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!

5,4%&1+4&!@-,!

D-,21-!;).)=E)!

5)9,!)E+&12,!.&!>,-'&!'&!()*+&9,!'&!./0123&,%2+4!5-,2%!(&%*-,+&%!
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!
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!

O;PQRST6(76D6Q"A!

U&! 3)9',-2%! *)==&1*&,! @-,! ,&=&,*2&,! *#-.&9,&9%&=&1+! 91&! '&! =&%! '&9N! '2,&*+,2*&%! '&!

+#$%&:!;.)+2.'&!"#4,J:!@)9,!=/-3)2,!')114!.-!@)%%2E2.2+4!'&!3&12,!?-2,&!=&%!+,-3-9N!'&!+#$%&!

&1! V,-1*&:! '-1%! *&! =&,3&2..&9N! &1',)2+! 89/&%+! ./<1%+2+9+! ;9,2&W! U&! .-! ,&=&,*2&! @)9,! %-!

*)1?2-1*&!&1!=)2:!@)9,!%)1!2=@.2*-+2)1!'-1%!=)1!@,)I&+:!&+!@)9,!%-!,2>9&9,!%*2&1+2?289&:!%-!

+41-*2+4:!&+!%-!@-%%2)1!@)9,!.-!,&*#&,*#&W!U/-2!E&-9*)9@!-@@,4*24!%)1!&1*-',&=&1+:!&+!@.9%!

@-,+2*9.2$,&=&1+! %-! '2%@)12E2.2+4! &+! %)1! 4*)9+&! X! +)9+!=)=&1+W! U&! .-! ,&=&,*2&! 4>-.&=&1+!

@)9,! -3)2,! *,4&! 91! &132,)11&=&1+! @,)@2*&! -9N! '2%*9%%2)1%! %*2&1+2?289&%:! -9! %&21! '&! %-!

@,)@,&! 4892@&! &+! '&! ./012+4! '&! ,&*#&,*#&:! =-2%! -9%%2! -3&*! '&%! *#&,*#&9,%! 2132+4%W! U&!

,&=&,*2&!+)9+!-9%%2!*#-.&9,&9%&=&1+!7,-Y-!M-@)%):!@)9,!-3)2,!-**&@+4!'/Z+,&!*)['2,&*+,2*&!

'&!=-!+#$%&:!@)9,!%-!@)%2+232+4!&+!%)1!&1+#)9%2-%=&:!@)9,!+)9I)9,%!@-,+->&,!-3&*!=)2!%&%!

*)11-2%%-1*&%!'-1%!.&!3-%+&!')=-21&!'&!.-!E2).)>2&!*&..9.-2,&W!U/-2!E2&1!-@@,4*24!.-!@)%%2E2.2+4!

'/-@@,&1',&!*&++&!?),=2'-E.&!K=-2%!'2??2*2.&!\L!+&*#1289&!89/&%+!.-!=2*,)%*)@2&!4.&*+,)1289&:!

&+!-3)2,!-@@,2%!X!21+&,@,4+&,!*&!89&!I&!3)J-2%!-9!=2*,)%*)@&W!U&!+2&1%!X!.&%!,&=&,*2&,!+)9+&%!

.&%! '&9N! +,$%! @-,+2*9.2$,&=&1+! @)9,! .&9,! %)9+2&1! @&1'-1+! ./4*,2+9,&! '&!=-! +#$%&:! &+! @)9,!

+)9I)9,%!-3)2,!4+4!'/-**),'!&1!*&!892!*)1*&,1-2+!=)1!@,)I&+!]! Y-!-!4+4!91!3,-2!@.-2%2,!@)9,!

=)2!'&!+,-3-2..&,!&+!'/-@@,&1',&!-3&*!&..&%W!

U&! +2&1%! X! ,&=&,*2&,! 4>-.&=&1+! .&%! 4892@&%! '&! ;.)+2.'&! &+! 7,-Y-:! @)9,! .&9,! %)9+2&1! &+! .&%!

'2%*9%%2)1%! -E%).9=&1+! &%%&1+2&..&%! @&1'-1+! *&%! 89-+,&! -114&%! '&! ,&*#&,*#&:! @)9,! .&%!

*)1%&2.%! +&*#1289&%!&+! .-! ?),=-+2)1!-9N!@,)+)*).&%!)9!4892@&=&1+%!14*&%%-2,&%:! -21%2!89&!

@)9,! ./&N*&..&1+&! -=E2-1*&! '-1%! .&%! '&9N! >,)9@&%W! D-+2-%! ^D-+2222222-%_! R%+,)`%a2! K@),!

&1%&b-,=&! +)')!-@&1-%! ..&>94!-.! .-E):!J! *)1+,2E92,!-.! +&%+&)!'&! .)%! .2=2+&%!'&!=2!#2>-')L:!

O1>4.289&!^O1>&.2*-_!C)E,2&!K@)9,!%-3)2,!89&!I&!@)93-2%!+)9I)9,%!*)=@+&,!%9,!+)1!%)9+2&1:!

@)9,!.-!+#$%&!=-2%!-9%%2!%9,!.&!@.-1!@&,%)11&.![!I&!@&1%&!-9N!+,)2%!^7^:!&1+,&!-9+,&%L:!A)@#2&!

^A)@#2+-_! P,9=&2*#! K@)9,! +)1! ,2,&! 89/)1! &1+&1'! &1! E-%! '&! ./&%*-.2&,! &+! .&%! @#)+)%! &+!

#2%+)2,&%! '&! D-&.2+)L:! 7-c.! A9>-1)! K@)9,! .&%! '2%*9%%2)1%! 1)*+9,1&%:! .-! 32%2+&! >92'4&! '&!

./<1%+2+9+! X! =2192+:! &+! ^d! &+! e! */&%+! f_L:! U-=&%! g2>1&,)1! K@)9,! 1)+,&! *)..-E),-+2)1:! &+! .&%!

89&%+2)1%!@,)3)*-+,2*&%!89&! +9!=/-%! +)9I)9,%!@)%4&%:! %9,!=-! +#$%&!)9!=-!32&!#),%! .-E)L:!

T),&1h)!"2E-.'2!K>,-h2&!@&,!@-,.-,&!2+-.2-1)!*)1!=&L:!D)#-=&'!6.!C&#2!K%#)9a,-1\L!&+!U)-11-!

P)`-.!K@)`)'h&12-\L]!792..-9=&!3-1!Q2&.!K@)9,!+)9I)9,%!@,&1',&!.&!+&=@%!'&!=&!=)1+,&,!&+!

=/&N@.289&,:! -3&*! >,-1'&! @-+2&1*&:! &+! @)9,! .&%! E)1%! *)1%&2.%L:! A-E,21-! A2=)&%! K@)9,! 1)%!

'2%*9%%2)1%!+-,'!.&!%)2,L:!D-,J%&!M)=-)!K@)9,!+)9+&!+)1!-2'&!&+!@-+2&1*&!-3&*!.-!*,J)L:!<.%&!

i9,E-21! K@)9,!=&!=)1+,&,! ./2"6DL:!(-12&.&! "&1h-:! ;4',2*!(&.&3)J&:! T&2.-!M)*#21:! V.),2-1&!

D-,%&1%:!O.&%%-1',-!T)!;2*&,):!j-32&,!i&2.2>&1%+&21:!V,-1*&%*-!72),'-1):!;4*2.&!V),+:!T-9,-:!

5+2%%-=:! ;4*2.&kW! <! `)9.'! -.%)! .2a&! +)! +#-1a! (2=-! "&,[R3-1&%J-1:! ?),! #2%! #&.@!`2+#! %)=&!

&N@&,2=&1+%! -1'! E,2&?.J! +-a21>! )3&,! `#2.&! <! `-%! .&-,121>! 6D! 21! 0+,&*#+:! -1'! ?),! #2%!

&1+#9%2-%=!-E)9+!&N)%)=&%W!

<!`2%#!+)!+#-1a!)9,!*)..-E),-+),%!)1!+#2%!@,)I&*+B!T92%!V&,,&2,-[D)2+-! KT2%E)1:!5),+9>-.L! ?),!

@,)32'21>!9%!`2+#! +#&! %#MQO[E&-,21>! .&1+232,9%&%:!`#2*#!`&,&!&%%&1+2-.! +)! +#&! %*,&&1! -1'!
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!

%9E%&89&1+!&N@&,2=&1+%:!-1'!;-+-,21-!V&,,&2,-[D)2+-!?),!+#&!%&89&1*&%!)?!+#&!%#MQOW!O.%):!

<! +#-1a! P,2%+21&! A*#-9&,! K0DMHll:! <1%+2+9+! ;9,2&L! ?),! +&-*#21>! =&! #)`! +)! @&,?),=!

?.9),&%*&1*&!=2*,)%*)@J!89-1+2?2*-+2)1%:!5#2.2@@&!C&1-,)*#!K0feF:!<1%+2+9+!;9,2&L!?),!#&.@?9.!

'2%*9%%2)1%!-1'!-1+2E)'2&%:!Q2*).-%!D-1&.!K0feF:!<1%+2+9+!;9,2&L!?),!+#&!3&,J!9%&?9.!@,)+)*).!

+)!+,-1%'9*&!'&1',2+2*!*&..%:!-1'!6==-19&.!T&!C)9'&,!?),!+&*#12*-.!-'32*&W! <!`2%#!+)!+#-1a!

+#)%&!21!*#-,>&!)?!+#&!<=->21>!V-*2.2+J!-+!;9,2&!?),!+,-2121>!-1'!-'32*&!KT9*2&!A&1>=-123)1>:!

g2*&1+!V,-2%2&,:!&+*WL:!-1'!+#&!+&-*#&,%!)?!+#&!*,J)[6D!*)9,%&!-+!0+,&*#+!D&'2*-.!A*#)).!?),!

%#-,21>!+#&2,!&N+&1%23&!a1)`.&'>&!'9,21>!121&!`)1'&,?9.!'-J%W!

U&! +2&1%! X! ,&=&,*2&,! A&E-%+2-1! O=2>),&1-! K<1%&,=!0feFL! &+! C,91)!7)9'! K;QMA!0DMHllL!

@)9,! =&! @&,=&++,&! '&! @)9,%923,&! =&%! +,-3-9N! '&! +#$%&! -9! %&21! '&! .&9,! 912+4:! '-1%! 91!

&132,)11&=&1+!'&! +,-3-2.! +,$%! *),'2-.! &+! *)..-E),-+2?W! U&! 3)9',-2%!-9%%2! ,&=&,*2&,! .&%! *#&?%!

'/4892@&! @)9,! .&9,%! *)1%&2.%! &+! *)==&1+-2,&%!B! O1-[D-,2-! T&11)1:! 5#2.2@@&! C&1-,)*#:!

Q2*).-%!D-1&.:!g-%%2.2!A)9=&.2%:!R.232&,!T-1+h!&+!@.9%!@-,+2*9.2$,&=&1+!;.-2,&!i23,)hW!U&!%92%!

+,$%! ,&*)11-2%%-1+&! '&! ./-2'&! '9! @&,%)11&.! -'=212%+,-+2?!B! <%-E&..&! C-%%)1! &+! g2,>212&!

C)9,>&)2%:! &+! &1%92+&! R.232&,! C-,,&+:! ;4.21&! C4,-1>&,! &+! 5-+,2*2-! g2,-@21W! U&! +2&1%! -9%%2! X!

,&=&,*2&,! D-,+21&! M)%%&+! @)9,! %/)**9@&,! %2! E2&1! '&! 1)9%:! -21%2! 89/6,2*! T4)1!]! A+4@#-12&!

()>12-9N! &+! ;.-2,&[T2%&! ",9E&,+! @)9,! 3&2..&,! -9! E)1! ?)1*+2)11&=&1+! '9! .-E),-+)2,&:! &+!

V,-1Y)2%[j-32&,! 7)E&,+W! <!`)9.'! .2a&! +)! +#-1a! -..! +#&!=&=E&,%! )?! +#&! %&*)1'! ?.)),! )?! +#&!

5-%+&9,!E92.'21>:!@-%+!-1'!@,&%&1+:!?),!+#&!=)%+!`)1'&,?9.!-+=)%@#&,&!+)!`),a!21!?),!.)1>!

#)9,%W! O! .)%! O,>&1+21)%:! V2),&..-! ^V2)^! P)+%2-%! KJ! V,-1! &! <%-\L:! <>1-*2)! ^Q-*#)^! ;&E,2-1! KJ!

U9.2\L:! D&,*&'&%! ^D&,^! ;-E,212:! O1',4%! O..)-++2:! O,2&.! A-321-! J! +-=E241! O.&I-1',-! ^O.&^!

7-,*m-!;-++-1&):!1)!@),! .)%!=-+&%!@&,)! %2!@),!#-E&,! *)=@-,+2')!=9*#-%!)+,-%! *)%-%!=n%!

2=@),+-1+&%:!89&!=&!#2*2&,)1!%&1+2,!*)=)!&1!*-%-W!O!=&%!3)2%21%!'9!E9,&-9!'&%!4+9'2-1+%!

O,=&..&!^O,=&.2+-_!C)#21&9%+!K@)9,!.&%!?)9%!,2,&%!-3&*!D-,2&:!&+!.-!D)1+->1&L:!O1'J!"&=@&h!

K@)9,!1)%!'2%*9%%2)1%!%9,!.&!?9+9,L:!U&-1[D-,2&!^D-,2)_!;-,@2&,!K1&!@-,%!@-%!+,)@!+-,'!\L:!&+!

D-,2&! ")9,,&+! K@)9,! .&%! ?)9%! ,2,&%! -3&*! O,=&..&L!]! 74,-.'21&! ^7_! g2%&1+21! K@)9,! 1)%!

'2%*9%%2)1%!#),%!.-E):!&+!1)%!4*#-1>&%!>)9,=-1'%L:!6..-!o9&3-:!T92>2-!5-*&!KO..),-\!(-2\L:!62a!

^D2a&_! i)??=-11! K>9+&1! -E&1':! #&,h.2*#&1! >.9*a`91%#! h9=! >&E9,+%+->kL:! M#J%! ^M#J%-_!

O..-1!K+#&!E)N21>!a-1>-,))L:!5-).-!T-,>#2:!R=-,!g23-,:!R.232&,!U)??,&:!U)-)!D->-.#-&%:!6.)'2&!

A&>9,-:!D4.-12&!(9,-1':!P-,21&!;#&=21!K@)9,!+-!>&1+2..&%%&!&+!+&%!*)1%&2.%L:!i&2'2!A*#,&2E&,:!

A-,-! 5-++-321-! K=-! ?9+9,&! E&..&! %)&9,L:! 729.2-! D-%2W! <! -.%)! `2%#! +)! +#-1a! &3&,JE)'J! 21!

T#)=)1':!&%@&*2-..J! <%-E&.!p9%&??! KJ!O1+)12)\L:!C,91-!'&!O.&1*-,:!O'2+2!g-,+#-=-1:!A)@#2-!

D-%*#-.2'2:! O11&! M&3&,%-+:! M-@#-c.! 7-9'21:! -1'! =-1J! )+#&,%! K5-).-:! D-,*&..-:! D4.-12&:!

OJ=&,2*:! U#&2==J:! 5-E.):! kLW! V21-..J:! <! `)9.'! .2a&! +)! +#-1a! &3&,J)1&! 21! +#&! i)%@2+-.:!

@-,+2*9.-,.J! ;-,).21-! D-,+21&h:! ;,2%+21-! 7#2,&..2:! M-@#-c.! o)..21>&,! -1'! D-N2=&! ")9h)+:!

-=)1>!=-1J!)+#&,%W!

U&! +2&1%!X!,&=&,*2&,!4>-.&=&1+! .&%!=&=E,&%!'&!=)1! I9,J!'&!+#$%&!B!O.&N-1',&!C&1=&,-#:!

@)9,!-3)2,!-**&@+4!'&!@,4%2'&,!*&!I9,J:!M&1-9'!T&>)92%!&+!M4=J!A-')9.!@)9,!-3)2,!-**&@+4!.-!

,&%@)1%-E2.2+4! '/Z+,&! ,-@@),+&9,%! '&!=-! +#$%&! K&+! @)9,! .&%! *,2+289&%! *)1%+,9*+23&%!\L:! -21%2!

89&!5-%*-.&!o2==&,=-11!@)9,!Z+,&!&N-=21-+,2*&!'&!=&%!+,-3-9NW!
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!

U&!3)9',-2%!,&=&,*2&,!+)9+!@-,+2*9.2$,&=&1+!./<1%+2+9+!Q-+2)1-.!'9!;-1*&,!K<Q;-L:!@)9,!-3)2,!

?21-1*4!.&%!@,&=2&,%!+,)2%!-1%!'&!=-!+#$%&:!-21%2!89&!.-!V)1'-+2)1!OM;!&+!%&%!')1-+&9,%!@)9,!

.&!?21-1*&=&1+!'&!=-!89-+,2$=&!-114&W!!

01! >,-1'! =&,*2! X! D2*#&.&! 52++&! '&! ./4*).&! ')*+),-.&! 7*F2(:! &+! 72%.-21&! D)1+&E&..)! '&!

./0123&,%2+4! 5-,2%! (&%*-,+&%:! @)9,! +)9+&! .&9,! -2'&! -'=212%+,-+23&! -9! '4,)9.&=&1+! &+! -9!

%)9+2&1!'&!=-!+#$%&W!U/-2!E&-9*)9@!-@@,4*24! ./-%%2%+-1*&!'/6.)'2&!T&;)h!&+!;-,).21&!;.)9&+!

-9!%&,32*&!Mi!'&!;9,2&:!-21%2!89&!*&..&!'&!D,!C&,1-,'!X!./0123&,%2+4!5-,2%!(&%*-,+&%W!

Q)! @9&')! '&I-,! '&! ->,-'&*&,! -! O',2-1-!D-1+&>-hh-:! @),! #-E&,=&! &1%&b-')! +)')! '&%'&!

*)=)!'2%&b-,!#-%+-!*)=)!#-*&,!91!&N@&,2=&1+):!J!@),!#-E&,=&!-J9'-')!-!%&>92,.-!@),!&.!

=91')W!U&!+2&1%!X!,&=&,*2&,!-9%%2!U&-1[T9*!"&2..-9'!@)9,!=/-3)2,!-2'4&!X!,&3&12,!&1!V,-1*&!

-@,$%!'&9N!=)2%!@-%%4%!'-1%!%)1!.-E)!-9N!;),'&.2&,%:!&+!@)9,!+)9+!*&!89&!I/-2!-@@,2%!-3&*!.92W!

C&*-9%&! .2?&! 2%1/+! I9%+! -E)9+! `),a:! <! `)9.'! .2a&! +)! +#-1a! =J! ?,2&1'%:! ).'! -1'! 1&`:! 21!

O,>&1+21-!-1'!5-,2%:!?),!+#&2,!%9@@),+!'9,21>!+#&%&!?)9,!J&-,%W!D-,*&:!5-)!J!D-,2-1:!>,-*2-%!

@),!%2&=@,&!&%+-,!-#m!@),!=-%!89&!1)!#-E.&=)%!+-1!%&>92')!*)=)!'&E24,-=)%\!O>,-'&h*)!-!

=2%!*)=@-b&,)%!'&.!HGH!KJ!'&.!;<RL!@),!+)')!.)!89&!-@,&1'm:!89&!+-1+)!=&!%2,32q!-!.-!#),-!

'&!+,-E-I-,!-*n:!J!-!=2%!-=2>-%!E2q.)>-%!A).:!T-,-:!D-,2-1:!7,2!J!69>&:!&1+,&!=9*#)%!)+,)%!

=-%\! "#-1a! J)9! -.%)! +)! =J! 1&`! K),! 1)+! %)! 1&`L! 5-,2%2-1! ?,2&1'%B! g2*aJ:! (-32':! ;J1+#2-:!

7,&>),:! 792..&,=):! g2*&1+&:! O.&I-1',):! Q-+#-.2&:! T9*2&:! O9,4.2&1:! 79-'-:! &.! @&.-')! -1'!

)+#&,%W! 01! >,-1'! =&,*2! -9N! g&,*-=E,&:! T-..2-! &+! '&! V)1+-212&9:! @)9,! 3)+,&! %)9+2&1! &+!

>414,)%2+4:!&+!@)9,!=/-3)2,!?-2+!%&1+2,!89&!I/-3-2%!91&!?-=2..&!&1!V,-1*&W!V21-.=&1+&:!>,-*2-%!

-!D-,*&!KJ!&.!@21>r21)!^Q)!D),&!;,-hJ!S)=-1_:!89&!+-1+)!=&!#-*&!?-.+-\L!J!V.),!@,2=&,):!J!

C&.9! J! T9! '&%@94%:! @),! %2&=@,&! &%+-,! -#m! *9-1')!1&*&%2+)! 89&!=&!)E.2>9&1! -! %-.2,:! J! @),!

#-E&,=&!#&*#)!@-%-,!+-1+)%!E9&1)%!=)=&1+)%!&1!5-,2%!KJ!)+,)%!.9>-,&%LW!

T)%!s.+2=)%!->,-'&*2=2&1+)%!%)1!@-,-!=2!?-=2.2-:!89&!%2&=@,&!=&!-.&1+q!J!=&!'2)!?9&,h-%!

@-,-! %&>92,! -'&.-1+&:! '&%'&! =2%! +m)%! 89&! 1)! @-,-1! '&! 32%2+-,=&:! #-%+-! =2%! @,2=)%! 89&!

%2&=@,&! =&! &%@&,-1! *)1! .)%! E,-h)%! -E2&,+)%:! @-%-1')! @),! =2%! -E9&.-%! 89&! %2&=@,&! =&!

'2*&1!89&!&%+n1!),>9..)%-%!'&!=2!KJ!=2!-E9&.):!-.!89&!&N+,-b)LW!D-,%:!"&,&:!5-).21&:!M2*#-,'!

J! V,-1! KV,-1'21%aJt! A@2'&,?,-1tLB! +&1>)! %9&,+&! '&! +&1&,! %&=&I-1+&%! #&,=-1)%[*9b-')%[

%)E,21):!J!%-E&,!89&!*9&1+)!*)1!9%+&'&%!@-,-!.)!89&!%&-W!O!=2%!@-',&%:!@),!.-!&'9*-*2q1!J!

.-%!)@),+912'-'&%!89&!=&!#-1!'-'):!@),!*,&&,!&1!=2!J!@),! %2&=@,&!89&,&,! .)!=&I),!@-,-!

=2kW!>,-*2-%\!

!
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!

"OCT6!RV!;RQ"6Q"A!

!

!

!""#$%&!'&()*+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+-+

.&/0#$*+!)1+'!"2$*+2&*'+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+33+

!"*'#!4'+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+35+

#$*06$+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+37+

&)'#(104'&()8888888888888888888888888888888888888,,39+

&:+$;<=<>?=@+AB=C<DE+FGH+IJDD?GC+H?KBGBCB<G+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3-!

"#"$!%&''()(*+!+,-(.!/'!.(0)(+(1!2(23)4*(!5(.&06(.!###############################################################################!"7!

"#8$!9:/./2(.;!<&.+/)&046!0/*.&1()4+&/*.!####################################################################################################!88!

"#8#"!%&.0/5(),!/'!(:/./2(.!##########################################################################################################################################!88!
"#8#8!=&6(.+/*(.!&*!(:/./2(!3&/6/>,!##########################################################################################################################!8?!

"#@$!%('&*&+&/*!/'!(:/./2(.!###############################################################################################################################!8A!

"#@#"!9*1/./246!/)&>&*!#####################################################################################################################################################!8A!
"#@#8!B<,.&046!-)/-()+&(.!##################################################################################################################################################!8A!
"#@#@!BC)&'&04+&/*!-)/+/0/6.!#############################################################################################################################################!8D!
"#@#?!%(+(0+&/*!2(+</1.!###################################################################################################################################################!8E!
"#@#F!=/6(0C64)!0/2-/.&+&/*!/'!(:/./2(.!###############################################################################################################!@8!
4G!B)/+(&*.!#########################################################################################################################################################################!@8!
3G!H&-&1.!#############################################################################################################################################################################!@@!
0G!IC06(&0!40&1.!################################################################################################################################################################!@?!

"#?$!B)/-/.(1!'C*0+&/*.!/'!(:/./2(.!############################################################################################################!@F!

"#?#"!J*+()40+&/*!/'!(:/./2(.!K&+<!)(0&-&(*+!0(66.!###############################################################################################!@F!
"#?#8!LC*0+&/*.!/'!(:/./2(.!###########################################################################################################################################!@D!
96&2&*4+&/*!/'!2/6(0C6(.!')/2!0(66.!#######################################################################################################################!@D!
J22C*(!)(.-/*.(.!########################################################################################################################################################!@E!
B4+</6/>,!###########################################################################################################################################################################!?M!
9:/./2(.!4.!+<()4-(C+&0!4>(*+.!/)!1&4>*/.+&0!+//6.!######################################################################################!?M!

&&+:+6<L?IJLFD+>?IAFGB=>=+<K+MB<N?G?=B=+FGH+=?ID?CB<G+<K+?;<=<>?=+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+77!

8#"$!N<(!(*1/0,+&0!-4+<K4,!###############################################################################################################################!??!

8#"#"!%&''()(*+!2(0<4*&.2.!/'!(*1/0,+/.&.!#############################################################################################################!??!
8#"#8!J*+)40(66C64)!0/2-4)+2(*+.!/'!+<(!(*1/0,+&0!-4+<K4,!###########################################################################!?A!
8#"#@!%&''()(*+!+,-(.!/'!=O9.!0/(:&.+!&*!0(66.!##########################################################################################################!?E!

8#8$!P&/>(*(.&.!/'!(:/./2(.!##############################################################################################################################!F"!

8#8#"!9QRSN$1(-(*1(*+!2(0<4*&.2.!#########################################################################################################################!F"!
9QRSN$M!##############################################################################################################################################################################!F"!
9QRSN$J!###############################################################################################################################################################################!F@!
9QRSN$JJ!#############################################################################################################################################################################!F@!
9QRSN$JJJ!############################################################################################################################################################################!FF!
T00(../),!-)/+(&*.!########################################################################################################################################################!FF!
9QRSN.!4*1!(:/./2(.!#################################################################################################################################################!FD!

8#8#8!9QRSN$&*1(-(*1(*+!2(0<4*&.2.!#####################################################################################################################!F7!
8#8#@!U+<()!2(0<4*&.2.!###################################################################################################################################################!A"!
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!

8#@$!Q(0)(+&/*!/'!(:/./2(.!################################################################################################################################!A8!

8#@#"!R/*.+&+C+&5(!.(0)(+&/*!/)!)(>C64+(1!.(0)(+&/*V!###########################################################################################!A@!
8#@#8!STP!-)/+(&*.!##############################################################################################################################################################!A@!
8#@#@!QITS9!-)/+(&*.!#########################################################################################################################################################!AA!
8#@#?!U+<()!2(0<4*&.2.!###################################################################################################################################################!AE!

!DCBIL?+3+O+$;<=<>?+=?ID?CB<G@+><L?IJLFD+>?IAFGB=>=+FGH+D<L?=+BG+B>>JG?+

D?=P<G=?=!#################################################################################################################################################################!DM!

("Q$4'&%$*+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+R3+

#$*02'*+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+R7+

3S+TD?=?GI?+<K+HBKK?D?GC+=JMP<PJLFCB<G=+<K+U?=BIL?=+BG+3VVWVVV+;+!+P?LL?C=@+#FMXYF:

H?P?GH?GC+FGH+:BGH?P?GH?GC+U?=BIL?=,+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+R7!

QC224),!#################################################################################################################################################################################!E?!
P40W>)/C*1!############################################################################################################################################################################!E?!
S(.C6+.!4*1!1&.0C..&/*!######################################################################################################################################################!EF!
R/*06C.&/*.!############################################################################################################################################################################!ED!

!DCBIL?+X+:+1BU?D=?+=JMP<PJLFCB<G=+<K+U?=BIL?=+=?ID?C?H+ME+HBKK?D?GC+BGCDFI?LLJLFD+

>?IAFGB=>=+FD?+PD?=?GC+BG+?;<=<>?+PD?PFDFCB<G=+<MCFBG?H+ME+HBKK?D?GCBFL+

JLCDFI?GCDBKJNFCB<G!#############################################################################################################################################!E7!

XS+.JGICB<G+<K+$*4#'+I<>P<G?GC=+BG+?;<=<>?+MB<N?G?=B=+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3V3!

QC224),!##############################################################################################################################################################################!"M"!
P40W>)/C*1!#########################################################################################################################################################################!"M"!
S(.C6+.!4*1!1&.0C..&/*!###################################################################################################################################################!"M8!
R/*06C.&/*.!#########################################################################################################################################################################!"M?!

!DCBIL?+5+:+$*4#'=+HBKK?D?GCBFLLE+><HJLFC?+?;<=<>?+MB<N?G?=B=W+I<>P<=BCB<G+FGH+

=?ID?CB<G+BG+6Z4+ILF==+&&:?;PD?==BGN+I?LL=!#########################################################################################!"MF!

5S+.JGICB<G+<K+<CA?D+><L?IJL?=W+?=P?IBFLLE+*)!#$+PD<C?BG=W+BG+?;<=<>?+MB<N?G?=B=+<D+

=?ID?CB<G+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+377!

4G!QITS9.!4*1!/+<()!2/6(0C6(.!####################################################################################################################!"??!

QC224),!##############################################################################################################################################################################!"??!
P40W>)/C*1!#########################################################################################################################################################################!"??!
=4+()&46.!4*1!2(+</1.!##################################################################################################################################################!"?A!
S(.C6+.!4*1!1&.0C..&/*!###################################################################################################################################################!"?A!
R/*06C.&/*!###########################################################################################################################################################################!"?7!

3G!STPF!&./'/)2.!################################################################################################################################################!"F8!

QC224),!##############################################################################################################################################################################!"F8!
P40W>)/C*1!#########################################################################################################################################################################!"F8!
=4+()&46.!4*1!2(+</1.!##################################################################################################################################################!"F8!
S(.C6+.!4*1!1&.0C..&/*!###################################################################################################################################################!"FF!
R/*06C.&/*!###########################################################################################################################################################################!"FA!

1&*40**&()88888888888888888888888888888888888888,,,3[R+

3S+TD?=?GI?+<K+HBKK?D?GC+=JMP<PJLFCB<G=+<K+?;<=<>?=+BG+3VVWVVV+;+!+P?LL?C=@+#FMXYF:

H?P?GH?GC+FGH+:BGH?P?GH?GC+U?=BIL?=+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3[-!

"#"!X(+()/>(*(&+,!/'!(:/./2(.!#####################################################################################################################!"F7!

"#8!BC)&'&04+&/*!+(0<*&YC(.!4*1!(:/./2(!.C3-/-C64+&/*.!###############################################################!"A8!

"#@!9:/./246!-)/+(&*!(*)&0<2(*+!4*1!(:/./246!24)W().!###############################################################!"A@!

XS+.JGICB<G+<K+$*4#'+I<>P<G?GC=+BG+?;<=<>?+MB<N?G?=B=+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+39[!

8#"!9:/./2(!.C3-/-C64+&/*.!.(0)(+(1!3,!X(H4$RJJNT!0(66.!#############################################################!"AD!
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!

8#8!9QRSN!-)/+(&*.!4*1!(:/./2(!.C3-/-C64+&/*.!###############################################################################!"A7!

8#@!9''(0+!/'!THJZ!&*546&14+&/*!/*!=XR!064..!JJ!6(5(6.!4*1!./)+&*>!#################################################!"DM!

5S+.JGICB<G+<K+FHHBCB<GFL+><L?IJL?=+BG+?;<=<>?+MB<N?G?=B=+<D+=?ID?CB<G+,,,,,,,,,,,,,,,,,,,,,,,+3YX!

@#"!QITS9.!#############################################################################################################################################################!"D8!

@#8!U+<()!2/6(0C6(.!############################################################################################################################################!"D@!

@#@!STPF!&./'/)2.!##############################################################################################################################################!"DF!

7S+T?D=P?ICBU?=+FGH+I<GILJ=B<G=+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3Y9!

#$.$#$)4$*+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3Y-+

!TT$)1&\+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3-7+

!TT$)1&\+&+,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,+3-7!

!
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!

OCCM6g<O"<RQA!

!

O;#6! ! O*&+J.*#).21&%+&,-%&!

OT<j! ! OT7[F!21+&,-*+21>!@,)+&21!

C<7! ! C,&?&.'21!O[21#2E2+&'!>9-121&!19*.&)+2'&!&N*#-1>&!@,)+&21!

CD(;! ! C)1&!=-,,)`['&,23&'!'&1',2+2*!*&..!

CAO! ! C)321&!%&,9=!-.E9=21!

;iD5!!!!!!!!!!!!!!!;#-,>&'!=9.+23&%2*9.-,!E)'J!@,)+&21!

(;! ! (&1',2+2*!*&..!

(7PO! ! (2-*J.!>.J*&,).!a21-%&!α!

6Cg! ! 6@%+&21[C-,,!32,9%!

67V! ! 6@2'&,=-.!>,)`+#!?-*+),!

67VM! ! 67V!,&*&@+),!

6D! ! 6.&*+,)1!=2*,)%*)@J!

6A;M"! ! 61')%)=-.!%),+21>!*)=@.&N!,&892,&'!?),!+,-1%@),+!

VO;A! ! V.9),&%*&1*&[!-*+23-+&'!*&..!%),+&,!

V-%T! ! V-%!.2>-1'!

7O5! ! 7"5-%&[-*+23-+21>!@,)+&21!

76V! ! 79-121&!19*.&)+2'&!&N*#-1>&!?-*+),!

7D[;AV! 7,-19.)*J+&[=)1)*J+&!*).)1J!%+2=9.-+21>!?-*+),!

