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%+6+774)')4%/"*.3'%+"+%(5-4%)4%/";1"PJ`"('17"5-7)),+')3+%)>"M5-%"(477+6)4-%9"

'%43'07"+C*4;4)+("7+@+,+01"(47)+%(+("4%)+7)4%+79"+75+64'001"+@4(+%)"4%")*+"6+6.3"

FQ4/.,+"!KG>"c47)-0-/46'0"'%'01747",+@+'0+(")*')")*+"@4004"-8")*+"73'00"4%)+7)4%+";+6'3+"

5,-/,+774@+01"7*-,)+,9":4)*"'"7+@+,+",+(.6)4-%"4%"@400.7"0+%/)*";1"('1"P"6-35',+(")-"

6-%),-07"FQ4/.,+"!<SG>"?*+",'54("'%("%+',E6-350+)+"0-77"-8"&(C#"5+,(.,+("

)*,-./*-.)")*+"6-.,7+"-8")*+"'%'01747"FQ4/.,+"!<&G9"6-%747)+%)":4)*"';0')4-%"-8"NLC2"

4%"4%)+7)4%'0"7)+3"6+007>"

"

!



!"#$%&'()*'+,-./"01'02'345)'2%06'/7&'"1/&8/"1.-'&9"/7&-"$6:''''
!""#$%&'()%*&+"'(),-./%,.0123.'$.)&+.("455.'$)+()'$+.%/.!"#$%&%."'*+.6789.&%#,(.:%().
1+5+)'%$;.

8<.



Control! Cdx1-/-!

Cdx2-/-! Cdx1-/-Cdx2-/-!

ca!

ca!

ca!

ca!

co!

co!

co!

co!

si!

si!

si!

si!

C!

B!A!

D!

!"#$%&'()*''+,%-.,/,#0',1'!"#$%&%'234'!"#'%&%!"#$%&%'"35&65"32/'5%27568!!
"#$!%&'()&*+!!",$!!"#$%&%+!"%$!!"#'%&%+!-'.!!"/$!!"#'%&%!"#$%&%!0'(12(0'123!4&(1!(51!
.02(1'20&'!&6!(51!0'(12(0'12+!7&2(!'&(-8*1!0'!(51!9-19:7+!0'!(51!!"#$%&%!-'.!
!"#'%&%!"#$%&%!2;19071'23!!#88)1<0-(0&'2=!20+!27-**!0'(12(0'1>!9-+!9-19:7>!9&+!
9&*&'3!

?@!



Control! 1 day! 3 days! 6 days!

C
dx
2-
/- !

C
dx
1-
/- C
dx
2-
/- !

A!

B!

D!

C!

C
dx
2-
/- !

C
dx
1-
/- C
dx
2-
/- !

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

!"#$%&'()*'+,-.'"/'&//&01"23'45%'65%785#&0&/"/'54'18&'/6233'"01&/1"0&9!!
"#$%&'()*+,!%,-!#'.+,!.&%+,+,/!'0!&1#!.$%**!+,&#.&+,#!'0!!"#$%&%!234!'5!!"#'%&%!"#$%&%!
264!%,+$%*.!789!-%).!:'.&!!"#$!-#*#&+',;!!<$$=,'1+.&'>1#$+.&5)!0'5!?-(@!+,!&1#!
.$%**!+,&#.&+,#!'0!!"#$(%&%!!2?4!'5!!"#'%&%!"#$%&%!2A4!%&!789!-%).!:'.&!-#*#&+',;!!B'&#!&1#!
*'..!'0!?-(@!:5'&#+,!C+&1+,!@D!1'=5.E!%,-!&1#!%*&#5#-!F+**=.!$'5:1'*'/)!G)!H!-%).!
:'.&8-#*#&+',;!

DI!



 

"W2"

H46+"0'6B4%/";-)*"NLC."'%("NLC2"4%")*+"4%)+7)4%+"+C*4;4)+("'"),'[+6)-,1"-8"

:'7)4%/"4(+%)46'0")-")*')"-8"&(C#"74%/0+"3.)'%)79"'%("0-77"-8"NLC."6-%6-34)'%)":4)*"

NLC2"(4("%-)"'66+0+,')+")*+",')+"-,")*+"+C)+%)")-":*46*"4%)+7)4%'0"3-,5*-0-/1":'7"

'88+6)+("FQ4/.,+"!<IG>"$33.%-*47)-6*+347),1",+@+'0+(")*')")*+"B4%+)467"-8"&(C#"

(47,.5)4-%":'7"6-35',';0+")-")*')"7++%"4%")*+"74%/0+"3.)'%)7"FQ4/.,+"!<aG>"?*+7+"

84%(4%/7"7.//+7)")*')"0-77"-8"&(C!"(-+7"%-)",+7.0)"4%"'((4)4-%'0"5*+%-)1546"435'6)"4%"

)*+"';7+%6+"-8"&(C#"4%")*+"73'00"4%)+7)4%+>"

"6HQ!3:94?02!8/!9>853<1>4038/!4/6!3/01203/45!201:!?1552!

$%)+7)4%'0"7)+3"6+007"',+"*-.7+("')"-,"%+',")*+";'7+"-8")*+"4%)+7)4%'0"6,15)7"

'%("/4@+",47+"4%4)4'001")-"?S"6+007":*46*",'54(01"(4@4(+"'%("7.;7+T.+%)01"(488+,+%)4')+"

4%)-")*+"8-.,"6+00")15+7"-8")*+"4%)+7)4%'0"+54)*+04.3"FY4%)-"'%("&0+@+,79"#22WG>"?*+"

84%(4%/")*')"0-77"-8"NLC2",+7.0)+("4%"'",'54("'%("5,-8-.%(",+(.6)4-%"4%"@4004"

-.)/,-:)*"'%("3-,5*-0-/1"5,-35)+(".7")-"+@'0.')+"+'6*"-8")*+7+"5-5.0')4-%7>"

$33.%-*47)-6*+347),1"8-,"d4P`",+@+'0+("'"(+6,+'7+"4%")*+"5,-048+,')4@+"

5-5.0')4-%"-8")*+"73'00"4%)+7)4%+":*46*":'7"6-35',';0+"4%";-)*"NLC2"'%("NLC.ENLC2"

(+8464+%)"4%)+7)4%+>"O-77"-8"5,-048+,')4-%";+6'3+"'55',+%)"'7"+',01"'7"('1"#"5-7)E

),+')3+%)"'%(":'7"3',B+(01",+(.6+("4%")*+"73'00"4%)+7)4%+"')"P"('17"FQ4/.,+"!WS"

'%("IG>"?*47",+(.6)4-%"-66.,,+("6-%6-34)'%)":4)*"0-77"-8"@400.7"-.)/,-:)*9"

6-%747)+%)":4)*"'",+(.6)4-%"4%")*+"?S"6+00"5-5.0')4-%"435'6)4%/"-%"4%)+7)4%'0"

3-,5*-0-/1>"

?-"(+)+,34%+"48"&(C"0-77"435'6)+("?S"5,-/+%4)-,79"4%"74)."*1;,4(4A')4-%"8-,"

G97-:9"'%"4%)+7)4%'0"7)+3"6+00"3',B+,"F@'%"(+,"Q04+,"+)"'0>9"#22UG9":'7"6-%(.6)+(>"

G97-:"+C5,+774-%"(+6,+'7+(".5-%"NLC2"';0')4-%"4%"'"3'%%+,",+80+6)4@+"-8")*+""



Control! 2 days! 3 days!

Cd
x2

-/-
!

Cd
x1

-/-
Cd
x2

-/-
!

A!

B!

6 days!

C!

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

D!

!"#$%&'()*'+,-.'"/'0&1&//2%3'45%'"06&/6"027'859&5/62/"/:!!!
"##$%&'()*&+',#()*-.!/&-!0(12!(%!*',!)#344!(%*,)*(%,!&/!!"#$%&%!567!3%8!!"#'%&%!"#$%&%!597!
3*!:;1!83.)!<&)*!!"#$!8,4,*(&%=!5>7!()*+,-.!'.?-(8(@3*(&%!/&-!/0123*(%!*',!)#344!(%*,)*(%,!&/!
!"#'%&%!"#$%&%!3*!:;1!83.)!<&)*!>8AB!8,4,*(&%=!5C7!D,#(;E$3%*(*3*(F,!GH;I>G!/&-!4(5*(675*
(86975*3%8*:00'*/-&#!)#344!(%*,)*(%,!&/!JH!3%8!!"#$!#$*3%*)!:;KL!'&$-)!<&)*;*-,3*#,%*=!
M--&-!?3-)!-,<-,),%*!)=8=!/-&#!*',!#,3%!&/!N!(%8,<,%8,%*!)3#<4,)=!

OP!

O
lfm

4!



 

"W#"

(434%.)4-%"-8"?S"6+00"5,-048+,')4-%"FQ4/.,+"!W&G>"?*+7+"(')'"400.7),')+(")*')"&(C#"47"

,+T.4,+(")-"3'4%)'4%")*+"4%)+7)4%'0"7)+3"6+00"5-5.0')4-%"'%(")*+4,"?S"5,-/+%19""

'0)*-./*")*+"5,-),'6)+("5+,4-("8-00-:4%/"&(C#"';0')4-%",+T.4,+(")-"435'6)")*+7+"

5-5.0')4-%7"7.//+7)7")*')"4)"47"%-)"'"5,43',1"+@+%)>"

UTR9"U4T,R"'%("BU"',+"3',B+,7"-8"4%)+7)4%'0"+%)+,-61)+7"FS/+00-%"+)"'0>9"#22#N"

o4+"+)"'0>9"!UU`G9":*40+")*+"0'))+,"47"'07-"'"&(C#")',/+)"/+%+"FI-.(,+'."+)"'0>9"#22#G>"

E99.9"'"b-)6*"04/'%(9"47"'07-"+C5,+77+("4%")*+"4%)+7)4%+":*+,+"4)"435'6)7"-%"4%)+7)4%'0"

6+00"8')+7"F&,-7%4+,"+)"'0>9"#22WG"'%("47"'07-"'"&(C#")',/+)"/+%+F],'4%/+,"+)"'0>9"#2!!G>"

RC5,+774-%"'%'01747",+@+'0+(")*')")*+"0-77"-8"&(C#":'7"'77-64')+(":4)*"'"3',B+("

,+(.6)4-%"4%")*+"0+@+07"-8"'00"-8")*+7+"/+%+7"')"<X"*"5-7)",+6-3;4%')4-%N")*+"3-,+"

,'54("0-77"-8"E99."'%("BU"',+"6-%747)+%)":4)*")*+4,"5-74)4-%"'7"(4,+6)"&(C#")',/+)7"

FQ4/.,+"!WaG>"?*+"B4%+)467"-8")*+7+"+88+6)7"4%(46')+"'"6,4)46'0",-0+"8-,"&(C#"4%"

/-@+,%4%/"4%)+7)4%'0"(488+,+%)4')4-%"4%")*+"'(.0)"F],'4%/+,"+)"'0>9"#2!2N"],'4%/+,"+)"'0>9"

#2!!N"H.)-*"+)"'0>9"#22WN"i+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G")*')"3'1";+"

4%(+5+%(+%)"-8")*+"435'6)"-8"&(C#"0-77"-%"?S"'%("7)+3"6+00"5-5.0')4-%79":*46*"

3'%48+7)7"')"0')+,"7)'/+7>"

$!:8615!<8>!?;>8/3?!5822!8<!"6H!<B/?038/!3/!0;1!3/01203/1!

?-"64,6.3@+%)")*+"0+)*'04)1"+@-B+(";1"';0')4-%"-8"NLC2"4%")*+"4%)+7)4%+")-"

5+,8-,3"0-%/+,E)+,3"'%'017+79":+"+350-1+("(-7+E7++B4%/"7).(4+7"'%("8-.%(")*')"

'(34%47),')4-%"-8"'"74%/0+"2>#W"3/"(-7+"-8")'3-C48+%"*'("%-"-@+,)"+88+6)"-%"*+'0)*"-,"

0-%/+@4)1>"S%'01747"-8"'%43'07"P":++B7"5-7)E),+')3+%)9"*-:+@+,9",+@+'0+("+C)+%74@+"

',+'7"4%")*+"4%)+7)4%'0"),'6)":*46*":+,+"(+@-4("-8"&(C#"433.%-,+'6)4@4)1"FQ4/.,+"

!PIG>"?*+7+",+/4-%7":+,+"6-%747)+%)01"'77-64')+(":4)*"'"0-77"-8")*+"%-,3'0"6,15)E"



Control! Cdx1-/-!Cdx2-/-! Cdx1-/-Cdx2-/-!A!

B!

ii!i! iii! iv!

ii!i! iii! iv!

!"#$%&'()*'+,%-."/'0-11'-2'+3456!!!
"#$!!%&'()*+,-./!(/0!&*1./!1)(././2!*3!4*/)5*-!".$6!!"#$%&%!"..$6!!"#'%&%"...$6!(/0!!"#'%&%!"#$%&%!
".7$!1'(--!./)&1)./&!8!9&&:1!(3)&5!./(4).7().*/!*3!!"#$;!<*)&!'&)(=-(1.(1!./!)>&!'?)(/)1!
"(55*91$;!!"@$!!A''?/*>.1)*4>&'.1)5,!3*5!B0+C!./!1'(--!./)&1)./&1!8!9&&:1!=*1)!
0.15?=).*/;!<*)&!)>&!-(4:!*3!B0+C!(11*4.()&0!9.)>!)>&!&=.)>&-.(-!0,1=-(1.(!"D5(4:&)1!./!..!
(/0!.7$;!

EF!



 

"W<"

@4004"'C47"'%("';+,,'%)"3-,5*-0-/1"FQ4/.,+"!PSG>"Q.,)*+,"'%'01747";1"(488+,+%)4'0"

7)'4%4%/"4%(46')+(")*')")*+7+"3+)'50'74'":+,+"(+@-4("-8"3').,+"+%)+,-61)+79"'7"

+@4(+%6+(";1"0-77"-8"S0B'04%+"Y*-75*')'7+"'6)4@4)1"FQ4/.,+"!`SG9"'%("/-;0+)"6+007"F'7"

7++%":4)*"0-77"-8"S064'%"I0.+"'%("Y+,4-(46"S64(ED6*488"7)'4%4%/N"Q4/.,+7"!`I"'%("&G>"

D4340',019"&*.,.B4'%"740@+,"'%("Y*0-C4%+E)',),'A4%+"7)'4%4%/"7.//+7)+("'"0-77"-8"

+%)+,-+%(-6,4%+"'%("Y'%+)*"6+0079",+75+6)4@+01"FQ4/.,+7"!`a"'%("RG>"

$33.%-,+'6)4@4)1"8-,"017-A13+":'7"'07-"';7+%)"8,-3")*+7+"3+)'50'7)46",+/4-%7"

FQ4/.,+"!XSG9"'/'4%"6-%747)+%)":4)*"'"0-77"-8"Y'%+)*"6+007"4%")*+"3.)'%)"+54)*+04.3"

F&*.%/"+)"'0>9"!UXXG>"

$%"6-%),'7)")-")*+"5',)4'0",+(.6)4-%"4%"4%)+7)4%'0"7)+3"6+007"7++%"4%"'6.)+"&(C#"

';0')4-%9"';-@+9"+6)-5469";.)",-;.7)9"+C5,+774-%"-8"G97-:":'7"7++%"4%"&(C#"

3+)'50'7)46")477.+7"FQ4/.,+"!XIG>"?*.79"6*,-%46"0-77"-8"&(C#"(-+7"%-)"'55+',")-"*'@+"

'"(+0+)+,4-.7"+88+6)"-%")*+"%.3;+,"-8"G97-H:"5-74)4@+"6+0079";.)",')*+,"'55+',7")-"

435'6)"-%"0-6'04A')4-%"-8")*47"5-5.0')4-%>"&(C!"'55+',7")-";+"4%6'5';0+"-8"

7.55-,)4%/")*47"8.%6)4-%"4%")*+"';7+%6+"-8"&(C#9"'7"74340',"-.)6-3+7":+,+"7++%"4%"

;-)*"&(C#"74%/0+"'%("&(C!E&(C#"(-.;0+"3.)'%)"4%)+7)4%+7"FQ4/.,+"!XIG>""

"6HQ!2B99>12212!=420>3?!361/030A!

Y,+@4-.7"7).(4+7"7.//+7)+("8.%('3+%)'0",-0+7"8-,"NLC2"4%"4%)+7)4%'0"

5'))+,%4%/"(.,4%/"(+@+0-53+%)"FI+6B"+)"'0>9"!UUUN"&*':+%/7'B7-5*'B"+)"'0>9"!UU`N"

]'-"+)"'0>9"#22UN"],'4%/+,"+)"'0>9"#2!2N"D),4%/+,"+)"'0>9"#22XG>"c-:+@+,9"0-77"-8"&(C"

8.%6)4-%"*'7"%-)";++%",+5-,)+(")-"+0464)"'%1"-@+,)"4%)+7)4%'0"),'%78-,3')4-%"4%")*+"

'(.0)"Fi+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G>"$%")*+"5,+7+%)"7).(19":+"8-.%(")*')"0-%/E

)+,3"0-77"-8"NLC2"0+(")-"0-77"-8"'00"4%)+7)4%'0"(488+,+%)4')4-%"5,-/,'37"6-%6-34)'%)""



Control! Cdx1-/-!Cdx2-/-! Cdx1-/-Cdx2-/-!
A!

D!

C!

B!
ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

E!

!"#$%&'()*'+,-.'"/'%&0$"%&,'12%',"11&%&34"54"23'21'566'"34&/4"356'&7"48&6"56'9&66'4:7&/;!!!
"#$%%!&'()*(&')!+,!-+'(.+%!/&01!!"#$%&2!/&&01!!"#'%&%!/&&&01!$'3!!"#'%&%!"#$%&%!/&40!+,,*5.&'6!7!8))9*!
5+*(23)%)(&+'!+,!!"#$:!/;0!;%9$%&')!5<+*5<$($*)!*($&'&'6!,+.!)'().+-=()*:!/>0!;%-&$'!?%@)!$'3!
/A0!B;"!*($&'&'6!,+.!6+?%)(!-)%%*!/?%$-9!$..+8!&'!&!$'3!&&&0:!/C0!A<@.@9&$'!*&%4).!*($&'&'6!,+.!
)'().+)'3+-.&')!-)%%*!/?%$-9!$..+8*!&'!&!$'3!&&&0:!/D0!B<%+E&')2($.(.$F&')!*($&'&'6!(+!3)()-(!!
B$')(<!-)%%*!/?%$-9!$..+8*!&'!&!$'3!&&&0:!

GG!



Control! Cdx2-/-! Cdx1-/-Cdx2-/-!

ii!i! iii!

ii!i! iii!

A!

B!

!"#$%&'()*'+,-#./&%0'1234'5,66'788&9/6'6/&0'9&556'7-2'/:&"%'-"9:&;!
'"#$!%&&'()*+,-).*/&+,-01!2)0!31,)41&/!+(!.)(-0)3!"+$5!!"#$%&%'"++$!6(7!!"#(%&%!"#$%&%!"+++$!
,&633!+(-/,-+(/,8!!"9$!)*'+,-.!*1:0+7+46-+)(!2)0!/0123!+(!.)(-0)3!"+$5!!"#$%&%!"++$!6(7!!"#(%&%
!"#$%&%!"+++$!,&633!+(-/,-+(/,8!

;<!



 

"W`"

:4)*")*+"'55+','%6+"-8"'%"')1546'0"6+00")15+":*46*9".5-%"60-7+,"4%75+6)4-%9"

,+7+3;0+("/'7),46"5',4+)'0"6+007"FQ4/.,+"!USG>"&-%747)+%)":4)*")*479"c_d_S?Y'7+9"'"

3',B+,"-8"5',4+)'0"6+007"Ft'%/"+)"'0>9"#22!G9":'7"+C5,+77+(";1")*+7+"';+,,'%)"6+007"

FQ4/.,+"!UIG>"$%"'((4)4-%9",+0')4@+"0+@+07"-8")*+"7)-3'6*"3',B+,7"6M#9"Fd-[43'"+)"'0>9"

!UUUG9"6F(."FL4+%"+)"'0>9"#22<G"'%("6F(2"FI'.7EO-%6',"+)"'0>9"#22`G":+,+"'00"

4%6,+'7+("4%")*+"&(C"3.)'%)"4%)+7)4%+9":*40+")*+"4%)+7)4%'0"3',B+,"U4T,R"+C*4;4)+("'"

6-%6-34)'%)"(+6,+'7+"FQ4/.,+"!UaG>"RC5,+774-%"-8")*+"+7-5*'/+'0"3',B+,7"8#*$"'%("

8#*.:":+,+".%(+)+6)';0+"4%"&(C#"'%("&(C!E&(C#"3.)'%)"4%)+7)4%+"FQ4/.,+"#2G>"

S7":4)*")*+"4%)+7)4%+9"6--,(4%')+("5,-048+,')4-%"'%("(488+,+%)4')4-%"-8"

7)-3'6*"6+007"47"+77+%)4'0"8-,")*+",+%+:'0"-8")*+"7*-,)E04@+("/'7),46"+54)*+04.3>"

c-:+@+,9"4%"6-%),'7)")-")*+";'7'001E0-6')+("?S"6+00"5-5.0')4-%"6*','6)+,47)46"-8")*+"

4%)+7)4%+9")*+"5,-048+,')4@+"7)+3"6+00"5,-/+%1"-8")*+"7)-3'6*"',+"0-6')+("')")*+"

47)*3.7"-8")*+"/'7),46"54)7"FH4007"'%("D*4@('7'%49"#2!!G>"$%")*47",+/',(9"d4P`"5-74)4@+"

6+007"4%")*+"&(C#"3+)'50'7)46",+/4-%7"'55+',")-";+"+6)-546'001"0-6')+("4%"'"3'%%+,"

,+34%476+%)"-8")*47"3-,+"7.5+,8464'0"5,-048+,')4@+"A-%+"FQ4/.,+"!U&G>"?'B+%")-/+)*+,"

:4)*")*+"84%(4%/"-8"+6)-546"+C5,+774-%"-8"7)-3'6*"3',B+,79")*+7+",+7.0)7"',+"

6-%747)+%):4)*"0-%/E)+,3';0')4-%"-8"&(C#"0+'(4%/")-"5',)4'0"6-%@+,74-%"-8")*+"

4%)+7)4%'0"+54)*+04.3")-"'"7)-3'6*E04B+"%').,+>"

"6H!4/6!94001>/3/=!8<!0;1!?858/!

?*+"6-0-%"47"6-35-7+("-8")*+"6+6.3"5,-C43'0019"'%(")*+"6-0-%"5,-5+,"'%("47"

(47)4%/.47*+("8,-3")*+"73'00"4%)+7)4%+";1"'"0'6B"-8"@4004"'%("(++5+,"6,15)7"FD'%6*-"+)"

'0>9"#22<G>"S7":4)*")*+"73'00"4%)+7)4%+9"433.%-*47)-6*+347),1",+@+'0+(",'54("'%("

%+',E6-350+)+"0-77"-8"&(C#"4%")*+"6-0-%"-8";-)*"NLC2"I"!'%("NLC."I"NLC2"I"!3.)'%)7""



0

1

2

3

4

5

6

Ghrl Gkn1 Gkn2 IFABP

Re
la

tiv
e 

Ex
pr

es
si

on

Cdx2-/-!
Cdx1-/-Cdx2-/-!

Control!

B!

C!
ii!i! iii! iv!

ii!i! iii! iv!

D!

Control! Cdx2-/-! Cdx1-/-Cdx2-/-! Stomach!A!

ii!i! iii! iv!

!"#$%&'()*''+,-#./&%0'1,22',3'4567'89$2&2'9'2:"3/'/,'9'2/,098:.1";&'<:&-,/=<&>!!!
"#$!%&'()*+,-./!(/0!&*1./!1)(././2!*3!1'(--!./)&1)./&1!34*'!5*/)4*-!".$6!!"#$%&%!"..$!(/0!
!"#'%&%!"#$%&%("...$!*33174./2!(1!8&--!(1!8.-09),7&!1)*'(5:!".;$<!=*)&!):&!(77&(4(/5&!*3!
7(4.&)(-9-.>&!5&--1!./!'?)(/)1!"(44*81!(/0!./1&)1!./!.!(/0!...$<!!"@$!A''?/*:.1)*5:&'.1)4,!
3*4!%BCB#DE(1&!(/0!"F$!C.GH!./!5*/)4*-!".$6!!"#$%&%!"..$6!!"#'%&%!"#$%&%!"...$!./)&1)./&1!(/0!
8.-09),7&!1)*'(5:!".;$<!!"I$!J&'.9K?(/).)().;&!LD9EFL!3*4!)*+,-./!")*+-$6!)012+34./,('!(/0!
$!")4/('!(/0!)4/$$6!(/0!56789<!!M44*4!N(41!4&74&1&/)!1<0<!34*'!):&!'&(/!*3!O!./0&7&/0&/)!
1('7-&1<!

PQ!



!"#$%&'()*'+,-./0#&01'2/0%023&%",3"2,'4-'5-3'0..&0%'"5'3/&',6011'"53&,3"5&'073&%'
2/%-5"2'1-,,'-7'849(:'''
!"#$%&'()*$*(*$+",-.%/0-,123,!"#$%()4%!"#%&',132#,"5267(8'59,:2)*32;,5#(;;,$)*"5*$)"9,
()*+,-,,5#(;;,$)*"5*$)",()4,()*&,-,()*+,-,,5#(;;,$)*"5*$)"<,

C
dx

1-
/- C

dx
2-

/- !

C
dx

2-
/- !

Krt 5!

Krt 14!

Actin!

Es
op

ha
gu

s!

Co
nt

ro
l !

H 2
O
!

