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Extracellular matrix (ECM)
•  Vital communication between cells and

matrix molecules
•  Scaffolds to provide binding sites for

soluble and insoluble factors

Current research practice
•  ACI remains the most common type

of cell therapy for AC repairs
•  Natural material scaffolds shown to 

be more suitable for supporting cell
proliferation and matrix production

•  MSCs are a potentially useful
‘point of service’ option for 
cell-based AC repair: they include both
autogenic and allogeneic options

•  The use of growth factors is limited by
clinical availability, controlled release
mechanisms and regulatory issues. Their
in vitro actions have been extensively
investigated and are being used for cell 
expansion and differentiation

•  Molecules such as PTHrP are very useful in 
preventing chondrocyte hypertrophy 
and endochondral ossification

Future prospects
•  Combination products likely to form the basis

of future clinical applications
•  Nanotechnology may improve material/scaffold

design so the native matrix is simulated
•  Stem cells +/- gene therapy an attractive option

but will face problems secondary to drug regulatory
pathway and safety profiles
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AC><FDA%HAEFLFBA$%RA%GB,Q%<=><%LMCCAB<%FB<ACDAB<F,B?%=>DA

OFHF<AE%?MLLA??$%RA%CAL,NBF?A%<=><%<C>EF<F,B>O%>C<=C,?L,KFL

O>D>NA%>BE%EA@CFEAHAB<%,J%,?<A,>C<=CF<FL%S,FB<?%H>GA?%?AB?A

AHKFCFL>OOI$%0=A%CAH,D>O%,J%EANABAC><AE%HABF?L>O%>BE%L>C<F(

O>NFB,M?%<F??MA%>BE%CA>L<FDA%?IB,DFMH%,C%,?<A,K=I<A?%H>GA?

<=A% S,FB<% O,,G% @A<<AC*% >BE% Q>?=FBN% ,M<% JCAA% JC>NHAB<?% ,J

EANABAC><AE%<F??MA%?AAH?%@ABAJFLF>O$%;BJ,C<MB><AOI*%?MCNA,B?

>BE%?LFAB<F?<?%=>DA%B,<%EADAO,KAE%>%@,EI%,J%@>?FL%CA?A>CL=

<=><%?MKK,C<?%<=A?A%><<C>L<FDA%FEA>?*%>BE%<=A%,KAC><F,B%=>?

@AAB%?=,QB%<,%@A%B,%H,CA%AJJAL<FDA%<=>B%>%KO>LA@,%KC,LA(

EMCA$4_%XMC<=ACH,CA*%>KKOIFBN%=FN=% OADAO?%,J% ABACNI% <,%>B

>C<FLMO>C%?MCJ>LA%L>B%=>DA%MB?AAB%AJJAL<?*%FBLOMEFBN%E>H>NA

<,%<=A%L>C<FO>NA%>BE%?M@L=,BEC>O%@,BA*%<=A%O,BN(<ACH%L,B?A(

TMABLA?% ,J% Q=FL=% CAH>FB% MBGB,QB$% :?% LOFBFLF>B?% L,HA

MBEAC%KCA??MCA%<,%FB<C,EMLA%,<=AC%<CA><HAB<?%?ML=%>?%?<AH

LAOO%<=AC>KI*%NABA%<=AC>KI*%L>C<FO>NA%<C>B?KO>B<><F,B%>BE%<F?(

?MA%ABNFBAACFBN%JC,H%A^KACFHAB<>O%<,%LOFBFL>O%KC>L<FLA*%<=A

L,B?ATMABLA?%H>I%B,<%@A%@ABFNB%FJ%QA%NA<%F<%QC,BN$%"C<=,(

K>AEFL%?MCNA,B?%HM?<%>L<%>?%>%K><FAB<%>ED,L><A%>?%QAOO%>?%>

LOFBFLF>B%>BE% ?LFAB<F?<$% 6<% F?%<=ACAJ,CA% A??AB<F>O% <,% <C>B?O><A

?LFAB<FJFL%GB,QOAENA%<,%?MCNFL>O%<CA><HAB<%<=C,MN=%HAL=>(

BF?H?%L>CAJMOOI%KCAK>CAE%J,C%<=F?%KMCK,?A$
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1ML=%,J% <=A%LMCCAB<% FB<ACA?<% FB%,C<=,K>AEFL% ?MCNACI% F?% FB

L,H@FBFBN%EADAO,KHAB<?%FB%<F??MA%CANABAC><F,B%QF<=%?MCNF(

L>O% FB<ACDAB<F,B?$% 0=A% >@FOF<I% <,% CANABAC><A*% ,C% AB=>BLA

CAK>FC*%FB%L>C<FO>NA*%@,BA*%HABF?LF*%OFN>HAB<?%>BE%<ABE,B?*

CAH>FB?%>B%FHK,C<>B<%N,>O%J,C%CA?A>CL=AC?%>BE%?MCNA,B?$4(45

:%CADFAQ%,J%LMCCAB<%@>?FL%CA?A>CL=%FB%<=F?%>CA>%F?%B,<%<=A%>FH

,J%<=F?%K>KAC*%>?%?ML=%>C<FLOA?%>CA%>OCA>EI%KCA?AB<%FB%<=A%OF<(

AC><MCA$4`(UY% [,QADAC*% ?MCNACI% J,C% ,?<A,>C<=CF<F?% >BE

CA?A>CL=%FB<,%CAK>FC%,J%>C<FLMO>C%L>C<FO>NA%KC,DFEA%>B%A^>H(

KOA%,J%<=A%BAAE%<,%OFBG%O>@,C><,CI%?LFABLA%LO,?AOI%QF<=%LOFBF(

L>O% KC>L<FLA$% 0=A% KCFBLFKOA?% FBD,ODAE% H>I% @A% >KKOFAE

<=C,MN=,M<%,C<=,K>AEFL%@>?FL% ?LFABLA% >BE% CAO><AE% LOFBFL>O

FB<ACDAB<F,B?$%6B%<=A%JM<MCA%F<% F?% OFGAOI%<=><%<=A%O>@,C><,CI

QFOO%KO>I%>B%FHK,C<>B<%L,HKOAHAB<>CI%C,OA%<,%<=A%,KAC><FBN

<=A><CA%FB%H>BI%>CA>?%,J%,C<=,K>AEFL%?MCNACI$

9MCCAB<%?MCNFL>O%FB<ACDAB<F,B%J,C%A>COI%L>C<FO>NA%FBSMCI%F?

,JJACAE% FB% <=A% J,CH% ,J% >M<,O,N,M?% L=,BEC,LI<A% FHKO>B<>(

<F,B*%H><CF^(FBEMLAE%>M<,O,N,M?%L=,BEC,LI<A%FHKO>B<><F,B*

HFLC,JC>L<MCA% <AL=BFTMA?% >BE% ,?<A,L=,BEC>O% NC>J<?$4&('U

0=A?A%KC,LAEMCA?%,JJAC%QAOO(EA?LCF@AE%@ABAJF<% FB%L>CAJMOOI

?AOAL<AE%FBEFDFEM>O?*%>BE%H>I%>OO,Q%<C>EF<F,B>O%>C<=C,KO>?<I

<,%@A%EAO>IAE%,C%EAJACCAE%FBEAJFBF<AOI$%[,QADAC*%<=A%L>C<F(

O>NA% <=><% J,CH?%JC,H%<=A?A%@F,O,NFL>O% FB<ACDAB<F,B?*%,<=AC

<=>B%,?<A,L=,BEC>O%NC>J<FBN*%Q=FL=%=>?%>EEF<F,B>O%K,<AB<F>O

H,C@FEF<I*%F?%B,<%<CMA%=I>OFBA%L>C<FO>NA%>?%?AAB%FB%<=A%B><FDA

S,FB<*% >BE% F?% ?<FOO% KC,BA% <,% EANABAC><FDA% L=>BNA% CATMFCFBN

>C<=C,KO>?<I%><%>%O><AC%?<>NA$%R=FOA%L,B<FBMFBN%<,%FHKC,DA

,MC%GB,QOAENA%>BE%>KKOFL><F,B%,J%>C<=C,KO>?<I%?MCNACI*%QA

HM?<%L,B?FEAC%Q=A<=AC%<=A%CA?<,C><F,B%,J%>%O,?<%,C%Q,MBEAE

K,C<F,B%,J%>C<FLMO>C%L>C<FO>NA%QF<=%BAQ*%QAOO(J,CHAE%KACH>(

BAB<% L>C<FO>NFB,M?% <F??MA% F?% K,??F@OA$% 2A?A>CL=% FB% @>?FL

?LFABLA% ?MNNA?<?% <=><% <=A%>B?QAC% F?% eIA?\*% >O<=,MN=% F<?%M?A

LOFBFL>OOI% F?% B,<% KC>L<FL>@OA$% 0=A% KF,BAACFBN% Q,CG% @I% <=A

?MCNA,B% >BE% ?LFAB<F?<% -FC% Z,=B% 9=>CBOAI% V4&44% (% 4&`'W

,JJAC?%M?%>B%A^LAOOAB<%A^>HKOA%,J%<=A%FHK,C<>BLA%,J%<=A%OFBG

@A<QAAB% LOFBFL% >BE% O>@,C><,CI% FB% H>B>NFBN% EANABAC><FDA

S,FB<%EF?A>?A$%"MC%MBEAC?<>BEFBN%,J%<=A%@F,O,NI*%K><=,K=I?(

F,O,NI%>BE%@F,HAL=>BFL?%,J%>C<FLMO>C%L>C<FO>NA%=>?%FBLCA>?AE

EC>H><FL>OOI*% NFDFBN% M?% >% HML=% @A<<AC% MBEAC?<>BEFBN% ,J

Q=><%QA%BAAE%<,%>LL,HKOF?=$%0=F?%L>B%J,CH%<=A%J,MBE><F,B

J,C%HA<=,E?%,J%CA?<,CFBN%>%O,?<%,C%E>H>NAE%K,C<F,B%,J%>C<FL(

MO>C% L>C<FO>NA% QF<=% BAQ% <F??MA% <=><% KCA?ACDA?% ,C% CA?<,CA?