70g! ! 72-1+!912.-=&..-,!3&%2*.&!

iA;uG! ! i&-+!%#)*a!@,)+&21!*)>1-+&!uG!

<VQ[γ! ! <1+&,?&,)1[γ!

<T[l! ! <1+&,.&9a21!l!

<Tg! ! <1+,-.9=&1-.!3&%2*.&!

TOD5! ! TJ%)%)=-.[-%%)*2-+&'!=&=E,-1&!@,)+&21!

TC5O! ! TJ%)E2%@#)%@#-+2'2*!-*2'!

D?>&v! ! D2.a!?-+!>.)E9.&![!&@2'&,=-.!>,)`+#!?-*+),!v!

Di;! ! D-I),!#2%+)*)=@-+2E2.2+J!*)=@.&N!

=2MQO!! =2*,)MQO!

=MQO! ! =&%%&1>&,!MQO!

Dg6! ! D9.+23&%2*9.-,!&1')%)=&!

QP! ! Q-+9,-.!a2..&,!

QA;T;! ! Q)1!%=-..!*&..!.91>!*-,*21)=-!

RgO! ! R3-.E9=21!

5CA! ! 5#)%@#-+&[E9??&,&'!%-.21&!!

56! ! 5#)@%#-+2'J.!&+#-1).-=21&!

5VO! ! 5-,-?),=-.'&#J'&!

5T(! ! 5#)%@#).2@-%&!(!

5T5! ! 5,)+&).2@2'!@,)+&21!
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!

%2MQO! ! %=-..!21+&,?&,&1*&!MQO!

%#MQO!! %=-..!#-2,@21!MQO!

AQOM6!! A).9E.&!QAV!-++-*#=&1+!@,)+&21!

A"OD! ! A2>1-.!+,-1%'9*21>!-'-@+),!=).&*9.&!

A"j! ! AJ1+-N21!

";M! ! "!*&..!,&*&@+),!

";"5! ! ",-1%*,2@+2)1-..J!*)1+,)..&'!+9=),!@,)+&21!

"?M! ! ",-1%?&,,21!,&*&@+),!

"QVMH! ! "QV!,&*&@+),!H!

+MQO! ! +,-1%?&,!MQO!

"A7HGH! "9=),!%9%*&@+2E2.2+J!>&1&!HGH!

0C(! ! 0E2892+21!E21'21>!')=-21!

gOD5! ! g&%2*9.-,[-%%)*2-+&'!=&=E,-1&!@,)+&21!

g@%! ! g-*9).-,!@,)+&21!%),+21>!
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!

V<70M6A!OQ(!"OCT6A!T<A"!

!

!

V<70M6!H!w!(2??&,&1+!+J@&%!)?!3&%2*.&%!,&.&-%&'!EJ!*&..%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Hv!

"OCT6!H![!5#J%2*)*#&=2*-.!*#-,-*+&,2%+2*%!)?!'2??&,&1+!+J@&%! )?!%&*,&+&'!3&%2*.&%W!WWWWWWWWWWWWWWWWWWWWWWW!FG!

V<70M6!F!w!6N)%)=&%!-1'!=2*,)3&%2*.&%!EJ!&.&*+,)1!=2*,)%*)@J!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!FH!

V<70M6!e!w!(2%*)3&,J!)?!&N)%)=&%!%&*,&+&'!EJ!,&+2*9.)*J+&%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Fe!

V<70M6!l!w!5,)+&21!*)=@)%2+2)1!)?!&N)%)=&%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!eH!

V<70M6!x!w!M).&%!)?!+9=),['&,23&'!&N)%)=&%!21!+#&!@,)=)+2)1!)?!+9=),%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!ef!

V<70M6!d!w!D&*#-12%=%!)?!&1')*J+)%2%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!le!

V<70M6!u!w!"#&!&1')*J+2*!@-+#`-JW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!lx!

V<70M6!v!w!;#-1>&%!21!@,)+&21!-1'!.2@2'!*)1+&1+!-=)1>!*)=@-,+=&1+%!)?!+#&!&1')*J+2*!@-+#`-JW!W!lu!

V<70M6!f!w!"#&!6A;M"!@-+#`-JW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!xG!

V<70M6!HG![!<13).3&=&1+!)?!6A;M"!@,)+&21%!21!'2??&,&1+!*&..9.-,!@,)*&%%&%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!xF!

V<70M6!HH!w!"#&!6A;M"!=-*#21&,JW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!xl!

"OCT6!F!w!6A;M"!*)=@.&N!@,)+&21%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!xd!

V<70M6!HF!w!T)*-+2)1!)?!M-E!@,)+&21%!21!21+,-*&..9.-,!*)=@-,+=&1+%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!dl!

V<70M6!He!w!V),=-+2)1!)?!+#&!AQOM6!*)=@.&N!'9,21>!3&%2*.&!')*a21>!-1'!?9%2)1W!WWWWWWWWWWWWWWWWWWWWWWWWWWWW!du!

V<70M6!Hl![!Q)!=)'9.-+2)1!)?!&N)%)=&!%&*,&+2)1!EJ!+#&!21-*+23-+2)1!)?!=&=E&,%!)?!+#&!AQOM6!

?-=2.JW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Hlx!

V<70M6!Hx![!7&1&%!?,)=!+#&!AQOM6!?-=2.J!Ky[AQOM6L!2'&1+2?2&'!-%!21'9*21>!'2%*,&@-1+!&??&*+%!)1!

&N)%)=&!%&*,&+2)1!`#&1!21-*+23-+&'W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Hlu!

V<70M6!Hd![!D)'9.-+2)1!)?!&N)%)=&!%&*,&+2)1!EJ!=&=E&,%!)?!+#&!AQOM6!?-=2.J!-%!&32'&1*&'!EJ!+#&!

%*,&&121>!)?!-!.2E,-,J!)?!%#MQOW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Hlv!

V<70M6!Hu![!7&1&%!2'&1+2?2&'!-%!1)+!=)'9.-+21>!&N)%)=&!%&*,&+2)1!KOL:!),!21'9*21>!'2%*,&@-1+!

&??&*+%!)1!&N)%)=&!%&*,&+2)1!`#&1!21-*+23-+&'!KCLW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!HxG!

V<70M6!Hv![!D)'9.-+2)1!)?!&N)%)=&!%&*,&+2)1!EJ!>&1&%!-%!&32'&1*&'!EJ!+#&!%*,&&121>!)?!-!.2E,-,J!)?!

%#MQOW!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!HxH!

V<70M6!Hf![!(2??&,&1+2-.!&??&*+%!)?!MOCx!2%)?),=%!)1!&N)%)=&!%&*,&+2)1W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Hxl!
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"OCT6!e![!A9==-,J!)?!%+9'2&%!%#)`21>!+#&!#&+&,)>&1&2+J!)?!&N)%)=&%W!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!HdH!

"OCT6!l![!%#MQO!A6y06Q;6A!WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!Hfl!
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OCA"MO;"!

6N)%)=&%!-,&!%=-..!=&=E,-1&!3&%2*.&%!`2+#!%2h&%!,-1>21>!?,)=!eG!+)!HGG!1=!21!'2-=&+&,:!

`#2*#!-,&!?),=&'!21!=9.+23&%2*9.-,!&1')%)=&%!-1'!%&*,&+&'!EJ!=)%+!*&..!+J@&%W!Q9=&,)9%!

%+9'2&%!#-3&!?)*9%&'!)1!+#&!E2)@#J%2*-.!-1'!E2)*#&=2*-.!@,)@&,+2&%!)?!&N)%)=&%:!-%!`&..!-%!

+#&!=&*#-12%=%!)?!E2)>&1&%2%!-1'!%&*,&+2)1!)?!+#&%&!3&%2*.&%W!i)`&3&,:!+#&%&!-%@&*+%!-,&!

1)+!?9..J!91'&,%+))':!`#2*#!.2=2+%!+#&!-1-.J%2%!)?!+#&!?91*+2)1%!)?!&N)%)=&%!21!323)W!O+!.&-%+!

+`)!=&*#-12%=%!#-3&!E&&1!@,)@)%&'! ?),! +#&!E2)>&1&%2%!)?!&N)%)=&%B!)1&!`)9.'! ,&.J!)1!

+#&! ?91*+2)1!)?!@,)+&21%! 213).3&'! 21!&1')%)=-.! %),+21>:! +#&!6A;M"! ?-=2.J! K?),! ^&1')%)=-.!

%),+21>! *)=@.&N! ,&892,&'! ?),! +,-1%@),+_LW! O1)+#&,! =&*#-12%=! `)9.'! E&! 21'&@&1'&1+! )?!

+#&2,!-*+232+JW!R1*&!&N)%)=&%!-,&!?),=&'!21!&1')%)=&%:!+#&2,!%&*,&+2)1!,&892,&%!+#&!%=-..!

7"5-%&!MOCFuO:!-%!%#)`1!21!-!#9=-1!*&..!.21&W!

"#&!)EI&*+23&!)?!=J!5#(!@,)I&*+!`-%! +)!>-21! 21%2>#+%! 21+)! +#&!=).&*9.-,!=&*#-12%=%! +#-+!

',23&!&N)%)=&!E2)>&1&%2%!-1'!%&*,&+2)1W!O!?2,%+!%+9'J!@&,?),=&'!+)!-1-.Jh&!+#&!?91*+2)1!)?!

M-EFu-! 21! =9,21&! *&..%! -..)`&'! =&! +)! %#)`! +#&! &N2%+&1*&! )?! '2??&,&1+! @)@9.-+2)1%! )?!

&N)%)=&%:!'&@&1'&1+!),!1)+!)1!M-EFu-! ?),! +#&2,! %&*,&+2)1W!O! %&*)1'!%+9'J!`-%!-2=&'!-+!

-1-.Jh21>! +#&! 213).3&=&1+! )?! 6A;M"! @,)+&21%! 21! &N)%)=&! E2)>&1&%2%! 21! i&T-[;<<"O! *&..%W!

A&3&1! =).&*9.&%! @)+&1+2-..J! 213).3&'! 21! +#2%! @,)*&%%! `&,&! 2'&1+2?2&'! )1! +#&! E-%2%! )?! +#&!

%*,&&121>!)?!-1!MQO!21+&,?&,&1*&!.2E,-,J!'2,&*+&'!->-21%+!+#&!'2??&,&1+!6A;M"!@,)+&21%B!+#&!

21-*+23-+2)1!)?!iMA:!A"ODH!-1'!"A7HGH!21'9*&'!-!'&*,&-%&!21!&N)%)=&!%&*,&+2)1:!`#&,&-%!

+#&!')`1,&>9.-+2)1!)?!;iD5l;:!g5AlC:!g"OH!-1'!OT<j!21*,&-%&'!2+W!7&1&!&N@,&%%2)1!)?!+#&!

'2??&,&1+! *-1'2'-+&! @,)+&21%! `-%! 21#2E2+&'! -1'! &N)%)=&%! %&*,&+&'! EJ! +#&%&! *&..%! `&,&!

-1-.Jh&'B!`&!%#)`&'!+#&!#&+&,)>&1&2+J!)?!+#&!%&*,&+&'!3&%2*.&%:!-%!`&..!-%!-1!-.+&,-+2)1!)?!

+#&2,! %2h&! -1'! @,)+&21! *)=@)%2+2)1:! -%! *)=@-,&'! +)! *)1+,).! *&..%W! <1! @-,+2*9.-,:! +#&!

21-*+23-+2)1!)?!OT<j!21'9*&'!-1!21*,&-%&!21!+#&!%&*,&+2)1!)?!.-,>&,!3&%2*.&%:!-1'!+#&!%&.&*+23&!

&1,2*#=&1+! )?! +#&%&! 3&%2*.&%! 21!Di;! *.-%%! <<! =).&*9.&%W! O**),'21>.J:! <! %#)`&'! +#-+! E)+#!

i&T-[;<<"O! -1'! #9=-1! @,2=-,J! '&1',2+2*! *&..%! 21-*+23-+&'! ?),! OT<j! @)%%&%%! -! #2>#&,!

&N@,&%%2)1!)?!Di;!*.-%%!<<!=).&*9.&%!-+!+#&!*&..!%9,?-*&!-1'!21!21+,-*&..9.-,!*)=@-,+=&1+%W!

"#&%&!,&%9.+%!%9>>&%+!+#-+!%)=&!=&=E&,%!)?!+#&!6A;M"!?-=2.J!-,&!213).3&'!21!+#&!&N)%)=&!

E2)>&1&%2%!-1'!%&*,&+2)1!@-+#`-J:!-1'!@,)@)%&!-!@)+&1+2-.!,).&!)?!OT<j!21!+#&!+,-??2*a21>!)?!

Di;!*.-%%!<<!=).&*9.&%!-1'!21!+#&!=)'9.-+2)1!)?!+#&!@,)+&21!*)=@)%2+2)1!)?!&N)%)=&%W!
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M6A0D6!

T&%!&N)%)=&%!%)1+!'&%!34%2*9.&%!=&=E,-1-2,&%!'&!eG!X!HGG!1=!'&!'2-=$+,&:!?),=4&%!'-1%!

.&%! &1')%)=&%! =9.+234%2*9.-2,&%! &+! %4*,4+4&%! @-,! .-! @.9@-,+! '&%! *&..9.&%W! T&%! @,)@,24+4%!

E2)@#J%289&%! &+! E2)*#2=289&%! '&%! &N)%)=&%! -21%2! 89&! .&%! =4*-12%=&%! @&,=&++-1+! .&9,!

E2)>41$%&!&+!%4*,4+2)1!)1+!?-2+!./)EI&+!'&!1)=E,&9%&%!4+9'&%W!;&@&1'-1+:!*&%!'&,12&,%!%)1+!

&1*),&!=4*)119%:! .2=2+-1+! .z-1-.J%&! '&%! ?)1*+2)1%! '&%! &N)%)=&%! !"# $!$%W! O9!=)21%! '&9N!

=4*-12%=&%! )1+! 4+4! @,)@)%4%! @)9,! .-! E2)>41$%&! '&%! &N)%)=&%!B! 91! =4*-12%=&!!!

14*&%%2+&,-2+!./-*+2)1!'&!@,)+421&%!2=@.2894&%!'-1%!.&!+,2!&1')%)=-.:!.&%!6A;M"!K{!&1')%)=-.!

%),+21>!*)=@.&N!,&892,&'!?),!+,-1%@),+!|LW!01!-9+,&!=4*-12%=&!%&,-2+! 21'4@&1'-1+!'&! .&9,!

?)1*+2)1W! T-! %4*,4+2)1! '&%! &N)%)=&%:! 91&! ?)2%! >414,4%! '-1%! .&%! &1')%)=&%:! ,&892&,+! .-!

@&+2+&!7"5-%&:!M-EFu-:!*)==&!=)1+,4!'-1%!91!=)'$.&!*&..9.-2,&!#9=-21W!

D&%!+,-3-9N!'&!+#$%&!)1+!@),+4!%9,!./4+9'&!'&%!=4*-12%=&%!=).4*9.-2,&%!2=@.2894%!'-1%!.-!

E2)>41$%&!&+! .-!%4*,4+2)1!'&%!&N)%)=&%W!01&!@,&=2$,&!4+9'&!32%-1+!X!-1-.J%&,! .-! ?)1*+2)1!

'&! M-EFu-! '-1%! '&%! *&..9.&%! =9,21&%:! =/-! @&,=2%! '&! =&++,&! &1! 432'&1*&! ./&N2%+&1*&! '&!

'2??4,&1+&%! @)@9.-+2)1%! '/&N)%)=&%:! ')1+! .-! %4*,4+2)1! '4@&1'! )9! 1)1! '&! M-EFu-W! 01&!

'&9N2$=&!4+9'&!-!&9!@)9,!)EI&*+2?!'/-1-.J%&,!./2=@.2*-+2)1!'&%!6A;M"!'-1%!.-!E2)>41$%&!'&%!

&N)%)=&%! '-1%! '&%! *&..9.&%! i&T-! ;<<"OW! T&! *,2E.->&! '/91&! .2E,-2,2&! '/OMQ! '/21+&,?4,&1*&!

'2,2>4%! *)1+,&! .&%! '2??4,&1+&%! @,)+421&%! 6A;M":! -! @&,=2%! ./2'&1+2?2*-+2)1! '&! u! =).4*9.&%!

@)+&1+2&..&=&1+! 2=@.2894&%! '-1%! *&++&! 3)2&!B! iMA:! A"ODH:! "A7HGH:! .&9,! 21-*+23-+2)1!

21'92%-1+! .-! '2=219+2)1! '&! .-! %4*,4+2)1! '&%! &N)%)=&%W! T/21-*+23-+2)1! '&! ;iD5l;:! g5AlC:!

g"OH!&+!OT<j:!-9!*)1+,-2,&:! ./-9>=&1+&W!T/21#2E2+2)1!'&! ./&N@,&%%2)1!'&!*&%!*-1'2'-+%!%9232&!

'&!./-1-.J%&!'&%!&N)%)=&%!%4*,4+4%!-!'4=)1+,4!./#4+4,)>4142+4!'&%!34%2*9.&%!%4*,4+4&%:!&+!

91&!=)'2?2*-+2)1! '&! .&9,! +-2..&! &+! '&! .&9,! *)=@)%2+2)1! @,)+4289&! @-,! ,-@@),+! -9N! *&..9.&%!

*)1+,}.&W! 5.9%! @-,+2*9.2$,&=&1+:! ./21-*+23-+2)1! '/OT<j! 21'92+! 91&! -9>=&1+-+2)1! '&! .-!

%4*,4+2)1! '~&N)%)=&%! '&! @.9%! >,-1'&! +-2..&:! &+! ./&1,2*#2%%&=&1+! %4.&*+2?! &1! =).4*9.&%! '&!

;Di!'&!*.-%%&!<<W!61!-**),':!I/-2!=)1+,4!89&!.&%!*&..9.&%!21-*+234&%!@)9,!OT<j:!-9%%2!E2&1!'&%!

*&..9.&%!i&T-!89&!'&%!*&..9.&%!'&1',2+289&%!#9=-21&%!)1+!91&!@.9%!?),+&!&N@,&%%2)1!'&!;Di!

'&!*.-%%&!<<!X!.-!%9,?-*&!&+!'-1%!'&%!*)=@-,+2=&1+%!21+,-*&..9.-2,&%W!;&%!,4%9.+-+%!%9>>$,&1+!

./2=@.2*-+2)1!'&!*&,+-21%!=&=E,&%!'&!.-!?-=2..&!6A;M"!'-1%!.-!3)2&!'&!E2)>&1$%&!&+!%4*,4+2)1!

'&%!&N)%)=&%:!-21%2!89/91!,}.&!@)+&1+2&.!'/O.2N!'-1%!.&!+,-?2*!'&%!=).4*9.&%!;Di!'&!*.-%%&!<<:!

&+!'-1%!.-!=)'9.-+2)1!'&!.-!*)=@)%2+2)1!@,)+4289&!'&%!&N)%)=&%W!
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<Q"MR(0;"<RQ!

!

D9.+2*&..9.-,!),>-12%=%!-,&!*)=@.&N!&1+2+2&%! +#-+!#-3&!'&3&.)@&'!3-,2)9%!*&..9.-,! .21&->&%!

+)! -*#2&3&! +#&! '23&,%2+J! )?! E2).)>2*-.! ?91*+2)1%W! ;&..%! 91'&,>)! '232%2)1:! '2??&,&1+2-+2)1:!

-@)@+)%2%:! -1'! @&,?),=! %@&*2?2*! +-%a%! K%9*#! -%! -1+2>&1! @,&%&1+-+2)1! EJ! 2==91&! *&..%:!

@2>=&1+! @,)'9*+2)1! EJ! =&.-1)*J+&%:! &+*WL! 21! -! #2>#.J! ,&>9.-+&'! ?-%#2)1W! <1+&,*&..9.-,!

*)==912*-+2)1!-..)`%!+#&!*)),'21-+2)1!)?!%9*#!?91*+2)1%:!-1'!+#2%!*)1%+2+9+&%!+#&!E-%2%!)?!

'&3&.)@=&1+:! +2%%9&! #)=&)%+-%2%! -1'! ,&@-2,:! -1'! 2==912+J! -=)1>! )+#&,%W! <+! 213).3&%!

=).&*9.-,! =&'2-+),%:! %)=&! )?! `#2*#! =9%+! E&! ,&*)>12h&'! EJ! %@&*2?2*! ,&*&@+),%! 21! +#&!

,&*2@2&1+!*&..!21!),'&,!+)!21'9*&!-!=)'2?2*-+2)1!)?!2+%!@#J%2).)>2*-.!%+-+&W!;&..%!*-1!&N*#-1>&!

21?),=-+2)1!32-!'2,&*+!*&..[+)[*&..!*)1+-*+:!EJ!=&-1%!)?!>-@!I91*+2)1%!K21+&,*&..9.-,!*#-11&.%!

+#-+! -..)`! +#&! @-%%->&! )?! 2)1%! -1'! %=-..! =&+-E).2+&%L:! 1&9,)1-.! %J1-@%&%! ),! 2==91&!

%J1-@%&%! K#2>#.J! ),>-12h&'! %+,9*+9,&%! +#-+! -%%&=E.&! -+! +#&! h)1&! )?! *)1+-*+! E&+`&&1!

2==91&!*&..%LW!O.+&,1-+23&.J:! *)==912*-+2)1!*-1!)**9,! 32-!=).&*9.-,!=&%%&1>&,%! +#-+!-,&!

,&.&-%&'!21!+#&!&N+,-*&..9.-,!=2.2&9!-1'!=9%+!+,-3&.!+)!&1*)91+&,!+#&!,&*2@2&1+!*&..W!A).9E.&!

=).&*9.&%! #-3&! E&&1! &N+&1%23&.J! %+9'2&'! 21! +#2%! *)1+&N+:! 21*.9'21>! #),=)1&%:! >,)`+#!

?-*+),%:!1&9,)+,-1%=2++&,%:!*J+)a21&%!-1'!*#&=)a21&%W!!

!

D),&! ,&*&1+.J:! %&3&,-.! ,&%&-,*#! >,)9@%! #-3&! 91*)3&,&'! -1)+#&,! +J@&! )?! =&%%&1>&,%!

E&+`&&1!*&..%W!(2??&,&1+!*&..!+J@&%!,&.&-%&!3&%2*.&%!+)!+#&!&N+,-*&..9.-,!%@-*&B!+#&J!*)1%2%+!)?!

%=-..! 3).9=&%! )?! *J+)%).! &1*.)%&'! EJ! -! .2@2'! E2.-J&,W! "#&! +J@&%! )?! 3&%2*.&%! +#-+! =-J! E&!

,&.&-%&'! '&@&1'! )1! +#&! *&..! +J@&! -1'! 2+%! @#J%2).)>2*-.! %+-+&! K'2??&,&1+2-+2)1:! -*+23-+2)1:!

+,-1%?),=-+2)1:! %+,&%%LW!O+! ?2,%+:!=&=E,-1&!3&%2*.&%!`&,&!*)1%2'&,&'!-%!*&..!'&E,2%!),!-%!-!

*)1%&89&1*&! )?! *&..! '&-+#! K;#-++&,I&&! -1'! P2=:! Hfuu]! (&! C,)&! &+! -.W:! HfuuLW! <+! 2%! )1.J!

,&*&1+.J! +#-+! +#&%&! &.&=&1+%:! 21*.9'21>! &*+)%)=&%:! =2*,)3&%2*.&%:! @,)%+-%)=&%:! -1'!

&N)%)=&%! #-3&! %+-,+&'! +)! E&! ,&>-,'&'! -%!=&'2-+),%! )?! 21+&,*&..9.-,! *)==912*-+2)1%! 21! -!

3-,2&+J!)?!+2%%9&%:!-%!?9,+#&,!,&%&-,*#!#-%!,&3&-.&'!-!%&,2&%!)?!2=@),+-1+!?91*+2)1%!+#-+!+#&%&!

1-1)=&+&,[%2h&'! %+,9*+9,&%! =2>#+! *-,,J! )9+W! <1! @-,+2*9.-,! =-1J! '2??&,&1+! ?91*+2)1%! #-3&!

E&&1! -++,2E9+&'! +)! &N)%)=-.! 3&%2*.&%! -1'! &3&1! +#&,-@&9+2*-.! %+,-+&>2&%! %+-,+! +)! E&!

'&3&.)@&'!&N@.)2+21>!&N)%)=&%W!!
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<1!+#&!@-%+!+#2,+J!J&-,%!)9,!a1)`.&'>&!)?!&N)%)=&%!#-%!*)1%2'&,-E.J!>,)`1:!-.+#)9>#!=-1J!

-%@&*+%! )?! +#2%! 1&`! -1'! &N*2+21>! ?2&.'! )?! ,&%&-,*#! %+2..! ,&=-21! &.9%23&W! 5-,+2*9.-,.J:! +#&!

@#J%2).)>2*-.!,&.&3-1*&!)?!&N)%)=&%!!"#$!$%!2%!1)`-'-J%!91a1)`1:!%21*&!+#&!-1%`&,!+)!+#2%!

89&%+2)1!,&892,&%!-!'&+-2.&'!a1)`.&'>&!)?!+#&!=&*#-12%=%!-1'!=).&*9.-,!&??&*+),%!213).3&'!

21! +#&! &N)%)=&! %&*,&+2)1! @-+#`-JW! S&! #-3&! +#9%! ?)*9%&'! )9,! `),a! )1! +#&! =).&*9.-,!

=&*#-12%=%! +#-+! .&-'! +)! +#&! E2)>&1&%2%! -1'! +#&! %&*,&+2)1! )?! &N)%)=&%W! "#2%!`2..! @,)32'&!

+)).%! +)!E&++&,! *)1+,).! &N)%)=&! %&*,&+2)1!EJ! *&..%! -1'! +#&,&EJ!-..)`! %*2&1+2%+%! +)!91,-3&.!

+#&!?91*+2)1K%L!)?!&N)%)=&%!,&.&-%&'!91'&,!@#J%2).)>2*-.!*)1'2+2)1%W!

!

<!`2..!%+-,+!EJ!'&%*,2E21>!+#&!'2??&,&1+!+J@&%!)?!&N+,-*&..9.-,!3&%2*.&%!+#-+!*-1!E&!%&*,&+&'!EJ!

*&..%W!<!`2..!+#&1!?)*9%!)1!+#&!*9,,&1+!a1)`.&'>&!)?!&N)%)=&%:!?,)=!+#&2,!'2%*)3&,J!+)!+#&2,!

E2)@#J%2*-.! -1'! E2)*#&=2*-.! *#-,-*+&,2%+2*%:! 21*.9'21>! -1! )3&,32&`! )?! +#&! 2%).-+2)1! -1'!

'&+&*+2)1! =&+#)'%! `&! '2%@)%&! )?! +)'-JW! <! `2..! +#&1! @,&%&1+! +#&! '2??&,&1+! 21+,-*&..9.-,!

&??&*+),%!+#-+!#-3&!E&&1!.21a&'!+)!+#&!E2)>&1&%2%!-1'!+#&!%&*,&+2)1!)?!&N)%)=&%W!

!
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!

!"#$%&'(')'*+,,-.-/0'012-3'4,'5-3+67-3'.-7-83-9':1'6-773;''

"#$%$&'%!()'!*$)&'+!,-!&./0,1'%,2./()!'-+$%$&'%!34!,-5()+!3.++,-6!$*!07'!/,&,0,-6!&'&3)(-'8!

(-+! ()'! %'2)'0'+! 34! *.%,$-! $*! 07'%'! 2$&9()0&'-0%! 5,07! 07'! 9/(%&(! &'&3)(-':! 07,%! 2(.%'%!
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Diverse subpopulations of vesicles
secreted by different intracellular
mechanisms are present in exosome
preparations obtained by differential
ultracentrifugation
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Graça Raposo1,3 and Clotilde Théry1,2*
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Exosomes are extracellular vesicles of 50 to 100 nm in diameter, released by many cell types. Exosomes are

formed inside the cell in intracellular endosomal compartments and are secreted upon fusion of these

compartments with the plasma membrane. Cells also secrete other types of membrane vesicles, for instance,

by outward budding from the plasma membrane, and although some of them clearly differ from exosomes by

their structural features (larger size), others are possibly more difficult to separate. Here, using Rab27a

inhibition to modulate exosome secretion, we show the existence of at least 2 distinct populations of vesicles

after purification by classical ultracentrifugation from mouse tumor cell conditioned medium. Rab27a

inhibition lead to decreased vesicular secretion of some conventional markers of exosomes (CD63, Tsg101,

Alix and Hsc70) but did not affect secretion of others (CD9 and Mfge8). By electron microscopy, CD9 was

observed on vesicles of various sizes, ranging from 30 nm to more than 150 nm in diameter. Flotation onto

sucrose gradients showed different proportions of CD63, CD9 and Mfge8 not only in fractions of densities

classically described for exosomes (around 1.15 g/ml) but also in fractions of densities over 1.20 g/ml,

indicating the presence of heterogenous vesicle populations. CD9 and Mfge8 were also found in large vesicles

pelleted at low speed and can thus not be considered as specific components of endosome-derived vesicles. We

propose that the most commonly used protocols for exosome preparations co-purify vesicles from endosomal

and other origins, possibly the plasma membrane. Future work will be required to improve techniques for

accurate purification and characterization of the different populations of extracellular vesicles.
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I
n pluricellular organisms, cells constantly exchange

informations to maintain integrity of tissues and

accomodate changes in their environment. Secretion

of soluble molecules, which bind to receptors on the

surface of other cells, has been studied since the begin-

ning of last century. But in the last decade, communica-

tion between cells via secretion of more complex

structures such as membrane vesicles has become the

focus of increasing interest from the scientific community

(1�3). Membrane vesicles are composed of a lipid bilayer

containing transmembrane proteins and enclosing solu-

ble proteins and RNA, and the consequences of their
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interaction with cells are thus much more complex than

the consequences of interaction of a single ligand with a

single receptor. Extracellular membrane vesicles, called

‘‘microparticles’’ (4), have long been known in the blood

circulation, where they were considered as cell fragments

or pieces of membrane shed from the cell surface (2). But

another type of vesicle secretion was described in the

1980s (5,6): it involved formation of vesicles inside

endosomes, followed by extracellular release of these

vesicles upon fusion of the endosomes with the plasma

membrane. The resulting vesicles are of similar size as the

internal vesicles of endosomes, i.e. between 50 and 100

nm in diameter, and are classically purified by ultracen-

trifugation at 70,000 or 100,000 g (7�9). The term

‘‘exosomes’’ has been used since 1987 to designate these

extracellular vesicles of endocytic origin (8). A similar

mechanism was also proposed to result in release of

vesicles called ‘‘prostasomes’’ in semen (10).

Our groups have started working on exosomes secreted

by immune cells, in the late 1990s (9,11,12), and have

shown their potential as vehicles for antigen information

within the immune system. We have also initiated the first

proteomic analyses of exosomes secreted by dendritic

cells (12) and shown the selective presence of a subset of

intracellular proteins in these vesicles. A few years ago,

we have published a detailed protocol for exosome

purification by differential ultracentrifugation and char-

acterization of the resulting vesicles by a combination of

approaches showing enrichment of exosomal markers

(electron microscopy and Western blotting) (13): this

protocol was based on the original description of

methods for isolating reticulocyte exosomes by the

groups of Stahl (7) and Johnstone (8), and it is often

referred to in publications dealing with exosomes.

In the last 4 years, we set out to identify the molecular

machinery specifically involved in exosome secretion, in

order to find ways to modulate this secretion and

determine the physiological functions of exosome secre-

tion in vivo. We have thus recently demonstrated a role of

the small GTPases RAB27A and RAB27B in exosome

secretion by a human tumor cell line (14). In this work,

secretion of exosomes was measured by the release of a

set of exosomal proteins, as defined by previous work

from us (9,12) and others (15): major histocompatibility

complex (MHC) class II molecules, the tetraspanins

CD63 and CD81, heat shock protein cognate 70

(HSC70) and the protein involved in formation of multi-

vesicular endosomes: tumor susceptibility gene 101

(TSG101).

Here, we used the same approach of Rab27a inhibition,

in order to inhibit secretion of exosomes by mouse tumor

cells. In addition to the proteins analyzed in human

exosomes (14), we routinely characterize mouse exosomes

using CD9 andmilk fat globule � epidermal growth factor

� factor 8 (Mfge8), 2 markers previously identified as

especially enriched in dendritic cell exosomes (12). Inter-

estingly, this analysis allowed us to unravel a differential

responsiveness to Rab27a inhibition of 3 markers, which

are equally considered as specific of exosomes: 2 tetra-

spanins (CD63 and CD9) and a peripheral membrane-

associated protein (Mfge8). Our work thus highlights the

heterogeneity of the vesicle preparations commonly re-

ferred to as exosomes and shows that different structural

and biochemical features are due to different molecular

mechanisms of formation, and secretion.

Results

Selection of a shRNA sequence targeting specifically

mouse Rab27a

We have shown recently that inhibition of RAB27A

expression by stable transfection with shRNA in a human

tumor cell line, HeLa-CIITA (a modified HeLa cell line

expressing the MHC class II machinery), induces around

70% decrease in exosome secretion. This result was

obtained by measuring the total amount of proteins

recovered after 100,000 g ultracentrifugation, and the

intensity of secretion of 4 classical markers of exosomes

(CD63, TSG101, MHC class II and HSC70) (14). Here,

to further extend these findings and to understand the

role of exosome secretion by tumors in vivo (Bobrie,

Théry et al., submitted mansucript), we analyzed the

effect of Rab27a invalidation on exosome secretion by a

mouse mammary carcinoma called 4T1. Following the

same experimental design as in HeLa cells (14), we used

lentiviruses expressing a puromycin-resistance gene and a

shRNA sequence specific for Rab27a, or a control

shRNA sequence, which does not target any mouse

gene (Scr), to infect 4T1 cells. Out of 5 shRNA designed

at inhibiting Rab27a, only 2 significantly inhibited this

gene without affecting Rab27b, the other Rab27 isoform,

in another mouse mammary carcinoma (Bobrie, Théry

et al., submitted mansucript). We used these 2 shRNA in

4T1 cells and observed that one of them increased

Rab27b expression (sh27a4, Fig. 1A). We thus used the

only fully specific Rab27a shRNA sequence for the work

described here and showed that it induced around 70%

decrease of Rab27a protein in 4T1 cells (Fig. 1B).

