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VH;*4&H;'a!&;*$=%;4!6('!5s$('!6(!5>9=$%4(=5'!6(!*HM'4&:=$%4&H;a!6(!I5H6=*4&H;!6(!*O4Hf&;(!I%5!

$('! *($$=$('! Pa! H=! $(! 6>J($HII(:(;4! 6('! $O:INH*O4('! P! &;;>'! +GS[Ya! *H55('IH;6%;4! m!

GS[YV,a!(4!SO,FEa!%=''&!%II($>(!GS[YV-1!+?(&$$(44(!(4!%$D!"FF/1D!S('!'(=$'!:(:X5('!6(!*(44(!

V%:&$$(!'(:X$%;4!]H=(5!=;!5s$(!6%;'!$(!6>J($HII(:(;4!6('!$O:INH*O4('!&TUP!'H;4!GS[Y!(4!

SO,FE! +b5&(^%;f! (4! %$D! "FF/1D! 2;! (VV(4a! *(! 'H;4! $('! 6(=3!:H$>*=$('! GS[Y!:%]H5&4%&5(:(;4!

5(I5>'(;4>('! *N(u! $('! 4NO:H*O4('! L)D! L(! I$='a! *N(u! $('! 'H=5&'! ThLa! %O%;4! $%! I%54&*=$%5&4>!

6<%JH&5!=;(!6>V&*&(;*(!;=:>5&W=(!(4! VH;*4&H;;($$(!(;! $O:INH*O4('! &TUPa! &$!%!>4>!6>:H;45>!

W=(!$(!$H*='!9>;>4&W=(!'2,0@j!('4!=;!6('!$H*&!*H;45s$%;4!$(!;H:X5(!6(!*($$=$('!&TUP!+qH56%;!
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(4! %$D! "FF/!t! #%34(5! (4! %$D! ,KK/!t! c%::H;6! (4! %$D! ,KKE1a! '=99>5%;4! W=(! $%! 6>V&*&(;*(! (;!

*($$=$('! &TUP! '(5%&4! 6=(! m! =;(! V%&X$(! 5(I5>'(;4%4&H;! 6(! GS[Y! '=5! *(! VH;6! 9>;>4&W=(D! L(!

:%;&_5(! &;4>5(''%;4(a! $('! VH;*4&H;'!6(!GS[YV,!(4! GS[YV-! 'H;4! 5(6H;6%;4('a! *%5! $('! 'H=5&'!

6>V&*&(;4('! IH=5! $<=;(!H=! $<%=45(!6(! *('! I5H4>&;('!:H;45(;4! =;!IN>;H4OI(!I%54&($a!:%&'! $%!

*H:X&;%&'H;!6('!6(=3!6>V&*&(;*('! &;6=&4!=;(!6&:&;=4&H;!;(44(!6=!;H:X5(!6(! $O:INH*O4('!

&TUP!+b5&(^%;f!(4!%$D!"FF/1D!S<(3I$&*%4&H;!6(! $%!;>*(''&4>!6(!'>$(*4&H;!6('!*($$=$('! &TUP!I%5!

$('! 4NO:H*O4('! L)! 5>'&6(! 6%;'! $(! V%&4! W=(! $('! *($$=$('! >I&4N>$&%$('a! $('! :%*5HIN%9('! (4!

:H;H*O4('!;<(3I5&:(;4!%=*=;!5>*(I4(=5!6(!$%!V%:&$$(!GS[YD![&;'&!$('!4NO:H*O4('!L)a!95o*(!

m!$%!*HM(3I5(''&H;!6('!5>*(I4(=5'!GS[Y!(4!QL,6a!'H;4! $('!*($$=$('!'I>*&%$&'>('!(4!(3*$='&J('!

IH=5!$%!'>$(*4&H;!(4!$%!'=5J&(!6(!$%!$&9;>(!6('!*($$=$('!&TUPD!
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L>DFA4)X)P)%896><@=>;C)E45)AB<49=4FA5)(3+#)E@C5)64)EBG46;99484C=)E45)6789:;<7=45)>&?'e!

S%!6&VV>5(;*&%4&H;!6('!4NO:H*O4('!L)!(;!&TUP!('4!:>6&>(!I%5!6('!&;4(5%*4&H;'!$(!PQR!'(:&M&;J%5&%;4!

?%,.!(4!$('!9$O*H$&I&6('!I5>'(;4>'!I%5!$%!:H$>*=$(!6(!QL,6!m!$%!'=5V%*(!6<%=45('!4NO:H*O4('!L)D!S('!

4NO:H*O4('! L)! (3I5&:(;4! VH54(:(;4! $('! :H$>*=$('! GS[Y! (4! SO,FEa! W=&! 'H;4! (;9%9>('! 6%;'! $('!

%''H*&%4&H;'!&;4(5M4NO:H*O4('!L)!(4!'H;4!$('!:>6&%45&*('!6('!'&9;%=3!6>I(;6%;4'!6(!G[)!I5H:H=J%;4!

$%!6&VV>5(;*&%4&H;!6('!*($$=$('!&TUPD!+8&9=5(!(345%&4(!6(!?(&$$(44(!(4!%$D!"FF/1!
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\$!('4!m!I5>'(;4!X&(;!>4%X$&!W=(!$<(;9%9(:(;4!6('!I5H4>&;('!GS[Y!I(5:(4!$(!5(*5=4(:(;4!6('!

I5H4>&;('! G[)! (4! 6(! 8O;a! f&;%'(! 6(! $%! V%:&$$(! G5*a! 4H=4('! $('! 6(=3! (''(;4&($$('! IH=5! $%!

'>$(*4&H;!6=! $&9;%9(!*($$=$%&5(! &TUPD!2;!(VV(4a! $('! 'H=5&'!6>V&*&(;4('!IH=5!8O;!:H;45(;4!=;(!

5>6=*4&H;! '>J_5(! 6=! ;H:X5(! 6(! $O:INH*O4('! TUP! 6>I(;6%;4! 6=! QL,6a! %$H5'! W=(! $%!

6>V&*&(;*(!(;!=;(!%=45(!I5H4>&;(!6(!$%!V%:&$$(!G5*a! $%!I5H4>&;(!S*fa!(;45%&;(!=;(!6&:&;=4&H;!

6=!;H:X5(!6(!$O:INH*O4('!P!(4!&TUPa!6>:H;45%;4!$%!'>$(*4&J&4>!6(!8O;!IH=5!$('!*($$=$('!&TUP!

+2X(5$! (4! %$D! ,KKK!t! b%6=(! (4! %$D! ,KKK1! bL>DFA4) hcD! S('! 5>*(I4(=5'! GS[Y! 'H;4! *H=I$>'! m! $%!

I5H4>&;(! G[)a! 6H;4! &$! ('4! 6>*5&4! W=<($$(! I(5:(4! $(! 5(*5=4(:(;4! (4! $<%*4&J%4&H;! 6(! 8O;! I%5!

$&%&'H;!(;45(!$(!6H:%&;(!Gc"a!*(;45>!'=5!=;!%*&6(!%:&;>!%59&;&;(!(;!IH'&4&H;!/Ea!6(!G[)!(4!$(!

6H:%&;(! GcA! 6(! 8O;! +S%4H=5! (4! %$D! "FF,!t! S%4H=5! (4! %$D! "FFA!t! G&:%55H! (4! %$D! "FF.1D! S%!

45%;'6=*4&H;! 6=! '&9;%$! J&%! $%! :H$>*=$(! 8O;! (;45%&;(! 6(=3! *%'*%6('! 6(! '&9;%$&'%4&H;D! S%!

I5(:&_5(!I(5:(4!$%!INH'INH5O$%4&H;!6(!$%!I5H4>&;(!f&;%'(!)UQM&!(4!$<%*4&J%4&H;!6(!#*$!,Fa!*(!

W=&!J%!%*4&J(5!$%!JH&(!6(!'&9;%$&'%4&H;!T8M'#a!%O%;4!=;!5s$(!6>4(5:&;%;4!6%;'!$<%=9:(;4%4&H;!

6('!:>*%;&':('!6(!'=5J&(!6('!$O:INH*O4('!&TUP!+G&^%f=:%5!(4!%$D!"FFA!t!G4%;&*!(4!%$D!"FF.!t!

G*N:&64MG=II5&%;!(4! %$D! "FF.1D!L%;'! $%!6(=3&_:(!JH&(a! 8O;!INH'INH5O$(! $('!I5H4>&;('! Gc\)!

+Gc"!6H:%&;M*H;4%&;&;9!&;H'&4H$!INH'IN%4%'(1a!LHf!,!(4!"!(4!R%'b[)!+R%'!bP)%'(M%*4&J%4&;9!

I5H4(&;1a! *H;6=&'%;4! m! $<&;N&X&4&H;! 6(! $%! JH&(! R%'vY[)f&;%'(D! Q(44(! JH&(! 5>9=$(! $%!

'&9;%$&'%4&H;!6=!PQR!(4!!6&:&;=(!$%!I5H6=*4&H;!6<\8TM!D!

!

!
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L>DFA4)h)P)-;>45)E4)5>DC@6>5@=>;C)>CEF>=45)9@A)64)'$!)4=)645)AB<49=4FA5)(3+#e!
Q(!'*N>:%!:H;45(!W=($W=('M=;'!6('!'&9;%=3!6(!45%;'6=*4&H;!&:I$&W=>'!6%;'!$('!'4%6('!I5>*H*('!6=!

6>J($HII(:(;4! 6('! $O:INH*O4('! &TUPa! (4! W=($W=('! V%*4(=5'! 6(! 45%;'*5&I4&H;! &:I$&W=>'! 6%;'! $('!

'4%6('!6(!6&VV>5(;*&%4&H;!IH'4>5&(=5'D!+8&9=5(!(345%&4(!6(!c=!(4!%$D!"F,,1!

!

2;!"FFKa!?D!S%u%5(J&*!%!:H;45>!W=<=;!%=45(!V%*4(=5!6(!45%;'*5&I4&H;!%9&4!I5>*H*(:(;4!'=5!$(!

6>J($HII(:(;4! 6('! $O:INH*O4('! &TUPa! &$! '<%9&4! 6<295"! +2%5$O! 95H^4N! 5('IH;'(! "1! W=&! ('4!

&:I$&W=>!6%;'! $%!'>$(*4&H;a! $%! '=5J&(!(4! $%!:%4=5%4&H;!6('!*($$=$('! &TUP! bL>DFA4)fcD!2;!(VV(4a!

295"!%!=;(!(3I5(''&H;!VH54(!(4!I5H$H;9>(!*N(u!$('!I5>*=5'(=5'!6('!*($$=$('!&TUP!+G(&$(5!(4!%$D!

"F,"1! (4! I(5:(4! $%! 45%;'&4&H;! 6(! $%! IN%'(! L)! %=! '4%6(! FD! S<(3I5(''&H;! 6(! *(! V%*4(=5! 6(!

45%;'*5&I4&H;! ('4! 6>I(;6%;4(! 6(! $%! JH&(! Q%$*&;(=5&;(vT8[Pa! 'H=$&9;%;4! $<&:IH54%;*(! 6=!

*%$*&=:!(4!6(!$<%*4&J%4&H;!&;&4&%$(!6=!PQR!6%;'!$<H;4H9>;&(!6('!$O:INH*O4('!&TUP!+S%u%5(J&*!(4!

%$D!"FFK1D!

!
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L>DFA4) f)P) #B<@C>5845) E4) ABDF6@=>;C) E45) =:78;<7=45) 0/) 9AB<FA54FA5) E45) 6789:;<7=45)

>&?'e) S%! I5(:&_5(! >4%I(! 6=! 6>J($HII(:(;4! 6('! $O:INH*O4('! &TUP! ('4! *%5%*4>5&'>(! I%5! $(!