=>,



 

"P2"

8-00-:4%/"'"74%/0+"!"3/"(-7+"-8")'3-C48+%"FQ4/.,+7"#!S"'%("IG>"&(C!"5,-)+4%":'7"

7)400"5,+7+%)"4%"NLC2"74%/0+"3.)'%)7"FQ4/.,+"#!&G9"4%(46')4%/")*')"&(C#"47"%-)"

,+T.4,+("8-,"+C5,+774-%"-8"NLC."4%")*+"'(.0)"0',/+"4%)+7)4%+>!!

c47)-0-/46'0"'%'01747",+@+'0+("'"6*'%/+"4%")*+"3-,5*-0-/1"-8")*+"5,-C43'0"

6-0-%"-8"&(C#"3.)'%)7"4%)-"'"6+6.3E04B+"%').,+"FQ4/.,+"##SG9":*46*"3'1";+"'76,4;+("

)-"(488+,+%6+7"4%"3.6-7'0"8-0(4%/"F?,+.)4%/"'%("a4%)A479"#2!!G>"V*40+"3-,+"(47)'0"

,+/4-%7"-8")*+"&(C#"3.)'%)"6-0-%":+,+".%'88+6)+(9"4%"3',B+("6-%),'7)9"

NLC."I"NLC2"I"!-8875,4%/"+C*4;4)+("'"6+6.3E04B+"3-,5*-0-/1")*,-./*-.)")*+"+C)+%)"

-8")*+"0',/+"4%)+7)4%+"FQ4/.,+"##IG>"?-"8.,)*+,"'77+77")*47"5.)')4@+"),'%78-,3')4-%9"

+C5,+774-%"-8"3',B+,7"6*','6)+,47)46"-8")*+"6-0-%"F>+CS.5G"'%("6+6.3"FE;7<$"'%("

B1((.SG""FI4,B+%B'35Ea+3),-(+,"+)"'0>9"#22WG":+,+"+@'0.')+(";1"Z?EY&Z>"?*47"

'%'01747",+@+'0+(")*')"'",+(.6)4-%"4%">+CS.5"0+@+079":4)*"'"6-%6-34)'%)"4%6,+'7+"4%"

E;7<$"'%("B1((.S9"4%")*+"5,-C43'0"6-0-%"-8"&(C#"3.)'%)7>"$%"6-%),'7)9"'%("6-%747)+%)"

:4)*"*47)-0-/46'0"'%'017479"E;7<$"+C5,+774-%"3',B+(01"4%6,+'7+("4%";-)*")*+"

5,-C43'0"'%("(47)'0"NLC."I"NLC2"I"!6-0-%"FQ4/.,+"##&G>"?*+7+"-;7+,@')4-%7"

7.//+7)+("'"%-@+0"8.%6)4-%"8-,";-)*"&(C!"'%("&(C#"4%"3'4%)'4%4%/"%-,3'0"

3-,5*-0-/1"-8")*+"6-0-%>!

! !



C
dx
2-
/- !

C
dx
1-
/- C
dx
2-
/- !

Control! 1 day! 3 days! 6 days!

C
dx
2-
/- !

C
dx
1-
/- C
dx
2-
/- !

B!

A!

C!

D!

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

ii!i! iii! iv!

!"#$%&'()*'+,-."/",-01'"-02/"30/",-',4'+.5('"-'/6&'2,1,-7!!!
"##$%&'()*&+',#()*-.!/&-!0123!45!6%1!78!6%1!0129!40!6%1!:8!/-&#!*',!+&;&%!&/!!"#$%&%!6%1!
!"#'%&%!"#$%&%!&//)<-(%=!>?@!16.)!<&)*?0123!1()-$<*(&%A!

@9!



C
dx

2-
/- !

C
dx

1-
/- C

dx
2-

/- !
 C

dx
2-

/- !

Control! 3 days!1 day! 6 days!

Ca
ec

um
!

C
dx

1-
/- C

dx
2-

/- !

Proximal colon ------------------------------------------------------------> Distal!

B!

A!

ii!i! iii! iv!

ii!i! iii! iv!

vi!v! vii! viii!

vi!v! vii! viii!

ix!

C! !"#$%&'(()''*+,'-$./0"1.2'".'03&'/141.5!!
"#$!%&'()*+,-./!(/0!&*1./!1)(././2!*3!)4&!56*+.'(-!
7*-*/!36*'!!"#$%&%!".8.9$!*6!!"#'%&%!"#$%&%!"989...$!
*33156./2!:8;!0(,1!5*1)!<0+=!0&-&).*/>!!?.-08),5&!
7(&7@'!".+$!.1!14*A/!3*6!7*'5(6.1*/>!!B*)&!)4()!)4&!
7*-*/!*3!<0+!'@)(/)1!(55&(61!)*!)(C&!(!7(&7@'8-.C&!
'*654*-*2,!*3!)4&!7(&7@'>!"D$!E6*+.'(-!)*!0.1)(-!
.'(2&1!*3!)4&!7*-*/!36*'!!"#$%&%!(/0!!"#'%&%!"#$%&%!
*33156./2!;!0(,1!5*1)!<0+=!./(7).9().*/>!!!B*)&!)4&!
7(&7@'8-.C&!'*654*-*2,!5&61.1)1!)46*@24*@)!)4&!
&+)&/)!*3!)4&!7*-*/!*3!)4&!0*@F-&!'@)(/)>!"<$!G&'.8
H@(/).)().9&!IJ8E<I!3*6!()#*'+,-./00'*,!(/0-12345-
36*'!7*/)6*-!7*-*/K!!"#$%&%K!!"#'%&%!"#$%&%!56*+.'(-!
(/0!0.1)(-!7*-*/>!!

;=!

Hoxb13!

Scnn1b!

Defa5!

Actin!

Co
nt

ro
l c

ae
cu

m
!

Co
nt

ro
l c

ol
on

 p
ro

x.
!

Co
nt

ro
l c

ol
on

 d
is

ta
l!

C
dx

2-
/- p

ro
x.
!

C
dx

2-
/- d

is
ta

l!
C

dx
1-

/- C
dx

2-
/- p

ro
x.
!

C
dx

1-
/- C

dx
2-

/- d
is

ta
l!

H 2
O
!



 

"PK"

-32?B2238/!

"
?-".%(+,7)'%(";+))+,")*+",-0+7"-8")*+"&(C"),'%76,45)4-%"8'6)-,7"4%")*+"'(.0)"]$"

),'6)9":+".)404A+("'"6-%(4)4-%'0"3.)'/+%+747"7),')+/1")-"(+0+)+"NLC2"4%")*+"4%)+7)4%'0"

+54)*+04.3"'0-%+"-,"4%"'"NLC."%.00";'6B/,-.%(>"?*47"'55,-'6*",+7.0)+("4%")*+"

+88464+%)"'%(",'54("0-77"-8"&(C#")*,-./*-.)")*+"4%)+7)4%'0"),'6)9"0+'(4%/")-",'54("

(+')*":4)*4%"`"('179"04B+01"(.+")-"4%)+7)4%'0"(178.%6)4-%>"i400.7"3-,5*-0-/1"'%("

5,-048+,')4-%9"'7":+00"'7")*+"+C5,+774-%"-8"'"%.3;+,"-8"4%)+7)4%'0"3',B+,79":+,+"'00"

435'6)+("8-00-:4%/"';0')4-%"-8"&(C#>"?*+7+"4%(46+7":+,+"%-)"8.,)*+,"'88+6)+(";1"

7.;7+T.+%)"0-77"-8"NLC.9"7.//+7)4%/")*')"&(C!"6'%%-)"8.08400"&(C#E(+5+%(+%)"

8.%6)4-%7"4%")*+"73'00"4%)+7)4%+>"$%")*+"(47)'0"]$"),'6)9"NLC2"';0')4-%",+7.0)+("4%"'%"

'55',+%)"),'%78-,3')4-%"-8")*+"+54)*+04.3"-8")*+"5,-C43'0"6-0-%")-"'"6+6'0E04B+"

4(+%)4)19"'%(")*47"-.)6-3+":'7"+C'6+,;')+(":4)*")*+"7.;7+T.+%)"0-77"-8"NLC.>"$%"

6-%),'7)")-"'6.)+"0-77E-8E8.%6)4-%"7).(4+79"0-%/E)+,3"0-77"-8"&(C#",+7.0)+("4%"

3+)'50'74'")*,-./*-.)")*+"73'00"4%)+7)4%+"4%":*46*"'00"%-,3'0"(488+,+%)4')+("

4%)+7)4%'0"6+00")15+7":+,+"0-7)>"?*+7+"0+74-%7"'77.3+("'"5',)4'0"/'7),46"%').,+"'%("

3'05-74)4-%+("7)+3"6+007>"?*+7+"84%(4%/7"',+"6-%747)+%)":4)*"'"(+/,++"-8"50'7)464)1"4%"

)*+"73'00"4%)+7)4%+9"'%(".%(+,76-,+"%+:",-0+7"8-,"&(C!"'%("&(C#"4%")*+"]$"),'6)>"

"6HQ!32!1221/0345!<8>!3/01203/45!;8:18204232!

V+"8-.%(")*')"'6.)+"0-77"-8"NLC2"6-35,-347+(")*+"4%)+7)4%'0"3.6-7'9"0+'(4%/"

)-"(+')*":4)*4%"!":++B>"?*47":'7"5,+6+(+(";1"'",+(.6)4-%"4%";-)*")*+"5,+6.,7-,"'%("

5,-048+,')4@+"6-35',)3+%)79"'7":+00"'7"'"3-,+"'6.)+",+(.6)4-%"4%"+C5,+774-%"-8"'"

%.3;+,"-8"3',B+,7"-8"4%)+7)4%'0"(488+,+%)4')4-%>"&-%6-34)'%)"0-77"-8"NLC."(4("%-)"



 

"P<"

+C'6+,;')+")*+7+"-.)6-3+79"7.//+7)4%/")*')"NLC."6'%%-)"7.55-,)"'%1"&(C#E",+0')+("

,-0+7"4%")*+"'(.0)"73'00"4%)+7)4%+"4%")*+"';7+%6+"-8"&(C#>"?*47"3'1";+"(.+")-"

8.%6)4-%'0"75+648464)1"'%(\-,"(488+,+%6+7"4%"+C5,+774-%"0+@+079":4)*"&(C#"

5,+(-34%')4%/"4%")*+"73'00"4%)+7)4%+"Fe'3+7"+)"'0>9"!UU<N"D40;+,/"+)"'0>9"!UU`G>"

&-%747)+%)":4)*")*47"47")*+"84%(4%/")*')"&(C!"(-+7"6-350+3+%)"&(C#"0-77"4%"

5,-/,'37",+0')+(")-"@+,)+;,'0"5'))+,%4%/9"'C4'0"+C)+%74-%"'%("%+.,'0").;+"60-7.,+"

Fa'@4(7-%"'%("j-%9"#22PN"D'@-,1"+)"'0>9"#22UN"@'%"(+%"SBB+,"+)"'0>9"#22#G>"S((4)4-%'0"

+C5+,43+%)')4-%":400";+",+T.4,+(")-"'((,+77"3-,+",4/-,-.701"477.+7",+0')+(")-"

8.%6)4-%'0"75+648464)1";+):++%"&(C"3+3;+,7"4%")*+"4%)+7)4%+>""

$%"6-%),'7)")-")*+"5,+7+%)"7).(19"5,4-,":-,B"400.7),')+(")*')"';0')4-%"-8"NLC."

'%("NLC2"4%")*+"'(.0)"73'00"4%)+7)4%+"4%(.6+("'"3-,+"7+@+,+"5*+%-)15+"6-35',+(")-"

(+0+)4-%"-8"NLC2"'0-%+"Fi+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G>"$%")*47",+/',(9"4)"47"

%-)';0+")*')"6-%74(+,';0+"&(C#"5,-)+4%"5+,747)+("8-,"7-3+")43+"5-7)E,+6-3;4%')4-%"

4%")*+7+"8-,3+,"7).(4+7>"?*47":'7",+80+6)+(":4)*",+75+6)")-")*+",+0')4@+"0-%/+@4)1"-8"

)*+"&(C#"%.00"'%43'079":*46*"04@+("8-,"'55,-C43')+01"K":++B79"'%(":4)*")*+"84%(4%/"

-8"%-"'55',+%)"+88+6)"-%")*+"3-,5*-0-/1"-8")*+"@4004>"a+0+)4-%"-8"&(C!"4%")*47"

;'6B/,-.%("0+(")-"'%"435'6)"4%"*+'0)*9":4)*"346+"7.,@4@4%/"nX"('179"'%(":4)*"'"

3-(+7)"435'6)"-%"@4004"3-,5*-0-/1>"$%")*+"6.,,+%)"7).(19":+"-;7+,@+("+77+%)4'001"

6-350+)+"0-77"-8"NLC2":4)*4%"#<"*"8-00-:4%/"'"74%/0+"(-7+"-8")'3-C48+%")*,-./*-.)"

)*+"4%)+7)4%'0"),'6)9"'%(":4)*"'"7),-%/"'%(",'54("435'6)"-%"3-,5*-0-/1"'%("/+%+"

+C5,+774-%"5'))+,%7>"?*+7+"(488+,+%6+7"',+"04B+01"(.+")-")*+".7+"-8"'"3-,+"+8846'64-.7"

)'99'(E&,+"),'%7/+%46"04%+"4%")*+"5,+7+%)"7).(1"Fa>"H+)A/+,9"5+,7-%'0"6-33.%46')4-%G>"

M%(+,")*+7+"6-%(4)4-%79"7.;7+T.+%)"0-77"-8"&(C!"*'7"%-"'55',+%)"435'6)9"5+,*'57"



 

"PW"

(.+")-",+0')4@+01"0-:"5,-)+4%"0+@+0"-8"&(C!"6-35',+(")-"&(C#"4%")*+"73'00"4%)+7)4%+9"

'7"(476.77+("';-@+>"

"6HQ!32!1221/0345!<8>!63<<1>1/034038/!8<!455!?155!0A912!8<!0;1!2:455!3/01203/1!

S6.)+"';0')4-%"-8"NLC2"0+(")-"'"(+6,+'7+"4%"+%)+,-61)+"3',B+,79"4%60.(4%/"

'0B'04%+"5*-75*')'7+",+'6)4@4)19"'%("'",+(.6)4-%"4%"+C5,+774-%"-8")*+"5,-E7+6,+)-,1"

04%+'/+"3',B+,"E99.9"'"B%-:%"&(C")',/+)"/+%+"F],'4%/+,"+)"'0>9"#2!!G>"Y'%+)*9"

+%)+,-+%(-6,4%+"'%("/-;0+)"6+007":+,+9"*-:+@+,9"%-)"7),-%/01"435'6)+("-@+,")*+"P"

('1"6-.,7+"-8")*47"7).(1"F(')'"%-)"7*-:%G9"6-%747)+%)":4)*"5,4-,"84%(4%/7"Fi+,A4"+)"'0>9"

#2!2G>"$)"47"%-)';0+9"*-:+@+,9")*')")*+"?S"'%("G97-:E5-74)4@+"5,-/+%4)-,"5-5.0')4-%7"

:+,+",+(.6+(9"5',)46.0',01"')"0')+,")43+"5-4%)79"7.//+7)4%/")*')"&(C#"(47,.5)4-%"*'("

3-,+":4(+75,+'("+88+6)7"-%")*+7+"5,+6.,7-,"5-5.0')4-%7>"S%'01747"-8"'%1"0-%/+,E

)+,3"435'6)":'79"*-:+@+,9"%+/')+(";1")*+"0+)*'04)1"+@-B+(";1"&(C#"0-77>"

?-"64,6.3@+%)")*+"0+)*'04)1"+@-B+(";1"4%)+7)4%'0"&(C#"0-779":+"(+@+0-5+("'"

7.;E-5)43'0"(-74%/"7),')+/1")-"+@-B+"5',)4'0"';0')4-%"6-35')4;0+":4)*"0-%/E)+,3"

7.,@4@'0>"RC'34%')4-%"-8"'%43'07"),+')+(":4)*"'"0-:"(-7+"-8")'3-C48+%"P":++B7"5-7)E

/'@'/+",+@+'0+("'"%.3;+,"-8"(1750'7)46",+/4-%7"4%")*+"73'00"4%)+7)4%+")*')":+,+"

(+@-4("-8"&(C#>"a488+,+%)4'0"7)'4%4%/"'%("433.%-*47)-6*+347),1",+@+'0+(")*')")*+7+"

3+)'50'74'7":+,+"'77-64')+(":4)*"'"0-77"-8"'00"(488+,+%)4')+("4%)+7)4%'0"6+00")15+7>"

?*47"47"4%"3',B+("6-%),'7)")-"5,4-,"-;7+,@')4-%7"8-00-:4%/"7*-,)E)+,3"&(C"

(47,.5)4-%9":*46*"7.//+7)+("'%"435'6)"5,43',401"-%"+%)+,-61)+"(488+,+%)4')4-%"'%("

?S"6+00"5,-048+,')4-%"Fi+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G>"Z')*+,9")*+7+"(')'"7.//+7)"

'";,-'(+,",-0+"8-,"&(C#"4%"/-@+,%4%/"(488+,+%)4')4-%"-8"'00"4%)+7)4%'0"6+00")15+7"4%")*+"

'(.0)>""



 

"PP"

a1750'7)46"NLC2E%.00"',+'7"+C*4;4)+("'%"')1546'09"5',4+)'0E04B+"6+00")15+9"

6*','6)+,4A+(";1"+C5,+774-%"-8"c_d_S?Y'7+9"7.//+7)4%/"'"5',)4'0"),'%78-,3')4-%"-8"

)*+"73'00"4%)+7)4%+")-"'"/'7),46"4(+%)4)1>"$)"47"4%)+,+7)4%/")-"%-)+")*')")*+"0+@+07"-8"

6F(."'%("6F(2"4%6,+'7+(":4)*"6-%6-34)'%)"0-77"-8"&(C!"4%")*+"&(C#"3.)'%)"

;'6B/,-.%(9"'0)*-./*")*+,+":'7"%-"'55',+%)"3-,5*-0-/46'0"435'6)>"?*47"84%(4%/"

7.//+7)7")*')"&(C!"3'1"+0464)"7-3+"8.%6)4-%"4%")*+"';7+%6+"-8"&(C#9";.)")*')"4)"47"

:4)*-.)"-@+,)"6-%7+T.+%6+9"'%("3'1";+"6-%84%+(")-"-%01"'"7.;7+)"-8"&(CE(+5+%(+%)"

5')*:'17>"

?*+"4%6,+'7+"4%"/'7),46"6*','6)+,"8-00-:4%/"0-77"-8"NLC2"7.//+7)7")*')")*+"

'(.0)"73'00"4%)+7)4%+"+C*4;4)7"6-%74(+,';0+"50'7)464)1>"Y0'7)464)1"-8")*+"

/'7),-4%)+7)4%'0"),'6)"*'7";++%"7++%"4%"(+@+0-53+%)":*+,+"6*'%/+7"6'%"-66.,"-@+,"'"

5,-),'6)+("5+,4-("-8")43+9"'%("435'6)4%/"6+,)'4%"-,/'%7"FO4"'%("R(0.%(9"#22!N"D*+%"

+)"'0>9"#22KG9"'7"7++%"4%"NLC2"3.)'%)"+3;,1-7"F],'4%/+,"+)"'0>9"#2!2G>"D4340',"

50'7)464)1"47"'07-"+@4(+%)"4%")*+"'(.0)"/'7),-4%)+7)4%'0"),'6)".%(+,"6-%(4)4-%7"-8"

6*,-%46")477.+"('3'/+9"7.6*"'7")*+"7:4)6*"8,-3"'"B+,')4%4A+("7),')484+("7T.'3-.7"

+54)*+04.3")-"'%"4%)+7)4%'0"3.6-7'"7++%"4%"I',,+))q7"+7-5*'/.7"FI-%4%-"'%("D*',3'9"

#22<G>"$%)+,+7)4%/019")*47"),'%78-,3')4-%"6-4%64(+7":4)*9"'%("3'1";+"(,4@+%";19"

';+,,'%)"+C5,+774-%"-8"NLC2"Fd-%/"+)"'0>9"#2!!N"D-.A'"+)"'0>9"#22XG>"$%"'"74340',"

3'%%+,9"+6)-546"5-7)%')'0"+C5,+774-%"-8"NLC2"4%")*+"7)-3'6*",+7.0)7"4%",+50'6+3+%)"

-8"/'7),46"3.6-7'0"6+007";1"'%"4%)+7)4%'0"+54)*+04.3"FH.)-*"+)"'0>9"#22#N"H.)-*"+)"'0>9"

#22WG>"?'B+%")-/+)*+,9")*+7+"(')'"7.//+7)")*')"&(C#"47"%+6+77',1"'%("7.88464+%)")-"

(4,+6)"/.)"+54)*+04'0"6+007")-"'%"4%)+7)4%'0"%').,+"4%")*+"'(.0)>"?*+"6-%@+,7+"

),'%78-,3')4-%"-;7+,@+("*+,+"7.//+7)7"74340',9"'0;+4)"3-,+"0434)+(9"50'7)464)1"4%")*+"



 

"P`"

'(.0)"73'00"4%)+7)4%+>"$%")*47",+/',(9")*+"*'3',)-3'7"5,+@4-.701"(+76,4;+("4%"&(C#"

*+)+,-A1/-.7"-8875,4%/"6-35,47+("'";,-'("75+6),.3"-8")477.+7"7.//+7)4@+"-8"

4%)+,6'0',1",+/+%+,')+7"8,-3")*+"+7-5*'/.7")*,-./*")*+"0',/+"4%)+7)4%+"FI+6B"+)"'0>9"

!UUUG>"?*+"3.6*"3-,+"0434)+("),'%78-,3')4-%"7++%"4%"&(C#E%.00"'(.0)"4%)+7)4%+"

7.//+7)7")*')")*+7+"*'3',)-3'7"',+"(+@+0-53+%)'0"4%"%').,+9"04B+01",+80+6)4%/")*+"

%++("8-,"&(C#"4%")*+"75+64846')4-%"-8"(+84%4)4@+"+%(-(+,39"'7"5,+@4-.701"(+76,4;+("

F]'-"+)"'0>9"#22UG>"

"6HQ!4/6!3/01203/45!9>1?B>28>!989B54038/2!

D)+3"6+007"',+"5,+7+%)"4%")*+"+54)*+04.3"-8")*+"7)-3'6*"'7":+00"'7"4%")*+"

4%)+7)4%+"FH4007"'%("D*4@('7'%49"#2!!N"Y4%)-"'%("&0+@+,79"#22WG>"Y,4-,")-")+,34%'0"

(488+,+%)4')4-%9"+'6*"-8")*+7+"7)+3"6+00"5-5.0')4-%7"/4@+7",47+")-",'54(01"(4@4(4%/"?S"

6+007>"Q-00-:4%/"0-%/E)+,3"0-77"-8"NLC29";-)*"5,+7.35)4@+"7)+3"6+007"'%("?S"6+007"

:+,+"(4750'6+("8,-3")*+"4%)+7)4%'0"6,15)9",+34%476+%)"-8")*+"%-,3'0"0-6'04A')4-%"-8"

/'7),46"?S"6+007>"

Y'%+)*"6+007"6-%),4;.)+")-"'"7)+3"6+00"%46*+"4%")*+";'7+"-8")*+"4%)+7)4%'0"6,15)"

FD')-"+)"'0>9"#2!!G9"'%("4)"47")+35)4%/")-"75+6.0')+")*')")*+"0-77"-8"Y'%+)*"6+0079"

+0464)+(";1"';0')4-%"-8"NLC29"3'1"435'6)"-%")*+"4%)+7)4%'0"7)+3"6+00"%46*+"0+'(4%/")-"

)*+"-;7+,@+(",+5-74)4-%4%/"-8")*+"7)+3"'%("?S"6+00"5-5.0')4-%7>"$%")*47",+/',(9"

6-%(4)4-%'0"';0')4-%"-8"Y'%+)*"6+007"0+(")-")*+"(47'55+','%6+"-8"G97-:E5-74)4@+"6+007"

FD')-"+)"'0>9"#2!!G9":*40+"0-77"-8"Y'%+)*"6+007"4%")*+"6.,,+%)"7).(1"(4("%-)"0+'(")-"

';0')4-%"-8")*47"5-5.0')4-%>"?*47"7.//+7)7")*')")*+"346,-+%@4,-%3+%)"-8")*+"&(C#"

%.00"3+)'50'74'"7.8846+7")-"5,-@4(+"'%"'(+T.')+"%46*+9")*+";'747"-8":*46*"47"5,+7+%)01"

.%B%-:%>"$%)+,+7)4%/019"+6)-546"+C5,+774-%"-8"NLC2"4%")*+"7)-3'6*",+7.0)7"4%"



 

"PX"

(4750'6+3+%)"-8"/'7),46"?S"6+007"8,-3")*+"47)*3.7")-:',(7")*+";'7+"-8")*+"/0'%(79"

,+80+6)4%/")*+"0-6'04A')4-%"-8")*+"5,-048+,')4@+"6-35',)3+%)"4%")*+"4%)+7)4%+"FH.)-*"

+)"'0>9"#22#G>"$,,+75+6)4@+"-8")*+";'747"8-,")*+"0-6'04A')4-%"-8")*+7+"5,+6.,7-,"%46*+79"

-.,"5,+7+%)"84%(4%/7"400.7),')+")*')"&(C#"47"%-)"+77+%)4'0"8-,"0-%/")+,3"3'4%)+%'%6+"

-8"G97-H:"5-74)4@+"5,-/+%4)-,"6+0079";.)"47"';7-0.)+01",+T.4,+("8-,";-)*")*+4,"5,-5+,"

5-74)4-%4%/"'%("7.;7+T.+%)"(488+,+%)4')4-%>"

?*+",++3+,/+%6+"-8"G97-:"5-74)4@+"'%("5,-048+,')4@+"6+007"8-00-:4%/"0-%/E

)+,3"NLC2"(+0+)4-%"6-%),'7)7":4)*")*+"(+6,+'7+"4%")*+7+"5-5.0')4-%7"7++%"8-00-:4%/"

'6.)+"NLC2"0-77>"?*47"3'1";+"')),4;.)+(")-"'"),'%74+%)",+(.6)4-%"4%")*+"G97-:E5-74)4@+"

5,+6.,7-,"5-5.0')4-%9"8-00-:+(";1")*+4,",+/+%+,')4-%"+4)*+,")*,-./*"'%".%B%-:%"

'(-5)4@+"5,-6+77"-,"@4'"'"5,+@4-.701"(+76,4;+(",+7+,@+"7)+3"6+00"5-5.0')4-%"FO4"'%("

&0+@+,79"#2!2N"D6-@400+"+)"'0>9"#22XN"?4'%"+)"'0>9"#2!!G>"Q.,)*+,":-,B":400";+",+T.4,+("

)-"3-,+"8.001".%(+,7)'%(")*47"5,-6+77>"

+8715!<B/?038/!<8>!"6H)4/6!"6HQ!3/!0;1!?858/!