Inhibition of Rab27a decreases secretion of a subset

of exosome markers

Exosomes were purified by differential ultracentrifuga-

tion from the conditioned culture medium of Scr- or

shRab27a-expressing 4T1 cells as previously described

(13). The resulting 100,000 g pellet was analysed by

Western blotting, using 6 different exosome markers

(Fig. 2A). As expected, exosomes secreted by 4T1 cells

are characterized by very strong enrichment of 2 tetra-

spanins (CD63 and CD9), Alix and Mfge8, as compared

to cell lysates, and weaker (but clear) enrichment of
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2 other classical exosome markers, Hsc70 and Tsg101.

The endoplasmic reticulum-resident gp96 is used as a

control for absence of cell debris in the exosome

preparation. Significant decrease of secretion of 4 of

these markers (CD63, Tsg101, Alix and Hsc70) was

observed in shRab27a-expressing 4T1 (Fig. 2B). Surpris-

ingly, secretion in the 100,000 g pellet of CD9 and Mfge8,

2 other markers classically used to characterize mouse

dendritic or tumor cell exosomes (12,16), was not reduced

in shRab27a-expressing cells (Figs. 2A and 2B).

CD63, CD9 and Mfge8 do not behave identically after

flotation of the 100,000 g pellet on sucrose gradients

Since CD9 and Mfge8 did not behave like other exosomal

markers, we asked whether they could be present on

different types of vesicles present in the 100,000 g pellet.

A classical way to improve exosome purification after

differential ultracentrifugation is to allow the pellet to

float into an overlaid sucrose gradient (9,12,15,17). In

these conditions, the original studies quoted above have

shown that exosomal markers float at densities comprised

between 1.11 and 1.19 g/ml, with slight variations of the

position of the major fraction between different cell types

and/or different markers. Here, we analysed the distribu-

tion of Mfge8, CD9 and CD63 among the sucrose

gradient fractions, and we observed that the 3 markers

did not behave identically. As shown in Fig. 3A, CD9 was

present in all fractions from 1.09 to 1.29 g/ml, with a clear

enrichment in the 1.11 and 1.14 g/ml fractions on one
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Fig. 1. Selection of a shRNA for specific inhibition of mouse Rab27a. A, Effect of 2 different shRNA sequences specific for Rab27a

(sh27a2 and sh27a4) on Rab27a and Rab27b expression, measured by qRT-PCR. In each experiment, Rab27 expression in shRab27-

expressing cells is compared to expression in cells expressing a control shRNA (Scr). Individual results of 3 (sh27a4) or 7 (sh27a2)

experiments are shown. Both sh27a2 and sh27a4 significantly decrease Rab27a expression, but sh27a4 also increases Rab27b expression.

***pB0.01, 1-way ANOVA, Dunnett’s post-test. B, Stable expression of sh27a2 induces downregulation of Rab27a at the protein level,

as shown by Western blotting on total cell lysate (left panel). Actin is shown as loading control. Individual values of arbitrary units of

Rab27a/actin band intensity in 2 independent experiments is shown (right panel). In each experiment, arbitrary units obtained for Scr

cells are considered as 100%.
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hand and, to a lower extent, in denser fractions of 1.26

and 1.29 g/ml. CD63 was also found in the same 2 sets of

fractions, but it was much more abundant in the high

density fractions than in the 1.11�1.14 g/ml fractions.

Finally, Mfge8 was present throughout the sucrose

gradient, with clear enrichment in the lightest fractions

of 1.09, 1.11 and 1.14 g/ml, and no enrichment in the high

density ones. When vesicles produced by shRab27a-4T1

were floated in parallel gradients (Fig. 3B), the level of

CD63 was now too low to be detected, as expected from

the decreased secretion level shown in Fig. 2, whereas

CD9 and Mfge8 remained detectable. Interestingly, the

1.11 g/ml fraction now contained the highest amount of

CD9 and as much Mfge8 as the 1.14 g/ml fraction,

whereas, in vesicles from Scr-4T1, both proteins

were most concentrated in the 1.14 g/ml fraction.

These observations thus suggest that vesicles floating at

1.14 g/ml require Rab27a for their secretion, whereas the

other fractions are not dependent on this machinery.

In addition, our results show that vesicles floating at

different densities contain different relative amounts of the

3markers. In particular, they are equally represented in the

1.14 g/ml fraction, but Mfge8 is more abundant than the 2

tetraspanins in the lowest density fraction (1.09 g/ml),

whereas the high density fractions (above 1.26 g/ml) are

very rich in CD63 and contain high amounts of CD9 and

low amounts of Mfge8. Although such high density is

normally considered to be specific of non-membranous

materials like protein aggregates (which do not float into

sucrose), the interpretation is different for CD9 andCD63,

which are tetraspanins containing 4 hydrophobic trans-

membrane sequences and thereby associated to mem-

branes. A recent article by the group of Stoorvogel has

shown that, in prostasomes, the CD9-containing material

found at high sucrose density after a 16-hour centrifuga-

tion (as performed here) indeed corresponds to membrane

vesicles, which end up floating around 1.15 g/ml if

centrifugation is performed for 62 hours (18). Our

observation that CD63 is also highly enriched in these

fractions thus suggest that tetraspanin-enriched vesicles

display a delayed flotation capacity, as compared to

vesicles containing both tetraspanins and Mfge8.

CD9 is present on vesicles with different

morphologies within the 100,000 g pellet

We then used immuno-electron microscopy (immuno-

EM) to determine whether morphologically different

vesicle populations are present in the 100,000 g pellets

(Fig. 4). Although it works well on Western Blots, the

antibody directed against mouse CD63 did not perform

well in immunocytochemical analysis: it labelled less than

10% of the vesicles (Supplementary Fig. S5), whereas the

anti-human CD63 used in our previous study (14)

labelled around 80% of human vesicles (11). The anti-

Mfge8 antibody showed an even weaker staining, with

some background. We could thus not conclusively

determine whether all or a subtype of vesicles bear

CD63 or Mfge8. By contrast, labelling with the anti-

CD9 antibody allowed us to investigate the distribution
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Fig. 2. Inhibition of Rab27a decreases secretion of a subset of exosomal markers. A, Western blot characterization of exosomes (Exo)

secreted by the same number of control (Scr) or shRab27a-expressing 4T1 cells (sh27a), i.e. corresponding to 2�3 mg of total proteins.

30 mg of total cell lysates (cell) were analysed in parallel. Six different exosomal markers (CD63, Alix, Tsg101, Hsc70, CD9 and Mfge8)

and a negative control (gp96) are shown. B, Quantification of the amount of each marker in exosomes obtained from shRab27a-

expressing cells, as compared to control cells (individual results from 5 independent experiments are shown). *pB0.05, **pB0.01,

paired t-test.
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of this tetraspanin among the heterogenous population of

vesicles. We observed gold particles labelling CD9 not

only on 50�100 nm vesicles displaying a cup-shaped

morphology as previously observed for exosomes

(arrows) but also on smaller non cup-shaped (30�50

nm) (stars) and on some larger cup-shaped vesicles (over

150 nm) (Fig. 4A). The size of all vesicles in 5 random

fields of EM pictures (Fig. 4B) and the number of CD9

particles on 200 isolated vesicles (Fig. 4C) were then

analyzed. Clustered vesicles (see several examples in

Fig. 4A) were excluded from this latter analysis because

it is not possible to determine to which vesicle a given

CD9 particle is bound when 2 vesicles are apposed. This

analysis confirmed that vesicles of all sizes contain CD9

(Fig. 4C). It also showed that the number of CD9

particles per vesicle is not higher in the largest vesicles

than in the 50�100 nm vesicles (average 2 versus 2.1 gold

particles /vesicle in Fig. 4D), suggesting that CD9 may be

proportionally more abundant on vesicles smaller than

100 nm, than on the bigger ones. Finally, this quantifica-

tion evidenced a decrease in the number of both 51�100

nm and larger vesicles in the 100,000 g pellet obtained

from shRab27a-4T1 cells as compared to Scr-4T1,

whereas vesicles smaller than 50 nm were as abundant

in the 2 preparations (Fig. 4B). Thus, Rab27a is required

for secretion of vesicles larger than 50 nm in the 100,000 g

pellet and not for secretion of the smallest vesicles, which

are enriched in CD9.

Rab27a inhibition does not affect secretion of large

vesicles pelleting at 10,000 g

Since Rab27a is involved in the secretion of a subpopula-

tion of the vesicles recovered in the 100,000 g pellet, we

asked whether it was, or not, required for secretion of

large membrane vesicles pelleted at 10,000 g [usually

called ‘‘microvesicles’’ (1,17)]. Among the markers used

to characterize exosomes, we routinely detected in

the vesicles pelleting at 10,000 g only CD9 and Mfge8

(Fig. 5A). CD63 was sometimes also present, but at very

low level (Fig. 5A), whereas Hsc70, Tsg101 and Alix were
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Fig. 3. CD9, CD63 and Mfge8 display subtly different patterns after floatation on sucrose gradients. A, The 100,000 g pellet recovered

from Scr-4T1 cell conditioned medium was allowed to float into a sucrose gradient. The resulting fractions were analysed by Western

blot using antibodies to Mfge8, CD63 and CD9. Density of each sucrose fraction in g/ml, measured by refractometry, is indicated above

the gel. Mfge8, CD9 and CD63 float at the expected sucrose density of exosomes (1.11 g/ml and mostly 1.14 g/ml). Mfge8 also floats at

1.09 g/ml, whereas a large part of the tetraspanins also floats in high density fractions (1.26�1.29 g/ml). B, Same analysis performed

with 100,000 g pellets obtained from shRab27a-expressing 4T1 cells. CD9 is more abundant in the 1.11 g/ml than in the 1.14 g/ml

fraction and is also abundant in the high density fractions.

Different vesicles present in exosome preparations

Citation: Journal of Extracellular Vesicles 2012, 1: 18397 - http://dx.doi.org/10.3402/jev.v1i0.18397 5
(page number not for citation purpose)

94



not detectable. Even though they were both present, the

relative abundance of CD9 and Mfge8 was different in

exosomes than in microvesicles, with lower amounts of

CD9, as compared to Mfge8, in the 10,000 g than in the

100,000 g pellet (compare Exo and MV from the same

preparation in Fig. 5A). As observed for exosomes

(Fig. 2B), Rab27a inhibition did not affect the level of

secretion of CD9 and Mfge8 in the microvesicles

(Fig. 5B), whereas it decreased the low signal observed

for CD63 (Fig. 5A), suggesting that CD63 is associated

with the few exosomes possibly aggregated with larger

vesicles during the 10,000 g centrifugation.

We then analyzed localization of CD9 by immuno-EM

on vesicles pelleted at 10,000 g. Figure 5C shows that

CD9 was present on vesicles of large size (above 200 nm),

as well as on some vesicles with a size consistent with that

of exosomes (below 100 nm) present in the 10,000 g pellet.

Our observations show that Rab27a is required for

secretion of vesicles bearing endosomal markers (CD63,

Alix and Tsg101), proteins also described in exosomes

secreted by B lymphocytes (15), dendritic cells (11) and

platelets (17). Rab27a, however, is not required for

secretion of smaller vesicles co-purified after differential

100,000 g ultracentrifugation, nor of larger vesicles

pelleting at 10,000 g, which bear CD9 and Mfge8. In

4T1, CD63 is mainly present in intracellular compart-

ments, whereas CD9 is found in patches at the cell

membrane (Fig. 6): we thus propose that part of the

CD9-bearing extracellular vesicles originate from the

plasma membrane rather than from intracellular com-

partments. Our results also show that CD9 and Mfge8,

even though they are abundant on the Rab27a-dependent

exosomes, cannot be considered as specific exosome

markers, since they are also present on other types of

extracellular vesicles.

Discussion
The important conclusion from our work is the direct

demonstration that different types of vesicles, the secre-

tion of which is differently dependent on Rab27a, are co-

purified by the differential ultracentrifugation protocol

classically used by us and others to purify exosomes (13).

Previous EM analyses of exosome preparations re-

vealed size heterogeneity (from 30 to 100 nm) in vesicles
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Fig. 4. CD9 is expressed on different types of vesicles present in the 100,000 g pellet. A�C, one representative Immuno-EM analysis of

exosomes secreted by control (Scr) or sh27a-4T1 cells, labelled with anti-CD9 (10 nm). A, Representative image of exosomes from 4T1-

Scr. Two populations of vesicles can be observed, displaying (arrows) or not (stars) the typical cup-shaped morphology. Diameter of the

latter vesicles is below 50 nm. All vesicles are positive for CD9. Scale bar: 200 nm. B, The size of each individual vesicle was measured

on EM pictures. The mean size of vesicles secreted by 4T1-sh27a is decreased (left panel, ***pB0.001), due to a decrease in the

proportion of vesicles larger than 50 nm (right panel). C, Quantification of the size and number of CD9 particles on isolated vesicles

obtained from Scr-4T1 (left) or sh27a-4T1 cells (right). D, Quantification of the number of CD9 particles per individual vesicles,

classified according to their size (30�50 nm, 51�100 nm, 101�200 nm). Results pooled from 2 individual experiments performed on

vesicles from 4T1-Scr are shown. Mean�SD is displayed.
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obtained by differential ultracentrifugation of superna-

tants from EBV-transformed B lymphocytes (9,15), plate-

lets (17), mouse dendritic cells (11,12) or mastocytoma

and melanoma tumor cell lines (19) among others. Thus,

the size of exosomes was proposed to range from 30 to 100

nm, a variability that can be explained by the fact that

multivesicular endosomes in some cell types contain

intraluminal vesicles of heterogenous sizes. Size of the

extracellular vesicles can thus not be used as a strict

feature to define exosomes. In the 4T1 cells used here, we

observed that secretion of the 30�50-nm vesicles is not

affected by Rab27a inhibition. Since Rab27a is known to

be involved in regulated secretion from different types of

intracellular compartments (20), we propose that, in the

cells used here, the vesicles smaller than 50 nm do not

come from intracellular compartments regulated by

Rab27a. The small vesicles could thus either come from

other intracellular compartments (in which case they can

still be called exosomes) or directly from the plasma

membrane (andwewould not consider them as exosomes).

Since exosomes are smaller than the threshold of

visualisation by confocal microscopy or by flow cytometry

(about 200 nm), they could not be analysed reliably as

single vesicles by any other methods than EM,
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Fig. 5. Inhibition of Rab27a does not affect secretion of CD9 and Mfge8 in vesicles pelleted at 10,000 g. A, Western blot

characterization of larger vesicles pelleted at 10,000 g (MV) secreted by 16�106 control (Scr) or sh27a-expressing 4T1 cells, as

compared to the 100,000 g pellet (Exo) secreted by 15�106 Scr cells in the same experiment. One representative Western blot showing

the presence of CD9 and Mfge8 in MV, whereas CD63 is hardly detected. B, Quantification of CD9 and Mfge8 in the 10,000 g pellet

obtained from sh27a-expressing cells, as compared to control (Scr) cells (individual results from 4 independent experiments).

C, Immuno-EM analysis of the 10,000 g pellet after staining with anti-CD9. CD9 is present on vesicles larger than 200 nm as well as on

a few exosome-sized vesicles.
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Fig. 6. CD9 and CD63 are not present in the same intracellular locations. 4T1 cells were analysed by deconvolution microscopy after

staining with anti-CD9 (green) or anti-CD63 (red). Position of the nucleus is shown by DAPI staining (blue). CD9 is mainly expressed

in small patches at the cell surface, whereas CD63 accumulates in intracellular compartments.
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which limited the possibilities to determine whether the

differently sized vesicles were also different in terms of

protein markers. Thus, it was accepted so far to char-

acterize bulk populations of vesicles by the presence, or

not, of a set of exosomal protein markers, which, if

enriched in the vesicle preparations as compared to the

cells secreting them, qualified vesicles as exosomes (13).

But, we now show here that 2 of these exosome markers,

CD9 and Mfge8, are not specific of vesicles derived from

intracellular multivesicular compartments, since they are

also present on larger vesicles that pellet at 10,000 g in the

sequential ultracentrifugation protocol, and their secre-

tion is not significantly affected by Rab27a inhibition as

opposed to secretion of other proteins, such as CD63,

Hsc70, Tsg101 and Alix (see Fig. 2).

In most cells, the bulk of CD63 is present in

intracellular compartments of endosomo/lysosomal ori-

gin (21), which is also the case in the 4T1 cells used in

this study (Fig. 6). CD9, by contrast, is mainly observed

in 4T1 cells at the cell surface or in vesicles near the cell

surface, as shown in Fig. 6. In other cells, CD9 has been

described both at the cell surface and intracellularly in

multivesicular endosomes (22,23). In mammary epithe-

lial cells (24), Mfge8 not only is present throughout the

cytoplasm but also binds to spots of phosphatidylserine

at the cell surface, and it was shown also to associate to

vesicles of different sizes, both larger and smaller than

100 nm. Thus, we propose that small vesicles budding

directly from the plasma membrane, as well as vesicles

formed in intracellular compartments and released by

their fusion with the plasma membrane, are simulta-

neously secreted by the cells: ultracentrifugation

at 100,000 g pellets both types of vesicles without

specificity.

CD9, Mfge8 and Hsc70 had been identified in

exosomes from dendritic cells in the first proteomic

analysis of these vesicles that we published in 1999 (12)

and Tsg101 and Alix in our following article (25).

Comparative analysis, by Western blotting, of the level

of these proteins in the secreting cells and their

exosomes had evidenced the strong enrichment of

CD9 and Mfge8 (12,26) and the clear (but weaker)

enrichment of Hsc70 (12), Alix (25) and Tsg101 (27) in

the exosome preparations. These observations, and the

consistent identification of all these markers in numer-

ous subsequent proteomic analyses of exosomes [ana-

lyses compiled in the Exocarta website, described

initially in (16)], had led to propose these proteins as

markers of exosomes. In most analyses, however,

separation of the vesicles on sucrose gradients had not

been performed, and the preparations contained both

Rab27a-dependent and -independent vesicles. In addi-

tion, in none of these studies were exosomes and larger

vesicles compared side-by-side; hence, the specificity of a

given protein as a marker of exosomes, as opposed to

other extracellular vesicles, was not strictly addressed. In

our own previous studies, for instance, we used a

portion of Mfge8 [the C1C2 domain as described in

(28)] to target an antigen to secreted extracellular

vesicles, and we showed that exosomes bore high

amounts of the antigen (29). But the results presented

here suggest that other extracellular vesicles would

probably, in vivo, also bear this antigen. Thus, the

increased efficiency of immune responses induced by the

modified antigen in vivo could not be specifically

attributed to its secretion on exosomes but more

generally on extracellular vesicles. Other groups have

since used the C1C2-based modification of antigens

(30,31), and in these studies too, the specificity of

targeting to exosomes should be re-evaluated.

Therefore, new analyses of all the proteins commonly

found in exosomes should now be performed, to deter-

mine their major flotation density on sucrose gradients as

compared to CD9, CD63 and Mfge8, and their enrich-

ment on larger vesicles excluded from the exosome

preparations. Such proteins include, for instance, acet-

ylcholinesterase (AChE) or placental alkaline phospha-

tase (PLAP), described previously on reticulocyte (8) or

tumor exosomes (32,33), but which are also present in the

cell membrane (8). Density in sucrose of other proteins

identified in several proteomic analyses and used ran-

domly as markers of exosomes by different laboratories

should also be determined: for instance, annexins (e.g.

annexin II), and lipid raft-associated flotillins. These

analyses will constitute a first step into defining the

required characteristics of specific exosomal markers.

Establishment of more specific purification procedures

will, however, be necessary to establish a strict definition

of specific exosome markers.

Indeed, none of the currently used protocols of

exosome purification are likely to separate the different

types of vesicles we describe here. A technique involving

size-exclusion chromatography before ultracentrifugation

at 100,000 g (34) allows elimination of proteins but does

not separate large from small vesicles, thus a fortiori will

not differentiate small vesicles of different densities or

compositions. Several groups, including ours (14,27,35),

include a filtration step over 0.22 mm filters during

exosome purification: although such filtration eliminates

large vesicles (as well as aggregated small vesicles), it will

not separate the different vesicles of a size smaller than

220 nm. Finally, a recently commercialised method called

Exoquick has been developped, aiming at fast and easy

purification of exosomes. But, since the vesicles recovered

bear large amounts of CD9, but low amounts of CD63,

as shown on Western blots (http://www.systembio.com/

microrna-research/exoquick-exosomes/technical-details),

we speculate that this procedure is not specific for

endosome-derived exosomes.
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The use of sucrose gradients allows some separation

of the different vesicles. We have observed here that, as

recently described by others (18), some vesicles with high

content of tetraspanins (CD9 and CD63) but low level

of Mfge8 display an apparent high density in sucrose

(above 1.23 g/ml). Whether these vesicles come from

internal vesicles of intracellular compartments, or from

portions of the plasma membrane, maybe corresponding

to lipid raft-enriched subdomains, remains to be

determined.

But, in addition, we observed subtle differences in the

distribution of 3 membrane-associated proteins within

the classical range of densities described for exosomes, i.e.

1.11 to 1.19 g/ml. Examples of slightly different densities

observed for different exosomal markers from the same

cellular source have been published. When analyzing

simultaneously MHC class II molecules and CD81 and

CD82 tetraspanins in B-EBV exosomes, Escola et al. (15)

showed that the 1.13 g/ml fraction was the most enriched

in MHC class II molecules, whereas CD81 was equally

distributed between the 1.13 and 1.14 g/ml fractions, and

CD82 between the 1.12 and 1.13 g/ml fractions. In the

same line, we show here that CD9- and CD63-containing

vesicles float mainly at 1.14 g/ml and to a lower extent at

1.11 g/ml, whereas Mfge8 is present equally in the same 2

fractions and a lighter one of 1.09 g/ml. In addition, we

show that the CD9-containing vesicles floating at 1.14 g/

ml depend on Rab27a for their secretion, whereas the

vesicles floating at 1.11 g/ml are less affected by Rab27a

inhibition.

Based on our results and on re-analysis of previously

published work, we want to propose that sucrose

gradients are not resolutive enough to separate vesicles

with small differences in densities, which use different

intracellular machineries for their secretion. Since they

have different protein compositions, we think that the

different subpopulations of extracellular vesicles, in

particular, the Rab27a-dependent and -independent ve-

sicles, should display different physiological functions.

Therefore, it will be crucial in the future to design novel

methods for purification and characterization of the

different types of vesicles, to allow precise analysis of

their respective functions.

Materials and methods

Cells

4T1 cells were cultured in RPMI (Life Technologies)

supplemented with 10% fetal calf serum (Abcys) 2 mM

glutamine, penicillin/streptomycin (100 U/mL and

100 mg/mL respectively), and 1 mM pyruvate. For stable

inhibition of Rab27a expression, cells infected

with shRNA-expressing lentiviruses were selected and

maintained in medium containing 5 mg/mL puromycin

(Life Technologies). Cells were used within 1 month after

lentivirus infection. Independent experiments were per-

formed with batches of independently infected cells.

Reagents

Antibodies used for Western blotting: Hsc70 and gp96

(Stressgen Biotech), Tsg101 (Genetex, clone 4A10), anti-

mouse CD63 (MBL, clone R5G2), Alix/AIP1 (Acris

antibodies, clone 49/AIP1), anti-mouse CD9 (BD Phar-

mingen, clone KMC8), anti-mouse Mfge8/lactadherin

(MBL, clone 18A2-G10) and actin (Millipore, clone C4).

Horseradish peroxidase (HRP)-conjugated secondary

antibodies were purchased from Jackson Immunore-

search except the HRP-conjugated anti-hamster anti-

body, which was purchased from Santa Cruz

Biotechnology. Mouse anti-Rab27a was kindly provided

by C. Recchi and M. Seabra (20). The same anti-CD9

and CD63 were used for immunofluorescence.

pLKO.1puro plasmids allowing expression of shRNA

specific for mouse Rab27a, or a scrambled sequence of

shRNA to GFP as control (Scr), and a puromycin-

resistance gene (36) were kindly provided by L. F. Moita.

Lentiviruses were produced as previously described and

used to infect subconfluent cells in 96-well plates.

Sequence of the shRNA 27a2: CCGGCGAAACTGGAT

AAGCCAGCTACTCGAGTAGCTGGCTTATCCAGTT

TCGTTTTTG Sequence of the shRNA 27a4: CCGG

CCAGTACACTGATGGCAAGTTCTCGAGAACTTGC

CATCAGTGTACTGGTTTTTG

Quantitative RT-PCR

Total RNA were purified from 106 cells using Macherey

Nagel Nucleospin RNA II kit; 200 ng, as measured by

Nanodrop (Thermo Scientific), was reverse transcribed

with SuperScript II (Invitrogen); 1/20th of the obtained

cDNA was used for quantitative PCR, performed in

triplicate, in Absolute Q-PCR SYBR Green ROX Mix

(Abgene) on a Lightcycler LC480 (Roche). Primers used

were purchased from Qiagen (QuantiTect Primer Assay).

Cycle threshold (Ct) for Rab27a were normalized to Ct

for Gapdh, and results were expressed as percentage of the

control shRNA-transduced cells.

Exosome purification and characterization

Exosome purification was performed as previously de-

scribed (13). Briefly, cells plated in 145 mm2 plates were

incubated 48 hours in medium depleted from serum-

derived exosomes and microvesicles by overnight ultra-

centrifugation at 100,000 g. Supernatants were collected

and exosomes were purified by successive centrifugations:

300 g for 10 minutes; 1,000 g for 20 minutes; 10,000 g for

40 minutes and 100,000 g for 90 minutes. The 10,000 g

and 100,000 g pellets were washed in large volumes of

PBS and resuspended in 80 ml PBS. Producing cells were

counted and proteins [obtained by lysing cells in 50 mM

Tris, pH 7.5, 0.3 M NaCl, 0.5% Triton X-100, 0.1%

sodium azide, with a cocktail of antiproteases (Roche)]
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were prepared from 4�106 cells. Proteins in pellets

and lysates were quantified by Micro-BCA (Thermo

Scientific) in the presence of 2% SDS. Exosomes secreted

by 10�106 to 17�106 cells (i.e around 3 mg), micro-

vesicles (10,000 g pellet) obtained from 15�106 cells or

30 mg of lysates (corresponding to around 2.105 cells)

were loaded on NuPAGE 4�12% BisTris gels and

separated under non-reducing conditions. For Rab27a

detection by Western blotting, 150 mg of lysates were

analyzed in reducing conditions. Intensity of bands on

Western blots was quantified using QuantityOne or

ImageJ softwares.

Electron microscopy (EM)

Immuno-EM analysis was performed as previously

described (13), on pellets of purified exosomes loaded

on formwar/carbon-coated grids and fixed in 2% para-

formaldehyde. Grids were labelled with rat anti-mouse

CD9 (KMC8, 10 mg/ml), followed by rabbit anti-rat

(Dako, 1/200) and protein A-10 nm gold (UMC Utrecht,

1:60). Grids were observed at 80 kV with a CMV120

Twin Philipps Electron Microscope (PEI Company). Size

of individual vesicles was measured on 5 different

pictures taken at 10,000� magnification for each exo-

some preparation, using the iTEM software.

Separation of vesicles on sucrose gradient

Exosomes purified from 9108 cells were resuspended in

2 ml PBS-2.5M sucrose, loaded in a SW41 tube and

overlaid with 15 successive 750 ml layers of PBS contain-

ing decreasing concentrations of sucrose (from 2 to

0.4 M). Tubes were centrifuged for 16 hours at 48C at

200,000 g. One millilitre fractions were collected; sucrose

density was measured on an aliquot of each on a

refractometer, and fractions were diluted in 3 ml PBS,

ultracentrifuged at 100,000 g for 1 hour and resuspended

in PBS before analysis by SDS-page and Western

blotting.

Immunofluorescence microscopy

4T1 cells seeded on glass coverslips were fixed with 4%

formaldehyde, before staining with the same anti-CD9

and anti-CD63 antibodies as for Western blots. Stainings

were performed successively with anti-CD9 followed by

anti-rat-Alexa488, postfixation in formaldehyde, and

anti-CD63 followed by anti-rat-Alexa568. Washes were

performed in PBS-0.1% BSA-0.05% Saponine and cells

were stained with DAPI 1 mM before mounting. Images

were acquired with a wide-field Eclipse 90i Upright

Microscope (Nikon) equipped for image deconvolution.

Acquisition was performed using a 100� Plan Apo VC

1.4 oil objective and a highly sensitive cooled interlined

charge-coupled device (CCD) camera (Roper CoolSnap

HQ2). Z-dimension positioning was accomplished by a

piezoelectric motor (LVDT, Physik Instrument) and a

z-dimension series of images was taken every 0.2 mm.

Deconvolution was performed according to Ref. (37).
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ABSTRACT 

 

Exosomes are small membrane vesicles secreted upon fusion of multivesicular endosomes 

with the plasma membrane. They are involved in several processes from immunity to 

neurodegenerative disorders and start to be used in clinical trials for therapeutic purposes. 

The mechanisms involved in exosome biogenesis remain so far unclear even though they 

constitute potential targets to modulate exosome production and secretion. Here we have 

performed an RNA interference (RNAi) screen targeting components of the Endosomal 

Sorting Complex Required for Transport machinery (ESCRT-0/I/II/III) and associated 

proteins (VPS4, VTA1, ALIX) in HeLa-CTIIA cells expressing MHC class II molecules. The 

results of the screen indicated that secretion of exosomes, defined as MHC class II and/or 

CD81-positive vesicles captured by anti-CD63-coated beads, was decreased upon 

inactivation of HRS, STAM, TSG101, but increased upon CHMP4C, ALIX, VPS4B loss of 

function. As evaluated by western blot and electron microscopy, targeting of the different 

ESCRT components also consequently impacted on the size and protein content of the 

released vesicles. Inactivation of ALIX considerably modified the nature and composition of 

the secreted exosomes. Cells inactivated for ALIX released a higher proportion of large 

vesicles as compared to control cells, and the secreted vesicles were enriched in MHC class 

II, whereas smaller vesicles to which CD63 associates remained unchanged. We further 

showed that ALIX inactivation leads to an increase in the amount of MHC class II at the 

plasma membrane and intracellular compartments, which was also observed in primary 

dendritic cells. The results together reveal an involvement of selected ESCRT components 

in exosome secretion and highlight ALIX as a potential candidate to manipulate MHC class II 

trafficking in cells, resulting in a different molecular composition and possibly intracellular 

origin of the secreted vesicles.  
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INTRODUCTION 

 

Exosomes correspond to the intralumenal vesicles (ILVs) of multivesicular 

endosomes (MVEs), thereby they are formed within the endocytic pathway during the 

maturation of endosomes. While some MVEs are fated for degradation, one population 

fuses with the plasma membrane in an exocytic manner, a process during which the ILVs 

are secreted as exosomes. The generation of the ILVs into MVEs involves the lateral 

segregation of the cargo at the limiting membrane of an endosome, by the formation of an 

inward budding vesicle and the release in the endosomal lumen of the membrane vesicle 

containing a small portion of cytosol. Over the past 10 years several studies have started to 

elucidate the mechanisms involved in ILV formation and cargo sorting (Hanson and 

Cashikar, 2012; Henne et al., 2011; Hurley, 2008; Raiborg and Stenmark, 2009). Given that 

exosomes correspond to ILVs, the same mechanisms are supposed to be involved in their 

biogenesis. However, cells host different populations of MVEs and ILVs (Buschow et al., 

2009; Mobius et al., 2003; White et al., 2006) and we are still at an early stage of 

understanding exactly what are the mechanisms that contribute to exosome formation and 

cargo sorting within these vesicles.  

The first machineries described to be involved in MVB and ILV biogenesis are the ESCRT 

(Endosomal Sorting Complexes Required for Transport) complexes. The ESCRT family 

comprises approximately 20 proteins that assemble into four complexes (ESCRT-0, -I, -II 

and -III) with associated proteins conserved from yeast to mammals (Roxrud et al., 2010; 

Saksena et al., 2007 ). The ESCRT-0, -I and -II complexes recognize and sequester 

ubiquitinated proteins in the endosomal membrane, whereas the ESCRT-III complex seems 

to be responsible for the membrane budding and vesicle scission (Wollert et al., 2009). 

ESCRT-0 consists of Hrs that recognizes the mono-ubiquitinated cargo proteins and 

associates in a complex with STAM, Eps15 and clathrin. Hrs recruits Tsg101 of the ESCRT-I 

complex, and ESCRT-I is then involved in the recruitment of ESCRT-III, via ESCRT-II or 

Alix, an ESCRT-accessory protein. Finally, the dissociation and recycling of the ESCRT 

machinery requires interaction with the AAA-ATPase Vps4. It has been unclear whether 

ESCRT II has a direct role on biogenesis of ILVs or its sorting function could be just limited 

to a particular cargo (Bowers et al., 2006; Malerod et al., 2007). 

Studies in oligodendrial cell lines secreting the proteolipid PLP in association with exosomes 

(Trajkovic et al., 2008) and in melanocytic cells producing melanosomes (Theos et al., 2006) 

highlighted that mammalian cells developed additional pathways of MVE/ILV formation. 