5>%55%;9(:(;4! 6(! 'H;! PQR! %''H*&>! m! 6(!:=$4&I$('! '&9;%=3! 6(! '=5J&(!:>6&>! I%5! #*$M3SD! S%! '>$(*4&H;!

IH'&4&J(!W=&!'<(;'=&4!V%&4!&;4(5J(;&5!6&VV>5(;4'!5>*(I4(=5'!W=&!JH;4!I(5:(445(!$<%*4&J%4&H;!6(!I$='&(=5'!

V%*4(=5'!6(!45%;'*5&I4&H;!&;6&'I(;'%X$('!%=!6>J($HII(:(;4!6('!*($$=$('!&TUPD!

!

2;! "FFKa! $<>W=&I(! 6(! qQD! Y%5&(! %! :H;45>! $(! 5s$(! 5>9=$%4(=5! (''(;4&($! 6=! Pb8M$! 6%;'! $%!

6&VV>5(;*&%4&H;!6('!*($$=$('!&TUPa!(4!;H4%::(;4!m!I%54&5!6=!'4%6(!FD!2;!(VV(4!&$'!H;4!6>*5&4!W=(!

$(!Pb8M$! &;4(5J&(;4!6%;'!6&VV>5(;4('!>4%I('!6=!6>J($HII(:(;4!(4!;H4%::(;4!6&5(*4(:(;4!

%I5_'! $(! '4%6(! L)! $H5'W=<&$! I(5:(4! $%! '=5J&(! 6('! I5>*=5'(=5'! J&%! $%! :%&;4(;%;*(! 6(!

$<(3I5(''&H;!6=!5>*(I4(=5!6(!$<\SM/a!$%!:H$>*=$(!QL,"/!+LH&';(!(4!%$D!"FFK%1a!$<\SM/!>4%;4!=;(!

*O4Hf&;(!&:I$&W=>(!6%;'!$%!'=5J&(!6('!4NO:H*O4('D!

S%! 45%;'&4&H;! 6=! '4%6(! F! J(5'! $(! '4%6(! ,! ('4! I(5:&'(! I%5! b%4%MAa! W=&! ('4! $(! V%*4(=5! 6(!

45%;'*5&I4&H;!%9&''%;4!$(!I$='!I5>*H*(:(;4!'=5!$(!6>J($HII(:(;4!6('!*($$=$('!&TUPD!2;!(VV(4!&$!

%*4&J(!$(!I%''%9(!6=!'4%6(!F!%=!'4%6(!,!(4!$%!:&'(!(;!I$%*(!6=!I5H95%::(!VH;*4&H;;($!6(!*('!

*($$=$('D!L(! *(! V%&4! 'H;!(3I5(''&H;!('4! %''H*&>(!m! $%! VH54(!I5H6=*4&H;!6<\SM.!I%5! $('! *($$=$('!

&TUP!6_'!$(!'4%6(!,!6(!6&VV>5(;*&%4&H;!+U&:!(4!%$D!"FF-!t!j%;9!(4!%$D!"F,F1!bL>DFA4)IcD!

!
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L>DFA4)I)P)#B<@C>5845)E4)ABDF6@=>;C)E4)6@)=A@C5>=>;C)EF)5=@E4)i)@F)5=@E4)H)E45)6789:;<7=45)

>&?'e)S%!45%;'&4&H;!6=!'4%6(!F!J(5'!$(!'4%6(!,!('4!5>9=$>(!IH'&4&J(:(;4!I%5!$(!V%*4(=5!6(!45%;'*5&I4&H;!

b[P[MAa!4%;6&'!W=(!$(!Pb8M$!I(5:(4!$%!'=5J&(!6(!*('!*($$=$('!&TUP!&::%4=5('D!

!

S(! V%*4(=5! 6(! 45%;'*5&I4&H;! 7!)5H:O($H*O4&*! $(=f(:&%! u&;*! V&;9(5!@! +)S`81! ('4! =;(! I5H4>&;(!

&:IH54%;4(! (4! 'I>*&V&W=(! IH=5! $<%*W=&'&4&H;! :%''&J(! 6=! :%5W=(=5! 6<%*4&J%4&H;! (4! 6(!

:%4=5%4&H;!QL..a!*<('4MmM6&5(!IH=5!$(!I%''%9(!6=!'4%6(!,!%=!'4%6(!"D!2;!(VV(4a!$<&;J%$&6%4&H;!

6=! 9_;(! *H6%;4! IH=5! )S`8! (;45%n;(! =;! IN>;H4OI(! ;%ZV! 6('! $O:INH*O4('! &TUP! (4! $(=5!

%445%*4&H;!:%''&J(!J(5'! $('!9%;9$&H;'! $O:INHZ6('D!)S`8!]H=(5%&4!6H;*!=;!5s$(!(''(;4&($!6%;'!

$<%*W=&'&4&H;! 6('! I5HI5&>4>'! &::=;HM:H6=$%45&*('! (4! ;H4%::(;4! 6%;'! $<%*W=&'&4&H;! 6('!

I5HV&$'!*O4Hf&;&W=('!*H:I$(4!6(!*('!*($$=$('!+G%J%9(!(4!%$D!"FFE1D!2;!H=45(a!4H=4!5>*(::(;4a!

$<>W=&I(! 6<[D! #(;6($%*! %! 6>:H;45>! W=(! $<(3I5(''&H;! 6(! )S`8! ('4! *H;45s$>(! I%5! =;! %=45(!

V%*4(=5! 6(! 45%;'*5&I4&H;a! 295"D! 2;! (VV(4a! 295"! %! =;(!(3I5(''&H;! VH54(! (4! I5H$H;9>(! *N(u! $('!

I5>*=5'(=5'!6('!*($$=$('! &TUPa!(4!'(! $&(!(4!%*4&J(!6&5(*4(:(;4! $(!I5H:H4(=5!6=!9_;(!*H6%;4!

IH=5! $(! V%*4(=5!6(! 45%;'*5&I4&H;!)S`8a!:%&'!%=''&! $(!I5H:H4(=5!*H6%;4!IH=5! $%! *N%n;(!$!6=!

5>*(I4(=5! 6(! $<\SM"! (4! 6(! $<\SM,Ba! $%! :H$>*=$(! QL,""D! 295"! I(5:(4! %&;'&! 6(! *H;45s$(5! $%!

5>%*4&J&4>! 6('! $O:INH*O4('! &TUP! m! $<\SM,Ba! *O4Hf&;(! (''(;4&($$(! &:I$&W=>(! 6%;'! $(=5!

6&VV>5(;*&%4&H;!4(5:&;%$(!+G(&$(5!(4!%$D!"F,"1D!

2;! "FF.a! &$! %! >4>! 6>*5&4! W=(! $('! 'H=5&'! 6>V&*&(;4('! IH=5! $(! V%*4(=5! 6(! 45%;'*5&I4&H;! PMX(4!

:H;45(;4! =;! ;H:X5(! 45_'! 5('45(&;4! 6(! *($$=$('! &TUP! TU,D,
IH'
a! &;6&W=%;4! W=(! PMX(4! ('4!

&;6&'I(;'%X$(!m!$%!:%4=5%4&H;!4(5:&;%$(!6('!$O:INH*O4('!&TUP!I=&'W=<&$!I(5:(4!$%!45%;'&4&H;!

6=! '4%6(! "! %=! '4%6(! Aa! $<%*W=&'&4&H;! 6=! :%5W=(=5! TU,D,! (4! $<%*W=&'&4&H;! 6(! $%! *%I%*&4>! m!

I5H6=&5(! 6(! $<\8TM!! +PH^;'(;6! (4! %$D! "FF.!t! hN4(f&! (4! %$D! ,KK/1D! S<%*4&J%4&H;! 6(! PMX(4! ('4!

6>*$(;*N>(! I%5! $%! '&9;%$&'%4&H;! 6(! $<\SM,B! J&%! '%! V&3%4&H;! '=5! 'H;! 5>*(I4(=5! 'I>*&V&W=(a! $%!
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:H$>*=$(! QL,""! +hN4(f&! (4! %$D,KK/!t! Q%'4&$$H! (4! %$D! "F,F1D! S('! (3I5(''&H;'! 6(! PMX(4! (4! 6(!

QL,""!'H;4!%$H5'!*H;45s$>('!;>9%4&J(:(;4!I%5!$(!Pb8M$a!*(*&!6(!:%;&_5(!6&5(*4(!H=!&;6&5(*4(!

+LH&';(!(4!%$D!"FFK%1a!(:Il*N%;4!%&;'&!=;(!:%4=5%4&H;!(3*(''&J(!6('!*($$=$('!&TUPD!

2;! $<%X'(;*(!6<\4fa!f&;%'(!6(! $%! V%:&$$(!6('!P(*a! $('!*($$=$('! &TUP!%*W=&_5(;4! $<(3I5(''&H;!6(!

QL..a!:%&'!$(=5!>JH$=4&H;!('4!X$HW=>(!%=!'4%6(!"a!'&9;&V&%;4!W=<&$!O!%!=;!6>V%=4!6<(3I5(''&H;!

6(! QL-Ka! QL,""! (4! TU,D,D! S%! '=5J&(! 6('! *($$=$('! &TUP! ('4! 6>I(;6%;4(! 6<=;(! JH&(! 6(!

'&9;%$&'%4&H;!&:I$&W=%;4!$%!I5H4>&;(!IBA!+z&!(4!%$D!"F,"1D!L(!I$='a!\4f!'(:X$(!&;6&'I(;'%X$(!m!

$<%*W=&'&4&H;!6('!I5HI5&>4>'! VH;*4&H;;($$('!6('! $O:INH*O4('! &TUPa!I=&'W=<&$'!'H;4! &;*%I%X$('!

6(!I5H6=&5(!$('!*O4Hf&;('!6(!4OI(!PN,!(4!PN"a!$<\8TM!!(4!$<\SM.!+[=M{(=;9!(4!8H^($$D!"FF/1D!
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!

EF!

$O:INH*O4('! PN,/! &;6=&4'D! [I5_'! '4&:=$%4&H;! I%5! \SM"A! (4! \SM,$a! $('! *($$=$('! PN,/! &;6=&4('! 'H;4!

&;*%I%X$('!6(!I5H6=&5(!6(!$<\SM,/!*(!W=&!*H;V&5:(!W=(!*(44(!*%I%*&4>!6(!5>IH;'(!6(!4OI(!&;;>!('4!X&(;!

&;N>5(;4(!%=3!*($$=$('!P!QL.
IH'
!RhR!4

IH'
!QL..

N&9N
!;%4=5($$('!(4!;H;!%=3!$O:INH*O4('!PN,/!&;6=&4'D!Q('!

5>'=$4%4'!H;4!>9%$(:(;4!>4>!J>5&V&>'!%&#8%8(!%I5_'!&;](*4&H;!6(!*($$=$('!P!QL.
IH'
!QL..

$H^
!QL-"S

IH'
!m!6('!

'H=5&'! 5(*(J(='('! R[b
MvM
D! S('! $O:INH*O4('! PN,/! 6&VV>5(;*&>'! *"# &(8(! 'H;4! VH;*4&H;;($'! :%&'!

&;*%I%X$('! 6(! 5>IH;65(! %=3! '=5;%9(%;4'! 6('! #YLQ'! '4&:=$>'! I%5! $(! S)GD! L(! I$='a! %=! J=! 6(!

