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0+* I%3%/&%!#/.2&5/':#',2!

0+* I,,*!#%*:%/.#(/%!

.!* J#.2+./+!+%3'.#',2!

."05* J%9%5#'3%!%&#/,6%2!/%5%:#,/!*,+(9.#,/!

./-* J:,#!0,/*'26!5%99&!

.&* J'269%!:,&'#'3%!

+* >./6%#!

+L!* >4:%![!+'.)%#%&!

+,,* >(*,(/!.&&,5'.#%+!.2#'6%2!

+,&* >/.2&:,/#%/!.&&,5'.#%+!?'#$!.2#'6%2!:/,5%&&'26!

+,&'* >fSn!:/,#%.&%!'2$')'#,/!

+-0* >M5%99!/%5%:#,/!

+\!5L* "+,M#/.&#(h(*.)!%*#.2&'2%!!

+4* a%9:%/!>M5%99!

+'$* >(*,(/!'20'9#/.#'26!94*:$,54#%!

+(* >/':9%!2%6.#'3%!

+(/* >(*,(/!2%5/,&'&!0.5#,/!

+37N* I%6(9.#,/4!>M5%99!

#!^* _./'.)9%C!+'3%/&'#4B!g,'2'26!

W1.* Q%9&$!)9,,+!&%/3'5%!

W+* Q'9+M#4:%!

_J5* oMZM*'5/,69,)(9'2!

* *



'F!
!

+,1$"*%/*-%(+"(+.*

!

L6! '(+0%!U-+'%(*6666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666*L!

[C[C! `/%.&#!-.25%/!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![!

[C[C[C! H:'+%*',9,64!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![!

[C[CZC! I'&A!S.5#,/&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Z!

[C[CWC! J4*:#,*&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Z!

[C[CVC! -9.&&'0'5.#',2!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Z!

[C[CXC! -(//%2#!#/%.#*%2#&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]!

[C[C\C! >$%!2%%+!0,/!.9#%/2.#'3%!#$%/.:'%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!b!

[CZC! >$%!$(*.2!.+.:#'3%!'**(2%!&4&#%*!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![[!

[CZC[C! no!>M5%99&!3&C!rs!>M5%99&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Z!

[CZCZC! H3'+%25%!#$.#!#$%!.+.:#'3%!'**(2%!&4&#%*!:/,#%5#&!.6.'2&#!5.25%/!CCC!ZX!

[CWC! -.25%/!'**(2,#$%/.:4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Zb!

[CWC[C! -.25%/!_.55'2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Zb!

[CWCZC! >(*,(/!'20'9#/.#'26!94*:$,54#%!;>LR=!>$%/.:4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!V\!

[CWCWC! L**(2%!5$%5A:,'2#!'2$')'#,/&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!V\!

[CWCVC! K#$%/!'**(2,#$%/.:%(#'5!&#/.#%6'%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Vb!

[CVC! 8IKTH->!"L<J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X[!

J6! 5,+"0',$.*,(!*5"+V%!.*6666666666666666666666666666666666666666666666666666666666666666666666666*SJ!

ZC[C! -%99!5(9#(/%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!XZ!

ZC[C[C! <%+'(*!.2+!)(00%/&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!XZ!

ZC[CZC! _'.)9%!5%99!5,(2#'26!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!XV!

ZC[CWC! -/4,:/%&%/3.#',2!.2+!#$.?'26!,0!5%99&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!XV!

ZC[CVC! `9,,+!&.*:9%&!.2+!:%/':$%/.9!)9,,+!*,2,2(59%./!5%99!;8`<-=!'&,9.#',2
! XX!

ZC[CXC! -7^p!.2+!-7Vp!>M5%99!&()&%#!'&,9.#',2!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!XX!

ZC[C\C! H&#.)9'&$'26!-7^p!>M5%99!9'2%&!;-7^p!:/'*'26=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X\!

ZC[C]C! H&#.)9'&$'26!-7^p!.2+!-7Vp!>M5%99!9')/./'%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X]!

ZC[C^C! L&,9.#'26!>M5%99!59,2%&!;LSfrE>fSn!&%5/%#',2!.&&.4=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X^!

ZC[CbC! 8%:#'+%M'2+%:%2+%2#!>M5%99!%F:.2&',2!.2+!5(9#(/%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Xb!

ZC[C[YC! >(*,(/!'20'9#/.#'26!94*:$,54#%&!;>LR&=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Xb!

ZC[C[[C! >(*,(/!.2+!'**,/#.9'&%+!5%99!9'2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\[!



F!
!!

ZCZC! S(25#',2.9!>M5%99!.&&.4&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\W!

ZCZC[C! 8%:#'+%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\V!

ZCZCZC! 8%:#'+%!.5#'3.#',2!.&&.4@!<L8M[oELSfr!%2h4*%M9'2A%+!'**(2,&,/)%2#!
.&&.4! \V!

ZCZCWC! LSfr!%2h4*%M9'2A%+!'**(2,&:,#!.&&.4!;HRLJ:,#=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\\!

ZCZCVC! -$/,*'(*MX[!;X[-/=!/%9%.&%!54#,#,F'5'#4!.&&.4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\^!

ZCZCXC! 8,&'#',2.9!&5.22'26!&42#$%#'5!5,*)'2.#,/'.9!9')/./4!;8JMJ-R=!CCCCCCCCCCCCCCCC!\b!

ZCZC\C! "9#%/%+!8%:#'+%!R'6.2+!;"8R=!7%&'62!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\b!

ZCWC! S9,?!54#,*%#/'5!.2.94&'&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]Z!

ZCWC[C! RL_HE7H"7!.2+!5%99!&(/0.5%!&#.'2'26!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]Z!

ZCWCZC! L2#/.5%99(9./!54#,A'2%!&#.'2'26!;L-J=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]Z!

ZCWCWC! >fSn!:/,5%&&'26!'2$')'#,/!;>"8L=!.&&.4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]V!

ZCWCVC! 8%:#'+%M<a-!;:<a-=!*(9#'*%/!&#.'2'26!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]X!

ZCWCXC! `%.+M).&%+!54#,#,F'5'#4!.&&.4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]]!

ZCWC\C! -%99!&,/#'26!;0,/!59,2,#4:'26=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]]!

ZCWC]C! -,*:%2&.#',2!-,2#/,9&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]^!

ZCWC^C! J.*:9%!.5D('&'#',2!.2+!.2.94&'&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]^!

ZCVC! -9,2,#4:'26!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]b!

ZCXC! S'6(/%&!.2+!+.#.!.2.94&'&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ Y!

T6! +\?7FF*F9H32397;*2;*2*=7[*2]]3<2?4*><3*N7=732@9=N*]7]@9G7\;]7?9>9?*+\?7FF*?F<=7;*
><3*H372;@*?2=?73*37;723?4*66666666666666666666666666666666666666666666666666666666666666666666666666666666666*ML!

WC[C! Lf>IK71->LKf!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ [!

WC[C[C! 1&'26!>M5%99!59,2%&!0,/!/%&%./5$!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ [!

WC[CZC! <%#$,+&!0,/!6%2%/.#'26!>M5%99!59,2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ [!

WC[CWC! -.2+'+.#%!#./6%#!:/,#%'2&!0,/!)/%.&#!5.25%/!'**(2,#$%/.:4!CCCCCCCCCCCCCC!̂ Z!

WCZC! "L<J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ X!

WCWC! IHJ1R>J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ \!

WCWC[C! c>M5%99!9'2%&d!.::/,.5$!&(55%&&0(994!6%2%/.#%&!)/%.&#!5.25%/!&:%5'0'5!>M
5%99!59,2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ \!

WCWCZC! c>M5%99!9')/./4d!.::/,.5$!&(55%&&0(994!6%2%/.#%&!*(9#':9%!)/%.&#!5.25%/!
&:%5'0'5!>M5%99!59,2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!bZ!

WCVC! 7LJ-1JJLKf!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![YX!

Q6! +CB<C3\9=>9F@32@9=N*FDB]4<?D@7;*O+'$;P*2;*2=*7=39?47G*;<C3?7*<>*]7]@9G7\
;]7?9>9?*+\?7FF;*><3*H372;@*?2=?73*37;723?4*666666666666666666666666666666666666666666666666666666666*LKa!

VC[C! Lf>IK71->LKf!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Y]!



F'!
!

VC[C[C! >(*,(/M'20'9#/.#'26!94*:$,54#%!;>LR=!>$%/.:4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Y]!

VC[CZC! >LR&!'2!)/%.&#!5.25%/!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Y]!

VC[CWC! `,2%!*.//,?!&#/,*.9!5%99!.2#'6%2MZ!;`J>MZ=!.&!.!5.2+'+.#%!#./6%#!
:/,#%'2!0,/!)/%.&#!5.25%/!'**(2,#$%/.:4!/%&%./5$!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Yb!

VCZC! "L<J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![[Y!

VCWC! IHJ1R>J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![[[!

VCWC[C! S(25#',2.9!.2.94&'&!,0!)/%.&#!5.25%/!/%.5#'3'#4!'2!*%9.2,*.!>LR&!CCCCCC![[[!

VCWCZC! S(25#',2.9!.2.94&'&!,0!*(9#':9%!#(*,(/!/%.5#'3'#4!'2!*%9.2,*.!>LR&!CC![[W!

VCWCWC! -9,2,#4:'5!.2.94&'&!,0!#(*,(/!/%.5#'3'#4!'2!*%9.2,*.!>LR&!CCCCCCCCCCCCCCCC![[W!

VCWCVC! `,2%!*.//,?!&#/,*.9!5%99!.2#'6%2MZ!;`J>MZ=!:/,3'+%&!.!3.9'+!#./6%#!0,/!
)/%.&#!5.25%/!'**(2,#$%/.:4!/%&%./5$!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![[b!

VCVC! 7LJ-1JJLKf!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![ZX!

S6! !7;9N=*<>*]<@7=@*7]9@<]7;*><3*H372;@*?2=?73*9BBC=<@4732]D*666666666666666666666*LJa!

XC[C! L2#/,+(5#',2!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Z]!

XC[C[C! >$4*'5!&%9%5#',2!.2+!,3%/5,*'26!'**(2,9,6'5.9!#,9%/.25%!CCCCCCCCCCCCCC![Z]!

XCZC! "L<J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Zb!

XCWC! IHJ1R>J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![WY!

XCWC[C! 8JMJ-R&!5.2!)%!(&%+!0,/!#$%!&(55%&&0(9!+%&'62!,0!"8R&!CCCCCCCCCCCCCCCCCCCCCCC![WY!

XCWCZC! "8R&!:/%0%/%2#'.994!.5#'3.#%!>M5%99!59,2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![WZ!

XCVC! 7LJ-1JJLKf!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![VX!

Z6! &37F9B9=23D*7b]739B7=@;*@<*9=:7;@9N2@7*[47@473*2F@737G*]7]@9G7*F9N2=G;*
O,&$;P*?2=*]39B7*9B]3<:7G*+\?7FF*37;]<=;7;*@<*H372;@*?2=?73*2=@9N7=;*66666666666666*LQZ!

\C[C! L2#/,+(5#',2!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![V\!

\CZC! "L<J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![V]!

\CWC! IHJ1R>J!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![V^!

\CWC[C! `J>MZ!"8R!:/'*%&!.!>M5%99!/%&:,2&%!,0!6/%.#%/!*.62'#(+%!CCCCCCCCCCCCCCCCCC![V^!

\CWCZC! `J>MZ!"8R!:/'*%&!.!59,2,#4:'5.994!+'&#'25#!>M5%99!/%&:,2&%!CCCCCCCCCCCCCCCCC![XY!

\CWCWC! `J>MZ!"8R!:/'*%&!.!>M5%99!/%&:,2&%!?'#$!6/%.#%/!#(*,(/MA'99'26!.)'9'#4
! [X\!

\CVC! 7LJ-1JJLKf!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Xb!

\CVC[C! L*:/,3%*%2#&!0,/!#$%!.&&%&&*%2#!,0!:/'*%+!>M5%99!/%&:,2&%&!CCCCCCCCCC![\[!

a6! !'.-U..'%(*66666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666*LZT!

]C[C! J(**./4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\W!

]CZC! L*:.5#!,0!#$'&!/%&%./5$!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\X!



F''!
!

]CWC! S(#(/%!?,/A!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\]!

]CVC! S(#(/%!:%/&:%5#'3%&!'2!)/%.&#!5.25%/!3.55'2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![\^!

]CXC! -,259(+'26!/%*./A&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![]Y!

M6! .U&&$"5"(+,0Y*/')U0".*6666666666666666666666666666666666666666666666666666666666666666666666666*LaJ!

c6! 0"/"0"(-".*66666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666666*LaZ!

!

*

* *



F'''!
!

$'.+*%/*/')U0".* *

*

/9NC37*L6LI*J4*:#,*&!,0!)/%.&#!5.25%/C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!W!

/9NC37*L6JI*S%*.9%!)/%.&#!.2.#,*4!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!X!

/9NC37*L6TI!`/%.&#!5.25%/!59.&&'0'5.#',2!M!'23.&'3%2%&&!.2+!&#.6%C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\!

/9NC37*L6QI*`/%.&#!5.25%/!59.&&'0'5.#',2!t!$'&#,9,6'5!6/.+%!.2+!*,9%5(9./!&()#4:%!CCCC!̂ !

/9NC37*L6SI*"2#'6%2!:/%&%2#.#',2!)4!*.g,/!$'&#,5,*:.#')'9'#4!5,*:9%F!59.&&!L!;<a-M

L=!.2+!59.&&!LL!;<a-MLL=!*,9%5(9%&C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![]!

/9NC37*L6ZI*no!>M5%99!/%5%:#,/!;>-I=!&#/(5#(/%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![^!

/9NC37*L6aI!J5$%*.#'5!/%:/%&%2#.#',2!,0!#$%!>M5%99!/%5%:#,/!5,*:9%FkkkkkkCCkCZY!

/9NC37*L6MI*P%2%/.#',2!,0!#$%!$(*.2!no!>-I!)4!_;7=T!/%5,*)'2.#',2!CCCCCCCCCCCCCCCCCCCC!Z[!

/9NC37*L6cI*"2#'M#(*,(/!>M5%99!/%&:,2&%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Z\!

/9NC37*L6LKI*"2#'M5.25%/!:%:#'+%!3.55'2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!Wb!

/9NC37*J6LI*HF.*:9%!,0!.!<L8M[o!&#.2+./+!5(/3%!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!\]!

/9NC37*J6JI*J5$%*.#'5!,0!.!b*%/!.2+![Y*%/!:,&'#',2.9!&5.22'26!&42#$%#'5!

5,*)'2.#,/'.9!9')/./4!;8JMJ-R=!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!]Y!

/9NC37*T6LI*>M5%99!9'2%!.::/,.5$!*%#$,+,9,64!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!̂ ]!

/9NC37*T6JI*P%2%/.#',2!.2+!5$./.5#%/'&.#',2!,0!#?,!fjM`IM[M&:%5'0'5!-7^p!>M5%99!

59,2%&B!R(5A4\CfjM`IM[C^Z!;:'2A=!.2+!J>\VCfjM`IM[C]X!;6/%4=B!0/,*!>M5%99!9'2%&!CCCCC!̂ b!

/9NC37*T6TI*R(5A4\CfjM`IM[C^Z!;:'2A=!.2+!J>\VCfjM`IM[C]X!;6/%4=!/%5,62'&%!.2+!A'99!

)/%.&#!5.25%/!5%99!9'2%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!b[!

/9NC37*T6QI*>M5%99!9')/./4!.::/,.5$!*%#$,+,9,64C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!bV!

/9NC37*T6SI*P%2%/.#',2!.2+!5$./.5#%/'&.#',2!,0!.!*%9.2,*.!/%.5#'3%!-7^p!>M5%99!

59,2%!;>aH"UC6:[YY=!(&'26!>M5%99!9')/./'%&C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC!b\!

/9NC37*T6ZI*P%2%/.#',2!.2+!5$./.5#%/'&.#',2!,0!#?,!)/%.&#!5.25%/!/%.5#'3%!-7^p!>M

5%99!59,2%&B!P7CSLRC\EWY!;6/%4=!.2+!P7CI8"C\EZ!;:'2A=B!(&'26!>M5%99!9')/./'%&!CCCCCCCCCCCC!b^!

/9NC37*T6aI*P%2%/.#',2!,0!.!#4:%![!+'.)%#%&!;>[7=!/%.5#'3%!-7^p!>M5%99!59,2%B!

P7CL2&`CVB!(&'26!>M5%99!9')/./'%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![YY!

/9NC37*T6MI*P%2%/.#',2!,0!q.'/%!H),9.!3'/(&!;H`K_Mq=!/%.5#'3%!-7^p!>M5%99!59,2%&B!

(&'26!>M5%99!9')/./'%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![YZ!

/9NC37*T6cI!P%2%/.#',2!,0!X>V!,25,0%#.9!:/,#%'2!/%.5#'3%!-7Vp!>M5%99!59,2%&B!(&'26!>M

5%99!9')/./'%&!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![YV!



F'3!
!

/9NC37*Q6LI*K3%/3'%?!,0!>LR!#$%/.:4!'2!*%#.&#.#'5!*%9.2,*.C!CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC![Y^!

/9NC37*Q6JI*S(25#',2.9!.2.94&'&!,0!)/%.&#!5.25%/!/%.5#'3'#4!'2!*%9.2,*.!>LR&!CCCCCCCC![[Z!

/9NC37*Q6TI*S(25#',2.9!.2.94&'&!,0!*(9#':9%!#(*,(/!/%.5#'3'#4!'2!*%9.2,*.!>LR&C!CC![[V!

/9NC37*Q6QI*-9,2,#4:'5!.2.94&'&!,0!#(*,(/!/%.5#'3'#4!'2!*%9.2,*.!>LR&!t!>-Io!_!6%2%!
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(#'9'&%!#$%&%!59,2%&!#,!6%2%/.#%!.9#%/%+!:%:#'+%!9'6.2+&!;"8R&=!#$.#!5,(9+!)%!(&%+!#,!

:/'*%!&(:%/',/!:,:(9.#',2&!,0!)/%.&#!5.25%/!.2#'6%2!&:%5'0'5!-7^p!>M5%99&! 0/,*!#$%!

:%/':$%/.9!)9,,+!*,2,2(59%./!5%99&!;8`<-=!,0!$%.9#$4!aR"M"Zp!+,2,/&C!L!+%5'+%+!#,!

0,5(&!,2!aR"M"Zp!'2+'3'+(.9&B!.&!aR"M"Z!'&!#$%!*,&#!5,**,2!aR"!59.&&ML!&:%5'0'5'#4!

;`/,?2'26!.2+!U/.(&.B![bb\=C!

J:%5'0'5.994B! '2! -42]@73* TB! L! .'*%+! #,! :/,+(5%! fjM`IM[! .2+! -7aW! &:%5'0'5! >M5%99!