$33.%-*47)-6*+347),1",+@+'0+("+88+6)4@+"(+0+)4-%"-8"&(C#"4%")*+"6-0-%>"

c-:+@+,9"+C5,+774-%"'%'01747"7.//+7)+(")*')"4)":'7"%-)"),'%78-,3+("4%)-"3-,+"

'%)+,4-,"(+,4@')4@+7"FQ4/.,+"#KG>"?*47"43504+7")*')")*+"3+6*'%4737".%(+,014%/")*+"

50'7)464)1"7++%"4%")*+"73'00"4%)+7)4%+"(-"%-)"-5+,')+"4%")*+"6-0-%9"-,",+T.4,+"/,+')+,"

)43+>"$%")*47",+/',(9")*+"7.;-5)43'0")'3-C48+%"(-74%/",+/43+%"%+6+77',1")-"

64,6.3@+%)"0+)*'04)1"(4("%-)",+7.0)"4%"7.88464+%)"0-%/E)+,3"+C6474-%"-8"&(C#"4%")*+"

6-0-%")-"'00-:".7")-"'((,+77")*47"0'))+,"5-774;404)1>"

Y,4-,":-,B"*'7"7*-:%"'"6,4)46'0",+T.4,+3+%)"8-,"&(C#"4%"75+64846')4-%"-8")*+"

6-0-%"8,-3"(+84%4)4@+"+%(-(+,3"F]'-"+)"'0>9"#22UG9"*-:+@+,"'",-0+"8-,"&(C"4%")*+""



C
dx
1-
/- C
dx
2-
/- !

C
dx
2-
/- !

Ghrl!

Gkn1!

Gkn2!

Actin!

St
om

ac
h!

Ca
ec

um
!

Co
nt

ro
l !

H 2
O
!

!"#$%&'()*'+,-.%"/'/0,%,/.&%"-."/-'12'32.',44&,%'"3'.0&'/2523',6.&%'/0%23"/'52--'26'
718(9'''
!"#$%&'()*$*(*$+",-.%/0-,123,!"#$4,!%&'(,()5,!%&),132#,6*2#(784,7("7'#4,72)*329,7292)4,
*+,)-.-,7292),()5,*+,(-.-*+,)-.-,7292):,

;<,



 

"`2"

'(.0)"(47)'0"4%)+7)4%+"*'7"%-)";++%"(+76,4;+(>"V+"8-.%(")*')"';0')4-%"-8"NLC2"

,+7.0)+("4%"),'%78-,3')4-%"-8")*+")1546'0"6-0-%"+54)*+04.3":4)*"'"3-,+"76'00-5+("

3-,5*-0-/1"74340',")-")*')"-8")*+"6+6.3>"H-,+-@+,9":*40+")*47"5*+%-)15+":'7"

,+7),46)+(")-")*+"5,-C43'0"6-0-%"4%"NLC2"3.)'%)79"4)"+C)+%(+(")*,-./*-.)")*+"0',/+"

4%)+7)4%+"4%"NLC.HNLC2"(-.;0+"3.)'%)79"'%(":'7"'66-35'%4+(";1"'0)+,+("+C5,+774-%"

-8"6+6.3E"-,"6-0-%E'77-64')+("/+%+7"4%"'"3'%%+,",+80+6)4@+"-8")*47"'0)+,+("

3-,5*-0-/1>"?*+",+0')4@+"6-%),4;.)4-%"-8"&(C!"'%("&(C#")-")*47"5.)')4@+"'%)+,4-,"

),'%78-,3')4-%"47"4%"60-7+"'/,++3+%)":4)*")*+4,",+0')4@+"(47),4;.)4-%"'0-%/")*+"

0-%/4).(4%'0"/.)"'C479":4)*"'"5-7)+,4-,"*4/*"/,'(4+%)"8-,"&(C!"'%("'"5+'B"-8"

+C5,+774-%"8-,"&(C#"4%")*+"5,-C43'0"6-0-%":*46*"(47745')+7"(47)'001"Fe'3+7"+)"'0>9"

!UU<N"D40;+,/"+)"'0>9"!UU`G>"?*+7+"(')'"',+"6-%747)+%)":4)*"8.%6)4-%'0"-@+,0'5"

;+):++%"&(C!"'%("&(C#"4%")*+"6-0-%9"'%("7.//+7)"'"%-@+0",-0+"8-,"&(C"4%")*+"

*-3+-7)'747"-8")*47")477.+>"

" !



 

"`!"

$?X/8D516=:1/02!

"
?*+"'.)*-,7")*'%B"&>"R(+19"S>"R%4B'%-0'41+9"?>"I,--B+EI4776*-5"'%("I>"c+77"8-,"

4%74/*)8.0"(476.774-%N"Y>"&*'3;-%"'%("a>"H+)A/+,"8-,")*+")'99'("&,+ERZ?"04%+N"Y>"],.77"

'%("I>"H+1+,"8-,")*+"NLC."I"!3-.7+"04%+N"H>"H'%784+0("'%("?>"]',0-./*"8-,"3-.7+"

*.7;'%(,1N"j>"?46'79"O>"a-%/9"O>"Y+00+)4+,"'%("R>"O';+00+"8-,"'7747)'%6+":4)*")477.+"

5,-6+774%/9"*47)-0-/1"'%("5*-)-/,'5*1>"

" !



 

"`#"

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

"#$%&'(!YR!"6H)!4/6!"6HQ!JB/?038/!42!&B:8>!CB99>1228>2!
"  



 

!"#!

!
!

$%&'!()%!$%&*!+,)-./0)!(1!2,304!5,664711041!
!
!
!
!

"#$%&!'()*+,-&.!/0$12&*+$!3(&+*4$(&..!56&**$!37"7!/&86()&.!&*9!:&8+9!;62*$<&.=!
!

!

!

!
(+403!.87!976(4.37).!0:!$7;;,;(4!()%!<0;7-,;(4!<7%/-/)7=!>)/?741/.@!0:!A..(B(!

!
'!20!B803!-0447160)%7)-7!180,;%!C7!(%%47117%D!9(?/%!E08)71=!976(4.37).!0:!

$7;;,;(4!()%!<0;7-,;(4!<7%/-/)7=!>)/?741/.@!0:!A..(B(!
!
!

FG,))/)H!./.;7D!$%&!()%!2,304!5,664711/0)!
!
!

>$)?6(9<D!$%&=!/).71./)7=!-0;0)!-()-74=!IJ$=!.,304!1,66471104!H7)7=!-7;;!/)?(1/0)=!
76/.87;/(;K3717)-8@3(;!.4()1/./0)!LM<2N=!/)?(1/0)=!.4()1-4/6./0)!

!



 

"`<"

S,)460+"5.;047*+("b-@+3;+,"#X9"#2!<"4%"^+0#(<9&+7&,'+9+"'1<9&NM;-'?*#@9"i-0.3+"#XU9"

$77.+"<X9"5'/+7"KKK<KEW<>"

"

"

$B0;8>!?8/0>3KB038/2R!"

S0+C'"c,1%4.B"(+74/%+("'%("6',,4+("-.)"+C5+,43+%)79":,-)+")*+"3'%.76,45)"'%("

3'(+"84/.,+7>""

D)+5*'%4+"],'4%/+,"'7747)+(":4)*"/+%+,')4%/"+C5+,43+%)'0"3')+,4'0"'%(":4)*"84/.,+"

/+%+,')4-%>""

e-'%%+"]>S>"D'@-,1"/+%+,')+("NLC27I7&346+>"

a'@4("O-*%+7"*+05+(")-"(+74/%"+C5+,43+%)7"'%(")-":,4)+")*+"3'%.76,45)>"

" "



 

"`W"

"492B51!

"
N4?X=>8B/6R!&(C"8.%6)4-%"47"+77+%)4'0"8-,"4%)+7)4%'0"*-3+-7)'747"'%("3'1"435'6)"

).3-,4/+%+747>"

(12B502R!&(C"0-77"4%6,+'7+7").3-,"4%64(+%6+"'%("'0)+,7").3-,"5*+%-)15+"4%"'%"SY&"

3.)'%)";'6B/,-.%(>!

"8/?5B238/R!&(C"),'%76,45)4-%"8'6)-,7"435'6)"4%)+7)4%'0").3-,4/+%+747>""

C3=/3<3?4/?1R!&(C"3+3;+,7"3-(.0')+";-)*")*+"8,+T.+%61"'%("5*+%-)15+"-8"

4%)+7)4%'0").3-,7")*,-./*"5,+@4-.701".%,+6-/%4A+("3+6*'%4737>"!

!

! !



 

"`P"

$K20>4?0!

"
! $%"*.3'%79"6-0-,+6)'0"6'%6+,"47"-8)+%"4%4)4')+(")*,-./*"SY&"0-77E-8E8.%6)4-%"

:*46*"0+'(7")-"6,15)"*15+,50'74'"'%("5-015-747"(,4@+%";1".%,+7),46)+("6'%-%46'0"

V%)"74/%'04%/>"D.6*"5-0157")1546'001"',47+"4%")*+"6-0-,+6)'0",+/4-%"'%("',+"')",47B"-8"

),'%78-,34%/")-"4%@'74@+"'(+%-6',64%-3'7>"S0)*-./*"6-0-,+6)'0"6'%6+,"47")*+")*4,("

3-7)"6-33-%"6'.7+"-8"6'%6+,",+0')+("(+')*":-,0(:4(+9"-.,".%(+,7)'%(4%/"-8")*+"

5,-6+77+7"435'6)4%/"4%4)4')4-%9"),'%78-,3')4-%"'%("4%@'74-%"',+"4%6-350+)+01"

.%(+,7)--(>"H.,4%+&TRN/'(IQ"3.)'%)7"',+"-8)+%".7+(")-"3-(+0"6-0-,+6)'0"6'%6+,79"

*-:+@+,9")*+1"(+@+0-5"%-%E3+)'7)')46").3-,7"6-%84%+("0',/+01")-")*+"73'00"4%)+7)4%+"

'%("',+")*.7"%-)"+%)4,+01",+5,+7+%)')4@+"-8")*+"*.3'%"(47+'7+>"TRN/'(IQ"'00+0+7"6'%"

6-00';-,')+":4)*"3.)')4-%7"435'6)4%/"-)*+,"5')*:'17")-",+6'54).0')+"7-3+"'75+6)7"

-8"*.3'%"6-0-,+6)'0"6'%6+,>"?-")*47"+%(9":+"'77+77+("TRN/'(IQE4%(.6+("5-015-747"

8-00-:4%/"7-3')46"0-77"-8")*+"*-3+-(-3'4%"),'%76,45)4-%"8'6)-,"&(C#9"'0-%+"-,":4)*"

'"&(C!"%.00"'00+0+9"4%")*+"'(.0)"/'7),-4%)+7)4%'0"),'6)>"TRN/'(IQE&(C#"3.)'%)7"

,+6'54).0')+("7+@+,'0"'75+6)7"-8"*.3'%"6-0-,+6)'0"6'%6+,9"4%60.(4%/"'%"4%@'74@+"

5*+%-)15+>"b-)';019")*+"6-%6-34)'%)"0-77"-8"&(C!"0+(")-"'"74/%4846'%)"4%6,+'7+"4%")*+"

4%64(+%6+"-8").3-,7"4%")*+"(47)'0"6-0-%9",+0')4@+")-"TRN/'(IQE&(C#"-8875,4%/9"

(+3-%7),')4%/"'"5,+@4-.701".%,+6-/%4A+(",-0+"8-,")*47"),'%76,45)4-%"8'6)-,"4%"

6-0-,+6)'0").3-,4/+%+747>"?*+7+"84%(4%/7".%(+,76-,+"5,+@4-.701".%,+6-/%4A+(",-0+7"

8-,"&(C"3+3;+,7"4%"4%)+7)4%'0").3-,4/+%+747>"

!

! !



 

"``"

*/0>86B?038/!

&-0-,+6)'0"6'%6+,"F&Z&G"0+'(7")-"3-,+")*'%"P229222"(+')*7"'%%.'0019"3'B4%/"

4)")*+")*4,("3-7)"(+'(01"6'%6+,":-,0(:4(+>"a+754)+")*479"-.,".%(+,7)'%(4%/"-8")*+"

3+6*'%4737"(,4@4%/"4%)+7)4%'0").3-,4/+%+747"47"4%6-350+)+>"$%'6)4@')4%/"3.)')4-%7"

4%")*+"TL;(+-<*+0?&J+9@J+?'?&1+9'&OTRNP"/+%+"',+"'%"+',01"6'.7')4@+"+@+%)"4%"3-7)"

6'7+7"-8"75-,'(46"4%)+7)4%'0"6'%6+,"'%("'07-".%(+,04+")*+"8'3404'0"'(+%-3')-.7"

5-015-747"FQSYG"71%(,-3+"4%"*.3'%7"Fb')*B+9"#22<G>"O-77"-8"SY&"8.%6)4-%"4%")*+"

*.3'%"4%)+7)4%+",+7.0)7"4%"5,-),'6)+("'6)4@')4-%"-8")*+"6'%-%46'0"V%)"74/%'04%/"

5')*:'19",+7.0)4%/"4%"*15+,5,-048+,')4-%"'%("-.)/,-:)*"-8"4%)+7)4%'0"5-0157":*46*"

',+"5,+(475-7+(")-"7.;7+T.+%)"3'04/%'%)"6-%@+,74-%"Fc'0;+,/"+)"'0>9"#222N"H-7+,"+)"

'0>9"!UU2N"Y-0'B479"#22`G>"SY&"3.)'%)"346+9"7.6*"'7")*+"3.0)450+"4%)+7)4%'0"%+-50'74'"

FTRN/'(IQG"3-.7+"FH-7+,"+)"'0>9"!UU2G9"*',;-,"'"6-35',';0+"4%'6)4@')4%/"3.)')4-%"

'%("(+@+0-5"5-0157"74340',")-"*.3'%"QSY"5')4+%)7"F&0+@+,79"#22PG>"c-:+@+,9"4%"

6-%),'7)")-"*.3'%79"TRN/'(IQ"346+"+C*4;4)"0+74-%7"5,43',401"'88+6)4%/")*+"73'00"

4%)+7)4%+"'%("5+,46+6'0"',+'"'%(":*46*",',+01"5,-/,+77")-"'(+%-6',64%-3'7"Fc'0;+,/"

+)"'0>9"#222N"H-7+,"+)"'0>9"!UU2G>"

&-%74(+,';0+":-,B"*'7",+@+'0+(")*+"%').,+"-8"'((4)4-%'0"5')*:'17")*')"

435'6)"-%").3-,4/+%+747"4%"3.,4%+"SY&"3-(+07>""D.6*"5')*:'17"4%60.(+"'6)4@')4%/"

3.)')4-%7"-8"dZ'7"'%("0+74-%7"4%")*+"?]QEf"'%("R5*ER5*,4%"74/%'04%/"5')*:'17"

F&-,)4%'"+)"'0>9"#22`N"c'3'3-)-"+)"'0>9"#22#N"D'%7-3"+)"'0>9"#22PN"?'B'B."+)"'0>9"

!UUXG>"?*+7+"7).(4+7"*'@+"14+0(+("3.,4%+"3-(+07")*')",+6'54).0')+"7-3+"'75+6)7"

)1546'0"-8"*.3'%"&Z&>"?*+"&(C"8'3401"-8"),'%76,45)4-%"8'6)-,7"',+"'07-"5-)+%)4'0"

6-%),4;.)-,7")-")*+"&Z&"5*+%-)15+>"&(C!"'%("&(C#"',+"%+6+77',1"8-,")*+"5,-5+,"



 

"`X"

(+@+0-53+%)"-8")*+"4%)+7)4%'0"),'6)"'%("*-3+-7)'747"-8")*+"4%)+7)4%'0"+54)*+04.3"

)*,-./*-.)"048+"F&*':+%/7'B7-5*'B"+)"'0>9"!UU`N"]'-"+)"'0>9"#22UN"],'4%/+,"+)"'0>9"

#2!2N"c,1%4.B"+)"'0>9"#2!#N"i+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G>"L.,".%(+,7)'%(4%/"

-8"&(C"8.%6)4-%"4%"4%)+7)4%'0").3-,4/+%+747"*'79".%)40",+6+%)019";++%",+7),46)+(";1")*+"

5+,4E4350'%)')4-%"0+)*'04)1"-8"&(C#"%.00"3.)'%)7"F&*':+%/7'B7-5*'B"+)"'0>9"!UU`G>"

H-,+-@+,9"'0)*-./*"&(C!"%.00"346+"(-"%-)"(4750'1"'%1"-@+,)"4%)+7)4%'0"5*+%-)15+"

FD.;,'3'%4'%"+)"'0>9"!UUWG9"&(C"3+3;+,7"04B+01"50'1"-@+,0'554%/",-0+7"4%")*+"

4%)+7)4%+"Fi+,A4"+)"'0>9"#2!!G"'%("6-0-%"Fc,1%4.B"+)"'0>9"#2!#G9"'%(")*+"435'6)"-8"

6-%6-34)'%)"0-77"-8"&(C!"'%("&(C#"-%"4%)+7)4%'0").3-,4/+%+747"*'7"%-)";++%"

,+5-,)+(")-"(')+>"

?*+,+"47"6-%74(+,';0+"+@4(+%6+"7.//+7)4%/")*')"&ao#"7.55,+77+7"&Z&>"Q-,"

+C'350+9"0-77"-8"&ao#"+C5,+774-%"47"7++%"4%"nK2="-8"*.3'%"&Z&"'%("47"'77-64')+("

:4)*"*4/*+,").3-,"/,'(+"FI';'"+)"'0>9"#22UN"c4%-4"+)"'0>9"#22!N"O./04"+)"'0>9"#22XG>"

Q.,)*+,3-,+9")*+"8,+T.+%61"-8"5-0157"4%"TRN/'(QIH"-8875,4%/9"-,")*-7+"4%(.6+(";1"

'A-C13+)*'%+"FI-%*-33+"+)"'0>9"#22KG9"47"4%6,+'7+("4%"&(C#"*+)+,-A1/-)+7>"V*40+"

)*+7+"0'))+,"-;7+,@')4-%7"7.55-,)"'").3-,E7.55,+774@+"8.%6)4-%"8-,"&(C#9"4)"47"

.%60+',"48")*47"4%6,+'7+"4%"5-015-747"47",+80+6)4@+"-8"%+-50'7)46E,+0')+("&(C#"8.%6)4-%7"

-,")-"&(C#E(+5+%(+%)"(+@+0-53+%)'0"+@+%)7>"H-,+-@+,9")*+"5-)+%)4'0"8.%6)4-%'0"

-@+,0'5";+):++%"&(C!"'%("&(C#"*'7"6-%8-.%(+("'"60+',+,".%(+,7)'%(4%/"-8"'",-0+"

8-,"&(C"4%"&Z&>"

$%")*+"5,+7+%)"7).(19"&(C#":'7"6-%(4)4-%'001"(+0+)+("8,-3")*+"'(.0)"4%)+7)4%+"

4%"'"3-7'46"3'%%+,")-"64,6.3@+%)")*+"0+)*'04)1"'77-64')+(":4)*"6-350+)+"0-77"-8")*+"

5,-)+4%>"?*47"3-7'46"(+0+)4-%9"'0-%+"-,"4%"6-%[.%6)4-%":4)*"'"&(C!"/+,3"04%+"



 

"`U"

3.)')4-%"FD.;,'3'%4'%"+)"'0>9"!UUWG9":'7"'77+77+("8-,"435'6)"-%"TRN/'(IQE'77-64')+("

5-015-747>"O-77"-8"&(C#"-,"&(C!E&(C#"4%"'%"TRN/'(IQ";'6B/,-.%(",+7.0)+("4%"'"

3',B+("'66+0+,')4-%"-8"0+)*'04)1"'77-64')+(":4)*"'%"4%6,+'7+"4%").3-,"4%64(+%6+"

435'6)4%/")*+"73'00"4%)+7)4%+>"S;0')4-%"-8"&(C#9"'07-",+7.0)+("4%"'"74/%4846'%)"4%6,+'7+"

4%").3-,"8-,3')4-%"4%")*+"6-0-%":*46*":'7"+C'6+,;')+(":4)*"6-%6-34)'%)"0-77"-8"

&(C!9"5',)46.0',01"4%")*+"(47)'0"6-0-%>""?.3-,7":+,+"'77-64')+(":4)*"6-4%64(+%)":4)*"

'0)+,')4-%7"4%"?]QEf"74/%'04%/"'%("4%@'74-%>"Q4%'0019"&(C#"';0')4-%",+7.0)+("4%")*+"

8-,3')4-%"-8"@400-.7").3-,7":*46*":+,+"'77-64')+(":4)*"0-77"-8"+5*,4%I!"+C5,+774-%>"

?*+7+"84%(4%/7",+@+'0"5,+@4-.701".%,+6-/%4A+(",-0+7"8-,"&(C!"4%"&Z&"'%("

.%(+,76-,+"%+:",-0+7"8-,"&(C"4%"3-(4814%/")*+"&Z&"5*+%-)15+>!

!

" !



 

"X2"

'H91>3:1/045!%>8?16B>12!

@1/1>4038/!8<!"6HFI3/!:B04/02!

NLC._I_%&NLC27I7%&SY&H4%\_"'%("['99'(E&,+RZ?"346+"*'@+";++%"5,+@4-.701"(+76,4;+("

Fc,1%4.B"+)"'0>9"#2!#N"D'@-,1"+)"'0>9"#22UN"D."+)"'0>9"!UU#N"D.;,'3'%4'%"+)"'0>9"!UUWG>"

?*+7+"'%43'07":+,+"4%)+,6,-77+("'%("4%;,+("8-,"'"34%43.3"-8"W"/+%+,')4-%7>"?-"

+88+6)"NLC2"(+0+)4-%9"%-%E),'%7/+%46"6-%),-0"'%("&,+"5-74)4@+&'%43'07":+,+"),+')+("

:4)*"+4)*+,"'"74%/0+"2>#W3/"(-7+"-8")'3-C48+%";1"-,'0"/'@'/+"')"#"3-%)*7"F8-,"

3-7'46"(+0+)4-%G"-,"#"3/"-8")'3-C48+%"8-,"6-350+)+"(+0+)4-%>""S%43'07":+,+"

3'4%)'4%+("'66-,(4%/")-")*+"/.4(+04%+7"+7)';047*+(";1")*+"&'%'(4'%"&-.%640"-%"

S%43'0"&',+"'%(")*+"S%43'0"&',+"r"i+)+,4%',1"D+,@46+7"-8")*+"M%4@+,74)1"-8"L))':'>&

#320858=A!4/6!3::B/8;3208?;1:320>A!

$%)+7)4%+7":+,+"5,+5',+("'7"5,+@4-.701"(+76,4;+("Fc,1%4.B"+)"'0>9"#2!#G>"Y','884%E

+3;+((+("3')+,4'0":'7"7+6)4-%+("')"W"s3"'%("8,-A+%"7+6)4-%7"')"X"s3>"

$33.%-7)'4%4%/":'7"6',,4+("-.)".74%/"7)'%(',("3+)*-(7>"Y,43',1"'%)4;-(4+7".7+("

:+,+"uE&(C!"'%("uE&(C#"v!N!222"(40.)4-%"FD'@-,1"+)"'0>9"#22UGwN"uEd4P`"F!^#22"

(40.)4-%9"S;6'3GN"uE017-A13+"F!^W22"(40.)4-%9"a'B-GN"uE;+)'E6')+%4%"F!^W2"(40.)4-%9"

H40045-,+GN"uE+5*,4%"I!"F!^#22"(40.)4-%9"Zra"717)+37GN"uER5*I#"F!^#22"(40.)4-%9"

Zra"717)+37GN"uEjLE!"F!^#229"$%@4),-/+%GN"'%("uE5D3'(#"FD+,<PW\<P`G"F!\!222"

(40.)4-%9"H40045-,+G>"O4%B+,"'%)4;-(1"8-,"R5*I#"'%("+5*,4%"I!",+'6)4@4)1":'7",';;4)"

uE/-')"$/]"Fc_OG"F!^!222"(40.)4-%9"e'6B7-%"$33.%-Z+7+',6*"O';-,')-,4+7G>"

D+6-%(',1"'%)4;-(4+7".7+(":+,+"cZYE6-%[./')+("/-')"uE3-.7+9"/-')"uE,';;4)9"

(-%B+1"uE,';;4)"F!\!222"(40.)4-%9"D'%)'"&,.A"I4-)+6*%-0-/4+7G"-,"/-')"uE,';;4)"



 

"X!"

S0+C'"Q0.-,"WU<"F!\!222"(40.)4-%9"$%@4),-/+%G>"D04(+7":+,+"3-.%)+(".74%/"Y+,3-.%)"

FQ47*+,G"'%("43'/+7"6'5).,+(".74%/"'"H4,'C"H4(4"D6'%%+,"Fj+477G>&

ZB4/03040371!985A:1>421!?;43/!>14?038/!

?-)'0"ZbS":'7"+C),'6)+(".74%/"?,4A-0",+'/+%)"F$%@4),-/+%G"'66-,(4%/")-")*+"

3'%.8'6).,+,k7"4%7),.6)4-%7"'%(".7+(")-"/+%+,')+"6abS";1"7)'%(',("5,-6+(.,+7>"

6abS":'7"7.;7+T.+%)01"'350484+(".74%/"/+%+E75+64846"-04/-%.60+-)4(+7":4)*"D7-Q'7)"

R@'],++%"D.5+,34C"FI4-Z'(G"'66-,(4%/")-")*+"3'%.8'6).,+,q7",+6-33+%(')4-%7>"

Y&Z":'7"5+,8-,3+(".74%/")*+"HoK22WY"FS/40+%)"?+6*%-0-/4+7G"'%(",+7.0)7"'%'01A+("

.74%/")*+"#Epp&)"3+)*-("FD6*+8+"+)"'0>9"#22PG"%-,3'04A+(")-"\H<1*'(>"Q-,"75+648464)19"

)*+"(477-64')4-%"6.,@+":'7"6-%74(+,+("8-,"+'6*"'35046-%>"a')'"47",+80+6)4@+"-8"'"

34%43.3"-8"K"(488+,+%)";4-0-/46'0"7'350+7"'%("+C5,+77+("'7")*+"3+'%"_\E"7)'%(',("

(+@4')4-%>""Y,43+,"7+T.+%6+7"',+"'@'40';0+".5-%",+T.+7)>"

";>8:403/!3::B/89>1?39304038/!U";*%V!

&*$Y"8-,"&(C"/+%-346"-66.5'%61":'7"5+,8-,3+("'7"5,+@4-.701"(+76,4;+("FD'@-,1"+)"

'0>9"#22UG".74%/"6*,-3')4%"/+%+,')+("8,-3"&#;;+!"6+007>"Y&Z":'7"(4,+6)+("'6,-77"

,+/4-%7"+%6-35'774%/"5-)+%)4'0"&aZR79".74%/"E99."'%("'%"4%)+,%'0&+C-%&'7"5-74)4@+"

'%("%+/')4@+"6-%),-09",+75+6)4@+01>"L04/-%.60+-)4(+"7+T.+%6+7".7+("8-,"&*$Y"',+"

'@'40';0+".5-%",+T.+7)>&

%>8:801>!$/45A232!