$<&:IH54%;*(! 6(! $%! V$H5(! &;4('4&;%$(! IH=5! $(! 6>J($HII(:(;4! 6('! $O:INH*O4('! PN,/! *H;J(;4&H;;($'a!

;H='!%JH;'!4('4>!$<(VV(4!6('!'=5;%9(%;4'!6('!#YLQ'!'4&:=$>'!I%5!$(!S)G!'=5!$('!$O:INH*O4('!PN,/!6(!

$%! $%:&;%! I5HI5&%! &;4('4&;%$(D!TH='! ;<%JH;'! I%'! HX'(5J>! 6(! 5>IH;'(! 6(! $%! I%54! 6('! $O:INH*O4('! Pa!

'=99>5%;4! W=(! $('! $O:INH*O4('! P! QL.
IH'
! RhR!4

IH'
! QL..

N&9N
! ;%4=5($'! 'H;4! X&(;! 6&'4&;*4'! 6('!

$O:INH*O4('!PN,/!*H;J(;4&H;;($'D!)H=5!*H:I$>4(5!*(44(!HX'(5J%4&H;a!;H='!%JH;'!%;%$O'>!$<&;V$=(;*(!

6(! $<\SM-! '=5! $(! 6>J($HII(:(;4! 6('! $O:INH*O4('! P! QL.
IH'
! RhR!4

IH'
! QL..

N&9N
! ;%4=5($'! (4! ;H='! %JH;'!

6>:H;45>!W=(!$%!V5>W=(;*(!6(!*('!*($$=$('!6%;'!$(!4NO:='!('4!&6(;4&W=(!*N(u!$('!'H=5&'!6>V&*&(;4('!(;!

\SM-!*H:I%5%4&J(:(;4!%=3!'H=5&'!'%=J%9('D!!

\$! %! >4>! 6>*5&4! W=(! $(! V%*4(=5! 6(! 45%;'*5&I4&H;! )S`8! ;<('4! I%'! '(=$(:(;4! &:IH54%;4! IH=5! $(!

6>J($HII(:(;4! 6('! $O:INH*O4('! &TUP! +QVD! \;45H6=*4&H;1a! :%&'! W=<&$! I%54&*&I(! >9%$(:(;4! m! $%!

6&VV>5(;*&%4&H;! 6('! $O:INH*O4('! P! *H;J(;4&H;;($'D! [&;'&! )S`8! ('4! 6&5(*4(:(;4! %''H*&>! m!

$<%=9:(;4%4&H;!6(! $%! V5>W=(;*(!6('! $O:INH*O4('! P!QL..
N&
!:>:H&5(v(VV(*4(=5'! (;!I>5&IN>5&(a! ;H='!

%JH;'!6>4(5:&;>!$%!I5>'(;*(!6(!*(!V%*4(=5!6%;'!$('!$O:INH*O4('!P!QL.
IH'
!RhR!4

IH'
!QL..

N&9N
!;%4=5($'D!

TH'!5>'=$4%4'!:H;45(;4!W=(!)S`8!('4!(3I5&:>!I%5!$('!$O:INH*O4('!P!QL.
IH'
!RhR!4

IH'
!QL..

N&9N
!;%4=5($'!

I5>'(;4'! %=! ;&J(%=! 6=! 4NO:='! (4! 6('! 9%;9$&H;'! $O:INHZ6('! :%&'! I%'! I%5! $('! $O:INH*O4('! PN,/!

*H;J(;4&H;;($'!6(!$%!$%:&;%!I5HI5&%!&;4('4&;%$(a!*H;V&5:%;4!$%!6&'4&;*4&H;!(;45(!*('!6(=3!IHI=$%4&H;'!

6(!$O:INH*O4('!P!I5H6=*4(=5'!6<\SM,/D!

!

!

S<(;'(:X$(!6(!*('!5>'=$4%4'!'=99_5(!VH54(:(;4!$<(3&'4(;*(!6(!6(=3!'H='MIHI=$%4&H;'!6(!$O:INH*O4('!

P!I5H6=*4(=5'!6<\SM,/!(4!6<\SM""!%J(*!6('!I5H*(''='!6(!6&VV>5(;*&%4&H;!X&(;!6&'4&;*4'p!$('!$O:INH*O4('!

PN,/! &;6=&4'! +H=! *H;J(;4&H;;($'1! (4! $('! $O:INH*O4('! P! QL.
IH'
! RhR!4

IH'
! QL..

N&9N!
)S`8

IH'
! ;%4=5($'a!

%''&:&$%X$('!%=3!$O:INH*O4('!PN,/!;%4=5($'!6>*5&4'!5>*(::(;4D!TH'!5>'=$4%4'!6>:H;45(;4!*$%&5(:(;4!

=;(!;H=J($$(!*%5%*4>5&'4&W=(!I5&:H56&%$(!6('!$O:INH*O4('!PN,/!;%4=5($'a!*<('4MmM6&5(!$(=5!*%I%*&4>!m!

5>IH;65(! 45_'! 5%I&6(:(;4! m! 6('! '4&:=$&! I5HM&;V$%::%4H&5('D! TH='! >4%X$&''H;'! >9%$(:(;4! W=(!

$<(3I5(''&H;! 6('! V%*4(=5'! 6(! 45%;'*5&I4&H;! RhR!4! (4! )S`8! ('4! =;! *5&4_5(! 6<&6(;4&V&*%4&H;! 6(! *('!
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$O:INH*O4('!PN,/!;%4=5($'D!!L(!I$='a!$('!5>'=$4%4'!:H;45(;4!W=(!$%!I5H6=*4&H;!6<\SM""!I%5!*('!*($$=$('!

('4! 6>I(;6%;4(! 6<=;! (;J&5H;;(:(;4! I5HM&;V$%::%4H&5(D! Q($%! 5>J_$(! 6(! ;H=J($$('! VH;*4&H;'!

IH4(;4&($$('!m!$<&;4(5V%*(!(;45(!$<&::=;&4>!&;;>(!(4!$<&::=;&4>!%6%I4%4&J(D!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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BRIEF DEFINITIVE REPORT 

Pro-inflammatory conditions induce prompt IL-17 and IL-22 production by naturally 

occurring ROR!t
pos

CD44
high

CD4
pos

PLZF
pos

 T cells 

Bérangère MASSOT
1
, Séverine DIEM

1
, Caspar OHNMACHT

2, Sylvain LATOUR
3, Michel DY

1
 

Gérard EBERL
2 and Maria C. LEITE-DE-MORAES

1
 

,
QTRG!+Q(;45(!T%4&H;%$!6(!$%!R(*N(5*N(!G*&(;4&V&W=(1!wYR!+w;&4>!Y&34(!6(!R(*N(5*N(1!E,./a!w;&J(5'&4>!

)%5&'!L('*%54('a!GH5XH;;(!)%5&'!Q&4>a!85%;*(a!csI&4%$!T(*f(5!2;V%;4'!Y%$%6('a!)%5&'a!85%;*(D!

"
\;'4&4=4!)%'4(=5a!SO:INH&6!P&''=(!L(J($HI:(;4!w;&4a!/B/".!)%5&'a!85%;*(D!

A
S%XH5%4H&5(!6=!L>J($HII(:(;4!TH5:%$!(4!)%4NH$H9&W=(!6=!GO'4_:(! \::=;&4%&5(a! \TG2RY!+\;'4&4=4!

T%4&H;%$!6(!$%!G%;4>!(4!6(!$%!R(*N(5*N(!Y>6&*%$(1!/-Ea!csI&4%$!T(*f(5!2;V%;4'MY%$%6('a!/BF,B!)%5&'a!

85%;*(D!

$;AA459;CE>CD)@F=:;A)P))

Y%5&%!QD!S2\P2ML2MYhR[2Ga!!

QTRG!wYR!E,./a!8%*=$4>!6(!Y>6(*&;(!R(;>!L('*%54('a!)%5&'!?a!csI&4%$!T(*f(5a!!

,-,!5=(!6(!G_J5('a!/B/.Aa!)%5&'a!Q(6(3!,Ba!85%;*(t!!

P($p!iAA!,!..!.K!BA!K.a!8%3!p!iAA!,!..!.K!F-!/-t!!

(M:%&$!p!:%5&%D$(&4(M6(M:H5%('�I%5&'6('*%54('DV5!

$;CE4C54E)=>=64P!RhR!4IH'!;%4=5%$$O!H**=5&;9!QL.IH'!P!*($$')

$:@A@<=4A5)<;FC=5)b>C<6FE>CD)59@<45cP!%5H=;6!"/aFFF!

L>DFA45P!X!+I$='!"!G=I!8&9'1!
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?47o;AE5)p!QL.!P!*($$'a!RhR!4a!\SM,/a!\SM""a!&;;%4(!*($$'a!PSRa!)S`8!

Abbreviations: PI (PMA plus ionomycin), ROR!t (retinoic acid receptor-related orphan 

receptor $t), PLZF (promyelocytic leukemia zinc finger) 

+Q5=A@<=)!

\;4(5$(=f&;!,/[!+\SM,/1!%;6!\SM""!%5(!I5H6=*(6!XO!PN,/!*($$'!%;6!N%J(!%;!&;6&'I(;'%X$(!5H$(!&;!

&;V$%::%4H5O! 5('IH;'('D! T%ZJ(! QL.
IH'
! P! *($$'! 5(W=&5(! %! IH$%5&u%4&H;! I5H*(''! 4H! 9(;(5%4(! (VV(*4H5!

PN,/D!w'&;9!RhR!4M9VI!:&*(a!^(!&6(;4&V&(6!;%4=5%$$O!H**=55&;9!4NO:&*!RhR!4
IH'
QL.

IH'
QL..

N&9N
PQR"$

IH'
!

*($$'!4N%4!I5H6=*(!N&9N!$(J($'!HV!\SM,/!%'!(%5$O!%'!.N!HV!'4&:=$%4&H;!^&4N!%;4&MQLA!I$='!%;4&MQL"E?!PN(O!

5(W=&5(! \SM"A!6=5&;9! 4N&'! X5&(V! 4&:(! 4H! '(*5(4(! \SM""D! \;! *H;45%'4! 4H! *H;J(;4&H;%$! PN,/! $O:INH*O4('!

HX4%&;(6! %V4(5! &;! J&45H! H5! &;! J&JH! IH$%5&u%4&H;! V5H:! 'H54(6! QL.
IH'
QL..

;(9
QL-"S

IH'
! P! *($$'a!

RhR!4
IH'
QL.

IH'
QL..

N&9N
PQR"$

IH'
!P!*($$'!I5H:I4$O!I5H6=*(!\SM,/!%;6!\SM""!&;!5('IH;'(!4H!5(*H:X&;%;4!

H5!\SM"AM!I$='!\SM,$M*H;4%&;&;9!'=I(5;%4%;4'!V5H:!PSR.!'4&:=$%4(6!6(;65&4&*!*($$'D!T%4=5%$$O!H**=55&;9!

RhR!4
IH'
QL.

IH'
QL..

N&9N
!P!*($$'!(3I5(''!)S`8a!%5(!%$'H!I5('(;4!&;!'I$((;!%;6!HJ(55(I5('(;4(6!&;!$O:IN!

;H6('D! [;H4N(5! 6&'4&;*4! V(%4=5(! HV! 4N&'! *O4Hf&;(M5('IH;'&J(! RhR!4
IH'
QL.

IH'
QL..

N&9N
! P! *($$'! &'! 4N(&5!

%X'(;*(!V5H:!4N(!9=4a!^N(5(%'!*H;J(;4&H;%$!PN,/!*($$'!%5(!*=55(;4$O!6(4(*4(6D!\4!&'!;H4(^H54NO!4N%4!