59,2%&! (&'26! .! 5,23%2#',2.9! :/,#,5,9! ;c>M5%99! 9'2%&d! &#/.#%64=B! )(#! .9&,! .'*%+! #,!

+%3%9,:!.!2%?!*%#$,+,9,64! 0,/! >M5%99! 59,2%!6%2%/.#',2! ;c>M5%99! 9')/./4d! &#/.#%64=B!

?$'5$! 5,(9+! .99,?! 0,/! #$%! /.:'+! .2+! &'*(9#.2%,(&! :/,+(5#',2! ,0! *(9#':9%! >M5%99!

59,2%&!?'#$!+'00%/%2#!:%:#'+%!&:%5'0'5'#'%&C!<,/%,3%/B!?'#$!.55%&&! '2!*4!9.),/.#,/4!

#,! >LR&! +%/'3%+! 0/,*! .! &#.6%! L_! *%#.&#.#'5! *%9.2,*.! :.#'%2#B! ?$,! (2+%/?%2#!

5,*:9%#%!/%*'&&',2!0,99,?'26!"->B! L!$4:,#$%&'&%+!#$.#!#$%&%!>LR&!5,(9+!)%!.!6,,+!

&,(/5%!,0!>M5%99&!#$.#!/%.5#!#,!.!?'+%!3./'%#4!,0!,#$%/!#(*,(/!#4:%&B!'259(+'26!)/%.&#!

5.25%/C!<%9.2,*.! '&! A2,?2! #,! &$./%! &,*%! .2#'6%2&!?'#$! ,#$%/! 5.25%/&C! >$(&B! '2!

-42]@73* QB! L! .'*%+! #,! +'&&%5#! #$%! #(*,(/! /%.5#'3'#4! ,0! #$%&%! >LR&B! .&! ?%99! .&! (&%!

#$%*!#,!6%2%/.#%!.!`J>MZ!&:%5'0'5!>M5%99!59,2%C!f%F#B!'2!-42]@73*SB!L!.'*%+!#,!+%&'62!

&(:%/',/!"8R&! 0,/! .99! ,0! #$%! #$%!)/%.&#! 5.25%/! &:%5'0'5! >M5%99! 59,2%&! L! 6%2%/.#%+! '2!

-42]@73;*T! .2+!QB! )4!(#'9'&'26!:,&'#',2.9! &5.22'26! &42#$%#'5! 5,*)'2.#,/'.9!:%:#'+%!

9')/./'%&!;8JMJ-R=C!S'2.994B! '2!-42]@73*ZB! L!.'*%+!#,!5.//4!,(#!:/%9'*'2./4!c:/,,0M,0M

5,25%:#d!%F:%/'*%2#&!#,! '23%&#'6.#%!?$%#$%/!:/'*'26!?'#$!*4!*,&#! '**(2,6%2'5!

"8R! 5,(9+! /%&(9#! '2! .2! %2$.25%+! )/%.&#! 5.25%/! .2#'6%2! &:%5'0'5! >M5%99! /%&:,2&%B!

?$%2!5,*:./%+!#,!:/'*'26!?'#$!#$%!?'9+M#4:%!;Q>=!:%:#'+%B!-%(G-1$"C!

! !



!

XZ!
!

J6 5,+"0',$.*,(!*5"+V%!.*

*

J6L6 -7FF*?CF@C37*

!

"99!5%99&!?%/%!5(9#(/%+!.#!W]!á-B!Xw!-KZ!'2!>ZXB!>]X!,/!>[]X!09.&A&!;P/%'2%/!`',MK2%B!

S/'5A%2$.(&%2B!P%/*.24=B!.2+!b\!/,(2+!),##,*B!V^!09.#!),##,*B!,/!ZV!09.#!),##,*!

*(9#'M?%99!:9.#%&!;P/%'2%/!`',MK2%=B!.55,/+'26!#,!5%99!#4:%!.2+!2(*)%/&C!-%99&!?%/%!

2,#! .99,?%+! #,! /%.5$! *,/%! #$.2! ^Yw! 5,209(%254B! .2+! $.90! #$%! 5%99! *%+'(*! ?.&!

/%:9.5%+!?$%2!#$%!*%+'(*!#(/2%+!4%99,?!;'2+'5.#'26!.!+%5/%.&%!'2!:a=B!'2!,/+%/!#,!

:/%3%2#! #$%!.55(*(9.#',2!,0! #,F'5!?.&#%!:/,+(5#&C!-%99&!?%/%! /%6(9./94! #%&#%+! 0,/!

*45,:9.&*.!'20%5#',2!(&'26!<45,"9%/#><!A'#!;R,2h.B!J?'#h%/9.2+=B!.55,/+'26!#,!#$%!

*.2(0.5#(/%/G&! '2&#/(5#',2&C!7%#.'9&!.),(#! 5(9#(/%!,0! &:%5'0'5! 5%99! #4:%&!$.3%!)%%2!

+%&5/')%+!'2!.7?@9<=;*J6L6c6E*J6L6LK6!.2+!J6L6LL6!

*

J6L6L6 57G9CB*2=G*HC>>73;*

!

-%99!5(9#(/%!*%+'(*!.2+!)(00%/&!(#'9'&%+!'2!#$'&!/%&%./5$!$.3%!)%%2!9'&#%+!'2!+2HF7*

J6LCB! .2+! ?%/%! 0'9#%/%+! (&'26! .! YCZà*! &#%/'9%! 0'9#%/! .2+! &4/'26%B! ,/! YCZZà*! &#%/'9%!

),##9%! 0'9#%/! ;J#%/'5(:><l! <%/5A! <'99':,/%B! `%+0,/+B! <"B! 1J"=C! LRMZ! ?.&! (&%+! #,!

:/,*,#%!>!5%99M%F:.2&',2!.2+!%00%5#,/!5%99!6%2%/.#',2!.0#%/!'2'#'.9!;:%:#'+%M&:%5'0'5=!

.5#'3.#',2!3'.!>-I!&'62.99'26C!LRM[X!?.&!(&%+!#,!.5#!.&!.!&#'*(9(&!0,/!#$%!6%2%/.#',2!

,0!*%*,/4! .2+! %00%5#,/! >M5%99&! ;-,/2'&$! %#! .9CB! ZYY\=C! >M5%99! :/'*'26!*%+'(*!?.&!

(&%+!+(/'26!-7^p!:/'*'26!%F:%/'*%2#&B!.2+!0,/!%./94!5(9#(/'26!,0!>M5%99!9'2%&!.2+!>M

5%99!9')/./'%&C!>M5%99!9')/./4!*%+'(*!?.&!(&%+!,2!+.4!\!,0!>M5%99!9')/./4!6%2%/.#',2C!>M

5%99! %F:.2&',2! *%+'(*! ?.&! (&%+! 0,/! :%:#'+%M'2+%:%2+%2#! >M5%99! %F:.2&',2! .2+!

&'269%M5%99! 59,2'26C! >M5%99! 5(9#(/%! *%+'(*! ?.&! (&%+! 0,/! 6%2%/.9! 5%99! 5(9#(/%! ,0!

%&#.)9'&$%+!>M5%99!59,2%&B!9'2%&B!.2+!9')/./'%&C!

* !



!

XW!
!

MEDIUM/BUFFER COMPOSITION 
R0 (serum-free) 1X RPMI 1640 

100 U/ml penicillin 
100 µg/ml streptomycin 
2 mM L-Glutamine 

R5 R0  
5% heat-inactivated foetal bovine serum (HI- FBS) 

R10 R0  
10% HI-FBS 

D10 1X DMEM 
100 U/ml penicillin 
100 µg/ml streptomycin 
2 mM L-Glutamine 
10% HI-FBS 

Breast cancer cell line medium 1X DMEM/F-12 
100 U/ml penicillin 
100 µg/ml streptomycin 
2 mM L-Glutamine 
10% HI-FBS 
1 mM sodium pyruvate 
2.5 µg/ml insulin solution from bovine pancreas (Sigma- 
Aldrich, Poole, UK) 

T-cell priming medium R10 
10 mM HEPES buffer 
1 mM sodium pyruvate 
1X MEM non-essential amino acids (NEAA) 
20 IU/ml IL-2 (aldesleukin, brand name Proleukin®; 
Prometheus, San Diego, CA) 

T-cell library medium R10 
10 mM HEPES buffer 
1 mM sodium pyruvate 
1X MEM non-essential amino acids (NEAA) 
200 IU/ml IL-2 

T-cell expansion medium R10 
10 mM HEPES buffer 
1 mM sodium pyruvate 
1X MEM non-essential amino acids (NEAA) 
20 IU/ml IL-2 
25 ng/ml IL-15 (PeproTech, Rocky Hill, NJ)* 
1µg/ml phytohemagglutinin (PHA; Alere, Cheshire, UK) 

T-cell culture medium R10 
10 mM HEPES buffer 
1 mM sodium pyruvate 
1X MEM non-essential amino acids (NEAA) 
200 IU/ml IL-2 
25 ng/ml IL-15* 

Cell freezing buffer 90% HI-FBS 
10% dimethyl sulfoxide (DMSO; Sigma-Aldrich) 

Red blood cell (RBC) lysis buffer 155 mM NH4Cl, 10 mM KHCO3, 0.1 mM 
ethylenediaminetetraacetic acid (EDTA), pH 7.2 to 7.4 

PBS-EDTA phosphate buffered saline (PBS), 2mM EDTA 
FACS buffer PBS, 2% HI-FBS 
MACS buffer PBS, 2 mM EDTA, 0.5% bovine serum albumin (BSA) 
Dextramer Buffer 50 mM Tris-HCL, 15 mM NaN3, 1% BSA, pH 7.2 
!

+2HF7* J6LI* 57G9CB* 2=G* HC>>73* F9;@6! 129%&&! ,#$%/?'&%! &#.#%+B! .99! *%+'(*! .2+! )(00%/! 5,*:,2%2#&!
?%/%!,)#.'2%+!0/,*!P')5,zB!R'0%!>%5$2,9,6'%&!;8.'&9%4B!1U=C!m-7^p!>M5%99&!,294C!



!

XV!
!

J6L6J6 #92HF7*?7FF*?<C=@9=N*

*

-%99! &(&:%2&',2&! ?%/%! *'F%+! [@[! ?'#$! #/4:.2! )9(%! &,9(#',2! ;J'6*.M"9+/'5$B! 8,,9%B!

1U=!'2!.!&'269%!b\!/,(2+!),##,*!?%99C![Y!à9!,0!#$%!*'F!?.&!#$%2!9,.+%+!,2#,!.!69.&&!

$.%*,54#,*%#%/B! (2+%/2%.#$! .! 5,3%/&9':C! 1&'26! .! *'5/,&5,:%B! 9'3%! 5%99&! ?%/%!

5,(2#%+!.5/,&&!,2%!&%#!,0![\!&D(./%&B!%F59(+'26!+%.+!;)9(%M&#.'2%+=!5%99&C!>$%!#,#.9!

2(*)%/!,0!3'.)9%!5%99&!?.&!5.95(9.#%+!.55,/+'26!#,!#$%!0,99,?'26!0,/*(9.@!;2(*)%/!

,0!5%99&!5,(2#%+!'2![\!&D(./%&=!F!;#/4:.2!)9(%!+'9(#',2!0.5#,/B!'C%C!Z=!F![YV!â!2(*)%/!

,0!5%99&E*9C!!

*

J6L6T6 -3D<]37;73:2@9<=*2=G*@42[9=N*<>*?7FF;*

*

-%99! &(&:%2&',2&! ?%/%! 5,(2#%+! ;.7?@9<=* J6L6J6=! :/',/! #,! 0/%%h'26C! -%99&! ?%/%! #$%2!

5%2#/'0(6%+! ;VYY! 6B! /,,*! #%*:%/.#(/%! ;I>=B! X! *'2=B! #$%! &(:%/2.#.2#! /%*,3%+! )4!

.&:'/.#',2B!.2+!#$%2!#$%!5%99!:%99%#!.'/M+/'%+!;I>B![!*'2=C!>$%!+/4!5%99!:%99%#!?.&!#$%2!

/%&(&:%2+%+! '2! 5%99! 0/%%h'26! )(00%/! .#! 5,25%2#/.#',2&! #4:'5.994! /.26'26! 0/,*!YCX! F!

[Y\! 5%99&E*9! #,! [! F! [Y]! 5%99&E*9C! [! *9! .9'D(,#&! ?%/%! #$%2! :9.5%+! '2#,! f(25z!

-/4,>()%&z! ;J'6*.M"9+/'5$=! .2+! #$%2! &#,/%+! '2! .! -,,9-%99z! 0/%%h'26! 5,2#.'2%/!

;`',5'&',2B! R./A&:(/B!-"=!.#! M^Y! á-! 0,/!ZV!$,(/&C!-/4,>()%&z!?%/%! #$%2!*,3%+! 0,/!

9,26!#%/*!&#,/.6%!'2#,!9'D('+!2'#/,6%2C!

!

-%99&! ?%/%! /%*,3%+! 0/,*! 9'D('+! 2'#/,6%2! ,2#,! +/4! '5%B! .2+! #$%2! #$.?%+! ?$%2!

2%%+%+!'2!.!W]!á-!?.#%/!).#$C!K25%!#$.?%+B!5%99&!?%/%!'**%+'.#%94!+'9(#%+!,(#!,0!

#$%!5%99!0/%%h'26!)(00%/!(&'26!:/%M?./*%+!I[Y!*%+'(*!'2!.![X!*9!S.95,2><!#()%!;`7!

`',&5'%25%&B! J.2! T,&%B! -"=C! -%99&!?%/%! 5%2#/'0(6%+!.#! WYY! 6B! I>! 0,/! X!*'2! .2+! #$%!

&(:%/2.#.2#!+'&5./+%+C!>$%!5%99!:%99%#!?.&! #$%2!/%&(&:%2+%+! '2#,! #$%!.::/,:/'.#%!

*%+'(*! 0,/! (&%! '2! %F:%/'*%2#&! ,/! 5%99! 5(9#(/%C! L0! 2%5%&&./4B! #$.?%+! 5%99&! ?%/%!

#/%.#%+! ?'#$! 7f.&%! L! J,9(#',2! ;J>H<-HRR! >%5$2,9,6'%&! 1U! R#+CB! -.*)/'+6%B! 1U=!

;[YY! ä6E*9B! [X! *'2! #,! WY! *'2B! W]! á-B! Xw! -KZ=! .2+E,/! 0'9#%/%+! ;-%99>/'5&z! WYä*!

&#%/'9%!0'9#%/&B!J4&*%F!1U!R#+CB!<'9#,2!U%42%&B!1U=!:/',/!#,!(&%B! '2!,/+%/!#,!/%*,3%!

5%99!59(*:&C!*

*



!

XX!
!

J6L6Q6 1F<<G*;2B]F7;*2=G*]739]4732F*HF<<G*B<=<=C?F723*?7FF*O&15-P*9;<F2@9<=*

!

`(004! 5,.#&! 0/,*! $%.9#$4! aR"M"Zp! +,2,/&! ?%/%! ,)#.'2%+! 0/,*! #$%! Q%9&$! `9,,+!

J%/3'5%! ;Q`JB! -./+'00=C! "99! )(004! 5,.#&! ?%/%! &%/,2%6.#'3%! 0,/! $%:.#'#'&! `! ;a`_=B!

$%:.#'#'&!-!;a-_=!.2+!$(*.2!'**(2,+%0'5'%254!3'/(&!;aL_M[=C!8%/':$%/.9!)9,,+!?.&!

,)#.'2%+! 0/,*! .2! aR"M"Zp! +,2,/! ?'#$! #4:%! [! +'.)%#%&! ;>[7=! ;(&%+! '2! .7?@9<=*

T6T6J6J6=B!.!$%.9#$4!aR"M"Zp!+,2,/!?$,!$.+!:/%3',(&94!:./#'5':.#%+!'2!.!59'2'5.9!#/'.9!

;-9'2'5.9>/'.9&C6,3! '+%2#'0'%/@!f->YYY]Z\YX=! 0,/!.2!H),9.!3'/(&! ;H`K_=!7f"!3.55'2%!

;H`K7f"Y[ZMYYM_8=! ;<./#'2!%#!.9CB!ZYY\=! ;(&%+! '2!.7?@9<=*T6T6J6T6=B!.2+!.!$%.9#$4!

aR"M7I`mY[Y[p! ;aR"M7I[p=! +,2,/! ;(&%+! '2! .7?@9<=* T6T6J6Q6=C! L20,/*%+! ?/'##%2!

5,2&%2#! ?.&! ,)#.'2%+! 0/,*! .99! +,2,/&B! .2+! )9,,+! ?.&! 5,99%5#%+! .55,/+'26! #,!

'2&#'#(#',2.9!%#$'5&!6('+%9'2%&C!!

!

8`<-!'&,9.#',2!?.&!5.//'%+!,(#!)4!+%2&'#4!6/.+'%2#!5%2#/'0(6.#',2C!`(004!5,.#&!?%/%!

0'/&#!+'9(#%+![@[!?'#$!I[Y!*%+'(*B!.2+!#$%2!5./%0(994!9.4%/%+!,2!#,:!,0!ZX!*9E#()%!

R4*:$,:/%:><!;J>H<-HRR!>%5$2,9,6'%&!1U!R#+CB!-.*)/'+6%B!1U=!.5/,&&!*(9#':9%!XY!

*9!S.95,2><!#()%&!;`7!`',&5'%25%&=C!"99!#()%&!?%/%!5%2#/'0(6%+!.#!^YY!6B!I>!0,/!ZY!

*'2! ;)/.A%! ,00=C! <,2,2(59%./! 5%99&! .#! #$%! '2#%/0.5%! 9.4%/! ?%/%! #$%2! 5./%0(994!

/%*,3%+!(&'26!.!&#%/'9%!8.&#%(/!:':%##%B!.2+!#/.2&0%//%+!'2#,!.!2%?!XY!*9!#()%C!>$%!

5%99&!?%/%!?.&$%+!'2!IY!*%+'(*B!)4!5%2#/'0(6.#',2!.#!]YY!6B!I>!0,/![Y!*'2!;)/.A%!

,2=C!f%F#B!#$%!5%99!:%99%#!?.&!/%&(&:%2+%+!'2!ZX!*9!I`-!94&'&!)(00%/!.2+!'25().#%+!.#!

W]!á-!0,/![Y!*'2C!-%99&!/%5%'3%+!.!0'2.9!?.&$!'2!IY!*%+'(*!)4!5%2#/'0(6.#',2!.#!WYY!

6B!I>!0,/!\!*'2!;)/.A%!,2=B!'2!,/+%/!#,!/%*,3%!.24!:9.#%9%#&C!I`-!94&'&!.2+!?.&$'26!

?.&! /%:%.#%+! '0! :%99%#&! ?%/%! &#'99! /%+! '2! 5,9,(/C! >$%! 8`<-! 5%99! :%99%#! ?.&! #$%2!