S,FB<%JMBL<F,B*%KC,DFEFBN%>B%>O<ACB><FDA%<,%>C<=C,KO>?<I%J,C

A>COI(?<>NA% EF?A>?A$% 8A<N,,E% A<% >O'% CALAB<OI% KCA?AB<AE% >B

A^LAOOAB<%,DACDFAQ%,J%L>C<FO>NA%<F??MA%ABNFBAACFBN%VXFN$%'W%FB

<=F?%S,MCB>O$%:?%LOFBFL>O%>KKOFL><F,B?%>CA%EADAO,KAE%F<%QFOO%@A

FHK,C<>B<%<,%AB?MCA%>%CFN,C,M?%L,HK>CF?,B%,J%>KKC,KCF><A

HA<=,E?% ,J% <CA><HAB<% ECFDAB% @I% LOFBFL>O% BAAE% >BE% KAC(

J,CHAE%@I%LOFBFLF>B?$%)M<%=,Q%L>B%<=F?%@A%>L=FADAEd%

.^KAC<%LOFBFLF>B?%=>DA%>%EFJJFLMO<% <>?G% FB%GAAKFBN%MK%<,

E><A%QF<=%<=A%OF<AC><MCA%FB%>EEF<F,B%<,%<=AFC%?ACDFLA%EAOFDACI

CATMFCAHAB<?$% 0=A% ,C<=,K>AEFL% K=>CH>LAM<FL>O% >BE% <AL=(

B,O,NI% FBEM?<CI*% Q=FL=% J,C% H>BI% IA>C?% Q>?% A^KAL<AE% <,

L>CCI%EF?L,DACFA?%>LC,??%<=A%EFDFEA*%F?%B,Q%>O?,%?<CMNNOFBN%<,

E,%?,$%6B%AF<=AC%L>?A*%F<%Q,MOE%KC,@>@OI%@A%MBQF?A%,J%?MC(

NA,B?%<,%OA>DA%<=F?%Q,CG%<,%,M<?FEA%NC,MK?*%FB%FBEM?<CI%,C

>L>E>AHF>$% 6<% F?% A??AB<F>O% <=><% ?MCNA,B?% Q=,% >CA% ?M@?A(

TMAB<OI%CA?K,B?F@OA%J,C%KACJ,CHFBN%<=A%CAOAD>B<%,KAC><F,B?

ABN>NA%QF<=%<=A%KC,LA??%JC,H%<=A%?<>C<$%0=A%CA?MO<FBN%EAJFLF<

F?% ?,HA<FHA?% O>@AOOAE% <=A% eD>OOAI% ,J% EA><=\*U_% >BE% BAF<=AC

@>?FL%CA?A>CL=AC?*%@M?I%QF<=%EF?L,DACFA?*%B,C%?MCNA,B?*%@M?I

QF<=%K><FAB<?*%>KKA>C%GAAB%<,%DAB<MCA%<=ACA$%0=ACA%>CA%<=CAA

@>?FL% CATMFCAHAB<?% J,C% @CFBNFBN% ,C<=,K>AEFL% CANABAC><FDA

HAEFLFBA%?>JAOI%<,%<=A%K><FAB<f%4W%?LFAB<F?<?%QF<=%>B%MBEAC(

?<>BEFBN%,J%LOFBFL>O%KC,@OAH?g%'W%?MCNA,B?%QF<=%>B%MBEAC(

?<>BEFBN%,J%?LFABLAg%>BE%UW%LCF<FL>O%?LFAB<FJFL%AD>OM><F,B%,J

<=A%CA?MO<?%,J%LOFBFL>O%KC>L<FLA$
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:% ?>JA% >BE% AJJAL<FDA% <C>B?O><F,B% ,J% CA?A>CL=% FB<,% LOFBFL>O

KC>L<FLA%CATMFCA?%L>CAJMO%AD>OM><F,B%@I%=FN=OI%<C>FBAE%LOFBF(

L>O%FBDA?<FN><,C?%QF<=%A^KAC<F?A%FB%O>@,C><,CI%CA?A>CL=%>BE

FB%<=A%EA?FNB%,J%A<=FL>OOI%>BE%CANMO><F,B(L,HKOF>B<%LOFBFL>O

<CF>O?$% X,C% A^>HKOA*% <=A% .MC,KA>B% ;BF,B% EFCAL<FDA% ,B

:ED>BLAE%0=AC>KI%1AEFLFB>O%/C,EML<?%QFOO%CANMO><A%?<AH

LAOO*%NABA%<=AC>KI%>BE%L,H@FB><F,B?%,J%<=A?A%<=AC>KFA?%QF<=

HAEFL>O% EADFLA?$% 0=F?% EFCAL<FDA% HM?<% @A% <C>B?K,?AE% FB<,

HAH@AC%?<><A%O>Q%@I%'344$%0=A%?MCNA,B%Q=,%>FH?%<,%<C>B?(

O><A% @>?FL% CA?A>CL=% JFBEFBN?% FB<,% LOFBFL>O% KC>L<FLA% HM?<

MBEAC?<>BE% H,EACB% CANMO><,CI% >JJ>FC?% >BE% LOFBFL>O% <CF>O

HA<=,E,O,NI*% FB% >EEF<F,B% <,% @AFBN% <C>FBAE% FB% O>@,C><,CI

CA?A>CL=%>BE%LOFBFL>O%KC>L<FLA%VXFN$%4W$

0=F?%F??MA%=>?%KCADF,M?OI%@AAB%L,B?FEACAE%FB%<=A%;BF<AE

-<><A?$U`(h3%"DAC%U3%IA>C?%>N,*%Z>HA?%RIBN>>CEAB*%J,CHAC

EFCAL<,C%,J%<=A%+><F,B>O%6B?<F<M<A%,J%[A>O<=*%L>OOAE%><<AB<F,B

<,% e0=A% 9OFBFL>O% 6BDA?<FN><,C% >?% >B% .BE>BNACAE% -KALFA?\$
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XC>BLF?%1,,CA*%FB%4&_Y*U5%?K,GA%,J%<=A%MBCA?,ODAE%L,BJOFL<

a@A<QAAB% <=A% ,KAC><FBN% C,,H% >BE% <=A% O>@,C><,CI% $$$

@A<QAAB% <=A%LOFBFL>O%KCA??MCA?%,J%L>CA%,J% <=A% ?FLG%>BE% <=A

KMC?MF<%,J%?LFABLAc$%6B%'334*%],MNO>?%Z>LG?,B*%J,CHAC%/CA?(

FEAB<% ,J% <=A% ::"-*% EA?LCF@AE% L,HH,B% EA<ACC>B<?% <,% <=A

I,MBN% ,C<=,K>AEFL% ?MCNA,B% @AL,HFBN% >% LOFBFLF>B(

?LFAB<F?<$U5% 6<%Q>?%B,<AE% <=AB% <=><% C>KFE%>ED>BLA?% FB%@F,(

HAEFL>O% ?LFABLA% @CFBN% FBLCA>?FBN% L,HKOA^F<I% <,% @>?FL

CA?A>CL=*%H>GFBN%K>C<(<FHA%O>@,C><,CI%><<>L=HAB<?%J,C%LOFB(

FL>O% <C>FBAA?% FBLCA>?FBNOI% MBCA>OF?<FL$% :% EC>H><FL% CF?A% FB

CA?A>CL=% FB% <=A% @F,<AL=B,O,NI% >BE% K=>CH>LAM<FL>O% FBEM?(

<CFA?%Q>?%>LL,HK>BFAE%@I%H,DAHAB<%,J%LOFBFLF>B(?LFAB<F?<?