Moreover, concomitant inactivation of ESCRT subunits belonging to the 4 ESCRT 

complexes does not totally impair the formation of MVEs indicating that other mechanisms 

are thought to operate in the formation of ILVs and thereby of exosomes (Stuffers et al., 
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2009). One of these pathways is thought to require a type II sphingomyelinase that 

hydrolyzes sphingomyelin to ceramide (Trajkovic et al., 2008). Whereas the depletion of 

different ESCRT components did not lead to a clear reduction in the formation of MVEs and 

in the secretion of PLP via exosomes, inhibition of sphingomyelinase expression with siRNA 

or its activity with the drug GW4869 decreased exosome formation and release. However, 

whether such dependence on ceramide is generalizable to other cell types producing 

exosomes has not been further strengthened. Inactivation of type II sphingomyelinase in 

melanoma cells does not impair MVB biogenesis (van Niel et al., 2011) and exosome 

secretion (our unpublished data). 

Proteomic analyses of purified exosomes, from various cell types, show the presence of 

ESCRT components (Tsg101, Alix) and ubiquitinated proteins (Buschow et al., 2005; Thery 

et al., 2001). Also, it has been reported that the ESCRT-0 component Hrs, could be required 

for exosome formation/secretion by dendritic cells and thereby impact on their antigen 

presenting capacity (Tamai et al., 2010). The Transferrin Receptor in reticulocytes that is 

generally fated for exosome secretion, although not ubiquitinated, interacts with Alix for MVE 

sorting (Geminard et al., 2004). More recently it was also shown that Alix is involved in 

exosome biogenesis and exosomal sorting of syndecans via its interaction with syntenin 

(Baietti et al., 2012). 

However, as discussed above and elsewhere (Bobrie et al., 2011) and mostly because in 

most studies only one or few selected ESCRT subunits and accessory proteins have been 

analyzed, it is still unclear whether ESCRT components could be involved in the formation of 

exosomes. We have here carried a medium-throughput RNA interference (RNAi) screen 

targeting 23 different components of the ESCRT machinery (ESCRT-0/I/II/III) and associated 

proteins. Our results highlight a role for a few selected members of this family in either the 

efficiency of secretion or the composition of the secreted vesicles.  

 

109



!

RESULTS 

 

Selected ESCRT proteins have an effect on exosome biogenesis or secretion 

In order to determine whether different ESCRT members affect exosome biogenesis or 

secretion, we performed a medium-throughput screen in 96-well plates as previously set up 

in our group (Ostrowski et al., 2010). HeLa-CIITA-OVA cells (expressing MHC class II 

molecules and secreting ovalbumin) were infected with lentiviral vectors encoding for shRNA 

sequences specific for individual ESCRT proteins to invalidate each protein: 5 different 

shRNA sequences were used to knockdown each gene, and the control was an shRNA 

which does not target any human sequences (shSCR). After incubating cells for 48 h with 

exosome-depleted medium, exosomes from the supernatant were trapped on anti-CD63 

coated beads and detected with anti-CD81 and anti-HLA-DR (MHC class II) antibodies by 

flow cytometry: exosomes have been shown to be enriched in MHC class II molecules and 

the tetraspanins CD63 and CD81 (Escola et al., 1998; Zitvogel et al., 1998); we therefore 

used these molecules as means of capturing and quantifying exosomes. To monitor the 

classical secretory pathway of soluble proteins, ovalbumin was similarly trapped on anti-

OVA beads and detected with an anti-OVA antibody (Figure 1A). Finally, the efficiency of the 

knock-down of each gene was analyzed in exosome-secreting cells by quantitative RT-PCR 

(qRT-PCR). The criteria we defined for a gene to be potentially involved in exosome 

secretion was that at least two different shRNA sequences, which inhibited gene expression, 

would modulate exosome secretion in the same manner.  

The results of the screen are shown in Table 1: among the 23 candidates that were 

analyzed, 7 were not further analyzed for the effects on exosome secretion due to the 

inability to demonstrate a down-regulation of the gene (VPS37B, CHMP2A/VPS2A, 

CHMP2B/VPS2B, CHMP4A/VPS32A, CHMP4B/VPS32B, VPS24, VPS4A). shRNA specific 

for four of the candidates (VPS28, VPS37A, SNF8/VPS22, VPS25) did not induce a 

significant modulation of exosome secretion (Supplementary Figure S1), and 5 of them 

(STAM2, VPS36, CHMP1B, CHMP5, CHMP6/VPS20) showed inconsistent effects of the 

different shRNA sequences on exosome secretion (Supplementary Figure S2).  

The remaining 7 candidates reached the defined selection criteria; a second round of 

screening then confirmed these hits. As shown in Figure 1B, inhibiting three ESCRT-0 (HRS, 

STAM1) and ESCRT-I proteins (TSG101) induced a decrease in exosome secretion: 2 or 

more different shRNA sequences (sh1 and sh3 for HRS, sh2 and sh3 for STAM1, all shRNA 

for TSG101) induced at least 50% inhibition in exosome secretion. Conversely, inhibition of 

four ESCRT-III (CHMP4C/VPS32C), disassembly (VPS4B, VTA1/LIP5) and accessory 

proteins (ALIX/AIP1) induced an increase in exosome secretion (Figure 1C): at least 2 

shRNA sequences (sh3 and sh5 for CHMP4C and VPS4B, sh1 and sh3 for VTA1 and ALIX) 
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induced an increase of 50% or more in exosome secretion as measured by our FACS-based 

assay. 

 

Validation of the screen results by western blot analysis of secreted exosomes 

We then chose one shRNA to validate the results of the screen by purifying exosomes from 

large numbers of cells (in the range of 1-2x108 cells) and evaluating the modification of 

exosome secretion by western blotting. Of the two shRNA that modulated exosome 

secretion in the same manner (listed in the previous section), we selected the one that 

induced the highest mRNA inhibition (sh3 for HRS, CHMP4C and VPS4B, sh2 for STAM1, 

sh1 for TSG101, VTA1 and ALIX). Exosomes were purified by differential ultracentrifugation 

of the supernatant of shRNA treated HeLa-CIITA-OVA cells as previously described (Thery 

et al., 2006), and the pellet obtained in the final 100,000 x g centrifugation was analyzed by 

western blot (Figure 2A and B). Three experiments were performed, in which we also 

assessed the efficient down-regulation of each target gene by qRT-PCR or western blotting 

of total cell lysates (Supplementary Figure S3). We analyzed by western blotting (Figures 

2C, D, and E) two of the protein markers used to quantify exosomes in the FACS-based 

assay (MHC class II and CD63), and a chaperone described previously as enriched in 

exosomes secreted by mouse dendritic cells (DCs), HSC70 (Thery et al., 1999).  

As compared to control cells (SCR), secretion of all markers was decreased in HRS, STAM1 

and TSG101 shRNA-treated cells, which suggests a decrease in total exosome secretion by 

these cells. In the case of CHMP4C and VTA1 inhibition, we observed no change, or even a 

slight decrease, in the signal of all three markers, which does not confirm the initial 

conclusion from the screen, where we detected an increase in exosome secretion. The 

shRNA to VPS4B induced an increase in all markers as compared to exosomes from 

shSCR-treated cells, which indicates an increase in total secretion of exosomes, in 

agreement with the results from the screen. Interestingly, the inhibition of ALIX caused a 

clear increase in MHC class II, but not in the levels of HSC70 and CD63 as compared to 

control exosomes, pointing to a change in exosome composition rather than a change in 

exosome yield. 

 

Description of exosomes released by shRNA-treated cells by immuno-electron 

microscopy 

To determine whether the vesicles secreted by shRNA-treated cells displayed the same 

morphology as those of control cells, we then characterized exosomes by immuno-electron 

microscopy (immuno-EM) in a quantitative manner: the 100,000 x g pellets were analyzed 

as whole mounted samples immunogold labeled for MHC class II molecules and CD63 

(Figure 3A). The diameter of 200 individual vesicles per condition as well as the amount of 
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gold particles of each marker per vesicle were evaluated. First, we observed differences in 

terms of the size of the vesicles: as shown in Figure 3B the proportion of vesicles of different 

sizes (30-60 nm, 60-100 nm and 100-200 nm in diameter) was slightly different in each 

condition. For instance, whereas shHRS increased the proportion of the smallest category 

(30-60 nm), inactivation of the other ESCRT components (STAM, TSG101, VTA1, VPS4B, 

ALIX) increased the proportion of the largest class of vesicles (> 100 nm) (Figure 3B).  

We subsequently quantified the presence of CD63 and MHC class II in vesicles of different 

sizes. Notably, in all conditions CD63 was found to be most enriched in smaller vesicles, 

whereas MHC class II was detected more prominently in larger vesicles, and vesicles 

bearing both CD63 and MHC Class II represented on average less than 20% of the total 

number of vesicles (Figure 3C and supplementary Figure S4). This indicates that at least 

two different types of vesicles are present in the 100,000 x g pellet: one population of 

smaller vesicles (30-60 nm diameter) enriched in CD63, and one population of vesicles with 

a larger diameter (100-200 nm) and a higher MHC class II content. In addition, we observed 

that manipulation of ESCRT expression induced differences in the protein content of the 

secreted vesicles. The invalidation of VPS4B (Figure 3C), HRS or STAM1 (Supplementary 

Figure S4) did not strikingly alter the CD63 and MHC class II content of the different types of 

vesicles. By contrast, invalidation of TSG101 caused a decrease in the presence of both 

markers as evidenced by an increase in the proportion of vesicles devoid of CD63 and MHC 

class II. Conversely, the shRNA against ALIX induced a significant increase in the proportion 

of secreted vesicles labeled with both markers among all categories defined by their size, 

thus evidencing an increase in MHC class II labeling (since the proportion of CD63-positive 

vesicles is lower than in the control). This observation is in agreement with the previous 

result, highlighting by western blotting an increase in MHC class II content in shALIX-derived 

exosomes. 

We have thus so far observed an important heterogeneity of the vesicles purified by the 

differential ultracentrifugation procedure classically used for exosome purification, not only in 

terms of size but also of protein content. Interestingly, shRNA against HRS and STAM1 both 

induced a general decrease of secretion of CD63 and MHC class II-bearing vesicles (as 

observed by western blotting) but with the former the vesicles were also of smaller size, 

whereas with the latter they were of larger size than the control vesicles. The most 

remarkable effect was observed upon invalidation of ALIX, which induced the secretion of an 

increased proportion of larger vesicles, and an altogether higher MHC class II content. 
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HeLa cells treated with shALIX have a higher MHC class II content both at the cell 

surface and in MVEs 

In order to understand the effect induced by shALIX on exosomes secreted by HeLa-CIITA-

OVA cells, we started by analyzing total cell lysates by western blotting (Figure 4A): we were 

able to confirm the decrease of ALIX in treated cells, and we saw an increase in MHC class 

II content in these cells (between 25 and 140%) as compared to control lysates; two 

reference genes, HSC70 and Actin (according to the experiment), displayed similar levels in 

control and treated cells. 

Next, we performed a surface FACS staining to detect MHC class II and CD63 at the plasma 

membrane (Figure 4B): the former was notably increased in shALIX-treated cells as 

revealed by the quantification of five experiments, whereas the levels of tetraspanin CD63 

were not significantly modified as compared to control shSCR-treated cells. 

We then processed shSCR- and shALIX-treated cells for immuno-EM: ultrathin cryosections 

were labeled for MHC class II and CD63, and the labeling of each protein was quantified in 

the MVEs. As shown in Figure 4C, the labeling of MHC class II molecules was higher in the 

MVEs of cells invalidated for ALIX, unlike the staining for CD63 in these compartments, 

which was unaltered as compared to the control cells. 

We have thus observed a general increase of MHC class II in cells upon ALIX inactivation, in 

total cell lysates, and both at the cell surface (according to FACS results) and in intracellular 

compartments such as MVEs (as shown by the quantification by immuno-EM). 

 

The invalidation of ALIX induces an increase in MHC class II content in human 

immature DCs, but not in secreted exosomes 

We next asked if the increase in MHC class II induced by shALIX, in the cells as well as in 

exosomes, could be reproduced in cells that endogenously synthesize and express MHC 

class II molecules. We decided to focus on human monocyte-derived DCs, since the 

exosomes they secrete can induce immune responses and are thus clinically relevant (Viaud 

et al., 2011; Zitvogel et al., 1998). Monocytes were purified from blood of healthy donors, 

transduced with shSCR or shALIX, and differentiated to DCs with IL-4 and GM-CSF (in the 

presence of puromycin, to eliminate cells that were not transduced) for 5 days. Both 

untreated cells, and cells treated with lipopolysaccharide (LPS) and interferon-γ (IFN-γ) to 

induce maturation, were analyzed by western blotting: as shown in Figure 5A, an effective 

down-regulation of ALIX (between 60 and 100%) was observed in shALIX-treated cells. 

MHC class II content was significantly increased in shALIX-treated cells compared to control 

cells, but only in immature DCs, not in LPS+ IFN-γ treated cells. The result obtained with 

mature cells is expected since the maturation process leads to an induction of MHC class II 
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synthesis as well as a decrease in MHC class II endocytosis and degradation (Guermonprez 

et al., 2002), thus causing a substantial increase in MHC class II content both at the cell 

surface as well as in total, which is unlikely to be further augmented by other treatments. 

The surface staining of MHC class II by flow cytometry (Figure 5B, top panel) was consistent 

with the western blotting: we observed an increase in shALIX-treated and immature cells as 

compared to shSCR immature DCs, but no differences between LPS+IFN-γ treated cells 

transduced with control or ALIX shRNA. It is important to note the presence of two peaks in 

untreated shSCR cells, which represent immature and spontaneously mature cells (probably 

due to their manipulation in culture); in untreated shALIX cells, however, only one peak, 

intermediate between both peaks in the control condition, is visible. This either suggests that 

shALIX DCs are in a state halfway between immature and mature, or that the increase in 

MHC class II due to the treatment with the shRNA is such that it cannot be higher after the 

maturation process. Interestingly, we also observed a slight increase in the % of cells 

expressing high level of surface CD86 in untreated DCs from 4 out of 7 donors, transduced 

with shALIX (data not shown). CD86 is used to monitor maturation of DCs; thus, the 

increase in MHC class II labeling can be partly due to the maturation of a fraction of the 

cultured cells in the shALIX condition. Similarly to what was previously seen with HeLa-

CIITA cells, CD63 content at the surface of dendritic cells was not modified in shALIX cells 

as compared to the control, regardless of the maturation status (Figure 5B, bottom panel). 

We also performed the FACS-based assay used in the screen to see if we could induce in 

DCs a similar increase in the detection of CD63-MHC class II-CD81-positive exosomes as 

with HeLa-CIITA cells after shALIX treatment (see Figure 1B); in this case only CD63-coated 

beads were used since we wished to detect secreted exosomes but not OVA. Figure 5C 

shows the results obtained with immature DCs treated with shALIX from seven different 

donors (all results are expressed as percent of the corresponding shSCR, which 

corresponds to 100%). We were unable to observe a significant increase in the signal 

measured with the FACS-based assay: only 2/7 experiments (donors 3 and 6) showed a 

slight increase, albeit much lower (less than 50%) than the one found with HeLa-CIITA cells 

(around 75-100%). The other experiments showed no effect (donor 4), or a decrease of 50% 

or higher (donors 1, 2, 5 and 7). These results suggest that ALIX is involved in the trafficking 

of MHC class II molecules in different cell types, and might also have an effect on the sorting 

of molecules into exosomes, at least in the HeLa-CIITA model. 
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DISCUSSION 

 

The original studies in reticulocytes (Harding et al., 1983; Pan et al., 1985), those in 

EBV-B lymphocytes (Raposo et al., 1996), as well as the more recent ones using the HeLa-

CIITA cell model (Ostrowski et al., 2010) support an endosomal origin of exosomes. Since 

they correspond to the internal vesicles of MVEs, candidate targets for intervention on their 

biogenesis and secretion are mechanisms supposed to be involved in cargo sequestration at 

the endosomal membrane and vesicle budding and scission. The discovery that the ESCRT 

machinery was involved in MVE formation (Henne et al., 2011; Raiborg and Stenmark, 

2009) opened a new avenue to interfere with the formation of ILVs and thereby exosome 

secretion. However the evidence that ESCRT-independent mechanisms also operate for the 

biogenesis of MVEs (Theos et al., 2006; Trajkovic et al., 2008) suggested that these 

mechanisms could be broader and therefore more complex and redundant that initially 

envisioned.  

In this study we set out to investigate for the first time the involvement of a large 

panel of ESCRT components (23 genes in total) in exosome biogenesis and secretion in 

HeLa-CIITA cells. For this purpose, we performed a medium-throughput screening using a 

FACS-based assay, which allows relative quantification of CD63-, CD81- and MHC class II-

bearing exosomes secreted in the supernatant of cells treated with small-interfering short-

hairpin RNA. Since exosomes have been previously described as enriched in tetraspanins 

and MHC class II molecules, we designed this assay to quantify the population of vesicles 

bearing CD63 and either CD81 or MHC class II, which we assumed would correspond most 

specifically to vesicles originating from late endosomes. Our immuno-EM analysis of 

exosomes secreted by control cells revealed that the preparations contain not only vesicles 

double positive for CD63 and MHC class II, but also vesicles bearing only MHC class II or 

CD63, and vesicles that appear negative for both markers (but maybe express low amounts 

that are under the limits of detection by immuno-EM). Exosomes positive for MHC class II 

and CD63 corresponded to 10-20% of all secreted vesicles in most conditions employed in 

this study. It is likely that other exosomal markers such as CD81 also have a heterogeneous 

distribution in exosomes, and consequently the first read out of the screen is likely to provide 

information on a selected fraction of all secreted exosomes. Nevertheless, the results are 

then further validated by additional complementary methods. We employed western blotting 

to evaluate the decrease or increase on protein components as a consequence of the 

invalidation of different genes, we analyzed quantitatively by immuno-EM the size related to 

protein content of isolated exosomes, and for some components we have investigated the 

nature of the compartments in situ in the cells.  
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Our assays together highlight and extend previous reports and descriptions (Bobrie 

et al., 2012; Fevrier and Raposo, 2004) that cells secrete a heterogeneous population of 

exosomes with different sizes and composition. This fully corroborates the observations that 

cells host different MVEs and that within MVEs, ILVs are not all similar in morphology and 

composition (Fevrier et al., 2004; Mobius et al., 2003; White et al., 2006). Our recent studies 

demonstrated the existence of different subpopulations of exosomes in preparations of 

membrane vesicles purified by differential ultracentrifugation from mouse mammary 

carcinoma 4T1 cells (Bobrie et al, 2012). Thus, proteins specifically enriched in the different 

subpopulations of vesicles will have to be identified in the future, to allow development of 

other capture-based assays to identify the molecular machinery involved in their respective 

secretion. 

In our screen some targeted ESCRT components did not have an impact on 

exosome secretion (VPS28, VPS37A, SNF8/VPS22, VPS25), despite inducing a clear 

decrease in RNA expression. Inactivation of ESCRT-II subunits did not change the pattern of 

secretion. These observations are in line with the findings that ESCRT-II, as compared to 

other ESCRT complexes, does not appear to be involved in HIV budding (Langelier et al., 

2006) or in EGF-receptor degradation (Bowers et al., 2006). However, we cannot exclude, 

as discussed by Malerod and colleagues (Malerod et al., 2007), that to obtain an effective 

inactivation of ESCRT-II, it is necessary to concomitantly inactivate at least 2 of the 3 

subunits. Inactivation of ESCRT-III subunits (CHMP1B, CHMP5, CHMP6/VPS20) did not 

consistently decrease or increase vesicle secretion, except in the case of CHMP4C, which 

appeared to induce an increase in exosomes measured in the cell-conditioned medium, but 

we were unable to reproduce these results with the characterization of purified exosomes. 

One possible explanation is that although ESCRT-III was shown to be involved in vesicle 

budding and scission in cell-free studies (Wollert and Hurley, 2010), inactivation of these 

components in cells does not lead to a clear reduction of MVEs (Bache et al., 2006), and our 

unpublished results). These MVEs are maybe unable to fuse with lysosomes (Bache et al., 

2006, Simoes et al., in revision) but they could still fuse with the plasma membrane to 

release exosomes.  Moreover, it should be noted that different isoforms of ESCRT-III 

components exist in cells so we cannot exclude a redundancy in their function. 

In contrast to ESCRT-II and -III, inactivation of components of ESCRT-0 (HRS, 

STAM1) and ESCRT-I (TSG101) as well as more late acting components (VTA1, VPS4B) 

and the accessory protein ALIX evidenced consistent alterations of exosome secretion.  

Previous studies on an oligodendrocytic cell line secreting the proteolipid PLP in association 

with exosomes highlighted a formation and release process independent of ESCRT function 

but requiring the synthesis of the lipid ceramide by a type II sphingomyelinase (Trajkovic et 

al., 2008). In this study, inactivation of Hrs, TSG101, Alix and VPS4 did not alter consistently 
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the sequestration of PLP in ILVs of MVEs, although it reduced EGF transport to the MVEs. 

However, our data indicate that secreted exosomes are heterogeneous on the basis of size 

and cargo, and in this previous study only one population has been followed (i.e. PLP 

exosomes) which renders difficult to conclude that all exosome populations are ESCRT-

independent. Our results indicate that loss of function of selected ESCRT components, 

which in some cases decreases (HRS, STAM1, TSG101) or increases (VPS4B, ALIX) the 

amount of vesicles and cargo associated with vesicles, also modulates the nature and 

protein contents of the vesicles. Inactivation of HRS, STAM1 and TSG101 decreased the 

amount of vesicles and associated proteins (MHC Class II, CD63) but the nature of the 

vesicles that were still present in the medium was different for the 3 components. Upon HRS 

inactivation, while vesicles with sizes comprised between 60-100, 100-200 nm largely 

decreased, a population of smaller vesicles (30-60 nm) was increased as compared to 

control cells. These observations are consistent with the findings by Tamai and colleagues 

showing that Hrs is required for facilitating the secretion of exosomes in mouse DCs, 

although in this latter work, Hrs-dependent exosome secretion was induced by ovalbumin or 

a calcium ionophore, rather than spontaneous as in our HeLa-CIITA cells (Tamai et al., 

2010). Although also part of the ESCRT-0 complex, the inactivation of STAM rather 

decreased the population of vesicles with diameters comprised between 30-60 and 60-100 

nm while larger vesicles were clearly more abundant. We cannot exclude that part of these 

vesicles are not endosomal-derived exosomes but rather larger vesicles that could be 

derived from the plasma membrane, and that STAM inactivation increases their budding and 

release. Inactivation of TSG101 resulted in an increase in the release of larger vesicles 

similar to that observed with the loss of function of STAM, but these vesicles showed a 

different protein composition compared to the other conditions, as evidenced by an increase 

in vesicles negative for both CD63 and MHC class II in all size categories. 

Thus, interfering with the function of some early components of the ESCRT 

machinery decreases exosome production but the nature of the vesicles that are still present 

in the supernatants is different. This is consistent with the model that ESCRTs act 

sequentially in cargo sequestration and vesicle formation, which consequently impacts on 

endosome maturation including the formation of ILVs of endosomes. Indeed, Razi and Futter 

have shown that the effects of HRS inactivation are different from TSG101 loss of function 

during the maturation of MVEs (Razi and Futter, 2006). Unexpectedly, inactivation of ALIX 

and VPS4B increased exosome secretion as monitored during the screen but also after 

evaluation of the amount of proteins associated with exosomes. However, whereas 

inactivation of VPS4B increased all markers associated with exosomes (CD63, MHC class 

II, HSC70), inactivation of ALIX only increased the amount of MHC class II while CD63 and 

HSC70 remained unchanged as compared to control cells. In the absence of ALIX, medium-
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sized and larger vesicles (60-100/100-200 nm) were mostly released. These vesicles were 

enriched in MHC class II, indicating that ALIX is likely to selectively control the composition 

of exosomes. A recent report shows that ALIX is required for the sequestration of syndecans 

within exosomal membranes via its interaction with syntenin (Baietti et al., 2012). Our results 

do not challenge these findings but rather put forward the idea that, depending on the cell 

types and the cargoes associated with different exosome subpopulations, the mechanisms 

involved may slightly change, and that a tight balance of mechanisms operates at the 

endosomal membrane, controlling protein sorting to distinct ILVs subpopulations that may in 

some cases have different fates (van Niel et al., 2011). It would be important in the future to 

elucidate the molecular requirements for these different exosomal cargoes within the same 

cell type.   

Our observations that the inactivation of ALIX increased an MHC class II-positive 

exosome subpopulation led us to further investigate at the total cell level the alterations of 

MHC class II expression by FACS and immuno-EM on ultrathin cryosections. Extending the 

observations of the increase in MHC class II in exosomes, FACS analysis clearly indicated a 

consistent increase of MHC class II at the cell surface (but not of CD63) and immuno-EM 

revealed numerous MVEs densely labeled for MHC class II. Therefore, ALIX depletion 

increases MHC class II expression not only in exosomes but also in the cells. These 

observations suggest that ALIX may be directly or indirectly required for MHC class II 

degradation/downregulation. Such increased expression of MHC class II is similar to the one 

recently reported upon CD63 silencing (Hoorn et al., 2012). Given that ALIX interacts with 

syntenin (Baietti et al., 2012), a CD63 interacting protein (Latysheva et al., 2006), we may 

propose that ALIX also allows CD63-dependent MHC class II degradation in HeLa CIITA 

and dendritic cells. It would be of interest to investigate whether MHC class II interacts with 

ALIX as it has been shown for the Transferrin receptor (TfR) (Geminard et al., 2004). ALIX 

interacts with a consensus motif on the TfR cytoplasmic domain and this interaction 

promotes TfR stabilization and trafficking to the exosomal pathway.  

In monocyte-derived human DCs, similarly to HeLa-CIITA cells, an increase of MHC 

class II at the cellular level upon inactivation of ALIX was observed suggesting that ALIX 

may be involved in the trafficking and degradation of MHC class II molecules in other cell 

types as well. Nevertheless, the FACS-based exosome capture assay failed to evidence 

increased secretion of CD63- and MHC class II- or CD81-bearing exosomes by ALIX-

depleted DCs. On the opposite, a decreased secretion in the majority of donors was 

observed (Figure 6C). This could suggest either that exosomes secreted by ALIX-inactivated 

DCs did not present an increase in MHC class II at their surface, or that secretion of CD63-

bearing exosomes was decreased in ALIX-impaired DCs, which was compensated by the 

increased amount of MHC class II on these exosomes. These hypotheses must now be 
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addressed by analyzing the relative representation of each subtype of extracellular vesicles 

(CD63+, MHC class II+, and CD63+/MHC II+) in the exosomes secreted by DCs, with or 

without ALIX inactivation, and the morphology and content of MVEs in these cells. In any 

case, the difference between DCs and MHC II-expressing HeLa might imply that ALIX 

impacts on MHC class II trafficking and/or exosome biogenesis but that different 

mechanisms are exploited by these very different cell types. 

Our findings altogether reinforce the concept that cells host different subpopulations 

of MVEs and secrete a heterogeneous population of exosomal vesicles. Whereas ESCRT-

independent mechanisms are involved in MVE/exosome biogenesis (Trajkovic et al., 2008), 

our observations and recent reports (Baietti et al., 2012; Tamai et al., 2010) show that the 

formation and secretion of exosomes may also rely on ESCRT function, and that only 

selected components may be involved in protein sorting and the formation of the 

intralumenal vesicles fated to be secreted as exosomes. These observations will certainly 

contribute to our understanding of the mechanisms involved in exosome formation and will 

open an avenue for modulating the nature of exosomes and their composition. 
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MATERIALS AND METHODS 

 

Cells and reagents 

HeLa-CIITA OVA cells (subclone B6H4, Ostrowski et al., 2010) were cultured in DMEM 

containing 4.5 g/L glucose (Life Technologies) 10% fetal calf serum (FCS, Gibco or PAA), 

100 IU/mL penicillin and 100 µg/mL streptomycin (Gibco), 300 µg/mL hygromycin B 

(Calbiochem) and 500 µg/mL geneticin (Life Technologies). 

Lentiviruses expressing shRNA and a puromycin resistance gene were obtained from the 

RNAi consortium (TRC) and produced as described previously (Moffat et al, 2006). As a 

control, the scrambled sequence of shRNA to GFP (not targeting any human gene) was 

used (shSCR). All shRNA sequences are indicated in Supplementary Table 1. Sequences of 

shRNA used for large scale cultures were: HRS (sh3) 5 ́-CCAGCCTTACAACATGCAGAA-

3 ́; STAM (sh2) 5 ́-CCCTTTC-CACTTTGTATCCAA-3 ́; TSG101 (sh1) 5 ́-

CCCAGAATAAGTTATTGCAGT-3 ́; CHMP4C (sh3) 5 ́-!GCAGAATAAGCGAGCTGCATT -3 ́; 

VPS4B (sh3) 5 ́-CGAAGATTTGAGAAACGAATT-3 ́; VTA1 (sh1) 5 ́-!

GCCTGGAAACTTGGTGCTTTA-3 ́; ALIX (sh1) 5 ́-GCTGCTAAAC-ATTACCAGTTT-3 ́. 

Antibodies used for FACS analysis were: mouse anti-human CD63 (clone FC-5.01, Zymed; 

or clone H5C6, BD Biosciences) and goat anti-OVA (ICN) for coupling to beads; PE-

conjugated anti-HLA-DR (clone L243, BD Biosciences), anti-CD81 (clone JS-81, BD 

Biosciences) and rabbit anti-OVA (Sigma) coupled to Alexa488 according to the 

manufacturer’s instructions (DyLight 488 Antibody Labeling Kit, Pierce). Antibodies used for 

Western blotting were: mouse anti-TSG101 (Genetex); rat anti-HSC70 (Stressgen); mouse 

anti-CD63 (Zymed), anti-HLA-DR (clone 1B5), rabbit anti-VPS4B (Abcam), goat anti-HRS 

(Santa Cruz) and rabbit anti-VTA1 (Abcam); HRP-conjugated secondary antibodies 

(Jackson Immunoresearch). Antibodies used for immunofluorescence were: mouse anti-

CD63 (Zymed), mouse anti-HLA-DR (L243); Alexa488-anti-mouse and Cy3-anti-rabbit 

(Molecular Probes); DAPI (Molecular Probes). Antibodies used for immunoelectron 

microscopy were: rabbit anti-HLA-DR (H. Ploegh), mouse anti-HLA-DR (L243) and mouse 

anti-CD63 (Zymed). 

 

Screening procedure 

HeLa-CIITA OVA cells were plated in 96-well plates at 2,500 cells per well the day before 

infection. Triplicate wells of cells were infected with lentiviral vectors in the presence of 8 

µg/mL polybrene (Sigma); puromycin (Gibco) was added at 5 µg/mL 36 h later. Medium was 

replaced with exosome-depleted medium (complete medium depleted of FCS-derived 

exosomes by overnight centrifugation at 100,000 x g) after 36 h. Supernatants were 
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collected 48 h later for OVA and exosome quantification, and the amount of live cells in each 

well was determined using the Cell titer blue reagent viability assay (Promega). OVA and 

exosome secretions per well were normalized to the number of viable cells, and only wells 

containing at least 75,000 cells were analyzed.  

Aldehyde-sulfate beads (4 µm, Life Technologies) were coated with anti-human CD63 or 

anti-OVA antibodies by incubating 140 µg of antibody with 70 µL beads overnight at room 

temperature, followed by blocking of remaining activated groups by performing three washes 

with PBS-4% BSA. Beads were stored in 500 µL of PBS-0,1% glycine at 4°C. 

Cell culture supernatants were cleared by centrifugations at 300 x g for 5 min and 2,000 x g 

for 20 min. Cleared supernatants (100 µL) were incubated with 0,1 µL anti-CD63- and 0,1 µL 

anti-OVA-coupled beads in round-bottom 96-well plates, overnight at 4°C with 7,500 rpm 

horizontal shaking. Beads were washed twice in PBS-0.5% BSA and incubated with PE-anti-

HLA-DR (1:50), PE-anti-CD81 (1:100) and Alexa488-anti-OVA (1:200) for 30 min on ice. 

Beads were washed in PBS-0.5% BSA and acquired on a MACSQuant flow cytometer 

(Miltenyi Biotec). Data were analysed with FlowJo software (Tree Star). Negative staining 

was obtained with beads incubated with exosome-depleted medium, and for each culture 

condition, arbitrary units (AU) of exosome or OVA secretion were calculated as a percentage 

of positive beads x mean fluorescence intensity (MFI) of positive beads. Three independent 

experiments were performed, in which shSCR and each gene-specific shRNA were 

analyzed in triplicate wells. In each experiment, the basal level of exosome or OVA secretion 

(control) was calculated as the mean of AU of triplicate wells transduced with control 

scrambled shRNA (shSCR), and the AU of each shRNA-expressing cells was expressed as 

percent of control. The mean value of triplicates from three independent experiments (n=9) 

is shown in Figures 1, S1, and S2. 

 

RNA extraction and real-time qPCR 

RNA was extracted from cells in each well with the RNA XS kit (Macherey Nagel) at the end 

of each experiment, quantified with a NanoDrop spectrophotometer (Thermo Scientific) and 

200 ng were reverse transcribed with AMV Reverse Transcriptase (Finnzymes). cDNA 

(1/20) was used for the PCR reaction, performed in triplicates with SYBRgreen (Thermo 

Scientific), on a Lightcycler LC480 (Roche). Primers were obtained from Qiagen (QuantiTect 

Primer Assay). Cycle threshold (Ct) for each gene was normalized to Ct for GAPDH, and 

results are expressed as percentage of control cells (shSCR). 