/%&(&:%2+%+!'2!I[Y!*%+'(*B!.2+!&#,/%+!.#!W]!á-B!Xw!-KZ!(2#'9!2%%+%+C!

!

J6L6S6 -!Mi*2=G*-!Qi*+\?7FF*;CH;7@*9;<F2@9<=*

!

>M5%99&!?%/%! %2/'5$%+! 0/,*! 0/%&$! ,/! 0/%%h%M#$.?%+!8`<-!)4!*.62%#'5! &%:./.#',2!

?'#$! .2#'M-7^! ,/! .2#'M-7V! $(*.2! *'5/,)%.+&B! .55,/+'26! #,! #$%! *.2(0.5#(/%/G&!

'2&#/(5#',2&! ;<'9#%24'! `',#%5B! `%/6'&5$! P9.+).5$B! P%/*.24=C! `/'%094B! 5%99&! ?%/%!

?.&$%+! '2! <"-J! )(00%/! ;WYY! 6B! V! á-B! X! *'2=! .2+! #$%2! 5,(2#%+B! )%0,/%! )%'26!



!

X\!
!

*.62%#'5.994! 9.)%99%+! ?'#$! #$%! .::/,:/'.#%! *'5/,)%.+&! ;[X! *'2&B! V! á-! M! 0/'+6%=C!

R.)%99%+! 5%99&!?%/%! #$%2!?.&$%+! '2!<"-J!)(00%/! ;WYY! 6B! V! á-B! X!*'2=B! .2+!%9(#%+!

0/,*!.!<"-J!<J!;*.F'*(*![!F![Yã!9.)%99%+!5%99&B!Z!F![Yå!#,#.9!5%99&=!,/!RJ!5,9(*2!

;*.F'*(*! [! F! [Y^! 9.)%99%+! 5%99&B! Z! F! [Yb! #,#.9! 5%99&=! .&! #$%! :,&'#'3%! 5%99! 0/.5#',2C!

8,&'#'3%! 5%99&! ?%/%! 5%2#/'0(6%+! ;WYY! 6B! V! á-B! X! *'2=! .2+! /%&(&:%2+%+! '2#,! #$%!

.::/,:/'.#%!*%+'(*!0,/!(&%!'2!%F:%/'*%2#&!,/!5%99!5(9#(/%C!

!

J6L6Z6 ";@2HF9;49=N*-!Mi*+\?7FF*F9=7;*O-!Mi*]39B9=NP*

!

"2! ,3%/3'%?!,0! #$%! >M5%99! 9'2%&!*%#$,+,9,64! '&! &(**./'&%+! '2!/9NC37* T6L6! `/'%094B!

0,99,?'26! '&,9.#',2! 0/,*!8`<-B!-7^p!>M5%99&!?%/%! '**%+'.#%94! &%%+%+! '2#,!ZV! 09.#!

),##,*!*(9#'M?%99!:9.#%&B!.#!.!+%2&'#4!,0!W!F![Y\!5%99&!:%/!?%99!'2!YCX!*9!:%/!?%99!,0!>M

5%99!:/'*'26!*%+'(*C!f%F#B!.(#,9,6,(&!8`<-!,/!-7^M!5%99&!?%/%!:(9&%+!0,/![!$!;W]!
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CULTURE 
VESSEL 

NUMBER OF T-CELLS 
FOR EXPANSION 

VOLUME OF T-CELL 
EXPANSION MEDIUM 

NUMBER OF FEEDER 
CELLS 

per 96 round 
bottom well ! 1 x 105 200 µl 5 x 104 

per T25 flask 0.5 x 106 to 1 x 106 10 ml to 15 ml 10 x 106 to 15 x 106 
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CULTURE 
VESSEL 

NUMBER OF T-CELLS 
FOR CULTURE 

VOLUME OF T-CELL 
CULTURE MEDIUM 

per 96 round 
bottom well ! 2 x 105 200 µl 

per 48 flat 
bottom well 1 x 106 to 2 x 106 1 ml 

per 24 flat 
bottom well 3 x 106 to 4 x 106 2 ml 

*
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CELL 
LINE TYPE 

HLA-A2 
EXPRESSION 

CELL 
MEDIUM FLASK 

SEEDING 
DENSITY 

MDA-MB-
231 

Breast, 
adherent Endogenous 

Breast 
cancer T75 1:40 

MCF-7 
Breast, 
adherent Endogenous 

Breast 
cancer T75 1:10 

SK-BR-3 
(WT) 

Breast, 
adherent - 

Breast 
cancer T75 1:5 

SK-BR-3 
(A2) 

Breast, 
adherent Transfected 

Breast 
cancer T75 1:5 

MM909.24 Skin, adherent Endogenous R10 T75 1:10 

COLO 205 
Colon, 
adherent Endogenous R10 T75 1:10 

HepG2 
Liver, 
adherent Endogenous D10 T25 1:3 

NCI-H69 
Lung, 
suspension Endogenous R10 T25 1:2 

LNCaP 
Prostate, 
adherent Endogenous R10 T75 1:10 

MS751 
Cervical, 
adherent Endogenous D10 T75 1:5 

RCC17 
Renal, 
adherent Endogenous D10 T175 1:5 

Saos-2 
Bone, 
adherent Endogenous D10 T75 1:10 

T2 
T-cell/B-cell 
hybrid, 
suspension 

Endogenous R10 T75 1:5 

T2 (DR1) 
T-cell/B-cell 
hybrid, 
suspension 

- R10 T75 1:5 

C1R (A2) 
B-cell, 
suspension Transfected R10 T75 1:5 
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0,/!Z!$!.#!I>B!.2+!#$%2!?.&$%+!.!0'2.9!X!#'*%&!?'#$![XY!à9!:%/!?%99!8`JC!>,!+%3%9,:!

#$%!:9.#%&B!&()&#/.#%!&,9(#',2!?.&!:/%:./%+!g(&#!)%0,/%!(&%B!)4!*'F'26!ZYY!à9E:9.#%!

;ZXi=!"8!5,9,(/!+%3%9,:*%2#!)(00%/!;`',MI.+=B!XY!à9E:9.#%!"8!5,9,(/!/%.6%2#!"!;`',M

I.+=B!XY!à9E:9.#%!"8!5,9,(/!/%.6%2#!`!;`',MI.+=B!.2+!X!*9E:9.#%!&#%/'9%!?.#%/C!XY!à9!

:%/!?%99! &()&#/.#%!&,9(#',2!?.&!.++%+B!.2+!#$%!:9.#%&! '25().#%+! '2! #$%!+./A! 0,/!.!

*.F'*(*!,0![X!*'2!.#!I>C!K25%!&:,#&!)%5.*%!3'&')9%B!#$%!/%.5#',2!?.&!&#,::%+!)4!

?.&$'26!#$%!:9.#%&!W!#'*%&!?'#$!#.:!?.#%/B!.2+!#$%!:9.#%&!9%0#!#,!+/4!,3%/2'6$#!;[^!

$=!'2!#$%!+./A!.#!I>C!"2!"L7!HRLJ:,#!/%.+%/!;"L7B!J#/.&&)%/6B!P%/*.24=!?.&!(&%+!#,!

/%.+! #$%! 2(*)%/! ,0! &:,#! 0,/*'26! 5%99&! ;JS-=! :/%&%2#! '2! %.5$! ?%99C! L0! #$%! 9'*'#! ,0!

+%#%5#',2!?.&!%F5%%+%+B!.2+!'2+'3'+(.9!&:,#&!5,(9+!2,#!)%!.55(/.#%94!+'&#'26('&$%+!

)4!#$%!/%.+%/B!:%:#'+%M/%.5#'3%!?%99&!?%/%!'+%2#'0'%+!)4!%4%C!8%:#'+%M/%.5#'3%!?%99&!

?%/%! +%0'2%+! .&! #$,&%! ?'#$! .! JS-! '25/%.&%! ,0! ç! ZY! ?$%2! 5,*:./%+! #,! #$%!

5,//%&:,2+'26!c2,!:%:#'+%d!?%99C!

!

J6J6Q6 -43<B9CB\SL*OSL-3P*37F72;7*?D@<@<b9?9@D*2;;2D*

!

"! 5$/,*'(*MX[! ;X[-/=! /%9%.&%! 54#,#,F'5'#4! .&&.4! ;8%/A'2H9*%/B! Q.9#$.*B! <"=! ?.&!

5.//'%+! ,(#! #,! +%#%/*'2%! '0! #(*,(/M&:%5'0'5! >M5%99! 59,2%&! ?%/%! 5.:.)9%! ,0! 94&'26!

#./6%#! #(*,(/! 5%99&! .2+E,/! :%:#'+%M:(9&%+! >Z! 5%99&C! >./6%#! ;>=! 5%99&! ?%/%! 0'/&#!

?.&$%+!?'#$!&#%/'9%!8`J!;VYY!6B!X!*'2B!I>=B!.2+!#$%2!#$%!+/4!5%99!:%99%#!9.)%99%+!0,/![!

$!;W]!á-B!Xw!-KZ=!?'#$!WY!ä-'!X[-/!/.+',2(59'+%!;&,+'(*!5$/,*.#%!'2!2,/*.9!&.9'2%B!

:a! ^! #,! [Y=! :%/! [! F! [Y\! 5%99&C! R.)%99%+! #./6%#! 5%99&! ?%/%! #$%2! ?.&$%+! ?'#$! IY!

*%+'(*!;VYY!6B!X!*'2B!I>=B!.2+!/%&(&:%2+%+!'2!I[Y!*%+'(*C!>./6%#!5%99&!?%/%!9%0#!

#,! 9%.5$! 0,/! [! $! ;W]! á-B! Xw! -KZ=B! '2! ,/+%/! #,! .99,?! #$%! &:,2#.2%,(&! /%9%.&%! ,0!

5$/,*'(*!)4!.24!+%.+!5%99&C!"0#%/!9%.5$'26B!#./6%#!5%99&!?%/%!5%2#/'0(6%+!;VYY!6B!X!

*'2B! I>=! .2+! /%&(&:%2+%+! '2! I[Y! *%+'(*C! ZYYY! #./6%#! 5%99&! :%/! ?%99! ?%/%! #$%2!



!

\b!
!

:9.#%+!?'#$!%00%5#,/!;H=!>M5%99&!'2!.!b\!/,(2+!),##,*!*(9#'M?%99!:9.#%B!.#!#$%!+%&'/%+!

H@>! /.#',B! .2+! '2! .! 0'2.9! 3,9(*%! ,0! [XY! ä9! I[Y! *%+'(*! :%/! ?%99C! <.F'*(*! X[-/!

/%9%.&%!0/,*!5%99&!?.&!+%#%/*'2%+!)4!'25().#'26!#./6%#!5%99&!?'#$!Zw!>/'#,2!iM[YY!;.!

+%#%/6%2#!#,!5,*:9%#%94!94&%!#./6%#!5%99&=C!>./6%#!5%99&!?%/%!.9&,!'25().#%+!.9,2%!#,!

+%#%/*'2%!&:,2#.2%,(&!X[-/!/%9%.&%!0/,*!5%99&C!>$%!'25().#',2!#'*%!;'C%C!V!$!,/![^!$=!

?.&!+%:%2+%2#!(:,2!#$%!#4:%!,0!#./6%#!5%99!)%'26!(&%+C!S,/!*,&#!#./6%#!5%99&B!#$%![^!

$!'25().#',2!?.&!0,(2+!#,!)%!:/%0%/.)9%B!.2+!:/,+(5%+!59%./!/%&(9#&!;%C6C!<7"M<`M

ZW[=C!a,?%3%/B!0,/!&,*%!#./6%#!5%99&B!#$%!&:,2#.2%,(&!X[-/!/%9%.&%!)%5.*%!#,,!$'6$!

.0#%/![^!$B!.2+!&,!:/,+(5%+!(259%./!/%&(9#&!;%C6C!<-SM]=C!S,99,?'26!.!V!$!.2+E,/![^!

$!'25().#',2!;W]!á-B!Xw!-KZ=B!:9.#%&!?%/%!5%2#/'0(6%+!;WYY!6B!X!*'2B!I>=!.2+![X!à9!

:%/! ?%99! &(:%/2.#.2#! $./3%&#%+! '2#,! .! b\M?%99! 59%./! 09%F')9%! :,94%#$49%2%!

#%/%:$#$.9.#%!;8H>=!*'5/,:9.#%C!J(:%/2.#.2#&!?%/%!#$%2!*'F%+!?'#$![XY!à9!:%/!?%99!

,0!K:#':$.&%!J(:%/*'F!&5'2#'99.#',2!5,5A#.'9B!'2!,/+%/!#,!.*:9'04!#$%!X[-/!&'62.9C!>$%!

.*,(2#!,0!X[-/!/%9%.&%!?.&!*%.&(/%+!(&'26!.![VXY!<'5/,`%#.!5,(2#%/!:9.#%!/%.+%/!

;8%/A'2H9*%/=C! 8%/5%2#.6%! ;w=! &:%5'0'5! 94&'&! ?.&! 5.95(9.#%+! (&'26! #$%! 0,99,?'26!

%D(.#',2@! ;%F:%/'*%2#.9! /%9%.&%! t! &:,2#.2%,(&! /%9%.&%=! é! ;*.F'*.9! /%9%.&%! t!

&:,2#.2%,(&!/%9%.&%=!F![YYC!

!

J6J6S6 &<;9@9<=2F*;?2==9=N*;D=@47@9?*?<BH9=2@<392F*F9H323D*O&.\.-$P*

!

8,&'#',2.9!&5.22'26!&42#$%#'5!5,*)'2.#,/'.9!9')/./'%&!;8JMJ-R&=!?%/%!:(/5$.&%+!0/,*!

8%:&5.2!;R%94&#.+B!>$%!f%#$%/9.2+&=C!>M5%99!59,2%&!?%/%!&5/%%2%+!.6.'2&#!.!b*%/!,/!

[Y*%/!8JMJ-R! ;/9NC37*J6J6=!)4!.&&%&&'26!#$%'/! 9%3%9!,0!.5#'3.#',2! '2!.!<L8M[o!HRLJ"*

;+%&5/')%+!'2!.7?@9<=*J6J6J6=B!(&'26!:%:#'+%M:(9&%+!;[YMV!<!:%/!&()M9')/./4=!-[IM"Z&!

.&!"8-&C!8JMJ-R&!$.3%!)%%2!:/%3',(&94!+%&5/')%+!;`,//è&!%#!.9CB!ZYYZB!Q'9&,2!%#!.9CB!

ZYYV=C!

*

J6J6Z6 ,F@737G*&7]@9G7*$9N2=G*O,&$P*!7;9N=*

!

7.#.! ,)#.'2%+! 0/,*! .99! 8JMJ-R&! ?.&! .2.94&%+! (&'26! .! 2,3%9! ?%)! #,,9!

;?&)5C?./?'5AC.5C(AE?&)5>,,9&Q%):.6%=B! +%3%9,:%+! )4! 7/C! `./)./.! Jh,*,9.4! .#!

-./+'00!12'3%/&'#4!;Jh,*,9.4!%#!.9CB!ZY[\=C!>$%!?%)!#,,9!?.&!(#'9'&%+!#,!'+%2#'04!! !
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]Y!
!

 
!

/9NC37*J6JI*.?47B2@9?*<>*2*cB73*2=G*LKB73*]<;9@9<=2F*;?2==9=N*;D=@47@9?*?<BH9=2@<392F*F9H323D*O&.\
.-$P6!"#!%.5$!:,&'#',2!.9,26!#$%!:%:#'+%!).5A),2%B!,2%!RM.*'2,!.5'+!?.&!0'F%+!;:'2AB!5'/59%=!.2+!.99!
#$%! ,#$%/! /%&'+(%&! ?%/%! +%6%2%/.#%! ;)9.5AB! 5/,&&=C! -4&#%'2%! ?.&! %F59(+%+! 0/,*! +%6%2%/.#%!
;/.2+,*'&%+=! :,&'#',2&B! '2! ,/+%/! #,! +%5/%.&%! #$%! 9'A%9'$,,+! ,0! +'&(9:$'+%! ),2+! 0,/*.#',2! .2+!
:%:#'+%! .66/%6.#',2C! ;,=! >$%! b*%/! 8JMJ-R! ?.&! 5,*:/'&%+! ,0! .! #,#.9! ,0! X! F! [Y[[! ;;b! p! [b=! F! [b^=!
:%:#'+%&B! +'3'+%+! '2#,! [^Y! &()M9')/./'%&B!?'#$! %.5$! &()M9')/./4! 5,2#.'2'26! [C]! F! [Y[Y! ;[b^=! +'00%/%2#!
:%:#'+%&C! ;1=!>$%![Y*%/!8JMJ-R!?.&!5,*:/'&%+!,0!.! #,#.9!,0!bCW\!F![Y[Z! ;;[Y!p![b=!F![bb=!:%:#'+%&B!
+'3'+%+!'2#,!ZYY!&()M9')/./'%&B!?'#$!%.5$!&()M9')/./4!5,2#.'2'26!WCZ!F![Y[[!;[bb=!+'00%/%2#!:%:#'+%&C!

!

* *
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:,#%2#'.9!"8R&!#$.#!5,(9+!:/%0%/%2#'.994!.5#'3.#%!#$%!5,62.#%!>-I!?$%2!5,*:./%+!#,!

#$%! Q>! :%:#'+%! &%D(%25%C! >$%! .6,2'&#! 9'A%9'$,,+! &5,/%! *%#$,+! (&%+! '2! #$%! ?%)!

#,,9!$.&!)%%2!+%&5/')%+!%F#%2&'3%94!)4!Jh,*,9.4!.2+!5,99%.6(%&! ;Jh,*,9.4!%#!.9CB!

ZY[\)=C! L2! )/'%0B! 3./',(&! *.#$%*.#'5.9! .96,/'#$*&! ?%/%! (&%+! #,! /.2A! :%:#'+%!

&%D(%25%&!'2!,/+%/!,0!9'A%9'$,,+!,0!>-I!/%5,62'#',2!;.6,2'&#!9'A%9'$,,+!&5,/%&=C!"8R&!

?%/%!.9&,!+%&'62%+!*.2(.994!(&'26! #$%!8JMJ-R!+.#.B! '2!:./.99%9! #,!(&%!,0! #$%!?%)!

#,,9C! *



!

]Z!
!

J6T6 /F<[*?D@<B7@39?*2=2FD;9;*

!

J6T6L6 $'#"R!",!*2=G*?7FF*;C3>2?7*;@29=9=N*

!

>4:'5.994B! XYBYYY! #,! ZXYBYYY! 5%99&! :%/! #%&#! ?%/%! #/.2&0%//%+! '2#,! %'#$%/! b\! /,(2+!