AN! VH$$H^&;9! &;! J&JH! PSR.! %9H;&'4! %6:&;&'45%4&H;! '=VV&*('! 4H! 5(J(%$! 4N(&5! *O4Hf&;(! '(*5(4H5O! %X&$&4OD!

QH$$(*4&J($Oa! 4N('(! 5('=$4'! 6(:H;'45%4(6! 4N%4! \SM,/! %;6! \SM""! ;%4=5%$$O! H**=55&;9!

RhR!4
IH'
QL.

IH'
QL..

N&9N
PQR"$

IH'
)S`8

IH'
! P! *($$! I5H6=*(5'! I5H:I4$O! 5('IH;6! 4H! I5HM&;V$%::%4H5O!

'4&:=$='a! I$%*&;9! 4N&'! I%54&*=$%5! QL.
IH'
! P! *($$! IHI=$%4&H;! %'! IH4(;4&%$$O! (VV(*4H5! *($$'! &;! &;;%4(!

&::=;&4OD!
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Introduction 

G(J(5%$! 4OI('!HV! V=;*4&H;%$$O!6&'4&;*4!P! *($$! '=X'(4'!6(J($HI! &;! 4N(! 4NO:='D!PN(O!%5(!:%&;$O!

*H:IH'(6!HV!*H;J(;4&H;%$!;%ZJ(!QL.!%;6!QLE!P!*($$'!^&4N!%!N&9N$O!6&J(5'(!PQR!5(I(54H&5(!5(*H9;&u&;9!

I(I4&6('!&;!4N(!*H;4(34!HV!*$%''&*%$!YcQ!*$%''!\\!H5!*$%''!\!:H$(*=$('a!5('I(*4&J($O!+T&fH$&*NM`=9&*N!(4!

%$Da! "FF.t! U$(&;! (4! %$Da! "FFKt! Q%5I(;4(5! %;6! #H''($=4D! "F,F1D! \;! I(5&IN(5%$! $O:INH&6! H59%;'a! ;%&J(!

QL.
IH'
! P! $O:INH*O4('! 6&VV(5(;4&%4(! &;4H! (VV(*4H5! *($$'! =IH;! '4&:=$%4&H;a! 4N='! (;%X$&;9! 4N(:! 4H!

I5H6=*(! *O4Hf&;('a! '=*N! %'! \8TM!a! \SM.! H5! \SM,/[! +H5! \SM,/1! +`N=! (4! %$Da! "F,Ft! SH*f'$(Oa! "FFK1D! PN(!

I5H*(''! HV! PN,a! PN"! H5! PN,/! 6&VV(5(;4&%4&H;! 5(W=&5('! '(J(5%$! 6%O'! %;6! 4N(! I5('(;*(! HV! %;4&9(;'a!

'I(*&V&*! *O4Hf&;('!%;6! 45%;'*5&I4&H;! V%*4H5'! +Y=*&6%!%;6!QN(5H=45(a!"F,Ft!)%=$! %;6!`N=a!"F,Ft!Q=%!

%;6!P%4Ha!"F,F1a!^N&*N!5(;6(5!:%4=5(!*($$'!5('IH;'&J(!4H!%!'(*H;6!%;4&9(;!'4&:=$%4&H;D!#O!*H;45%'4a!

'H:(! P! *($$'! $(%J(! 4N(! 4NO:='! V=$$O! 6&VV(5(;4&%4(6a! 5(%6O! VH5! *O4Hf&;(! '(*5(4&H;! ^&4NH=4! V=54N(5!

IH$%5&u%4&H;D! PN(! 4OI&*%$! 5(I5('(;4%4&J('! HV! 4N('(! d;H;M*H;J(;4&H;%$e! P! *($$'! %5(! &;J%5&%;4! T%4=5%$!

U&$$(5!P!+&TUP1a!!#!P!%;6!;%4=5%$!PN,/!+;PN,/1!*($$'!+Y&*N($!(4!%$Da!"FF/a!"FFEt!R&XH4!(4!%$Da!"FFKt!Y%5f'!

(4! %$Da! "FFKt! U&:! (4! %$Da! "F,,1D! \SM,/MI5H6=*&;9! &TUP! *($$! '=X'(4! +&TUP,/! *($$'1! +Y&*N($! (4! %$Da! "FF/a!

"FFEt!YH5(&5%MP(&3(&5%!(4!%$Da!"F,,1!H5&9&;%4('!V5H:!%!;(^!4NO:&*!6&VV(5(;4&%4&H;!I%4N^%O!6(I(;6(;4!

H;! 4N(! 45%;'*5&I4&H;! V%*4H5!RhR!4! +5(4&;H&*!%*&6! 5(*(I4H5M5($%4(6!H5IN%;! 5(*(I4H5!!41! +Y&*N($!(4!%$Da!

"FFE1D! G&:&$%5! 4H! &TUP,/! *($$'a! QL"/
;(9
! !#! P! *($$'! %*W=&5(! 4N(! %X&$&4O! 4H! '(*5(4(! \SM,/! 6=5&;9! 4N(&5!

4NO:&*!6(J($HI:(;4!%;6!%5(!6&'4&;*4!V5H:!4N(&5!QL"/
IH'
!*H=;4(5I%54!4N%4!I5H6=*(!\8TM!!+R&XH4!(4!%$a!

"FFK1D!R(*(;4$Oa!%!I%54&*=$%5!IHI=$%4&H;!HV!QL.
IH'
!P!*($$'!*%I%X$(!4H!I5H6=*(!\SM,/!^%'!%$'H!6('*5&X(6!

&;! 4N(! 4NO:='! +Y%5f'! (4! %$Da! "FFKt! U&:! (4! %$Da! "F,,1D! PN(O!^(5(! *%$$(6! ;%4=5%$! PN,/! +;PN,/1! *($$'D!

PNO:&*! '($(*4&H;! HV! ;PN,/! *($$'! 6(I(;6'! H;! :%]H5! N&'4H*H:I%4&X&$&4O! *H:I$(3! +YcQ1! *$%''! \\! H;!

:(6=$$%5Oa! 5%4N(5! 4N%;! H;! *H54&*%$! 4NO:&*! (I&4N($&=:! $&f(! *H;J(;4&H;%$! QL.
IH'
! P! *($$'! +U&:! (4! %$Da!

"F,,1D!!

YH'4!\SM,/MI5H6=*&;9!*H;J(;4&H;%$!PN,/!*($$'!'(*5(4(!\SM""!*H;*H:&4%;4$O!+S&%;9!(4!%$Da!"FF-1D!

\4!&'!9(;(5%$$O!%*f;H^$(69(6!4N%4!\SM,/!%;6!\SM""!*%;!%*4!&;!*H;*(54!4H!5('&'4!X%*4(5&%$!&;V(*4&H;'a!(J(;!

4NH=9N!4N(O!(3(54!IH4(;4&%$$O!6&'4&;*4!5H$('!&;!%=4H&::=;(!H5!%$$(59&*!5('IH;'('!+2O(5&*N!(4!%$Da!"F,F1D!
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\SM,/!'((:'!4H!X(!%!f(O!*O4Hf&;(! VH5!I'H5&%'&'! 45(%4:(;4! +j%&':%;a!"F,"1a!^N&$(! \SM""! &'! &:IH54%;4!

VH5!(I&4N($&%$!*($$!NH:(H'4%'&'a! &;4('4&;%$!6(V(;'(!%;6!NH:(H'4%'&'a!4&''=(!5(I%&5!%;6!^H=;6!N(%$&;9!

+G%4HNMP%f%O%:%!(4!%$Da!"FFEt!QH$H;;%a!"FFKt!GH;;(;X(59!(4!%$Da!"F,,1D!PN='a!%;!(''(;4&%$!&''=(!&'!4H!

6(4(5:&;(!^N&*N!P!*($$!IHI=$%4&H;'!*%;!I5H6=*(!\SM,/!%''H*&%4(6!H5!;H4!^&4N!\SM""!%;6!4N(!;%4=5(!HV!

4N(!%;4&9(;'!%;6!'4&:=$='!*%I%X$(!4H!V%JH5!4N&'!I5H6=*4&H;D!

c(5(!^(!'NH^!4N%4!&;!%66&4&H;!4H!&TUP!*($$'!+Y&*N($!(4!%$Da!"FFE1a!%!V5%*4&H;!HV!:%4=5(!4NO:&*!

PQR"$
IH'
QL.

IH'
QLE

;(9
QL..

N&9N
! P! *($$'! (3I5(''! 4N(! 45%;'*5&I4&H;! V%*4H5! RhR!4D! [*4=%$$Oa! 4N&'!
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QL.

IH'
QLE
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N&9N
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IH'
! QL.
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PN(! 45%;'*5&I4&H;! V%*4H5! RhR!4a! (3I5(''(6! 6=5&;9! 4NO:&*! P! *($$! 6(J($HI:(;4! XO! &::%4=5(!

4NO:H*O4('a!&'!I5H95(''&J($O!$H'4!6=5&;9!P!*($$!:%4=5%4&H;D!j(!N%J(!*N%5%*4(5&u(6!%!6&'4&;*4!'=X'(4!HV!

RhR!4
IH'!
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PN('(! *($$'! %5(! %$5(%6O! I5('(;4! &;! 4N(! 4NO:='a! ^N(5(! 4N(O! VH$$H^! %;! %$4(5;%4&J(! 6&VV(5(;4&%4&H;!

I%4N^%O!4H!%*W=&5(!4N(!QL..
N&9N

RhR!4
IH'
!IN(;H4OI(!%;6!4N(!%X&$&4O!4H!I5H6=*(!\SM,/D![*4=%$$Oa!RhR!4!
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QL.
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IH'
PQR"$

IH'
QL,64(45%:(5
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PN('(!HX'(5J%4&H;'!5%&'(!4N(!W=('4&H;!^N(4N(5!4N(&5!V=;*4&H;'!%5(!*H;'(5J(6!&;!4N(!I(5&IN(5OD!PN&'!&'!
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IH'
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!

!

KF!

:&*(D!\;!*H;45%'4a!^(!HX'(5J(!;H!'&9;&V&*%;4!I5H6=*4&H;!HV!\SM,/!XO!4N('(!QL.
IH'
QL..

N&9N
!SOBD,

;(9
!*($$'!

^N(;! '4&:=$%4(6!^&4N! PSR! *H;6&4&H;(6! '=I(5;%4%;4'! bL>D) N) "cD! ['! %! IH'&4&J(! *H;45H$a! $O:IN! ;H6('!

QL.
IH'
QL..

IH'
SOBD,

;(9
! ! V5H:! jP

!
:&*(! '(*5(4(6! \SM,/! %;6! \SM,/! I$='! \SM""! VH$$H^&;9! )Y[! I$='!

&H;H:O*&;! H5! ^&4N! PSR! *H;6&4&H;(6! '=I(5;%4%;4') bL>D) N) LJ) \) @CE) Uce) PN('(! V&;6&;9'! *$(%5$O!

6(:H;'45%4(6!4N%4!&;!H=5!*H;6&4&H;'!;%ZJ(!QL.
IH'
!P!*($$'!6&VV(5(;4&%4(6!&;4H!PN,/!*($$'a!XH4N! %&#8%$.(!

%;6!%&#8%8(a!^(5(!=;%X$(!4H!I5H6=*(!\SM,/!H5!\SM""!&;!5('IH;'(!4H!PSR!*H;6&4&H;(6!'=I(5;%4%;4'D!)

)5(J&H='! '4=6&('!N%J(! 5(IH54(6! 4N%4! 'O:X&H4&*!:&*5HX&H4%! &'! 5(W=&5(6! VH5! 4N(! 9(;(5%4&H;!HV!