FB% NABAC>O% JC,H% >L>EAHFL% <,% FBEM?<CF>O% ?A<<FBN?$% -FNBFJF(

L>B<OI*% <=A?A% J>L<,C?% >CA% >LL,HK>BFAE% @I% <=A% FBLCA>?FBN

L,HKOA^F<I%,J%CA?A>CL=%FB%=MH>B%?M@SAL<?%EMA%<,%>%D>CFA<I

,J%J>L<,C?*%FBLOMEFBN%>B%FBLCA>?FBN%>Q>CABA??%,J%<=A%FHK,C(

<>BLA% ,J% K><FAB<% KC,<AL<F,B*% <=A% CA?K,B?F@OA% L,BEML<% ,J

CA?A>CL=*%>BE%CA?A>CL=%A<=FL?$%0=ACA%F?%B,%A^F?<FBN%?<CML<MCA

QF<=FB% ,C<=,K>AEFL% ?MCNACI% <=><% L>B% @CFENA% <=A%,CN>BF?>(

<F,B?%L>K>@OA%,J%CAEMLFBN%<=A%FHKAEFHAB<?%<,%<=A%L=,FLA%,J

CA?A>CL=% FB% L>CAAC% EADAO,KHAB<$h4(hU% -MCNA,B?% ,J<AB% N>FB

<=A% H,?<% CAL,NBF<F,B% >BE% ?><F?J>L<F,B% JC,H% Q,CGFBN% FB% >

@M?I% KC>L<FLA$% 9,B?ATMAB<OI*% OA??% <FHA% F?% ?KAB<% KMC?MFBN

<C>FBFBN%FB%LOFBFL>O%CA?A>CL=$%XMC<=ACH,CA*%<=A%EFJJACABLA%FB

A>CBFBN?% @A<QAAB% <=,?A% ,C<=,K>AEFL% NC>EM><A?% AB<ACFBN

AF<=AC%JMOO(<FHA%,C%K>C<(<FHA%KCFD><A%KC>L<FLA%>BE%<=,?A%<>G(

FBN%,B%>B%>L>EAHFL%K,?F<F,B%H>I%>L<%>?%>%EA<ACCAB<$%6C,BF(

L>OOI*% <=F?%H>I%@A% >B% ADAB%@FNNAC% F??MA% J,C% <=,?A% <C>FBAA?

Q=,% AOAL<% <,% MBEAC<>GA% >% XAOO,Q?=FK% FB% >B% FB<ACB><F,B>O

>L>EAHFL% ,C<=,K>AEFL% FB?<F<M<A% N>FBFBN% >EEF<F,B>O% ?M@(

?KALF>O<I%A^KAC<F?A%KCF,C%<,%<>GFBN%>%L,B?MO<>B<%C,OA%FB%,MC

MBFDAC?F<I% =,?KF<>O?$% 0=A% ,C<=,K>AEFL% L,HHMBF<I% HFN=<

CADAC?A%<=A?A%<CABE?%@I%J,LM?FBN%,B%A>COI%FB<ACDAB<F,B%>BE

?MKK,C<% J,C% <=,?A% ,C<=,K>AEFL% LOFBFLF>B(?LFAB<F?<?% ?<FOO% FB

<C>FBFBN$% 6B% <=F?% CAN>CE*% >KKC,KCF><A% HAB<,CFBN*% CA?A>CL=

<C>FBFBN*% JMBEFBN% >BE% B><F,B>O% ?<CML<MCA?% QFOO% >OO% KO>I% >

H>S,C%C,OA$U`(h5
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HAB<% ,J% I,MBN% LOFBFLF>B(?LFAB<F?<?% >BE% >% LAB<C>O% C,OA% J,C

OA>EAC?%FB%>L>EAHFL%HAEFLFBA$hh(5U%0=A%KCA?ABLA%,J%>%HAB<,C

F?% =FN=OI% KCAEFL<FDA% ,J% <=A% ><<>FBHAB<% ,J% =FN=AC% OADAO?% ,J

L>CAAC%EADAO,KHAB<%,J%I,MBN%FBDA?<FN><,C?*%>?%HA>?MCAE%@I

KM@OFL><F,B?*% NC>B<?*% OA>EAC?=FK*% >L>EAHFL% C>BG*% FBL,HA

>BE%S,@%?><F?J>L<F,B$%:%HAB<,CFBN%CAO><F,B?=FK%FB%<=A%A>COI

IA>C?%,J%KC,JA??F,B>O%OFJA%=>?%@AAB%LF<AE%>?%>%LCF<FL>O%AOAHAB<

FB%>%KC,EML<FDA%L>CAAC$%6<%=>?%@AAB%?>FE%<=>< >H,BN%1]?*

1](/=]?% >BE% /=]% FBDA?<FN><,C?% FB% EAK>C<HAB<?% ,J

HAEFLFBA*%>B%AB<=M?F>?<FL%>BE%ABN>NFBN%HAB<,C%Q>?%>%KCF(

H>CI%FBJOMABLA%,B%<=A%EALF?F,B%<,%MBEAC<>GA%CA?A>CL=$%1AB(

<,C?%L,B<CF@M<A%<,%<=A%KCF,CF<FA?*%>L>EAHFL%?<IOA?%>BE%L>CAAC

K><<ACB?% ,J% JM<MCA% J>LMO<I% HAH@AC?*% >BE% <=M?% =AOK% ?=>KA

HAEFLFBA\?%JM<MCA*%@CFBNFBN%@,<=%FB?<CMHAB<>O%>BE%K?IL=,(

?,LF>O%?MKK,C<$%6<%F?%B,<AQ,C<=I*%=,QADAC*%<=><%?ML=%HAB<,C(

?=FK%=>?%OFHF<AE%CAL,NBF<F,B%FB%>L>EAHFL%LFCLOA?*%>O<=,MN=

><<AHK<?%=>DA%@AAB%H>EA%<,%CAQ>CE%<=F?%>CA>%,J%ABEA>D,MC

@I%<=A%+><F,B>O% 6B?<F<M<A%,J%[A>O<=%V+6[W$%1AB<,C?=FK% F?

,J<AB%BANOAL<AE%FB%,C<=,K>AEFL%?MCNACI%,QFBN%<,%<=A%KCA?(

?MCA?%,J%LOFBFL>O%?ACDFLA$%[,QADAC*%FJ%QA%>CA%<,%EADAO,K%AJJAL(

<FDA% OA>EAC?% ,J% ,C<=,K>AEFL% KC>L<FLA% F<% F?% A??AB<F>O% <=><

>EATM><A%?<CML<MCA?%>CA%KM<%FB%KO>LA%<,%>EECA??%<=F?$

F,-./+701/())7=02AKOABF?=HAB<% ,J% <=A% ,C<=,K>AEFL% LOFBF(

LF>B(?LFAB<F?<%K,,O%@ANFB?%QF<=%HAEFL>O%?<MEAB<?$%0=A%JM<MCA

,J%,C<=,K>AEFL%?MCNACI%EAKABE?%,B%<=A%L,B<FBM,M?%FBJOM^%,J

I,MBN%KA,KOA%QF<=%LCA><FDA%>BE%FBTMF?F<FDA%HFBE?*%Q=,%>CA

BMC<MCAE% >BE% <C>FBAE% <,% FBDA?<FN><A% B,DAO% JC,B<FAC?% EAEF(

L><AE%<,%<=A%>ED>BLAHAB<%,J%GB,QOAENA%>BE%?LFABLA%>?%QAOO

>?%?MCNFL>O%<AL=BFTMA$%:<%KCA?AB<%H,?<%NC>EM><FBN%HAEFL>O

?<MEAB<?%QFOO%B,<%K>C<FLFK><A%FB%CA?A>CL=%>J<AC%<=AI%A?<>@OF?=

<=AFC% L>CAAC?*% >O<=,MN=% ,KK,C<MBF<FA?% A^F?<% <,% ?<FHMO><A

FB<ACA?<%EMCFBN%<=A%MBEACNC>EM><A%KACF,E$%0=F?%H>I%<>GA%<=A

J,CH%,J%>%?H>OO%KC,SAL<%>?%K>C<%,J%<=A%?<>BE>CE%HAEFL>O%LMC(

CFLMOMH% J,OO,QAE% @I% >OO% ?<MEAB<?*% ,C% >% ?MHHAC% CA?A>CL=

AOAL<FDA*% AF<=AC%><%=,HA%,C% FB<ACB><F,B>OOI$%-<CML<MCA?%>BE

JMBEFBN% J,C% <=A?A% ?MHHAC% KC,NC>HHA?% >CA% KC,DFEAE% @I

FB?<F<M<A?%?ML=%>?%<=A%+><F,B>O%6B?<F<M<A%J,C%[A>O<=%2A?A>CL=

>BE%RAOOL,HA%0CM?<%FB%<=A%;BF<AE%7FBNE,H$54(5U%:O<=,MN=

<=ACA%>CA%CAO><FDAOI%JAQ%L,B?MO<>B<%,C<=,K>AEFL%?MCNA,B?%FB

K,?F<F,B?%QF<=%KC,<AL<AE%>L>EAHFL%<FHA*%F<%?=,MOE%@A%K,??F(

@OA%J,C%L,(HAB<,C?=FK%<,%<>GA%KO>LA%@A<QAAB%<=,?A%L,B?MO(

<>B<?%QF<=%CA?A>CL=(NABAC><AE%=FN=AC%EANCAA?%>BE%KCFBLFK>O

FBDA?<FN><,C?%,J%?LFAB<FJFL%O>@,C><,CFA?$%0=A%K,<AB<F>O%?LFAB(

<FJFL%EADAO,KHAB<%,JJACAE%@I%<=A%L,HKOA<F,B%,J%>B%FB<ACL>(

O><AE%)-L%KC,NC>HHA%FB%,BA%,J%<=A%@>?FL%HAEFL>O%?LFABLA?