),##,*!*(9#'M?%99!:9.#%&!,/!X!*9!S"-J! #%&#! #()%&! ;H9A.4!R.),/.#,/4!8/,+(5#&! R#+CB!

a.*:&$'/%B!1U=B!.2+!?%/%!#$%2!?.&$%+!?'#$!&#%/'9%!8`J!;]YY!6B!V!á-B!W!*'2=C!-%99&!

?%/%!#$%2!&#.'2%+!;X!*'2B!I>=!?'#$!%'#$%/!RL_HE7H"7z!S'F.)9%!_',9%#!7%.+!-%99!J#.'2!

,/! RL_HE7H"7z!S'F.)9%!"D(.!7%.+!-%99! J#.'2! ;),#$! 0/,*!<,9%5(9./!8/,)%&! ><B! R'0%!

>%5$2,9,6'%&=B!+'9(#%+![@VY!'2!8`J!;Z!à9!:%/!#%&#=C!f%F#B!5%99&!?%/%!&#.'2%+!;ZY!*'2B!

,2! '5%B! '2! +./A=! ?'#$! #$%! /%D('/%+! 3,9(*%&! ,0! *,(&%! .2#'M$(*.2! 5%99! &(/0.5%!

*,2,59,2.9! .2#'),+'%&! ;*")&=! ;+2HF7* J6Z6=C! S,99,?'26! 5%99! &(/0.5%! &#.'2'26B! 5%99&!

?%/%!?.&$%+!0,/!.!0'2.9!#'*%!?'#$!8`J!;]YY!6B!V!á-B!W!*'2=B!.2+!#$%2!/%&(&:%2+%+!'2!

[YY! à9! 8`J! :%/! #%&#C! -%99&! ?%/%! &#,/%+! ,2! '5%B! '2! #$%! +./A! ;,/! 0'F%+! ?'#$! Zw!

:./.0,/*.9+%$4+%!;8S"=!0,/![^!$!.#!V!á-=!(2#'9!&.*:9%!.5D('&'#',2!O.7?@9<=*J6T6M6PC!!

!

J6T6J6 '=@32?7FFCF23*?D@<89=7*;@29=9=N*O'-.P*

*

"99! '2#/.5%99(9./! 54#,A'2%! &#.'2'26! ;L-J=! ?.&! 5.//'%+! ,(#! .55,/+'26! #,! #$%!

*.2(0.5#(/%/G&!'2&#/(5#',2&!;`7!`',&5'%25%&=C!L2!)/'%0B!%00%5#,/!;H=!>M5%99&!?%/%!0'/&#!

?.&$%+!'2!IY!*%+'(*!;VYY!6B!X!*'2B!I>=B!.2+!#$%2!/%&#%+!,3%/2'6$#!'2!IX!*%+'(*!

;[^!$B!W]!á-B!Xw!-KZ=C!I%&#%+!>M5%99&!?%/%!&%%+%+!;[YYBYYY!#,!ZYYBYYY!5%99&!:%/!?%99=!

'2#,! b\! /,(2+! ),##,*! *(9#'M?%99! :9.#%&B! ?'#$! ,/! ?'#$,(#! :%:#'+%! ;[YMX! <=! .2+E,/!

#./6%#!;>=!5%99&!;#(*,(/!5%99&!,/!>Z!5%99&=!.#!.![@[!H@>!/.#',C!"!#,#.9!3,9(*%!,0![YYà9!

IX! :%/! ?%99! ?.&! .5$'%3%+! )4! .++'#',2! ,0! `7! P,96'J#,:><! ;YCY\! à9! :%/! ?%99=B! `7!

P,96'89(6><!;YC[!à9!:%/!?%99=B!.2+!*,(&%!.2#'M$(*.2!-7[Y].!*")!;Z!à9!:%/!?%99l!`7!

`',&5'%25%&=B!:/',/!#,!'25().#',2!0,/!V!$!#,!X!$!;W]!á-B!Xw!-KZ=C!S,99,?'26!'25().#',2B!

5%99&! 0/,*! %.5$! ?%99! ?%/%! %'#$%/! A%:#! '2! #$%! :9.#%! ,/! #/.2&0%//%+! '2#,! X*9! S"-J!

#()%&B! ?.&$%+! ?'#$! &#%/'9%! 8`J! ;]YY! 6B! W! *'2B! V! á-=B! .2+! #$%2! &()g%5#%+! #,!

RL_HE7H"7!.2+!5%99!&(/0.5%!&#.'2'26!;.7?@9<=*J6T6L6=C!-%99&!?%/%!?.&$%+!.6.'2!?'#$!

8`J!;]YY!6B!W!*'2B!V!á-=B!.2+!#$%2!:%/*%.)'9'&%+E0'F%+!)4!'25().#'26!'2![YY!à9!:%/!!

! !
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SPECIFICITY FLUOROCHROME µl/TEST CLONE SUPPLIER 

CD3 Pacific Blue 

PerCP 

2 

2 

UCHT1 

BW264/56 

Biolegend* 

Miltenyi Biotec 

CD4 FITC 1 VIT4 Miltenyi Biotec 

CD8 APC 

APC-Vio770 

PE-Vio770 

2 

2 

2 

BW135/80 

REA734 

REA734 

Miltenyi Biotec 

Miltenyi Biotec 

Miltenyi Biotec 

CD19 Pacific Blue 2 HIB19 Biolegend 

CD107a FITC 

PE 

2 

2 

H4A3 

H4A3 

BD Biosciences 

BD Biosciences 

IFN" APC 1 45-15 Miltenyi Biotec 

MIP-1# PE 0.5 D21-1351 BD Biosciences 

TNF$ PerCP Cy5.5 

PE-Vio770 

1 

1 

MAb11 

cA2 

Biolegend 

Miltenyi Biotec 

V#1 (TRBV9) FITC 3 BL37.2 Beckman Coulter 

V#13.1 (TRBV6.5) FITC 3 IMMU 222 Beckman Coulter 

V#13.2 (TRBV6.2) PE 3 H132 Beckman Coulter 

HLA-A2 FITC 2 BB7.2 Biolegend 

HLA-DR PE 2 L243 Biolegend 

!

+2HF7* J6ZI* 5<C;7* 2=@9\4CB2=* B<=<?F<=2F* 2=@9H<GD* OB,HP* F9;@6* * "99! *")! &:%5'0'5'#'%&B!
09(,/,5$/,*%&B!3,9(*%&!(&%+! ;à9E#%&#=B! 59,2%!2.*%&B!.2+!&(::9'%/!2.*%&!$.3%!)%%2!&$,?2C!m;J.2!
7'%6,B! -"B!1J"=C! S9,?!:.2%9&!?%/%!+%&'62%+!(&'26! .3.'9.)9%! .2#'),+'%&!?'#$'2! #$%! 9.),/.#,/4B! .2+!
.9,26&'+%!&#.2+./+'&%+!:/,#,5,9&B!:/'*./'94! #,!+'&#'26('&$!>M5%99&! ;-7Wp=! 0/,*!+%.+! ;3'.)9%!&#.'2=!,/!
'//%9%3.2#!'**(2%!5%99!&()&%#&!;-7[Vp!,/!-7[bp=C!>$%!09(,/,5$/,*%!5$,&%2!0,/!5,M/%5%:#,/!;-7V!,/!
-7^=!")!?.&!).&%+!,2!?$.#!,#$%/!*,9%5(9%&!2%%+%+!#,!)%!&#.'2%+!?'#$'2!.!:./#'5(9./!:.2%9l!SL>-B!
8HB! "8-B! 8H! _',]]Y! .2+! "8-! _',]]Y! 5,2g(6.#',2&! .99! 6.3%! 6,,+! &#.'2'26C! >%#/.*%/! ?.&! (&%+!
5,2g(6.#%+!#,!8H!.&!#$'&!6.3%!/%9.#'3%94!)/'6$#!&#.'2'26!;7,9#,2!%#!.9CB!ZY[X=B!.2+!?.&!:./#2%/%+!?'#$!
"8-! ,/! "8-!_',]]Y! 5,2g(6.#%+! .2#'M-7^! .2#'),+'%&C! "2#'),+4! :.2%9&! 0,/! 0(25#',2.9! .2.94&%&!?%/%!
).&%+! ,2! #$%! ?,/A! ,0! 7/! <.'! 8'2! >.2! 0/,*! #$%! 6/,(:! ;>.2! %#! .9CB! ZY[]=B! ?'#$! $'6$94! %F:/%&&%+!
.2#'6%2&! )%'26! :.'/%+! ?'#$! +'**%/! 09(,/,5$/,*%&B! .2+! 9,?%/! %F:/%&&',2! .2#'6%2&! :.'/%+! ?'#$!
)/'6$#%/!09(,/,5$/,*%&C!

*

* *
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#%&#!`7!-4#,0'FE-4#,:%/*><!;ZY!*'2B!,2!'5%B!'2!+./A=C!f%F#B!5%99&!?%/%!?.&$%+!?'#$!

`7!8%/*EQ.&$!`(00%/! ;+'9(#%+![@[Y! '2! &#%/'9%!?.#%/=! ;]YY!6B!W!*'2B!V! á-=B!:/',/! #,!

&#.'2'26! ;ZY! *'2B! ,2! '5%B! '2! +./A=! ?'#$! #$%! .::/,:/'.#%! 3,9(*%&! ,0! *,(&%! .2#'M

$(*.2! 54#,A'2%! ;LSfrB! <L8M[oB! >fSn=! .2#'),+'%&! ;+2HF7* J6Z6=C! S,99,?'26! L-JB! 5%99&!

?%/%!?.&$%+!0,/!.!0'2.9!#'*%!?'#$!`7!8%/*EQ.&$!`(00%/!;]YY!6B!W!*'2B!V!á-=B!.2+!

?%/%!#$%2!/%&(&:%2+%+!'2![YY!à9!8`J!:%/!#%&#C!-%99&!?%/%!&#,/%+!,2!'5%B!'2!#$%!+./A!

;,/!0'F%+!?'#$!Zw!8S"!0,/![^!$!.#!V!á-=!(2#'9!&.*:9%!.5D('&'#',2!O.7?@9<=*J6T6M6PC!

*

J6T6T6 +(/e*]3<?7;;9=N*9=49H9@<3*O+,&'P*2;;2D**

*

8/,#,5,9&! 0,/! #$%! +%#%5#',2! ,0! .2#'6%2M&:%5'0'5! -7^p! >M5%99&! ).&%+! ,2! 5%99! &(/0.5%!

*%*)/.2%M),(2+!>fSn!%F:/%&&',2!$.3%!)%%2!?%99!+%&5/')%+!?'#$'2!#$%! 9'#%/.#(/%!

;a.2%4!%#!.9CB!ZY[[=B!?$%/%)4!>fSn!:/,5%&&'26!'2$')'#,/!;>"8L=!'&!(&%+!#,!%00%5#'3%94!

:/%3%2#! #$%! /%9%.&%! ,0! >fSn! 0/,*! #$%! >M5%99! &(/0.5%! ;-/,?%! %#! .9CB! [bbX=C! `/'%094B!

%00%5#,/! ;H=! >M5%99&!?%/%! 0'/&#!?.&$%+! '2! IY!*%+'(*! ;VYY! 6B! X!*'2B! I>=B! .2+! #$%2!

/%&#%+!,3%/2'6$#! '2!IX!*%+'(*!;[^!$B!W]! á-B!Xw!-KZ=C!I%&#%+!>M5%99&!?%/%!&%%+%+!

;[YYBYYY!#,!ZYYBYYY!5%99&!:%/!?%99=!'2#,!b\!/,(2+!),##,*!*(9#'M?%99!:9.#%&B!?'#$!,/!

?'#$,(#!:%:#'+%!;[YMX!<=!.2+E,/!#./6%#!;>=!5%99&!;#(*,(/!5%99&!,/!>Z!5%99&=!.#!.![@[!H@>!

/.#',C!"!#,#.9!3,9(*%!,0![YYà9!IX!:%/!?%99!?.&!.5$'%3%+!)4!.++'#',2!,0!WY!à<!>fSn!

:/,5%&&'26! '2$')'#,/! ;>"8Ll! YCX! à9! :%/! ?%99l! J'6*.M"9+/'5$=B! *,(&%! .2#'M$(*.2!

-7[Y].!*")!;Z!à9!:%/!?%99l!`7!`',&5'%25%&=B!.2+!*,(&%!.2#'M$(*.2!>fSn!*")!;[!à9!

:%/! ?%99l! <'9#%24'! `',#%5=B! :/',/! #,! '25().#',2! 0,/! V! $! #,! X! $! ;W]! á-B! Xw! -KZ=C!

S,99,?'26! '25().#',2B! 5%99&! 0/,*! %.5$! ?%99! ?%/%! %'#$%/! A%:#! '2! #$%! :9.#%! ,/!

#/.2&0%//%+!'2#,!X*9!S"-J!#()%&B!?.&$%+!?'#$!&#%/'9%!8`J!;]YY!6B!W!*'2B!V!á-=B!.2+!

#$%2! &()g%5#%+! #,! RL_HE7H"7! .2+! 5%99! &(/0.5%! &#.'2'26! ;.7?@9<=* J6T6L6=C! S,99,?'26!

5%99!&(/0.5%!&#.'2'26B!5%99&!?%/%!?.&$%+!0,/!.!0'2.9!#'*%!?'#$!8`J!;]YY!6B!V!á-B!W!*'2=B!

.2+!#$%2!/%&(&:%2+%+!'2![YY!à9!8`J!:%/!#%&#C!-%99&!?%/%!&#,/%+!,2!'5%B!'2!#$%!+./A!

;,/!0'F%+!?'#$!Zw!:./.0,/*.9+%$4+%!;8S"=!0,/![^!$!.#!V!á-=!(2#'9!&.*:9%!.5D('&'#',2!

O.7?@9<=*J6T6M6PC!!

*

*

*



!

]X!
!

J6T6Q6 &7]@9G7\5V-*O]5V-P*BCF@9B73*;@29=9=N*

!

J#.'2'26!?'#$!:<a-!*(9#'*%/!;+%&5/')%+!:/%3',(&94l!;7,9#,2!%#!.9CB!ZY[VB!7,9#,2!%#!

.9CB!ZY[XB!>(26.##!%#!.9CB!ZY[X==!?.&!(&%+!#,!5,20'/*!>-I!)'2+'26!#,!:%:#'+%!3'.!aR"M

"Z! :/%&%2#.#',2! ;+%F#/.*%/! &#.'2'26l! -42]@73* T=B! .2+! .9&,! #,! '+%2#'04! :%:#'+%M

&:%5'0'5!>M5%99!:,:(9.#',2&!'2!-7^p!:/'*'26!%F:%/'*%2#&!;#%#/.*%/!&#.'2'26l!-42]@73*

Z=C!J,9()9%!)',#'249.#%+!:<a-ML!*,2,*%/&!?%/%!A'2+94!:/,3'+%+!)4!"22.!S(99%/!.2+!

"./,2!Q.99! ;>M5%99!*,+(9.#',2! 6/,(:B! -./+'00!12'3%/&'#4=C! L2! )/'%0B!*(9#'*%/&!?%/%!

.&&%*)9%+! '2M$,(&%! )4! .++'#',2! ,0! :/%*'(*! 6/.+%! &#/%:#.3'+'2MIM:$45,%/4#$/'2!

;J"8Hl! R'0%! >%5$2,9,6'%&! 5.#.9,6(%! 2(*)%/! JZ[W^^=! ,/! +%F#/.*%/! ).5A),2%!

;+%F#/.2! p! J"! p! 8H=! ;L**(+%FB! -,:%2$.6%2B! 7%2*./A=! #,! )',#'249.#%+! :<a-ML!

*,2,*%/C! L2! #$%! 5.&%! ,0! #%#/.*%/B! &(55%&&'3%! .++'#',2&! ?%/%! 5.//'%+! ,(#! ,3%/!

*(9#':9%! '25().#',2! &#%:&! ?$%/%.&B! 0,/! +%F#/.*%/B! ,2%! &#%:! ?.&! /%D('/%+! 0,/!

.&&%*)94C! J:%5'0'5! +%#.'9&! .),(#! *(9#'*%/! .&&%*)94! $.3%! )%%2! ,(#9'2%+! '2! +2HF7*

J6a6!"&&%*)9%+!*(9#'*%/&!?%/%!+'9(#%+!#,!.!?,/A'26!5,25%2#/.#',2!,0!YC[!à6Eà9! '2!

8`J!;#%#/.*%/=!,/!+%F#/.*%/!)(00%/B!.2+!:/,#%.&%!'2$')'#,/&!;J%#![l!<%/5A!<'99':,/%=!

.++%+C! <(9#'*%/&! ?%/%! *.+%! '**%+'.#%94! :/',/! #,! (&%B! .2+! ?%/%! &#,/%+! 0,/! 2,!

9,26%/! #$.2! V^! $! ;V! á-B! '2! #$%! +./A=C! "::/,F'*.#%94! ZXYBYYY! 5%99&! :%/! #%&#! ?%/%!

#/.2&0%//%+!'2#,!X!*9!S"-J!#%&#!#()%&B!.2+!?.&$%+!?'#$!&#%/'9%!S"-J!)(00%/!;]YY!6B!V!

á-B!W!*'2=C!f%F#B!5%99&!?%/%!'25().#%+!;WY!*'2B!W]!á-B!Xw!-KZ=!?'#$!XY!2<!+.&.#'2')!

:/,#%'2! A'2.&%! '2$')'#,/! ;8UL=! '2! ,/+%/! #,! :/%3%2#! >-I! #/'66%/'26! .2+! :<a-!

'2#%/2.9'&.#',2C! -%99&! ?%/%! #$%2! &#.'2%+! ?'#$! %'#$%/! +%F#/.*%/! ;YCW! ä6! :%/! #%&#l! \!

à6E*9=!,/!#%#/.*%/!;YCX!à6!:%/!#%&#l!\!à6E*9=B!.2+!'25().#%+!,2!'5%B!'2!#$%!+./AB!0,/!

WY!*'2C!S,99,?'26!*(9#'*%/!&#.'2'26B!5%99&!?%/%!?.&$%+!?'#$!&#%/'9%!8`J!;]YY!6B!V!á-B!

W!*'2=B!.2+!#$%2!&()g%5#%+!#,!RL_HE7H"7!.2+!5%99!&(/0.5%!&#.'2'26!;.7?@9<=*J6T6L6=C!

"0#%/!5%99!&(/0.5%!&#.'2'26B!5%99&!?%/%!?.&$%+!0,/!.!0'2.9!#'*%!?'#$!8`J!;]YY!6B!V!á-B!W!

*'2=B!.2+!#$%2!/%&(&:%2+%+!'2![YY!à9!8`J!:%/!#%&#C!-%99&!?%/%!&#,/%+!,2!'5%B!'2!#$%!

+./A! ;,/! 0'F%+! ?'#$! Zw! :./.0,/*.9+%$4+%! ;8S"=! 0,/! [^! $! .#! V! á-=! (2#'9! &.*:9%!