Y!U"6+007":+,+"7++(+("-%)-"P":+00"50')+7"'%("),45046')+"7'350+7"),'%78+6)+(":4)*")*+"

'55,-5,4')+"6-3;4%')4-%"-8"+C5,+774-%"50'734(7"#<"*-.,7"0')+,>"O.648+,'7+"'6)4@4)1"

:'7"3+'7.,+("<X"*"5-7)E),'%78+6)4-%".74%/")*+"O.648+,'7+"S77'1"D17)+3"FY,-3+/'G"



 

"X#"

:4)*"'"0.34%-3+)+,"FD1%+,/1"c!"c1;,4("H.0)4EH-(+"H46,-50')+"Z+'(+,"I4-?+BG"'%("

%-,3'04A+("8-,"),'%78+6)4-%"+88464+%61".74%/"fE/'0'6)-74('7+>"&

!

! !



 

"XK"

(12B502!

"6H)!4/6!"6HQ!2B99>122!$%"I3/[\F3/6B?16!0B:8>3=1/1232!!

&?-"4%@+7)4/')+")*+"435'6)"-8"&(C"0-77"-%"4%)+7)4%'0").3-,4/+%+7479"'%"TRN/'(IQ"

'00+0+"FD."+)"'0>9"!UU#G"F(+%-)+("'7"H4%"*+,+'8)+,G":'7";,+("4%)-"+4)*+,")*+"['99'(H

N#;YX3HNLC27I7&-,")*+"['99'(HN#;YX3HNLC.HIHNLC27I7";'6B/,-.%(>"S7":4(+75,+'("0-77"-8"

&(C#"4%")*+"'(.0)"4%)+7)4%+"47"0+)*'0"Fc,1%4.B"+)"'0>9"#2!#N"i+,A4"+)"'0>9"#2!!G9"'"

7.;-5)43'0"(-7+"F2>#W"3/G"-8")'3-C48+%":'7".7+(")-"+0464)"3-7'46"(+0+)4-%"-8"&(C#9"

5+,34))4%/"7.,@4@'0"'7"5,+@4-.701"(+76,4;+("Fc,1%4.B"+)"'0>9"#2!#G>"Q-,"74350464)19"

'%43'07"/+%+,')+("4%")*47"3'%%+,"',+"*+,+'8)+,",+8+,,+(")-"'7"&(C#EH4%"F'%("

(+,4@')4@+7")*+,+-8G>&

S"0-%/4).(4%'0"7).(1",+@+'0+("'%"+',019"6-35',';0+9"-%7+)"-8"0+)*'04)1"-8"&(C#E

H4%"'%("&(C!E&(C#EH4%"3.)'%)7",+0')4@+")-"H4%"-8875,4%/"FH-7+,"+)"'0>9"!UU2G"

FQ4/.,+"#<SG>"H'6,-76-546"+C'34%')4-%"-8")*+"4%)+7)4%'0"),'6)7"!#E!<":++B7"'8)+,"

)'3-C48+%"'(34%47),')4-%",+@+'0+("'%"'55,-C43')+01")*,++E8-0("4%6,+'7+"4%").3-,"

;.,(+%"4%")*+"73'00"4%)+7)4%+"-8"&(CEH4%"3.)'%)7"6-35',+(")-"H4%"6-%),-079":4)*"%-"

74/%4846'%)"(488+,+%6+";+):++%"&(C#EH4%"'%("&(C!E&(C#EH4%"6-*-,)7"FQ4/.,+"#<I"

'%("&G>"V*40+"H4%"'%43'07"+C*4;4)+("'"3-(+7)";4'7"8-,"5-015-747"4%")*+"5,-C43'0"

73'00"4%)+7)4%+9").3-,"4%64(+%6+":'7".%48-,3"'0-%/")*+"73'00"4%)+7)4%+"-8"&(CEH4%"

-8875,4%/"F(')'"%-)"7*-:%G>"L8"%-)+"&(C!EH4%"3.)'%)"346+":+,+"4(+%)46'0")-"H4%"

-8875,4%/":4)*",+75+6)")-").3-,"(47),4;.)4-%9"5*+%-)15+"'%("0-%/+@4)1"F(')'"%-)"

7*-:%G"7.//+7)4%/")*')"&(C!"0-77"'0-%+"(-+7"%-)"435'6)"H4%E4%(.6+(").3-,4/+%+747>"

&(C#EH4%"346+"+C*4;4)+("'"74/%4846'%)"4%6,+'7+"4%").3-,";.,(+%"4%")*+"6-0-%"

6-35',+(")-"H4%"-8875,4%/N")*47":'7"4%6,+'7+("74/%4846'%)01";1"6-%6-34)'%)"0-77"-8""



Min Cdx1-Cdx2-Min Cdx2-Min 

S
m

al
l I

nt
es

tin
e 

C
ol

on
 

A 

B 

C D 

i 

v 

iii ii 

vi iv 

100 

50 

0 
0 5 10 15 20 30 P

er
ce

nt
 s

ur
vi

va
l 

Weeks 

Min 

Cdx2-Min 
Cdx1-Cdx2-Min 

E

0 

0.5 

1 

1.5 

2 
Cdx1-Min 
Cdx1-Cdx2-Min 

Min 

Cdx2-Min 

* *R
el

at
iv

e 
A

P
C

 
E

xp
re

ss
io

n 

0 

40 

80 

120 

160 

200 

Small 
Intestine  

Colon 

*
*

*
*

Min 

Cdx2-Min 
Cdx1-Cdx2-Min 

Tu
m

or
 C

ou
nt

 

0 

4 

8 

12 

16 

Proximal  Middle Distal 

Min 

Cdx2-Min 
Cdx1-Cdx2-Min 

C
ol

on
 T

um
or

 C
ou

nt
 

*

*
*

*

*

*

!"#$%&'()*'+,-'"./0123'2$.4%'"51",&51&'05,'3$%6"607'"5'8"5'."1&9!!
":#!$%&'%()*+,+-!./-0+!12-!3/-0,0%'!21!*,(4!5678)*,(!%(6!5679)5678)*,(!:,.+!%1;+-!;%:27,1+(!
%6:,(,3;-%;,2(!"(<9=#>!?!0%'/+3!@+-+!6+;+-:,(+6!AB!'2C)-%(D!;+3;!.2:&%-+6!;2!.2(;-2'3>!";#!
E+:%;27B',(!%(6!+23,(!3;%,(,(C!21!3:%''!,(;+3;,(+!%(6!.2'2(!1-2:!*,(4!5678)*,(!%(6!5679)5678)
*,(!:,.+>!F--2@3!6+(2;+!-+&-+3+(;%;,0+!:%.-23.2&,.!;/:2-3>!!<+='G(.,6+(.+!21!:%.-23.2&,.!;/:2-3!
,(!;H+!,(;+3;,(%'!;-%.;!%(6!<>='&-27,:%'4!:,66'+!%(6!6,3;%'!.2'2(!21!*,(4!5678)*,(!%(6!5679)5678)
*,(!:,.+>!"?#!I?5J!%(%'B3,3!21!"#$!+7&-+33,2(!,(!;H+!.2'2(!21!*,(4!5678)*,(4!5679)*,(!%(6!5679)
5678)*,(!:,.+>!K%;%!,3!+7&-+33+6!%3!;H+!:+%(!21!L!,(6+&+(6+(;!:,.+!MN)!3;%(6%-6!6+0,%;,2(>!O.%'+!
A%-!,(!P!-+&-+3+(;3!L!::>!Q!?!R!=>=L!-+'%;,0+!;2!*,(!.2(;-2'3!AB!O;/6+(;S3!%);+3;>!!

TU!



 

"XW"

&(C!"FQ4/.,+"#<I"'%("&G>"Y-0157"4%"H4%"-8875,4%/"-66.,,+("+C60.74@+01"4%")*+"

5,-C43'0"6-0-%"FQ4/.,+"#<aG>""$%"6-%),'7)9"&(C#EH4%"3.)'%)7"+C*4;4)+("'".%48-,3"

(47),4;.)4-%"-8"5-0157")*,-./*-.)")*+"6-0-%9":*40+"&(C!E&(C#EH4%"3.)'%)7"

+C*4;4)+("'";4'7+("0-6'04A')4-%")-:',(7")*+"(47)'0"0',/+"4%)+7)4%+"FQ4/.,+"#<aG>""

Y,4-,":-,B"*'7"7*-:%"'%"4%6,+'7+"4%").3-,"4%64(+%6+"4%")*+"(47)'0"6-0-%"-8"

&(C#EH4%"6-35-.%("*+)+,-A1/-)+7"7.//+7)+(")-";+"(.+")-"&(CE(+5+%(+%)"

,+/.0')4-%"-8"SY&"FS-B4"+)"'0>9"#22KG>"c-:+@+,9"TRN"+C5,+774-%"4%")*+"6-0-%"(4("%-)"

(488+,";+):++%"&(C!E&(C#EH4%"'%("&(C#EH4%"-8875,4%/"FQ4/.,+"#<RG>""?*47"7.//+7)7"

)*')"&(C!"4%6,+'7+7"(47)'0"5-015-747"4%(+5+%(+%)"-8"+88+6)7"-%"TRN>"

"6H!3:94?02!?155!28>03/=!!

O-77"-8"SY&",+7.0)7"4%"fE6')+%4%"7)';404A')4-%"0+'(4%/")-"'%"4%6,+'7+"4%"V%)"

)',/+)"/+%+"+C5,+774-%"'%("';+,,'%)"5,-048+,')4-%"F&0+@+,79"#22PG>"&-%747)+%)":4)*"

)*479"*4/*"0+@+07"-8"fE6')+%4%"'%("*15+,5,-048+,')4-%"F'7"+@4(+%6+(";1"4%6,+'7+("d4P`"

+C5,+774-%G":+,+"7++%"4%"'00").3-,79"4,,+75+6)4@+"-8"/+%-)15+"FQ4/.,+"#WS"'%("IG>"fE

6')+%4%"5-74)4@+"6-%),-0"H4%").3-,7"'55+',+(")-";+"+%6'7+("4%"'"7*++)"-8"%-,3'0"

+54)*+04.39"6-%747)+%)":4)*")*+"4%/,+77+("3-,5*-0-/1")1546'0"-8")*+").;.0',"

'(+%-3'7"7++%"4%")*47"3-(+0"FQ4/.,+"#W&N"FI')00+"+)"'0>9"#22WG>"$%"3',B+("6-%),'7)9"

fE6')+%4%"5-74)4@+"*15+,E5,-048+,')4@+"6+007":+,+"(47),4;.)+("-%")*+"0.34%'0"7.,8'6+"

4%"&(CEH4%"-8875,4%/"FQ4/.,+"#W&G9"'"3-,5*-0-/1")1546'0"-8"@400-.7").3-,7"F&-,)4%'"

+)"'0>9"#22`G>&

a+8+6)7"4%"6.+7"(4,+6)4%/"6+00"7-,)4%/"*'@+";++%"435046')+("4%")*+"'0)+,+("

(47),4;.)4-%"-8"%+-50'7)46"6+007"7.6*"'7"7++%"4%"@400-.7").3-,7"FI')00+"+)"'0>9"#22#N"

],+/-,4+88"'%("&0+@+,79"#22WN"Y'7T.'0+9"#22WG>"&-%747)+%)":4)*")*479"+C5,+774-%"-8""



Min Cdx1-Cdx2-Min Cdx2-Min 

! 
"-

ca
te

ni
n 

! 
ki

67
 

D 

i iii ii 

i 

! 
C

dx
2 

B 

C 

i iii ii 

iii ii 

A 

i iii ii 

! 
Ly

so
zy

m
e 

!"#$%&'()*'+,-'./0.1"23'"45.617'1$42%'6&00'72%1"3#8!!
"##$%&'()*&+',#()*-.!/&-!091!23+4*,%(%!0:1!5(67!0+1!89:;!4%9!0;1!<.)&=.#,!(%!*',!)#4<<!
(%*,)*(%,!&/!>(%?!89:;3>(%!4%9!89:@389:;3>(%!#(+,A!B&*,!*',!89:;!C&)(*(D,?!5(67!%,E4*(D,?!
+,<<)!,%D,<&C(%E!*',!23+4*,%(%!,:C-,))(%E!+,<<)!(%!>(%!+&%*-&<)?!F'(<,!89:!#$*4%*!*$#&-)!
,:'(G(*!23+4*,%(%!,:C-,))(&%!&%!*',!<$#(%4<!)$-/4+,A!H<4+I!4--&F)!(%!;!(%9(+4*,!,+*&C(+!
<.)&=.#,!,:C-,))(&%A!J+4<,!G4-!-,C-,),%*)!;KK!µ#A!
!

L6!



 

"X`"

017-A13+":'7"-;7+,@+("(475+,7+(")*,-./*-.)")*+"&(C#EH4%"'%("&(C!E&(C#EH4%"

).3-,7"FQ4/.,+"#WaG9"4%(46')4@+"-8"'"3470-6'04A')4-%"-8"Y'%+)*"6+007"8,-3")*+4,"

%-,3'0"6,15)"%46*+"'%("6-%747)+%)":4)*"0+74-%7"4%"6+00"7-,)4%/"5,-6+77+7>"?*47"

5*+%-3+%-%":'7"%-)"7++%"4%"H4%").3-,7"FQ4/.,+"#WaG"%-,"*'7"4)";++%"-;7+,@+("4%"

&(C#"-,"&(C!E&(C#"%.00"4%)+7)4%+"Fc,1%4.B"+)"'0>9"#2!#G>"

$%")*+"4%)+7)4%+9"R5*E+5*,4%"74/%'04%/"+7)';047*+7"'";-.%(',1";+):++%")*+"

R5*I#"'%("R5*IK"5-74)4@+"6+007"4%")*+"6,15)"'%("+5*,4%"I!"+C5,+774%/"6+007"-8")*+"

@400-.7"+54)*+04.3"4%@-0@+("4%"6+00"6-35',)3+%)'04A')4-%>"H470-6'04A')4-%"-8"Y'%+)*"

6+007"*'7";++%"-;7+,@+("'7"'"6-%7+T.+%6+"-8"0-77"-8"R5*E+5*,4%"74/%'04%/"4%")*+"

4%)+7)4%+"FI')00+"+)"'0>9"#22#N"&-,)4%'"+)"'0>9"#22`G9"'7"4%"&(CEH4%"3.)'%)").3-,7>"

H-,+-@+,9"R5*I#E+5*,4%"I!"4%)+,'6)4-%7"*'@+";++%"7.//+7)+(")-"7.55,+77"

6-0-,+6)'0"6'%6+,7";1"6-35',)3+%)'04A4%/"*15+,5,-048+,')4@+"4%)+7)4%'0"6+0079":*40+"

0+74-%7"4%")*47"5')*:'1"6'%",+7.0)"4%")*+"34/,')4-%"-8"),'%78-,3+("6+007"-@+,")*+"

@400-.79"'/'4%"'7"-;7+,@+("4%")*+"&(CEH4%"3.)'%)7>"&-%747)+%)":4)*")*479"+5*,4%"I!"

5,-)+4%"'%("3ZbS":'7"(+6,+'7+("4%")*+"&(C#EH4%"'%("&(C!E&(C#EH4%").3-,79";.)"

:'7"3'4%)'4%+("4%")*+"@400.7"+54)*+04.3"+%@+0-54%/"H4%"6-%),-0"5-0157"FQ4/.,+"#PS"

'%("&G>"R5*I#9":*46*"47".7.'001"+C5,+77+("4%")*+"4%)+7)4%'0"6,15)9":'7"7++%"

)*,-./*-.)").3-,7"4,,+75+6)4@+"-8"/+%-)15+9"6-%747)+%)":4)*"'"6,15)"-,4/4%"-8")*+7+"

6+007"FQ4/.,+"#PIN"F&0+@+,7"'%("I')00+9"#22PGG>"?*+7+"-;7+,@')4-%7"7.//+7)")*')"

+5*,4%EI!"47"(+5+%(+%)"-%"&(C9"'%(")*')"0-77"-8"R5*E+5*,4%"74/%'04%/"6-%),4;.)+7")-"

)*+"@400-.7"%').,+"-8"&(CEH4%").3-,7>"

!

!



! 
ep

hr
in

-b
1 

! 
E

ph
B

2 

A 

B 

0 

0.5 

1 

1.5 Min 

Cdx2-Min 
Cdx1-Cdx2-Min 

R
el

at
iv

e 
m

R
N

A 

ephrin B1 

C 

Cdx1-Cdx2-Min Cdx2-Min Min 

*
*

!"#$%&'()*'+,-('"./0123'&/4%"5'67'&-/%&33"859''
!""#$%&'()%*&+"'(),-./%,.+0&,'$.12.3:4.5$6.364.70&18.3,+64.*%#$)+,()5'$+6.9')&.:50'.
3;<#+4.'$.)&+.)#"%,(.%/.)&+.("5<<.'$)+()'$+.'$.='$>.?6@8A='$.5$6.?6@2A?6@8A='$."'*+B.
3+4.CD?E.5$5<-('(./%,.!"#$%&'().+@0,+(('%$.'$.)#"%,(./,%".='$>.?6@8A='$.5$6.?6@2A
?6@8A='$.%//(0,'$FB.E+(#<)(.5,+.+@0,+((+6.5$6.)&+."+5$.%/.G.'$6+0+$6+$).)#"%,(./,%".
(+05,5)+."'*+.HIA.()5$65,6.6+J'5)'%$B.K.D.L.MBMN.,+<5)'J+.)%.='$.*%$),%<(.;-.O)#6+$)P(.*A
)+()B.O*5<+.;5,.,+0,+(+$)(.2MMµ"B..

QQ.



 

"XU"

"6H!3:94?02!0B:8>!9>8=>12238/!4/6!&@JFG!23=/453/=!!

&ao#E(+8464+%61"*'7";++%"6-,,+0')+(":4)*"*4/*"&Z&").3-,"/,'(+"'%("5--,"

5,-/%-747"FI'B',47"+)"'0>9"#22XN"c4%-4"+)"'0>9"#22!N"d'43'B)6*4+@"+)"'0>9"#22<G9"

*-:+@+,9"4)"47".%60+',"48"0-77"-8"&ao#"47"6'.7'0")-")*+7+"+@+%)7"-,"48"+C5,+774-%"47"0-7)"

7+6-%(',401>"M74%/"(488+,+%)4'0"7)'4%4%/":4)*"Y+,4-(46"S64(ED6*488"FYSD9"/-;0+)"6+007G9"

'%("&*.,.B4'%"740@+,"F+%)+,-+%(-6,4%+"6+007G":+"8-.%(")*')"&(C#EH4%").3-,7":+,+"

(+@-4("-8"3').,+"/-;0+)"'%("+%)+,-+%(-6,4%+"6+0079":*40+"H4%"6-%),-0").3-,7"

3'4%)'4%+(";-)*"Fa')'"%-)"7*-:%G>"?*+7+",+7.0)7"7.//+7)+(")*')"0-77"-8"&(C#"

6-%),4;.)+7")-")*+"5--,"(488+,+%)4')4-%"-8"H4%E4%(.6+(").3-,7"FI';'"+)"'0>9"#22UN"

c4%-4"+)"'0>9"#22!G>""

?.3-,"5,-/,+774-%",+T.4,+7")*+"'6T.474)4-%"-8")*+"';404)1")-"4%@'(+"

%+4/*;-,4%/")477.+"0+'(4%/")-"3+)'7)'7+79":*46*"',+",+75-%74;0+"8-,"U2="-8"6'%6+,"

(+')*7"FD5-,%9"!UUPG>"V+"8-.%("',+'7"-8").3-,"6+00"4%@'74-%"4%)-")*+"7.;3.6-7'"4%"

;-)*"&(C#EH4%"'%("&(C!E&(C#EH4%"-8875,4%/9";.)"%-)"H4%").3-,7"FQ4/.,+"#`SG>"L%+"

-8")*+"7)+57"'77-64')+(":4)*"7-04(").3-,"+C),'@'7')4-%"'%("3+)'7)'747"47"+54)*+04'0E

3+7+%6*13'0"),'%74)4-%"FRH?G"F?*4+,19"#22KG>"&-%747)+%)":4)*")*479"&(CEH4%").3-,7"

0-7)")*+"+C5,+774-%"-8")*+"+54)*+04'0"3',B+,"YH1<LM;#'("'%("/'4%+("+C5,+774-%"-8"

)'-;(*'(9"3K'?*.%&`;S.&'%(&`;S2"FQ4/.,+"#`IG"'7"47")1546'0"-8"RH?"FD45-7"'%("]'0'3;9"

#2!#G>""O-77"-8"+54)*+04'0"6*','6)+,":'7"'07-"+@4(+%6+(";1"347E+C5,+774-%"-8")*+"

)4/*)"[.%6)4-%"5,-)+4%"jLE!"4%"&(C"%.00").3-,7"FQ4/.,+"#`a9"FD)+@+%7-%"+)"'0>9"!UXPGG>""

?*+"?]QEf"74/%'04%/"5')*:'1"47"'"5-)+%)"4%(.6+,"-8"RH?"FSB*.,7)"'%("

a+,1%6B9"#22!N"?*4+,19"#22KG9"'%("?]QEf"04/'%(7"*'@+";++%"7*-:%")-"+%*'%6+"

4%@'74-%"'%("3+)'7)'747"-8"(4@+,7+"6'%6+,7"Fa+,1%6B"+)"'0>9"#22!G>""&-%747)+%)":4)*""



! 
Zo

-1
 

D 
0 

2 

4 

6 

8 

10 PAI-1 

Smad7 

Tgf-b1 

Tgf-b2 

Tgf-b3 

Min Cdx2-Min Cdx1-Cdx2-Min 

R
el

at
iv

e 
m

R
N

A 

* 

* 

* 

* 
* 

* 

A 

Cdx1-Cdx2-Min Cdx2-Min Min 

B 

R
el

at
iv

e 
m

R
N

A 

0 

1 

2 

3 

4 

5 E-cad 
Vimentin 
Twist 
Zeb1 
Zeb2 

Min Cdx2-Min Cdx1-Cdx2-Min 

* *

#
#

# #

Min Cdx1-Cdx2-Min 

H
&

E
 

!-
pS

m
ad

2 

C 

!"#$%&'()*'+,--',.'/01'"23456-'6$2,%'"784-",79!!
":#!$%&'()*+,-.!'./!%)0-.1!'./!23&'/4!0('-.-.5!)6!0&',,!-.(%0(-.%!67)&!8).(7),!'./!
9/*:;9/*4;<-.!&-8%=!>)((%/!,-.%!-./-8'(%0!(?%!@'0%&%.(!&%&@7'.%A!.)(%!(?%!/-02%70-).!

)6!(B&)7!8%,,0!-.()!(?%!&B8)0'!-.!(?%!9/*:;9/*4;<-.!02%8-&%.=!";#!CD9E!6)7!!"#$%&'()*!
"!"#$%#1!+),'*-)*./01)2-3./4'53!'./!4'56/67)&!8).(7),!'./!9/*!.B,,!-.(%0(-.',!(B&)70=!"/#!
CD9E!6)7!789"31!:,$%;1!0<=">31!0<="?6!'./!0<=">@!67)&!8).(7),!'./!9/*!.B,,!(B&)70=!"<#!
F&&B.)?-0()8?%&-0(7+!6)7!G);:!"7%/#!8)B.(%70('-.%/!H-(?!>'2-!"@,B%#!-.!0&',,!-.(%0(-.%!

)6!<-.1!9/*4;<-.!'./!9/*:;9/*4;<-.!&-8%=!38',%!@'7!7%27%0%.(0!4II!µ&=!J',B%0!
7%27%0%.(!(?%!&%'.!)6!K!-./%2%./%.(!&)B0%!(B&)70!LM;!0('./'7/!/%N-'(-).=!O!D!P!I=IIQ!

@+!3(B/%.(R0!-;(%0(A'S!D!P!I=IQ!@+!0(B/%.(0!-;(%0(!8)&2'7%/!()!<-.!8).(7),0=!!

TI!



 

"U!"