?=,MOE%>O?,%@A%=>CBA??AE*%>?%<=A?A%KC,NC>HHA?%,JJAC%K,<AB(

<F>O%JM<MCA%LOFBFLF>B(?LFAB<F?<?%>%JFCH%NC,MBEFBN%FB%<=A%KCFB(

LFKOA?%,J%L,H@FBFBN%>%CA?A>CL=%FB<ACA?<%>O,BN?FEA%>%LOFBFL>O

,BA$% 0=A?A% EANCAA% KC,NC>HHA?% >CA% <IKFL>OOI% L,HKOA<AE

>J<AC%<=A%<=FCE%,C%J,MC<=%HAEFL>O%IA>C*%>BE%>N>FB%JMBEFBN%F?

>Q>CEAE% ,B% >% L,HKA<F<FDA% @>?F?$% 0=A% ,KK,C<MBF<FA?% J,C

ABN>NFBN%FB%,C<=,K>AEFL(CAO><AE%CA?A>CL=%>CA%QFEA%C>BNFBN

FB% DFAQ%,J% <=A%BMH@AC%,J%MBFDAC?F<I(@>?AE% CA?A>CL=% FB?<F(

<M<A?% ABN>NFBN% FB% HM?LMO,?GAOA<>O% <F??MA% ABNFBAACFBN

<=C,MN=,M<%<=A%;BF<AE%7FBNE,H%>BE%6CAO>BE$%XMC<=ACH,CA*

<=A% FB<ACB><F,B>O% OFBG?%A?<>@OF?=AE%@I%LMCCAB<%,C<=,K>AEFL

L,B?MO<>B<?% Q=,%=>DA% KCADF,M?OI% L,HKOA<AE% ?M@(?KALF>O<I

JAOO,Q?=FK?%><%A?<>@OF?=AE%FB<ACB><F,B>O%>L>EAHFL%LAB<CA?%,J

A^LAOOABLA*%?=,MOE%J>LFOF<><A%<=A%KO>LAHAB<%,J%?,HA%?<MEAB<?

QF?=FBN% <,% L,H@FBA% FB<ACB><F,B>O% <C>DAO% QF<=% L>CAAC

EADAO,KHAB<*%AF<=AC%>?%K>C<%,J%?MHHAC%CA?A>CL=%KC,SAL<?%,C*

>?%CA?A>CL=%IA>C?%OA>EFBN%<,%=FN=AC%EANCAA?$%:B,<=AC%,K<F,B

FB%EADAO,KFBN% <=A%,C<=,K>AEFL% LOFBFLF>B(?LFAB<F?<% JC,H% <=A

HAEFL>O% ?L=,,O% ?<>NA% F?% <=A% HAEFL>O(?LFAB<F?<% KC,NC>HHA

<=><%LMOHFB><A?%QF<=%<=A%CALAFK<%,J% <=A%;-(?<IOA%1](/=]

EANCAA$%0=A%EALF?F,B%<,%>KKOI%<,%<=F?%KC,NC>HHA%F?%M?M>OOI

<>GAB% FB% <=A% MBEACNC>EM><A% IA>C?$% 6B% <=A% ;-*% 1](/=]?

>LL,MB<%J,C%U3i%,J%>OO%+6[%NC>B<%>Q>CE?%ADAB%<=,MN=%<=AI

,BOI%>LL,MB<%J,C%'$5i%,J%>OO%HAEFL>O% ?L=,,O%NC>EM><A?$hY

:O<=,MN=%B,<%<C>EF<F,B>OOI%,JJACAE%@I%HAEFL>O%?L=,,O?%FB%<=A

;BF<AE% 7FBNE,H% >BE% 6CAO>BE*% >?% <=A?A% KC,NC>HHA?% >CA
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EADAO,KAE%=ACA%<=AI%QFOO%,JJAC%>B%>EEF<F,B>O%C,M<A%J,C%A>COI

<C>FBFBN%,J%<=A%,C<=,K>AEFL%LOFBFLF>B(?LFAB<F?<$

C)1'3&+-2+',0&,1,+&/(0'&+.5.53=02A?A>CL=% <C>FBFBN% F?% ,J<AB

FB<C,EMLAE% ><% <=A% K,?<NC>EM><A% ?<>NA$% X,C% ?,HA*% <=F?% F?

ECFDAB%KMCAOI%@I% <=A%BAAE%<,%HAA<% <=A%HFBFHMH%CA?A>CL=

CATMFCAHAB<?% <,% ?MLLA??JMOOI% ><<>FB% >% <C>FBFBN% K,?F<F,B% ,C

<C>FBFBN%BMH@AC%QF<=FB%,C<=,K>AEFL%?MCNACI%>?%>%?KALF>OF?<

CANF?<C>C%,C%ATMFD>OAB<$%6<%=>?%@AAB%?MNNA?<AE%<=><%>OO%,C<=,(

K>AEFL%?MCNFL>O%<C>FBAA?%CATMFCA%?,HA%CA?A>CL=%AEML><F,B%<,

eFB?<FOO%<=A%?LFAB<FJFL%EF?LFKOFBA\%FB%<=AFC%>KKC,>L=%<,%K><FAB<

L>CA$%[,QADAC*%F<%H>I%>O?,%=>DA%<=A%>EEAE%@ABAJF<%,J%?<FHM(

O><FBN%FB<ACA?<%FB%CA?A>CL=%>?%K>C<%,J%>B%,C<=,K>AEFL%L>CAACf

<=A%?,(L>OOAE%eO><A%@O,,HAC%AJJAL<\$%:?%K,?<NC>EM><A%?MCNFL>O

<C>FBFBN% KC,NC>HHA?% >CA% H,EFJFAE*% CA?A>CL=% <C>FBFBN% F?

?,HA<=FBN%<=><%L>B%@A%FBLOMEAE%>BE%NFDAB%>EATM><A%CAL,NBF(

<F,B$% /,?<NC>EM><A% EANCAA?% @I% H,EMOA% =>DA% CALAB<OI% @AAB

FB<C,EMLAE%FB%?,HA%FB?<F<M<A?*%>BE%FBD,ODA%@,<=%<>MN=<%H,E(

MOA?%>BE%>%CA?A>CL=%EF??AC<><F,B$5h%1,EMOA?%FBLOMEA%CA?A>CL=

HA<=,E?g%KC,<,L,O%EADAO,KHAB<*%EA?FNB%>BE%>B>OI?F?g%HAEF(

L>O%EADFLA%EA?FNB%>BE%EADAO,KHAB<g%=A>O<=L>CA% A<=FL?g% O>Q

>BE%LOFBFL>O%CA?A>CL=g%=MH>B%J>L<,C?%>BE%?MCNFL>O%ACC,Cg%?MC(

NACI% FB% EADAO,KFBN% L,MB<CFA?g% >BE% OA>EFBN% >BE% H>B>NFBN

,CN>BF?><F,B?j?ACDFLA?$%6BLOMEFBN%?ML=%H,EMOA?%FB%<=A%<C>FB(

FBN%,J%,C<=,K>AEFL%?MCNA,B?%Q,MOE%=AOK%C>F?A% FB<ACA?<%>BE

>Q>CABA??%,J%<=A%KCACATMF?F<A?%,J%TM>OF<I CA?A>CL=%FB%<=A%L,B(

?MO<>B<?% ,J% <=A% JM<MCA*% Q=FOA% KAC=>K?% ?<FHMO><FBN% ?,HA% <,

KO>I%>%H,CA%>L<FDA%C,OA%>?%LOFBFLF>B(?LFAB<F?<?$

D)&8+70/7.5./.+5A1/.,5'.1'0'&+.5.530*&)3&+88,1=0]A?KF<A% <=A

FEAB<FJFAE%@ABAJF<%,J%>%@CFAJ%KACF,E%,J%?MCNFL>O%CA?A>CL=%J,C%>OO

<C>FBAA?*% ?ML=% A^K,?MCA% F?% <,,% ?=,C<% <,% KC,EMLA% LOFBFLF>B(

?LFAB<F?<?% Q=,% L>B% L,HKA<A% J,C% A^<C>HMC>O% JMBEFBN$% 0=A

EADAO,KHAB<%,J% ?ML=% FBEFDFEM>O?% CATMFCA?% >%=I@CFE% <C>FBFBN

?L=AHA%CA?MO<FBN%FB%<=A%NABAC><F,B%,J%?GFOO?%<=><%<C>B?LABE%<=A

,KAC><FBN% <=A><CA% >BE% <=A% O>@,C><,CI$% X,CH>O% ?<CML<MCA?% <,

<C>FB%LOFBFLF>B(?LFAB<F?<?%>CA%B,Q%<>GFBN%KO>LA%>?%>%CA?MO<%,J

?KALF>O% ?<C><ANFA?% FB%<=A%;BF<AE%7FBNE,H%>BE%6CAO>BE$%/,?F(

<F,B?%,B%<=A?A%KC,NC>HHA?%>CA%B,<%CFBN(JABLAE%J,C%>BI%K>C<FL(

MO>C% ?KALF>O<I*% >BE% AB<CI% F?% @I% L,HKA<F<F,B$% 0=A?A

KC,NC>HHA?%>OO,Q% J,C% L,H@FBAE%LOFBFL>O% <C>FBFBN%>BE%/=]