.5D('&'#',2!O.7?@9<=*J6T6M6PC!L//%9%3.2#!*(9#'*%/&!?%/%!(&%+!.&!2%6.#'3%!5,2#/,9&!0,/!

.99!&#.'2'26C!

!

!



!

]\!
!

 Molar strep-PE:pMHC ratio Incubation steps 

Tetramer 1:4 5 x 20 min, on ice 

Dextramer 1:3 1 x 30 min, RT 
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5.25%/@! #$%! 0'/&#! S7"M.::/,3%+! #$%/.:%(#'5! 5.25%/! 3.55'2%C! >'-%-.&'( >&%.0$(
D040&$.2B!;[;[[=B!WXZYMWXZ\C!

-aHfB! 7C! JC! N! <HRR<"fB! LC! ZY[WC! K25,9,64! *%%#&! '**(2,9,64@! #$%! 5.25%/M
'**(2'#4!5459%C!*++#%-15@!WbE![M[YC!

-aHJJKfB! -C`CB! a1HRJ<"ffB! HCTCB! R"-HUB! "C>CB! UKaRa"88B! SCTCB! QH``B! <CSCB!
f"`">Lj"fB! "CB! qRKq"B! "C! "f7! I17I"B! TCJC! ZY[VC! "2#'6%2'5! :%:#'+%!
2.2,0')%/&!%9'5'#!.+g(3.2#M0/%%!-7^p!>!5%99!/%&:,2&%&C!a&..-%0B!P9;[Y=B![[]VM
[[^YC!

-aLff"J"<jB!fCB!Q"IPKB!TC!"CB!j1B!qCB!I"KB!<CB!SI"fUHRB!>C!RCB!ILRHjB!TC!8CB!aKfPB!
TC! TCB! 8"IUa1IJ>B! <C! ICB! SHR7<"fB! JC! "C! N! J-aI1<8B! 7C! JC! ZY[[C! "! >-I!
#./6%#'26! #$%! aR"M"m! YZY[t/%&#/'5#%+! %:'#,:%! ,0! <"PHM"W! /%5,62'h%&!
*(9#':9%! %:'#,:%&! ,0! #$%! <"PHM"! .2#'6%2! &(:%/0.*'94! '2! &%3%/.9! #4:%&! ,0!
5.25%/C!S20(!"#$%&'(")(*++#%"'",5@![^\E!\^XM\b\C!

-RH<KfJB!<CB!7"fJKfB!JC!N!aKQHRRB!"C!ZYYZC!>.*,F'0%2!;{f,93.+%FG=@!.!/%3'%?@!
"2#'#(*,(/!#/%.#*%2#C!>&%.0$(S$0&1+0%1(D0G-0F4@!Z^E![\XM[^YC!

-RLS>KfB! PC! >CB! <L>>Hf7KISB! HC! "C! N! 8HK8RHJB! PC! HC! ZY[XC! "+g(3.2#! aHIZE2%(!
:%:#'+%!5.25%/!3.55'2%&!'2!)/%.&#!5.25%/C!*++#%"120$&H5@!]E![[XbM\^C!

-RLS>KfB!PC!>CB!8HK8RHJB!PC!HC!N!<L>>Hf7KISB!HC!"C!ZY[\C!>$%!+%3%9,:*%2#!.2+!
(&%!,0!#$%!H]X!;aHIZ!W\bMW]]=!:%:#'+%!3.55'2%C!c#1#$0(O%."'@![ZE![WZ[MbC!
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-K`RHLPaB! <C! "CB! _KPHRB! -C! RCB! >IL8">ajB! 7CB! IK`HI>B! fC! TCB! J-aKRRB! JCB!
SHaIHf`"-aHIB!RCB!QKR>HIB! TC!<CB!8">KfB!_CB!Ja"UB!JCB!RLH`HI<"fB!PC!N!
JR"<KfB! 7C! TC! [bbbC! <(9#'2.#',2.9! &#(+4! ,0! #$%! %00'5.54! .2+! &.0%#4! ,0!
$(*.2'h%+! .2#'MaHIZ! *,2,59,2.9! .2#'),+4! '2! ?,*%2! ?$,! $.3%! aHIZM
,3%/%F:/%&&'26! *%#.&#.#'5! )/%.&#! 5.25%/! #$.#! $.&! :/,6/%&&%+! .0#%/!
5$%*,#$%/.:4!0,/!*%#.&#.#'5!+'&%.&%C!!(>'-%(O%."'@![]E!Z\WbMV^C!

-KaHfB! -CTCB! P"I>fHIB! TCTCB! aKIK_L>qMSILH7B! <CB! Ja"<"RK_B! UCB! >IH`JU"M
<-PKQ"fB! UCB! `RLJUK_JUjB!_C_CB! 8"IUa1IJ>B!<CICB! "fUILB! -CB! 8IL-UH>>B!
>C7CB!-IjJ>"RB!TCJC!"f7!RLB!jCSC!ZY[XC!L&,9.#',2!,0!2%,.2#'6%2M&:%5'0'5!>!5%99&!
0/,*! #(*,/! .2+! :%/':$%/.9! 94*:$,54#%&C! S20( !"#$%&'( ")( .'-%-.&'(
-%G041-,&1-"%B!;9B;[Y=B!Wb^[MWbb[C!

-KRHB! 7C! UCB! `1RHUB! "C! <CB! 7KR>KfB! PCB! J-a"1Hf`HIPB! "C! TCB! JqK<KR"jB! `CB!
IL>>"JHB! QCB! >IL<`jB! "CB! TK>aLU1<"IB! 8CB! S1RRHIB! "CB! JUKQHI"B! "CB!
IKJJTKafB! TCB! qa1B! -CB! <LRHJB! TC! TCB! 8H"U<"fB! <CB! QKKR7IL7PHB! RCB!
ILqU"RR"aB!8C!TC!N!JHQHRRB!"C!UC!ZY[\C!a,#&:,#!.(#,'**(2%!>!5%99!/%5%:#,/!
)'2+'26!(2+%/9'%&!:.#$,6%2!.2+!'2&(9'2!:%:#'+%!5/,&&M/%.5#'3'#4C!!(>'-%(*%G041@!
[Z\E!Z[b[MZYVC!

-KRHB!7C!UCB! H7Q"I7JB! HC! JCB!QjffB!UC! UCB! -RH<Hf>B!<CB!<LRHJB! TC! TCB! R"7HRRB! UCB!
HUHI1-aHB! TCB! PKJ>L-UB! HCB! "7"<JB! UC! TCB! JUKQHI"B! "CB! 8H"U<"fB! <CB!
QKKR7IL7PHB!RCB!8IL-HB!7C!"C!N!JHQHRRB!"C!UC!ZY[YC!<,+'0'5.#',2!,0!<a-!
.25$,/!/%&'+(%&!6%2%/.#%&!$%#%/,59'#'5!:%:#'+%&!#$.#!.9#%/!>-I!)'2+'26!.2+!>!
5%99!/%5,62'#',2C!!(*++#%"'@![^XE!Z\YYMZ\[YC!

-KRHB!7C! UCB! 81<8aIHjB!fC! TCB! `K1R>HIB! TC!<CB! J"<LB!<CB! `HRRB! TC! LCB!PKJ>L-UB! HCB!
8IL-HB!7C!"CB!P"KB!PC!SCB!JHQHRRB!"C!UC!N!T"UK`JHfB!`C!UC!ZYY]C!a(*.2!>-IM
)'2+'26!.00'2'#4!'&!6,3%/2%+!)4!<a-!59.&&!/%&#/'5#',2C!!(*++#%"'@![]^E!X]Z]M
WVC!

-KRHjB! aC! <C! ZYY^C! <%5$.2'&*&! .2+! &#/.#%6'%&! #,! ,3%/5,*%! 5$%*,#$%/.:4!
/%&'&#.25%!'2!*%#.&#.#'5!)/%.&#!5.25%/C!>&%.0$(S$0&1+0%1(D0G-0F4@!WVE!W]^M
WbYC!

-KfIjB!IC<CB!RK`1PRLKB!"CSCB!RKH-aHRB!SCB!<KKIHB!JCHCB!J1<HIHRB!RC"CB!`"IRKQB!
7CRCB! 8LUHB! TC! "f7! -1ILHRB! 7C>C! [bbXC! "! 5./5'2,%*)/4,2'5! .2#'6%2!
:,942(59%,#'+%! 3.55'2%! 0,/! $(*.2! 59'2'5.9! (&%C! >&%.0$( ,0%0( 120$&H5B! 9;[=B!
WWMW^C!

-KIfLJaB!PCaCB!JLf-R"LIB!RC_C!"f7!-"f>IHRRB!7C"C!ZYY\C!7'00%/%2#'.9!/%6(9.#',2!,0!
>M5%99!6/,?#$!)4!LRMZ!.2+!LRM[XC!C'""3B!;:U;Z=B!\YYM\Y^C!

-KI>a"jB!"CB!JUK_JH>aB!7CUCB!R1f7LfB!UC1CB!IóJTóB!HCB!K<aKR>B!aCB!aKSP""I7B!
8CKCB! a"I"R7JHfB! PC! .2+! `KPHfB! `C! ZYYXC! 8/'*./4! .2#'#(*,/! '**(2%!
/%&:,2&%!*%+'.#%+!)4!-7Vp!>!5%99&C!*++#%-15B!ZZ;W=B!W][MW^WC!

-KI>a"jB! "C! ZY[VC! 7,%&! #$%! '**(2%! &4&#%*! 2.#(/.994! :/,#%5#! .6.'2&#! 5.25%/òC!
c$"%1-0$4(-%(-++#%"'",5@!XB![b]MZYVC!

-K1qLfMSI"fUHRB!TC!ZY[WC!-.25%/!L**(2,#$%/.:4C!?.-0%.0B!WVZ;\[\X=B![VWZM[VWWC!
-ILJ-L>LHRRKB!-C!ZY[ZC!>(*,/M"&&,5'.#%+!"2#'6%2&!'2!`/%.&#!-.25%/C!C$0&41(>&$0@!]E!

Z\ZMZ\\C!
-IKQHB! 8C! 7CB!Q"R>HIB! `C!fCB!<KaRHIB! UC!<CB!K>>HfMH_"fJB! -CB! `R"-UB! IC! "C!N!

Q"IHB!-C!SC![bbXC!"!*%#.99,:/,#%.&%!'2$')'#,/!)9,5A&!&$%++'26!,0!#$%!^YMA7!
>fS!/%5%:#,/!.2+!>fS!:/,5%&&'26!'2!>!94*:$,54#%&C!!(`QH(/03@![^[E![ZYXM[YC!
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-1ILHRB! >CTCB! -K1UKJB! PCB! qK1B! RCB! "R_"IHqB! iCB! -aHfPB! 8CB! <K>>I"<B! 8CB!
H_7H<KfMaKP"fB!<CB! -KfHTKMP"I-L"B! TCICB! qa"fPB! RCB! `1IKQB!<C! .2+!
qa1B!jC!ZYYVC!J:%5'0'5!/%5/('#*%2#!,0!/%6(9.#,/4!>!5%99&!'2!,3./'.2!5./5'2,*.!
0,&#%/&! '**(2%! :/'3'9%6%! .2+! :/%+'5#&! /%+(5%+! &(/3'3.9C! E&1#$0( +03-.-%0B!
[Y;b=B!bVZMbVbC!

-1ILPRL"fKB!PCB!J8L>"RHILB!PCB!8LH>ILB!HCB!IHJ-LPfKB!<CB!7H!`I"17B!SCB!-"I7LRRKB!
"CB!<1fqKfHB!HCB!IK--"B!"CB!`KfLqqLB!PCB!`IL-a"I7B!_C!"f7!KIR"f7KB!RC!
ZYYXC! `/%.&#! 5.25%/! 3.55'2%&@! .! 59'2'5.9! /%.9'#4! ,/! 0.'/4! #.9%òC! 7%%&'4( ")(
O%."'",5B!;[;X=B!]XYM]\ZC!

7"RHI`"B! 8CB! IL--LB! "CB! I1JJKB!_CB! ILP">>LB!7CB!fL-K>I"B!<C! ICB!<K>>KRHJHB!<CB!
`KI7LPfKfB!-CB!f">"RLB!8C!PC!N!>I"_HIJ"ILB!-C![bb^C!a'6$!$,*,6%2%'#4!,0!
<"PHB! `"PHB! P"PHB! #4/,&'2.&%! .2+! <%9.2M"E<"I>M[! 6%2%! %F:/%&&',2! '2!
59(&#%/&! ,0! *(9#':9%! &'*(9#.2%,(&! *%#.&#.&%&! ,0! $(*.2! *%9.2,*.@!
'*:9'5.#',2&! 0,/!:/,#,5,9!+%&'62!,0! #$%/.:%(#'5!.2#'6%2M&:%5'0'5! 3.55'2.#',2!
&#/.#%6'%&C!*%1(!(>&%.0$@!]]E!ZYYMVC!

7"JB!JCUCB!J"IU"IB!JCB!7"JaB!ICB!7Hf>B!8CB!Q"fPB!iCjCB!J"IU"IB!7C!"f7!SLJaHIB!8C`C!
ZY[ZC!-.25%/!#%/*'2.#,/!3'/(&%&!.2+!.::/,.5$%&!0,/!%2$.25'26!#$%/.:%(#'5!
,(#5,*%&C!L2!73G&%.04(-%(.&%.0$($040&$.2B!_,9C![[XB![MW^C!"5.+%*'5!8/%&&C!

7H!-K"ô"B!jC8CB!-aK17a1IjB!"C!"f7!ULHJJRLfPB!IC!ZY[XC!-$%5A:,'2#!)9,5A.+%!0,/!
5.25%/! #$%/.:4@! /%3'#.9'h'26! .! &(::/%&&%+! '**(2%! &4&#%*C! S$0%34( -%(
+"'0.#'&$(+03-.-%0B!9;;^=B!V^ZMVb[C!

7HfPB!RCB!qa"fPB!aCB!R1"fB!jCB!qa"fPB!TCB!iLfPB!OCB!7KfPB!JCB!Q1B!iCB!RL1B!<C!.2+!
Q"fPB!JC!ZY[YC!"55(*(9.#',2!,0!0,F:Wp!>!/%6(9.#,/4!5%99&!'2!+/.'2'26!94*:$!
2,+%&! 5,//%9.#%&! ?'#$! +'&%.&%! :/,6/%&&',2! .2+! '**(2%! &(::/%&&',2! '2!
5,9,/%5#.9!5.25%/!:.#'%2#&C!>'-%-.&'(>&%.0$(D040&$.2B![\;[\=B!V[YXMV[[ZC!

7HfUHI>B! -CB! RKL`RB! JCB! fKJUHB! "CB! IKRRHIB! <CB! <1RRHIB! `C! <CB! UK<KIB! <CB!
`17-qLHJB! TCB! 7"I`MHJS"a"fLB! JCB! UIKfHfQH>>B! ICB! a"f1J-aB! -CB! _Kf!
>KIfHB!-CB!QHL-aHI>B!QCB!HfPHRJB!UCB!JKR`"-aB!-CB!J-aI"7HIB! LCB!7LH>HRB!
<C! N! _Kf! <Lf-UQL>qB! PC! ZY[YC! >(*,/M.&&,5'.#%+! 94*:$,54#%&! .&! .2!
'2+%:%2+%2#!:/%+'5#,/!,0!/%&:,2&%!#,!2%,.+g(3.2#!5$%*,#$%/.:4!'2!)/%.&#!
5.25%/C!!(>'-%(O%."'@!Z^E![YXM[WC!

7HfUHI>B! -CB! _Kf! <Lf-UQL>qB! PCB! `I"JHB! TC! -CB! JLffB! `C! _CB! P"7HB! JCB!
UIKfHfQH>>B! ICB! 8SL>qfHIB! `C! <CB! J"R">B! -CB! RKLB! JC! N! J-a<L>>B! QC! 7C!
ZY[VC! >(*,/M'20'9#/.#'26! 94*:$,54#%&! .2+! /%&:,2&%! #,! 2%,.+g(3.2#!
5$%*,#$%/.:4! ?'#$! ,/! ?'#$,(#! 5./),:9.#'2! '2! $(*.2! %:'+%/*.9! 6/,?#$!
0.5#,/! /%5%:#,/! Zt:,&'#'3%! .2+! #/':9%M2%6.#'3%! :/'*./4! )/%.&#! 5.25%/&C!
!"#$%&'(")(.'-%-.&'("%."'",5@!WWE!b^WMbb[C!

7Hf>KfB! "CHCB! I1JJB! `CHCB! 7KaHI>jB! 8C-CB! I"KB! JC! .2+! >1IfHIB! JCTC! ZY[[C!
7'00%/%2#'.#',2M+%:%2+%2#!0(25#',2.9!.2+!%:'6%2%#'5!9.2+&5.:%&!0,/!54#,A'2%!
6%2%&!'2!3'/(&M&:%5'0'5!-7^p!>!5%99&C!Y$".003-%,4(")(120(E&1-"%&'(7.&30+5(")(
?.-0%.04B![Y^;W]=B![XWY\M[XW[[C!

7HI`LfJULB! TCB! J-a1R>HB! "CB! UjHQJULB! `C! .2+! URHLfB! RC! ZYY[C! 8/,*'&5(,(&! 6%2%!
%F:/%&&',2! '2! *%+(99./4! #$4*'5! %:'#$%9'.9! 5%99&! *'//,/&! #$%! :%/':$%/.9! &%90C!
E&1#$0(-++#%"'",5B!Z;[[=B![YWZM[YWbC!

7HJ"f>LJB!-CB!<"B!TCB!`Ij"fB!RC!N!TH<"RB!"C!ZY[VC!`/%.&#!5.25%/!&#.#'&#'5&B!ZY[WC!>7I(
7(>&%.0$(!"#$%&'()"$(>'-%-.-&%4@!\VE!XZM\ZC!
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7HJSI"föKLJB! TCB! <KIH"1M"1`IjB! "CB! _LPf"I7B! _CB! PK7H>B! jCB! Ua"<<"ILB! "CB!
7IHfKB!`CB!TK>HIH"1B!SC!.2+!PHI_KLJB!fC!ZY[YC!7,()9%!:,&'#'3%!-7V-7^!no!
>! 5%99&@! .! 2%?! #(*,/M/%.5#'3%!:,:(9.#',2! '2!$(*.2!*%9.2,*.&C!YX"?(O%0B!
X;[=B!%^VW]C!

7H!QHPHIB! _C"CB! >1IUJ<"B!"CQCB! _KKIa"<B!OCTCB! H1RHIB! qCB! `ILRB! aCB! _"f!7Hf!
HHI>QHPaB! "CTCB! `RKH<Hf"B! HCB! 8LfH7KB! aC<CB! _HI<KIUHfB! TC`CB! _"f!
>Lf>HIHfB! aC! "f7! <HLTHIB! PC"C! ZY[ZC! -9'2'5.9! %00%5#&! ,0! .+g(3.2#! .5#'3%!
&:%5'0'5! '**(2,#$%/.:4! +'00%/! )%#?%%2! :.#'%2#&! ?'#$! *'5/,&.#%99'#%! &#.)9%!
.2+!*'5/,&.#%99'#%! '2&#.)9%!5,9,2!5.25%/C!>'-%-.&'(>&%.0$(D040&$.2B![^B!^^ZM
^^bC!