)*479"4%")*+"73'00"4%)+7)4%+9":+"8-.%("'%"4%6,+'7+"4%"+C5,+774-%"-8"346H\29"346H\5"'%("

)*+"?]QEf")',/+)"/+%+"RTUH."4%"&(CEH4%"5-0157"!#E!<":++B7"5-7)E(+0+)4-%"FQ4/.,+"

#`&G>""5D3'(#"0+@+07":+,+"'07-"4%6,+'7+("4%")*+"0+'(4%/"+(/+"-8"4%@'74@+"&(CEH4%"

).3-,7"FQ4/.,+"#`SG>"?*+7+"84%(4%/7"7.//+7)")*')"';+,,'%)"'6)4@')4-%"-8")*+"?]QEf"

74/%'04%/"5')*:'1"3'1"6-%),4;.)+")-").3-,"5,-/,+774-%"4%"&(CEH4%"3.)'%)7>"

Y-0157"',474%/"4%")*+"6-0-%"-8"&(CEH4%"-8875,4%/"+C*4;4)+("74340',"

6*','6)+,47)467")-")*-7+"-8")*+"73'00"4%)+7)4%+9"4%60.(4%/"'"@400-.7"3-,5*-0-/19"

4%6,+'7+("fE6')+%4%"+C5,+774-%"'%("*15+,5,-048+,')4-%"FQ4/.,+"#XSEaG>""?*+"?]QEf"

5')*:'1"*'7"74/%4846'%)"4%80.+%6+"-%"6-0-,+6)'0").3-,4/+%+747"FD-(4,"+)"'0>9"#22PN"

t-7*4%'/'"+)"'0>9"#22XG"'%("6'%"6-%),4;.)+")-"3+)'7)')46"4%)+7)4%'0"'(+%-6',64%-3'79"

;-)*":4)*"FH.%-A"+)"'0>9"#22PN"D+B41'"+)"'0>9"#22<G"'%(":4)*-.)"Fj*."+)"'0>9"!UUXG"V%)"

'6)4@')4-%>""]4@+%")*+"3',B+("4%6,+'7+"4%").3-,"4%64(+%6+")*,-./*-.)")*+"6-0-%"4%"

&(CEH4%"3.)'%)79",+0')4@+")-"H4%"-8875,4%/9":+"'77+77+("+C5,+774-%"-8"?]QEf"

+88+6)-,7"+4)*+,"<X"*-.,7"'8)+,"6-350+)+"&(C#"(+0+)4-%"-,"4%"5-0157"8-00-:4%/"3-7'46"

+C6474-%>"?]QEf"04/'%("+C5,+774-%":'7".%'88+6)+("8-00-:4%/"'6.)+"&(C#"(+0+)4-%"4%"

;-)*"&(C#EH4%"'%("&(C!E&(C#EH4%";'6B/,-.%(7>""c-:+@+,9"+C5,+774-%"-8"BTXT"

F73'("'%6*-,"8-,",+6+5)-,"'6)4@')4-%9"'07-"B%-:%"'7"`7@);DG":'7"0-7)"<X"*-.,7"5-7)"

(+0+)4-%"4%")*+"6-0-%"-8"&(C!E&(C#EH4%"-8875,4%/"FQ4/.,+"#USG>""?*+"84%(4%/")*')"

(+0+)4-%"-8";-)*"&(C!"'%("&(C#":'7"%+6+77',1")-"435'6)"BTXT&+C5,+774-%"47"

6-%747)+%)":4)*"8.%6)4-%'0"-@+,0'5>"

DSZS"8'6404)')+7")*+"5*-75*-,10')4-%"-8"D3'(#"'%("D3'(K9"'%("0-77"-8"BTXT"

*'7";++%"7*-:%")-"435'6)"D3'(#\K"5,-)+4%"+C5,+774-%"F$)-*"+)"'0>9"#22#N"Z.%1'%"+)"

'0>9"#22UG>""&-%747)+%)":4)*")*479"5D3'(#":'7"3',/4%'001"4%6,+'7+("4%"&(C#"3.)'%)""



Min Cdx1-Cdx2-Min Cdx2-Min 

H
&

E
 

! 
C

dx
2 

! 
"-

ca
te

ni
n 

! 
ki

67
 

A 

B 

C 

D 

!"#$%&'()*''+$,-%'.-%,/0"-1'"1'2-3-14'-.'567',$0/10',"2&8''
!"#$%&'&()*(+)$)"(,-.)/&(0%(1!2(34.#,)5%$'"(#"6(4)&'"(&,#'"'"78(
9..-"):'&,)+:4.'&,/%(*)/(;65<(1=2>(?@+#,4"'"(1;2(#"6(A'BC(1D2(*/).(E'">(;65<@
E'"(#"6(;65F@;65<@E'"(.'+4!#,(F<@FG(H44I&(J)&,@,#.)5'*4"(,/4#,.4",8(K+#$4(0#/(
/4J/4&4",&(<LL(µ.8((

M<(



Min Cdx2-Min Cdx1-Cdx2-Min 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

R
el

at
iv

e 
m

R
N

A
 

Smad2 
Smad3 
Smad4 
SARA 

A B Colon epithelium 

TG
F-
! 

po
si

tiv
e 

re
gu

la
to

rs
 

0 

0.5 

1 

1.5 

2 
Smad2 
Smad3 
Smad4 
Sara 

R
el

at
iv

e 
m

R
N

A
 

* **

Min Cdx2-Min Cdx1-Cdx2-Min 

* *

Cdx1-Cdx2-Min Cdx2-Min Min C

D

! 
pS

m
ad

2 
! 

pS
m

ad
2 

Colon tumors 

0 

1 

2 

3 

4 

5 

Pdgf-aa 

Pdgf-bb 

Cdx1-Cdx2-Min Cdx2-Min Min 

R
el

at
iv

e 
m

R
N

A 

E *
*

!"#$%&'()*'+,-'./0.1"23'"45.617'89!:!'7"#3.0"3#;!!
"<#!$%&'!()(*+,-,!./0!12301,,-/)!/.!4567!!-)81091:-(0-1,!-)!!8;1!</*/)!13-8;1*-=9!>?!
;/=0,!(.810!8/8(*!&:2@!:1*18-/)A!"=#!$%&'!./0!4567!!-)81091:-(0-1,!-)!</*/)!8=9/0,!.0/9!
B-)!():!&:27B-)!/..,30-)CA!D99=)/;-,8/<;19-,80+!./0!3E9(:@!-)!</*/),!>?!;/=0,!
./**/F-)C!&:2@!:1*18-/)!"+#!():!-)!8=9/0,!">#!.0/9!</)80/*!():!&:279=8()8,A!"?#!$%&'!
./0!8;1!12301,,-/)!/.!!"#$%&&!():!!"#$%''!-)!</*/)!8=9/0,A!G00/0!H(0,!01301,1)8!,8():(0:!
:1I-(8-/)!.0/9!8;1!91()!/.!J!-):131):1)8!,(93*1,A!K!%!L!MAMN!H+!E8=:1)8O,!(781,8A!E<(*1!
H(0,!01301,1)8,!PMM!"+#!():!@MM!">#!Q9A!!

RJ!



 

"U<"

0',/+"4%)+7)4%+"6-%6-,('%)":4)*"'"3-(+7)"4%6,+'7+";-)*"B-<L2"'%("BTXT"),'%76,45)7"

4%")*47";'6B/,-.%(>""V*40+")*+";'747"8-,")*47"47"5,+7+%)01".%60+',9"4)"3'1";+"4%(46')4@+"

-8"'"6-35+%7')-,1",+75-%7+")-"&(C#"0-77>"$%"6-%),'7)9";-)*"D3'(#"5*-75*-,10')4-%"

'%("BTXT&+C5,+774-%"47"'))+%.')+("4%"&(C!E&(C#"(-.;0+"3.)'%)7"FQ4/.,+"#U&G>"

$%"6-%),'7)")-"'6.)+"+@+%)79"5D3'(#"0+@+07":+,+"3',B+(01"4%6,+'7+("4%"

5-0157"4%";-)*"&(C#EH4%"'%("&(C!E&(C#EH4%"6-0-%7"FQ4/.,+"#UaG9"(+754)+"0-77"-8"

BTXT&+C5,+774-%"4%";-)*"-8")*+7+";'6B/,-.%(7"FQ4/.,+"#UIG>"Y*-75*-,10')4-%"-8"

D3'(#"6'%"-66.,")'<"?]QEf"4%(+5+%(+%)"5')*:'17"FI,-:%"+)"'0>9"!UUUN"Q.%';'"+)"'0>9"

#22#N"Y-,76*"+)"'0>9"#2!<G>""&-%747)+%)":4)*")*479"4%(.6)4-%"-8"RL"7H,,":'7"7++%"4%"

&(CEH4%"6-0-%").3-,7"4%"'"3'%%+,")*')"60-7+01"6-,,+0')+(":4)*";-)*"5D3'(#"0+@+07"

'%(").3-,"4%64(+%6+"FQ4/.,+"#URG>"5D3'(K":'7"%-)"'55,+64';01"'0)+,+(".%(+,"'%1"

6-%(4)4-%"+C'34%+("F(')'"%-)"7*-:%G>"

C$($!32!4!"6H!04>=10!=1/1!!

&?*+",'54("0-77"-8"BTXT"+C5,+774-%"8-00-:4%/"'6.)+"&(C#"(+0+)4-%"47"

7.//+7)4@+"-8"(4,+6)",+/.0')4-%>"&-%747)+%)":4)*")*479"?,'%76,45)4-%'0"R0+3+%)"D+',6*"

D17)+3"'%'01747"4(+%)484+("5-)+%)4'0"&(C",+75-%7+"+0+3+%)7"F&aZR7G"4%")*+"5,-C43'0"

BTXT&5,-3-)+,"FQ4/.,+"K2SG":*46*"',+"5*10-/+%+)46'001"6-%7+,@+("FQ4/.,+"K2IG>"

&*$Y"'%'01747",+@+'0+(")*')"&ao#":'7"+%,46*+("4%"5,-C434)1")-";-)*"-8")*+"5.)')4@+"

&aZR7"4%"&#II+!"FQ4/.,+"K2&G9"'%("&(C#"4%(.6+("),'%76,45)4-%"8,-3")*47"5,-3-)+,"

4%"6+00E;'7+(",+5-,)+,"'77'17"FQ4/.,+"K2aG>"?'B+%")-/+)*+,9")*+7+"(')'"7.//+7)")*')"

&(C"3'1"435'6)"DSZSE(+5+%(+%)"?]QEf"74/%'04%/",+0+@'%)")-").3-,4/+%+747>"

D.;7+T.+%)"+@+%)7"5,-3-)+").3-,4/+%+747";1"?]QEf"4%(+5+%(+%)"5')*:'17"FQ4/.,+"



 

"UW"

K2RG>"b-)';019")*47",+0')4-%7*45"'55+',7")-";+"0434)+(")-")*+"6-0-%9"'7"BTXT&

+C5,+774-%":'7"%-)"435'6)+("4%")*+"73'00"4%)+7)4%+>!

!

! !



0 

2 

4 

6 

8 

10 

12 

Fo
ld

 E
nr

ic
hm

en
t 

* 

* 

A 

B 

* 

Ig
G

 

aC
dx

2 

Ig
G

 

aC
dx

2 

Ig
G

 

aC
dx

2 

Ig
G

 

aC
dx

2 

-2.3 kb -0.9 kb exon -ctrl Dll1 +ctrl 

C 

SARA 
(ZFYVE9) 

-2344 

E1 -2500 

-950 
TTTATG 

CATAAA 

CDRE at -950 

D 

0 
2 
4 
6 
8 

10 
12 
14 

Empty 
Vector 

SARA Control 
CDRE 

Fo
ld

 In
du

ct
io

n *

*

E 
Small Intestinal Epithelial 

cell 
Small Intestine Tumor 

Initiation 
Small Intestine Tumor 

Progression 

Cdx2 Cdx2 Cdx2 

No change 

in TGF-! 

 

pSmad2 

EMT/Invasion 

Constitutively Active Wnt 

Colon Epithelial cell Colon Tumor Initiation Colon Tumor Progression 

Cdx2 Cdx2 Cdx2 

SARA 

pSmad2 

Pdgf-BB 

pSmad2 

Constitutively Active Wnt 

!"#$%&'()*'!"#"'"+','-./0'1,%#&1'#&2&3!!
"4#!$%&'()*+%!,'-,'.'/*)*+0/!01!-2*)*+3'!4567.!102/8!+/!*&'!!"#"!-,0(0*',9!"5#!
40/.',3)*+0/!01!*&'!-,0:+();!4567!+/!*&'!!"#"!-,0(0*',9!"-#!4&,0()*+/!
+((2/0-,'%+-+*)*+0/!"4&<=#!)/);>.+.!01!*&'!!"#"!;0%2.!1,0(!4?@@'A!%';;.!.&0B+/C!48:?!
0%%2-)/%>!01!*&'!,'C+0/.!'/%0(-)..+/C!*&'!4567!)*!DE9FGH!)/8!D?9IGHJ!H2*!/0*!*&'!

80B/.*,')(!':0/9!$%%&!B).!2.'8!).!)!-0.+*+3'!%0/*,0;9!"6#!48:?!+/82%'.!':-,'..+0/!1,0(!
*&'!!"#"!-,0(0*',!+/!%';;DH).'8!)..)>.9!7(-*>!3'%*0,!)/8!)!%0/*,0;!4567!':-,'..+0/!
3'%*0,!B','!2.'8!).!/'C)*+3'!)/8!-0.+*+3'!%0/*,0;.!,'.-'%*+3';>9!"7#!K08';!10,!*2(0,!
-,0C,'..+0/!+/!*&'!%0;0/!2-0/!;0..!01!48:?9!L!=!M!E9EN!,';)*+3'!*0!%0/*,0;!H>!$*28'/*O.!'D*'.*9!
!

FP!



 

"U`"

-32?B2238/!

"6H)!4/6!"6HQ!4?0!42!0B:8>!2B99>1228>2!!!

S;+,,'%)"V%)"74/%'04%/9"+@-B+(";1"4%'6)4@')4%/"3.)')4-%"-8"SY&9"47"'"8,+T.+%)"

+',01"+@+%)"4%"*.3'%"6-0-,+6)'0").3-,4/+%+7479"'%("6-35',';0+"3.,4%+"SY&"'00+0+7"

*'@+";++%".7+(")-"3-(+0")*47",+0')4-%7*45"F],'(1"'%("H',B-:4)A9"#22#N"],+/-,4+88"

'%("&0+@+,79"#22WN"b')*B+9"#22<G>"D.6*"3-(+079"*-:+@+,9"(+@+0-5";+%4/%"5-0157"

6-%84%+(")-")*+"73'00"4%)+7)4%+"'%("5,-C43'0"6+6.39":*46*"(488+,7"3',B+(01"8,-3"

*.3'%"V%)E4%(.6+("5-0157":*46*"3'%48+7)"5,43',401"4%")*+"(47)'0"6-0-%"'%("

5,-/,+77")-"4%@'74@+"6',64%-3'>"Y,4-,"7).(4+7"*'@+"7.//+7)+("&(C#"*'7";-)*").3-,"

5,-3-)+,"Fa-3-%Ea+00"+)"'0>9"#22KN"D'0',4"+)"'0>9"#2!#N"D.;)40"+)"'0>9"#22`N"V4)+B"+)"'0>9"

#22WG"'%(").3-,"7.55,+774@+"FI';'"+)"'0>9"#22UN"I+6B"+)"'0>9"#22KN"I-%*-33+"+)"'0>9"

#22KN"].-"+)"'0>9"#22<N"Y40-AA4"+)"'0>9"#22<N"V-%/"+)"'0>9"#22<G"5-)+%)4'0N"*-:+@+,9"'"

6-35,+*+%74@+"'%'01747"7-3')46"4%'6)4@')4-%"-8"&(C#"4%"6-0-,+6)'0").3-,4/+%+7479"

'%(")*+"435'6)"-8"&(C!"4%")*47"5,-6+779"*'7"%-)";++%",4/-,-.701"+@'0.')+(>"$%")*+"

5,+7+%)"7).(19":+".7+("7-3')46"4%'6)4@')4-%"-8"&(C#"'0-%+9"-,":4)*"0-77"-8"&(C!")-"

;+))+,".%(+,7)'%(")*+",-0+7"-8")*+7+"),'%76,45)4-%"8'6)-,7"4%"'"3.,4%+"H4%"3-(+0>""

M74%/")*47"'55,-'6*9":+"8-.%("%-@+0",-0+7"8-,"&(C!"4%"7.55,+774%/"6-0-,+6)'0").3-,"

8-,3')4-%9"'%("8-,"&(C"8.%6)4-%"4%").3-,"6+00"7-,)4%/9"4%@'74-%"'%("?]QEf"74/%'04%/>""

?*+"&(CEH4%"3-(+0"'55+',7")-",+5,+7+%)"'"%-@+0"3.,4%+"717)+3")*')"3-,+"60-7+01"

,+80+6)7"*.3'%"&Z&9"'%("5,-@4(+7"'"),'6)';0+"3-(+0")-"8.,)*+,"+C50-,+")*+"435'6)"-8"

&(C"4%"4%)+7)4%'0").3-,4/+%+747>"&

&(C!"+C5,+774-%"47"(+6,+'7+("-,"0-7)"4%"3'%1"6-0-,+6)'0"6'%6+,"6+00"04%+7"'7"

:+00"'7"4%"5')4+%)7"FY40-AA4"+)"'0>9"#22<N"D.*"+)"'0>9"#22#N"V-%/"+)"'0>9"#22<G9"'%("6'%"



 

"UX"

,+(.6+"5,-048+,')4-%":*+%"+C5,+77+("4%"*.3'%"6'%6+,"6+007"4%"6.0).,+"F].-"+)"'0>9"

#22<G>""c-:+@+,9"0-77"-8"&(C!"'0-%+"*'7"%-"435'6)"-%"4%)+7)4%'0").3-,4/+%+747"4%"

3.,4%+"717)+37"FI-%*-33+"+)"'0>9"#22XG>""L.,"5,+7+%)"-;7+,@')4-%7"7),-%/01"

7.//+7)")*')")*47"47"(.+")-"8.%6)4-%'0"-@+,0'59"'7"6-%6-34)'%)"0-77"-8"&(C!"'%("&(C#"

*'("'"74/%4846'%)"435'6)"-%").3-,"8-,3')4-%"4%")*+"0',/+"4%)+7)4%+":4)*"'";4'7+("

4%64(+%6+")-:',(7")*+"(47)'0"6-0-%9"'7"7++%"4%"*.3'%"&Z&>"

$%"6-%),'7)")-")*+"6-0-%9"7-3')46"(+0+)4-%"-8"&(C#"4%")*+"'(.0)"4%6,+'7+(")*+"

4%64(+%6+"'%("/,-:)*"-8"H4%E4%(.6+(").3-,7"4%")*+"73'00"4%)+7)4%+9";.)")*47":'7"%-)"

+C'6+,;')+(";1"6-%6-34)'%)"(+0+)4-%"-8"&(C!>""?*47"47"6-%747)+%)":4)*"5,4-,":-,B"

7.//+7)4%/")*')"&(C!"(-+7"%-)"6-%),4;.)+")-"&(C#E(+5+%(+%)").3-,"7.55,+774-%"4%"

)*+"73'00"4%)+7)4%+>"V+"'07-"8-.%(").3-,7")-";+"+@+%01"(47),4;.)+(")*,-./*-.)")*+"

0',/+"4%)+7)4%+"-8"&(C#EH4%"-8875,4%/9":*40+"5,4-,":-,B".74%/"/+,3E04%+"&(C#"

*+)+,-A1/-)+7"8-.%("H4%E4%(.6+(").3-,7")-";+"(47)'001"0-6')+(9"'%("%-)"4%6,+'7+("4%"

4%64(+%6+"4%")*+"73'00"4%)+7)4%+"FS-B4"+)"'0>9"#22KG>"?*+";'7+7"8-,")*+7+"(476,+5'%64+7"

',+"5,+7+%)01".%60+',9";.)"3'1",+0')+")-")*+"7-3')46"@+,7.7"/+,3"04%+"0-77"-8"&(C#>"

a488+,+%6+7"3'1"'07-";+"+C50'4%+(";1")*+"3+6*'%4737"(,4@4%/"0-77"-8"&(C#N"4%"-.,"

3-(+0"717)+39":+"+C647+(";-)*"6-54+7"-8"&(C#")*,-./*-.)")*+"4%)+7)4%+9":*40+"

5-0157"',47+"4%"NLC2QIH"'%43'07"-%01"'8)+,"740+%64%/"-8"&(C#"+C5,+774-%"8,-3")*+"

,+74(.'0":40(")15+"'00+0+"FS-B4"+)"'0>9"#22KN"I-%*-33+"+)"'0>9"#22KG>"

"6H!5822!3:94?02!0B:8>!9;1/80A91!!

&?.3-,7"4%"&(C!E&(C#EH4%"-8875,4%/":+,+"34%43'001"(488+,+%)4')+(9"4%@'74@+"

'%(":4)*"'"@400-.7"3-,5*-0-/1>"?*+"0'))+,"):-"-;7+,@')4-%7"6-4%64(+(":4)*"'%"RH?"



 

"UU"

74/%').,+"'%("0-77"-8"+5*,4%"I!9",+75+6)4@+019".%(+,76-,4%/"5,+@4-.701".%7.75+6)+("

,-0+7"8-,"&(C"4%"&Z&"5,-/,+774-%>&

&+00"'(*+74-%"'%(",+5.074-%"',+"435-,)'%)"6-%),4;.)-,7")-"%-,3'0"4%)+7)4%'0"

3-,5*-/+%+747"'%("0+74-%7"4%")*+7+"5,-6+77+7"6'%"435'6)"&Z&"5,-/,+774-%>"?*+"V%)"

)',/+)"/+%+7"YJM,2"'%("YJM,59"+C5,+77+("4%")*+"4%)+7)4%'0"6,15)9")-/+)*+,":4)*")*+4,"

+5*,4%"I!"04/'%(9"+C5,+77+("-%")*+"@400.7"+54)*+04.39"+0464)"6+00",+5.074@+"

3+6*'%4737",+7.0)4%/"4%"4%/,+774-%"-8"*15+,5,-048+,')4@+"TRNQI-'(&6,15)"6+0079"

14+0(4%/")*+"3-,5*-0-/1")1546'0"-8"'(+%-3')-.7"5-0157"FI')00+"+)"'0>9"#22WG>"O-77"-8"

)*47"6-35',)3+%)'04A')4-%9"7.6*"'7"+@-B+(";1"0-77"-8"+5*,4%"I!9"6'%"0+'(")-"@400-.7"

'(+%-3'7"F&-,)4%'"+)"'0>9"#22`G>"?*47",+0')4-%7*45"47"6-%747)+%)":4)*")*+"0-77"-8"

+5*,4%"I!"'%(")*+"@400-.7"5*+%-)15+"-8"5-0157"-;7+,@+("4%"&(CEH4%"-8875,4%/>"

"6H!4/6!0B:8>!9>8=>12238/!!

M%04B+"*.3'%"&Z&9")*+"5-0157"',474%/"4%"SY&"3-.7+"3-(+07",',+01"5,-/,+77>"

RH?"47"'77-64')+(":4)*"3'04/%'%)"5,-/,+774-%9"'%("47"4%@-0@+("4%")*+"'6T.474)4-%"-8"

'%"4%@'74@+"%').,+"4%"&Z&"FZ.;4-"+)"'0>9"#22XG>""V+"8-.%(")*')"&(CEH4%").3-,7"

'55+',")-"4%@'(+")*+";'7+3+%)"3+3;,'%+9":4)*"6-%6-34)'%)"RH?"3-0+6.0',"

74/%').,+7>""&-%747)+%)":4)*")*479"RE6'(*+,4%"*'7";++%"5,+@4-.701",+5-,)+(")-";+"

(-:%,+/.0')+(".5-%"0-77"-8"&(C#"FQ.%'B-7*4"+)"'0>9"#2!2N"O-,+%)A"+)"'0>9"!UU`G>"$)"47"

'07-"%-)';0+")*')"'6)4@')4-%"-8")*+"Y$Kd\SB)"74/%'04%/"6'76'(+"*'7"'07-";++%"

'77-64')+(":4)*"RH?"F].0*')4"+)"'0>9"#2!!G>"3?LZ9"'"(-:%7),+'3"+88+6)-,"-8"

Y$Kd\SB)9"47"435'6)+("4%"&(C#EH4%").3-,7"-8875,4%/"FS-B4"+)"'0>9"#22KG9"7.//+7)4%/"'"

;'747"8-,")*+"RH?"7++%"4%")*+"5,+7+%)"7).(1>"



 

"!22"

S"%.3;+,"-8"5')*:'17"*'@+";++%"7*-:%")-"4%)+,'6)":4)*"';+,,'%)"V%)"

74/%'04%/")-"4%(.6+"3+)'7)')46"&Z&9"4%60.(4%/")*+"?]QEf"74/%'04%/"5')*:'1"F],'(1"

'%("H',B-:4)A9"#22#N"d."+)"'0>9"#22`N"?'B'1'3'"+)"'0>9"#22PG>"$%(++(9").3-,"/,-:)*"

'%("4%@'74-%"4%"H4%"346+"47"'66+0+,')+(";1"0-77"-8"D3'(#"-,"D3'(<"Fc'3'3-)-"+)"

'0>9"#22#N"?'B'B."+)"'0>9"!UUXG>"O-77"-8"D3'("74/%'04%/"4%")*+"433.%+"6-35',)3+%)"47"

)*-./*)")-".%(+,04+9"')"0+'7)"4%"5',)9")*+").3-,"5*+%-)15+"7++%"4%")*+7+"346+"Fd43"+)"

'0>9"#22PG>"c-:+@+,9"(+0+)4-%"-8")*+"),'%78-,34%/"/,-:)*"8'6)-,"f",+6+5)-,")15+"$$"4%"

)*+"4%)+7)4%'0"+54)*+04.3"'07-"0+'(7")-"3'04/%'%)"),'%78-,3')4-%"4%"'"H4%"

;'6B/,-.%("FH.%-A"+)"'0>9"#22PG9"(+3-%7),')4%/")*')"(47,.5)4-%"-8"?]QEf"74/%'04%/"

4%")*+"+54)*+04.3"5,-5+,"6'%"435'6)"4%)+7)4%'0").3-,4/+%+747>&

&.,,+%)019"'"6,4)46'0",-0+"8-,"DSZS"4%",+6,.4)3+%)"-8"D3'(#\K")-")*+")-")*+"

?]QEf",+6+5)-,"47"6-%),-@+,74'0"FI'BB+;-"+)"'0>9"#2!#G>""c-:+@+,9"3.)')4-%7"4%"DSZS"

*'@+";++%"(+)+6)+("4%"'55,-C43')+01"KK="-8"6-0-%"6'%6+,7"FQ-,;+7"+)"'0>9"#2!!N"

D[-;0-3"+)"'0>9"#22PG>"BTXT"+C5,+774-%":'7"74/%4846'%)01"(-:%,+/.0')+("4%"&(CEH4%"

;'6B/,-.%(7"4%"'"3'%%+,")*')"6-,,+0')+(":4)*").3-,"4%64(+%6+"4%")*+"(47)'0"6-0-%>"

H-,+-@+,9"BTXT&0+@+07"(+604%+(",'54(01"4%"&(C!E&(C#"3.)'%)7"6-%747)+%)":4)*"

+C5,+774-%"5,-840+7"-8"(4,+6)")',/+)"/+%+7"F],'4%/+,"+)"'0>9"#2!!G>""$%"'/,++3+%)":4)*"

)*479")*+"BTXT&5,-3-)+,":'7"8-.%(")-"*',;-,"'"%.3;+,"-8"6-%7+,@+("&aZR9"'%(":'7"

-66.54+(";1"&(C#"'(&)')+=&H-,+-@+,9")*+7+"5,-3-)+,"7+T.+%6+7",+75-%(+(")-"&(C#&

4%"6+00E;'7+("3-(+07>""

?*+"';-@+"84%(4%/7"7.//+7)")*')"BTXT"47"'"(4,+6)"&(C")',/+)"/+%+9"'%(")*')"&(C"

0-77"3'1"435'6)"-%"?]QEf"74/%'04%/")*,-./*"BTXT%&6-%),4;.)4%/")-")*+"7*48)"4%").3-,"

4%64(+%6+")-")*+"(47)'0"6-0-%"7++%"4%"&(C!E&(C#EH4%").3-,7>"$%"'/,++3+%)":4)*")*479"



 

"!2!"