CA?A>CL=%JC,H%<=A%?<>C<%,J%?KALF>O<I%<C>FBFBN$%0=A%KCFH>CI%@AB(

AJF<?%J,C%<C>FBAA?%FBLOMEA%KC,<AL<AE%CA?A>CL=%<FHA*%>%?<CML<MCA

J,C%EADAO,KFBN%<=AFC%CA?A>CL=%?GFOO?%>BE%FB<ACA?<?*%EADAO,KFBN

JMBEFBN%>KKOFL><F,B?*%J,CHFBN%L,B<>L<?%>BE%BA<Q,CG?*%>BE%<=A

KC,DF?F,B%,J%>%?MKK,C<AE*%?<CML<MCAE%>KKC,>L=%<,%CA?A>CL=$%6<

F?% FHK,C<>B<% <=><% <=A% ,C<=,K>AEFL% ?KALF>OF<I% ABN>NA?% QF<=

<=A?A%KC,NC>HHA?%>BE%ABL,MC>NA?%<=,?A%Q=,%>CA%QFOOFBN%<,

MBEACN,%A^<ABEAE%<C>FBFBN%<,%=AOK%EAOFDAC%<F??MA(CANABAC><FDA

?<C><ANFA?%<,%@ABAJF<%,MC%K><FAB<?%>BE%<,%>L<%>?%<=A%GAI% OFBG

@A<QAAB%JMOO(<FHA%LOFBFLF>B%>BE%<=A%O>@,C><,CI$%0=A?A%<C>FBAA?

=>DA%>%CATMFCAHAB<%<,%HAA<%<=A%?>HA%A^>HFB><F,B%?<>BE>CE?