7a"I<"81ILB!JCB!"1ILJL--aLKB!RCB!fH1fHIB!8CB!_HI7LI"<HB!<CB!-LRL`HI>KB!PC!"f7!
R"! <KfL-"B! fC! ZYYbC! "2! ,/.9! >RI]! .6,2'&#! '&! .! :,#%2#! .+g(3.2#! ,0! 7f"!
3.55'2.#',2!'2!#/.2&6%2'5!*,(&%!#(*,/!*,+%9&C!>&%.0$(,0%0(120$&H5B!;<;X=B!
V\ZMV]ZC!

7LPaHB!"CJCB!IL-a"I7JB!HCB!KR7B! RCTCB! .2+!J-aIHL`HIB!IC7C![bbVC!H2$.25%+! '2!3'3,!
6/,?#$! .2+! /%&'&#.25%! #,! /%g%5#',2! ,0! #(*,/! 5%99&! %F:/%&&'26! +,*'2.2#!
2%6.#'3%!LSfr!/%5%:#,/&C!*++#%-15([B!VV]tVX\C!

7IKHJHIB!ICB!qRK`H-B!LCB!ULRL-B!HCB!Põ>aB!1CB!aH`HIHIB!<CB!J8"PfKRLB!PCB!KHI>RLB!7C!
.2+!>"8L"B!-C!ZY[ZC!7'00%/%2#'.9!:.##%/2!.2+!:/,62,&#'5!&'62'0'5.25%!,0!-7VpB!
SKi8Wp! .2+! LRM[]p! #(*,/! '20'9#/.#'26! 94*:$,54#%&! '2! +(5#.9! .2+! 9,)(9./!
)/%.&#!5.25%/&C!C/>(.&%.0$@![Z;[=B![WVM[VWC!

7KR>KfB! PCB! RLJJLf"B! "CB! JUKQHI"B! "CB! R"7HRRB! UCB! >1fP">>B! UCB! TKfHJB! HCB!
UIKfHf`HIPM_HIJ>HHPB! 7CB! "U8K_Q"B! aCB! 8Hf>LHIB! TC! N! aKRR"f7B! -C!
ZY[VC! -,*:./'&,2! ,0! :%:#'+%t*.g,/! $'&#,5,*:.#')'9'#4! 5,*:9%F! #%#/.*%/&!
.2+! +%F#/.*%/&! 0,/! #$%! '+%2#'0'5.#',2! ,0! .2#'6%2M&:%5'0'5! >! 5%99&C! >'-%-.&'( 6(
`QH0$-+0%1&'(*++#%"'",5@![]]E!V]M\WC!

7KR>KfB! PCB! >1fP">>B! UCB! RRKj7B! "CB! `L"f-aLB! _CB! >aH"UHIB! JC! <CB! >IL<`jB! "CB!
aKRR"f7B!-C! TCB!7KfL"B!<CB!PK7ULfB!"C! TCB!-KRHB!7C!UCB!>aKI!J>I">HfB!8CB!
8H"U<"fB! <CB! J_"fHB! LC! <C! N! JHQHRRB! "C! UC! ZY[XC! <,/%! #/'5A&! ?'#$!
#%#/.*%/&@!.!:/.5#'5.9!6('+%!#,!&#.'2'26!>!5%99&!?'#$!:%:#'+%t<a-!*(9#'*%/&C!
*++#%"'",5@![V\E![[MZZC!

7KfPB!jCB!J1fB!OC!"f7!qa"fPB!iC!ZY[]C!87M[!.2+!'#&!9'6.2+&!./%!'*:,/#.2#!'**(2%!
5$%5A:,'2#&!'2!5.25%/C!O%."1&$,01B!U;Z=B!Z[][MZ[^\C!

7KfL"B!<CB!a"fJHfB!<CB!JHf7I18B!JC!RCB! L_HIJHfB!>C!qCB!HRRH`úUB!HCB!"f7HIJHfB!
<C!aCB!J>I">HfB!8C!>C!N!J_"fHB!LC!<C!ZY[WC!<%#$,+&!#,!L*:/,3%!"+,:#'3%!>M
-%99! >$%/.:4! 0,/! <%9.2,*.@! LSfMr! H2$.25%&! "2#'5.25%/! I%&:,2&%&! ,0! -%99!
8/,+(5#&!0,/!L20(&',2C!!"#$%&'(")(*%G041-,&1-G0(T0$+&1"'",5@![WWE!XVXMXXZC!

7KfL"B! <CB! UTHR7JHfB! TCQCB! "f7HIJHfB! ICB! QHJ>HIP""I7B! <C-CQCB! `L"f-aLB! _CB!
RHP1>B!<CB!">>"SB!<CB!JqK<KR"jB!`CB!K>>B!JCB!7KR>KfB!PC!"f7!RjfP""B!IC!
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71ffB! PC8CB! KR7B! RCTCB! "f7! J-aIHL`HIB! IC7C! ZYYVC! >$%! >$/%%! H&! ,0! -.25%/!
L**(2,%+'#'26C!7%%#A(D0GA(*++#%"'A!ZZB!WZbtW\YC!

HUHI1-aHM<"ULf7HB! TCB! -RH<Hf>B! <CB! -KRHB! 7C! UCB! H7Q"I7JB! HC! JCB! R"7HRRB! UCB!
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>CB! >IL<`jB! "CB! `"LRHjB! <CB! ILqU"RR"aB! 8CB! IKJJTKafB! TCB! 8H"U<"fB! <CB!
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HRRH`"HUB! HCB! L_HIJHfB! >C! qCB! T1fUHIB! fCB! 7KfL"B! <CB! HfPHRRMfKHIIHP""I7B! RCB!
<H>B!ïCB!aïR<L-aB!RC!ICB!"f7HIJHfB!IC!JCB!a"7I18B!JC!ICB!"f7HIJHfB!<C!aCB!
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H<HfJB! RC"CB! "JO1L>aB! TC<CB! RH">aHI<"fB! TC<CB! UK`ILfB! `CTCB! 8H>ILUB! JCB! R"LUKB!
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HfPHRJB!HC"CB!8SHLSSHIB!IC<CB!SI"1<HfLB!TCSCB!U"JLJUHB!`CRCB! LJI"fLB!"CUCB!Jfj7HIB!
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#/.2&0,/*.#',2C!C'""3@![[X;Z=B!Z^bMZbXC!
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SHIR"jB!TCB!JaLfB!aC!ICB!`I"jB!SCB!SKI<"fB!7CB!<">aHIJB!-C!N!8"IULfB!7C!<C!ZY[YC!
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SHIR"jB! TCB! JKHITK<">"I"<B! LCB!7LUJaL>B!ICB! HJHIB!JCB!<">aHIJB!-CB!IH`HRKB!<CB!
8"IULfB!7C!<CB!SKI<"fB!7C!N!`I"jB!SC!ZY[XC!-.25%/!'25'+%25%!.2+!*,/#.9'#4!
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SLffB! KCTCB! THIK<HB! UCICB! aHf7HIJKfB! IC"CB! 8H-aHIB! PCB! 7K<HfH-aB! fCB!
<"P"IL"fM`R"f7HIB!TC!"f7!`"II">>M`KjHJB!JC<C![bbXC!<1-M[!%:'#$%9'.9!
#(*,/!*(5'2M).&%+! '**(2'#4!.2+!5.25%/!3.55'2%&C! *++#%"'",-.&'( $0G-0F4B!
[VX;[=B!\[M^bC!

SLJaHIB!`CB! `Ij"f>B! TCB!QKR<"IUB!fCB!<"<K1f"JB! HCB! `IKQfB!"CB! SLJaHIB! HCICB!
QL-UHIa"<B! 7CRCB! `HPK_L-B! <CB! 7H-LRRLJB! "CB! IK`L7K1iB! "C! "f7!
<"IPKRHJHB! ICPC! [bb^C! H00%5#! ,0! :/%,:%/.#'3%! 5$%*,#$%/.:4! ,2! #$%!
,(#5,*%! ,0! ?,*%2! ?'#$! ,:%/.)9%! )/%.&#! 5.25%/C! !"#$%&'( ")( >'-%-.&'(
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SLJa<"fB!<CB!a1f>HIB!>C`CB!JKRL<"fB!aCB!>aK<8JKfB!8CB!71ffB!<CB!J<LRHHB!ICB!
S"I<HRKB!<CTCB!fKjHJB!7CICB!<"a"fjB!TCTCB!RHHB!TCaC!"f7!-"f>KIB!"C!ZYY^C!
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SK>LfM<RH-qHUB! <CB! q"fqLfPHIB! UCB! aHL7HfIHL-aB! ICB! RKIHfqB! -CB! >aHJJB! "CB!
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SIHH<"fB!PCTCB!RKfPB!"CTCB!LQ"LB!jCB!`K1IO1HB!UCB!-aHIfK_"B!>CB!fLJaL<1I"B!aCB!
SL>qB!RCTCB!<"RHfUK_L-aB!fCB!KU"q"ULB!>CB!`jIfHB!<C-C!"f7!aKI>KfB!aCSC!
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Sjf"fB! HCSCB! QH`J>HIB! ICPCB! S1RRHIB! 7CaCB! a"jfHJB! TCICB! J"f>KIKB! TC-C! "f7!
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.2.94h%+! (&'26! 9')/./'%&! ,0! .*:9'0'%+! >! 5%99&C! S20( !"#$%&'( ")( `QH0$-+0%1&'(
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)/%.&#!5.25%/@!/%&(9#&!0/,*!#$%!S'2aHI!#/'.9C!7%%(O%."'@!ZXE![XVVMXYC!

RKRRLfLB!8CRCB!7H!PLK_"ffLB!-CB!8"ffHRRLfLB!>CB!-"_"RRKB!SCB!SKIfLB!PCB!f"ffLB!8C!
ZYYXC!-.25%/!'**(2,:/%3%2#',2C!c#1#$0(O%."'B![B!X]t\\C!

RKRRLfLB! 8CRC! -"_"RRKB! SC! f"ffLB! 8C! SKIfLB! PC! ZYY\C! _.55'2%&! 0,/! #(*,(/!
:/%3%2#',2C!E&1A(D0GA(>&%.0$B!\B!ZYVtZ[\C!

RKRRLfLB!8CRCB!fL-KRH>>LB!PCB!R"f71qqLB!RCB!-"_"RRKB!SCB!SKIfLB!PCB!7H!PLK_"ffLB!-CB!
f"ffLB! 8C! ZY[[C!_.55'2%&! .2+!,#$%/! '**(2,9,6'5.9! .::/,.5$%&! 0,/! 5.25%/!
'**(2,:/%3%2#',2C!>#$$A(T$#,(S&$,014B![ZB![bX]t[b]WC!

RKRRLfLB! 8CRCB! -"_"RRKB! SCB! f"ffLB! 8C! "f7! O1"PRLfKB! HC! ZY[XC! >$%! :/,*'&%! ,0!
:/%3%2#'3%!5.25%/!3.55'2%&C!a&..-%04B!P;Z=B!V\]MV^bC!

RKfPKB!7CRC!ZY[YC!f%?!#$%/.:'%&!0,/!5.&#/.#',2M/%&'&#.2#!:/,&#.#%!5.25%/C!E(`%,'(!(
/03B!W\WB!V]bMV^[!

RK_HR"-HB! 8C! N! <"H-UHIB! aC! >C! ZY[[C! <(9#':./.*%#%/! '2#/.5%99(9./! 54#,A'2%!
&#.'2'26C!/012"34(/"'(C-"'@!\bbE![\XM]^C!

R1B!jC-C!"f7!IK``LfJB!8CSC!ZY[\C!-.25%/!'**(2,#$%/.:4!#./6%#'26!2%,.2#'6%2&C!*%(
?0+-%&$4(-%(-++#%"'",5B!_,9C!Z^B!f,C![B!ZZMZ]C!"5.+%*'5!8/%&&C!

R1>qB!HCB!jHKB!-CTCB!RLRRH<KHB!UC7CB!`LH7Iqj-ULB!`CB!UK`ILfB!`CB!aHI<"fB!TCB!J1P"IB!
HCB! 8L"f>"7KJLB! JCB! -"<HIKfB! TCRCB! JKR>B! JC! "f7! KffHIJB! `C! ZY[[C! "!
9%#$.994! '//.+'.#%+! .99,6%2%'5! 6/.2(9,54#%M*.5/,:$.6%! 5,9,24! &#'*(9.#'26!
0.5#,/M&%5/%#'26! #(*,/! 3.55'2%! 0,/! :.25/%.#'5! .+%2,5./5'2,*.@! .! :$.&%! LL!
#/'.9! ,0! &.0%#4B! %00'5.54B! .2+! '**(2%! .5#'3.#',2C! 7%%&'4( ")( 4#$,0$5B! 9BP;Z=B!
WZ^MWWXC!

<"`1R"B! TC! `CB! <-aH<`HB! <C! 7CB! -a"Rj"B! 8C! RCB! PLL>LB! PCB! -a"f7LU"B! "C! `CB!
I"<`"1B! 8CB! <"J"R1B! fC! N! PLRjK<"LB! TC! <C! ZY[ZC! J#.6%! .#! +'.62,&'&B!



!

[bX!
!

59'2'5,:.#$,9,6'5.9! .2+! #/%.#*%2#! :.##%/2&! ,0! )/%.&#! 5.25%/! .#! `(6.2+,!
<%+'5.9!-%2#/%!'2!2,/#$M?%&#%/2!>.2h.2'.C!S&%d&%(!(R0&'12(D04@![VE!Z\bM]bC!

<"7"fB! IC"CB! `LR1JL-B! <CB! aHHIjB! -CB! J-aRK<B! TC! "f7! P1RRHjB! TCRC! ZY[ZB! T(2%C!
-9'2'5.9! %3.9(.#',2! ,0! >IL-K<! 3%5#,/! #$%/.:%(#'5! 5.25%/! 3.55'2%&C! L2!
?0+-%&$4(-%("%."'",5B!_,9C!WbB!f,C!WB!Zb\MWYVC!H9&%3'%/C!

<"71I"B!SCB!ILqU"RR"aB!8C!TCB!aKRR"f7B!-C!TCB!S1RRHIB!"CB!`1RHUB!"CB!PK7ULfB!"C!TCB!
J-a"1Hf`1IPB!"C!TCB!-KRHB!7C!UC!N!JHQHRRB!"C!UC!ZY[XC!J#/(5#(/.9!).&'&!0,/!
'2%00%5#'3%!>M5%99! /%&:,2&%&!#,!<a-!.25$,/!/%&'+(%M'*:/,3%+!Å$%#%/,59'#'5Å!
:%:#'+%&C!`#$(!(*++#%"'@!VXE!X^VMb[C!

<"a"1"7MSHIf"f7HqB! QC! 7CB! 7H<"RLB! UC! "CB! KRL_LHIB! "C! UC! N! KUHK<"B! -C! <C!
ZY[VC! `,2%!*.//,?! &#/,*.9! .2#'6%2! Z! %F:/%&&%+! '2! 5.25%/! 5%99&! :/,*,#%&!
*.**./4!#(*,/!6/,?#$!.2+!*%#.&#.&'&C!C$0&41(>&%.0$(D04@![\E!VbWC!

<"a<K17B!JC!<CB!8"LJaB!HC!-CB!8KQHB!7C!PCB!<"-<LRR"fB!IC!7CB!PI"LfPHB!<C!TCB!
RHHB! "C! aCB! HRRLJB! LC! KC! N! PIHHfB! "C! IC! ZY[[C! >(*,/M'20'9#/.#'26! -7^p!
94*:$,54#%&! :/%+'5#! 59'2'5.9! ,(#5,*%! '2! )/%.&#! 5.25%/C! !( >'-%( O%."'@! ZbE!
[bVbMXXC!

<"R7Kf"7KMR£8HqB! ICB! 7H! J<H7>B! >CB! <L-aHRB! 8CB! PK7SIKL7B! TCB! 8"T"UB! `CB!
aHLI<"fB!-CB! >aLHRH<"fJB!UCB! RHKB!KCB!1I`"LfB! TC!"f7!<KJHIB!<C![bbbC!
-7^np! .2+! -7^n�! &()59.&&%&! ,0! +%2+/'#'5! 5%99&! +'/%5#! #$%! +%3%9,:*%2#! ,0!
+'&#'25#!>!$%9:%/!5%99&!'2!3'3,C!!"#$%&'(")(`QH0$-+0%1&'(/03-.-%0B!;U\;W=B!X^]M
XbZC!

<"RH-U"IB! TCIC! .2+!JaHI<"fB! RC"C! [b^]C! >$%! 5,*:,&'#',2!,0! #$%!>! 5%99! /%5%:#,/!
/%:%/#,'/%!'2!2(+%!*'5%C!S20(!"#$%&'(")(*++#%"'",5B![W^;[[=B!W^]WMW^]\C!

<"RLJJHfB! `CB! PIHPKLIHB! -CB! <"RLJJHfB! <C! N! IKf-"P"RRLB! IC! ZY[VC! L2#%6/.#'3%!
)',9,64!,0!>!5%99!.5#'3.#',2C!E&1(*++#%"'@![XE!]bYM]C!

<"IUK_L-B!JCfCB! J1<"fB!_CTCB! LfPRHB! TCfCB!U"1IB! TCJCB!8L>K>B!aC-CB! RK8ILfqLB!-CRCB!
I"KB! IC7CB! -IH"P"fB! HC>CB! 8L>>HRUKQB! <CICB! "RRIH7B! TC`C! "f7! fH_"R"B!
QCUC! ZYY\C! 8%:#'+%! 3.55'2.#',2! ,0! :.#'%2#&! ?'#$! *%#.&#.#'5! *%9.2,*.@!
'*:/,3%+! 59'2'5.9! ,(#5,*%! '2! :.#'%2#&! +%*,2&#/.#'26! %00%5#'3%!
'**(2'h.#',2C!7+0$-.&%(Z"#$%&'(")(.'-%-.&'("%."'",5B!9\;V=B!WXZMW\YC!

<"IJa"RRB!TCRCB!a"QULfJB!<CTCB!>J"fPB!UCjCB!IL-a<Kf7B!HCB!8H7L-"fKB!TCHCB!qa1B!
<C!"f7!J-aRK<B!TC![bbbC!8$.&%!L!&#(+4!'2!5.25%/!:.#'%2#&!,0!.!/%:9'5.#',2M
+%0%5#'3%! .3':,F! /%5,*)'2.2#! 3.55'2%! #$.#! %F:/%&&%&! $(*.2!
5./5'2,%*)/4,2'5!.2#'6%2C!!"#$%&'(")(.'-%-.&'("%."'",5B!;[;[=B!WWZMWWZC!