*H;J(;4&H;%$!PN,/!*($$'!%;6!4N%4!4N('(!*($$'!%5(!I5('(;4!&;!4N(!&;4('4&;(!+\J%;HJ!(4!%$Da!"FFEt!SH*N;(5!

(4!%$Da!"F,,1D!c(5(!^(!VH=;6!4N%4!RhR!4
IH'
PQR"$

IH'
QL.

IH'
QL..

IH'
!%5(!I5('(;4!&;!4N(!$%:&;%!I5HI5&%!HV!

;%ZJ(!:&*(!%;6!I5H6=*(!\SM,/!VH$$H^&;9!%;4&MQLA!I$='!%;4&MQL"E!'4&:=$%4&H;!+L>D)N)%1D!cH^(J(5a!4N(O!

^(5(! =;%X$(! 4H! '(*5(4(! 4N('(! *O4Hf&;(! &;! 5('IH;'(! 4H! PSR! *H;6&4&H;(6! '=I(5;%4%;4'! +L>D) N) %1D! PN(!

'=I(5;%4%;4!^%'! (VV&*&(;4! &;! 4N(! 'O'4(:! '&;*(! &4! ^%'! *%I%X$(! 4H! &;6=*(! \SM""! I5H6=*4&H;! XO! 9%4(6!

PQR"$
;(9
! *($$'! +(F9) L>D) N1a! '=IIH54&;9! I5(J&H='! 5('=$4'! 'NH^&;9! 4N%4! H4N(5'! *($$'! 4N%;! PQR"$IH'

!

$O:INH*O4('!*%;!'(*5(4(!\SM""!&;!5('IH;'(!4H!\SM,$!I$='!\SM"A!'4&:=$%4&H;!+QH$H;;%a!"FFK1D!

)5(J&H='!5(IH54'!&;6&*%4(6!4N(!5H$(!VH5!4N(!&;4('4&;%$!:&*5HX&H4%!%;6!\SM-!&;!4N(!6&VV(5(;4&%4&H;!

HV!;%ZJ(!P!*($$'!&;4H!PN,/!*($$'!+\J%;HJ!(4!%$Da!"FF-t!\J%;HJ!(4!%$Da!"FFEt!SH*N;(5!(4!%$Da!"F,,1D!RhR!4
IH'!

;PN,/! *($$'! ^(5(! I5('(;4! %4! '&:&$%5! V5(W=(;*O! %:H;9! 9%4(6! QL.
IH'
QL..

IH'
QLE

;(9
QL,64(45%:(5

;(9!

*($$'! V5H:! 4N(! 4NO:='! HV! 9(5:MV5((MRhR!4M9VI! %;6! G)8MRhR!4M9VI! :&*(! +L>D) N) T1D! G&:&$%5$Oa! 4N(&5!

V5(W=(;*O!^%'!:%&;4%&;(6!&;!\SM-
MvM
!RhR!4M9VI!:&*(!*H:I%5(6!4H!*H;45H$'!+L>D)N)?1D!)5(J&H='!'4=6&('!

5(IH54(6! 4N(! &;V$=(;*(! HV!:&*5HX&H4%! %;6! \SM-! H;! 4N(! I(5&IN(5%$! 6(J($HI:(;4! HV! ;%ZJ(! P! *($$'! &;4H!

PN,/! *($$'! +\J%;HJ! (4! %$Da! "FF-t! \J%;HJ! (4! %$Da! "FFEt! SH*N;(5! (4! %$Da! "F,,1D! h=5! V&;6&;9'! 'NH^! 4N%4!

;%4=5%$$O!H**=55&;9!\SM,/MI5H6=*&;9!RhR!4
IH'
QL.

IH'
QL..

N&9N
!*($$'!%5(!%$5(%6O!I5('(;4!&;!4N(!4NO:='!HV!

\SM-
MvM
!H5!9(5:MV5((!:&*(D!!
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!

K,!

P%f(;!4H9(4N(5a!4N('(!5('=$4'!&;6&*%4(!4N%4!;%4=5%$$O!H**=55&;9!4NO:&*!RhR!4
IH'
QL.

IH'
QL..

N&9N
!

*($$'!*H;'4&4=4(!%!I%54&*=$%5!P!*($$!'=X'(4!6&'4&;*4!V5H:!*H;J(;4&H;%$!PN,/!*($$'!'&;*(!4N(O!%5(!%$5(%6O!

I5('(;4!&;!4N(!4NO:='!HV!\SM-
MvM
!%;6!9(5:MV5((!:&*(!%;6!%X'(;4!V5H:!4N(!$%:&;%!I5HI5&%!HV!G)8!:&*(D!!

)

/3YL)4V9A455>;C)Q7)C@=FA@6)!*!!=9;5$0X9;5$0XX:>D:)

! c(5(!^(!N%J(!%!:%]H5!6&$(::%!'&;*(!^(!V=;*4&H;%$$O!&6(;4&V&(6!4N(!;%4=5%$$O!H**=55&;9!\SM,/M!

%;6! \SM""MI5H6=*&;9! *($$'! X=4! 4N(&5! I5(*&'(! IN(;H4OI(! 5(:%&;'! 4H! X(! 6(4(5:&;(6D! \;! V%*4a!

RhR!4
IH'
QL.

IH'
QL..

N&9N
!*($$'!%$'H!(3&'4!&;!$%:&;%!I5HI5&%!X=4!4N(5(!%5(!=;%X$(!4H!'(*5(4(!\SM,/!%;6!\SM

""!&;!5('IH;'(!4H!PSR!*H;6&4&H;(6!'=I(5;%4%;4'D!R(*(;4!'4=6&('!5(IH54(6!4N%4!45%;'9(;&*!(3I5(''&H;!

HV!4N(!45%;'*5&I4&H;%$!5(I5(''H5!I5H:O($H*O4&*!$(=f(:&%!u&;*!V&;9(5!+)S`81!6=5&;9!P!*($$!6(J($HI:(;4!

&;6=*(6!%!P!*($$!&;45&;'&*!I5H95%:!$(%6&;9!4H!%;!&;*5(%'(!&;!I(5&IN(5%$!QL..
N&
!:(:H5Ov(VV(4H5!P!*($$'!

+UHJ%$HJ'fO!(4!%$Da!"F,F1D!PN('(!*($$'!*H=$6!I5H6=*(!$%59(!%:H=;4'!HV!'(J(5%$!*O4Hf&;('!=IH;!I5&:%5O!

%*4&J%4&H;! '=99('4&;9! 4N%4! )S`8! (3I5(''&H;! *H=$6! *N%5%*4(5&u(! &;;%4(! P! *($$! V=;*4&H;'D!YH5(HJ(5a! %!

I5(J&H='!5(IH54!'=99('4(6!4N%4!45%;'9(;&*!)S`8!P!*($$'!I5H6=*(6!'&9;&V&*%;4$O!&;*5(%'(6!$(J($'!HV!\SM,/a!

X=4!4N(!'H=5*(!HV!\SM,/!^%'!;H4!*H:I$(4($O!%;%$Ou(6!+UHJ%$HJ'fO!(4!%$Da!"F,F1D!c(5(!^(!5(IH54(6!4N%4!

4NO:&*! %;6! $O:IN! ;H6('! RhR!4
IH'
QL.

IH'
QL..

N&9N
! *($$'! (3I5(''! N&9N(5! $(J($! HV! )S`8! 4N%;! 4N(&5!

RhR!
;(9
QL.

IH'
QL..

N&9N
! *H=;4(5I%54! ) bL>D) `) ,) @CE) $cD! \4! &'! ;H4(^H54NO! 4N%4!^(! V%&$(6! 4H! 6(4(*4! )S`8!

(3I5(''&H;!XO!&;4('4&;%$!RhR!4
IH'
QL.

IH'
QL..

N&9N
!*($$'!bL>D)`)0cD!PN('(!*($$'!^(5(!%$'H!=;%X$(!4H!'(*5(4(!

\SM,/!%;6!\SM""!&;!5('IH;'(!4H!PSR!*H;6&4&H;(6!'=I(5;%4%;4')bL>D)N)\cD!P%f(;!4H9(4N(5a!4N('(!V&;6&;9'!

'=IIH54!4N(!;H4&H;!4N%4!;%4=5%$$O!H**=55&;9!RhR!4
IH'
QL.

IH'
QL..

N&9N!
P!*($$'!%5(!6&'4&;*4!V5H:!I(5&IN(5%$!

;%ZJ(!6&VV(5(;4&%4(6!PN,/!*($$'D!8=54N(5:H5(a!H=5!V&;6&;9'!&;6&*%4(!4N%4!RhR!4!%''H*&%4(6!4H!)S`8!%5(!

:%]H5!:%5f(5'!4H!6&'4&;9=&'N!;%4=5%$$O!H**=55&;9!RhR!4
IH'
QL.

IH'
QL..

N&9N!
P!*($$'!V5H:!PN,/!*($$'D!

)
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!

!

K"!

!*!!=9;5$0X9;5$0XX:>D:) <4665) @A4) 9A;C4E) =;) 9A;EF<4) %3.HI) @CE) %3.NN) >C) A459;C54) =;) >C) G>G;) '3!X)

@D;C>5=)5=>8F6@=>;Ce)

PH! %;%$Ou(! 4N(! IH''&X$(! '4&:=$%4&H;! HV! RhR!4
IH'
QL.

IH'
QL..

N&9N
! *($$'! XO! &;! J&JH! &;V$%::%4H5O!

'4&:=$='a) PSR.! %9H;&'4! ^%'! &;](*4(6! &;4H! :&*(! %;6! AN! $%4(5! $O:IN! ;H6('! ^(5(! 5(:HJ(6! %;6!

'4&:=$%4(6!&;!J&45H!^&4N!)\!6=5&;9!.ND!PN&'!X5&(V!&;!J&JH!PSR!'4&:=$%4&H;!'=VV&*(6!4H!%:I$&VO!\SM,/!%;6!4H!

&;6=*(!\SM""!I5H6=*4&H;!XO!;%4=5%$$O!H**=55&;9!RhR!4
IH'
QL.

IH'
QL..

N&9N
!*($$')bL>D)XJ)+)@CE),ca)&;6&*%4&;9!

4N%4!&;!J&JH!'4&:=$%4&H;!XO!PSR.!%9H;&'4'!^&$$!V%JH5!4N(!(VV(*4H5!%*4&J%4&H;!HV!4N('(!*($$'D!!

!

PSR'!%5(!I5&:%5O!&;JH$J(6!&;!&;;%4(!&::=;(!5('IH;'(!4H!:&*5HH59%;&':'a!X=4!%$'H!*H;45&X=4(!

4H! &;V$%::%4H5O! 5('IH;'('! HX'(5J(6! &;! %=4H&::=;(! H5! %$$(59&*! 6&'(%'(D! \;! 4N&'! *H;4(34a! PSR'!

'4&:=$%4&H;! *%;! &;6=*(! \SM,/! I5H6=*4&H;! XO! I5H:H4&;9! PN,/! 6&VV(5(;4&%4&H;! +Y&$$'a! "F,,1D! h=5! 6%4%!

&;6&*%4(! 4N%4! ;%4=5%$$O! H**=55&;9! RhR!4
IH'
QL.

IH'
QL..

N&9N
! P! *($$'! *H=$6! *H;'4&4=4(! %! ;H;! ;(9$&9&X$(!

'H=5*(! HV! \SM,/! %;6! \SM""! 4N%4! ^&$$! &;V$=(;*(! 4N(! &;V$%::%4H5O! 5('IH;'('! HX'(5J(6! &;! 4N('(!