>?%LOFBFL>O%<C>FBAA?*%>BE%FB%>EEF<F,B*%<,%CA>L=%<=A%?<>BE>CE?%?A<

@I%JMOO(<FHA%/=]%?<MEAB<?%>BE%CA?A>CL=AC?%FB%HM?LMO,?GAOA<>O

O>@,C><,CFA?$%0=F?%CATMFCA?%<=A%JMOO%?MKK,C<%,J%<=AFC%,C<=,K>A(

EFL%LOFBFL>O%L,OOA>NMA?%>BE%<C>FBAC?$%/>C<FLMO>C%?MKK,C<%HM?<

L,HA%JC,H%EFCAL<,C?%,J%A>L=%FBEFDFEM>O%EA>BACI*%?,%<=><%<=,?A

FBEFDFEM>O?%?MLLA??JMO%FB%><<>FBFBN%>%KO>LA%,B%?ML=%FB<ANC><AE

<C>FBFBN%KC,NC>HHA?%L>B%EAOFDAC%>OO%<=A%CATMFCAHAB<?%,J%@,<=

<=AFC%LOFBFL>O%>BE%CA?A>CL=%<C>FBFBN%KC,NC>HHA?$

"<=AC%A^>HKOA?%FBLOMEA%+6[2%LOFBFL>O%OAL<MCA?=FK?*%Q=FL=

>CA%?KALF>O<I%<C>FBFBN%K,?<?%<=><%FBL,CK,C><A%>L>EAHFL%<C>FB(

FBN$%9OFBFL>O%OAL<MCAC?%?KABE%53i%,J%<=AFC%<FHA%MBEAC<>GFBN

?KALF>OF?<%LOFBFL>O%<C>FBFBN%>BE%53i%MBEAC<>GFBN%CA?A>CL=%,C

AEML><F,B>OF?<%<C>FBFBN$%0=A?A%K,?<?%>CA%>FHAE%><%<=,?A%Q=,

>CA% >ED>BLAE% FB% <=AFC% ?KALF>O<I% <C>FBFBN*% =>DA% L,HKOA<AE% >

CA?A>CL=% E,L<,C><A% ,C% ATMFD>OAB<*% >BE% ?=,Q% ,M<?<>BEFBN

K,<AB<F>O%J,C%L,B<FBMFBN%>B%>L>EAHFL%L>CAAC$%0=A%H>^FHMH

EMC><F,B%,J%<=A?A%K,?<?%F?%J,MC%IA>C?*%>BE%F<%F?%A^KAL<AE%<=><

<=AI%QFOO%L,HKOA<A%<=AFC%?KALF>O<I%<C>FBFBN%EMCFBN%<=F?%KACF,E$

:O,BN?FEA%LOFBFL>O%<C>FBFBN*%<=AI%QFOO%@A%>@OA%<,%FHKC,DA%<=AFC

>L>EAHFL%?GFOO?%>BE%QFOO%@A%ABL,MC>NAE%<,%>KKOI%J,C%JMBEFBN

<,%?MKK,C<%JMC<=AC%K,?<(E,L<,C>O%,C%AEML><F,B>OF?<%<C>FBFBN$

$&+517+'.)5+70&,1,+&/(0.5.'.+'.9,=0:% H>S,C% EADAO,KHAB<% FB

<=A%Q>I%,C<=,K>AEFL%LOFBFLF>B(?LFAB<F?<%L>CAAC?%L>B%@A%EADAO(

,KAE% F?% <=C,MN=% @MFOEFBN% OFBG?% QF<=% H,EAO?% ?ML=% >?% <=A

+><F,B>O%9,B?,C<FMH%,J%1AEFL>O%2A?A>CL=%6B?<F<M<F,B?% FB

<=A% ;BF<AE% -<><A?*% JMBEAE% <=C,MN=% 9OFBFL>O% >BE% 0C>B?(

O><F,B>O% -LFABLA% :Q>CE?% @I% <=A% +6[*% Q=FL=% >CA% Q,CGFBN

<,NA<=AC% <,% FHKC,DA% <=A% Q>I%@F,HAEFL>O% CA?A>CL=% F?% L,B(

EML<AE%B><F,BQFEA$55%1AH@AC?%,J%<=A%L,B?,C<FMH%?=>CA%>

L,HH,B%DF?F,B%<,%CAEMLA%<=A%<FHA%F<%<>GA?%J,C% O>@,C><,CI

EF?L,DACFA?% <,% @AL,HA% <CA><HAB<?% J,C% K><FAB<?*% <,% ABN>NA

L,HHMBF<FA?% FB%LOFBFL>O% CA?A>CL=%>BE% <,% <C>FB%LOFBFL>O%>BE

<C>B?O><F,B>O%CA?A>CL=AC?$%R=AB%JMOOI%FHKOAHAB<AE%FB%'34'*

>@,M<%Y3% FB?<F<M<F,B?%QFOO%@A% OFBGAE% <,NA<=AC% FB% <=A%EF?LF(

KOFBA%,J%LOFBFL>O%>BE%<C>B?O><F,B>O%?LFABLA$%0=A%KMCK,?A%,J

<=F?% KC,NC>HHA*% F?% <,% =AOK% FB?<F<M<F,B?% J,CNA% >% MBFTMAOI

<C>B?J,CH><FDA*% B,DAO% >BE% FB<ANC><FDA% >L>EAHFL% =,HA% J,C

LOFBFL>O%>BE%<C>B?O><F,B>O%?LFABLA%<=><%=>?%<=A%CA?,MCLA?%<,

L>K<FD><A*% >ED>BLA% >BE% BMC<MCA% >% L>ECA% ,J% QAOO(<C>FBAE

HMO<F(% >BE% FB<AC(EF?LFKOFB>CI% FBDA?<FN><,C?% >BE% CA?A>CL=

<A>H?*%LCA><A%>B%FBLM@><,C%J,C%FBB,D><FDA%CA?A>CL=%<,,O?%>BE

FBJ,CH><F,B%<AL=B,O,NFA?*%>BE%L,(,CEFB><A%HMO<F(%>BE%FB<AC(

EF?LFKOFB>CI% CA?A>CL=% >BE% CA?A>CL=% Q,CGAC?% FB% ,CEAC% <,

FB<C,EMLA%BAQ%GB,QOAENA%>BE%<AL=BFTMA?%FB<,%LOFBFL>O%KC>L(

<FLA$% -FHFO>C% AJJ,C<?% >CA% >O?,% BAAEAE% FB% 6CAO>BE% >BE% <=A

;BF<AE%7FBNE,H$%R=AB%,MC% <C>FBAA?% <C>DAO% <,% <=A%;BF<AE

-<><A?%,B%JAOO,Q?=FK?%F<%H>I%@A%,J%@ABAJF<%<,%ABL,MC>NA%<=A

L,HKOA<F,B%,J%?ML=%CA?A>CL=%H,EMOA?%><%<=A?A%FB?<F<M<A?$

$(,0)&'()*+,-./0/7.5./.+5A1/.,5'.1'0+'0/)5127'+5'0

7,9,7

1,?<% >L>EAHFL% ,C<=,K>AEFL% EAK>C<HAB<?% CAH>FB% MBEAC

FHHAB?A%KCA??MCA%FB%CAO><F,B%<,%<=A%EAOFDACI%,J%LOFBFL>O%?AC(

DFLA?$% 0C>FBFBN% KC,NC>HHA?% J,C% LOFBFLF>B(?LFAB<F?<?% QFOO

BAAE%<,%@A%O,BNAC%<=>B%J,C%<C>EF<F,B>O%LOFBFL>O%<C>FBFBN*%>BE

>J<AC%?ML=%L,HHF<HAB<%@I%LOFBFL>O%<C>FBAC?*%>L>EAHFL%HAB(

<,C?*%KC,NC>HHA%?K,B?,C?%>BE%<=A%<C>FBAA?%<=AH?AODA?*%F<%F?

FHKAC><FDA%<=><%AJJ,C<?%>CA%H>EA%<,%J>LFOF<><A%<=A%C,OA%,J%<=A

LOFBFLF>B(?LFAB<F?<%FB%,MC%=,?KF<>O?%>BE%MBFDAC?F<FA?$%0=ACA%F?

>% CF?G% <=><*% FB% <=A% >@?ABLA% ,J% >KKC,KCF><A% EAK>C<HAB<>O

?<CML<MCA?*% <=,?A% >KK,FB<AE% FB% >B% >L>EAHFL% C,OA% QFOO% @A

FBLCA>?FBNOI% L>OOAE% MK,B% <,% EAOFDAC% LOFBFL>O% L>CA*% <=ACA@I



02:+-#:06"+%"X%-96.+9.%0"%-;28.2P 4'34

!"#$%&'()*%+,$%&*%-./0.1).2%'343

CAEMLFBN% KC,<AL<AE% CA?A>CL=% <FHA$% 6<% H>I% @A% <=><% FB% <=A

JM<MCA*%?M@(?KALF>O<I%>CA>?%KC>L<F?AE%LOFBFL>OOI%@I%,C<=,K>A(

EFL%LOFBFLF>B(?LFAB<F?<?%QFOO%=>DA%<,%@A%C><F,B>OF?AE%<,%CAEMLA

<=AFC%,DAC>OO%LOFBFL>O%Q,CGO,>E$%6<%H>I%H>GA%H,CA%?AB?A%J,C

?ML=%FBEFDFEM>O?%FB%<=A%K,?<(<C>FBFBN%K=>?A%<,%J,LM?%,B%LOFB(

FL>O%>CA>?%LO,?AOI%OFBGAE%<,%<=AFC%CA?A>CL=$%9OFBFL>O%>MEF<%>BE

F??MA?%CAO><FBN%<,%K><FAB<%?>JA<I%H>I%>O?,%CATMFCA%>%?FHFO>C

H,DA$%0=A%H>CG%,J%?MLLA??%,J%>%?ABF,C%LOFBFLF>B(?LFAB<F?<%F?

<=A%>@FOF<I%<,%N>FB%A^<C>HMC>O%CA?A>CL=%?MKK,C<%Q=FOA%L,B(

<FBMFBN%<,%EAOFDAC%>B%A^LAOOAB<%LOFBFL>O%?ACDFLA$%6<%F?%CA>?,B(

>@OA%<,%ABDF?>NA%>%JM<MCA%Q=ACA%=FN=OI%TM>OFJFAE%HAH@AC?%,J

>B%>L>EAHFL%,C<=,K>AEFL%EAK>C<HAB<%QF<=%>B%>K<F<MEA%J,C

@>?FL*%LOFBFL>O%>BE%<C>B?O><F,B>O%CA?A>CL=*%>CA%KC,DFEAE%QF<=

<=A% KC,<AL<AE% <FHA% >BE% CA?,MCLA?% <,% J,LM?% ><<AB<F,B% ,B

<=A?A$%0=F?%QFOO%CATMFCA%>%H>S,C%L=>BNA%FB%?ACDFLA%EAOFDACI

@I%L,B?MO<>B<?% FB%H>BI%,C<=,K>AEFL% FB?<F<M<F,B?*%>BE%QFOO

Q>CC>B<%?FNBFJFL>B<%EF?LM??F,B$%X,C%EAK>C<HAB<?%<=><%>E>K<

>BE%AH@C>LA%?ML=%L=>BNA*%<=A%@ABAJF<?%>CA%OFGAOI%<,%@A%?AAB

FB%<=AFC%>@FOF<I%<,%><<C>L<%<=A%@A?<%>BE%@CFN=<A?<%<C>FBAA?%,J

<=A%JM<MCA*%L,MKOAE%QF<=%CA?A>CL=%JMBEFBN%JC,H%@,<=%N,D(

ACBHAB<%>BE%,M<?FEA%>NABLFA?*%OA>EAC?=FK%C,OA?*%>BE%>%D,FLA

QF<=FB%<=A%=,?KF<>O%>BE%MBFDAC?F<I%?A<<FBN$%0=AI%QFOO%@AL,HA

>% CAOF>@OA% ?,MCLA% J,C% EFCAL<FBN% BAQ% CANABAC><FDA% ?MCNFL>O

>KKC,>L=A?%>?%<=AI%>CA%ABL,MC>NAE%@I%,M<?FEA%>NABLFA?$%6<%F?