<"IJa"RRB! TCRCB! aKjHIB! ICTCB! >KK<HjB! <C"CB! S"I"P1f"B! UCB! -a"fPB! 8CB!
IL-a<Kf7B! HCB! 8H7L-"fKB! TCHCB! PHa"fB! HCB! 8H-UB! IC"CB! "IRHfB! 8C! "f7!
>J"fPB!UCjC!ZYYYC!8$.&%!L!J#(+4!'2!"+3.25%+!-.25%/!8.#'%2#&!,0!.!7'3%/&'0'%+!
8/'*%M.2+M`,,&#! _.55'2.#',2! 8/,#,5,9! 1&'26! I%5,*)'2.2#! _.55'2'.! _'/(&!
.2+! I%5,*)'2.2#! f,2/%:9'5.#'26! "3':,F! _'/(&! #,! H9'5'#! "2#'t
-./5'2,%*)/4,2'5!"2#'6%2!L**(2%!I%&:,2&%&C!!"#$%&'(")(>'-%-.&'(O%."'",5B!
;U;ZW=B!Wb\VMWb]WC!

<"I>HLB! jC<C! "f7! <">IKB! TC<C! ZY[XC! L+%2#'04'26! :.#'%2#&! .#! $'6$! /'&A! ,0! )/%.&#!
5.25%/! /%5(//%25%@! &#/.#%6'%&! #,! '*:/,3%!:.#'%2#!,(#5,*%&C!C$0&41(>&%.0$I(
S&$,014(&%3(S20$&H5B![B!WW]MWVWC!

<"I>LfB!TC!HCB!J1RRL_"fB!fC!TCB!Hf"<"B!<C!HCB!PKI7KfB!LC!TCB!IKH7HIHIB!<CB!UK18B!
IC! "CB! `"LRHIB! IC! >CB! -a"UI"`"I>LB! `C! UCB! `"LRHjB! <C! "CB! PK<HqB! 8C! RCB!
"f7IHQJB!-C!"CB!<KK7LHB!qCB!P1B!RCB!J>HLfB!TC!"CB!f"`HRB!PC!TC!N!PI"a"<B!`C!



!
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!

JC!ZYY\C!"!7f"!3.55'2%!0,/!H),9.!3'/(&!'&!&.0%!.2+!'**(2,6%2'5!'2!.!:$.&%!L!
59'2'5.9!#/'.9C!>'-%(a&..-%0(*++#%"'@![WE![Z\]M]]C!

<"I>LfB!fC!RCB!J"`"MHRMRHLRB!<C!UCB!J"7HUK_"B!JCB!<HRK-aHB!JC!N!J"1_"PH"1B!PC!
ZYYXC!HfZ!'&!.!5.2+'+.#%!,25,6%2%!'2!$(*.2!)/%.&#!5.25%/C!O%.",0%0@!ZVE!
\^bYMbY[C!

<"I>LfB!JC7CB!QL-UB!7C"CB!fLHRJHfB! TCJCB! RL>>RHB!fCB!aKR>B!IC"C!"f7!fHRJKfB!`CaC!
ZY[^C! "! 9')/./4M).&%+! &5/%%2'26! *%#$,+! '+%2#'0'%&! 2%,.2#'6%2M/%.5#'3%! >!
5%99&! '2! :%/':$%/.9! )9,,+! :/',/! #,! /%9.:&%! ,0! ,3./'.2! 5.25%/C!
O%."-++#%"'",5B![;[=B![W][^bXC!

<"I>jB!ICB!U""`LfHT"7L"fB!JCB!IKJJHRRB!7CB!JRLSUHIB!<CTCB!_"f!7H!a""IB!TCB!HfPLfB!
aC`CB!7H!8ILJ-KB!fCB!L7HUHIB!>CB!aLR7H`I"f7B!QCaCB!SKf>M`1IP"7"B!TC!"f7!
-"I>HIB! aC! ZY[]C! <a-ML! 6%2,#4:%! /%&#/'5#&! #$%! ,25,6%2'5! *(#.#',2.9!
9.2+&5.:%C!>0''B![][;\=B![Z]ZM[Z^WC!

<--KI<"-UB!_C!"C!N!`KSSH>>"B! 8C! ZY[[C! >,+.4y&! 9'0%&#49%&B! #,*,//,?y&! 5.25%/&@!
#/%2+&! '2! 9'0%&#49%! /'&A! 0.5#,/&! 0,/! 5.25%/! '2! 9,?M! .2+! *'++9%M'25,*%!
5,(2#/'%&C!7%%&'4(")(O%."'",5@!ZZE!ZWVbMZWX]C!

<-P"IPLRRB!<C!"CB!7HI`LfJULB! TC!<C!N!aKPO1LJ>B!UC!"C!ZYYYC!I%5%:#,/!%+'#'26! '2!
+%3%9,:'26!>!5%99&C!E&1(*++#%"'@![E!WW\MV[C!

<-PI">aB! JC! HCB! <L-a"HRB! "CB! 8"f7a"B! aC! N! <KIP"fB! IC! ZY[WC! H26/.'9%+!
$,*%,),F!#/.2&5/':#',2!0.5#,/&!.&!:,#%2#'.9!*./A%/&!.2+!#./6%#&! '2!5.25%/C!
c`C?(X011@!X^]E!XVbMXVC!

<-8aHIJKfB!UCB!J>HHRB!-C!<C!N!7LiKfB!TC!<C!ZYYYC!`/%.&#!5.25%/¢%:'+%*',9,64B!
/'&A!0.5#,/&B!.2+!6%2%#'5&C!C/!(I(C$-1-42(/03-.&'(!"#$%&'@!WZ[E!\ZVM\Z^C!

<HRHIKB! LCB!P"17HIf"-UB!PCB!PHIIL>JHfB!QCB!a1`HIB!-CB!8"I<L"fLB!PCB!J-aKRRB!
JCB! >a">-aHIB! fCB! Q"PJ>"SSB! TCB! qLHRLfJULB! -C! N! S"1RUfHIB! LC! ZY[VC!
>$%/.:%(#'5! 3.55'2%&! 0,/! 5.25%/@! .2! ,3%/3'%?! ,0! 59'2'5.9! #/'.9&C! E&1#$0(
$0G-0F4(>'-%-.&'("%."'",5@![[E!XYbMXZVC!

<HRLHSB! -CTCB! _"f! a"RRB! >CB! "IHfJB! ICB! KJJHf7KI8B! SC! "f7! _"f! 7HI! `1IPB! JCaC!
ZY[XC! >$%/.:%(#'5! 5.25%/! 3.55'2%&C! S20( !"#$%&'( ")( .'-%-.&'( -%G041-,&1-"%B!
;9B;b=B!WVY[MWV[ZC!

<HRR<"fB!LCB!-K1UKJB!PC!N!7I"fKSSB!PC!ZY[[C!-.25%/!'**(2,#$%/.:4!5,*%&!,0!
.6%C!E&1#$0@!V^YE!V^YMV^bC!

<Hf7HqB! ICB! I1LqM-"`HRRKB! SCB! IK7I¤P1HqB! >CB! 7HR! -"<8KB! "CB! 8"J-aHfB! "CB!
J-a"7Hf7KISB!7C!"f7!P"IIL7KB!SC!ZYY]C!L+%2#'0'5.#',2!,0!+'00%/%2#!#(*,/!
%&5.:%! *%5$.2'&*&! '2! &%3%/.9! *%#.&#.&%&! 0/,*! .! *%9.2,*.! :.#'%2#!
(2+%/6,'26! '**(2,#$%/.:4C! >&%.0$( *++#%"'",5@( *++#%"120$&H5B! X\;[=B!
^^MbVC!

<HfPB!QCJC!"f7!`1>>HISLHR7B!RCaC!ZYYXC!"5#'3.#',2!,0!.2#'6%2M:/%&%2#'26!5%99&!)4!
7f"!+%9'3%/4!3%5#,/&C!`QH0$1("H-%-"%("%(K-"'",-.&'(120$&H5B!B;^=B![Y[bM[YZ^C!

<HfJ"aB!"C! -CB! j"IfHjB! TCB!fKUKHB! JC! UCB!K8KU1B! JC!N!-RHPPMR"<8>HjB! TC! ZY[\C!
J(/3'3.9! K(#5,*%&! ,0! `/%.&#! -.25%/! '2! P$.2.@! "2! "2.94&'&! ,0!
-9'2'5,:.#$,9,6'5.9!S%.#(/%&C!

<LRHJB!UC!<CB!<LRHJB!TC!TCB!<"71I"B!SCB!JHQHRRB!"C!UC!N!-KRHB!7C!UC!ZY[[C!I%.9!#'*%!
+%#%5#',2!,0!:%:#'+%M<a-!+'&&,5'.#',2!/%3%.9&!#$.#!'*:/,3%*%2#!,0!:/'*./4!
<a-M)'2+'26! /%&'+(%&! 5.2! $.3%! .! *'2'*.9B! ,/! 2,B! %00%5#! ,2! &#.)'9'#4C! /"'(
*++#%"'@!V^E!]Z^MWZC!



!
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!

<LRHJB! TCTCB! >"fB!<C8CB!7KR>KfB!PCB! H7Q"I7JB!HCJCB!P"RRKQ"jB!JC"CB! R"1PHRB!`CB!
-RH<Hf>B!<CB!<"ULf7HB!TCB!R"7HRRB!UCB!<">>aHQJB!UCUC!"f7!Q">ULfJB!>CJC!
ZY[^C! 8%:#'+%! *'*'5! 0,/! '209(%2h.! 3.55'2.#',2! (&'26! 2,22.#(/.9!
5,*)'2.#,/'.9!5$%*'&#/4C!S20(!"#$%&'(")(.'-%-.&'(-%G041-,&1-"%B!;9U;V=C!

<L>>Hf7KISB! HC! "CB! -RLS>KfB! PC! >CB! aKR<HJB! TC! 8CB! J-afH`RHB! HCB! _"f! H-aKB! 7CB!
8KffL"aB!JC!N!8HK8RHJB!PC!HC!ZY[VC!S'2.9!/%:,/#!,0!#$%!:$.&%!LELL!59'2'5.9!#/'.9!
,0! #$%! H]X! ;2%9':%:'*(#MJ=! 3.55'2%! ?'#$! ),,&#%/! '2,5(9.#',2&! #,! :/%3%2#!
+'&%.&%! /%5(//%25%! '2!$'6$M/'&A!)/%.&#! 5.25%/!:.#'%2#&C!7%%&'4(")(O%."'",5@!
ZXE![]WXM[]VZC!

<L>>Hf7KISB! HC! "CB!aKR<HJB! TC! 8CB! 8KffL"aB! JC!N!8HK8RHJB!PC! HC! ZYY^C! >$%! H]X!
aHIZE2%(!:%:#'+%!3.55'2%C!>&%.0$(*++#%"'(*++#%"120$@!X]E![X[[MZ[C!

<Lj"JaL>"B! <CB! J"J"fKB! aCB! >"<"ULB! UCB! -a"fB! <CB! aLI"U"Q"B! aCB! J1q1ULB! "CB!
>"7"B! aCB! Q">"f"`HB! PCB! fH<K>KB! fCB! f"U"P"Q"B! JCB! LJaL7"B! >C! N!
Ka1-aLB! fC! ZY[VC! >(*,/M'20'9#/.#'26! -7^p! .2+! SKi8Wp! 94*:$,54#%&! '2!
#/':9%M2%6.#'3%! )/%.&#! 5.25%/@! '#&! 5,//%9.#',2! ?'#$! :.#$,9,6'5.9! 5,*:9%#%!
/%&:,2&%!#,!2%,.+g(3.2#!5$%*,#$%/.:4C!C$0&41(>&%.0$(D04(S$0&1@![V^E!XZXM
WVC!

<KIP"fB! ICB! `Ki"RRB! "CB! `a">>B! "CB! `"LRHjB! <CB! aLf7RHjB! ICB! R"fPRHjB! JCB!
QaL>"UHIB! aC! -CB! fH"RB! 7C! HCB! LJ<"LRB! <CB! QaL>"UHIB! aCB! "ffHRJB! fCB!
<L-a"HRB!"C!N!8"f7a"B!aC!ZY[[C!H26/.'9%+MZ!;HfZ=@!.!#(*,/!&:%5'0'5!(/'2./4!
)',*./A%/! 0,/! #$%! %./94! +'.62,&'&! ,0! :/,&#.#%! 5.25%/C! >'-%( >&%.0$( D04@! []E!
[YbYM^C!

<KIILJKfB!UC! RC!N!QHLJJB!PC!"C! ZYY[C! -,*)'2.#,/'.9! .9.2'2%M&5.22'26C!>#$$(OH-%(
>20+(C-"'@!XE!WYZM]C!

<KI>KfB!7CRCB!SKJa"PB!RCTCB!aKKfB!7CJCB!fLqqHB!TC"CB!S"<">LP"B!HCB!Q"fHUB!RC"CB!
-a"fPB! -CB! 7"_>j"fB! 7CPCB! P18>"B! ICUC! "f7! HR"JaKSSB! IC! [bbZC!
8/,9,26.#',2! ,0! &(/3'3.9! '2! *%#.&#.#'5! *%9.2,*.! .0#%/! .5#'3%! &:%5'0'5!
'**(2,#$%/.:4! ?'#$! .! 2%?! :,943.9%2#! *%9.2,*.! 3.55'2%C! 7%%&'4( ")(
4#$,0$5B!9;<;V=B!V\WMV^ZC!

<KI>KfB! 7CRCB! aJ1HaB! HC-CB! HJJfHIB! ICB! SKJa"PB! RCTCB! KG7"jB! JCTCB! `LR-aLUB! "CB!
P18>"B!ICUCB!aKKfB!7CJCB!I"_Lf7I"f">aB!<CB!fLqqHB! TC"C!"f7!P"<<KfB!
PC!ZYYZC!8/,9,26%+!&(/3'3.9!,0!:.#'%2#&!/%5%'3'26!.5#'3%!'**(2,#$%/.:4!?'#$!
-.23.F'2! #$%/.:%(#'5! :,943.9%2#! 3.55'2%! .0#%/! 5,*:9%#%! /%&%5#',2! ,0!
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O1Hq"7"B!JC!"CB! JL<8JKfB!>C!ICB!8HPPJB!UC! JCB!<HIPaK1`B!>CB!_L7HIB! TCB! S"fB!iCB!
`R"J`HIPB!ICB!j"PL>"B!aCB!<1I"fJULB!8CB!"f>KfjB!8C!"CB!IHJ>LSKB!fC!8C!N!
"RRLJKfB!TC!8C!ZY[YC!>(*,/M/%.5#'3%!-7V;p=!>!5%99&!+%3%9,:!54#,#,F'5!.5#'3'#4!
.2+!%/.+'5.#%! 9./6%!%&#.)9'&$%+!*%9.2,*.!.0#%/! #/.2&0%/! '2#,! 94*:$,:%2'5!
$,&#&C!!(`QH(/03@!ZY]E!\W]MXYC!

I"`LfK_L-aB! PC! "CB! P"`ILRK_L-aB! 7C! N! JK>K<"jKIB! HC! <C! ZYY]C!
L<<1fKJ188IHJJL_H!J>I">HPLHJ!>a">!"IH!<H7L">H7!`j!>1<KI!-HRRJC!
7%%#&'($0G-0F(")(-++#%"'",5@!ZXE!Z\]MZb\C!

I"aH<>1RR"aB! "CB! IHL-a"I7B! UCUCB! 8IHSSHIB! SCLCB! a"IILJB! fCRC! .2+! a"JJHITL"fB!
IC8C! ZYY\C! "! +,()9%M:,&'#'3%! -7Vp! -7^p! >M5%99! :,:(9.#',2! '&! 5,**,294!
0,(2+! '2! 2,+(9./! 94*:$,54#%! :/%+,*'2.2#! a,+6A'2! 94*:$,*.C! 7+0$-.&%(
Z"#$%&'(")(.'-%-.&'(H&12"'",5B![Z\;X=B!^YXM^[VC!

I"<<HfJHHB!aCPCB!SILH7HB!>C!"f7!J>H_"fK_L¦B!JC![bbXC!<a-!9'6.2+&!.2+!:%:#'+%!
*,#'0&@!0'/&#!9'&#'26C!*++#%",0%01-.4B!N;;V=B![]^MZZ^C!

I"<<HfJHHB! aCPCB! `"-a<"ffB! TCB! H<<HIL-aB! fC8CfCB! `"-aKIB! KC"C! "f7!
J>H_"fK_L¦B!JCJCjCSC8CHCLC>CaCLC![bbbC!JjS8HL>aL@!+.#.).&%! 0,/!<a-! 9'6.2+&!
.2+!:%:#'+%!*,#'0&C!*++#%",0%01-.4B!B:;WMV=B!Z[WMZ[bC!

I">fHIB! "C! N! -R"IUB! QC! IC! [bbWC! I,9%! ,0! >fSM.9:$.! '2! -7^p! 54#,#,F'5! >!
94*:$,54#%M*%+'.#%+!94&'&C!S20(!"#$%&'(")(*++#%"'",5@![XYE!VWYWMVW[VC!

IH7HR<"fMJL7LB!PCB!PRL-U<"fB!<CJC!"f7!`K-afHIB!`CaC!ZY[VC!>$%!*%5$.2'&*!,0!
.5#',2! ,0! `-P! #$%/.:4! 0,/! )9.++%/! 5.25%/¢.! 5(//%2#! :%/&:%5#'3%C! E&1#$0(
D0G-0F4(b$"'",5B!;;;W=B![XWM[\ZC!

IHH7B! JC! PCB! KIIB! <C! >C! N! SKiB! -C! `C! ZY[WC! U%4! /,9%&! ,0! .+g(3.2#&! '2! *,+%/2!
3.55'2%&C!E&1(/03@![bE![Xb]M\Y^C!

IH<Kf7KB! -CB! -HIH7"B! _CB! <KJ>`ï-UB! JCB! J"`qH_"ILB! aCB! SI"fq1JKSSB! "CB!
J-aRK<B! TC! "f7! >J"fPB! UCjC! ZYYbC! a(*.2! +%2+/'#'5! 5%99! *.#(/.#',2! .2+!
.5#'3.#',2! )4! .! $%.#MA'99%+! /%5,*)'2.2#! 4%.&#! ;J.55$./,*45%&! 5%/%3'&'.%=!
3%5#,/!%25,+'26!5./5'2,%*)/4,2'5!.2#'6%2C!a&..-%0B!9[;]=B!b^]MbbVC!

IHq"B!TC!fC!N!IL>>HIB!<C!"C![bb^C!8,&'#'3%!.2+!f%6.#'3%!J%9%5#',2!'2!#$%!>$4*(&!.2+!
#$%!>$4*'5!8./.+,FC!T0G0'"H+0%1&'(*++#%"'",5@!XE![\[M[\^C!