Alternatively, RNA was extracted from 10
6 cells with the RNA II kit (Macherey Nagel). 
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Exosome purification 

For each condition 5x107 cells were plated in exosome-depleted medium and incubated for 

48h. Supernatants were then harvested and exosome purification was performed as 

previously described (Thery et al, 2006). Supernatants were centrifuged at 300 x g for 5 min 

to eliminate floating cells, at 2,000 x g for 20 min to remove cell debris, and at 10,000 x g for 

40 min to separate microvesicles. A final ultracentrifugation step at 100,000 x g for 1,5 h was 

performed to obtain exosomes, followed by a washing step in PBS to eliminate 

contaminating proteins. Exosomes were resuspended in 100 µL PBS, and protein content 

was measured by MicroBCA (Pierce) in the presence of 2% SDS. 

 

Western blotting 

Total protein extracts were obtained from transduced cells by incubating 4x10
6 cells in 100 

µL lysis buffer: 50 mM Tris-HCl pH 7.4, 30 mM NaCl, 0,5% Triton X-100, 0,1% sodium azide, 

and a cocktail of protease inhibitors (Roche), for 30 min on ice. Lysates were centrifuged for 

5 min at 15,000 x g at 4°C. Supernatants were collected and total protein concentration was 

measured by MicroBCA (Pierce), with 2% SDS. 

A volume of exosomes secreted by 30x106 cells was loaded on 4-12% Bis-Tris gels (Life 

Technologies). Alternatively, 100 µg of total cell lysate were used for western blotting. 

Proteins were transferred onto an Immobilon PVDF membrane (Millipore), and incubated 

with primary antibodies followed by the corresponding secondary HRP-conjugated 

antibodies. Revelation was performed with the BM Chemiluminescence Blotting Substrate kit 

(Roche Applied Science). Images were acquired using ChemiDoc XRS (BioRad). 

Alternatively, after incubation with primary antibodies, the membranes were incubated with 

Cy5-conjugated secondary antibodies, and images were acquired on a Typhoon FLA 9000 

scanner (GE Healthcare). Band intensity was quantified with ImageJ software (NIH). 

 

Flow cytometry analysis 

For surface staining, cells were harvested and incubated with anti-MHC class II or CD63 

antibody (2 µg/mL) for 30 min on ice, followed by anti-mouse-Alexa488 antibody (1/200) for 

20 min on ice, and acquisition on a MACSQuant flow cytometer. 

For total staining, after a surface staining cells were fixed and permeabilized with the 

Cytofix/Cytoperm kit (BD Biosciences). Cells were then washed with Perm/Wash buffer (BD 

Biosciences), incubated with primary and secondary antibodies, and analyzed by flow 

cytometry. 
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Electron microscopy 

Exosomes resuspended in PBS were deposited on formvar-carbon coated copper/palladium 

grids for 20 min at RT, fixed for 20 min in PBS-2% PFA (Electron Microscopy Sciences), and 

quenched in PBS 50 mM glycine. Grids were incubated with mouse anti-MHC class II 

followed by protein A-gold 15 nm (PAG15, CMC Utrecht). After fixation in glutaraldehyde 1% 

(Electron Microscopy Sciences) grids were incubated with anti-CD63, followed by PAG10. 

After a final fixation step in glutaraldehyde, grids were washed and contrast was performed 

with an ice-cold mixture of methylcellulose and uranyl acetate for 15 min. Grids were air-

dried before observation of the samples. 

Cells transduced with lentiviruses were fixed in 0.2M phosphate buffer at pH 7.4 with 2% 

PFA and 0,125% glutaraldehyde for 2 h at RT. Cells were then processed for ultrathin 

cryosectioning as previously described (Raposo et al, 2001), and labeled with rabbit anti-

MHC class II (1/200) or anti-CD63 (2 µg/mL) antibodies, followed by PAG15 and PAG10, 

respectively. 

All samples were observed at 80kV with a CM120 Twin Philipps electron microscope (FEI 

Company) and digital images were acquired with a numeric camera (Keen View; Soft 

Imaging system). Quantification was performed with the iTEM software (Soft imaging 

System). For exosome quantifications, one image obtained by multiple image acquisition 

(comprising nine individual images) was analyzed. Labeling of MHC class II and CD63 in 

MVEs was quantified in 50 compartments from different images. 

 

Dendritic cell transduction and FACS assay 

Monocyte-derived dendritic cells were obtained from blood samples of healthy donors. This 

study was conducted according to the Helsinki Declaration, with informed consent obtained 

from the blood donors, as requested by our Institutional Review Board. PBMC were isolated 

by density gradient centrifugation (LymphoPrep, Axis-Shield), CD14
+ monocytes were 

obtained by magnetic sorting (Miltenyi Biotec) and cultured in RPMI 1640 (Gibco) 

supplemented with 10% FCS (Biowest), 50 mM 2-ME, 10 mM HEPES, 100 IU/mL penicillin 

and 100 µg/mL streptomycin (Gibco), with 50 ng/mL IL-4 and 100 ng/mL GM-CSF (Miltenyi 

Biotec).  

Monocytes were transduced with shSCR or shALIX according to the protocol by Satoh and 

Manel (Satoh and Manel, 2012). Briefly, HEK293T cells were transfected with plasmids 

pLKO.1, p∆8.9, pCMV-VSV-G and TransIT-LT1 transfection reagent (Mirus Bio) to generate 

a lentiviral vector carrying an shRNA sequence and the puromycin resistance gene; or with 

plasmids pSIV3+ and pCMV-VSV-G to generate helper particles containing the Vpx protein 

which overcomes the blocking of lentiviral infections normally observed in monocyte-derived 
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DCs (Goujon et al, 2006). Fresh monocytes were incubated with equal volumes of both 

particles and 8 µg/mL protamine for 48h, and incubated with fresh medium with 2 µg/mL 

puromycin for 72h. Immature dendritic cells thus obtained were counted and 2x105 cells per 

well were incubated in exosome-depleted medium for 24h (in triplicates) to detect secreted 

exosomes by trapping on beads followed by staining for flow cytometry, as described above. 

Maturation was induced by treating DCs with LPS (1 µg/mL, Sigma) and IFN-γ (2500 IU/mL, 

Miltenyi Biotec). Cells were also incubated with antibodies against CD14, CD1a, CD80, 

CD86, HLA-DR (1/100, BD Biosciences) and CD63 (1/100, BioLegend) together with the 

corresponding isotype controls (1/100, BD Biosciences) to check DC differentiation and 

maturation status. 

 

Statistical analysis 

Statistical tests were performed with GraphPad Prism software (GraphPad Software, Inc.). 

One-way ANOVA followed by Tukey’s post test was used to analyze screening results, and 

a paired t-test was done to analyze western blot or FACS results. Values are shown as 

mean ± s.d. in figures 1, 2, S1 and S2, or as median in figures 2, 4, 5 and S3. 
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FIGURE LEGENDS 

 

Figure 1: Modulation of exosome secretion by members of the ESCRT family as evidenced 

by the screening of a library of shRNA. A) Exosomes and ovalbumin (OVA) in cell-

conditioned medium were measured by trapping each on a separate antibody-coated bead, 

staining with antibodies with different fluorophores, and analyzing the beads by flow 

cytometry. Exosome secretion (top panel), ovalbumin secretion (middle panel) and gene 

downregulation (bottom panel) are shown for genes whose inactivation induced a decrease 

in exosome secretion (B), or an increase in exosome secretion (C). Results are shown as 

percentage of the control (shSCR) arbitrary units (AU), mean ± s.d. of three experiments 

performed in triplicates. The black horizontal bar indicates the level of the control (shSCR, 

100%), n.d. = not done. One-way ANOVA followed by Tukey’s post test, * p< 0,05, ** p< 

0,01, *** p< 0,001 

 

Figure 2: Validation of the screening. Exosomes were purified by differential centrifugations 

and characterized by western blotting. A, B. Exosomes secreted by 30x10
6 cells were 

characterized by western blotting, using three different markers enriched on exosomes 

(MHC class II, HSC70 and CD63). Quantification of the signal of MHC class II (C), HSC70 

(D) and CD63 (E) was performed with the ImageJ software; results are expressed as % of 

the control (shSCR) AU; the red bar indicates the median, and the black bar highlights the 

level of the control (shSCR, 100%). 

 

Figure 3: Analysis of exosomes secreted by the different shRNA-treated cells by immuno-

electron microscopy. A. Whole-mount exosomes were stained for MHC class II (15 nm gold 

particles) and CD63 (10 nm gold particles). Both the number of gold particles as well as the 

diameter (measured with the iTEM software) were quantified for 200 vesicles per condition. 

Images are shown for shSCR and shALIX derived exosomes. B. A quantification of the 

number of small (30-60 nm in diameter), intermediate (60-100 nm diameter) and large (100-

200 nm diameter) vesicles is shown for each condition (top graphs). C. Results of the 

quantification are illustrated here for each condition (shSCR, shVPS4B, shALIX, shTSG101) 

as percentage of vesicles with no gold particles (CD63- MHC II-), only 10 nm gold particles 

(CD63+), only 15 nm gold particles (MHC II+), or both gold particles (CD63+ MHC II+), for 

small (30-60 nm), intermediate (60-100 nm) and large (100-200 nm) particles. Bar 100 nm. 

 

Figure 4: Characterization of shSCR and shALIX-treated cells. A. Western blotting of total 

cell lysates (100 µg/lane); staining with antibodies against ALIX, MHC class II and ACTIN is 

shown. Quantifications of six independent experiments (right panel) show the down 

128



!

regulation of ALIX and the increase of MHC class II in shALIX treated cells as compared to 

the control, and no difference for reference proteins HSC70 or ACTIN; results are expressed 

as % of control AU and the red bar indicates the median. B. FACS analysis of control and 

shALIX treated cells (top panel), and graph of the MFI of the markers MHC class II and 

CD63. Results are shown as percentage of the control MFI for four or five independent 

experiments (bottom panel). C. Immuno-electron microscopy of ultrathin cryosections of 

shSCR (top left panel) or shALIX (top right panel) treated cells, with staining for MHC class II 

(15 nm gold) and CD63 (10 nm gold). The number of MHC class II (bottom left panel) or 

CD63 (bottom right panel) gold particles quantified on 50 individual MVEs for each condition 

is shown, the red bar indicates the median. Bar 100 nm. 

Paired t-test, n.s. not significant, ** p< 0,01, *** p< 0,001.  

 

Figure 5: Characterization of shSCR and shALIX-treated human primary dendritic cells. A. 

Western blotting of total cell lysates from untreated DCs or LPS+IFN-γ treated DCs; staining 

with antibodies against ALIX, MHC class II and HSC70 are shown. Quantifications of band 

signal performed on western blots of cell lysates from seven donors (right panel) show the 

down-regulation of ALIX and the increase of MHC class II in shALIX treated cells as 

compared to the control. Results are expressed as % of AU of the untreated control 

(Untreated shSCR) B. FACS analysis of control and shALIX treated cells with markers MHC 

class II (top) and CD63 (bottom) and graph of the MFI expressed as percentage of the 

control (immature peak in the case of untreated shSCR; MFI marker – MFI isotype control) 

for six donors; untreated DCs (left panel), or LPS+IFN-γ treated DCs (right panel). C. 

Exosome secretion by DCs from seven donors: exosomes were quantified by trapping on 

anti-CD63 coated beads and staining with anti-CD81 and anti-HLA-DR antibodies. Results 

are expressed as percentage of the control (shSCR) AU, mean ± s.d. of one experiment 

performed in triplicates for each donor. The black horizontal bar indicates the level of the 

control (shSCR, 100%). Paired t-test, n.s. not significant, * p< 0,05, *** p< 0,001 

 

Figure S1: No modulation of exosome secretion by the inactivation of members of the 

ESCRT family. Exosome secretion (top panel), ovalbumin secretion (middle panel) and gene 

downregulation (bottom panel) are shown for genes whose inactivation had no effect on 

exosome secretion. Results are shown as percentage of the control (shSCR) AU, for three 

experiments performed in triplicates. One-way ANOVA followed by Tukey’s post test, * p< 

0,05, ** p< 0,01, *** p< 0,001 
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Figure S2: Genes identified as inducing discrepant effects on exosome secretion when 

inactivated. Exosome secretion (top panel), ovalbumin secretion (middle panel) and gene 

downregulation (bottom panel) are shown for genes whose inactivation had discrepant 

effects on exosome secretion between the different shRNA sequences. Results are shown 

as percentage of the control (shSCR) AU, for three experiments performed in triplicates. 

One-way ANOVA followed by Tukey’s post test, * p< 0,05, ** p< 0,01, *** p< 0,001 

 

Figure S3: Gene downregulation in lysates of shRNA-treated cells. Western blotting 

(shHRS, shVPS4B, shVTA1, shALIX) or real-time quantitative PCR (shSTAM1, shTSG101, 

shCHMP4C) were performed to check for protein or mRNA downregulation. Results from 

three independent experiments are shown for each condition, and expressed as percentage 

of the control (shSCR) AU, the red bar indicates the median. One representative western 

blot is shown for four of the genes. 

 

Figure S4: Analysis of exosomes secreted by the different shRNA-treated cells by immuno-

electron microscopy. A. Whole-mount exosomes were stained for MHC II (15 nm gold 

particles) and CD63 (10 nm gold particles). Both the number of gold particles as well as the 

diameter (measured with the iTEM software) were quantified for 200 vesicles per condition. 

Images are shown for shSCR and shALIX derived exosomes, as well as graphs showing the 

number of gold particles and the diameter per vesicle (each dot on the graph represents a 

vesicle). Bar 100 nm. B. Results of the quantification are illustrated here for four conditions 

(shSCR, shHRS, shSTAM1, shVTA1) as percentage of vesicles with no gold particles 

(CD63- MHC II-), only 10 nm gold particles (CD63+), only 15 nm gold particles (MHC II+), or 

both gold particles (CD63+ MHC II+), for small (30-60 nm), intermediate (60-100 nm) and 

large (100-200 nm) particles.  
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Table 1 – Screening results 

 

 

Most shRNA 

modulate exosome 

secretion 

Most shRNA have 

no effect on 

exosome secretion 

Discrepant effects 

of the different 

shRNA in terms of 

exosome secretion 

Inability to 

demonstrate 

inhibition of the 

gene 

HRS VPS28 STAM2 VPS37B 

STAM1 VPS37A VPS36 CHMP2A 

TSG101 SNF8 CHMP1B CHMP2B 

CHMP4C VPS25 CHMP5 CHMP4A 

VPS4B  CHMP6 CHMP4B 

VTA1   VPS24 

ALIX   VPS4A 
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Supplementary Table 1 – shRNA sequences 

 

 Gene symbol shRNA Clone ID Sequence 

     

ESCRT-0 HRS (HGS) sh1 TRCN0000037894 CCGCATGAAGAGTAACCACAT 

  sh2 TRCN0000037895 CCTGTACTCTTCACCTGTGAA 

  sh3 TRCN0000037896 CCAGCCTTACAACATGCAGAA 

  sh4 TRCN0000037897 CGTCCGTAACAAGATCCTGTA 

  sh5 TRCN0000037898 GCACGTCTTTCCAGAATTCAA 

 STAM1 sh1 TRCN0000004061 CTAGTGAAGTAAGCAACGTAT 

  sh2 TRCN0000004062 CCCTTTCCACTTTGTATCCAA 

  sh3 TRCN0000004063 TGTGTATCAAACTGTGGCAAA 

  sh4 TRCN0000004064 CCAGGTGCCAAACTATAACTT 

  sh5 TRCN0000004065 CTGCTAAATGCCACTGACAAT 

 STAM2 sh1 TRCN0000056773 GCACGGAAAGTGAGAGCTTTA 

  sh2 TRCN0000056774 GCACTGGACAAGACACTGTTT 

  sh3 TRCN0000056775 GCACCAGTGTACTCAGTCTAT 

  sh4 TRCN0000056776 CTACAGAAGATTGGAGTCTTA 

  sh5 TRCN0000056777 GCCTGCTCAAACTTCATATTT 

     

     

ESCRT-I TSG101 (VPS23) sh1 TRCN0000007560 CCCAGAATAAGTTATTGCAGT 

  sh2 TRCN0000007561 CGTCCTATTTCGGCATCCTAT 

  sh3 TRCN0000007562 CCTTATCTACATGAATGGAAA 

  sh4 TRCN0000007563 GCCTTATAGAGGTAATACATA 

  sh5 TRCN0000007564 GCAGAGCTCAATGCCTTGAAA 

 VPS28 sh1 TRCN0000004148 GCGGTGGTGAAGACAATGCAA 

  sh2 TRCN0000004149 GAGGGAGAAGTACGACAACAT 

  sh3 TRCN0000004150 CTCGCTCTTCATCACGGTCAT 

  sh4 TRCN0000004151 GTCAGCCTACAACGCCTTCAA 

  sh5 TRCN0000010854 AGAGCTGTTTGCGGTGGTGAA 

 VPS37A sh1 TRCN0000073183 CCTGGAAACATGAACTGCCAA 

  sh2 TRCN0000073184 CCGACAAAGATGACTTAGTAA 

  sh3 TRCN0000073185 GCCAATTTCATGCTCCACTAT 

  sh4 TRCN0000073186 CGACATCACTTAATGGATAAA 

  sh5 TRCN0000073187 ACCATAAACAACCTGACAATT 

 VPS37B sh1 TRCN0000122091 CAGAATGTTCAGCTTAACAAA 

  sh2 TRCN0000139237 CCAGGTTCTCTTTGAAGCCTA 

  sh3 TRCN0000140011 GCCGATGAAGTGGATGCAATT 

  sh4 TRCN0000140578 GAGACCCTGTTAGCACTTCTT 

  sh5 TRCN0000144349 CCTGAAGGTTTCTATGAAGAA 
 

     

ESCRT-II SNF8 (VPS22) sh1 TRCN0000015723 CGCTCGTTCAGTAAGCATAAT 

  sh2 TRCN0000015724 GCCATCGCCAAGAAGAAACTT 

  sh3 TRCN0000015725 CTGATAACTTTGGAGGAACTA 

  sh4 TRCN0000015726 GTGAGATCAAAGCCAGTCTTA 

  sh5 TRCN0000015727 GCCCAGGATGTCAGTCAAGAT 

 VPS25 sh1 TRCN0000122421 GAGATCATCACTGTCAGCGAT 

  sh2 TRCN0000141204 CCCTTTACTTCTTACCTCCCA 

  sh3 TRCN0000143104 CATATGTCTGTCCCTTGGATA 
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  sh4 TRCN0000144276 CTTCTTTACGTTACAACCGAA 

  sh5 TRCN0000144757 GAGTCGATCCAGATTGTATTA 

 VPS36 sh1 TRCN0000128378 GATGAGACCATCAGGTTTAAA 

  sh2 TRCN0000128720 CGTCATGGTAATTGAGCTTCA 

  sh3 TRCN0000129882 GCAAACTAATGATCAAGGCTA 

  sh4 TRCN0000130011 GAGTAGTAAGAACTCCTACAT 

  sh5 TRCN0000146785 CAGAGGAAATGACACAAAGAA 
 

     

ESCRT-III CHMP1B sh1 TRCN0000158735 GATTTCTGCTTTGATGGACAA 

  sh2 TRCN0000160848 GACCATGAATCTGGAGAAGAT 

  sh3 TRCN0000160950 GACAAATTCGAGCACCAGTTT 

  sh4 TRCN0000166491 CCAGAACCAAGTGGATATGCT 

  sh5 TRCN0000166391 CAACATGGAAGTTGCGAGGAT 

  sh6 TRCN0000161212 GCACTCTTAGCTGGATTCTAA 

  sh7 TRCN0000159294 GCTGGATTCTAAAGTTCTGTA 

  sh8 TRCN0000166094 GAACTGAGTAGGAGTGCCAAA 

  sh9 TRCN0000161474 GCGACATTGAAGACCATGAAT 

  sh10 TRCN0000164819 CAGAAGGGCAACATGGAAGTT 

 CHMP2A sh1 TRCN0000122604 GCCAAGCAAGGCCAGATGGAT 

  sh2 TRCN0000139572 CATTGATGATGCCATGGGTGA 

  sh3 TRCN0000140813 GCAGGCAGAGATCATGGATAT 

  sh4 TRCN0000143644 CATGAACAGACAGCTGAAGTT 

  sh5 TRCN0000143825 GCTATGTGCGCAAGTTTGTAT 

 CHMP2B sh1 TRCN0000128433 GCAGTTAACAAGAAGATGGAT 

  sh2 TRCN0000129922 GCAGCTTTAGAGAAACAAGAA 

  sh3 TRCN0000130815 GCCTTAAATAGCACAGACCTA 

  sh4 TRCN0000130897 GCTTGACACCTGCCTTAAATA 

  sh5 TRCN0000131086 GCTTACCATCTGCCTCTACTT 

 VPS24 (CHMP3) sh1 TRCN0000297794 CAAAGTCTTGTGAAGATTCCA 

  sh2 TRCN0000280247 GTGAAACGATCTGTGAAAGAT 

  sh3 TRCN0000280248 CAATGAGTGGTCATTGAAGAT 

  sh4 TRCN0000297792 GATCAGGAAGAAATGGAGGAA 

 CHMP4A sh1 TRCN0000148217 GACAGAGAAGATACTGATCAA 

  sh2 TRCN0000148454 CACAAACTGACGGGACATTAT 

  sh3 TRCN0000148490 CAAGAAGTATGGGACCAAGAA 

  sh4 TRCN0000148705 CCTTTCTTCCTTAAGTGCCAA 

  sh5 TRCN0000150154 GAGCTAAAGGAGGATAACTTT 

 CHMP4B sh1 TRCN0000147769 GTTAAGCAAGAAACAGGAGTT 

  sh2 TRCN0000148126 GATGAGTTAATGCAGGACATT 

  sh3 TRCN0000150181 GCAGTTGAAATGACCTGAAAT 

  sh4 TRCN0000180330 CGGCACATTATCAACCATCGA 

 CHMP4C sh1 TRCN0000179569 GATGGCACACTTTCTACCATT 

  sh2 TRCN0000146312 CCAAGAAATCTCAGAAGCATT 

  sh3 TRCN0000180929 GCAGAATAAGCGAGCTGCATT 

  sh4 TRCN0000147799 GCGATGAAATCTGTTCATGAA 

  sh5 TRCN0000179242 GACAAATATCCGCCTTCCAAA 

 CHMP5 (Vps60) sh1 TRCN0000163206 GAGTTGGATGCACTAGGTGAT 

  sh2 TRCN0000161107 GAGGATTTACAAGACCAGCTA 

  sh3 TRCN0000163175 GAAGGCATACAAGCCAGTGAA 

  sh4 TRCN0000159946 GAATCCATTGACAAGAAGATT 

  sh5 TRCN0000161287 GATGCTATGAAACTGGGAGTA 
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  sh6 TRCN0000158654 CTGGATGAAGATGATTTAGAA 

  sh7 TRCN0000162096 CAACATGGACAGGCCATTATA 

  sh8 TRCN0000164404 CCAGTGAAGATCGACCAGATT 

  sh9 TRCN0000161695 GACAATCTTGCCAACAGTCAT 

 CHMP6 (VPS20) sh1 TRCN0000151037 GCAATCACTCAGGAACAAATA 

  sh2 TRCN0000152315 CCAGATCGAAATGAAAGTGAT 

  sh3 TRCN0000154612 GCTGCTCAAGAAGAAGCGATA 

  sh4 TRCN0000155050 GCTCAAGAAGAAGCGATACCA 

  sh5 TRCN0000155260 GCGCAATCACTCAGGAACAAA 
 

     

ATPase VPS4A sh1 TRCN0000162998 GCAAAGAGAAACACGGCAAGA 

complex  sh2 TRCN0000163363 GCCGAGAAGCTGAAGGATTAT 

  sh3 TRCN0000161666 GTGTCGTTTAGATCAGGGTAA 

  sh4 TRCN0000159521 CGAGAAGCTGAAGGATTATTT 

  sh5 TRCN0000163870 CCTCCACGCTATCAAGTATGA 

 VPS4B sh1 TRCN0000021734 GCGGTCACTATCTAACACAAA 

  sh2 TRCN0000021735 GCACTGAAAGAGGCTGTGATA 

  sh3 TRCN0000021736 CGAAGATTTGAGAAACGAATT 

  sh4 TRCN0000021737 CCATTGTTATAGAACGACCAA 

  sh5 TRCN0000021738 GCTGATCCTAACCATCTTGTA 

 VTA1 (LIP5) sh1 TRCN0000072688 GCCTGGAAACTTGGTGCTTTA 

  sh2 TRCN0000072689 CCTTCTATACTGCAAGTCTTT 

  sh3 TRCN0000072690 GCACAGGTGTAGCAAGTAATA 

  sh4 TRCN0000072691 GAAGGCAACATACATCCATAA 

  sh5 TRCN0000072692 GCAAATATGCTGGCAGTGCTT 
 

     

Accessory ALIX (AIP1) sh1 TRCN0000029394 GCTGCTAAACATTACCAGTTT 

proteins  sh2 TRCN0000029395 CCTGAATTACTGCAACGAAAT 

  sh3 TRCN0000029396 CCAGAACAAATGCAGTGATAT 

  sh4 TRCN0000029397 GCAGAACAGAACCTGGATAAT 

  sh5 TRCN0000029398 GCATCTCGCTATGATGAATAT 
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)?! +`)! *)==)1.J! 9%&'! ^=-,a&,%_! )?! &N)%)=&%! -%! %@&*2?2*! @,)+&21%! )1.J! ?)91'! 21! +#&%&!

3&%2*.&%:!%21*&!+#&2,!@,&%&1*&!`-%!-.%)!'&+&*+&'!21!.-,>&,!=2*,)3&%2*.&%W!

!

HWH!i&+&,)>&1&2+J!)?!&N)%)=&%!

"#&! #&+&,)>&1&2+J! )?! &N)%)=&%! `-%! @,&32)9%.J! )E%&,3&'! =)%+.J! 21! +&,=%! )?! %2h&B! =)%+!

%+9'2&%! '&%*,2E&! @9,2?2&'! 3&%2*.&%! `2+#21! -! ,-1>&! )?! %2h&%! E&+`&&1! eG! -1'! HGG! 1=W! "#2%!

#&+&,)>&1&2+J! 21! %2h&! #-%! E&&1! '&=)1%+,-+&'! EJ! &.&*+,)1!=2*,)%*)@J! 21!=-1J! *&..! +J@&%:!

21*.9'21>!6Cg[+,-1%?),=&'!C!*&..%! KM-@)%)!&+!-.W:!HffdL:!'&1',2+2*!*&..%! KO1',&!&+!-.W:!FGGl]!

A&>9,-!&+! -.W:! FGGx]! o2+3)>&.! &+! -.W:! HffvL:! "! *&..%! KC.-1*#-,'!&+! -.W:! FGGFL:! +9=),! *&..! .21&%!

KS).?&,%! &+! -.W:! FGGHL:! =-.2>1-1+! &??9%2)1%! KO1',&! &+! -.W:! FGGFL:! @,2=-,J! *),+2*-.! 1&9,)1%!

KV-9,&!&+!-.W:!FGGdL:!E-%)@#2.%! KT-9.->12&,!&+!-.W:!FGGl-L:! 21+&%+21-.!&@2+#&.2-.!*&..%! KD-..&>).!

&+!-.W:!FGGu]!3-1!Q2&.!&+!-.W:!FGGHL:!i&T-[;<<"O!*&..%!KR%+,)`%a2!&+!-.W:!FGHGL:!&+*W!

i&+&,)>&1&2+J! 21! +#&! @,)+&21! *)1+&1+! )?! &N)%)=&%! #-%! E&&1! )E%&,3&'! EJ! 2==91)[6D! 21!

%&3&,-.!*&..!+J@&%:!+#,)9>#!+#&!'&+&*+2)1!)?!%&3&,-.!@,)+&21%W!V),!21%+-1*&:!2+!`-%!&32'&1*&'!

21!#9=-1!KO1',&!&+!-.W:!FGGlL!),!=)9%&!Ko2+3)>&.!&+!-.W:!HffvL!(;%!`2+#!=-,a&,%!Di;!*.-%%!<:!

<<!-1'!+&+,-%@-121%!;(vH!),!;(de]!21!=&.-1)=-!-1'!)3-,2-1!*-1*&,!KO1',&!&+!-.W:!FGGFL!`2+#!

=-,a&,%! Di;! *.-%%! <:! <<:! -1'! =&.-1)=-[-%%)*2-+&'! -1+2>&1%! "M5H! -1'! >@HGG! K5D6TL]! 21!

U9,a-+! "! *&..%! KC.-1*#-,'! &+! -.W:! FGGFL! EJ! '&+&*+21>! ";M[E&+-]! 21! 6Cg[C! *&..%! K6%*).-! &+! -.W:!
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Hffv]! M-@)%)! &+! -.W:! HffdL! `2+#!=-,a&,%! ;(vF:! ;(xe:! -1'!Di;! *.-%%! <<]! 21! @,2)1! @,)+&21!

21?&*+&'! ,)3! *&..%! KV&3,2&,! &+! -.W:! FGGlL! `2+#! 5,5:! ?.)+2..21:! -1'! "%>HGH]! -1'! 21! 21+&%+21-.!

&@2+#&.2-.! *&..%! KD-..&>).! &+! -.W:! FGGuL! EJ! '&+&*+21>! ;(f:! ;(vH:! ;(vF:! -1'! Oee! -1+2>&1W!

D2*,)>,-@#%!%#)`!+#&!@,&%&1*&!)?!3&%2*.&%!1)+!.-E&.&'!?),!-!@-,+2*9.-,!@,)+&21:!-1'!.-E&.&'!

3&%2*.&%! `2+#! 3-,J21>! .&3&.%! )?! %+-2121>:! 21'2*-+21>! '2??&,&1+! .&3&.%! )?! +#&! =).&*9.&! 21!

21'232'9-.!@-,+2*.&%W!<1!=)%+!%+9'2&%!+#&%&!'2??&,&1*&%!21!@,)+&21!*)1+&1+!E&+`&&1!3&%2*.&%!)?!

+#&! %-=&!@,&@-,-+2)1!`&,&!1)+! -1-.Jh&'!89-1+2+-+23&.JW!R1&! %+9'J:! #)`&3&,:! ?)*9%21>!)1!

+#&! '&%*,2@+2)1! )?! &N)%)=&%! %&*,&+&'! EJ! +#&! -@2*-.! -1'! E-%).-+&,-.! %2'&%! )?! 21+&%+21-.!

&@2+#&.2-.!*&..%!K3-1!Q2&.!&+!-.W:!FGGHL:!'2'!89-1+2?J!+#&!@,)@),+2)1!)?!3&%2*.&%!.-E&.&'!?),!+#&!

=-,a&,%! ;(de! -1'! Di;! *.-%%! <<! ),! ;(Fd! -1'! Di;! *.-%%! <<:! -1'! +#2%! -1-.J%2%! 21'2*-+&'!

89-.2+-+23&!'2??&,&1*&%!E&+`&&1!+#&!+`)!+J@&%!)?!&N)%)=&%B!-@2*-.!&N)%)=&%!`&,&!=)%+.J!

91.-E&.&':!`#2.&!E-%).-+&,-.!&N)%)=&%!%#)`&'!-!#2>#&,!@,)@),+2)1!)?!3&%2*.&%!.-E&.&'!`2+#!

;(de:! Di;! *.-%%! <<:! ),! .-E&.&'! `2+#! E)+#! -1+2>&1%:! -%! *)=@-,&'! +)! -@2*-.! &N)%)=&%W!

i&+&,)>&1&2+J!21!@,)+&21!*)1+&1+!`-%!-.%)!%#)`1!EJ!?.)-+-+2)1!)1!%9*,)%&!>,-'2&1+%!21!)1&!

,&@),+!@&,?),=&'!)1!6Cg[C!*&..[!'&,23&'!&N)%)=&%!@9,2?2&'!EJ!9.+,-*&1+,2?9>-+2)1!-+!uG:GGG!

N!<! K6%*).-! &+! -.W:! HffvL:! 21!`#2*#! ;(vF!`-%!=)%+.J! &1,2*#&'! 21! .&%%! '&1%&! 3&%2*.&%! KHWFe!

>�=TL:!`#&,&-%!+#&!#2>#&%+!.&3&.%!)?!Di;!*.-%%!<<!-1'!;(vH!`&,&!'&+&*+&'!)1!3&%2*.&%!`2+#!-!

#2>#&,!'&1%2+J!K-,)91'!HWex!>�=TLW!A%.6"*M!%9==-,2h&%!+#&!,&%9.+%!)?!+#&%&!'2??&,&1+!-,+2*.&%!

21!+&,=%!)?!3-,2-E2.2+J! 21!%2h&!-1'!@,)+&21!*)1+&1+W!p&+! 21!=)%+!,&@),+%!%&3&,-.!=-,a&,%!-,&!

1)+! -1-.Jh&'! %2=9.+-1&)9%.JW! 7&1&,-..J:! +#&! 32%9-.2h-+2)1! )?! )1&! %21>.&! @,)+&21! 2%! 9%&'! -%!

&32'&1*&! )?! +#&! 2'&1+2+J! )?! &N)%)=&%:! -1'! '&+&*+&'! 21! +#&! %-=&! ?,-*+2)1K%L! -%! -! @,)+&21!

*)1%2'&,&'!-%!=-,a&,!)?!&N)%)=&%W!V),!&N-=@.&:!O*J.["JO!`-%!)E%&,3&'! +)!*)[?,-*+2)1-+&!

`2+#!;(de!21!U9,a-+!*&..%! KV-1>!&+!-.W:!FGGuL]!-1!)3&,&N@,&%%&'!*J+)%).2*!pV5!`2+#!OT<j!-1'!

"A7HGH! 21! 1&9,)1%! KV-9,&! &+! -.W:! FGGdL! -1'! 5T5! `2+#! O.2N! 21! -1! ).2>)'&1',)>.2-.! *&..! .21&!

K",-Ia)32*!&+!-.W:!FGGvLW!