I%4NH$H9&('D!

j(! *%;;H4! (3*$=6(! 4N(! IH''&X&$&4O! 4N%4! RhR!4
IH'
QL.

IH'
QL..

N&9N
! P! *($$'! 6('*5&X(6! N(5(! %5(!

'&:&$%5! 4H! 4N(! I5(J&H='$O! 6('*5&X(6! ;PN,/! *($$'! +P%;%f%! (4! %$D! "FFKt!Y%5f'! (4! %$D! "FFKt! U&:! (4! %$D!

"F,,1D! cH^(J(5a! H=5! V&;6&;9'! 5(J(%$! ;(^! V(%4=5('! HV! 4N&'! &;45&9=&;9! '=X'(4! HV! QL.
IH'
! P! *($$'a! 4N(&5!

(3I5(''&H;!HV!)S`8!%;6!4N(&5!%X&$&4O!4H!I5H:I4$O!5('IH;6!4H!I5HM&;V$%::%4H5O!*O4Hf&;('!'=*N!%'!\SM,$!

%;6!\SM"AD![66&4&H;%$$Oa!^(!5(IH54(6!4N(!*5&4&*%$!5H$(!HV!\SM"A!4H!I5H:H4(!\SM""!I5H6=*4&H;!XO!;%4=5%$$O!

H**=55&;9!\SM,/MI5H6=*&;9!RhR!4
IH'
QL.

IH'
QL..

N&9N
!P!*($$'D!QH;'(W=(;4$Oa!H=5!V&;6&;9'!'N(6!;(^!$&9N4'!

H;! 4N(! =;6(5'4%;6&;9! HV! 4N(! :(*N%;&':'! &:I$&*%4(6! &;! 4N(! '4&:=$%4&H;! HV! 4N('(! *($$'! %;6! 4N(&5!

IH4(;4&%$! 5H$(! &;! &;V$%::%4H5O! I5H*(''! %;6! I5HIH'(! 4N%4! XH4N! %;4&9(;! 5(*H9;&4&H;! %;6! &;;%4(!

&;V$%::%4H5O!'4&:=$&!'NH=$6!X(!*H;'&6(5(6!^N(;!I5HIH'&;9!;(^!45(%4:(;4'!&;JH$J&;9!PN,/!*($$'D!PN&'!

&'! &;! %**H56!^&4N!I5(J&H='! 5(IH54'! 'NH^&;9! 4N%4! 'H:(! 45(%4:(;4'! 4%59(4&;9! \SM"A! 4H!6(*5(%'(!PN,/!
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!

KA!

9(;(5%4&H;!V%&$(6!4H!&;N&X&4!I'H5&%'&'!6(J($HI:(;4!+j%&':%;a!"F,"1!I5HX%X$O!X(*%='(!4N(!'H=5*('!HV!

\SM,/!%;6vH5!\SM""!^(5(!H4N(5'!*($$'!4N%;!*H;J(;4&H;%$!PN,/!$O:INH*O4('D![66&4&H;%$$Oa!H=5!V&;6&;9'!

6(V&;(! %! I5(J&H='$O! =;f;H^;! I%5%6&9:a! ;%:($O! 4N(! (J&6(;*(! VH5! %! :(*N%;&':! HV! 4NO:&*!

6(J($HI:(;4! $(%6&;9! 4H! 4N(! :%&;4(;%;*(! HV! RhR$4! (3I5(''&H;! %;6! 5('IH;'&J(;(''! 4H! *O4Hf&;(!

'4&:=$%4&H;!&;6(I(;6(;4$O!HV!PQR!*5H''M$&;f&;9!H;!%!QL.
IH'
!YcQ!*$%''!\\!'($(*4(6!P!*($$!IHI=$%4&H;D)
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!

K.!

#@=4A>@6)@CE)#4=:;E5)

+C>8@65?!G&3!4H!E!^((fMH$6!#[Q!45%;'9(;&*![(.1e!$iBP@7Pba!\SM-MvM[(.1e!$iB#P@7Pb!+SH*N;(5!(4!%$Da!"FFE1a!!

%;6!QB/#Sv-q!:%$(!:&*(!X5(6! &;!H=5! V%*&$&4O!H5!I=5*N%'(6! V5H:!q%;J&(5! +S('!b(;('4!G4D! \'$(a!85%;*(1!

^(5(! ='(6D! b(5:MV5((! [(.1e!$iBP@7
Pb
! :&*(! ^(5(! HX4%&;(6! V5H:! %;! G)8! [(.1e!$iBP@7

Pb
! *H$H;O! XO!

%'(I4&*!*('%5(%;!'(*4&H;!VH$$H^(6!XO!4N(!%6HI4&H;!HV!4N(!*('%5(%;M6(5&J(6!I=I'!XO!9(5:MV5((!VH'4(5!

:H4N(5'D![;&:%$!(3I(5&:(;4'!^(5(!I(5VH5:(6!%**H56&;9!4H!4N(!9=&6($&;('!HV!4N(!85(;*N!\;'4&4=4&H;%$!

QH::&44((D!

!

Cell preparation. Lymphocytes were isolated from the liver, spleen or lymph nodes as 

previously described (Michel et al., 2007, 2008).  

!

L+$()@C@675>5e)YH;H;=*$(%5!*($$'! +YTQ1!^(5(!'4%&;(6!^&4N!QL,6M4(45%:(5M[)Q!H5!)2a!PQR$M[)Q!H5!

(8$=H5.BFa!%;4&MQL.M[)QMc/a!%;4&MQLEM)%*&V&*!#$=(!H5!?BFF!%;6vH5!%;4&MQL..M)2QO/!+#L!)N%5:&;9(;a!

(#&H'*&(;*(1D! 8H5! &;45%*($$=$%5! '4%&;&;9a! *($$'! ^(5(! V&3(6! ='&;9! \;45%)5(I! f&4! +#(*f:%;! QH=$4(51a!

%**H56&;9! 4H! 4N(! :%;=V%*4=5(5<'! I5H4H*H$'a! H5! &;! .x! )8[a! ^%'N(6a! %;6! I(5:(%X&$&u(6! ^&4N! FDBx!

'%IH;&;! +G&9:%M[$65&*N1a! 4N(;! &;*=X%4(6! ^&4N! %;4&M\SM,/M)(5Q)MQOBDB! H5! [)Q! %;6! %;4&M\SM""M)2! H5!

)(5Q)(8$=H5/,F! H5! &'H4OI(! *H;45H$'! +(#&H'*&(;*(! H5! R�L! GO'4(:'1! %;6! %;4&Mb8)M8\PQ! Y%X!

+\;J&45H9(;1! %;6vH5! %;4&M)S`8M[)Q! +R�L! GO'4(:'1D! Q($$'! ^(5(! 4N(;! ^%'N(6! %;6! %;%$Ou(6! &;! %!

8[QGQ%;4H!\\!+#(*4H;!L&*f&;'H;1!='&;9!8$H^qH!'HV4^%5(D!

"CA><:84C=)@CE)<466)5;A=>CDe)PNO:&*a!'I$(;&*!H5!$O:IN!;H6('!QL..
IH'
QL.

IH'
!P!*($$'!^(5(!(;5&*N(6!XO!

6(I$(4&;9!QLE
IH'
a!QL,K

IH'
a!QL-"S

IH'
!*($$'!$%X($(6!^&4N!4N(!*H55('IH;6&;9!:[X'!+#L!)N%5:&;9(;1!%;6!

^&4N!%;4&M5%4!\9M*H%4(6!:%9;(4&*!X(%6'!+#&HM[6(:X(%6'a![6(:4(*N1a!%**H56&;9!4H!4N(!:%;=V%*4=5(5<'!

I5H4H*H$'D! L(I$(4(6! IHI=$%4&H;'! ^(5(! 4N(;! '4%&;(6! ^&4N! QL,6M4(45%:(5M[)Q! +I5HJ&6(6! XO! Tc\!

4(45%:(5!V%*&$&4&('1a!%;4&MQL.M[)QMQO/a!%;4&MQLEM)%*&V&*!#$=(!%;4&MQL..M)2QO/!%;6!%;4&MPQR!#M)2!+#L!
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!

!

KB!

)N%5:&;9(;a! (#&H'*&(;*(1! %;6! 6&'4&;*4! RhR!4
IH'
! %;6! RhR!4

;(9
! *($$! '=X'(4'! ^(5(! 'H54(6! ='&;9! %!

8[QG[5&%! *($$! 'H54(5! +#(*4H;! L&*f&;'H;1D! \;! 'H:(! (3I(5&:(;4'a! ;%ZJ(! QL-"S
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MvM
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V%*4(=5!6(!45%;'*5&I4&H;!RhR!4a!*(!W=&!V%JH5&'(!$%!JH&(!6(!6&VV>5(;*&%4&H;!6('!$O:INH*O4('!P!
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5>*(I4(=5'! GS[Ya! H;! 5(:%5W=(!W=<($$(! ('4! 6&5(*4(:(;4! $&>(! %J(*! $<%*4&J%4&H;!6(! 8O;! (4! 6=!
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IH'
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&;V$%::%4H&5('D!

)

3789:;<7=45)':HI)C@=FA465)S)

)

S(! 4(5:(! d;%4=5($e! ('4! =;! 4(5:(! *H;45HJ(5'>! 6%;'! $(!:H;6(!6('! $O:INH*O4('! PD! S(! V%&X$(!
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5>'=$4%4'! 4(;6(;4! m! :H;45(5! W=(! $('! $O:INH*O4('! PN,/! ;%4=5($'! 'H;4! =;(! IHI=$%4&H;!

*($$=$%&5(!6&'4&;*4(!6(!*($$(!6('!$O:INH*O4('!PN,/!&;6=&4'!H=!*H;J(;4&H;;($'D!

2;!(VV(4a!*('!*($$=$('!'H;4!I5>'(;4('!(4!VH;*4&H;;($$('!%=!;&J(%=!6=!4NO:='!6(!](=;('!'H=5&'a!

o9>('!6(!.!m!-!'(:%&;('!:%3&:=:a!*($%!I(5:(4!6<>J&4(5!%=4%;4!W=(!IH''&X$(!$%!:&95%4&H;!6('!

*($$=$('! P!:%4=5('v(VV(*45&*('! 6(! $%! I>5&IN>5&(! J(5'! $(! 4NO:='D! L(! I$='a! %I5_'! $(! 45%;'V(54!
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6(!:&95%4&H;!6(! $%!I>5&IN>5&(! J(5'! $(! 4NO:='!('4!=;!IN>;H:_;(! 5%5(!(4vH=!6>I(;6%;4!6(!

*H;6&4&H;'!45_'!I%54&*=$&_5('D!

QH;V&5:(5! $<(3&'4(;*(! 6('! $O:INH*O4('! PN,/! ;%4=5($'! I%5! =;(! *%5%*4>5&'%4&H;! >JH$=4&J(!
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I%'! $(! 4NO:='a! %! I(5:&'! 6(! *%5%*4>5&'(5! $('! $O:INH*O4('! P! 5>9=$%4(=5'! ;%4=5($'a! *($%!
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!
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!
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HHf+,.1p!".K.M"BFAD!
!

Q($$%a!YDa![D!8=*N'a!(4!%$D!+"FFK1D!�[!N=:%;!;%4=5%$!f&$$(5!*($$!'=X'(4!I5HJ&6('!%;!&;;%4(!'H=5*(!HV!\SM""!

VH5!:=*H'%$!&::=;&4OD�!T%4=5(!XhI+/"AF1p!/""M/"BD!
!