IL`"JB!"CB!QH`HIB! TCJCB!-a<LHRKQJULB!`CB!-K<LfM"f71LiB!`CB! R1B!7CB!7K1HUB!<CB!
I"P"_Hf7I"B! fCB! I"<"fB! JCB! JHT"B! HCB! IKJ"ILKB! 7C! "f7! <LRHJB! JC! ZY[[C!
L2#/.t94*:$!2,+%!:/'*%M),,&#! 3.55'2.#',2!.6.'2&#!*%9.2!"!.2+! #4/,&'2.&%!
0,/!#$%!#/%.#*%2#!,0!*%#.&#.#'5!*%9.2,*.@!/%&(9#&!,0!.!:$.&%![!59'2'5.9!#/'.9C!
>'-%-.&'(>&%.0$(D040&$.2B!;[;b=B!Zb^]MZbb\C!

IL-HB! TCB! `1-a"fB! JC! "f7! J>H_HfJKfB! SCUC! ZYYZC! -/'#'5.9! 5,*:,2%2#&! ,0! .! 7f"!
0(&',2! 3.55'2%! .)9%! #,! '2+(5%! :/,#%5#'3%! 54#,#,F'5! >! 5%99&! .6.'2&#! .! &'269%!
%:'#,:%!,0!.!#(*,/!.2#'6%2C!S20(!"#$%&'(")(*++#%"'",5B!;<\;]=B!WbY^MWb[WC!

IL-HB!TCB!71ffB!JCB!8L8HIB!UCB!`1-a"fB!JCRCB!<KJJB!8C"C!"f7!J>H_HfJKfB!SCUC!ZYY\C!
7f"! 0(&',2! 3.55'2%&! '2+(5%! %:'#,:%M&:%5'0'5! 54#,#,F'5! -7^p! >! 5%99&! .6.'2&#!
$(*.2! 9%(A%*'.M.&&,5'.#%+! *'2,/! $'&#,5,*:.#')'9'#4! .2#'6%2&C! >&%.0$(
$040&$.2B!<<;[Y=B!XVW\MXVVZC!

IL-HB! TCB! HRRLK>>B! >CB! `1-a"fB! JC!"f7!J>H_HfJKfB! SCUC! ZYY[C!7f"! 0(&',2! 3.55'2%!
+%&'62%+! #,! '2+(5%! 54#,#,F'5! >! 5%99! /%&:,2&%&! .6.'2&#! +%0'2%+! :%:#'+%!
*,#'0&@!'*:9'5.#',2&!0,/!5.25%/!3.55'2%&C!S20(!"#$%&'(")(*++#%"'",5B!;<[;W=B!
[XX^M[X\XC!



!

ZYZ!
!

IL-HB! TCB!K>>HfJ<HLHIB! -CaC!"f7!J>H_HfJKfB! SCUC! ZYY^C!7f"!3.55'2%&@! :/%5'&',2!
#,,9&! 0,/! .5#'3.#'26! %00%5#'3%! '**(2'#4! .6.'2&#! 5.25%/C! E&1#$0( D0G-0F4(
>&%.0$B!^;Z=B![Y^M[ZYC!

IL1JB!-CB!">>"SB!<CB!>1fP">>B!UCB!`L"f-aLB!_CB!RHP1>B!<CB!`K_"jB!"CB!7KfL"B!<CB!
>aKI!J>I">HfB!8CB!8H"U<"fB!<CB!J_"fHB!LC<C!"f7!K>>B!JC!ZY[^C!8%:#'+%t
<a-! -9.&&! L! >%#/.*%/&! -.2! S.'9! >,! 7%#%5#! I%9%3.2#! S(25#',2.9! >! -%99!
-9,2,#4:%&! .2+! 12+%/%&#'*.#%! "2#'6%2MI%.5#'3%! >! -%99! 8,:(9.#',2&C! S20(
!"#$%&'(")(*++#%"'",5B!9::;]=B!ZZ\WMZZ]bC!

IK`HI>JKfB!TC!SC!IC!ZYY[C!L-L![^ZB]^Y!;S(93%&#/.2#ê=!t!#$%!0'/&#!,%&#/,6%2!/%5%:#,/!
+,?2M/%6(9.#,/!t!5(//%2#!59'2'5.9!+.#.C!C$-1-42(!"#$%&'(")(>&%.0$@!^XE![[M[VC!

IK<"fKB! HCB! IKJJLB! <CB! I">qLfPHIB! PCB! 7H! -KJB! <C"CB! -a1fPB! 7CTCB! 8"f"PH"JB!
UCJCB!QKR-aK-UB! TC7CB!aK1Pa>KfB!"CfCB!-a"8<"fB!8C`CB!aHRRHIB!PC!"f7!
j1"fB! TC! ZY[[C! 8%:#'+%M9,.+%+! R.26%/$.2&! 5%99&B! +%&:'#%! '25/%.&%+! LR[X!
&%5/%#',2! .2+! >M5%99! .5#'3.#',2! '2! 3'#/,B! %9'5'#! .2#'#(*,/! >M5%99! /%&:,2&%&!
5,*:./.)9%! #,! :%:#'+%M9,.+%+! *,2,54#%M+%/'3%+! +%2+/'#'5! 5%99&! '2! 3'3,C!
>'-%-.&'(>&%.0$(D040&$.2B!;[;]=B![b^VM[bb]C!

IKJHf`HIPB! JC! "CB! IHJ>LSKB! fC! 8CB! j"fPB! TC! -CB! <KIP"fB! IC! "C! N! 717RHjB! <C! HC!
ZYY^C! "+,:#'3%! 5%99! #/.2&0%/@! .! 59'2'5.9! :.#$! #,! %00%5#'3%! 5.25%/!
'**(2,#$%/.:4C!E&1(D0G(>&%.0$@!^E!ZbbMWY^C!

IKJHf`HIPB! JC! "CB! J8LHJJB! 8C! N! R"SIHfLHIHB! IC! [b^\C! "! 2%?! .::/,.5$! #,! #$%!
.+,:#'3%! '**(2,#$%/.:4! ,0! 5.25%/! ?'#$! #(*,/M'20'9#/.#'26! 94*:$,54#%&C!
?.-0%.0@!ZWWE![W[^MZ[C!

IKJHf`HIPB! JC"CB! j"fPB! TC-CB! JaHIIjB! IC<CB! aQ1B! 8CB! >K8"RL"fB! JCRCB!
J-aQ"I>qHf>I1`HIB! 7CTCB! IHJ>LSKB! fC8CB! a"QKI>aB! RCICB! JHL88B! -C"CB!
SIHHqHIB!RCTC!"f7!<KI>KfB!UCHC!ZYYWC! L2.)'9'#4!#,! '**(2'h%!:.#'%2#&!?'#$!
*%#.&#.#'5! *%9.2,*.! (&'26! :9.&*'+! 7f"! %25,+'26! #$%! 6:[YY! *%9.2,*.M
*%9.2,54#%!.2#'6%2C!R#+&%(,0%0(120$&H5B!;N;^=B!]YbM][VC!

IKJHf`HIPB! JC"CB! j"fPB! TC-C! "f7! IHJ>LSKB! fC8C! ZYYVC! -.25%/! '**(2,#$%/.:4@!
*,3'26!)%4,2+!5(//%2#!3.55'2%&C!E&1#$0(+03-.-%0B!;:;b=B!bYbMb[XC!

I1`LfJ>HLfB! 8CPCB! "`K1R"SL"B! 7C<C! "f7! qRKq"B! "C! ZY[VC! <.9'62.25'%&! '2!
aL_E"L7J@! 0/,*! %:'+%*',9,64! #,! #$%/.:%(#'5! 5$.99%26%&C! 7*T?( 8X"%3"%@(
`%,'&%3=B!Z^;V=B!VXWMV\XC!

I177B! -CHCB! >"jRKIB! "C! "f7! J-afHL7HIB! aC! ZYYbC! -7Z^! .2+! ->R"MV! 5,/%5%:#,/!
%F:/%&&',2!.2+!&'62.9!#/.2&+(5#',2C!*++#%"'",-.&'($0G-0F4B!99\;[=B![ZMZ\C!

I17I"B! TCJCB! >L"fB! jCSCB! T1fPB! TC8C! "f7! -KRRLHIB! TCaC! ZY[YC! "! &%90M.&&%*)9'26!
:%:#'+%! .5#'26! .&! .2! '**(2%! .+g(3.2#C! Y$".003-%,4( ")( 120( E&1-"%&'(
7.&30+5(")(?.-0%.04B!;:[;Z=B!\ZZM\Z]C!

I17I"B! TCJCB! J1fB! >CB! `LI7B! UC-CB! 7"fLHRJB!<C7CB!P"JLKIKQJULB! TCqCB! -aKfPB!"CJC!
"f7!-KRRLHIB!TCaC!ZY[ZC!<,+(9.#'26!.+.:#'3%!'**(2%!/%&:,2&%&!#,!:%:#'+%!
&%90M.&&%*)9'%&C!7.4(E&%"B!<;Z=B![XX]M[X\VC!

Iõ>>LfPHIB!7CB! _"f!7Hf! HfPHRB!fCUCB!QLf>HIB!aCB! J-aRH<<HIB!<CB! 8KaR"B!aCB!
PIõ>qfHIB! JCB! Q"PfHIB! `CB! J-aHf7HRB! 7CTCB! SKiB! `C"CB! T"1-aB! UCQC! "f7!
a">qB! IC"C! ZYY]C! "+g(3.2#! #$%/.:%(#'5! 3.55'2.#',2! '2! :.#'%2#&! ?'#$! 2,2M
&*.99!5%99!9(26!5.25%/!*.+%!94*:$,:%2'5!.2+!/%5,2&#'#(#%+!?'#$!.(#,9,6,(&!
8`<-@!0'/&#!59'2'5.9!%F:%/'%25%!.2+!%3'+%25%!,0!.2!'**(2%!/%&:,2&%C!!"#$%&'(
")(1$&%4'&1-"%&'(+03-.-%0B!B;[=B!VWMX\C!
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ZYW!
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J"aLfB!1CB!7HIaK_"fHJJL"fB!HCB!<LRRHIB!<CB!URKUHB!`C8CB!JL<KfB!8CB!RïQHIB!<CB!
`1U1IB! _CB! >"7<KIB! "C7CB! R1iH<`1IPHIB! 1CB! J-aIïIJB! `C! "f7!
K<KUKUKB! >C! ZY[]C! 8%/&,2.9'h%+! If"! *(#.2,*%! 3.55'2%&! *,)'9'h%! :,94M
&:%5'0'5!#$%/.:%(#'5!'**(2'#4!.6.'2&#!5.25%/C!E&1#$0B!BN[;]\\Z=B!ZZZMZZ\C!

J"U"P1-aLB! JCB! Q'26B! UCB! K2'&$'B! jCB! 8/'%#,M<./#'2B! 8C! .2+! j.*.6(5$'B! >C! ZYYbC!
I%6(9.#,/4!>!5%99&@!$,?!+,!#$%4!&(::/%&&!'**(2%!/%&:,2&%&òC!*%10$%&1-"%&'(
-++#%"'",5B!Z[;[Y=B![[YXM[[[[C!

J"U1LJaLB! UCB! "8H>KaB! RCB! J1RRL_"fB! TC<CB! `R"q"IB! `CICB! U1-aIKKB! _CUC! "f7!
"f7HIJKfB!"C-C!ZY[YC!>./6%#'26!>'*MW!.2+!87M[!:.#$?.4&!#,!/%3%/&%!>!5%99!
%F$.(&#',2! .2+! /%&#,/%! .2#'M#(*,/! '**(2'#4C! !"#$%&'( ")( `QH0$-+0%1&'(
/03-.-%0B!9:[;[Y=B!Z[^]MZ[bVC!

J"RP"7KB! ICB! 7HfUHI>B! -CB! -"<8`HRRB! -C! N! H>! "RC! ZY[X.C! >(*,/M'20'9#/.#'26!
94*:$,54#%&! .2+! .&&,5'.#',2&! ?'#$! :.#$,9,6'5.9! 5,*:9%#%! /%&:,2&%! .2+!
%3%2#M0/%%! &(/3'3.9! '2! $%/ZM:,&'#'3%! %./94M&#.6%! )/%.&#! 5.25%/! #/%.#%+! ?'#$!
9.:.#'2')!.2+!#/.&#(h(*.)@!"!&%5,2+./4!.2.94&'&!,0!#$%!2%,.9##,!#/'.9C!!7/7(
O%."'",5@![E!VV^MVXXC!

J"RP"7KB!ICB!7HfUHI>B!-CB!7H<"IL"B!JCB!JLI>"LfHB!fCB!UR"1J-aHfB!SCB!8I1fHILB!PCB!
QLHfHI>B! JCB! _"f!7Hf! Hjf7HfB!PCB! `"HafHIB! SC! RCB! 8Hf"1R>MRRKI-"B! SCB!
8HIHqB! HC! "CB! >aK<8JKfB! HC! "CB! Jj<<"fJB! QC! SCB! IL-a"I7JKfB! "C! RCB!
`IK-UB! TCB! -ILJ-L>LHRRKB! -CB! `"LRHjB! aCB! LPf">L"7LJB! <CB! SRKILJB! PCB!
J8"I"fKB!TCB!UKJB!qCB!fLHRJHfB!>CB!IL<<B!7C!RCB!"RRLJKfB!UC!aCB!IHLJMSLRaKB!TC!
JCB! RKL`RB! JCB! JK>LILK1B! -CB! _L"RHB! PCB! `"7_HB! JCB! "7"<JB! JCB! QLRR"I7M
P"RRKB!UC!N!RKLB!JC!ZY[X)C!>$%!%3.9(.#',2!,0!#(*,/M'20'9#/.#'26!94*:$,54#%&!
;>LR&=! '2!)/%.&#!5.25%/@! /%5,**%2+.#',2&!)4!.2! L2#%/2.#',2.9!>LR&!Q,/A'26!
P/,(:!ZY[VC!7%%(O%."'@!Z\E!ZXbM][C!

J"<KJq1UB! <CB! >"fB! TC! N! -aKIfB! PC! ZYYXC! -9,2,6%2'5! 6/,?#$! ,0! $(*.2! )/%.&#!
5.25%/! 5%99&! 5,M5(9#(/%+! '2! +'/%5#! 5,2#.5#!?'#$! &%/(*M.5#'3.#%+! 0')/,)9.&#&C!
C$0&41(>&%.0$(D040&$.2@!]E!IZ]VC!

J"f7"B! <CPCB! J<L>aB! 7C-CB! -a"IRHJB! RCPCB! aQ"fPB! -CB! 8LHf>"B! UCTCB! J-aRK<B! TCB!
<LRHfL-B! 7CB! 8"fL-"RLB! 7C! "f7! <Kf>LHB! TCHC! [bbbC! I%5,*)'2.2#! 3.55'2'.M
8J"! ;8IKJ>_"-=! 5.2! '2+(5%! .! :/,&#.#%M&:%5'0'5! '**(2%! /%&:,2&%! '2!
.2+/,6%2M*,+(9.#%+!$(*.2!:/,&#.#%!5.25%/C!b$"'",5B!BP;Z=B!Z\YMZ\\C!

J"fU"I"f"I"j"f"fB!ICB!JQ"<Lf">a"fB!ICB!`IHffHIB!aCB!-aHfB!UCB!-aL"B!UC!JCB!
-aHfB!TC!PCB!R"QB!JC!-C!UCB!"afB!jCMKCB!iL"fPB!jC!`CB!jHKRHB!`C!`CB!JaLfB!aC!ICB!
Ja"f>"B! _CB! QKKB! qC! aCB! <"I>LfB! fCB! J1<L>J"Q"fB! jCB! JIL8R1fPB! aCB!
`"I`Kq"B! "C! KCB! HJHIB! JCB! fHfHB! `C! <CB! J1Q"fI1fPI1"fPB! UCB!
T"j"RHUJa<LB!8CB!7LUJaL>B!ICB!Q"`LfP"B!aCB! HJ>H`"fB!7C!`CB! R"17L-KB!"CB!
`a1IPILB!jCB!`"aB!HC!N!"RMa"<7"fB!fC!ZY[YC!-.25%/!&(/3'3.9!'2!"0/'5.B!"&'.B!
.2+! -%2#/.9! "*%/'5.@! .! :,:(9.#',2M).&%+! &#(+4C! S20( X&%.01( O%."'",5@! [[E!
[\XM[]WC!

J"J"7"B! >CB! j"<"7"B! "CB! fKP1-aLB! <C! N! L>KaB! UC! ZY[VC! 8%/&,2.9'h%+! :%:#'+%!
3.55'2%!0,/!#/%.#*%2#!,0!.+3.25%+!5.25%/C!>#$$(/03(>20+@!Z[E!ZWWZMVXC!

J"_HRjH_"B! fCB! <1f7"jB! ICB! J8HRRHI`HIPB! <C`CB! RK<KfKJJKSSB! PC8C! "f7!
J>H_HfJKfB!SCUC!ZYY[C!89.2#!3'/.9!6%2%&! '2!7f"! '+',#4:'5!3.55'2%&!.5#'3.#%!
9'2A%+! -7Vp! >M5%99! *%+'.#%+! '**(2'#4! .6.'2&#! `M5%99! *.9'62.25'%&C! E&1#$0(
K-"10.2%"'",5B!;\;^=B!]\YM]\VC!



!

ZYV!
!

J"jHH7B! "CB! R1-L"fLM>KIIHJB! PCB! <HfPB! qCB! `HffLfP>KfB! TC! RCB! <KKIHB! 7C! aC! N!
7"LIUHHB! JC! aC! ZY[WC! ")%//.2#! /%6(9.#',2! ,0! #$%! `J>Z! ;>%#$%/'2=! :/,*,#%/!
%2$.25%&! 5%99! :/,9'0%/.#',2! .2+! .:,:#,&'&! %3.&',2! '2! $'6$! 6/.+%! )/%.&#!
5.25%/!5%99&C!YX"?(O%0@!^E!%\][b[C!

J-aHHRB! `CB! >H1SHRB! ICB! 8IK`J>B! TCB! -"II"RK>B! TC8CB! PHPLf">B! TCB! I"7J"UB! <CB!
T"IIKJJ"jB!7CB!Q"PfHIB!aCB! T1fPB!PCB! I"<<HfJHHB!aCPC!"f7!aKHIIB! LC!
ZYYXC! >,99M9'A%! /%5%:#,/M+%:%2+%2#! .5#'3.#',2! ,0! &%3%/.9! $(*.2! )9,,+! 5%99!
#4:%&! )4! :/,#.*'2%M5,2+%2&%+! *If"C! `#$"H0&%( Z"#$%&'( ")( -++#%"'",5B!
PB;X=B![XX]M[X\\C!
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