5D3'(#":'7"'))+%.')+(",'54(01"4%")*+"6-0-%"-8"&(C!E&(C#EH4%"346+"8-00-:4%/"&(C#"

(+0+)4-%>"5D3'(#":'7"%-)"435'6)+("4%"&(C#EH4%"3.)'%)79"6-%747)+%)":4)*"8.%6)4-%'0"

-@+,0'5";+):++%"&(C"3+3;+,7"Fc,1%4.B"+)"'0>9"#2!#G9"'%(".%(+,76-,+7"6,4)46'09"

5,+@4-.701".%,+6-/%4A+(9",-0+7"8-,"&(C!"4%")*47"5,-6+77>"

5D3'(#"0+@+07":+,+"4%6,+'7+("4%"6-0-%").3-,7>"?*47"4%(.6)4-%"6-,,+0')+("

:4)*"+C5,+774-%"-8"Y(/8EII9":*46*"47"B%-:%")-"4%6,+'7+"D3'(#"5*-75*-,10')4-%"

FY-,76*"+)"'0>9"#2!<G>""?*47";45*'746"6*'%/+"4%"5D3'(#"+C5,+774-%"4%")*+"&(C!E&(C#"

).3-,7"*'7";++%"-;7+,@+("4%"-)*+,"3-(+07"-8"6-0-,+6)'0"6'%6+,9"'%("47"6-%747)+%)"

:4)*"'",-0+"8-,"?]QEf"74/%'04%/"'7"'").3-,E"7.55,+77-,"'%("E5,-3-)+,"4%"'"7)'/+E

(+5+%(+%)"3'%%+,"F&*.%/9"#222N"],'(1"'%("H',B-:4)A9"#22#N"Y',('04"'%("

H-.7)'B'79"#22`G>"

5D3'("'%("BTXT&0+@+07":+,+".%5+,).,;+("4%")*+"73'00"4%)+7)4%+9"4,,+75+6)4@+"

-8"&(C"7)').79"7.//+7)4%/")*')"&(C"+C+,)7"(488+,+%)"4%80.+%6+"-%"H4%E4%(.6+("

5-015-747"'0-%/")*+"]$"),'6)>""?*47"47"74340',")-"-;7+,@')4-%7"-8"?]QEf"74/%'04%/"4%"

4%)+7)4%'0").3-,4/+%+747"+0464)+(";1"0-77"-8"+7),-/+%",+6+5)-,7"u"'%("f"F&*-"+)"'0>9"

#22`N"c'77-%"+)"'0>9"#2!<G>""?*+"&(CEH4%"3-(+0"(+76,4;+("4%")*47"7).(1":400"04B+01";+"

-8",+0+@'%6+")-"'";+))+,".%(+,7)'%(4%/"-8")*+"74/%4846'%)"5+,6+%)'/+"-8"*.3'%"&Z&"

6'7+7"4%":*46*"&ao#"*'7";++%"0-7)>



 

"!2#"

$?X/8D516=1:1/02!!

?*+"'.)*-,7")*'%B"Y>"&*'3;-%"'%("a>"H+)A/+,"8-,")*+"['99'("&,+ERZ?"04%+N"Y>"],.77"

'%("I>"H+1+,"8-,")*+"NLC.HIH"3-.7+"04%+N"H>"H'%784+0("8-,"3-.7+"*.7;'%(,1N"j>"?46'79"

O>"a-%/9"O>"Y+00+)4+,9"R>"O';+00+"'%("Z>"c'%'%4'"8-,"'7747)'%6+":4)*")477.+"5,-6+774%/9"

*47)-0-/1"'%("5*-)-/,'5*1>"

&
"
"
"
"  



 

"!2K"

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

"#$%&'(!]R!"-^Q!3:94?02!3/01203/45!#$%&'()*!1H9>12238/!0;>8B=;!0;1!+80?;!
940;D4A!

!
!
!
!
!
!

! !



 

!"#$!

!
%&'(!)*+,-./!)0.1/.)0,2!!"#$%&'(!13+41//)50!.645786!.61!95.-6!+,.6:,;!

!

"#$%&!'()*+,-.!&*/!0&1+/!234*$5.67!

!

"<!&1+,4.*10.!5=!%12272,4!,0>!?521-72,4!?1>)-)01@!A0)B14/).;!5=!C..,:,!

(<!%5441/+50>)08!D7.654!!

!

E700)08!F).21G!%&'(!41872,.1/!!"#$%&'(!)0!.61!)0.1/.)01!

!

H1;:54>/G!%>3(@!95.-6@!1+64)0I"@!>)==1410.),.)50@!JK$L#@!%E%!



 

"!2W"

S,)460+"7.;34))+(")-"a+@+0-53+%)"4%"e'%.',1"#2!W"
"

"

$B0;8>!?8/0>3KB038/2R!"

S0+C'"c,1%4.B"(+74/%+("'%("6',,4+("-.)"+C5+,43+%)79":,-)+")*+"3'%.76,45)"'%("

3'(+"84/.,+7>""

a'@4("O-*%+7"*+05+(")-"(+74/%"+C5+,43+%)7"'%(")-":,4)+")*+"3'%.76,45)>"

 
"  



 

"!2P"

$K20>4?0!

&-0-,+6)'0"6'%6+,"47")*+")*4,("3-7)"6-33-%"6'.7+"-8"6'%6+,E,+0')+("(+')*"

:-,0(:4(+>""$%"*.3'%79")*+"3'[-,4)1"-8"6-0-,+6)'0"6'%6+,"47"4%4)4')+("@4'"0-77E-8E

8.%6)4-%"3.)')4-%7"4%"SY&9"'"%+/')4@+",+/.0')-,"-8")*+"6'%-%46'0"V%)"74/%'04%/"

5')*:'1>""S0)*-./*"6-35',';0+"3.,4%+"SY&"'00+0+7"'07-"6'.7+"5-01579")*+7+"0+74-%7"

(-"%-)"5,-/,+77")-"6',64%-3'7"4%")*+"';7+%6+"-8"'((4)4-%'0"3.)')4-%7>""&(C"

),'%76,45)4-%"8'6)-,7"',+"435-,)'%)"8-,"*-3+-7)'747"-8")*+"4%)+7)4%'0"+54)*+04.3"4%"

)*+"'(.0)"'%("0-77"-8"&(C#"*'7";++%"'77-64')+(":4)*"3-,+"'//,+774@+"*.3'%"

6-0-,+6)'0"6'%6+,>""H-,+-@+,9"0-77"-8"&(C!"'%("&(C#"4%"'"3.,4%+&TRN/'(IQ";'6B/,-.%("

0+'(7")-"'%"4%6,+'7+"4%").3-,"4%64(+%6+")*,-./*-.)")*+"4%)+7)4%'0"),'6)>""&(C#"0-77"4%"

)*47"6-%)+C)"'07-"0+'(7")-"'%"'0)+,')4-%"4%").3-,"3-,5*-0-/1")-"'"@400-.7"5*+%-)15+"

'7":+00"'7"'%"4%6,+'7+"4%"4%@'74@+"6'5'64)1>""c-:+@+,9")*+"&(CE(+5+%(+%)"

3+6*'%4737")*')"6-%),4;.)+")-")*+7+"5*+%-)15+7"',+"5--,01".%(+,7)--(>"?-")*47"+%(9"

:+"3-(+0+("NEZ2&0-77"-8"8.%6)4-%"4%"DV<X2"6-0-,+6)'0"6'%6+,"6+007>""&ao#"

4%'6)4@')4-%",+7.0)+("4%"'%"4%6,+'7+"4%")*+"DV<X2").3-,4/+%+)46"6'5'64)19"4%60.(4%/"

'%"4%6,+'7+"4%"4%@'74@+"6*','6)+,>""V+"'07-"8-.%(")*')"&ao#"0-77"0+(")-"'%"

'))+%.')4-%"4%"b-)6*"74/%'04%/9"')"0+'7)"4%"5',)")*,-./*"&(CE(+5+%(+%)"+C5,+774-%"-8"

E99.>""Q4%'0019":+"8-.%(")*')"b-)6*"47"'"(4,+6)",+/.0')-,"-8";JM#'(,.&;-)*"4%"DV<X2"

6+007"'%("'(&)')+=&&S7"+5*,4%I!"47"B%-:%")-";+"(-:%,+/.0')+("4%"4%)+7)4%'0"6'%6+,"'%("

6-%),4;.)+7")-").3-,"5*+%-)15+9")*+7+"84%(4%/7".%(+,76-,+"'"5,+@4-.701"

.%,+6-/%4A+(",+0')4-%7*45"8-,"&(C#"4%"b-)6*E(+5+%(+%)",+/.0')4-%"-8"R5*E+5*,4%"

74/%'04%/"'%("7.//+7)7"'"3+6*'%473";1":*46*"&(C#"435'6)7")*+"6-0-,+6)'0"6'%6+,"

5*+%-)15+>" "



 

"!2`"

*/0>86B?038/!

?*+"4%)+7)4%'0"+54)*+04.3",+%+:7"4)7+08")*,-./*-.)")*+"048+"75'%"-8")*+"

-,/'%473>""$%")*+"3-.7+9"4%)+7)4%'0"+54)*+04'0"6+007"',+",+50+%47*+("+@+,1"WE`"('17";1"

4%)+7)4%'0"7)+3"6+007",+74(+%)"')"-,"%+',")*+";'7+"-8")*+"6,15)"FI',B+,"+)"'0>9"#22`N"

D'%/4-,/4"'%("&'5+66*49"#22XG>"?*+7+"7)+3"6+007"/4@+",47+")-",'54(01"(4@4(4%/"),'%74)E

'3504814%/"6+007")*')"7.;7+T.+%)01"(488+,+%)4')+"4%)-")*+"3').,+"6+007"-8")*+"4%)+7)4%'0"

+54)*+04.3>""?*+7+"6+007"',+"/,-.5+("4%)-"';7-,5)4@+"F+%)+,-61)+7G"'%("7+6,+)-,1"

F/-;0+)9"Y'%+)*"'%("+%)+,-+%(-6,4%+G"6+007"FV+007"'%("H+0)-%9"!UUUG>""

?*+"6-%7)'%)",+%+:'0"-8")*+"4%)+7)4%'0"+54)*+04.3"6'%"0+'(")-"/+%+)46"6*'%/+7"

)*')"6'%"(,4@+"),'%74)4-%")-"5,+6'%6+,-.7"'(+%-3'7":*46*"6'%"5,-/,+77")-"4%@'74@+"

6',64%-3'7>""?*+"5,+(-34%'%)"4%4)4'0"/+%+)46"0+74-%"4%"*.3'%"6-0-,+6)'0"6'%6+,"47"

4%'6)4@')4%/"3.)')4-%7"-8")*+"%+/')4@+"V%)",+/.0')-,"<L;(+-<*+0?&J+9@J+?'?&1+9'&

FTRNG>""?*47"0+'(7")-"'%"4%6,+'7+"4%"6'%-%46'0"V%)"74/%'004%/":*46*"(,4@+7"

.%,+7),46)+("*15+,5,-048+,')4-%"-8"6,15)"6+007"'%("8-,3')4-%"-8"'(+%-3')-.7"5-0157>""

S66.3.0')4-%"-8"7.;7+T.+%)"3.)')4-%79"7.6*"'7"4%"8XTB%"'7":+00"'7").3-.,E75+64846"

/+%-346"43;'0'%6+79",+7.0)7"4%"5,-/,+774-%"-8"4%4)4'0"'(+%-3'7")-"6',64%-3'7"

Fc'0;+,/"+)"'0>9"#222N"Y-0'B479"#22`N"D'%7-3"+)"'0>9"#22PG>"

H+3;+,7"-8")*+"6'.('0")15+"*-3+-;-C"F&(CG"8'3401"-8"),'%76,45)4-%"8'6)-,79"

&(C!"'%("&(C#9"',+"+77+%)4'0"8-,"(+@+0-53+%)"-8")*+"4%)+7)4%'0"),'6)"'%("*'@+",-0+7"

4%"*-3+-7)'747"-8")*+"'(.0)"4%)+7)4%'0"+54)*+04.3"F&*':+%/7'B7-5*'B"+)"'0>9"!UU`N"

]'-"+)"'0>9"#22UN"],'4%/+,"+)"'0>9"#2!2N"c,1%4.B"+)"'0>9"#2!#N"i+,A4"+)"'0>9"#2!2N"i+,A4"+)"

'0>9"#2!!G>"""?*+,+"47"6-%74(+,';0+"+@4(+%6+"7.//+7)4%/")*')"&ao#"7)').7"435'6)7")*+"

6-0-,+6)'0"6'%6+,"F&Z&G"5*+%-)15+>""Q-,"+C'350+9"nK2="-8"*.3'%"&Z&"+C*4;4)"0-77"



 

"!2X"

-8"&ao#"'%(")*47"47"'77-64')+(":4)*"*4/*+,").3-,"/,'(+"FI';'"+)"'0>9"#22UN"c4%-4"+)"

'0>9"#22!N"O./04"+)"'0>9"#22XG>"Q.,)*+,3-,+9")*+"8,+T.+%61"-8"5-0157"4%"TRN/'(QIH"346+9"

-,")*-7+"4%(.6+(";1"'A-C13+)*'%+"FI-%*-33+"+)"'0>9"#22KG9"47"4%6,+'7+("4%"&(C#"

*+)+,-A1/-)+7>""c-:+@+,9".%)40",+6+%)019"-.,"';404)1")-"+C50-,+"3.,4%+"3-(+07"-8"&(C"

8.%6)4-%"*'7";++%",+7),46)+(";1")*+"5+,4E4350'%)')4-%"0+)*'04)1"-8"&(C#"%.00"3-.7+"

3.)'%)7"F&*':+%/7'B7-5*'B"+)"'0>9"!UU`G"'%("5-)+%)4'0"8.%6)4-%'0"-@+,0'5";+):++%"

&(C!"'%("&(C#9":*46*"',+"6-E+C5,+77+(")*,-./*-.)")*+"4%)+7)4%'0"),'6)Fi+,A4"+)"'0>9"

#2!!G>"""?-"'((,+77")*+7+"0434)')4-%79"'"6-%(4)4-%'0"3.)'/+%+747"7),')+/1":'7".7+("

)-"(+0+)+"&(C#"4%")*+"4%)+7)4%+9"+4)*+,"'0-%+"-,":4)*"'"&(C!"/+,3"04%+"3.)')4-%9"4%"'%"

TRN/'(QIH";'6B/,-.%(>""O-77"-8"&(C"8.%6)4-%",+7.0)+("4%"'"3',B+("4%6,+'7+"4%"

5-015-747")*,-./*-.)")*+"4%)+7)4%'0"),'6)9"'%("4%6,+'7+"4%"4%@'74@+"6*','6)+,47)467>""$%"

'((4)4-%9"&(C"3.)'%)7"+C*4;4)+("@400-.7").3-,7"6-4%64(+%)":4)*"0-77"-8"+5*,4%I!"

+C5,+774-%9"7.//+7)4@+"-8"0+74-%7"4%"R5*E+5*,4%"(+5+%(+%)"6+00"7-,)4%/"5,-6+77+7"

Fc,1%4.B"+)"'0>9"#2!<G>"""c-:+@+,9";JM#'(,.&'55+',+(")-";+"'%"4%(4,+6)"&(C")',/+)>""

$%")*+"5,+7+%)"7).(19":+"8.,)*+,"+C50-,+(")*+"435'6)"-8"&(C"-%"4%)+7)4%'0"

).3-,4/+%+747".74%/"&Z&E(+,4@+("DV<X2"6+007>"""7*ZbSE3+(4')+("0-77"-8"&ao#"4%"

DV<X2"6+007":'7"'77-64')+(":4)*"'"3',B+("'66+0+,')4-%"-8"/,-:)*9"'7":+00"'7"'%"

4%6,+'7+"4%"4%(46+7"-8"4%@'74-%"'%("7)+3"6+00"6*','6)+,>"""$%"'((4)4-%9"'))+%.')4-%"-8"

&ao#",+7.0)+("4%"'",+(.6)4-%"4%";JM#'(,."+C5,+774-%"04B+01";1"4%(4,+6)"3+'%79"

6-%747)+%)":4)*"5,4-,"'(&)')+&-;7+,@')4-%7>""$%")*47",+/',(9":+"8-.%(")*')"&(C#"0-77"

435'6)+(")*+"b-)6*"74/%'04%/"5')*:'19";-)*"4%"DV<X2"6+007"'%("'(&)')+%"'%(")*')"

;JM#'(,."47"'"(4,+6)"b-)6*")',/+)>"?*+7+"84%(4%/7",+@+'0"'"5,+@4-.701".%,+6-/%4A+("



 

"!2U"

3+6*'%473"8-,"&(C"4%"3-(.0')4%/"&Z&")*,-./*"b-)6*E(+5+%(+%)",+/.0')4-%"-8"

+5*,4%I!>"

"  



 

"!!2"

I10;862!

@1/1>4038/!8<!204K51!?155!53/12!

DV<X2"6+007":+,+"),'%78+6)+(":4)*"7*ZbS"8-,"&ao#"-,"'"6-%),-0"7*ZbS"

@+6)-,".74%/"O45-8+6)'34%+"'%("7+0+6)+(";1"6.0).,+"4%")*+"5,+7+%6+"-8"!W"s/\30"-8"

5.,-3164%>""&0-%+7"-8"7.,@4@4%/"6+007":+,+"47-0')+(9"+C5'%(+("'%("&ao#"+C5,+774-%"

'77+77+(";1"V+7)+,%";0-)"'%'01747>"""

E1201>/!3::B/8K58003/=!

&+007":+,+"(47,.5)+(".74%/"01747";.88+,9"7-%46')+("'%("60+',+(";1"

6+%),48./')4-%>"Y,-)+4%":'7",+7-0@+("-%"'"!#="DaDEYS]R"/+09"),'%78+,,+(")-"'"YiaQ"

3+3;,'%+"FH40045-,+G":*46*":'7";0-6B+(":4)*"W="IDS"4%"YID"-,"W="%-%E8')"340B"

5-:(+,"4%"YID^2>!="?:++%"#2"FYID?G9")*+%"4%6.;')+("-@+,%4/*)":4)*"'55,-5,4')+"

5,43',1"'%)4;-(1"')"<x&>""Y,43',1"'%)4;-(4+7".7+(":+,+",';;4)"5-0160-%'0"'%)4E&(C#"

F!\!222"(40.)4-%9"FD'@-,1"+)"'0>9"#22UGN"'%)4Eb$&a"F!\W22"(40.)4-%9"Ia"I4-764+%6+7GN"

'%)4E;+)'E'6)4%"F!\#222"(40.)4-%9"S;6'3GN"'%("'%)4E&160-5*404%I"F!\!2222"(40.)4-%9"

S;6'3G>""D+6-%(',1"'%)4;-(4+7"FcZYE6-%[./')+("'%)4E,';;4)"-,"'%)4E3-.7+"$/]N"!\#W"

222"(40.)4-%9"D'%)'"&,.A"I4-)+6*-0-/1G":+,+"(+)+6)+(";1"R&O"FH40045-,+G"'66-,(4%/"

)-")*+"3'%.8'6).,+,q7"4%7),.6)4-%7>"

C1:3FSB4/03040371!>171>21!0>4/2?>390421!%"(!U(&F%"(V!

ZbS":'7"+C),'6)+("8,-3"6+007"-,"3-.7+"73'00"4%)+7)4%+7".74%/"?,4A-0",+'/+%)"

F$%@4),-/+%G"'%(".7+(")-"/+%+,')+"6abS";1"7)'%(',("5,-6+(.,+7>"6abS":'7"

7.;7+T.+%)01"'350484+(";1"Y&Z".74%/"-04/-%.60+-)4(+7"5,43+,7"(4,+6)+("'/'4%7)"

NLC29"E99.9";JM#'(,.9">;?.9"37759"/<*M.%&!"#$%&B-+12"-,"\H<1*'(>"Y&Z"5,-(.6)7":+,+"



 

"!!!"

,+7-0@+(";1"+0+6),-5*-,+747"-%"'"#="'/',-7+"/+09"@47.'04A+(";1"+)*4(4.3";,-34(+"

'%("T.'%)484+(";1"$3'/+e"Fb$cG".74%/"fE'6)4%"@'0.+7")-"%-,3'04A+"8-,"4%5.)"8,-3")*+"

04%+',",'%/+"-8"'3504846')4-%>""Y,43+,7".7+("8-,"Y&Z"'3504846')4-%"',+"'@'40';0+".5-%"

,+T.+7)>"

$/3:452!

NLC._I_%&NLC27I7%&'%("['99'(EN#;YX3&346+"*'@+";++%"5,+@4-.701"(+76,4;+("

Fc,1%4.B"+)"'0>9"#2!#N"D'@-,1"+)"'0>9"#22UN"D.;,'3'%4'%"+)"'0>9"!UUWG>""?-"+88+6)"NLC2"

(+0+)4-%9"&,+"5-74)4@+&'%43'07":+,+"),+')+(":4)*"'"74%/0+"#"3/"(-7+"-8")'3-C48+%N"

%-%E),'%7/+%46"'%43'079"),+')+("4%"'%"4(+%)46'0"3'%%+,9":+,+".7+("'7"%+/')4@+"

6-%),-07>""$%*4;4)4-%"-8"b-)6*"74/%'04%/":'7"+88+6)+(";1"),+')3+%)":4)*"K"3H-0\B/"-8"

aSY?";1"-,'0"/'@'/+"8-,"W"6-%7+6.)4@+"('17"')"#"3-%)*7"-8"'/+>"S%43'07":+,+"

3'4%)'4%+("'66-,(4%/")-")*+"/.4(+04%+7"+7)';047*+(";1")*+"&'%'(4'%"&-.%640"-%"

S%43'0"&',+"'%(")*+"S%43'0"&',+"r"i+)+,4%',1"D+,@46+7"-8")*+"M%4@+,74)1"-8"L))':'>"

#320858=A!4/6!3::B/8;3208?;1:320>A!

$%)+7)4%+7":+,+"5,+5',+("'7"5,+@4-.701"(+76,4;+("Fc,1%4.B"+)"'0>9"#2!#G>"

Y','884%E+3;+((+("3')+,4'0":'7"7+6)4-%+("')"W"s3>"$33.%-7)'4%4%/":'7"6',,4+("

-.)".74%/"7)'%(',("3+)*-(7>"Y,43',1"'%)4;-(4+7".7+(":+,+"uE&(C#"v!N!222"(40.)4-%"

FD'@-,1"+)"'0>9"#22UGw>"D+6-%(',1"'%)4;-(4+7".7+(":+,+"cZYE6-%[./')+("/-')"uE

,';;4)"F!\!222"(40.)4-%9"D'%)'"&,.A"I4-)+6*%-0-/4+7G>"D04(+7":+,+"3-.%)+(".74%/"

Y+,3-.%)"FQ47*+,G"'%("43'/+7"6'5).,+(".74%/"'"H4,'C"H4(4"D6'%%+,"Fj+477G>""

&



 

"!!#"

+(!,'-.!;AK>363W4038/!

$%)+7)4%'0"7+6)4-%7":+,+"6.)"')"!2"s3"'%("704(+7":+,+"5,-6+77+("'7"(+76,4;+("

';-@+>""Y,-;+7"8-,">;?.":+,+"71%)*+74A+(".74%/")*+"a$]"ZbS"0';+04%/"717)+3"

FZ-6*+G"'66-,(4%/")-"3'%.8'6).,+,k7",+6-33+%(')4-%7>""U(&?'*0"*1;,4(4A')4-%":'7"

6',,4+("-.)"'7"5,+@4-.701"(+76,4;+("F],+/-,4+88"'%("&0+@+,79"#2!2G"'%("704(+7"

3-.%)+(".74%/"Q','3-.%)"ST.+-.7"H-.%)4%/"H+(4.3"Fa'B-G>"

";>8:403/!3::B/89>1?39304038/!U";*%V!

&*$Y":'7"5+,8-,3+("'7"5,+@4-.701"(+76,4;+("FD'@-,1"+)"'0>9"#22UG".74%/"

6*,-3')4%"/+%+,')+("8,-3"6-0-,+6)'0"6'%6+,"6+007"FDV<X2G>"Y&Z":'7"(4,+6)+("'6,-77"

,+/4-%7"+%6-35'774%/"5-)+%)4'0"b-)6*";4%(4%/"74)+7".74%/"c+7!"'7"'"5-74)4@+"6-%),-0>&

L04/-%.60+-)4(+"7+T.+%6+7".7+("8-,"&*$Y"',+"'@'40';0+".5-%",+T.+7)>"

%>8:801>!4/45A232!

Y!U"6+007":+,+"7++(+("-%)-"P":+00"50')+7"'%("),45046')+"7'350+7"),'%78+6)+("

:4)*")*+"'55,-5,4')+"6-3;4%')4-%7"-8"50'734(7"#<"*-.,7"0')+,>"O.648+,'7+"'6)4@4)1"

:'7"3+'7.,+("<X"*"5-7)E),'%78+6)4-%".74%/")*+"O.648+,'7+"S77'1"D17)+3"FY,-3+/'G"

:4)*"'"0.34%-3+)+,"FD1%+,/1"c!"c1;,4("H.0)4EH-(+"H46,-50')+"Z+'(+,"I4-?+BG"'%("

%-,3'04A+("8-,"),'%78+6)4-%"+88464+%61".74%/"fE/'0'6)-74('7+>"

-$%&!4/6!7459>83?!4?36!0>140:1/0!

" DV<X2"&ao#"B%-6B(-:%"6+007":+,+"),+')+(":4)*"+4)*+,"aSY?"F2E!22".HG"

FD4/3'G"-,"i'05,-46"'64("FiYSG"FW"3HGF$&b"I4-6*+346'07G"'%("*',@+7)+("KP"*-.,7"

5-7)"),+')3+%)>""

&



 

"!!K"

&>4/2D155!42242A!

H'),4/+0"4%@'74-%"'77'17":+,+"5+,8-,3+(":4)*"DV<X2"6+007".74%/"&-,%4%/"

),'%7:+00"4%7+,)7"F#<E:+00"50')+79"P>W"33"(4'3+)+,9"X"s3"5-,+"74A+9"Q47*+,G>"&+007"

:+,+"7+,.3"7)',@+("F2>#W="QID"3+(4'G"-@+,%4/*)9")*+%"6-00+6)+("'%(",+7.75+%(+("

4%"3+(4'":4)*"2>#W="QID"')"'"(+%74)1"-8"W"y"!2W"6+007\30>"&.0).,+"3+(4'":4)*"#2="

QID":'7"'((+(")-")*+"0-:+,"6*'3;+,"'%("!22"s0"-8")*+",+7.75+%(+("6+007":+,+"

'((+("-%)-")*+")-5"-8"'"#W2"./\30"H'),4/+0"0'1+,>"Q-,)1"*-.,7"0')+,9"6+007"'%("

H'),4/+0"-%")*+")-574(+"-8")*+"),'%7:+00":+,+",+3-@+(>""&+007"-%")*+"0-:+,"7.,8'6+"-8"

)*+"3+3;,'%+":+,+"84C+(":4)*"<="YQS"4%"YID9"7)'4%+(":4)*"#W"./\30"Y$"'%("@4+:+("

:4)*"j+477"SC4-L;7+,@+,"a!".74%/"SC4-i474-%"Z+0>"<>X>"

$/?;8>4=1!3/6191/61/0!=>8D0;!