Q(;a!hDa![D!w(6%a!(4!%$D!+"FFK1D!�PN(!%6%I4H5!:H$(*=$(!'&9;%$&;9!$O:INH*O4&*!%*4&J%4&H;!:H$(*=$(M

%''H*&%4(6!I5H4(&;!+G[)1!5(9=$%4('!\8TM9%::%!%;6!\SM.!I5H6=*4&H;!&;!?!%$IN%!,.!45%;'9(;&*!

TUP!*($$'!J&%!(VV(*4'!H;!b[P[MA!%;6!PMX(4!(3I5(''&H;D�!q!\::=;H$!HjN+A1p!,A/FM,A/ED!
!

Q(5=;6H$Ha!?Da!qD!LD!G&$fa!(4!%$D!+"FFK1D!�c%5;(''&;9!&;J%5&%;4!TUP!*($$'!&;!J%**&;%4&H;!'45%4(9&('D�!T%4!

R(J!\::=;H$!k+,1p!"EMAED!
!

QN%&6H'a![Da!GD!)%44(5'H;a!(4!%$D!+"F,"1D!�b5%V4!&;J%5&%;4!;%4=5%$!f&$$(5!PM*($$!6H'(!I5(6&*4'!5&'f!HV!%*=4(!

95%V4MJ(5'='MNH'4!6&'(%'(!&;!%$$H9(;(&*!N(:%4HIH&(4&*!'4(:!*($$!45%;'I$%;4%4&H;D�!#$HH6D!

!

QN%;9a!jD!GDa!qD!{D!U&:a!(4!%$D!+"FFE1D!�Q=44&;9!(69(p!)5H95%::(6!6(%4NM,vI5H95%::(6!6(%4N!$&9%;6!,!

&;4(5%*4&H;!5(9=$%4('!4N(!&;6=*4&H;!%;6!:%&;4(;%;*(!HV!&;J%5&%;4!TUP!*($$!%;(59OD�!q!\::=;H$!

HjH+,F1p!-/F/M-/,FD!
!

QN(;a!jDa!jD!q&;a!(4!%$D!+"FFA1D!�QH;J(5'&H;!HV!I(5&IN(5%$!QL.iQL"BM!;%&J(!P!*($$'!4H!QL.iQL"Bi!

5(9=$%4H5O!P!*($$'!XO!Pb8MX(4%!&;6=*4&H;!HV!45%;'*5&I4&H;!V%*4H5!8H3IAD�!q!23I!Y(6!Hkj+,"1p!
,E/BM,EE-D!

!

QN(55&(5a!YDa!QD!hN;:%*N4a!(4!%$D!+"F,"1D!�L(J($HI:(;4!%;6!V=;*4&H;!HV!&;4('4&;%$!&;;%4(!$O:INH&6!

*($$'D�!Q=55!hI&;!\::=;H$D!

!

QN5&'4&%;'(;a!LDa!qD!Y&$$%;6a!(4!%$D!+"FFE1D!�c=:%;'!$%*f!&bXA!6=(!4H!4N(!%X'(;*(!HV!V=;*4&H;%$!&bXAM

'O;4N%'(p!&:I$&*%4&H;'!VH5!TUP!*($$!6(J($HI:(;4!%;6!45%;'I$%;4%4&H;D�!)SHG!#&H$!f+/1p!(,/"D!
!

QN=;a!PDa!YD!qD!)%9(a!(4!%$D!+"FFA1D!�QL,6M(3I5(''&;9!6(;65&4&*!*($$'!X=4!;H4!4NO:&*!(I&4N($&%$!*($$'!*%;!

:(6&%4(!;(9%4&J(!'($(*4&H;!HV!TUP!*($$'D�!q!23I!Y(6!HkI+/1p!KF/MK,ED!
!

QN=;9a!{Da!kD!{%;9a!(4!%$D!+"FF-1D!�23I5(''&H;!%;6!5(9=$%4&H;!HV!\SM""!&;!4N(!\SM,/MI5H6=*&;9!QL.i!P!

$O:INH*O4('D�!Q($$!R('!Hf+,,1p!KF"MKF/D!
!

Q&5&*a!#Da!YD!2$MX(N&a!(4!%$D!+"FFK1D!�\SM"A!65&J('!I%4NH9(;&*!\SM,/MI5H6=*&;9!QLEi!P!*($$'D�!q!\::=;H$!

HjN+K1p!B"K-MBAFBD!
!

QH$('a!YD!QD!%;6!LD!cD!R%=$(4!+"FFF1D!�TU,D,i!P!*($$'!&;!4N(!$&J(5!%5&'(!&;!4N(!4NO:='!%;6!%5(!'($(*4(6!

XO!&;4(5%*4&H;'!^&4N!*$%''!\!:H$(*=$('!H;!QL.iQLEi!*($$'D�!q!\::=;H$!HfX+B1p!".,"M".,ED!
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!
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!
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!
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!
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!
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H5*N('45%4&H;!HV!PN,/!*($$!6&VV(5(;4&%4&H;D�!q!23I!Y(6!Nif+,,1p!".F/M".,-D!
!

L&%;%a!qDa!PD!b5&'(5&a!(4!%$D!+"FFK1D!�TUP!*($$MI$%':%*O4H&6!6(;65&4&*!*($$!*HHI(5%4&H;!J&%!hk.F!*H;45H$'!

J&5%$!&;V(*4&H;!&;!%!4&''=(M'I(*&V&*!:%;;(5D�!\::=;&4O!`i+"1p!"EKM"KKD!
!

LH&';(a!qD!YDa!SD!#%54NH$&;a!(4!%$D!+"FFK1D!�&TUP!*($$!6(J($HI:(;4!&'!H5*N('45%4(6!XO!6&VV(5(;4!X5%;*N('!

HV!Pb8MX(4%!'&9;%$&;9D�!q!23I!Y(6!Nif+-1p!,A-BM,A/ED!
!

LH&';(a!qD!YDa!QD!#(*H=54a!(4!%$D!+"FFK1D!�Gf&;!%;6!I(5&IN(5%$!$O:IN!;H6(!&;J%5&%;4!TUP!*($$'!%5(!:%&;$O!

5(4&;H&*!%*&6!5(*(I4H5M5($%4(6!H5IN%;!5(*(I4H5!+9%::%14i!%;6!5('IH;6!I5(V(5(;4&%$$O!=;6(5!

&;V$%::%4H5O!*H;6&4&H;'D�!q!\::=;H$!Hj`+A1p!",."M",.KD!
!

LH&';(a!qD!YDa!?D!GH=$%56a!(4!%$D!+"F,,1D!�Q=44&;9!(69(p!*5=*&%$!5H$(!HV!\SM,!%;6!\SM"A!&;!4N(!&;;%4(!\SM,/!
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!
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!
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!
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!
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!
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!
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!
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!

8H^$f('a!#D!qDa![D!YD!U5=&'X((fa!(4!%$D!+,KE/1D!�[!;HJ($!IHI=$%4&H;!HV!PM*($$!5(*(I4H5!%$IN%!X(4%MX(%5&;9!
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!
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5('IH;'(D�!T%4!R(J!\::=;H$!h+,,1p!E..MEB"D!
!
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$O:INH*O4('D�!)SHG!#&H$!I+,F1p!(,FFF""ED!
!

85%;f&a![D!GDa!UD!?%;!#(;(6(;a!(4!%$D!+"FF-1D!�[!=;&W=(!$O:INH4H3&;!�%$IN%�X(4%M6(I(;6(;4!I%4N^%O!

5(9=$%4('!4NO:&*!(:&95%4&H;!HV!?�%$IN%�,.!&;J%5&%;4!;%4=5%$!f&$$(5!P!*($$'D�!)5H*!T%4$![*%6!G*&!

w!G![!Hi`+".1p!K,-FMK,-BD!
!

8=;%fH'N&a!PDa!UD!{%:%'N&4%a!(4!%$D!+"F,"1D!�[!;HJ($!T8Mf%II%#!&;N&X&4H5a!

6(NO65H3O:(4NO$(IH3OW=&;H:&*&;a!%:($&H5%4('!&;V$%::%4H5O!*H$H;&*!&;]=5O!&;!:&*(D�!q!

Q5HN;'!QH$&4&'!f+"1p!",BM""BD!
!

b%6=(a!)Da!TD!YH54H;a!(4!%$D!+,KKK1D!�PN(!G5*!V%:&$O!4O5H'&;(!f&;%'(!8O;!5(9=$%4('!;%4=5%$!f&$$(5!P!*($$!

6(J($HI:(;4D�!q!23I!Y(6!Hki+E1p!,,EKM,,K-D!
!

b%VV(;a!GD!SD!+"FFK1D!�G45=*4=5(!%;6!'&9;%$$&;9!&;!4N(!\SM,/!5(*(I4H5!V%:&$OD�!T%4!R(J!\::=;H$!k+E1p!
BB-MB-/D!

!

b%I&;a!SDa!qD!SD!Y%4'=6%a!(4!%$D!+"FF,1D!�TUP!*($$'!6(5&J(!V5H:!6H=X$(MIH'&4&J(!4NO:H*O4('!4N%4!%5(!

IH'&4&J($O!'($(*4(6!XO!QL,6D�!T%4!\::=;H$!N+,F1p!K/,MK/ED!
!

b%'I%5a!cD!#Da!RD!GN%5&V&a!(4!%$D!+"FF"1D!�kM$&;f(6!$O:INHI5H$&V(5%4&J(!6&'(%'(p!*$&;&*%$a!6&%9;H'4&*!%;6!

:H$(*=$%5!I(5'I(*4&J(D�!#5!q!c%(:%4H$!HHk+A1p!BEBMBKBD!
!

b(66('a!UDa!GD!qD!R=X&;Ha!(4!%$D!+"F,,1D!�\6(;4&V&*%4&H;!HV!%;!&;;%4(!P!N($I(5!4OI(!,/!5('IH;'(!4H!

&;4('4&;%$!X%*4(5&%$!I%4NH9(;'D�!T%4!Y(6!HI+/1p!EA/ME..D!
!

b(O(5a!YD!%;6!wD!Y=$$(5MS%6;(5!+"F,F1D!�[*4=%$!'4%4='!HV!%;4&&;4(5$(=f&;M,!4N(5%I&('!&;!5N(=:%4&*!

6&'(%'('D�!Q=55!hI&;!RN(=:%4H$!NN+A1p!".-M"B,D!
!

bNH5('*N&a!UDa![D!S%=5(;*(a!(4!%$D!+"F,F1D!�b(;(5%4&H;!HV!I%4NH9(;&*!P+c1,/!*($$'!&;!4N(!%X'(;*(!HV!

Pb8MX(4%!'&9;%$$&;9D�!T%4=5(!XfI+/A,E1p!K-/MK/,D!
!

bH6V5(Oa!LD!\Da!cD!RD!Y%*LH;%$6a!(4!%$D!+"FF.1D!�TUP!*($$'p!^N%4r'!&;!%!;%:(0�!T%4!R(J!\::=;H$!X+A1p!
"A,M"A/D!

!
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bH6&;(ua!\Da!YD!R%VV%4($$=a!(4!%$D!+"FFK1D!�\;4(5$(=f&;M"A!H5*N('45%4('!:=*H'%$!5('IH;'('!4H!G%$:H;($$%!

(;4(5&*%!'(5H4OI(!POIN&:=5&=:!&;!4N(!&;4('4&;(D�!\;V(*4!\::=;!II+,1p!AE/MAKED!
!

bH:X(54a!qD!YDa![D!c(5X($&;a!(4!%$D!+,KK-1D!�2%5$O!W=%;4&4%4&J(!%;6!V=;*4&H;%$!6(V&*&(;*O!HV!TU,iM$&f(!