R9,! ,&%9.+%! &N+&1'! +#&%&! ?21'21>%! EJ! *#-,-*+&,2h21>! 21!=),&! '&+-2.! 3&%2*.&%! %&*,&+&'! EJ! -!

=)9%&! *&..! .21&:! +#,)9>#! +#&! *)=E21-+2)1! )?! `&%+&,1! E.)++21>! -1'! %&@-,-+2)1! EJ! %9*,)%&!

>,-'2&1+%! ?)..)`&'!EJ!-!89-1+2?2*-+2)1!)?!3&%2*.&%!-1-.Jh&'!EJ! 2==91)[6D:!`#2*#! 2%! ,-,&.J!

@&,?),=&'W!"#2%!-..)`&'!9%!+)!'&+&*+!-!@)@9.-+2)1!)?!3&%2*.&%!+#-+!'2'1/+!,&892,&!M-EFu-!?),!

+#&2,! %&*,&+2)1W! "#&%&! 3&%2*.&%! '2'! 1)+! #-,E),! =-,a&,%! )?! +#&! &1')%)=-.! *)=@-,+=&1+%!

K;(de:! O.2N:! "%>HGHL! E9+! @,&%&1+&'! *J+)%).2*! ),! @.-%=-! =&=E,-1&! =-,a&,%! K;(f! -1'!

D?>&vL:!%+,)1>.J!%9>>&%+21>!+#-+!+#&%&!3&%2*.&%!=-J:!21!?-*+:!1)+!*),,&%@)1'!+)!&1')%)=&[!
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M&?&,&1*&! ;&..!+J@&! 6N)%)=&!

%2h&!K1=L!

(&+&,=21-+2)1!)?!

&N)%)=&!#&+&,)>&1&)9%!

@,)+&21!*)1+&1+!EJ!

2==91)[&.&*+,)1!

=2*,)%*)@J!K<6DL!),!SC!

)?!'&1%2+J!>,-'2&1+!

?,-*+2)1%!KSCL!

59,2?2*-+2)1!+&*#1289&!

M-@)%)!&+!-.:!

Hffd!

6Cg[C!*&..%!

K#9=-1L!

dG[vG! Di;!<<!K<6DL! ;&1+,2?9>-+2)1!-+!uG:GGG!

N!<!

o2+3)>&.!&+!

-.:!Hffv!

(;%!K#9=-1L! xG[fG! ;(de:!Di;!<:!Di;!<<!

K<6DL!

;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

6%*).-!&+!-.:!

Hffv!

6Cg[C!*&..%!

K#9=-1L!

1W'W! ;(vF:!;(xe:!Di;!<<!

K<6DL]!;(vH:!;(vF:!Di;!

<<!KSC!)?!%9*,)%&!>,-'2&1+!

?,-*+2)1%L!

;&1+,2?9>-+2)1!-+!uG:GGG!

N!<:!%9*,)%&!>,-'2&1+!

3-1!Q2&.!&+!

-.:!FGGH!

<1+&%+21-.!*&..!

.21&%!K#9=-1L!

eG[fG! ;(de:!;(Fd:!Di;!<<!K<6DL! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

S).?&,%!&+!

-.:!FGGH!

D-%+)*J+)=-!

*&..!.21&!K5vHx:!

=)9%&L!

lG[HGG! 1W'W! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

C.-1*#-,'!&+!

-.:!FGGF!

U9,a-+!"!*&..!.21&!

K#9=-1L!

xG[HGG! ;(e:!";M!β!K<6DL! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

O1',&!&+!-.:!

FGGF!

D&.-1)=-!),!

)3-,2-1!*-1*&,!

K#9=-1L!

xG[HGG! ;(vH:!Di;!<:!Di;!<<:!

"M5H:!>@HGG!K<6DL!

;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<:!

%9*,)%&�(FR!*9%#2)1!

V&3,2&,!&+!-.:!

FGGl!

5,2)1!21?&*+&'!

M)3!*&..%!

K,-EE2+L!

xG[fG! 5,5:!?.)+2..21:!"%>HGH!K<6DL! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<:!%9*,)%&!

>,-'2&1+!

T-9.->12&,!&+!

-.:!FGGl!

C-%)@#2.!*&..!

.21&!K,-+L!

dG[fG! 1W'W! ;&1+,2?9>-+2)1!-+!

HHG:GGG!N!<!

O1',&!&+!-.:!

FGGl!

D)1)*J+&[

'&,23&'!(;%!

K#9=-1L!

dG[fG! ;(vH:!Di;!<:!Di;!<<!

K<6DL!

;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<:!

%9*,)%&�(FR!*9%#2)1!

A&>9,-!&+!-.:!

FGGx!

(H!(;!*&..!.21&:!

CD(;%!K=)9%&L!

xG[HGG! 1W'W! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

V-9,&!&+!-.:!

FGGd!

;),+2*-.!1&9,)1%!

K,-+L!

O3&,->&!

HGG!1=!

1W'W! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<:!%9*,)%&!

>,-'2&1+!

D-..&>).!&+!

-.:!FGGu!

<1+&%+21-.!*&..!

.21&%!K#9=-1L!

eG[fG! ;(f:!;(vH:!;(vF:!Oee!

-1+2>&1!K<6DL!

;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

R%+,)`%a2!&+!

-.:!FGHG!

i&T-!*&..!.21&!

K#9=-1L!

xG[HGG! 1W'W! ;&1+,2?9>-+2)1!-+!

HGG:GGG!N!<!

!

A57>G*M*K*<=))%1;*+,*(2=0'"(*($+R'&/*2$"*$"2"1+/"&"'2;*+,*"-+(+)"(4*

<1! +#2%! +-E.&! -,&! .2%+&'! %)=&! %+9'2&%! `#2*#! %#)`! +#&! #&+&,)>&1&2+J! )?! @9,2?2&'! &N)%)=&%! 21!

+&,=%!)?! %2h&:! -1'!@,)+&21! *)1+&1+W! A2h&! ,-1>&%!`&,&!=&-%9,&'!E-%&'!)1!&.&*+,)1!=2*,)%*)@J!

K6DL!)E%&,3-+2)1:!-1'!@,)+&21!*)1+&1+!`-%!'&+&,=21&'!EJ!2==91)[6D!)E%&,3-+2)1!K<6DL!)?!+#&!

21'2*-+&'!=-,a&,%:!),!`&%+&,1!E.)++21>!KSCL!-1-.J%2%!)?!&N)%)=&!?,-*+2)1%!)E+-21&'!EJ!'&1%2+J!

>,-'2&1+!%&@-,-+2)1W!59,2?2*-+2)1!+&*#1289&%!-,&!'&+-2.&'!21!+#&!.-%+!*).9=1W!1W'W!1)+!'&+&,=21&'!
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'&,23&'!&N)%)=&%:!E9+!-,&!.2a&.J!+)!E&!@.-%=-!=&=E,-1&!'&,23&'!=2*,)3&%2*.&%W!"#&%&!*&..%:!

%2=2.-,.J! +)! +9=),! *&..%! +#-+! -,&! *.&-,.J! a1)`1! +)! -.%)! %&*,&+&!=2*,)3&%2*.&%:! +#9%! %&*,&+&!

'2??&,&1+! +J@&%! )?! 3&%2*.&%! +#-+! -,&! -..! 2%).-+&'! `2+#! +#&! %-=&! =&+#)'W! <+! 2%! 1)+! *.&-,! 2?!

'2??&,&1+!*&..! +J@&%!-,&!-.%)!*-@-E.&!)?!%&*,&+21>!'2??&,&1+!@)@9.-+2)1%!)?!3&%2*.&%:!-1'!+#2%!

%#)9.'!+#&,&?),&!E&!-1-.Jh&'!21!*&..%!?,)=!'2??&,&1+!),2>21%W!

!

! HWF!59,2?2*-+2)1!+&*#1289&%!-1'!&N)%)=&!%9E@)@9.-+2)1%!

"#&!2'&1+2?2*-+2)1!)?!'2??&,&1+!@)@9.-+2)1%!)?!3&%2*.&%!21!-!%21>.&!@,&@-,-+2)1!2%!#21'&,&'!EJ!

+#&! *9,,&1+.J! -3-2.-E.&! @9,2?2*-+2)1! -1'! '&+&*+2)1! +&*#1289&%W! D)%+! @9,2?2*-+2)1! =&+#)'%!

)1.J! &1,2*#! -! @,&@-,-+2)1! 21! -! *&,+-21! +J@&! )?! 3&%2*.&:! `2+#)9+! -*+9-..J! -*#2&321>! -! @9,&!
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%#)`1! +)! E&! -E.&! +)! %&@-,-+&! 3&%2*.&%! )?! '2??&,&1+! %2h&%! 91'&,! HGG! 1=W! T2a&`2%&:! =)%+!

'&+&*+2)1! +&*#1289&%! ')! 1)+! '2%+21>92%#! 21'232'9-.! 3&%2*.&%:! -1'! -,&! 21%+&-'! 9%&?9.! +)!

*#-,-*+&,2h&! E9.a! @)@9.-+2)1%! )?! %&*,&+&'! 3&%2*.&%W! S&! =9%+! +#&,&?),&! ,&.J! )1! &.&*+,)1!

=2*,)%*)@J:! `#2*#! 2%! -! @)`&,?9.! -.+#)9>#! .&%%! ,&-'2.J! -3-2.-E.&! +&*#1289&:! -1'! +2=&[

*)1%9=21>!21!+&,=%!)?!89-1+2?2*-+2)1!@9,@)%&%W!V9,+#&,=),&:!?&`!@,)+&21%!=-J!E&!-1-.Jh&'!

%2=9.+-1&)9%.J!21!-!%-=@.&:!-1'!1)+!-..!-1+2E)'2&%!=-J!E&!&=@.)J&'!`2+#!+#2%!+&*#1289&!'9&!

+)!+#&!?2N-+2)1!%+&@%!+#-+!-,&!@&,?),=&'W!

i&1*&:!+#&!'2??2*9.+J!21!`),a21>!`2+#!&N)%)=&%!.2&%!21!+#&!.2=2+&'!+&*#1289&%!`&!'2%@)%&!)?!

+)'-JW!Q)3&.!@9,2?2*-+2)1!=&+#)'%!-..)`21>! +#&! %&@-,-+2)1!)?!3&%2*.&%!`2+#! %2h&%! %2=2.-,! +)!

&N)%)=&%!`)9.'! &1-E.&! 9%! +)! E&++&,! 91'&,%+-1'! +#&! *#-,-*+&,2%+2*%! )?! %9E@)@9.-+2)1%! )?!

&N)%)=&%:!21!+&,=%!)?!%2h&:!'&1%2+J:!=).&*9.-,!*)=@)%2+2)1:!-1'!@)%%2E.J!21!+&,=%!)?!3-,2-E.&!

&??&*+%! )1! +-,>&+! *&..%W! "#2%!=2>#+! -.%)! *)1+,2E9+&! +)! )9,! 91'&,%+-1'21>! )?! )+#&,! %&*,&+&'!

3&%2*.&%:! -1'! +#9%! @,)32'&! -!=),&! *)=@,&#&1%23&! '&@2*+2)1! )?! +#&! '2??&,&1+! 3&%2*.&%! +#-+!

=-J!E&!%&*,&+&'!EJ!-!%21>.&!*&..!+J@&W!

O! ,&*&1+! -,+2*.&! ,&@),+&'! +#&! *)=@-,2%)1! )?! +#,&&! '2??&,&1+! =&+#)'%! )?! &N)%)=&!

@9,2?2*-+2)1B! 9.+,-*&1+,2?9>-+2)1:! '&1%2+J! >,-'2&1+! *&1+,2?9>-+2)1! KR@+2@,&@! >,-'2&1+L:! -1'!

2==91)-??212+J! *-@+9,&! K9%21>! E&-'%! *)-+&'!`2+#! -1+2E)'2&%! +)! 6@;OD:! -1! &@2+#&.2-.! *&..!

-'#&%2)1!=).&*9.&:!`#2*#!`-%!%#)`1!+)!E&!)3&,&N@,&%%&'!21!&@2+#&.2-.!*-,*21)=-%L!K"-9,)!

&+!-.W:!FGHFLW!6N)%)=&%!%&*,&+&'!EJ!-!*).)1!*-,*21)=-!*&..! .21&!`&,&!@9,2?2&'!?)..)`21>!+#&!

'2??&,&1+! @,)+)*).%:! -1-.Jh&'! EJ!`&%+&,1! E.)++21>! K21*.9'21>! +#&!=-,a&,%! OT<j:! iA5uG! -1'!
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<1!*)1*.9%2)1:!'&%@2+&!+#&!?-*+!+#-+!`&!-,&!-+!-1!&-,.J!%+->&!)?!91'&,%+-1'21>!+#&!E2).)>J!)?!

&N)%)=&%:!-%!`&..!-%!+#&!=&*#-12%=%!+#-+!*)1+,).!+#&2,!E2)>&1&%2%!-1'!%&*,&+2)1:!+#&!,&%9.+%!

@,&%&1+&'! 21! +#2%! =-19%*,2@+! 21'2*-+&! +#-+! *&..%! %&*,&+&! '2??&,&1+! %9E@)@9.-+2)1%! )?!

&N)%)=&%! -1'! +#-+! +#&! =&+#)'%! 9%&'! +)! @9,2?J! &N)%)=&%! ?,)=! '2??&,&1+! *&..%! =-J! 1)+!

-.`-J%!J2&.'!&N*.9%23&.J!&1')%)=&['&,23&'!&N)%)=&%W!"#&,&EJ!-!=),&!@,&*2%&!'&?212+2)1!)?!

+#&! @,)@&,+2&%! )?! &N)%)=&%:! -%!`&..! -%!=&-1%! +)! '2??&,&1+2-+&! +#&=! ?,)=! )+#&,! %&*,&+&'!

3&%2*.&%:! -,&! .-*a21>!`#2*#! #21'&,%! )9,! 91'&,%+-1'21>! )?! +#&! ?91*+2)1%! +#-+! +#&%&! 3&%2*.&%!

=-J! -**)=@.2%#W! "#&,&?),&:! 1)3&.! @9,2?2*-+2)1! =&+#)'%! %#-,&'! EJ! '2??&,&1+! .-E),-+),2&%!

%#)9.'! E&! '&3&.)@&'W! "#&! %+9'J! )?! +#&! =&*#-12%=%! 213).3&'! 21! +#&! &N)%)=&! %&*,&+2)1!

@-+#`-J! %#)`%! +#-+! &N)%)=&! E2)>&1&%2%! -1'! %&*,&+2)1! 2%! =),&! *)=@.&N! +#&1! 212+2-..J!

+#)9>#+W!;&..%!#)%+!'2??&,&1+!Dg6%!%9E@)@9.-+2)1%:!`#2*#!-,&!+#&=%&.3&%!#&+&,)>&1&)9%!21!

*)1+&1+W!A&3&,-.!@-+#`-J%!=-J!*)&N2%+!21!-!%21>.&!%&*,&+21>!*&..!-1'!+#2%!=-J!'&@&1'!)1!2+%!

'2??&,&1+2-+2)1! %+-+9%:! -''21>! -''2+2)1-.! *)=@.&N2+J! +)! +#&! ?2&.':! E9+! )1! +#&! )+#&,! #-1'!

#&.@21>!+)!,&*)1*2.&!@,&32)9%!?21'21>%!21!+#&!.2+&,-+9,&!K2W&W!6A;M"!'&@&1'&1+!),!21'&@&1'&1+!

=&*#-12%=%! ?),! &N-=@.&LW! "#&%&! -%@&*+%! =9%+! E&! -'',&%%&'! 21! ?9+9,&! 213&%+2>-+2)1%:! 21!

),'&,!+)!21*,&-%&!)9,!*9,,&1+!a1)`.&'>&!*)1*&,121>!&N)%)=&%:!-1'!@,)32'&!+)).%!+)!%+9'J!

+#&!@#J%2).)>2*-.!,&.&3-1*&!)?!+#2%!-+J@2*-.!%&*,&+2)1!@-+#`-JW!!

177



$*-*$*"(*+)

178



!

M6V6M6Q;6A!

!

O-.E&,+%:!DW:! 3-1!(2%%&.[6=2.2-12:! VWDW:! 3-1!O',2*#&=:!QW5W:! 3-1!S2I1&1:!DW:!S-9E&1:!DWiW:! A+)9+:!

"WOW:! -1'! A+)),3)>&.:! SW! KFGHFLW! <'&1+2?2*-+2)1! )?! '2%+21*+! @)@9.-+2)1%! )?! @,)%+-%)=&%! +#-+!

'2??&,&1+2-..J!&N@,&%%!@,)%+-+&!%+&=!*&..!-1+2>&1:!-11&N21!OH:!-1'!7T<5MF!21!#9=-1%W!C2).!M&@,)'#P]:!

vFW!

O'=J,&:! ;W:! 7,91&`-.':! UW:! "#JE&,>:! UW:! 7,2@&1E-*a:! AW:! "),1.21>:! 7W:! 6a.91':! OW:! A*#&J129%:! OW:! -1'!

7-E,2&.%%)1:!AW! KFGGeLW!6N)%)=&%!`2+#!=-I),!#2%+)*)=@-+2E2.2+J!*)=@.&N!*.-%%! <<!-1'!*)[%+2=9.-+),J!

=).&*9.&%!-,&!@,&%&1+!21!#9=-1!COT!?.92'W!69,!M&%@2,!U#33:!xuv[xveW!

O'=J,&:!;W:!U)#-1%%)1:!AWDW:!y-h2:!PWMW:!V2.&1:!UWUW:!T-#&%=--:!MW:!Q),=-1:!DW:!Q&3&:!6W5W:!A*#&J129%:!

OW:! -1'!7-E,2&.%%)1:! AW! KFGGuLW!6N)%)=&%!`2+#! 2==91&!=)'9.-+),J! ?&-+9,&%!-,&!@,&%&1+! 21!#9=-1!

E,&-%+!=2.aW!U!<==91).#BV5:!Hfdf[HfuvW!

O.)1%):!MW:!D-hh&):!;W:!D&,2'-:!<W:!-1'!<h892&,'):!DW!KFGGuLW!O!1&`!,).&!)?!'2-*J.>.J*&,).!a21-%&!-.@#-!

)1! +#&! %&*,&+2)1! )?! .&+#-.! &N)%)=&%! E&-,21>! V-%! .2>-1'! '9,21>! -*+23-+2)1[21'9*&'! *&..! '&-+#! )?! "!

.J=@#)*J+&%W!C2)*#2=2&#P5:!FHe[FFHW!

O.)1%):! MW:! D-hh&):! ;W:! M)',2>9&h:! DW;W:! D-,%#:! DW:! V,-2.&[M-=)%:! OW:! ;-.3):! gW:! O32.-[V.),&%:! OW:!

D&,2'-:! <W:! -1'! <h892&,'):! DW! KFGHHLW! (2-*J.>.J*&,).! a21-%&! -.@#-! ,&>9.-+&%! +#&! ?),=-+2)1! -1'!

@).-,2%-+2)1! )?! =-+9,&! =9.+23&%2*9.-,! E)'2&%! 213).3&'! 21! +#&! %&*,&+2)1! )?! V-%! .2>-1'[*)1+-2121>!

&N)%)=&%!21!"!.J=@#)*J+&%W!;&..!(&-+#!(2??&,#BP:!HHdH[HHueW!

O=h-..->:!QW:! 5-%%&,:! CWUW:! O..-12*:! (W:! A&>9,-:! 6W:! "#&,J:! ;W:! 7)9':! CW:! O=%)1:! MW:! -1'! "&.&,=-1:! OW!

KFGGlLW! "AO5d! ?-*2.2+-+&%! +#&! %&*,&+2)1! )?! +,-1%.-+2)1-..J! *)1+,)..&'! +9=),! @,)+&21�#2%+-=21&[

,&.&-%21>!?-*+),!32-!-!1)1*.-%%2*-.!@-+#`-JW!U!C2).!;#&=#3V5:!ldHGl[ldHHFW!

O1',&:!VW:!;#-@9+:!QW:!A*#-,+h:!QW6W:!V.-=&1+:!;W:!O9E&,+:!QW:!C&,1-,':! UW:!T&=)112&,:!VW:!M-@)%):!7W:!

6%*9'2&,:!CW:!i%9:!(WiW2#-.#/01!KFGGlLW!6N)%)=&%!-%!@)+&1+!*&..[?,&&!@&@+2'&[E-%&'!3-**21&W!<W!(&1',2+2*!

*&..['&,23&'! &N)%)=&%! +,-1%?&,! ?91*+2)1-.! Di;! *.-%%! <�@&@+2'&! *)=@.&N&%! +)! '&1',2+2*! *&..%W! U!

<==91).#BV3:!FHFd[FHedW!

O1',&:!VW:!A*#-,+h:!QW6W:!D)3-%%->#:!DW:!V.-=&1+:!;W:!5-9+2&,:!5W:!D),2*&:!5W:!5)=&.:!;W:!T#)==&:!;W:!

6%*9'2&,:! CW:! T&! ;#&3-.2&,:! "W2# -.# /01! KFGGFLW!D-.2>1-1+! &??9%2)1%! -1'! 2==91)>&12*! +9=)9,['&,23&'!

&N)%)=&%W!T-1*&+#C]4:!Ffx[eGxW!

O)a2:! QW:! U21[1):! AW:! Q-a->-`-:! pW:! O%-2:! QW:! O,-a-`-:! 6W:! "-=9,-:! QW:! "-=9,-:! "W:! -1'!D-+%9'-:! "W!

KFGGuLW! <'&1+2?2*-+2)1! -1'! *#-,-*+&,2h-+2)1! )?!=2*,)3&%2*.&%! %&*,&+&'! EJ! e"e[TH! -'2@)*J+&%B! ,&')N[!

-1'! #),=)1&['&@&1'&1+! 21'9*+2)1! )?! =2.a! ?-+! >.)E9.&[&@2'&,=-.! >,)`+#! ?-*+),! v[-%%)*2-+&'!

=2*,)3&%2*.&%W!61')*,21).)>J#B^P:!evxG[evdFW!

C-E%+:! DW:! P-+h=-11:! (WUW:! 6%+&@-[A-E-.:! 6WUW:! D&&,.)):! "W:! -1'! 6=,:! AW(W! KFGGF-LW! 6%*,+[<<<B! -1!

&1')%)=&[-%%)*2-+&'!#&+&,)).2>)=&,2*!@,)+&21!*)=@.&N!,&892,&'! ?),!=3E!%),+21>W!(&3!;&..#C:!FuH[

FvFW!
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!

C-E%+:!DW:!P-+h=-11:!(WUW:!A1J'&,:!SWCW:!S&1'.-1':!CW:!-1'!6=,:!AW(W!KFGGFELW!61')%)=&[-%%)*2-+&'!

*)=@.&N:!6A;M"[<<:! ,&*,92+%! +,-1%@),+!=-*#21&,J! ?),!@,)+&21!%),+21>!-+! +#&!=9.+23&%2*9.-,!E)'JW!(&3!

;&..#C:!Fve[FvfW!

C-E%+:! DW:! S&1'.-1':! CW:! 6%+&@-:! 6WUW:! -1'! 6=,:! AW(W! KHffvLW! "#&! g@%l@! OOO! O"5-%&! ,&>9.-+&%!

=&=E,-1&!-%%)*2-+2)1!)?!-!g@%!@,)+&21! *)=@.&N! ,&892,&'! ?),!1),=-.!&1')%)=&! ?91*+2)1W!6DCR! U#

BV:!FfvF[FffeW!

C-*#&:! PW7W:! C,&*#:! OW:! D&#.9=:! OW:! -1'! A+&1=-,a:! iW! KFGGeLW! i,%! ,&>9.-+&%! =9.+23&%2*9.-,! E)'J!

?),=-+2)1!32-!6A;M"!,&*,92+=&1+!+)!&1')%)=&%W!U!;&..!C2).#B]3:!lex[llFW!

C-2&++2:!DWVW:!o#-1>:!oW:!D),+2&,:!6W:!D&.*#2),:!OW:!(&>&&%+:!7W:!7&&,-&,+%:!OW:!<3-,%%)1:!pW:!(&@)),+&,&:!

VW:! ;))=-1%:! ;W:! g&,=&2,&1:! 6W2# -.# /01! KFGHFLW! AJ1'&*-1[%J1+&121[OT<j! ,&>9.-+&%! +#&! E2)>&1&%2%! )?!

&N)%)=&%W!Q-+!;&..!C2).#B^:!duu[dvxW!

C-I[P,hJ`),h&a-:!DW:!D-Ia-:!DW:!5,-+2*):!(W:!M-+-I*h-a:!UW:!g2.-2,&:!7W:!P2I)`%a2:!UW:!M&*-:!MW:!U-1)`%a-[

S2&*h),&a:! OW:! -1'! M-+-I*h-a:! DWoW! KFGGFLW! 5.-+&.&+['&,23&'! =2*,)@-,+2*.&%! %+2=9.-+&! @,).2?&,-+2)1:!

%9,323-.:!-'#&%2)1:!-1'!*#&=)+-N2%!)?!#&=-+)@)2&+2*!*&..%W!6N@!i&=-+).#C4:!lxG[lxfW!

C-I[P,hJ`),h&a-:! DW:! Ah-+-1&a:! MW:! S&>.-,*hJa:! PW:! C-,-1:! UW:! -1'! o&=E-.-:! DW! KFGGuLW! "9=)9,[

'&,23&'!=2*,)3&%2*.&%!=)'9.-+&!E2).)>2*-.!-*+232+J!)?!#9=-1!=)1)*J+&%W!<==91).!T&++#BBC:!ud[vFW!

C&1=&,-#:!OW:!-1'!T-=-h&:!;W!KFGGuLW!;.-+#,21[*)-+&'!@2+%B!323&!.-!'2??&,&1*&t!",-??2*#P:!fuG[fvFW!

C.-1*#-,':!QW:!T-1a-,:!(W:!V-9,&:!VW:!M&>1-9.+:!OW:!(9=)1+:!;W:!M-@)%):!7W:!-1'!i23,)h:!;W!KFGGFLW!";M!

-*+23-+2)1!)?!#9=-1!"!*&..%!21'9*&%!+#&!@,)'9*+2)1!)?!&N)%)=&%!E&-,21>!+#&!";M�;(e�h&+-!*)=@.&NW!

U!<==91).#B]P:!eFex[eFlHW!

C)E,2&:! OW:! ;).)=E):! DW:! M-@)%):! 7W:! -1'! "#&,J:! ;W! KFGHHLW! 6N)%)=&! %&*,&+2)1B! =).&*9.-,!

=&*#-12%=%!-1'!,).&%!21!2==91&!,&%@)1%&%W!",-??2*#B3:!Hdxf[HddvW!

C)E,2&:!OW:!;).)=E):!DW:!P,9=&2*#:!AW:!M-@)%):!7W:!-1'!"#&,J:!;W! KFGHFLW!(23&,%&!%9E@)@9.-+2)1%!)?!

3&%2*.&%! %&*,&+&'! EJ! '2??&,&1+! 21+,-*&..9.-,! =&*#-12%=%! -,&! @,&%&1+! 21! &N)%)=&! @,&@-,-+2)1%!

)E+-21&'! EJ! '2??&,&1+2-.! 9.+,-*&1+,2?9>-+2)1W! U! 6N+,-*&..9.-,! g&%2*.&%! KQ),+#! O=&,2*-L! HB! Hvefu!

K-3-2.-E.&!-+!#++@B��```WI)9,1-.)?&N+,-*&..9.-,3&%2*.&%W1&+�21'&NW@#@�I&3�-,+2*.&�32&`�HvefuL!

C)`&,%:! PW:! 52@&,:! AW;W:! 6'&.21>:! DWOW:! 7,-J:! AWMW:! R`&1:! (WUW:! T&#1&,:! 5WUW:! -1'! T9h2):! UW5W! KFGGdLW!

(&>,-'-+2)1! )?! &1')*J+)%&'! &@2'&,=-.! >,)`+#! ?-*+),! -1'! 32,-..J! 9E2892+21-+&'! =-I),!

#2%+)*)=@-+2E2.2+J! *)=@.&N! *.-%%! <! 2%! 21'&@&1'&1+! )?! =-==-.2-1! 6A;M"<<W! U! C2).! ;#&=# 3PB:! xGfl[

xHGxW!

C9**2:! ;W:! T9+*a&:! OW:! A+&&.&[D),+2=&,:! RW:! R.aa)1&1:! gWDW:! (9@,&&:! 5W:! ;#2-,2&..):! DW:! C,912:! ;WCW:!

A2=)1%:! PW:! -1'! o&,2-.:!DW! KHffxLW! ;)[)@&,-+23&! ,&>9.-+2)1! )?! &1')*J+)%2%! EJ! +#,&&! M-Ex! 2%)?),=%W!

V6CA!T&++#C]]:!dx[uHW!

C9%*#)`:! AW<W:! T2&?#&EE&,:! UWDW:! S9EE).+%:! MW:! -1'! A+)),3)>&.:! SW! KFGGxLW! 6N)%)=&%! *)1+-21!

9E2892+21-+&'!@,)+&21%W!C.))'!;&..%!D).!(2%#CQ:!efv[lGeW!
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!

C9%*#)`:!AW<W:!Q).+&[z+!i)&1:!6WQW:!3-1!Q2&.:!7W:!5).%:!DWAW:!+&1!C,)&a&:!"W:!T-9`&1:!DW:!R%%&1'),@:!VW:!

D&.2&?:!;WUW:!M-@)%):!7W:!S9EE).+%:!MW2#-.#/01!KFGGfLW!Di;!<<!21!'&1',2+2*!*&..%!2%!+-,>&+&'!+)!.J%)%)=&%!

),!"!*&..[21'9*&'!&N)%)=&%!32-!'2%+21*+!=9.+23&%2*9.-,!E)'J!@-+#`-J%W!",-??2*#B4:!HxFv[HxlFW!

;-,.+)1:!UW7W:!-1'!D-,+21[A&,,-1):!UW! KFGGuLW!5-,-..&.%!E&+`&&1!*J+)a21&%2%!-1'!,&+,)32,-.!E9''21>B!-!

,).&!?),!+#&!6A;M"!=-*#21&,JW!A*2&1*&#CB]:!HfGv[HfHFW!

;#-@9+:! QW:! -1'! "#&,J:! ;W! KFGHHLW! 6N)%)=&%B! 2==91&! @,)@&,+2&%! -1'! @)+&1+2-.! *.212*-.!

2=@.&=&1+-+2)1%W!A&=21!<==91)@-+#).#J!"#A'-::OW!

;#-++&,I&&:! AWPW:! -1'! P2=:! 0W! KHfuuLW! 7-.-*+)%J.+,-1%?&,-%&! -*+232+J! 21! =&+-%+-%2h21>! -1'!

1)1=&+-%+-%2h21>! ,-+! =-==-,J! *-,*21)=-%! -1'! 2+%! @)%%2E.&! ,&.-+2)1%#2@! `2+#! +9=),! *&..! %9,?-*&!

-1+2>&1!%#&''21>W!U!Q-+.!;-1*&,!<1%+#QP:!Fue[FvGW!

;#&1:!5W<W:!P)1>:!;W:!A9:!jW:!-1'!A+-#.:!5W(W!KFGGfLW!M-Ex!2%)?),=%!'2??&,&1+2-..J!,&>9.-+&!+#&!+,-??2*a21>!

-1'!'&>,-'-+2)1!)?!&@2'&,=-.!>,)`+#!?-*+),!,&*&@+),%W!U!C2).!;#&=#3P^:!eGeFv[eGeevW!

;#&1:! gWpW:! 5)%-'-:!DWDW:! C.-h&,:! TWTW:! o#-):! "W:! -1'! M)%-12-:! 7WMW! KFGGdLW! "#&! ,).&! )?! +#&! g5AlO[

&N)%)=&! @-+#`-J! 21! +#&! 21+,21%2*! &>,&%%! ,)9+&! )?! -! (QO[E21'21>! -1+2*-1*&,! ',9>W! 5#-,=! M&%# 3C:!

Hdvu[HdfxW!

;#)2:!(WAW:! T&&:! UWDW:!5-,a:!7WSW:! T2=:!iWSW:!C-1>:! UWpW:!P2=:!pWPW:!P`)1:!PWiW:!P`)1:!iWUW:!P2=:!PW5W:!

-1'! 7#):! pWAW! KFGGuLW! 5,)+&)=2*! -1-.J%2%! )?! =2*,)3&%2*.&%! '&,23&'! ?,)=! #9=-1! *).),&*+-.! *-1*&,!

*&..%W!U!5,)+&)=&!M&%#]:!ldld[ldxxW!

;.-J+)1:!OW:!;)9,+:!UW:!Q-3-E2:!iW:!O'-=%:!DW:!D-%)1:!DW(W:!i)E)+:!UWOW:!Q&`=-1:!7WMW:!-1'!U-%-12:!CW!

KFGGHLW!O1-.J%2%!)?!-1+2>&1!@,&%&1+21>!*&..!'&,23&'!&N)%)=&%:!E-%&'!)1! 2==91)[=->1&+2*! 2%).-+2)1!

-1'!?.)`!*J+)=&+,JW!U!<==91).!D&+#)'%#3^V:!Hde[HulW!

;).&=-1:! CWDW:! i-1%%&1:! 6W:! T-`%)1:! gWOW:! -1'! i2..:! OWVW! KFGHFLW! 5,2)1[21?&*+&'! *&..%! ,&>9.-+&! +#&!

,&.&-%&!)?!&N)%)=&%!`2+#!'2%+21*+!9.+,-%+,9*+9,-.!?&-+9,&%W!VOA6C!UW!

;)1'&[g-1*&..%:!UW:!M)',2>9&h[A9-,&h:!6W:!6=E-'&:!QW:!72.:!(W:!D-++#2&%&1:!MW:!g-..&:!DW:!6.),+h-:!VW:!T9:!

