\V I5K IZEGRP DRFX\W HVUIRQD® ZDQ O SO GHPLF LQIOXHQ]D $
&0LQ 1HSKURO GRL &13 3XEOHG - OHG 3XEOHG
6ZDULQJHQ -& 6HLOHU -* ,,, %UXFH 5: -U ,QDOWHIQYD 1] LEYGXPHA.V 0: 'HFNHU &) 5KDEGRP\F
UKDEGRP\RO\VLY UHVXOWLQJ LQ H[WHQVLYH FRPSDUWFHEW+VIQGURBRBHXRR@LD LQ DGXOW (PHUJ ,QlIl
2UWKRS 5HODW 5HV 3XEOHG GRL HLG 3XEOHG
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/DL && :DQJ &< /LQ +, 5KDEGRP\RO\VLV DQ@WKHXWHSRQGMIRLF LQIOXHQ]D $ + 1 8OWUDVWUXFW
LQMXU\ DVVRFLDWHG ZLWK SDQGHPLF LQIOXHQ@BLS + 1 $P - .LGQH\ 3XEOHG
LV GRL M DMNG IXEOHG ‘DYLV /( .RUQIHOG 0 'DQLHOV 56 6NHKHO -- (

3DULNK 0 'ROVRQ * S5DPDQDWKDQ 9 GDQJVLUDSULD%'P\OLB(HQ]D FPRYHY D QRQ SHUP'-V(;”-YH YLUDO LQIHF
+1 DVVRFLDWHG UKDEGRP\RO\VLV OHDGLQJ WR MUHQWH’BJ(S%BQ &OLQ RL

X
OLFURELRO ,QIHFW M GRL 'DYLV /( .RUQIHOG 0 ([SHULPHQWDO LQIOXHQ]D ¢
3XEOHG 1HXURO 6FL GRL ; 3XEOHG
5XEtQ ( '‘H OD 5XELD / 3DVFXDO $ 'RPtQJXH] - JORUHV &
%HQLJQ DFXWH P\RVLWLYV DVVRFLDWHG ZLWK + 1 LQ@DIXBQAR S Yol UXYWAQHMFMEDRE® :KLWLQJ 3- :LOFR[ +1
(XU - 3HGLDWU GRL ,QIHFWLRQ Rl FXOWXUHG KXPDQ PXVFOH FHOOV
3XEOHG *HQ 9LURO GRL
ORUULVRQ 7( :KLWPRUH $& 6KDEPDQ 56 /LGEXU\3%XE0UBGKDOLQJIDP 6
HW DO &KDUDFWHUL]DWLRQ RI 5RVV 5LYHU $SHRMWURQR /v P LIPOGR $xv+VX .& *DPERD (7 6 X
LQGXFHG LQIODPPDWLRQ LQ D PRXVH PRGHO RI YLRJ'D&XDDMKUMWW 8 ARRVEQAHVFXOWXUH WR LQIOXH
E\WRSDWKROR J\ LPPXQRIOXRUHVFHQFH - 1HXUR
9LURO GRLY, 3XEOHG _ AXEOHG
6HU HL 6 OLUDQGD $) *DPERD (7 LQIHFWLYLW
2]GHQ 6 +XHUUH 0 S5LYLHUH -3 &RIIH\ // $IRQVR 39 FXxOWXUHG KXPDO PXVFOH S$FWD 1HXURS
+XPDQ PXVFOH VDWHOOLWH FHOOV DV WDUJHWV RI &K IXOV WHY LQIHFWLRQ
3/26 21( H GRL MRXUQDO SRQH3XEOHG L, D .+ 7R .: :RQJ 66 +R 3/ HW DO "LIIE

VXVFHSWLELOLW\ Rl GLIIHUHQW FHOO OLQHV WR VZL
. XPDU . *XLUJLV 0 =LHURWK 6 /R ( OHQNLV $+ HWHIVRQDO,EMPHR]DQIOXHQ]D $ + 1 DQG DYLDQ LQ
P\RFDUGLWLY DQG P\RVLWLYV FDVH SUHVHQWDWLRQ BX\GHYH YL H&ZOR QW RHUBROWH UDWMUMHF YGRL

&DQ - &DUGLRO N6 RM F D 3XEOHG 3XEOHG
1ILFKROOV -0 &KDQ 5: 5XVVHOO 5- $LU *0 3HLULV -6
0DVRQ : .HOOHU ( IHWWHU  $FXWH WUDQEBﬁa%H%\V&VTVVLW \};(@W%HQ]D YLSL;(XE\SHDGQG LWV UHFHSV
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