4NO:H*O4('!&;!4N(!ThL!:H='(D�!2=5!q!\::=;H$!Nf+,"1p!"KEKM"KKED!
!

bH:X(54a!qD!YDa![D!c(5X($&;a!(4!%$D!+,KK-1D!�2%5$O!6(V(*4!HV!&::=;H5(9=$%4H5O!P!*($$'!&;!%=4H&::=;(!

6&%X(4('D�!Q!R![*%6!G*&!\\\!`Hk+"1p!,"BM,"KD!
!

bH4Ha!YDa!YD!Y=5%f%^%a!(4!%$D!+"FFK1D!�Y=5&;(!TUP!*($$'!I5H6=*(!PN,/!*O4Hf&;(!&;4(5$(=f&;M""D�!Q($$!

\::=;H$!NhX+"1p!E,ME.D!
!

b5&(^%;fa!UDa!QD!#H5H^'f&a!(4!%$D!+"FF/1D!�cH:H4OI&*!&;4(5%*4&H;'!:(6&%4(6!XO!G$%:V,!%;6!G$%:V-!

5(*(I4H5'!*H;45H$!TUP!*($$!$&;(%9(!6(J($HI:(;4D�!\::=;&4O!NI+B1p!/B,M/-"D!
!

b=:I(5ua!qD!2Da!GD!Y&O%f(a!(4!%$D!+"FF"1D!�8=;*4&H;%$$O!6&'4&;*4!'=X'(4'!HV!QL,6M5('45&*4(6!;%4=5%$!f&$$(5!

P!*($$'!5(J(%$(6!XO!QL,6!4(45%:(5!'4%&;&;9D�!q!23I!Y(6!Hkh+B1p!-"BM-A-D!
!

c%*N(:a!)Da!YD!S&'XH;;(a!(4!%$D!+"FFB1D!�[$IN%M9%$%*4H'O$*(5%:&6(M&;6=*(6!&TUP!*($$'!'=II5(''!

(3I(5&:(;4%$!%$$(59&*!%'4N:%!&;!'(;'&4&u(6!:&*(p!5H$(!HV!\8TM9%::%D�!2=5!q!\::=;H$!`h+,F1p!
"/KAM"EF"D!
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!
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,,A"D!

!
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*($$'!%5(!=;6(5!Pb8MX(4%!*H;45H$D�!#$HH6D!
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!
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!
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!
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!
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!
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!
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)5H*!T%4$![*%6!G*&!w!G![!j`+""1p!E/FEME/,"D!
!
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!
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!
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!
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!
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!
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!
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6&'4&;*4!*O4Hf&;(MI5H6=*&;9!*%I%*&4OD�!#$HH6!Hii+,1p!,,M,-D!
!
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!
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!
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!
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!
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!
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!
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!
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!
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!
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!
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G*&!w!G![!Hif+AF1p!,".BAM,".BED!
!

U5H(;f(a!YD![Da!PD!qD!Q%5$'H;a!(4!%$D!+"FFE1D!�\SM,"M!%;6!\SM"AM:H6=$%4(6!P!*($$'!&;6=*(!6&'4&;*4!4OI('!HV!

2[2!X%'(6!H;!N&'4H$H9Oa!QTG!*N(:Hf&;(!I5HV&$(a!%;6!5('IH;'(!4H!*O4Hf&;(!&;N&X&4&H;D�!q!23I!

Y(6!Nih+/1p!,BABM,B.,D!
!

S%;95&'Na!QD!SDa!{D!QN(;a!(4!%$D!+"FFB1D!�\SM"A!65&J('!%!I%4NH9(;&*!P!*($$!IHI=$%4&H;!4N%4!&;6=*('!

%=4H&::=;(!&;V$%::%4&H;D�!q!23I!Y(6!NiH+"1p!"AAM".FD!
!

S%;4ua!hD!%;6![D!#(;6($%*!+,KK.1D!�[;!&;J%5&%;4!P!*($$!5(*(I4H5!%$IN%!*N%&;!&'!='(6!XO!%!=;&W=(!'=X'(4!

HV!:%]H5!N&'4H*H:I%4&X&$&4O!*H:I$(3!*$%''!\M'I(*&V&*!QL.i!%;6!QL.MEM!P!*($$'!&;!:&*(!%;6!

N=:%;'D�!q!23I!Y(6!Hji+A1p!,FK/M,,F-D!
!
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S%4H=5a!GDa!bD!b&'Na!(4!%$D!+"FF,1D!�R(9=$%4&H;!HV!GS[YM:(6&%4(6!'&9;%$!45%;'6=*4&H;!XO!G[)a!4N(!kM
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!

S%4H=5a!GDa!RD!RH;*%9%$$&a!(4!%$D!+"FFA1D!�#&;6&;9!HV!G[)!Gc"!6H:%&;!4H!8O;P!GcA!6H:%&;!5(J(%$'!%!
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!
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!

S%u%5(J&*a!?Da![D!qD!`=$$Ha!(4!%$D!+"FFK1D!�PN(!9(;(!(;*H6&;9!(%5$O!95H^4N!5('IH;'(!"a!%!4%59(4!HV!4N(!

45%;'*5&I4&H;!V%*4H5!T8[Pa!&'!5(W=&5(6!VH5!4N(!6(J($HI:(;4!%;6!:%4=5%4&H;!HV!;%4=5%$!f&$$(5!P!

*($$'D�!T%4!\::=;H$!Hi+A1p!AF-MA,AD!
!

S((a!)D!PDa!UD!#(;$%9N%a!(4!%$D!+"FF"1D!�L&'4&;*4!V=;*4&H;%$!$&;(%9('!HV!N=:%;!?+%$IN%1".!;%4=5%$!f&$$(5!P!

*($$'D�!q!23I!Y(6!Hkh+B1p!-A/M-.,D!
!

S(N=(;a![Da!hD!S%;4ua!(4!%$D!+,KKE1D!�hJ(5(3I5(''&H;!HV!;%4=5%$!f&$$(5!P!*($$'!I5H4(*4'!?%$IN%,.M!

q%$IN%"E,!45%;'9(;&*!;H;HX('(!6&%X(4&*!:&*(!%9%&;'4!6&%X(4('D�!q!23I!Y(6!Hjj+,F1p!,EA,M
,EAKD!

!

S(&4(ML(MYH5%('a!YD!QDa![D!c%:(9a!(4!%$D!+,KKK1D!�[!6&'4&;*4!\SM,EM&;6=*(6!I%4N^%O!4H!V=$$O!%*4&J%4(!

TU!P!$O:INH*O4('!&;6(I(;6(;4$O!V5H:!PQR!(;9%9(:(;4D�!q!\::=;H$!Hf`+,,1p!BE/,MBE/-D!
!

S(&4(M6(MYH5%('a!YD!QDa![D!c(5X($&;a!(4!%$D!+"FFF1D!�8%'v8%'!$&9%;6!&;4(5%*4&H;'!I5H:H4(!%*4&J%4&H;M

&;6=*(6!*($$!6(%4N!HV!TU!P!$O:INH*O4('D�!q!\::=;H$!Hfh+E1p!.A-/M.A/,D!
!

S(H;%56&a!QDa!RD!Y%4N('H;a!(4!%$D!+"F,"1D!�[;4&M&;4(5$(=f&;M,/!:H;H*$H;%$!%;4&XH6O!&3(f&u=:%X!&;!

*N5H;&*!I$%W=(!I'H5&%'&'D�!T!2;9$!q!Y(6!`ff+,A1p!,,KFM,,KKD!
!

S&a!LD!%;6!kD!TD!k=!+"FFE1D!�TUP!*($$'!&;!c\?M,!&;V(*4&H;D�!Q($$!R('!Hj+E1p!E,/ME""D!
!

S&%;9a!GD!QDa!kD!{D!P%;a!(4!%$D!+"FF-1D!�\;4(5$(=f&;!+\S1M""!%;6!\SM,/!%5(!*H(3I5(''(6!XO!PN,/!*($$'!%;6!

*HHI(5%4&J($O!(;N%;*(!(3I5(''&H;!HV!%;4&:&*5HX&%$!I(I4&6('D�!q!23I!Y(6!Ni`+,F1p!""/,M""/KD!
!

S&9NJ%;&a![D![Da!LD!YD!85=*N4a!(4!%$D!+"FF,1D!�PMX(4!&'!5%I&6$O!&;6=*(6!XO!&;4(5V(5H;M9%::%!&;!$O:INH&6!
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!
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!
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!
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.MI5H6=*&;9!PN!*($$'D�!q!23I!Y(6!HII+.1p!,,KKM,"F.D!
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!
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6&'4&;*4!V5H:!4N(&5!4NO:&*!*H=;4(5I%54'D�!q!\::=;H$!HIk+,F1p!--AFM--A/D!
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!
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!
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!

T%&6(;fHa!hD!?Da!qD!UD!Y%N(5a!(4!%$D!+,KKK1D!�#&;6&;9!%;6!%;4&9(;!I5('(;4%4&H;!HV!*(5%:&6(M*H;4%&;&;9!
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!

T(=V(54a!QDa!QD!#(*f(5a!(4!%$D!+"FF/1D!�\SM"/!*H;45H$'!4N(!6(J($HI:(;4!HV!&;6=*&X$(!5(9=$%4H5O!P!*($$'!
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!
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&;!kS)D�!T%4!Y(6!HH+A1p!A.FMA.BD!
!
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!
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!
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!
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!
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!
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!
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!
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!
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!
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!
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!
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&\;JH$J&;9!%!4NO:='M6(I(;6(;4!TU,D,+M1QL.+i1!QL,6M6(I(;6(;4!I5(*=5'H5!'4%9(D�!q!23I!Y(6!

Hkh+/1p!EABME..D!
!

)($$&**&a!LD!bDa![D!)D!w$65&*Na!(4!%$D!+"FFA1D!�\;45%4NO:&*!TUP!*($$!6(J($HI:(;4!&'!X$H*f(6!XO!4N(!

I5('(;*(!HV!%$IN%M9%$%*4H'O$*(5%:&6(D�!2=5!q!\::=;H$!``+/1p!,E,-M,E"AD!
!

)(;(a!qDa!GD!QN(J%$&(5a!(4!%$D!+"FFE1D!�QN5H;&*%$$O!&;V$%:(6!N=:%;!4&''=('!%5(!&;V&$45%4(6!XO!N&9N$O!

6&VV(5(;4&%4(6!PN,/!$O:INH*O4('D�!q!\::=;H$!Hji+,,1p!/."AM/.AFD!
!

)N%:MPN&a!TDa!qD!6(!#$&*a!(4!%$D!+"FF-1D!�2;N%;*(6!V5(W=(;*O!HV!&::=;H5(9=$%4H5O!&;J%5&%;4!;%4=5%$!
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!
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!
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!

)H5=X'fOa!GDa![D!hD!GI(%fa!(4!%$D!+"FF/1D!�TH5:%$!6(J($HI:(;4!%;6!V=;*4&H;!HV!&;J%5&%;4!;%4=5%$!f&$$(5!

P!*($$'!&;!:&*(!^&4N!&'H9$HXH45&N(3H'O$*(5%:&6(!+&bXA1!6(V&*&(;*OD�!)5H*!T%4$![*%6!G*&!w!G![!

HiX+,.1p!BK//MBKE"D!
!
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!
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!
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!
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!
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!
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5(9=$%4&H;!HV!P!*($$!5('IH;'('D�!\::=;&4O!Hk+B1p!-.,M-..D!
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