>O?,% FHK,C<>B<% <,% EADAO,K% HAL=>BF?H?% Q=ACA@I% <=A% >L>(

EAHFL%LOFBFLF>B(?MCNA,B%ABL,MC>NA?%CA?A>CL=%@I%LOFBFLF>B?$

[A>O<=%?ACDFLA?%>BE%MBFDAC?F<FA?%QFOO%BAAE%<,%L,OO>@,C><A%FB

,CEAC% <,% LCA><A% >EATM><A% BMH@AC?% ,J% K,?<?% J,C% >L>EAHFL

,C<=,K>AEFL%?MCNA,B?$

G)5/721.)51

0=ACA%F?%HML=%<,%@A%KC,ME%,J%FB%,MC%,C<=,K>AEFL%=ACF<>NA$

0=A% ?<>BE>CE% <CA><HAB<?% ,J% <,E>I*% Q=ACA% KC,KACOI% A^A(

LM<AE*%?ACDA%,MC%K><FAB<?%QAOO$%0=A%EAH>BE%J,C%,C<=,K>AEFL

?MCNA,B?%=>?%BADAC%@AAB%NCA><AC*%NFDAB%<=A%AB,CH,M?%AL,(

B,HFL*% ?,LF>O% >BE% KAC?,B>O% FHK>L<%,J%,C<=,K>AEFL% L,BEF(

<F,B?$% 0C>EF<F,B>O% ,C<=,K>AEFL% ?MCNACI% ,JJAC?% FHHAB?A

@ABAJF<%<,%<=,?A%Q=,?A%L,BEF<F,B?%CATMFCA%?MCNACI%>BE%<=A

?ACDFLA%L,HHF<HAB<?%,J%<=A%,C<=,K>AEFL%?MCNA,B%>CA%AB,C(

H,M?$%[,QADAC*%L=>BNA%F?%FBADF<>@OA$%0=A%C>KFEOI%AHACNFBN

JFAOE%,J%CANABAC><FDA%,C<=,K>AEFL%?MCNACI*%Q=FL=%=,OE?%NCA><

KC,HF?A%J,C%<=A%NABAC><F,B%,J%JMBL<F,B>O%<F??MA%?M@?<F<M<A?*

EAH,B?<C><A?% <=A% BAAE% <,% <C>FB% >% L>ECA% ,J% ,C<=,K>AEFL

?MCNA,B?%QF<=%A^<ABEAE%CA?A>CL=%A^KACFABLA$% 6<% ?=,MOE%@A

>LGB,QOAENAE%<=><%<=A%JFB>O%?<AK?%FB%<C>B?O><FBN%,C<=,K>A(

EFL%<F??MA%ABNFBAACFBN%CAK>FC%JC,H%@>?FL%?LFABLA%<,%?MCNFL>O

FB<ACDAB<F,B%CAH>FB?%>%L=>OOABNA%<,%?MCNA,B?%>BE%@>?FL%?LF(

AB<F?<?*% >BE%QFOO% CATMFCA%LO,?A% L,OO>@,C><F,B%@A<QAAB%>L>(

EAHFL% LOFBFLF>B?*% LOFBFLF>B?% >BE% ?LFAB<F?<?$% "C<=,K>AEFL

?MCNA,B?% ?=,MOE% CAH>FB% DACI% >L<FDA% FB% <C>B?O><F,B>O

CA?A>CL=%CAO><AE%<,%<=A%HM?LMO,?GAOA<>O%?I?<AH$%0=F?%QFOO%@A

K>C<FLMO>COI%FHK,C<>B<%<,%AB?MCA%<=A%AJJFLFAB<%FBL,CK,C><F,B

,J% O>@,C><,CI% CA?A>CL=% FB<,% LOFBFL>O% KC>L<FLA% FB% AHACNFBN

L,BLAK<?%J,C%@F,O,NFL>O%L>C<FO>NA%CAK>FC%?<C><ANFA?$%/C,NCA?(

?F,B% ,J% CA?A>CL=% GB,QOAENA% FB<,% ?>JA% >BE% AJJAL<FDA% BAQ

J,CH?%,J% <CA><HAB<% L>B%@A% J>LFOF<><AE%@I% J,CH>OOI% <C>FBAE

,C<=,K>AEFL% LOFBFL>O% ?LFAB<F?<?$% -<CML<MCA?%>CA%@AFBN%A?<>@(

OF?=AE%<,%HAA<%<=F?%KCA??FBN%BAAE*%@,<=%B><F,B>OOI%>BE%FB<AC(

B><F,B>OOI*%<=C,MN=,M<%>OO%?KALF>O<FA?%FB%HAEFLFBA$%/><FAB<?

QF<=% HM?LMO,?GAOA<>O% EF?,CEAC?% =>DA% HML=% <,% N>FB% FJ% <=A

?KALF>O<I%,J%,C<=,K>AEFL%?MCNACI%F?%>L<FDAOI%ABN>NAE%FB%>BE

@AL,HA?%>%OA>EAC%FB%<=F?%KC,LA??$

-?::3.L.)9('B#L(9.';(3
:% JMC<=AC% ,KFBF,B% @I% /C,JA??,C% .$% #AA% F?% >D>FO>@OA

QF<=%<=A%,BOFBA%DAC?F,B%,J%<=F?%>C<FLOA%,B%,MC%QA@?F<A

><%QQQ$S@S?$,CN$MG

K&#N.).C;9/#;)#()B#C&'L#1(J.#N..)#'.0.;J.7#&'#4;33#N.#'.0.;J.7#C'&L#(#0&LL.'P

0;(3#:('9B#'.3(9.7#7;'.093B#&'#;)7;'.093B#9&#91.#/?Nd.09#&C#91;/#('9;03."

H,;,&,5/,1
!" #$%&'()*+,-./"- !"#$%&'#()"*)+*,-($"-$* ("#)*)&#.)/'$0(-*/&'-#(-$1* (2/3(-'#()",*+)&

,)34("%* #.$*/&)53$2*)+*'&#(-63'&* -'&#(3'%$* &$/'(&7*!"#$%&"!$'%(")*+," -./0"899:;<=>
?@A6//3*8B1C>D7

0" 1+*2334-/5-#,33&6-75-83,*9+,-:5-7$6;*3<-="-?&#(-63'&*-'&#(3'%$*#(,,6$*$"%("$$&("%7
!"#$%&"!$'%(")*+,"-#+0"899E;EC>F1=G=>DG7

>" ?;(<-@5-@(6A+B6&9-C.5-C9&36-/15-:($,+<%9<-DE"-H(,,6$*$"%("$$&("%*)+*5)"$1
2'#$&('3*'"0*2'#&(I*-)",(0$&'#()",7*!"#$%&"!$'%(")*+,"-./0"899<;E9>?@A6//3*CB1:G>J87

F" C3GG(*-?:5-H(<2-I=5-734+3-J/5-:$-KK"-K&#.)/$0(-*("#$&+'-$*#(,,6$*$"%("$$$&("%
+)&*#.$*5()3)%(-'3*+(I'#()"*)+*,)+#*#(,,6$*%&'+#,7*12'%")3$+(4"5&6"899E;8<1C=D>DG7

L" E69,9496-M5-N+)3<96-J5-:9BO-P5-19(<<3$496-QN"-H(,,6$*$"%("$$&("%*'//&)'-.$,*#)
&)#'#)&*-6++*#$"0)"*0$+(-($"-L7*1$%%&7("8'44*&"9&4"899<;JE1J==>G:7

R" S(<-T6%;-1.5-#,9**O+,2-C5-P+<<96-.M5-+*-()"-M'&#(3'%$*&$/'(&1*/',#*'"0*+6#6&$1*3$,>
,)",*+)&*&$%$"$&'#(4$*2$0(-("$7*!"1&22"5$2"5&6"899E;C:1DE8><C97

U" N(%(<*9-D/"-N(,#)&L*)+* #(,,6$*$"%("$$&("%*'"0*%3(2/,$* ("#)* (#,* +6#6&$7*8'44*&":%,

899G;C81CC:D>J87

V" JW+%*3,-C"-F()2'#$&('3,>5',$0*#(,,6$*$"%("$$&("%*'"0*&$%$"$&'#(4$*2$0(-("$*,)36>
#()",*#)*26,-63),O$3$#'3*/&)53$2,7*);'44"5&6"<=2>"899G;C:G18E:>:9C7

X" K$<A9&+,-M5-JW+%*3,-C5-:9O+,(-.5-+*-()"-H&'",3'#()"*+&)2*&$,$'&-.*#)*'//3(-'#()",7
8'44*&":%,"899G;C81::JC>GJ7

!Y" :$-:5-Z;$-[5-N()+<A$+)(-715-D$,,9+,-#:5-@(6A+B6&9-C."-F()0$%&'0'53$*/)3L2$&
,-'++)30,*+)&*-'&#(3'%$*#(,,6$*$"%("$$&("%7*12'%"?+(@$3"899C;:EC@A6//3B18=C>D97

!!" MS(<6-DK5-1;9S9AA(<9-JD5-73OO9<6-QP"-K&#.)/$0(-*%$"$*#.$&'/L*("*899<7*5$2"8@&+

899E;CD18:C>JJ7

!0" MS(<6-DK5-1;9S9AA(<9-JD5-73OO9<6-QP"-P$"$*#.$&'/L*)+*#.$*&.$62'#(-*0(,$',$,1
CEE<*#)*899<7*.+(@+'('4"9&4"8@&+"899E;CC189E7

!>" C9*;3+G+,-?5-C%/4(B6-E75-J%3WW-.C5-C(<4+)O($B-#7"-Q2$&%("%*)/#()",*+)&
#&$'#2$"#*)+*'&#(-63'&*-'&#(3'%$*("R6&L*("*#.$*'#.3$#$7*12'%")3$+(4"5&6"899E;8<18=>J97

!F" J3$%(%36-Q=5-.3;<63<-MT5-#(O96-1"-?"*6/0'#$*)"*&$-$"#*'04'"-$,*("*5)"$*&$%$">
$&'#()"7*A%B*+>"899<;:E@A6//3*8B1C>J7

!L" :++-?5-D;(<-D?5-Q(*9)-=5-1334B(<-J#"-M$33*#.$&'/L*+)&*5)"$*&$%$"$&'#()"1*5$"-.
#)*5$0,(0$7*!"#'$/&6"5C(&+"9&4"#".332"#'$/C(&+"899E;<E18=8>G:7

!R" #34+<- JP5- M9<;3,<- E/5- C3,2(<- EJ5- 7369- ::5- H+9<6*+9<- .="-?"* ?K?* -&(#(-'3
(,,6$1*#.$*+6#6&$*)+*#.$*)&#.)/'$0(-*,6&%$)"1*/&)-$06&'3(,#*)&*O$$/$&*)+*#.$*26,-63)>
,O$3$#'3*,L,#$2S*!"#$%&"!$'%(")*+,"-./0"899=;<D>?18<C8>8C7

!U" ?9,&)+\-/5-#9,B9<2;(B-E#5-:9*%;G9+)4-7#5-+*-()"-?*&'"0)2(T$0*#&('3*)+*'&#.&),-)/(-
,6&%$&L*+)&*),#$)'&#.&(#(,*)+*#.$*O"$$7*D":%,2"!"5&6"899<;:=E1C9ED>C9D7

!V" C(;+,-J/5-K94(&(-D5-D$<<9<2;(B-CM5-734+3-J/"-U.'#V,*"$W*("*)&#.)/'$0(-
&$,$'&-.7*!"#$%&"!$'%(")*+,"-./0"899<;E9>?1C<99><7