AW;W:! D-+):! UWDW:! -1'! V-.*)1[5&,&h:! UWDW! KFGGvLW! ;#-,-*+&,2h-+2)1! -1'! *)=@,&#&1%23&! @,)+&)=&!

@,)?2.21>!)?!&N)%)=&%!%&*,&+&'!EJ!#&@-+)*J+&%W!U!5,)+&)=&!M&%#V:!xHxu[xHddW!

(-2:! AW:! S&2:! (W:! S9:! oW:! o#)9:! jW:! S&2:! jW:! i9-1>:! iW:! -1'! T2:! 7W! KFGGvLW! 5#-%&! <! *.212*-.! +,2-.! )?!

-9+).)>)9%! -%*2+&%['&,23&'! &N)%)=&%! *)=E21&'! `2+#! 7D[;AV! ?),! *).),&*+-.! *-1*&,W! D).! "#&,# B]:!

uvF[ufGW!

(&! C,)&:!DW6W:!S2&=&:! MWUW:! T)>>#&:! 7WQW:! -1'! M)&.%:! VW! KHfuuLW! A@)1+-1&)9%! %#&''21>! )?! @.-%=-!

=&=E,-1&!?,->=&1+%!EJ!#9=-1!*&..%!21!323)!-1'!21!32+,)W!;.21!;#2=!O*+-#PB:!Feu[FlxW!

'&! 7-%%-,+:! OW:! 7&=21-,':! ;W:! V&3,2&,:! CW:! M-@)%):! 7W:! -1'! g2'-.:! DW! KFGGeLW! T2@2'! ,-?+[-%%)*2-+&'!

@,)+&21!%),+21>!21!&N)%)=&%W!C.))'#B43:!leed[lellW!

(&1h&,:!PW:!3-1!62Ia:!DW:!P.&2I=&&,:!DWUW:!U-a)E%)1:!6W:!'&!7,))+:!;W:!-1'!7&9h&:!iWUW!KFGGGLW!V)..2*9.-,!

'&1',2+2*! *&..%! *-,,J!Di;! *.-%%! <<[&N@,&%%21>!=2*,)3&%2*.&%! -+! +#&2,! %9,?-*&W! U! <==91).# B]Q:! HFxf[

HFdxW!
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!

()#&,+J:!7WUW:!-1'!D*D-#)1:!iW"W!KFGGfLW!D&*#-12%=%!)?!&1')*J+)%2%W!O119!M&3!C2)*#&=#VP:!vxu[

fGFW!

(,->)32*:!MWOW:!7-,'21&,:!;W:!C,))a%:!OWAW:!"-11&++-:!(WAW:!V&,>9%)1:!(WUW:!i).&:!5W:!;-,,:!CW:!M&'=-1:!

;WSW:! i-,,2%:! OWTW:! ()E%)1:! 5WUW2# -.# /01! KFGHHLW! A2h21>! -1'! @#&1)+J@21>! )?! *&..9.-,! 3&%2*.&%! 9%21>!

Q-1)@-,+2*.&!",-*a21>!O1-.J%2%W!Q-1)=&'2*21&#V:!uvG[uvvW!

6%*).-:! UWDW:! P.&2I=&&,:! DWUW:! A+)),3)>&.:! SW:! 7,2??2+#:! UWDW:! p)%#2&:! RW:! -1'! 7&9h&:! iWUW! KHffvLW!

A&.&*+23&!&1,2*#=&1+!)?!+&+,-%@-1!@,)+&21%!)1!+#&!21+&,1-.!3&%2*.&%!)?!=9.+23&%2*9.-,!&1')%)=&%!-1'!

)1!&N)%)=&%!%&*,&+&'!EJ!#9=-1!C[.J=@#)*J+&%W!U!C2).!;#&=#3VC:!FGHFH[FGHFuW!

6%*9'2&,:! CW:! (),3-.:! "W:! ;#-@9+:! QW:! O1',&:! VW:! ;-EJ:!DW5W:! Q)3-9.+:! AW:! V.-=&1+:! ;W:! T&E)9.-2,&:! ;W:!

C),>:!;W:!O=2>),&1-:!AW2#-.#/01!KFGGxLW!g-**21-+2)1!)?!=&+-%+-+2*!=&.-1)=-!@-+2&1+%!`2+#!-9+).)>)9%!

'&1',2+2*!*&..!K(;L!'&,23&'[&N)%)=&%B!,&%9.+%!)?!+#&?2,%+!@#-%&!<!*.212*-.!+,2-.W!U!",-1%.!D&'#C:!HGW!

V-'&,:! ;WDW:! A-1*#&h:! (W7W:! D&%+,&:! DWCW:! -1'! ;).)=E):! DW<W! KFGGfLW! "<[gOD5�gOD5u! -1'!

gOD5e�*&..9E,&321B!+`)!3[AQOM6!@,)+&21%!213).3&'!21!%@&*2?2*!%+&@%!)?!+#&!-9+)@#->J�=9.+23&%2*9.-,!

E)'J!@-+#`-J%W!C2)*#2=!C2)@#J%!O*+-#BV5C:!HfGH[HfHdW!

V-1>:!pW:!S9:!QW:!7-1:!jW:!p-1:!SW:!D),,&..:!UW;W:!-1'!7)9.':!AWUW!KFGGuLW!i2>#&,[),'&,!).2>)=&,2h-+2)1!

+-,>&+%!@.-%=-!=&=E,-1&!@,)+&21%!-1'!i<g!>->!+)!&N)%)=&%W!5T)A!C2).#Q:!&HxvW!

V-9,&:!UW:!T-*#&1-.:!7W:!;)9,+:!DW:!i2,,.21>&,:!UW:!;#-+&..-,'[;-9%%&:!;W:!C.)+:!CW:!7,-1>&:!UW:!A*#)&#1:!7W:!

7).'E&,>:!pW:!C)J&,:!gW2#-.#/01!KFGGdLW!6N)%)=&%!-,&!,&.&-%&'!EJ!*9.+9,&'!*),+2*-.!1&9,)1&%W!D).!;&..!

Q&9,)%*2#CB:!dlF[dlvW!

V&,1-1'&h[C),I-:!DW:!S9EE).+%:!MW:!;-.-?-+:!UW:!U-1%%&1:!iW:!(23&*#-:!QW:!(9%%&.I&&:!AW:!-1'!Q&&?I&%:!UW!

KHfffLW!D9.+23&%2*9.-,!E)'J!=),@#)>&1&%2%!,&892,&%!@#)%@#-+2'J.[21)%2+).!e[a21-%&!-*+232+JW!;9,,!C2).#

5:!xx[xvW!

V&3,2&,:!CW:!g2.&++&:!(W:!O,*#&,:!VW:!T)&`:!(W:!V-2>.&:!SW:!g2'-.:!DW:!T-9'&:!iW:!-1'!M-@)%):!7W! KFGGlLW!

;&..%!,&.&-%&!@,2)1%!21!-%%)*2-+2)1!`2+#!&N)%)=&%W!5,)*!Q-+.!O*-'!A*2!0!A!O#B4B:!fdve[fdvvW!

V2%#&,:!MW(W:!;#91>:!iWpW:!o#-2:!yW:!M)E21%)1:!iW:!A91'892%+:!SW<W:!-1'!i2..:!;W5W!KFGGuLW!A+,9*+9,-.!-1'!

E2)*#&=2*-.!%+9'2&%!)?!OT<j�O<5H!-1'!2+%!,).&!21!,&+,)32,9%!E9''21>W!;&..#B3P:!vlH[vxFW!

7-%%&,:!RW:!i&%%:!;W:!D2)+:!AW:!(&)1:!;W:!A-1*#&h:!UW;W:!-1'!A*#2??&,.2:!UWOW!KFGGeLW!;#-,-*+&,2%-+2)1!-1'!

@,)@&,+2&%!)?!&*+)%)=&%!,&.&-%&'!EJ!#9=-1!@).J=),@#)19*.&-,!1&9+,)@#2.%W!6N@!;&..!M&%#3PQ:!Fle[

FxuW!

7-++2:!UWTW:!D&+-J&,:!AW:!C&.>#-h2:!DW:!(-*#&9N:!VW:!-1'!(-*#&9N:!UWTW!KFGGxLW!<'&1+2?2*-+2)1:!@,)+&)=2*!

@,)?2.21>:!-1'!),2>21!)?!,-=!&@2'2'J=-.!?.92'!&N)%)=&[.2a&!3&%2*.&%W!C2).!M&@,)'#V3:!HlxF[HldxW!

7&=21-,':!;W:!(&!7-%%-,+:!OW:!C.-1*:!TW:!-1'!g2'-.:!DW!KFGGlLW!(&>,-'-+2)1!)?!O5F!'9,21>!,&+2*9.)*J+&!

=-+9,-+2)1!&1#-1*&%!E21'21>!)?!#%*uG!-1'!O.2N!+)!-!*)==)1!%2+&!)1!"VM!?),!%),+21>!21+)!&N)%)=&%W!

",-??2*#Q:!HvH[HfeW!

7),3&.:!UW5W:!;#-3,2&,:!5W:!o&,2-.:!DW:!-1'!7,9&1E&,>:!UW!KHffHLW!,-Ex!*)1+,).%!&-,.J!&1')%)=&!?9%2)1!21!

32+,)W!;&..#]^:!fHx[fFxW!
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!

7,-1+:!MW:!O1%-[O''):!6W:!A+,-++)1:!(W:!O1+`2[C-??)9,:!AW:! U),?2:!AW:!P#).2-:!AW:!P,2>&:!TW:!T-1>&:!AW:!-1'!

<1-.:! UW! KFGHHLW!O!?2.+,-+2)1[E-%&'!@,)+)*).!+)! 2%).-+&!#9=-1!@.-%=-!=&=E,-1&['&,23&'!3&%2*.&%!-1'!

&N)%)=&%!?,)=!E.))'!@.-%=-W!U!<==91).!D&+#)'%#CVB:!Hle[HxHW!

7,9&1E&,>:!UW!KFGGHLW!"#&!&1')*J+2*!@-+#`-JB!-!=)%-2*!)?!')=-21%W!Q-+!M&3!D).!;&..!C2).#3:!uFH[ueGW!

7,9&1E&,>:! UW:! -1'!A+&1=-,a:!iW! KFGGlLW!"#&!E2)>&1&%2%!)?!=9.+23&%2*9.-,!&1')%)=&%W!Q-+!M&3!D).!

;&..!C2).#Q:!eHu[eFeW!

7J),>J:!CW:!Ah-E):!"W7W:!5-%h+)2:!DW:!5-.:!oW:!D2%I-a:!5W:!O,-'2:!CW:!T-%h.):!gW:!5-..21>&,:!6W:!5-@:!6W:!P2++&.:!

OW2#-.#/01!KFGHHLW!D&=E,-1&!3&%2*.&%:!*9,,&1+!%+-+&[)?[+#&[-,+B!&=&,>21>!,).&!)?!&N+,-*&..9.-,!3&%2*.&%W!

;&..!D).!T2?&!A*2#]P:!Fddu[FdvvW!

i-1%)1:!5W<W:!-1'!;-%#2a-,:!OW!KFGHFLW!D9.+23&%2*9.-,!C)'J!D),@#)>&1&%2%W!O119!M&3!;&..!(&3!C2).W!

i-,'21>:! ;W:! i&9%&,:! UW:! -1'! A+-#.:! 5W! KHfveLW! M&*&@+),[=&'2-+&'! &1')*J+)%2%! )?! +,-1%?&,,21! -1'!

,&*J*.21>!)?!+#&!+,-1%?&,,21!,&*&@+),!21!,-+!,&+2*9.)*J+&%W!U!;&..!C2).#5V:!eFf[eefW!

i-`-,2:!VW<W:!M)9#-12:!VWQW:!;92:!jW:!p9:!oWjW:!C9*a.&J:!;W:!P-.&,:!DW:!-1'!T&321&:!AWUW!KFGGlLW!M&.&-%&!)?!

?9..[.&1>+#!xx[a(-!"QV! ,&*&@+),!H! 21!&N)%)=&[.2a&!3&%2*.&%B!-!=&*#-12%=! ?),!>&1&,-+2)1!)?! %).9E.&!

*J+)a21&!,&*&@+),%W!5,)*!Q-+.!O*-'!A*2!0!A!O#B4B:!HFfu[HeGFW!

i&2I1&1:!iWVW:!A*#2&.:!OW6W:!V2I1#&&,:!MW:!7&9h&:!iWUW:!-1'!A2N=-:!UWUW!KHfffLW!O*+23-+&'!@.-+&.&+%!,&.&-%&!

+`)! +J@&%! )?! =&=E,-1&! 3&%2*.&%B! =2*,)3&%2*.&%! EJ! %9,?-*&! %#&''21>! -1'! &N)%)=&%! '&,23&'! ?,)=!

&N)*J+)%2%!)?!=9.+23&%2*9.-,!E)'2&%!-1'!-.@#-[>,-19.&%W!C.))'#5^:!eufH[euffW!

i&%%:! ;W:! A-'-..-#:! AW:! i&?+2:! OW:! T-1'=-11:! MW:! -1'! A*#2??&,.2:! UWOW! KHfffLW! 6*+)%)=&%! ,&.&-%&'! EJ!

#9=-1!1&9+,)@#2.%!-,&!%@&*2-.2h&'!?91*+2)1-.!912+%W!U!<==91).#B]C:!lxdl[lxueW!

i)&1:!6WQW:!3-1!'&,!g.2%+:!6WUW:!O-.E&,+%:!DW:!D&,+&1%:!iW;W:!C)%*#:!CWUW:!C-,+&.21a:!SW:!D-%+,)E-++2%+-:!

6W:! 3-1! 7--.:! 6WgW:! A+)),3)>&.:!SW:! O,a&%+&2I1:! 7WUW2# -.# /01! KFGHFLW! y9-1+2+-+23&! -1'! 89-.2+-+23&! ?.)`!

*J+)=&+,2*!-1-.J%2%!)?!1-1)%2h&'!*&..['&,23&'!=&=E,-1&!3&%2*.&%W!Q-1)=&'2*21&#P:!uHF[uFGW!

i)),1:!"W:!5-9.:!5W:!U-1%%&1:!TW:!U-1%%&1:!iW:!-1'!Q&&?I&%:!UW!KFGHFLW!(J1-=2*%!`2+#21!+&+,-%@-121!@-2,%!

-??&*+!Di;!*.-%%!<<!&N@,&%%2)1W!U!;&..!A*2#B3Q:!eFv[eefW!

i%9:! ;W:!D),)#-%#2:! pW:! p)%#2=9,-:! AW:!D-1,289&[i)J)%:!QW:! U91>:! AW:! T-9+&,E-*#:!DWOW:! C-a#+2:!DW:!

7,)1E),>:!DW:!D)E29%:!SW:!M#&&:!UW2#-.#/01!KFGHGLW!M&>9.-+2)1!)?!&N)%)=&!%&*,&+2)1!EJ!M-Eex!-1'!2+%!

7"5-%&[-*+23-+21>!@,)+&21%!"C;H(HGO[;W!U!;&..!C2).#BP5:!FFe[FeFW!

i9,.&J:!UWiW!KFGHGLW!"#&!6A;M"!*)=@.&N&%W!;,2+!M&3!C2)*#&=!D).!C2).#^Q:!lde[lvuW!

<%.-=:!OW:!A#&1:!jW:!i2,)2:!"W:!D)%%:!UW:!g-9>#-1:!DW:!-1'!T&321&:!AWUW!KFGGuLW!"#&!E,&?&.'21!O[21#2E2+&'!

>9-121&! 19*.&)+2'&[&N*#-1>&! @,)+&21:! C<7F:! ,&>9.-+&%! +#&! *)1%+2+9+23&! ,&.&-%&! )?! "QVMH! &N)%)=&[

.2a&!3&%2*.&%W!U!C2).!;#&=#3P3:!fxfH[fxffW!

U-#1:!MW:!-1'!A*#&..&,:!MWiW! KFGGdLW!AQOM6%[[&1>21&%!?),!=&=E,-1&!?9%2)1W!Q-+!M&3!D).!;&..!C2).#V:!

deH[dleW!
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!

U)#1%+)1&:!MWDW:!O'-=:!DW:!i-==)1':!UWMW:!R,,:!TW:!-1'!"9,E2'&:!;W!KHfvuLW!g&%2*.&!?),=-+2)1!'9,21>!

,&+2*9.)*J+&! =-+9,-+2)1W! O%%)*2-+2)1! )?! @.-%=-! =&=E,-1&! -*+232+2&%! `2+#! ,&.&-%&'! 3&%2*.&%!

K&N)%)=&%LW!U!C2).!;#&=#3]3:!flHF[flFGW!

P-+h=-11:!(WUW:!C-E%+:!DW:!-1'!6=,:!AW(W!KFGGHLW!0E2892+21['&@&1'&1+!%),+21>!21+)!+#&!=9.+23&%2*9.-,!

E)'J!@-+#`-J!,&892,&%!+#&!?91*+2)1!)?!-!*)1%&,3&'!&1')%)=-.!@,)+&21!%),+21>!*)=@.&N:!6A;M"[<W!;&..#

B4]:!Hlx[HxxW!

P-+h=-11:! (WUW:! A+&?-1:! ;WUW:! C-E%+:! DW:! -1'! 6=,:! AW(W! KFGGeLW! g@%Fu! ,&*,92+%! 6A;M"! =-*#21&,J! +)!

&1')%)=&%!'9,21>!DgC!%),+21>W!U!;&..!C2).#B]3:!lHe[lFeW!

P&..&,:! AW:! M9@@:! ;W:! A+)&*a:! OW:! M91h:! AW:! V)>&.:! DW:! T9>&,+:! AW:! i->&,:! iW(W:! OE'&.[C-aaJ:! DWAW:!

79+`&21:!5W:!-1'!O.+&3)>+:!5W!KFGGuLW!;(Fl!2%!-!=-,a&,!)?!&N)%)=&%!%&*,&+&'!21+)!9,21&!-1'!-=12)+2*!

?.92'W!P2'1&J!<1+#V3:!HGfx[HHGFW!

T-=@-,%a2:!iW7W:!D&+#-[(-=-12:!OW:!p-):!UWpW:!5-+&.:!AW:!i%9:!(WiW:!M9&>>:!;W:!-1'!T&!5&*8:!UWCW!KFGGFLW!

5,)'9*+2)1!-1'!*#-,-*+&,2h-+2)1!)?!*.212*-.!>,-'&!&N)%)=&%!'&,23&'!?,)=!'&1',2+2*!*&..%W! U! <==91).!

D&+#)'%#3V4:!FHH[FFdW!

T-1>&.2&,:! ;W:! 3)1! A*#`&'.&,:! 0WPW:! V2%#&,:! MW(W:! (&! ()=&12*):! <W:!S#2+&:! 5WTW:! i2..:! ;W5W:! P-@.-1:! UW:!

S-,':! (W:! -1'! A91'892%+:! SW<W! KFGGdLW! i9=-1! 6A;M"[<<! *)=@.&N! -1'! 2+%! ,).&! 21! #9=-1!

2==91)'&?2*2&1*J!32,9%!+J@&!H!,&.&-%&W!U!g2,).#P4:!fldx[flvGW!

T-+J%#&3-:!QW:!D9,-+)3:!7W:!M-I&%#:!AW:!5-'>&++:!DW:!i)+*#21:!QWOW:!R3&,'921:!DW:!-1'!C&,'2+*#&3%a2:!VW!

KFGGdLW! AJ1+&121[H! 2%! -! 1&`! *)=@)1&1+! )?! +&+,-%@-121[&1,2*#&'! =2*,)')=-21%B! =&*#-12%=%! -1'!

*)1%&89&1*&%!)?!+#&!21+&,-*+2)1!)?!%J1+&121[H!`2+#!;(deW!D).!;&..!C2).#3]:!uuGu[uuHvW!

T-9.->12&,:! PW:! 7,-1':! (W:! (9I-,'21:! OW:! i-='2:! AW:! g21*&1+[A*#1&2'&,:! iW:! T-1a-,:! (W:! A-..&%:! UW5W:!

C)11&,)+:! ;W:! 5&,,&+:! CW:! -1'!M&*),':!DW! KFGGl-LW! 5T(F! 2%! &1,2*#&'!)1!&N)%)=&%! -1'! 2+%! -*+232+J! 2%!

*),,&.-+&'!+)!+#&!,&.&-%&!)?!&N)%)=&%W!V6CA!T&++#QV3:!HH[HlW!

T-9.->12&,:! PW:! D)++-:! ;W:! i-='2:! AW:! M)J:! AW:! V-93&..&:! VW:! 5->&-9N:! UWVW:! P)E-J-%#2:! "W:! A-..&%:! UW5W:!

5&,,&+:! CW:! C)11&,)+:! ;W2# -.# /01! KFGGlELW! D-%+! *&..[! -1'! '&1',2+2*! *&..['&,23&'! &N)%)=&%! '2%@.-J! -!

%@&*2?2*!.2@2'!*)=@)%2+2)1!-1'!-1!919%9-.!=&=E,-1&!),>-12h-+2)1W!C2)*#&=!U#CP4:!HdH[HuHW!

T-9.->12&,:! PW:! g21*&1+[A*#1&2'&,:! iW:! i-='2:! AW:! A9E,-:! ;W:! T-1a-,:! (W:! -1'! M&*),':! DW! KFGGxLW!

;#-,-*+&,2h-+2)1!)?!&N)%)=&!%9E@)@9.-+2)1%!?,)=!MCT[Fie!*&..%!9%21>!?.9),&%*&1+!.2@2'%W!C.))'!;&..%!

D).!(2%#CQ:!HHd[HFHW!

T&%@->1).:!OW:!(9?.-9+:!(W:!C&&a=-1:!;W:!C.-1*:!TW:!V29**2:!7W:!D-,21&:! UW;W:!g2'-.:!DW:!O=%)1:!MW:!-1'!

"&.&,=-1:! OW! KFGGvLW! 6N)%)=&! %&*,&+2)1:! 21*.9'21>! +#&! (QO! '-=->&[21'9*&'! @xe['&@&1'&1+!

%&*,&+),J!@-+#`-J:!2%!%&3&,&.J!*)=@,)=2%&'!21!"AO5d�A+&-@e[19..!=2*&W!;&..!(&-+#!(2??&,#BQ:!HuFe[

HueeW!

T2&>&)2%:! AW:! C&1&'&++):! OW:! 7-,12&,:! UWDW:! A*#`-E:! pW:! -1'! T-E)9&%%&:! DW! KFGGdLW! "#&! gG[O"5-%&!

=&'2-+&%! -@2*-.! %&*,&+2)1! )?! &N)%)=&%! *)1+-2121>! i&'>&#)>[,&.-+&'! @,)+&21%! 21! ;-&1),#-E'2+2%!

&.&>-1%W!U!;&..!C2).#BVC:!flf[fdHW!
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!

T))=2%:!MWUW:!i).=&%:!(WOW:! 6.=%:!OW:! A).%a2:! 5WOW:!(&,:!;WUW:! -1'!A9:! TW! KFGGdLW!;2+,)1!a21-%&:! -!M#)O!

&??&*+),:!&1#-1*&%!i<g[H!32,2)1!@,)'9*+2)1!EJ!=)'9.-+21>!&N)*J+)%2%W!",-??2*#V:!Hdle[HdxeW!

D-..&>).:!UW:!g-1!Q2&.:!7W:!T&E,&+)1:!;W:!T&@&..&+2&,:!pW:!;-1'-.#:!;W:!(9>-3&:!;W:!i&-+#:!UWPW:!M-@)%):!7W:!

;&,?[C&1%9%%-1:! QW:! -1'! i&J=-1:! DW! KFGGuLW! "vl[21+&%+21-.! &@2+#&.2-.! &N)%)=&%! E&-,! Di;! *.-%%!

<<�@&@+2'&! *)=@.&N&%! @)+&1+2-+21>! -1+2>&1! @,&%&1+-+2)1! EJ! '&1',2+2*! *&..%W! 7-%+,)&1+&,).)>J# BC3:!

Hvdd[HvudW!

D-,+21&h[T),&1h):!DWUW:! O1&.:! OW:!7-=&1:! AW:!D)1.&! 1:! <W:! T-%2&,,-:! 5W:! T-,,-':! TW:! 521&2,):!OW:! O.-3-:!

DWOW:!-1'!Q-3-.:!UW! KHfffLW!O*+23-+&'!#9=-1!"!*&..%!,&.&-%&!E2)-*+23&!V-%! .2>-1'!-1'!O5RF!.2>-1'!21!

=2*,)3&%2*.&%W!U!<==91).#B]C:!HFul[HFvHW!

D-,h&%*):! OWDW:! U-12*#:! 5W:! S2.%*#[C,-9121>&,:! DW:! (9E,&92.:! gW:! T-1>&1?&.':! PW:! ;),E&2.:! (W:! -1'!

i9++1&,:! SWCW! KFGGxLW! M&.&-%&! )?! &N+,-*&..9.-,! =&=E,-1&! @-,+2*.&%! *-,,J21>! +#&! %+&=! *&..! =-,a&,!

@,)=2121[H!K;(HeeL!?,)=!1&9,-.!@,)>&12+),%!-1'!)+#&,!&@2+#&.2-.!*&..%W!U!;&..!A*2#BBP:!Fvlf[FvxvW!

D-+#23-1-1:!AW:!-1'!A2=@%)1:!MWUW!KFGGfLW!6N);-,+-B!O!*)=@&1'29=!)?!&N)%)=-.!@,)+&21%!-1'!MQOW!

5,)+&)=2*%#5:!lffu[xGGGW!

D-J),:!AW:!-1'!5->-1):!MW6W!KFGGuLW!5-+#`-J%!)?!*.-+#,21[21'&@&1'&1+!&1')*J+)%2%W!Q-+!M&3!D).!;&..!

C2).#P:!dGe[dHFW!

D&-,%:! MW:! ;,-3&1:! MWOW:! i-1,-#-1:! AW:! ")++J:! QW:! 0@+)1:! ;W:! p)91>:! AWTW:! 5-+&.:! 5W:! A&.EJ:! 5WUW:! -1'!

C-1a%:! MW6W! KFGGlLW! 5,)+&)=2*! -1-.J%2%! )?! =&.-1)=-['&,23&'! &N)%)=&%! EJ! +`)['2=&1%2)1-.!

@).J-*,J.-=2'&!>&.!&.&*+,)@#),&%2%!-1'!=-%%!%@&*+,)=&+,JW!5,)+&)=2*%#^:!lGHf[lGeHW!

D2*#-&.:! OW:! C-I,-*#-,J-:! AW(W:! p9&1:! 5WAW:! o#)9:! iW:! A+-,:! MWOW:! <..&2:! 7W7W:! -1'! O.&32h)%:! <W! KFGHGLW!

6N)%)=&%!?,)=!#9=-1!%-.23-!-%!-!%)9,*&!)?!=2*,)MQO!E2)=-,a&,%W!R,-.!(2%#B]:!el[evW!

D2%%)++&1:!DW:!Q2*#).%:!OW:!M2&>&,:!PW:!-1'!A-')9.:!MW!KHfffLW!O.2N:!-!1)3&.!=)9%&!@,)+&21!91'&,>)21>!

*-.*29=['&@&1'&1+!21+&,-*+2)1!`2+#!+#&!-@)@+)%2%[.21a&'[>&1&!F!KOT7[FL!@,)+&21W!;&..!(&-+#!(2??&,#]:!

HFl[HFfW!

D)E29%:! SW:! R#1)[<`-%#2+-:! pW:! 3-1! ()1%&.--,:! 6W7W:! R),%*#)+:! gWDW:! A#2=-'-:! pW:! V9I2=)+):! "W:!

i&2I1&1:! iWVW:! 7&9h&:! iWUW:! -1'! A.)+:! UWSW! KFGGFLW! <==91)&.&*+,)1! =2*,)%*)@2*! .)*-.2h-+2)1! )?!

*#).&%+&,).!9%21>!E2)+21J.-+&'!-1'!1)1[*J+).J+2*!@&,?,21>).J%21!RW!U!i2%+)*#&=!;J+)*#&=#Q4:!le[xxW!

D)E29%:!SW:!3-1!()1%&.--,:!6W:!R#1)[<`-%#2+-:!pW:!A#2=-'-:!pW:!i&2I1&1:!iWVW:!A.)+:!UWSW:!-1'!7&9h&:!

iWUW! KFGGeLW!M&*J*.21>!*)=@-,+=&1+%!-1'!+#&! 21+&,1-.!3&%2*.&%!)?!=9.+23&%2*9.-,!E)'2&%!#-,E),!=)%+!

)?!+#&!*#).&%+&,).!?)91'!21!+#&!&1')*J+2*!@-+#`-JW!",-??2*#^:!FFF[FeHW!

D)1+&*-.3):!OW:! T-,,&>21-:!OW"W:! A#9?&%aJ:!SWUW:! A+).h:!(WCW:! A9..23-1:!DWTW:!P-,.%%)1:! UWDW:!C-+J:!;WUW:!

72E%)1:! 7WOW:! 6,')%:! 7W:! S-1>:! oW2# -.# /01! KFGHFLW! D&*#-12%=! )?! +,-1%?&,! )?! ?91*+2)1-.! =2*,)MQO%!

E&+`&&1!=)9%&!'&1',2+2*!*&..%!32-!&N)%)=&%W!C.))'#BB5:!uxd[uddW!

D),%&:! DWOW:! 7-,%+:! UW:! R%-'-:! "W:! P#-1:! AW:! i)E&2a-:! OW:! ;.-J:! "WDW:! g-.&1+&:! QW:! A#,&&12`-%:! MW:!

A9++)1:!DWOW:!(&.*-J,&:!OW2# -.# /01! KFGGxLW!O!@#-%&! <! %+9'J!)?!'&N)%)=&! 2==91)+#&,-@J! 21!@-+2&1+%!

`2+#!-'3-1*&'!1)1[%=-..!*&..!.91>!*-1*&,W!U!",-1%.!D&'#C:!fW!
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!

D9,-.2'#-,-1[;#-,2:! gW:! ;.-1*J:! UW:! 5.)9:! ;W:! M)=-):! DW:! ;#-3,2&,:! 5W:! M-@)%):! 7W:! -1'! (zA)9h-[

A*#),&J:!;W!KFGGfLW!OMVd[,&>9.-+&'!%#&''21>!)?!+9=),!*&..['&,23&'!@.-%=-!=&=E,-1&!=2*,)3&%2*.&%W!

;9,,!C2).#B5:!Hvux[HvvxW!

Q2*#).%:!CWUW:!-1'!T2@@21*)++[A*#`-,+h:!UW!KFGGHLW!61')*J+)%2%!`2+#)9+!*.-+#,21!*)-+%W!",&1'%!;&..!C2).#

BB:!lGd[lHFW!

Q2*a&,%)1:!(W5W:!S&%+:!DW:!i&1,J:!MW:!-1'!R'),2hh2:!7W! KFGHGLW!M&>9.-+),%!)?!g@%l!O"5-%&!-*+232+J!-+!

&1')%)=&%!'2??&,&1+2-..J!21?.9&1*&!+#&!%2h&!-1'!,-+&!)?!?),=-+2)1!)?!21+,-.9=&1-.!3&%2*.&%W!D).!C2).!

;&..#3B:!HGFe[HGeFW!

Q).+&[z+!i)&1:!6WQW:!C9&,=-1%:!iW5W:!S--%'),@:!DW:!A+)),3)>&.:!SW:!S-9E&1:!DWiW:!-1'!+!i)&1:!5WOW!

KFGHFLW! (&&@! %&89&1*21>! )?! MQO! ?,)=! 2==91&! *&..['&,23&'! 3&%2*.&%! 91*)3&,%! +#&! %&.&*+23&!

21*),@),-+2)1!)?! %=-..! 1)1[*)'21>!MQO!E2)+J@&%!`2+#! @)+&1+2-.! ,&>9.-+),J! ?91*+2)1%W!Q9*.&2*!O*2'%!

M&%W!

RzT)9>#.21:! OWUW:! S)??21'-.&:! ;WOW:! -1'! S))':! DWUW! KFGHFLW! 6N)%)=&%! -1'! +#&! &=&,>21>! ?2&.'! )?!

&N)%)=&[E-%&'!>&1&!+#&,-@JW!;9,,!7&1&!"#&,#B3:!FdF[FulW!

R'),2hh2:!7W:!C-E%+:!DW:!-1'!6=,:!AW(W!KHffvLW!V-EH@!5+'<1%KeL5!x[a21-%&!?91*+2)1!&%%&1+2-.!?),!@,)+&21!

%),+21>!21!+#&!=9.+23&%2*9.-,!E)'JW!;&..#5Q:!vlu[vxvW!

R%+,)`%a2:!DW:!;-,=):!QWCW:!P,9=&2*#:!AW:!V-1>&+:!<W:!M-@)%):!7W:!A-321-:!OW:!D)2+-:!;WVW:!A*#-9&,:!PW:!

i9=&:!OWQW:!V,&2+-%:!MW5W2#-.#/01! KFGHGLW!M-EFu-!-1'!M-EFuE!*)1+,).!'2??&,&1+!%+&@%!)?!+#&!&N)%)=&!

%&*,&+2)1!@-+#`-JW!Q-+!;&..!C2).#B3:!Hf[eG]!%9@!@@!HH[HeW!

5-.=-:!UW:!p-''-1-@9'2:!AW;W:!52>-+2:!TW:!i-3&1%:!DWOW:!U&)1>:!AW:!S&21&,:!7WOW:!S&2=&,:!PWDW:!A+&,1:!CW:!

i-%+21>%:!DWTW:!-1'!(9&..2:!(WDW!KFGHFLW!D2*,)MQO%!-,&!&N@),+&'!?,)=!=-.2>1-1+!*&..%!21!*9%+)=2h&'!