DV<X2"6+007":+,+"6-00+6)+("'%("7.75+%(+("4%"#C"3+(4'":4)*"#2="QID"')"'"

(+%74)1"-8"!"C"!2W"6+007\30"'%("!22".0"-8",+7.75+%(+("6+007":'7"50')+("4%"2>K="OHY"

'/',-7+"-%"'"2>W="OHY"'/',-7+";'7+"0'1+,>""H+(4'"FW22".0G":'7",+50+%47*+("):46+"

:++B01"'%("6-0-%4+7"@47.'04A+(":4)*"'"(477+6)4%/"346,-76-5+"'8)+,"!<"('17"4%"6.0).,+>""

"
"  



 

"!!<"

(12B502!

"-^Q!61<3?31/0!CE]_`!?1552a!

&ao#"0-77"47"'77-64')+(":4)*"4%6,+'7+(").3-,"/,'(+"'%("(+6,+'7+("7.,@4@'09"

*-:+@+,9")*+"3+6*'%473".%(+,014%/")*47"-;7+,@')4-%"47"5--,01".%(+,7)--(>""?-"

8.,)*+,"+C50-,+")*+";'747"8-,"&ao#"4%"4%)+7)4%'0").3-,4/+%464)19":+"'77+77+(")*+"

6-%7+T.+%6+"-8"&ao#"0-77"4%"DV<X2"6+0079":*46*"',+"(+,4@+("8,-3"*.3'%"6-0-,+6)'0"

6'%6+,>""$%(+5+%(+%)"&ao#"(+8464+%)"DV<X2"60-%'0"04%+79"(+74/%')+("D*!"'%("D*#9"

:+,+"(+,4@+(".74%/"7*ZbS"'%("6-%84,3+(";1"V+7)+,%";0-)"'%("Z?EY&Z"'%'01747"

FQ4/.,+"K!S"'%("IG>""&ao!9")*+"-%01"-)*+,"&(C"3+3;+,"8-.%("4%")*+"4%)+7)4%+9"47"%-)"

+C5,+77+("4%"DV<X2"6+007"F(')'"%-)"7*-:%G>&&

"6HQ!3:94?02!+80?;!23=/453/=!3/!CE]_`!?1552!

&ao#"47"%+6+77',1"8-,"4%)+7)4%'0"+54)*+04'0"(488+,+%)4')4-%"FI+6B"'%("D),4%/+,9"

#2!2N"c,1%4.B"+)"'0>9"#2!#N"i+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G"'%("435'6)7").3-,"

5*+%-)15+"Fc,1%4.B"+)"'0>9"#2!<G>""S"7.,@+1"8-,"3',B+,7"-8"(488+,+%)4')4-%":'7"

)*+,+8-,+"'77+77+(";+):++%"6-%),-0"'%("&ao#"B%-6B(-:%"DV<X2"6+00"04%+7>""?*47"

7.,@+1",+@+'0+("'%"4%6,+'7+"4%"+C5,+774-%"-8")*+"7+6,+)-,1"6+00"3'B+,7"3775"'%("

/<*M."4%")*+"6+00"04%+7"0'6B4%/"&ao#"FQ4/.,+"K!&G>""S%"4%6,+'7+"4%")*+"0+@+07"-8"7.6*"

7+6,+)-,1"6+00"3',B+,7"47"'07-"7++%"8-00-:4%/"(47,.5)4-%"4%")*+"b-)6*"74/%'04%/"

5')*:'1F@'%"R7"+)"'0>9"#22WN"@'%"R7"+)"'0>9"#2!2G>""&-%747)+%)":4)*")*479"E99.9":*46*"

+%6-(+7"'"b-)6*"04/'%(9"47"(-:%,+/.0')+("4%"&(C#"(+8464+%)"DV<X2"6+007"FQ4/.,+"

K!RG9"4%"'/,++3+%)":4)*"5,4-,":-,B"400.7),')4%/")*')"E99.&47"'"&(C")',/+)"/+%+"

F],'4%/+,"+)"'0>9"#2!!G>""



A B 

!"#$%&'()*''+,--',.'/012'34'-5678'
9:,;90,<:'":'=>?@A';&BB-'0"-%$CD-'7,D;5'
-"#:EB":#F'!!!
"#$!%&'(&)*!+,-(!.*.,/'0'!1-)!2345!0*!6-*()-,!
.*3!7*-673-8*!6&,,'9!!2/6,-:;0,0*<!8.'!='&3!
.'!.!,-.30*>!6-*()-,9!!!"<$!?@AB2?!.*.,/'0'!1-)!
&4:)&''0-*!-1!2345!1)-C!6-*()-,!6-C:.)&3!(-!
D;!7*-673-8*'9!"2$'?@AB2?!1-)C!D%EFG!6&,,'!
1-)!'&6)&(-)/!6&,,!C.)7&)'!0*!6-*()-,!.*3!2HI5!
7*-673-8*'9!"H$!%&'(&)*!+,-(!1-)!(;&!J-(6;!
K*().6&,,=,.)!H-C.0*!"JK2H$!0*!6-*()-,!.*3!
2HI5!';!7*-673-8*!D%EFG!6&,,'9!#6(0*!8.'!
='&3!1-)!.!,-.30*>!6-*()-,9!"L$!?@AB2?!1-)C!
D%EFG!6&,,'!1-)!H,,M!.*3!&:;)0*!<M!0*!6-*()-,!
.*3!2HI5!7*-673-8*'9!L))-)!+.)'!)&:)&'&*(!
(;&!'(.*3.)3!3&N0.(0-*!1)-C!O!0*3&:&*3&*(!
'.C:,&'9!P!:QG9GM!+/!D(=3&*(R'!@A(&'(9!
!

S
h1

 

C
on

tro
l 

S
h2

 

Cdx2 

Cyclophilin 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

Cdx2 

Control 

Sh1 

Sh2 

R
el

at
iv

e 
m

R
N

A 

* * 

Actin 

NICD 

C
on

tro
l 

S
h2

 

S
h1

 

C 

E 

D 

0 

4 

8 

12 

16 

Tff3 Math1 

Control 
Sh1 
Sh2 

R
el

at
iv

e 
m

R
N

A 

* 

* 
* 

* 

R
el

at
iv

e 
m

R
N

A 

0 

0.5 

1 

1.5 

Dll1 EphrinB1 

Control 
Sh1 
Sh2 

* * 

* * 

MMS!



 

"!!P"

S6)4@')4-%"-8")*+"b-)6*"5')*:'1",+7.0)7"4%"5,-)+-01)46",+0+'7+"-8")*+"b-)6*"

4%),'6+00.0',"(-3'4%"Fb$&aG"8,-3")*+"3+3;,'%+>""?*+"b$&a")*+%"),'%70-6')+7")-")*+"

%.60+.7":*+,+"4)";4%(7":4)*"ZIYEeh"-%"b-)6*")',/+)"/+%+7")-"4%6,+'7+")*+4,"

),'%76,45)4-%FaqD-.A'"+)"'0>9"#22XN"Q-,)4%49"#22UG>""d%-6B(-:%"-8"&ao#"4%")*+"

DV<X2"6+007",+7.0)+("4%"'"(+6,+'7+"4%")*+"b$&a"6-35',+(")-"6-%),-07"FQ4/.,+"K!aG"

400.7),')4%/")*')"&(C"435'6)7"8.%6)4-%'001"-%"b-)6*"74/%'04%/"4%"DV<X2"6+007>"

"6HQ!>1=B54012!19;>3/N)!0;>8B=;!0;1!+80?;!940;D4A!

V+",+6+%)01",+5-,)+(")*')"&(C#"(+0+)4-%"4%"'%"SY&34%\_";'6B/,-.%(",+7.0)7"4%"

)*+"8-,3')4-%"-8"@400-.79",')*+,")*'%"4%/,+77+(").3-,79"'%(")*')")*47"'0)+,+("

3-,5*-0-/1"47"'77-64')+(":4)*"0-77"-8";JM#'(,."Fc,1%4.B"+)"'0>9"#2!<GN"'"74340',"0-77"

-8";JM#'(,.&+C5,+774-%":'7"7++%"4%"&ao#"(+8464+%)"DV<X2"6+007"FQ4/.,+"K!RG>""

YJM#'(,.9"*-:+@+,9"(-+7"%-)"'55+',")-";+"'"(4,+6)"&(C")',/+)9"'7"4)7"+C5,+774-%"47"%-)"

435'6)+(";1"'6.)+"&(C#"(+0+)4-%"4%"3.,4%+"73'00"4%)+7)4%+79"4%"6-%),'7)")-"E99."

FQ4/.,+"K#SG>"

Y,4-,":-,B"*'7"7*-:%")*')";JM#'(,."3'1";+",+/.0')+(";1"b-)6*"74/%'04%/"

Fd--"+)"'0>9"#22UG9"7.//+7)4%/")*')"&(C#"3'1"435'6)";JM#'(,."+C5,+774-%")*,-./*"

)*+"b-)6*"5')*:'1>""&-%747)+%)":4)*")*479"+C5,+774-%"-8";-)*";JM#'(,.&'%(">;?.9"'"

B%-:%"b-)6*")',/+)"/+%+"FD6*,-(+,"'%("]-770+,9"#22#G9"',+"'))+%.')+("4%")*+"

4%)+7)4%+"84@+"('17"5-7)"&(C#E(+0+)4-%"FQ4/.,+"K#S"'%("IG>"""?-"8.,)*+,"'77+77")*479"

:+"4%*4;4)+("b-)6*"74/%'04%/"'(&)')+&.74%/"aSY?>"H46+"),+')+(":4)*"aSY?"+C*4;4)+("'"

(+6,+'7+"4%"4%)+7)4%'0"+C5,+774-%"-8";JM#'(,."'%(">;?.9"74340',")-")*')"-;7+,@+("84@+"

('17"5-7)E(+0+)4-%"-8"&(C#"FQ4/.,+"K#&G>"?,+')3+%)":4)*"aSY?"(4("%-)"5+,).,;"&(C#""

"



A 

!"#$%&'()*'+,-%".'/0'"1'234.%&#$567&2'89':2;)<1'%&#$567"3.'3='>37?-'1"#.65".#@''
!"#$%&'()%$*+,$-../$012$345,617/$8$012$9$20:;$4+;<$=1+>=+?<$+*$)2@8$*,+A$<53$;A0..$
61<3;<613$+*$>+1<,+.$012$)2@/'B')2@8'B'$<,30<32$A6>3C$!7#$D@4,3;;6+1$+*$)2@8$012$E3;/$*,+A$
<53$;A0..$61<3;<613$+*$>+1<,+.$012$)2@/'B')2@8'B'$A6>3C$!)#$%&'()%$*+,$345,617/F$E3;/$012$
)2@8$0*<3,$9$20:;$+*$<,30<A31<$G6<5$-"(&$*,+A$<53$;A0..$61<3;<613$+*$>+1<,+.$012$)2@/'B'

)2@8'B'$<,30<32$A6>3C$D,,+,$H0,;$,34,3;31<$<53$;<0120,2$23I60<6+1$*,+A$J$6123431231<$
;0A4.3;C$K$4LMCM/$H:$N<?231<O;$&'<3;<C$

R
el

at
iv

e 
m

R
N

A 

0 

0.5 

1 

1.5 

Dll1 EphrinB1 Dll1 EphrinB1 

Control 
Cdx1-/-Cdx2-/- 

2 days 5 days 

* * 

H
es

1 

Control Cdx1-/-Cdx2-/- 

C
dx

2 

B 

C 

* 
* 

0 

0.5 

1 

1.5 

ephrinB1 Hes1 Cdx2 

Control 
DAPT 

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

 

//P$



 

"!!X"

0+@+07"FQ4/.,+"K#&G"6-%747)+%)":4)*"'",-0+"8-,"b-)6*"4%",+/.0')4%/";JM#'(,.&

+C5,+774-%>"""

?*+"';-@+"-;7+,@')4-%7"',+"6-%747)+%)":4)*"'"5')*:'1":*+,+4%"&(C#"435'6)7"

b-)6*"74/%'04%/":*46*"7.;7+T.+%)01"435'6)7"-%";JM#'(,.>""&-%747)+%)":4)*")*479"

?,'%76,45)4-%'0"R0+3+%)"D+',6*"D17)+3"F?RDDG"4(+%)484+("5-)+%)4'0"b-)6*",+75-%7+"

+0+3+%)7"4%")*+"5,-C43'0";JM#'(,."5,-3-)+,"FQ4/.,+"KKSG>""&*$Y"'%'01747",+@+'0+("

)*')")*+"b$&a":'7"+%,46*+("-%")*47";JM#'(,.&5,-3-)+,",+/4-%"4%"'"3'%%+,"74340',")-"

)*+"b-)6*")',/+)"/+%+">;?.>""$%"6-%),'7)9"&(C#"(4("%-)"'55+',")-"'77-64')+":4)*")*+"

;JM#'(,.&5,-3-)+,"FQ4/.,+"KKIG>""

&+00";'7+(",+5-,)+,"'77'17",+@+'0+(")*')")*+"b$&a":'7"';0+")-"4%(.6+"

),'%76,45)4-%"8,-3")*+";JM#'(,."5,-3-)+,N")*47",+75-%7+":'7"0-7)".5-%"3.)')4-%"-8"

)*+"(47)'0"b-)6*";4%(4%/"74)+"FQ4/.,+"KK&G>""S",-0+"8-,"b-)6*"4%"'6)4@')4%/";JM#'(,."

:'7"8.,)*+,"7.55-,)+(";1")*+"-;7+,@')4-%")*')"aSY?"),+')3+%)"-8"DV<X2"6+007"

'))+%.')+(";JM#'(,."+C5,+774-%"4%"'"3'%%+,"6-35',';0+")-")*')"-8">;?.&FQ4/.,+"

K<SG>"&-%@+,7+019"@'05,-46"'64("FiYSG9":*46*"*'7";++%"7*-:%")-"4%(.6+"b-)6*"

74/%'04%/"F],++%;0'))"+)"'0>9"#22`G"6'.7+("'%"4%6,+'7+"4%")*+"+C5,+774-%"-8";-)*"

;JM#'(,."'%(">;?."4%"DV<X2"&ao#"(+8464+%)"6+00"04%+7"FQ4/.,+"K<IG9"7.//+7)4%/")*')"

&(C#"435'6)7"b-)6*"74/%'04%/".57),+'3"-8")*+",+6+5)-,>""&-%747)+%)":4)*")*479"

,+4%),-(.6)4-%"-8")*+"b$&a"4%)-"&ao#"B%-6B(-:%"DV<X2"6+007"'07-",+7)-,+("

+C5,+774-%"8,-3")*+":40(")15+";JM#'(,.",+5-,)+,>""$%"6-%),'7)9")*+",+5-,)+,"

*',;-,4%/"'"3.)')4-%"4%")*+"b-)6*";4%(4%/"74)+":'7"4%'6)4@+"4%"DV<X2"6+00"04%+7"

4,,+75+6)4@+"-8"&(C#"7)').79"'%(":'7"%-)",+75-%74@+")-")*+"b$&a"FQ4/.,+"K<&G>""?'B+%""

"



Fl
ag

-
C

dx
2 

In
pu

t 

Ig
G

 

Dll1 

ephrin 
B1 

E1 -2000 
1 

-1199 -1205 
CGTGGGA 

2 

-1006 -1013 
TTCCCACG 

ephrinB1 

A 

B 

C 

Fl
ag

-
N

IC
D

 

In
pu

t 

Ig
G

 

Hes1 

ephrin 
B1 

!"#$%&'(()'*+,%"-'./'"0'1'21%#&2'#&-&'34'5326,'0"#-17"-#8''
!"#$%&'()*+,&$-(.-(/(0+*+,10$12$.3+*+,4($51+&'$6,07,08$/,+(/$21307$,0$+'($!"#$%&'()$
.-1)1+(-9$!:#$;'-1)*+,0$,))301.-(&,.,+*+,10$!;'<=#$*0*>?/,/$12$+'($!"#$%&'()$>1&3/$2-1)$
%@ABC$&(>>/$/'1D,08$5<;E$1&&3.*0&?$12$+'($-(8,10/$(0&1).*//,08$+'($51+&'$6,07,08$

/,+(/9$;7FG$&13>7$01+$6,07$+'($!"#$%&'()'.-1)1+(-9$*!+)$$*07$,--)$D(-($3/(7$*/$.1/,+,4($
&10+-1>/$21-$5<;E$*07$;7FG$-(/.(&+,4(>?9$$!;#$51+&'$/,80*>,08$,073&(/$(F.-(//,10$2-1)$+'($

!"#$%&'()$.-1)1+(-$,0$&(>>H6*/(7$*//*?/$63+$01+$D'(0$7,/+*>$51+&'$6,07,08$/,+($D*/$
)3+*+(79$*!+)$*07$*!+)'./(01'6,07,08$/,+($(F.-(//,10$4(&+1-/$D(-($3/(7$*/$.1/,+,4($*07$
0(8*+,4($&10+-1>/$-(/.(&+,4(>?9$I--1-$6*-/$-(.-(/(0+$+'($/+*07*-7$7(4,*+,10$2-1)$J$

,07(.(07(0+$/*).>(/9$K$=$L$C9CM$-(>*+,4($+1$&10+-1>$6?$%+37(0+N/$2H+(/+9$

Fo
ld

 In
du

ct
io

n 

0 

5 

10 

15 

20 

EphrinB1 Ephrin 
B1 Mut 

 Hes1 Hes1 -
RBPj 

* * 

OOP$



0 

0.4 

0.8 

1.2 

1.6 

0 25 50 

Cdx2 
ephrin B1 
Hes1 

R
el

at
iv

e 
m

R
N

A 

DAPT (µM) 

* * 

* 
* 

C 

B A 

!"#$%&'()*'+,-./'0"#123"1#'"452.-0'-/&'&65%&00",1',7'&5/%"189:!
"#$%&"!'()*!+),-().!/,0!12345!+6..7!-(6/-60!28-9!-96!:)-+9!8,98;8-)(!<=%#!>=?!)(!28-9!
-96!:)-+9!/+-8@/-)(!A%=!>B?C!>&?!"6./-8@6!.D+8'6(/76!6EF(6778),!)'!6F9(8,BG!)(!6F9(8,BG!
+),-/8,8,H!/!*D-/,-!:)-+9!;8,08,H!78-6!8,!+),-().!/,0!12345!&0EI!J,)+J0)2,!+6..7!
-(6/-60!28-9!)(!28-9)D-!:K&<C!L(()(!;/(7!(6F(676,-!-96!7-/,0/(0!06@8/-8),!'()*!M!
8,06F6,06,-!7/*F.67C!N!%!O!5C5P!(6./-8@6!-)!+),-().!;Q!1-D06,-R7!!$-67-C!
'

0 

0.4 

0.8 

1.2 

ephrinB1 ephrinB1+NICD Mutant ephrinB1 Mutant 
ephrinB1+NICD 

Control 
Sh1 
Sh2 

Fo
ld

 In
du

ct
io

n 

0 

0.5 

1 

1.5 

2 

Controls VPA Controls VPA 

Control 
Sh1 
Sh2 

R
el

at
iv

e 
m

R
N

A 

ephrin B1 Hes1 

* 
* 

* 
* 

* 
* 

GI5!



 

"!#!"

)-/+)*+,9")*+7+"(')'"7.//+7)")*')"&(C#",+/.0')+7";JM#'(,.&+C5,+774-%")*,-./*")*+"

b-)6*"5')*:'1"4%")*+"4%)+7)4%+"'%("DV<X2"6+007>"

L822!8<!"-^Q!51462!08!4!:8>1!3/742371!201:F53X1!"("!9;1/80A91!!

I-)*"&ao#"'%("b-)6*"74/%'04%/"*'@+";++%"5,-5-7+(")-";+"-%6-/+%46"4%"&Z&>""

c-:+@+,9")*+,+"47"+@4(+%6+")*')";-)*"-8")*+7+"8'6)-,7"6'%"'07-"435'4,"&Z&"

5,-/,+774-%FI';'"+)"'0>9"#22UN"d43"+)"'0>9"#2!#G"'%(")*')")*+4,"+C5,+774-%"47"0-7)"4%"

7-3+"*.3'%"6',64%-3'7"FQ,+"+)"'0>9"#22UN"c4%-4"+)"'0>9"#22!G>""?*+,+8-,+9")*+"+88+6)"-8"

&ao#"(+8464+%)01"4%"&Z&":'7"4%@+7)4/')+("4%"DV<X2"6+007>""DV<X2"6+007"',+"6-35-7+("

-8"):-"5-5.0')4-%7"-8"6+007^"6.;-4('0"7*'5+("+54)*+04'0"6+007"F+E6+007G"'%(",-.%("

7*'5+("6+007"F,E6+007G>""ZE6+007"/,-:"8'7)+,9"5,-(.6+"0',/+,"6-0-%4+7"4%"7-8)"'/',"'%("

(+@+0-5"4%)-"0',/+,".%(488+,+%)4')+(").3-,7"4%"%.(+"346+"F?-34)'"+)"'0>9"!UU#G>""

&ao#"B%-6B(-:%"0+(")-"'%"';.%('%6+"-8",E04B+"6+0079":*40+")*+"6-%),-0"6+007"

3'4%)'4%+("3-7)01"'%"+E6+00"3-,5*-0-/1"FQ4/.,+"KWSG>""&-%747)+%)":4)*")*479"&ao#"

(+8464+%)"04%+7"/,+:"')"'"8'7)+,",')+"FQ4/.,+"KWIG9"'%"-.)6-3+")*')"47"'07-"-;7+,@+("4%"

&Z&"6+007"(+8464+%)"4%"b-)6*"74/%'04%/"Fe'/0+"+)"'0>9"#2!<G>""

$%)+7)4%'0"7)+3"6+007"',+")*-./*)")-";+")*+"6+007"-8"-,4/4%"4%"&Z&"FD6*:4)'00'"+)"

'0>9"#2!KG>""]+%+"+C5,+774-%"'%'017+7",+@+'0+("'%"4%6,+'7+"4%")*+"4%)+7)4%'0"7)+3"6+00"

3',B+,7"!#"$"'%("B-+12"4%"04%+7"0'6B4%/"&ao#"FQ4/.,+"KW&G9"7.//+7)4%/")*')"6+007"

(+8464+%)"4%"&ao#"',+"3-,+"7)+3E04B+>""

DV<X2"6+007":+,+"(+,4@+("8,-3"'"5,43',1"'(+%-6',64%-3'"-8")*+"6-0-%"5,4-,"

)-"/'4%4%/"3+)'7)')46"5-)+%)4'0"FO+4;-@4)A"+)"'0>9"!U`PG>"?-"+@'0.')+")*+"4%80.+%6+"-8"

&ao#"4%")*47"),'%74)4-%9"),'%7:+00"'77'17":+,+"6-%(.6)+(>""?*47"'%'01747",+@+'0+("

)*')"&ao#"B%-6B(-:%"6+007"*'("'%"4%6,+'7+("34/,')-,1"5-)+%)4'0"6-35',+(")-""



SW480 Control SW480 Sh2 
A 

Days 

N
um

be
r o

f C
el

ls
 (1

0^
4)

 

0 

10 

20 

30 

40 

50 

0 2 4 6 

Control 

Sh1 

Sh2 

B C 

0 

10 

20 

30 

40 

Lgr5 Smoc2 

Control 
Sh1 
Sh2 

R
el

at
iv

e 
m

R
N

A 

* 
* 

* 
* 

!"#$%&'()*'+,-.'/011'23$1&1'"42%&31&,'15&64&117''!
"#$!%&'()!*+,,-!./01!*023/0,!425!6578!%9!:20*:50;2!*+,,<!=03+!39+!,4*:!0.!+,02>43+5!
*+,,-!?2!39+!%9!:20*:50;2<!"@$!A/0;39!*B/C+!.0/!*023/0,!425!6578!%9!:20*:50;2!*+,,-<!
"6$!DEFG6D!./01!%&'()!*+,,-!.0/!-3+1!*+,,!14/:+/-!?2!*023/0,!425!6HI8!:20*:50;2-<!
J//0/!K4/-!/+L/+-+23!-34254/5!5+C?43?02!./01!39+!1+42!+7L/+--?02!,+C+,-!0.!M!
?25+L+25+23!-41L,+-<!N!G!O!)<)P!KQ!%3B5+23R-!!F3+-3<!

S88!



 

"!#K"

6-%),-0"6+00"04%+7"FQ4/.,+"KPSG>""DV<X2"6+007"*'@+"'07-";++%"7*-:%")-"/,-:"4%"'%"

'%6*-,'/+"4%(+5+%(+%)"3'%%+,"FQ'.C"+)"'0>9"#22<G9"'%("&ao#"(+8464+%)"6+00"04%+7"

5,-(.6+("3-,+9"'%("0',/+,9"6-0-%4+7",+0')4@+")-"6-%),-07"FQ4/.,+"KPIEaG>"?*+7+"

-;7+,@')4-%7"7.55-,)")*+"*15-)*+747")*')"0-77"-8"&(C#"4%6,+'7+7"&Z&").3-,4/+%46"

5-)+%)4'0>"

  



!"#$%&'()*'+,-.'/011'23$1&1'"42%&31&,'"4531"046'''
!"#$%&'()*+*,')*-($-.$,/001$2/3$+*/04$)5')$6*73')/4$)53-&75$)5/$6')3*7/0$.3-6$,-()3-01$'(4$
849:$;(-,;4-<(1=$!>#$?-.)$'7'3$,-0-(*/1$.3-6$,-()3-0$'(4$849:$?5$;(-,;4-<(1=$!8#$
%&'()*+*,')*-($-.$(&6@/3$-.$,-0-(*/1$*($1-.)$'7'3$'(4$!A#$?6'00$'(4$0'37/$,-0-(*/1$.-36/4$
*($1-.)$'7'3=$B33-3$@'31$3/23/1/()$)5/$1)'(4'34$4/C*')*-($-.$D$+*/041$-.$C*/<$.3-6$E$
*(4/2/(4/()$1'620/1=$F$2GH=HI$@J$?)&4/()K1$LM)/1)=$$

A 

C 

B 

C
on

tro
l 

S
h2

 

S
h1

 

0 

20 

40 

60 

80 

100 

120 

Control Sh1 Sh2 

N
um

be
r o

f c
ol

on
ie

s 

* 

* 

0 

20 

40 

60 

80 

100 

120 

Control Sh1 Sh2 

Large 

Small 

* 

* D 

In
va

si
ve

 c
el

ls
 p

er
 fi

el
d 

* 

* 

0 

10 

20 

30 

40 

50 

Control Sh1 Sh2 

N
um

be
r o

f c
ol

on
ie

s 

I:N$



 

"!#W"

-32?B2238/!