!X" C9\(B(-E5-M<2+O,+*6+<-:5-@36;9&('(-K5-J;9<3-?"-M$33>5',$0*#.$&'/L*("*'&#(-63'&
-'&#(3'%$*3$,()",*)+*#.$*O"$$7*.+(@+$47$3>"899E;8=1=:C>=87

0Y" 1],*A-J5-#$2O++-HP"-?33)%&'+#,*("*'&#(-63'&*-'&#(3'%$*&$/'(&7*!"#$%&"!$'%(")*+,"-./0

899G;<<>?1C:DJ><J7

0!" :\<<-/?5-#,33&6-7/5-#3<G9+)4-H5-7$6;*3<-="-X$/'(&*)+*0$+$-#,*("*'&#(-63'&*R)("#,1
/&),/$-#,*+)&*2'#$&('3>5',$0*,)36#()",*("*#(,,6$*$"%("$$&("%7*!"#$%&"!$'%(")*+,"-#+0

899J;<G>F1C9E:>E7

00" K$<A9&+,-M#"-?&#(-63'&*-'&#(3'%$*&$/'(&1*5',(-*,-($"-$*'"0*-3("(-'3*/&)%&$,,1*'*&$4($W
)+*#.$*-6&&$"#*,#'#6,*'"0*/&),/$-#,7*?4(&$C+(@+'('4"1C+('2C,&"8998;C91J:8>G:7

0>" P(;+,-7.5-D;(;9<+-=T5-1,++<O+,2-/J5-J2(2)93<+-=/5-1,(<4+-P/"-Y$W*2$#.>
)0,*#)*0('%"),$*'"0*#&$'#*-'&#(3'%$*0$%$"$&'#()"7*DC("9&E"9@&*/C($2"899E;=1=EE>G9D7

0F" Q+*,92)9(<3-8/5-C%/))96*+,-P75-H$-#C"-H(,,6$*$"%("$$&("%*+)&*'"#$&()&*-&6-('#$
3(%'2$"#*&$-)",#&6-#()"1*'*&$4($W*)+*-6&&$"#*,#&'#$%($,7*.+(@+$47$3>"899G;881JJC>=C7



4'3' 9$ Z$ 1"2:+*%X$ Z$ -[:++"+*%X$ /$ ):22P*%Z$ 1$ "\)P2+.*%0$ "\)26.+*%R$ 9;206+*

0[.%Z";2+:#%"X%)"+.%:+]%Z"6+0%-;28.2P

0L" 1+-Z5-@(<2-85-13;-.D5-7(B(&,96;<(-J5-:++-MK"-F()2'#$&('3,*'"0*,-'++)30,*+)&*3(%>
'2$"#*#(,,6$*$"%("$$&("%7*!"#'$/&6"5C(&+"9&4"."899G;DD1G:E>=87

0R" J$<4+)(%,$A- J5- ?(W)(<- P:"- A#$2* -$33>* '"0* ,-'++)30>5',$0* #(,,6$* $"%("$$&("%
'//&)'-.$,* #)* ),#$)-.)"0&'3* &$%$"$&'#(4$* 2$0(-("$7* )&/'%" 1&22" F&E" #'$2

899E;891GJG>==7

0U" 19(<<3$496- QN5- M9<;3,<- E/5- C(,6;- P"- Z&'-#6&$* .$'3("%1* #.$* 0('2)"0* -)"-$/#7
A%B*+>"899D;:<@A6//3*JB1:>G7

0V" #(,,\-8Q5-C$,W;\-.C"-[$,$"-.L2'3*,#$2*-$33,1*-3("(-'3*'//3(-'#()",*'"0*5()3)%(-'3
-.'&'-#$&(T'#()"7*A%("!"#'$7@&/"1&22"#'$2"899J;:G1=G<><J7

0X" ?3S(%+S9%-P5-734+3-J/"-F()3)%(-'3*'6%2$"#'#()"*)+*&)#'#)&*-6++*#$"0)"*&$/'(&7*12'%

?+(@$3"899<;JGG1G88>::7

>Y" S(<-E9+<+<-E15-K(<<9<&-15-#$B(-Q"-[$"(,-6,*&$/3'-$2$"#*6,("%*,L"#.$#(-*2'#$>
&('3,7*12'%")3$+(4"5&6"899E;8<1CJ:>=G7

>!" ?(O4+)-75-73O+,*6-J5-^,O(<-.Q"-H(,,6$*$"%("$$&("%*'"0*#.$*("#$&4$&#$5&'3*0(,-1*#.$
-.'33$"%$,7*:*+")3'%&"!"899<;CD@A6//3*JB1J<9>EC7

>0" C(492(<-==5-H9<4+O(<&-/."-M6&&$"#* #(,,6$*$"%("$$&("%*'"0*")4$3* #.$&'/$6#(-
'//&)'-.$,*#)*'I)"'3*&$%$"$&'#()"*+)33)W("%*,/("'3*-)&0*("R6&L*6,("%*/)3L2$&*,-'+>
+)30,7*9&43'+"G@>4'$2"D&*+$H'$2"899E\Q/65*'.$'0*)+*/&("#]7

>>" C(3-..5-N$<_(&`=3S(&3S9%-15-C9&36-/15-/*()(-/"-H&'",3'#()"'3*'//&)'-.$,*("
#(,,6$* $"%("$$&("%* '"0* &$%$"$&'#(4$* 2$0(-("$7* F),#)"^* _)"0)"1* ?&#$-.* N)6,$^
899D1C>=9:7

>F" #$*)+,-P"-H&'",3'#()"'3*&$,$'&-.1*-&),,("%*#.$*4'33$L*)+*0$'#.7*DC(*+&"899<;J=:1<J9>87

>L" .(%&63<-PH"-H.$*)&#.)/'$0(-*-3("(-('">,-($"#(,#7*!"#$%&"!$'%(")*+,"-./0"899C;<:>
?1C:C>=7

>R" D)('63<- P?"- M63#(4'#("%* '* 4'36'53$* .L5&(01* #.$* )&#.)/'$0(-* -3("(-('">,-($"#(,#7*!
#$%&"!$'%(")*+,"-./0"899C;<:>?1CJ:8>:7

>U" H,92;*-.1"-A6//)&#("%*#.$*)&#.)/'$0(-*-3("(-('">,-($"#(,#7*!"#$%&"!$'%(")*+,"-./0

8998;<J>?1CJ=>G7

>V" M9<;3,<-E/"-Z6"0("%*#.$*2'"0'#$*+)&*#.$*)&#.)/'$0(-*-3("(-('"*,-($"#(,#7*12'%"?+(@$3

899G;JJE1DG><97

>X" #,(<4-7/5-K(<<(G9<-./"-H.$*$"4(&)"2$"#'3*)+* #.$*,6--$,,+63* -3("(-('">,-($"#(,#7
12'%"?+(@$3"899G;JJE1GD>DC7

FY" 7369+,-7="- !",#(#6#()"'3*5'&&($&,*#)*#.$*)&#.)/'$0(-*-3("(-('">,-($"#(,#7*12'%"?+(@$3

899G;JJE1C=E>GJ7

F!" K(,+-1C"-M.'33$"%$,*'"0*&$W'&0,*)+*#.$*-3("(-'3*,-($"#(,#*-'&$$&*/'#.7*12'%"A%E&4(

5&6"899<;:C1$:98>:7

F0" /,B6*,3<2-QH"-?*#(2$*+)&*#&'",+)&2'#(4$*3$'0$&,.(/*("*'-'0$2(-*.$'3#.*,-($"-$,7
12'%"A%E&4("5&6"899D;:91$C8D>:87

F>" E$<O,942+-C"-[)"(#)&("%*#.$*-3("(-('"*,-($"#(,#*,-.$2$7*12'%"5&6"899J;J1CJC>:7

FF" H\<2((,4+<-.#"-H.$*-3("(-'3*("4$,#(%'#)&*',*'"*$"0'"%$&$0*,/$-($,7*D":%,2"!"5&6

CEDE;:9C1C8=J>E7

FL" K3)%3BO+-78"-`($W/)("#1*W.)V,*W'#-.("%*)6#* +)&* #.$* -3("(-'3*'-'0$2(-('"S*.7C6

5&6"899=;<91E9=>D7

FR" /;<-.5-C(<-:[5-H(<4+,+,-.5-#+,<6*+9<-.5-I(<<3**9-.Q"-H.$*+6#6&$*)+*#.$*)&#.)/'$>
0(-*-3("(-('">,-($"#(,#7*a'&#*!1*#.$*/)#$"#('3*&)3$*)+*[b>a.b*,#60$"#,*-)",(0$&("%*)&#.)>
/'$0(-*,6&%$&L7*!"#$%&"!$'%(")*+,"-./0"899<;E9>?1CDEJ>E7
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