@-,+2*.&%W!Q9*.&2*!O*2'%!M&%W!

5-1:!CW"W:!"&1>:!PW:!S9:!;W:!O'-=:!DW:!-1'!U)#1%+)1&:!MWDW!KHfvxLW!6.&*+,)1!=2*,)%*)@2*!&32'&1*&!?),!

&N+&,1-.2h-+2)1!)?! +#&! +,-1%?&,,21! ,&*&@+),! 21! 3&%2*9.-,! ?),=! 21! %#&&@! ,&+2*9.)*J+&%W! U! ;&..! C2).# B4B:!

flF[flvW!

5-,).212:!<W:!V&'&,2*2:!;W:!M->>2:!;W:!T9>212:!TW:!5-..&%*#2:!AW:!(&!D2.2+):!OW:!;)%*2-:!;W:!<&%%2:!6W:!T)>)hh2:!DW:!

D).21-,2:!OW2#-.#/01!KFGGfLW!D2*,)&132,)1=&1+-.!@i!2%!-!a&J!?-*+),!?),!&N)%)=&!+,-??2*!21!+9=),!*&..%W!U!

C2).!;#&=#3P^:!elFHH[elFFFW!

52%2+a91:!"W:!A#&1:!MWVW:!-1'!P1&@@&,:!DWOW!KFGGlLW!<'&1+2?2*-+2)1!-1'!@,)+&)=2*!@,)?2.21>!)?!&N)%)=&%!

21!#9=-1!9,21&W!5,)*!Q-+.!O*-'!A*2!0!A!O#B4B:!Heedv[HeeueW!

5,)9N[72..-,'&-9N:! gW:! M-@)%):! 7W:! <,21)@)9.)9:! "W:! -1'! 7-..2:! "W! KFGGuLW! 6N@,&%%2)1! )?! +#&! T)1>21!

')=-21!)?!"<[gOD5!2=@-2,%!.J%)%)=-.!%&*,&+2)1!-1'!&@2+#&.2-.!*&..!=2>,-+2)1W!C2).!;&..#55:!FdH[FuHW!

5,)9N[72..-,'&-9N:! gW:! M9'>&:! MW:! -1'! 7-..2:! "W! KFGGxLW! "#&! +&+-19%! 1&9,)+)N21[%&1%2+23&! -1'!

21%&1%2+23&!,)9+&%!+)!-1'!?,)=!+#&!@.-%=-!=&=E,-1&B!?-%+!-1'!%.)`!@-+#`-J%t!",-??2*#]:!edd[eueW!

M-E21)`2+%:! 7W:! 7&,*&.["-J.),:! ;W:! (-J:! UWDW:! "-J.),:! (W(W:! -1'! P.)&*a&,:! 7WiW! KFGGfLW! 6N)%)=-.!

=2*,)MQOB!-!'2->1)%+2*!=-,a&,!?),!.91>!*-1*&,W!;.21!T91>!;-1*&,#B4:!lF[ldW!
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!

M-2E),>:!;W:!C,&=1&%:!CW:!D&#.9=:!OW:!72..)).J:!(WUW:!(zO,,2>):!OW:!A+-1>:!6W:!-1'!A+&1=-,a:!iW!KFGGHLW!

Vpg6!-1'!*)2.&'[*)2.!')=-21%!'&+&,=21&!+#&!%@&*2?2*!.)*-.2%-+2)1!)?!i,%!+)!&-,.J!&1')%)=&%W!U!;&..!A*2#

BB^:!FFxx[FFdeW!

M-I&1',-1:! TW:! i)1%#):!DW:! o-#1:! "WMW:! P&..&,:! 5W:! 7&2>&,:! PW(W:! g&,a-'&:! 5W:! -1'! A2=)1%:! PW! KFGGdLW!

O.h#&2=&,z%! '2%&-%&! E&+-[-=J.)2'! @&@+2'&%! -,&! ,&.&-%&'! 21! -%%)*2-+2)1! `2+#! &N)%)=&%W! 5,)*! Q-+.!

O*-'!A*2!0!A!O#B4C:!HHHuF[HHHuuW!

M-):! AWPW:! i9J1#:! ;W:! 5,)9N[72..-,'&-9N:! gW:! 7-..2:! "W:! -1'! O1',&`%:! QWSW! KFGGlLW! <'&1+2?2*-+2)1! )?!

AQOM6%! 213).3&'! 21! %J1-@+)+->=21! g<<[,&>9.-+&'! .J%)%)=-.! &N)*J+)%2%W! U! C2).! ;#&=# 3V5:! FGluH[

FGlufW!

M-@)%):!7W:!Q2I=-1:!iWSW:! A+)),3)>&.:!SW:! T2&I&1'&aa&,:! MW:! i-,'21>:! ;WgW:!D&.2&?:! ;WUW:! -1'!7&9h&:!

iWUW!KHffdLW!C!.J=@#)*J+&%!%&*,&+&!-1+2>&1[@,&%&1+21>!3&%2*.&%W!U!6N@!D&'#BPC:!HHdH[HHuFW!

M-@)%):! 7W:! "&1h-:! (W:! D&*#&,2:! AW:! 5&,)1&+:! MW:! C)11&,)+:! ;W:! -1'! (&%-J=-,':! ;W! KHffuLW!

O**9=9.-+2)1!)?!=-I),!#2%+)*)=@-+2E2.2+J!*)=@.&N!*.-%%!<<!=).&*9.&%!21!=-%+!*&..!%&*,&+),J!>,-19.&%!

-1'!+#&2,!,&.&-%&!9@)1!'&>,-19.-+2)1W!D).!C2).!;&..#P:!FdeH[FdlxW!

M-@)%):!7W:!"&1h-:!(W:!D9,@#J:!(WDW:!C&,%)1:! UWVW:! -1'!D-,a%:!DWAW! KFGGHLW!(2%+21*+!@,)+&21! %),+21>!

-1'!.)*-.2h-+2)1!+)!@,&=&.-1)%)=&%:!=&.-1)%)=&%:!-1'!.J%)%)=&%!21!@2>=&1+&'!=&.-1)*J+2*!*&..%W!U!

;&..!C2).#BQ3:!vGf[vFlW!

M-J=)1':! ;WPW:! i)`-.'[A+&3&1%)1:! <W:! g-+&,:! ;WOW:! -1'! A+&3&1%:! "WiW! KHffFLW! D),@#).)>2*-.!

*.-%%2?2*-+2)1!)?!+#&!J&-%+!3-*9).-,!@,)+&21!%),+21>!=9+-1+%B!&32'&1*&!?),!-!@,&3-*9).-,!*)=@-,+=&1+!

21!*.-%%!6!3@%!=9+-1+%W!D).!C2).!;&..#C:!Hevf[HlGFW!

M-h2:!DW:!-1'!V9++&,:!;W6W!KFGGdLW!(2%+21*+!,).&%!?),!"%>HGH!-1'!i,%!21!=9.+23&%2*9.-,!E)'J!?),=-+2)1!

-1'!21`-,'!3&%2*9.-+2)1W!D).!C2).!;&..#BV:!eldf[elveW!

M2&'&,:!AW6W:!C-1+-:!TWDW:!P)#,&,:!PW:!D*;-??&,J:!UWDW:!-1'!6=,:!AW(W!KHffdLW!D9.+2.-=&..-,!&1')%)=&[

.2a&!*)=@-,+=&1+!-**9=9.-+&%! 21!+#&!J&-%+!3@%Fv!3-*9).-,!@,)+&21!%),+21>!=9+-1+W!D).!C2).!;&..#V:!

fvx[fffW!

A-*#%&:!DW:! A+,)9%:! 7WUW:! -1'! P.9=@&,=-1:! UW! KFGGlLW! O"5-%&['&?2*2&1+! #g5Al! 2=@-2,%! ?),=-+2)1! )?!

21+&,1-.!&1')%)=-.!3&%2*.&%!-1'!%+-E2.2h&%!E2.-J&,&'!*.-+#,21!*)-+%!)1!&1')%)=-.!3-*9).&%W!U!;&..!A*2#

BBV:!Hdff[HuGvW!

A-*#%&:!DW:!0,E&:!AW:!R),%*#)+:!gW:!A+,)9%:!7WUW:!-1'!P.9=@&,=-1:!UW! KFGGFLW!C2.-J&,&'!*.-+#,21!*)-+%!

)1! &1')%)=-.! 3-*9).&%! -,&! 213).3&'! 21! @,)+&21! %),+21>! +)`-,'! .J%)%)=&%W!D).! C2).! ;&..# BC:! HeHe[

HeFvW!

A-')9.:!MW!KFGGdLW!()!O.2N!-1'!OT7[F!,&-..J!*)1+,).!&1')%)=&%!?),!E&++&,!),!?),!`),%&t!C2).!;&..#5P:!

df[uuW!

A-a%&1-:!AW:!S-#.=-1:!UW:!"&2%:!(W:! U)#1%)1:!OW6W:!-1'!6=,:!AW(W! KFGGfLW!V91*+2)1-.!,&*)1%+2+9+2)1!)?!

6A;M"[<<<!-%%&=E.J!-1'!'2%-%%&=E.JW!;&..#BC]:!fu[HGfW!
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!

A-321-:! OW:! V-'&,:! ;WDW:! (-=2-12:! DW"W:! -1'! ;).)=E):! DW<W! KFGGxLW! M-EHH! @,)=)+&%! ')*a21>! -1'!

?9%2)1!)?!=9.+23&%2*9.-,!E)'2&%!21!-!*-.*29=['&@&1'&1+!=-11&,W!",-??2*#]:!HeH[HleW!

A-321-:! OW:! V9,.-1:! DW:! g2'-.:! DW:! -1'! ;).)=E):! DW<W! KFGGeLW! 6N)%)=&! ,&.&-%&! 2%! ,&>9.-+&'! EJ! -!

*-.*29=['&@&1'&1+!=&*#-12%=!21!PxdF!*&..%W!U!C2).!;#&=#3VP:!FGGve[FGGfGW!

A-321-:!OW:!g2'-.:!DW:!-1'!;).)=E):!DW<W!KFGGFLW!"#&!&N)%)=&!@-+#`-J!21!PxdF!*&..%!2%!,&>9.-+&'!EJ!

M-EHHW!U!;&..!A*2#BBQ:!FxGx[FxHxW!

A*#),&J:! UWAW:! -1'! C#-+1->-,:! AW! KFGGvLW! 6N)%)=&! ?91*+2)1B! ?,)=! +9=),! 2==91).)>J! +)! @-+#)>&1!

E2).)>JW!",-??2*#5:!vuH[vvHW!

A&>9,-:! 6W:!Q2**):! ;W:! T)=E-,':!CW:! g&,)1:! 5W:! M-@)%):!7W:! C-++&9N:! VW:! O=2>),&1-:! AW:! -1'!"#&,J:! ;W!

KFGGxLW!<;OD[H!)1!&N)%)=&%!?,)=!=-+9,&!'&1',2+2*!*&..%!2%!*,2+2*-.!?),!&??2*2&1+!1-23&!"[*&..!@,2=21>W!

C.))'#B4]:!FHd[FFeW!

A#-,=-:!AW:!M-%)).:!iW<W:!5-.-12%-=J:!gW:!D-+#2%&1:!;W:!A*#=2'+:!DW:!S)1>:!(W"W:!-1'!72=h&`%a2:!UWPW!

KFGHGLW! A+,9*+9,-.[=&*#-12*-.! *#-,-*+&,2h-+2)1! )?! 1-1)@-,+2*.&! &N)%)=&%! 21! #9=-1! %-.23-:! 9%21>!

*),,&.-+23&!OVD:!V6A6D:!-1'!?),*&!%@&*+,)%*)@JW!O;A!Q-1)#^:!HfFH[HfFdW!

A2.3&,=-1:!UWDW:!;.)%:!UW:!'&zR.23&2,-:!;W;W:!A#2,3-12:!RW:!V-1>:!pW:!S-1>:!;W:!V)%+&,:!TWUW:!-1'!M&21&,:!QW6W!

KFGHG-LW! O1! &N)%)=&[E-%&'! %&*,&+2)1! @-+#`-J! 2%! ,&%@)1%2E.&! ?),! @,)+&21! &N@),+! ?,)=! T&2%#=-12-!

-1'!*)==912*-+2)1!`2+#!=-*,)@#->&%W!U!;&..!A*2#B3C:!vlF[vxFW!

A2.3&,=-1:!UWDW:!;.)%:!UW:!i),-a)3-:!6W:!S-1>:!OWpW:!S2&%>2>.:!DW:!P&..J:!<W:!TJ11:!DWOW:!D*D-%+&,:!SWMW:!

V)%+&,:! TWUW:! T&321>%:! DWPW2# -.# /01! KFGHGELW! T&2%#=-12-! &N)%)=&%! =)'9.-+&! 211-+&! -1'! -'-@+23&!

2==91&!,&%@)1%&%!+#,)9>#!&??&*+%!)1!=)1)*J+&%!-1'!'&1',2+2*!*&..%W!U!<==91).#BPQ:!xGHH[xGFFW!

A2=)1%:! DW:! -1'! M-@)%):! 7W! KFGGfLW! 6N)%)=&%[[3&%2*9.-,! *-,,2&,%! ?),! 21+&,*&..9.-,! *)==912*-+2)1W!

;9,,!R@21!;&..!C2).#3B:!xux[xvHW!

A2=@%)1:!MWUW:!T2=:!UWSW:!D),2+h:!MWTW:!-1'!D-+#23-1-1:!AW!KFGGfLW!6N)%)=&%B!@,)+&)=2*!21%2>#+%!-1'!

'2->1)%+2*!@)+&1+2-.W!6N@&,+!M&3!5,)+&)=2*%#]:!Fdu[FveW!

Aa)>:! UW:! S9,'21>&,:! "W:! 3-1! M2I1:! AW:! D&2I&,:! (WiW:! 7-21*#&:! TW:! A&1-[6%+&3&%:! DW:! ;9,,J:! SW"W:! U,W:!

;-,+&,:! CWAW:! P,2*#&3%aJ:! OWDW:! -1'! C,&-a&?2&.':! jWRW! KFGGvLW! 7.2)E.-%+)=-! =2*,)3&%2*.&%! +,-1%@),+!

MQO!-1'!@,)+&21%!+#-+!@,)=)+&!+9=)9,!>,)`+#!-1'!@,)32'&!'2->1)%+2*!E2)=-,a&,%W!Q-+!;&..!C2).#B4:!

HluG[HludW!

Aa)a)%:!(W:!T&!5-1%&:!AW:!g2..-:! <W:!M)9%%&..&:!UW;W:!5&,)1&+:!MW:!(-32':!CW:!Q-=-1&:!OW:!-1'!D&*#&,2:!AW!

KFGGHLW! D-%+! *&..['&@&1'&1+! C! -1'! "! .J=@#)*J+&! -*+23-+2)1! 2%! =&'2-+&'! EJ! +#&! %&*,&+2)1! )?!

2==91).)>2*-..J!-*+23&!&N)%)=&%W!U!<==91).#B]]:!vdv[vudW!

A+&1=-,a:!iW! KFGGfLW!M-E!7"5-%&%!-%!*)),'21-+),%!)?!3&%2*.&! +,-??2*W!Q-+!M&3!D).!;&..!C2).#B4:!xHe[

xFxW!

A+&1=-,a:! iW:! 5-,+)1:! MW7W:! A+&&.&[D),+2=&,:! RW:! T9+*a&:! OW:! 7,9&1E&,>:! UW:! -1'! o&,2-.:! DW! KHfflLW!

<1#2E2+2)1! )?! ,-Ex! 7"5-%&! -*+232+J! %+2=9.-+&%!=&=E,-1&! ?9%2)1! 21! &1')*J+)%2%W! 6DCR! U# BC:! HFvu[

HFfdW!
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!

A+)),3)>&.:!SW:!P.&2I=&&,:!DWUW:!7&9h&:!iWUW:!-1'!M-@)%):!7W!KFGGFLW!"#&!E2)>&1&%2%!-1'!?91*+2)1%!)?!

&N)%)=&%W!",-??2*#C:!eFH[eeGW!

A+)),3)>&.:!SW:! A+,)9%:!7WUW:! 7&9h&:!iWUW:! R),%*#)+:! gW:! -1'! A*#`-,+h:! OWTW! KHffHLW! T-+&! &1')%)=&%!

'&,23&!?,)=!&-,.J!&1')%)=&%!EJ!=-+9,-+2)1W!;&..#]Q:!lHu[lFuW!

A+,-*a:!CW:!;-.2%+,2:!OW:!;,-2>:!AW:!5)@)3-:!6W:!-1'!7)++.21>&,:!iW7W!KFGGeLW!O<5H�OT<j!2%!-!E21'21>!@-,+1&,!

?),!i<g[H!@d!-1'!6<Og!@f!?91*+2)121>!21!32,9%!E9''21>W!;&..#BB^:!dvf[dffW!

A+,&&+:! UWDW:!C-,,-1:!5W6W:!D-*a-J:!;WTW:!S&2'+:!AW:!C-.=?),+#:!;W:!S-.%#:!"WAW:!;#-.=&,%:!MW"W:!S&EE:!

(WUW:! -1'! (&-,:! UWSW! KFGHFLW! <'&1+2?2*-+2)1! -1'! @,)+&)=2*! @,)?2.21>! )?! &N)%)=&%! 21! #9=-1!

*&,&E,)%@21-.!?.92'W!U!",-1%.!D&'#B4:!xW!

A+9??&,%:! AW:! A&=! S&>1&,:! ;W:! A+&1=-,a:! iW:! -1'! C,&*#:! OW! KFGGfLW! D9.+23&%2*9.-,! &1')%)=&!

E2)>&1&%2%!21!+#&!-E%&1*&!)?!6A;M"%W!",-??2*#B4:!fFx[feuW!

"-=-2:!PW:!"-1-a-:!QW:!Q-a-1):!"W:!P-a-h9:!6W:!P)1'):!pW:!<1)9&:!UW:!A#221-:!DW:!V9a9%#2=-:!PW:!i)%#21):!

"W:! A-1):! PW2# -.# /01! KFGHGLW! 6N)%)=&! %&*,&+2)1! )?! '&1',2+2*! *&..%! 2%! ,&>9.-+&'! EJ! i,%:! -1! 6A;M"[G!

@,)+&21W!C2)*#&=!C2)@#J%!M&%!;)==91#C55:!evl[efGW!

"-9,):! CWUW:! 7,&&121>:! (WSW:! D-+#2-%:! MWOW:! U2:! iW:! D-+#23-1-1:! AW:! A*)++:! OWDW:! -1'! A2=@%)1:! MWUW!

KFGHFLW!;)=@-,2%)1!)?!9.+,-*&1+,2?9>-+2)1:!'&1%2+J!>,-'2&1+!%&@-,-+2)1:!-1'!2==91)-??212+J!*-@+9,&!

=&+#)'%! ?),! 2%).-+21>!#9=-1! *).)1! *-1*&,! *&..! .21&! T<DHvde['&,23&'!&N)%)=&%W!D&+#)'%# Q]:! Ffe[

eGlW!

"-J.),:! (W(W:! OaJ).:! AW:! -1'! 7&,*&.["-J.),:! ;W! KFGGdLW! 5,&>1-1*J[-%%)*2-+&'! &N)%)=&%! -1'! +#&2,!

=)'9.-+2)1!)?!"!*&..!%2>1-.21>W!U!<==91).#BV]:!Hxel[HxlFW!

"-J.),:! (W(W:! -1'! 7&,*&.["-J.),:! ;W! KFGGvLW! D2*,)MQO! %2>1-+9,&%! )?! +9=),['&,23&'! &N)%)=&%! -%!

'2->1)%+2*!E2)=-,a&,%!)?!)3-,2-1!*-1*&,W!7J1&*).!R1*).#BB4:!He[FHW!

"&2%:!(W:!A-a%&1-:!AW:!-1'!6=,:!AW(W!KFGGvLW!R,'&,&'!-%%&=E.J!)?!+#&!6A;M"[<<<!*)=@.&N!)1!&1')%)=&%!

2%!,&892,&'!+)!%&89&%+&,!*-,>)!'9,21>!DgC!?),=-+2)1W!(&3!;&..#BQ:!xuv[xvfW!

"&2%:!(W:!A-a%&1-:!AW:!U9'%)1:!CWTW:!-1'!6=,:!AW(W!KFGHGLW!6A;M"[<<!*)),'21-+&%!+#&!-%%&=E.J!)?!6A;M"[

<<<!?2.-=&1+%!?),!*-,>)!%),+21>!-1'!=9.+23&%2*9.-,!E)'J!3&%2*.&!?),=-+2)1W!6DCR!U#35:!vuH[vveW!

"&):! iW:! g&@,21+%&3:! (WCW:! -1'! S2..2-=%:! MWTW! KFGGlLW! A+,9*+9,-.! 21%2>#+%! 21+)! &1')%)=-.! %),+21>!

*)=@.&N! ,&892,&'! ?),! +,-1%@),+! K6A;M"[<L! ,&*)>12+2)1! )?! 9E2892+21-+&'! @,)+&21%W! U! C2).! ;#&=# 3V5:!

Fvdvf[FvdfdW!

"#&)%:!OW;W:!",9%*#&.:!AW"W:!"&1h-:!(W:!i9,E-21:!<W:!i-,@&,:!(W;W:!C&,%)1:!UWVW:!"#)=-%:!5W;W:!M-@)%):!7W:!

-1'!D-,a%:!DWAW!KFGGdLW!O!.9=&1-.!')=-21['&@&1'&1+!@-+#`-J!?),!%),+21>!+)!21+,-.9=&1-.!3&%2*.&%!

)?!=9.+23&%2*9.-,!&1')%)=&%!213).3&'!21!),>-1&..&!=),@#)>&1&%2%W!(&3!;&..#B4:!ele[exlW!

"#&,J:! ;W:! O=2>),&1-:! AW:! M-@)%):! 7W:! -1'! ;.-J+)1:! OW! KFGGdLW! <%).-+2)1! -1'! *#-,-*+&,2h-+2)1! )?!

&N)%)=&%!?,)=!*&..!*9.+9,&!%9@&,1-+-1+%!-1'!E2).)>2*-.!?.92'%W!;9,,!5,)+)*!;&..!C2).#>*/A.-'#C:!012+!e!

FFW!
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!

"#&,J:! ;W:! C)9%%-*:!DW:! g&,)1:! 5W:! M2**2-,'2[;-%+->1).2:! 5W:! M-@)%):!7W:! 7-,21:! UW:! -1'!O=2>),&1-:! AW!

KFGGHLW!5,)+&)=2*!-1-.J%2%!)?!'&1',2+2*!*&..['&,23&'!&N)%)=&%B!-!%&*,&+&'!%9E*&..9.-,!*)=@-,+=&1+!

'2%+21*+!?,)=!-@)@+)+2*!3&%2*.&%W!U!<==91).#B]]:!ueGf[ueHvW!

"#&,J:! ;W:! R%+,)`%a2:! DW:! -1'! A&>9,-:! 6W! KFGGfLW! D&=E,-1&! 3&%2*.&%! -%! *)13&J),%! )?! 2==91&!

,&%@)1%&%W!Q-+!M&3!<==91).#5:!xvH[xfeW!

"#&,J:! ;W:! M&>1-9.+:! OW:! 7-,21:! UW:!S).?&,%:! UW:! o2+3)>&.:! TW:! M2**2-,'2[;-%+->1).2:! 5W:! M-@)%):! 7W:! -1'!

O=2>),&1-:! AW! KHfffLW! D).&*9.-,! *#-,-*+&,2h-+2)1! )?! '&1',2+2*! *&..['&,23&'! &N)%)=&%W! A&.&*+23&!

-**9=9.-+2)1!)?!+#&!#&-+!%#)*a!@,)+&21!#%*ueW!U!;&..!C2).#B^V:!xff[dHGW!

",-Ia)32*:!PW:!i%9:!;W:!;#2-1+2-:!AW:!M-I&1',-1:!TW:!S&1h&.:!(W:!S2&.-1':!VW:!A*#`2..&:!5W:!C,9>>&,:!CW:!-1'!

A2=)1%:!DW! KFGGvLW!;&,-=2'&! +,2>>&,%!E9''21>!)?!&N)%)=&!3&%2*.&%! 21+)!=9.+23&%2*9.-,!&1')%)=&%W!

A*2&1*&#CB5:!HFll[HFluW!

",-=%:!6W7W:!T-9+&,:!;WUW:!A-.&=:!QW:!U,W:!-1'!i&21&:!0W!KHfvHLW!6N?).2-+2)1!)?!=&=E,-1&!&*+)[&1hJ=&%!

21!+#&!?),=!)?!=2*,)[3&%2*.&%W!C2)*#2=!C2)@#J%!O*+-#]^Q:!de[uGW!

",2)9.2&,:!pW:!"),*#:!AW:!C.)+:!CW:!;,2%+21-:!QW:!;#-+&..-,'[;-9%%&:!;W:!g&,1-:!UWDW:!-1'!A-')9.:!MW!KFGGlLW!

O.2N:!-!@,)+&21!,&>9.-+21>!&1')%)=-.!+,-??2*a21>:!2%!213).3&'!21!1&9,)1-.!'&-+#W!U!C2).!;#&=#3V5:!FGld[

FGxFW!

0,E&:!AW:!A-*#%&:!DW:!M)`:!5W6W:!5,&2%21>&,:!;W:!C-,,:!VWOW:!A+,)9%:!7W:!P.9=@&,=-1:!UW:!-1'!;.->9&:!DWUW!

KFGGeLW!"#&!0<D!')=-21!)?!i,%!*)9@.&%! ,&*&@+),!%),+21>! +)!3&%2*.&! ?),=-+2)1W! U!;&..!A*2#BB]:!lHdf[

lHufW!

g-.-'2:! iW:! 6a%+,)=:! PW:! C)%%2)%:! OW:! AI)%+,-1':! DW:! T&&:! UWUW:! -1'! T)+3-..:! UWRW! KFGGuLW! 6N)%)=&[

=&'2-+&'! +,-1%?&,! )?!=MQO%! -1'!=2*,)MQO%! 2%! -! 1)3&.!=&*#-12%=! )?! >&1&+2*! &N*#-1>&! E&+`&&1!

*&..%W!Q-+!;&..!C2).#5:!dxl[dxfW!

3-1!Q2&.:!7W:!;#-,,21:!AW:!A2=)&%:!AW:!M)=-):!DW:!M)*#21:!TW:!A-?+2>:!5W:!D-,a%:!DWAW:!M9E21%+&21:!6W:!-1'!

M-@)%):!7W!KFGHHLW!"#&!+&+,-%@-121!;(de!,&>9.-+&%!6A;M"[21'&@&1'&1+!-1'!['&@&1'&1+!&1')%)=-.!

%),+21>!'9,21>!=&.-1)>&1&%2%W!(&3!;&..#3B:!uGv[uFHW!

g-1!Q2&.:!7W:!D-..&>).:!UW:!C&32.-*89-:!;W:!;-1'-.#:!;W:!C,9>2&,&:!AW:!")=-%a)32*[;,))a:!6W:!i&-+#:!UWPW:!

;&,?[C&1%9%%-1:! QW:! -1'! i&J=-1:! DW! KFGGeLW! <1+&%+21-.! &@2+#&.2-.! &N)%)=&%! *-,,J! Di;! *.-%%!

<<�@&@+2'&%!-E.&!+)!21?),=!+#&!2==91&!%J%+&=!21!=2*&W!79+#Q3:!HdfG[HdfuW!

3-1!Q2&.:!7W:!M-@)%):!7W:!;-1'-.#:!;W:!C)9%%-*:!DW:!i&,%#E&,>:!MW:!;&,?[C&1%9%%-1:!QW:!-1'!i&J=-1:!

DW!KFGGHLW!<1+&%+21-.!&@2+#&.2-.!*&..%!%&*,&+&!&N)%)=&[.2a&!3&%2*.&%W!7-%+,)&1+&,).)>J#B3B:!eeu[elfW!

g&..-:!TWUW:!A#-,@.&%:!MWOW:!T-`%)1:!gWOW:!D-%+&,%:!;WTW:!;-@@-2:!MW:!-1'!i2..:!OWVW! KFGGuLW!5-*a->21>!)?!

@,2)1%!21+)!&N)%)=&%!2%!-%%)*2-+&'!`2+#!-!1)3&.!@-+#`-J!)?!5,5!@,)*&%%21>W!U!5-+#).#3BB:!xvF[xfGW!

g2-9':! AW:! 5.)2N:! AW:! T-@2&,,&:! gW:! "#&,J:! ;W:! ;)==&,&:! 5WiW:! ",-=-..)12:! (W:! 7),,2*#)1:! PW:! g2,-9.+[

M)*,)J:! 5W:! "9,%h:! "W:! T-1+h:!RW2# -.# /01! KFGHHLW! 0@'-+&'! +&*#1).)>J! +)! @,)'9*&! #2>#.J! 2==91)>&12*!

'&1',2+2*!*&..['&,23&'!&N)%)=&%!)?!*.212*-.!>,-'&B!-!*,2+2*-.!,).&!)?!21+&,?&,)1[>-==-W!U!<==91)+#&,#

C^:!dx[uxW!
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!

g2'-.:!DW:!D-1>&-+:!5W:!-1'!i)&a%+,-:!(W!KHffuLW!O>>,&>-+2)1!,&,)9+&%!=).&*9.&%!?,)=!-!,&*J*.21>!+)!

-!3&%2*.&[=&'2-+&'!%&*,&+2)1!@-+#`-J!'9,21>! ,&+2*9.)*J+&!=-+9,-+2)1W! U!;&..!A*2#BB4# J#N.#B]O:!Hvdu[

HvuuW!

S&==&,:!DW:!Oh=2:!<W:!S&%+:!DW:!(-32&%:!CW:!P-+h=-11:!(W:!-1'!R'),2hh2:!7W!KFGHHLW!C,)H!E21'21>!+)!

A1?u!,&>9.-+&%!6A;M"[<<<!=&=E,-1&!%*2%%2)1!-*+232+J!21!J&-%+W!U!;&..!C2).#B53:!Ffx[eGdW!

S#2+&:!<WUW:!C-2.&J:!TWDW:!O>#-a#-12:!DWMW:!D)%%:!AW6W:!-1'!V9++&,:!;W6W!KFGGdLW!67V!%+2=9.-+&%!-11&N21!

H['&@&1'&1+!21`-,'!3&%2*9.-+2)1!21!-!=9.+23&%2*9.-,!&1')%)=&!%9E@)@9.-+2)1W!6DCR!U#3Q:!H[HFW!

S2..2-=%:!MWTW:!-1'!0,E&:!AW! KFGGuLW!"#&!&=&,>21>!%#-@&!)?! +#&!6A;M"!=-*#21&,JW!Q-+!M&3!D).!;&..!

C2).#P:!exx[edvW!

S).?&,%:! UW:! T)h2&,:! OW:! M-@)%):! 7W:! M&>1-9.+:! OW:! "#&,J:! ;W:!D-%9,2&,:! ;W:! V.-=&1+:! ;W:! 5)9h2&9N:! AW:!

V-9,&:! VW:! "9,%h:!"W2# -.#/01! KFGGHLW!"9=),['&,23&'!&N)%)=&%!-,&!-! %)9,*&!)?! %#-,&'! +9=),! ,&I&*+2)1!

-1+2>&1%!?),!;"T!*,)%%[@,2=21>W!Q-+!D&'#V:!Ffu[eGeW!

S)..&,+:! "W:! -1'! i9,.&J:! UWiW! KFGHGLW! D).&*9.-,! =&*#-12%=! )?! =9.+23&%2*9.-,! E)'J! E2)>&1&%2%! EJ!

6A;M"!*)=@.&N&%W!Q-+9,&#^]^:!vdl[vdfW!

S)..&,+:!"W:!S91'&,:!;W:! T2@@21*)++[A*#`-,+h:! UW:!-1'!i9,.&J:! UWiW! KFGGfLW!D&=E,-1&!%*2%%2)1!EJ! +#&!

6A;M"[<<<!*)=@.&NW!Q-+9,&#^QP:!HuF[HuuW!

S))'=-1:!5W7W:!-1'!V9++&,:!;W6W!KFGGvLW!D9.+23&%2*9.-,!E)'2&%B!*)[),'21-+&'!@,)>,&%%2)1!+)!=-+9,2+JW!

;9,,!R@21!;&..!C2).#34:!lGv[lHlW!

S9EE).+%:!MW:!T&*a2&:!MWAW:!g&&1#92h&1:!5W"W:!A*#`-,h=-11:!7W:!D)E29%:!SW:!i)&,1%*#&=&J&,:!UW:!A.)+:!

UWSW:!7&9h&:!iWUW:!-1'!A+)),3)>&.:!SW!KFGGeLW!5,)+&)=2*!-1'!E2)*#&=2*-.!-1-.J%&%!)?!#9=-1!C!*&..[

'&,23&'!&N)%)=&%W!5)+&1+2-.!2=@.2*-+2)1%!?),!+#&2,!?91*+2)1!-1'!=9.+23&%2*9.-,!E)'J!?),=-+2)1W!U!C2).!

;#&=#3VP:!HGfde[HGfuFW!

p-1>:!;W:!-1'!M)EE21%:!5W(W!KFGHHLW!"#&!,).&%!)?!+9=),['&,23&'!&N)%)=&%!21!*-1*&,!@-+#)>&1&%2%W!;.21!

(&3!<==91).#34BB:!vlFvlfW!

p9:!jW:!i-,,2%:!AWTW:!-1'!T&321&:!OWUW!KFGGdLW!"#&!,&>9.-+2)1!)?!&N)%)=&!%&*,&+2)1B!-!1)3&.!?91*+2)1!)?!

+#&!@xe!@,)+&21W!;-1*&,!M&%#]]:!lufx[lvGHW!
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