S0)*-./*"&(C#"*'7"B%-:%",-0+7"4%")*+"*-3+-7)'747"-8")*+"4%)+7)4%+9"'%("'"

).3-,"7.55,+774@+"8.%6)4-%"4%"7-3+"6-%)+C)79""FI-%*-33+"+)"'0>9"#22KN"c,1%4.B"+)"

'0>9"#2!#N"c,1%4.B"+)"'0>9"#2!<N"i+,A4"+)"'0>9"#2!2N"i+,A4"+)"'0>9"#2!!G")*+"3+6*'%473"

;1":*46*"4)"435'6)7")*+7+"5,-6+77+7"',+"0',/+01".%B%-:%>""?-"4%@+7)4/')+")*47"

8.,)*+,9":+"(+@+0-5+("DV<X2"6+00"04%+7"(+8464+%)"4%"&ao#>"""&-%747)+%)":4)*"5,4-,"

:-,B9":+"8-.%(")*')"&ao#"0-77"4%"DV<X2"6+007"0+(")-"'"0-77"4%"b-)6*"74/%'04%/>""

?-/+)*+,":4)*"5,-3-)+,"'%'017479":+"8.,)*+,"8-.%(")*')"b-)6*"47"'"(4,+6)",+/.0')-,"

-8";JM#'(,.9"-88+,4%/"'"3+6*'%47)46";'747"8-,")*+"0-77"-8";JM#'(,.&+C5,+774-%"'%("6+00"

7-,)4%/"(+8+6)7"5,+@4-.701"(+76,4;+("4%"&(C"%.00"3.,4%+"5-0157"Fc,1%4.B"+)"'0>9"

#2!<G>""Q.,)*+,3-,+9"0-77"-8"&ao#"4%6,+'7+(")*+").3-,4/+%46"5-)+%)4'0"-8"&Z&9"

6-%747)+%)":4)*"5,4-,":-,B"7.//+7)4%/"'").3-,"7.55,+774@+"8.%6)4-%"8-,"&ao#"4%"&Z&"

FS-B4"+)"'0>9"#22KN"I-%*-33+"+)"'0>9"#22KN"c,1%4.B"+)"'0>9"#2!<G>""

! c-3+-7)'747"-8")*+"4%)+7)4%'0"+54)*+04.3"47"6-350+C"'%(",+T.4,+7"

6--,(4%')+("'6)4@4)1"'%("4%)+,'6)4-%";+):++%"@',4-.7"74/%'04%/"6'76'(+7"'%("

),'%76,45)4-%"8'6)-,7"FZ46*3-%("'%("I,+'.0)9"#2!2G>""&(C#"*'7";++%"04%B+(")-"

+C5,+774-%"-8"/+%+7"4%")*+"b-)6*"74/%'04%/"5')*:'1"FM+7'B'"+)"'0>9"#22<G":*40+"E99."

*'7";++%"7*-:%")-";+"'"&(C#")',/+)"/+%+"F],'4%/+,"+)"'0>9"#2!!G>""&-%747)+%)":4)*"

)*+7+"84%(4%/79"0-77"-8"&ao#"'07-"0+(")-"'))+%.')4-%"-8"E99.&+C5,+774-%"6-%6-34)'%)"

:4)*"'",+(.6)4-%"4%"b-)6*"74/%'04%/"F'7"+@4(+%6+(";1"(434%47*+("b$&a"0+@+07G"4%"

DV<X2"6+007>""a+8+6)7"4%"b-)6*":+,+"'07-"+@4(+%)";1")*+"4%6,+'7+("+C5,+774-%"-8")*+"

7+6,+)-,1"6+00"3',B+,"/<*M.9"4%")*+"DV<X2"&ao#"B%-6B(-:%"6+00"04%+79"6-%/,.+%)"

:4)*"a00!"4%'6)4@')4-%"4%")*+"4%)+7)4%'0"+54)*+04.3"FY+00+/,4%+)"+)"'0>9"#2!!G>"



 

"!#P"

b-)6*"*'7"5,+@4-.701";++%"04%B+(")-")*+"+5*E+5*,4%"5')*:'1"4%")*+"4%)+7)4%+>"

YR>,5"*'7";++%"7*-:%")-";+"b-)6*E,+75-%74@+9":*40+")*+"b$&a"6'%";4%(")-"'%"

+%*'%6+,",+/4-%"4%"YR>,2"FZ-(400'"+)"'0>9"#22UG>""&-%747)+%)":4)*")*479"4%"*.3'%"&Z&"

6+0079"0+74-%7"4%"b-)6*"74/%'04%/"435'4,7"YR>,5"+%*'%6+,"8.%6)4-%9":*40+"'6)4@')4-%"

-8"b-)6*"6'%"4%(.6+"RYcIK"+C5,+774-%"6-%6-34)'%)":4)*"'").3-,"7.55,+774@+"

,+75-%7+"Fe'/0+"+)"'0>9"#2!<G>"""$%")*+"5,+7+%)"7).(19"'%("4%"'/,++3+%)":4)*"5,4-,"

-;7+,@')4-%7Fc,1%4.B"+)"'0>9"#2!<G9":+"8-.%(")*')"&ao#"(+8464+%)"DV<X2"6+007"

+C*4;4)+("'))+%.')+(";JM#'(,."+C5,+774-%>""D.;7+T.+%)"'%'01747",+@+'0+(")*')"

;JM#'(,."47",+/.0')+("(4,+6)01")*-./*"b-)6*";4%(4%/"74)+7")*')"6-.0(";+"-66.54+(";1"

)*+"b$&a"'(&)')+>""?*+7+"-;7+,@')4-%7"+@-B+"'"%-@+0"5')*:'1";1":*46*"&ao#"435'6)7"

;JM#'(,.&+C5,+774-%")'<",+/.0')4-%"-8"b-)6*"'6)4@4)1"FQ4/.,+"K`G>"

Y,4-,"7).(4+7"*'@+"7.//+7)+("&(C#"*'7";-)*").3-,"5,-3-)+,"Fa-3-%Ea+00"+)"

'0>9"#22KN"D'0',4"+)"'0>9"#2!#N"D.;)40"+)"'0>9"#22`N"V4)+B"+)"'0>9"#22WG"'%(").3-,"

7.55,+774@+"FI';'"+)"'0>9"#22UN"].-"+)"'0>9"#22<N"Y40-AA4"+)"'0>9"#22<N"V-%/"+)"'0>9"

#22<G"5-)+%)4'0>""D4340',019"b-)6*"'6)4@4)1"47"6,4)46'0"8-,"'(+%-3'"8-,3')4-%"4%"3-.7+"

).3-,"3-(+07";.)"6'%"'07-"435'4,").3-,"5,-/,+774-%"FQ,+"+)"'0>9"#22UN"d43"+)"'0>9"

#2!#N"Y+4/%-%"+)"'0>9"#2!!N"@'%"R7"+)"'0>9"#22WG>"$%")*+"5,+7+%)"7).(19":+"8-.%(")*')"

0-77"-8"&ao#"4%"DV<X2"6+007"4%6,+'7+(")*+4,"5,-048+,')4-%"'%("4%@'74@+"%').,+"'%("

4%(.6+("7)+3"6+00"3',B+,7>""?*47"47"6-%747)+%)":4)*"5,4-,"-;7+,@')4-%7":*+,+4%"0-77"

-8"&ao#"4%"6-0-,+6)'0"6'%6+,"6+007":'7"7*-:%")-"(+6,+'7+")*+"+C5,+774-%"-8"3',B+,7"

-8"(488+,+%)4')4-%"6-%6-34)'%)":4)*"'%"4%6,+'7+"4%"5,-048+,')4-%"F].-"+)"'0>9"#2!2N"

c4%B+0"+)"'0>9"#2!#N"b')-04"+)"'0>9"#2!KGN"6-%@+,7+019"&ao#"-@+,+C5,+774-%"(+6,+'7+7"

3-;404)1"'%(",+7),46)+(").3-,"6+00"/,-:)*"'(&)')+"F],-77"+)"'0>9"#22XG>"



Notch 1 

!-secretase 

NICD 

RBPj 
ephrinB1 

Cdx2 
Dll1 Dll1 

!"#$%&'()*'+,-&./0",'12%'3456'%&#$7/0"28'21'&9-%"8:;'&59%&<<"28=''
!"#$%&'(")%*+%*,-%./+0+*-/%/-1'+(%+2%3445%*+%-22-6*%*/7()6/'.*'+(8%%3445%4'17("%67(%*,-(%
)'1(74%*+%9+*6,5%+(%7(%7":76-(*%6-448%%;6*'<7*'+(%+2%*,-%9+*6,%/-6-.*+/%744+=)%2+/%64-7<71-%
+2%*,-%9>!3%&?%@A)-6/-*7)-8%%B,-%9>!3%67(%*,-(%*/7()4+67*-%'(*+%*,-%(C64-C)%*+%:+'(%'*)%39;%
&'("'(1%.7/*(-/%DEF:%*+%744+=%2+/%*/7()6/'.*'+(%+2%-.,/'(%E58%%

5$G%



 

"!#X"

L.,",+7.0)7"+C)+%(")*+"*15-)*+747")*')"&ao#"74/%'04%/"47"4%@-0@+("4%").3-,"

,+5,+774-%9"'%("7.//+7)7")*')"6+,)'4%"+88+6)7"3'1";+"3+(4')+(")*,-./*",+/.0')4-%"-8"

b-)6*"8.%6)4-%>""$)"47")+35)4%/")-"75+6.0')+")*')")*+7+"+88+6)7"',+"435',)+(9"4%"5',)9"

)*-./*";JM#'(,.9":*46*"47"4%@-0@+("4%"6+00"7-,)4%/"'0-%/")*+"6,15)"@400-.7"'C47"'%("

7+,@+7"'").3-,"7.55,+774@+",-0+";1"6-35',)3+%)'04A4%/"'(+%-3'7"',474%/"8,-3"V%)"

3+(4')+("*15+,5,-048+,')4-%"-8"4%)+7)4%'0"6+007FI')00+"+)"'0>9"#22#N"&-,)4%'"+)"'0>9"

#22`G>"

"  



 

"!#U"

$?X/8D516=1:1/02!

?*+"'.)*-,7")*'%B"Y>"&*'3;-%"'%("a>"H+)A/+,"8-,")*+")'99'("&,+ERZ?"04%+N"Y>"

],.77"'%("I>"H+1+,"8-,")*+"NLC.HIH"3-.7+"04%+N"H>"H'%784+0("8-,"3-.7+"*.7;'%(,1N"j>"

?46'79"O>"a-%/9""'%("R>"O';+00+"8-,"'7747)'%6+":4)*")477.+"5,-6+774%/"'%("*47)-0-/1>!

"  



 

"!K2"

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

"#$%&'(!b!!
@'+'($L!-*C".CC*,+!

"

" "

" "



 

"!K!"

&(C"),'%76,45)4-%"8'6)-,7"',+"435-,)'%)"8-,"3'%1"(+@+0-53+%)'0"5,-6+77+7"

4%60.(4%/"*+3')-5-+7479"%+.,'0").;+"(+@+0-53+%)9"'C4'0"+0-%/')4-%"'%("

/'7),-4%)+7)4%'0"(+@+0-53+%)"Fa'@4(7-%"'%("j-%9"#22PN"D'@-,1"+)"'0>9"#22UN"D'@-,1"

+)"'0>9"#2!!N"@'%"(+%"SBB+,"+)"'0>9"#22#N"@'%"b+7"+)"'0>9"#22PN"V'%/"+)"'0>9"#22XG>"$%"

)*+"'(.0)"&(C!"'%("&(C#"',+"'07-"+C5,+77+("4%")*+"4%)+7)4%+>""&(C"),'%76,45)4-%"

8'6)-,7"*'@+";++%",+5-,)+(")-";+"0-7)"4%"4%)+7)4%'0"6'%6+,7"'%("347+C5,+77+("4%"

5')*-0-/46'0"(47+'7+"7)')+7>"$)"47")*+,+8-,+"435-,)'%)")-"7).(1")*+7+"),'%76,45)4-%"

8'6)-,7"4%")*+"'(.0)")-"(+)+,34%+")*+4,",-0+"4%")*+7+"(47+'7+"5,-6+77+7>"""?-")*47"+%(9"$"

(+@+0-5+("'"6-%(4)4-%'0"3.)'/+%+747"7),')+/1")-"4%@+7)4/')+")*+",-0+"-8"&(C#9"'0-%+"

-,"4%"6-%[.%6)4-%":4)*"&(C!9"4%")*+"'(.0)"3-.7+"4%)+7)4%'0"+54)*+04.3>""$".7+(")*47"

3-(+0")-"+C50-,+")*+4,",-0+"4%"4%)+7)4%'0"*-3+-7)'747"'%("4%"'"6-0-,+6)'0"6'%6+,"

3-(+0>"?*+"3'4%"84%(4%/7"-8")*+7+"7).(4+7"',+"7.33',4A+(";+0-:>"

"6H!JB/?038/!32!(1SB3>16!<8>!I43/01/4/?1!8<!*/01203/45!*61/030A!3/!0;1!$6B50!

$":'7"';0+")-"64,6.3@+%)")*+"+3;,1-%46"0+)*'04)1"4%*+,+%)")-"NLC2"0-77"

F&*':+%/7'B7-5*'B"+)"'0>9"!UU`G".74%/"'"5,+@4-.701"(+76,4;+("NLC2"80-C+("'00+0+"

FD'@-,1"+)"'0>9"#22UG"(+0+)+("75+64846'001"4%")*+"'(.0)"4%)+7)4%+".74%/"'"04/'%(E

'6)4@')+("&,+".%(+,")*+"6-%),-0"-8")*+")'99'(&5,-3-)+,"F+0"H',[-."+)"'0>9"#22<G>"Z'54("

0-77"-8"&(C#")*,-./*-.)")*+"4%)+7)4%'0"),'6)"0+(")-"(+')*":4)*4%"-%+":++B"3-7)"04B+01"

(.+")-"4%)+7)4%'0"(178.%6)4-%>""i400.7"',6*4)+6).,+"'%("5,-048+,')4-%"'7":+00"'7")*+"

+C5,+774-%"-8"4%)+7)4%'0"3',B+,7":+,+"'00"435'6)+("8-00-:4%/"';0')4-%"-8"&(C#>""

?*+7+"4%(46+7":+,+"%-)"8.,)*+,"'88+6)+(";1"7.;7+T.+%)"0-77"-8"NLC.%&7.//+7)4%/")*')"

&(C!"(-+7"%-)"*'@+"'%1"-@+,)"8.%6)4-%"4%")*+"73'00"4%)+7)4%+>""&-%@+,7+019"NLC2"

';0')4-%",+7.0)+("4%"'"),'%78-,3')4-%"-8")*+"5,-C43'0"6-0-%")-"'"6+6'0E04B+"



 

"!K#"

3-,5*-0-/1>""?*47"-.)6-3+":'7"+C'6+,;')+(":4)*")*+"7.;7+T.+%)"0-77"-8"NLC.%&:4)*"

)*+"+%)4,+"6-0-%"+C*4;4)4%/"6+6'0E04B+"6*','6)+,9"4%60.(4%/"'0)+,+("3-0+6.0',"3',B+,7>"""

?*47"84%(4%/"(+3-%7),')+7"'"%+:"'%(".%7.75+6)+(",-0+"8-,"&(C"8.%6)4-%"4%"

3'4%)'4%4%/"6-0-%"*-3+-7)'7479"'%("(+3-%7),')+7"'"6,4)46'0",-0+"8-,"&(C!"4%")*47"

5,-6+77>"

" ?-"8.,)*+,"+0.64(')+")*+"*-3+-7)'747"-8"&(C#"4%")*+"'(.0)"4%)+7)4%+9"346+":+,+"

),+')+(":4)*"'"0-:"(-7+"-8")'3-C48+%")*')"*'("%-"-@+,)"+88+6)"-%"*+'0)*"-,"0-%/+@4)19"

;.)",+7.0)+("4%"'"3-7'469"l5')6*1m9"B%-6B-.)"-8"&(C#")*,-./*-.)")*+"4%)+7)4%+>""?*47"

0-%/E)+,3"0-77",+7.0)+("4%"+54)*+04'0"(1750'74'79"4%":*46*"'00"4%)+7)4%'0"6+00")15+7"

:+,+"0-7)9"'%(")*+"4%)+7)4%+"'77.3+("'"5',)4'0"/'7),46"%').,+9"'"5*+%-)15+"4%"

'/,++3+%)":4)*"'"6-%6.,,+%)"7).(1"-8"&(C#"8.%6)4-%"4%")*+"4%)+7)4%+"Fi+,A4"+)"'0>9"

#2!!G>""?*+7+"84%(4%/7"7.//+7)")*')"&(C#"47"435-,)'%)"8-,"5,-5+,"(488+,+%)4')4-%"-8"

)*+"4%)+7)4%'0"+54)*+04.3"'%("8-,"*-3+-7)'747"-8")*+"0',/+"4%)+7)4%+>""

"6H)!4/6!"6HQ!JB/?038/!42!&B:8>!CB99>1228>2!!

S7"&(C"3+3;+,7"*'@+";++%"5,-5-7+(")-"4%80.+%6+"&Z&9"'"3-(+0"8-,"4%)+7)4%'0"

).3-,4/+%+747":'7".7+("4%"6-%[.%6)4-%":4)*"&(C"0-77")-"+C50-,+")*47"04%B>""?-")*47"

+%(9")*+"&(C#"6-%(4)4-%'0"04%+":'7";,+(":4)*"TRN/'(IQ"FH4%G"346+"'%("&(C#"3-7'46"

(+0+)4-%"+88+6)+(>"O-77"-8"&(C#"-,"&(C!E&(C#"4%"'%"TRN/'(IQ";'6B/,-.%(",+7.0)+("4%"'"

74/%4846'%)"'66+0+,')4-%"-8"0+)*'04)1"'77-64')+(":4)*"'%"4%6,+'7+"4%").3-,"4%64(+%6+"

435'6)4%/")*+"73'00"4%)+7)4%+>""S;0')4-%"-8";-)*"&(C!"'%("&(C#9",+0')4@+")-"&(C#"

'0-%+9"'07-",+7.0)+("4%"'"3',B+("4%6,+'7+"4%").3-,"8-,3')4-%"4%")*+"(47)'0"6-0-%":4)*"

6-%6-34)'%)"'0)+,')4-%7"4%"?]QEf"74/%'04%/>"Q4%'0019"&(C"0-77",+7.0)+("4%")*+"

8-,3')4-%"-8"@400.7").3-,7"'77-64')+(":4)*"0-77"-8"+5*,4%I!"+C5,+774-%"4%")*+"73'00"



 

"!KK"

4%)+7)4%+>"?*+7+"84%(4%/7".%(+,76-,+"%+:",-0+7"8-,"&(C"4%"7.55,+774%/"&Z&"'%("

,+@+'0"5,+@4-.701".%,+6-/%4A+(",-0+7"8-,"&(C!"4%"4%)+7)4%'0").3-,4/+%+747>"

+80?;!23=/453/=!4<<1?02!19;>3/N)!3/!0;1!3/01203/1!4<01>!5822!8<!"-^Q!

" ?*+"0'6B"-8"4%)+7)4%'0"(488+,+%)4')4-%"4%"&(CE(+8464+%)"+54)*+04.39"'0-%/":4)*"

3470-6'04A')4-%"-8"Y'%+)*"6+0079"7.//+7)7"'"6,4)46'0",-0+"8-,"&(C#"4%"4%)+7)4%'0"

(488+,+%)4')4-%9"*-:+@+,9")*+"3+6*'%4737"/-@+,%+(";1"&(C#")-"(4,+6)")*47"

(488+,+%)4')4-%"',+"5--,01".%(+,7)--(>""$"6*-7+")-"'((,+77")*47"T.+7)4-%";1"

/+%+,')4%/"&ao#"(+8464+%)"4%)+7)4%'0"6+00"04%+7>""M74%/")*47"3-(+09"$"8-.%(")*')"0-77"-8"

&ao#",+7.0)+("4%"4%6,+'7+("+C5,+774-%"-8"7+6,+)-,1"6+00"3',B+,79"4%"'/,++3+%)":4)*"

5,4-,":-,B"7*-:4%/"'",-0+"8-,"&(C#"4%",+/.0')4%/"b-)6*"74/%'04%/"F],'4%/+,"+)"'0>9"

#2!!N"@'%"R7"+)"'0>9"#22WG>""$%)+,+7)4%/019"+5*,4%I!":'7"'07-"(-:%,+/.0')+("4%")*+7+"

&ao#"(+8464+%)"6+00"04%+79"'7"7++%"4%"&(C#"%.00"4%)+7)4%'0").3-,7>""

$%")*+"4%)+7)4%+9"+5*,4%I!"*'7";++%"7.//+7)+(")-";+"'"b-)6*")',/+)"/+%+Fd--"

+)"'0>9"#22UG>""?-")*47"+%(9"$"8-.%(")*')"+5*,4%I!":'7"(4,+6)01",+/.0')+(";1"b-)6*"'%(9"

4%")*+"4%)+7)4%+9"&(C#"'88+6)+(")*+"+C5,+774-%"-8"+5*,4%I!";1"'6)4@')4%/")*+"b-)6*"

74/%'04%/"6'76'(+9"5-)+%)4'001")*,-./*",+/.0')4-%"-8"a00!>"?'B+%")-/+)*+,9")*+7+"(')'"

7.//+7)")*')"&(C#"47"%-)"-%01"4%@-0@+("4%"(4,+6)4%/")*+"(488+,+%)4')4-%"-8"7+6,+)-,1"

'%("';7-,5)4@+"6+007";.)"'07-"6-%),4;.)+7")-"5,-5+,"6+00"7-,)4%/"-8")*+"4%)+7)4%'0"

+54)*+04.3"(.,4%/"(488+,+%)4')4-%>"

"6HQ!32!4/!3:98>04/0!>1=B5408>!8<!46B50!3/01203/45!361/030A!

" a.,4%/"(+@+0-53+%)9"'6)4@')4-%"-8"(488+,+%)"/+%+"+C5,+774-%"5,-/,'37"47"

435-,)'%)"8-,"(+)+,34%4%/"-,/'%"75+64846')4-%"8,-3")*+")*,++"(488+,+%)"/+,3"0'1+,7N"

+6)-(+,39"+%(-(+,3"'%("3+7-(+,3>""R%(-(+,3"47")*+"5,+6.,7-,"8-,")*+"



 

"!K<"

(+@+0-53+%)"-8")*+"/'7),-4%)+7)4%'0"),'6)"+54)*+04.39":*46*"47".%(+,")4/*)",+/.0')4-%"

;1"),'%76,45)4-%'0"5,-/,'37"8-,"'55,-5,4')+"(+@+0-53+%)"'%("75+64846')4-%>"?434%/"

'%("0+@+0"-8"+C5-7.,+")-"/,-:)*"8'6)-,7"',+"435-,)'%)"8-,"75+64814%/")*+"SEY"

5'))+,%4%/"-8")*+"(4/+7)4@+"),'6)>"Q-,"+C'350+9"')")*+"+%("-8"/'7),.0')4-%9")*+"

+%(-(+,3"+C47)7"'7"'"0'1+,"-8"6+007":*46*"47"5'))+,%+(";1"+C5,+774-%"-8",+/4-%'0"

(+)+,34%')4-%"8'6)-,79"7.6*"'7"D-C#"4%")*+"'%)+,4-,"+%(-(+,3"'%("&(C#"4%")*+"

5-7)+,4-,"+%(-(+,3FO+:47"'%("?'39"#22PN"?*-3'7"+)"'0>9"!UUXN"j-,%"'%("V+0079"

#22UG>"

" $%")*+"6'7+"-8"D-C#9"4)7"+C5,+774-%"47"(-34%'%)"4%")*+"'%)+,4-,"+%(-(+,3"

0+'(4%/")-")*+"75+64846')4-%"-8")*+"+7-5*'/.79"),'6*+'"'%("7)-3'6*>""RC5+,43+%)7"4%"

346+":4)*"3-(.0')4%/"+C5,+774-%7"-8"D-C#"*'@+"7*-:%")*+"435-,)'%6+"-8"D-C#"4%"

)*+"(488+,+%)4')4-%"-8")*+"+7-5*'/+'0"+54)*+04.3"'7":+00"'7")*+"3-,5*-/+%+747"-8")*+"

+7-5*'/.7"'%(")*+"),'6*+'F]-%)'%"+)"'0>9"#22XN"z.+"+)"'0>9"#22`N"z.+"+)"'0>9"#22UG>""$%"

*.3'%79"7+@+,'0"6-%/+%4)'0"3'08-,3')4-%7"7.6*"'7"'%-5*)*'034'9"346,-5*)*'034'9"

'%(")*+"'%-5*)*'034'J+7-5*'/+'0J/+%4)'0"71%(,-3+9"*'@+";++%"'77-64')+(":4)*"

*+)+,-A1/-)+"3.)')4-%7"4%"DLo#"FV4004'37-%"+)"'0>9"#22PG>"D4340',019"D-C#"

+C5,+774-%"47"435-,)'%)"8-,"7)+3"6+00"3'4%)+%'%6+"'%("(488+,+%)4')4-%"-8")*+"

7)-3'6*"+54)*+04.3"FS,%-0("+)"'0>9"#2!!G>""R6)-546"+C5,+774-%"7).(4+7"-8"D-C#"4%")*+"

(+@+0-54%/"5-7)+,4-,"+%(-(+,3"6'.7+7"'%"'%)+,4-,4A')4-%"-8")*+"4%)+7)4%'0"

+54)*+04.3")-:',("'"5,+3').,+"/'7),46"5*+%-)15+FZ'/*-+;4,"+)"'0>9"#2!#G>"$%"

'((4)4-%9"';+,,'%)"DLo#"+C5,+774-%"3'1".%(+,04+")*+"8-,3')4-%"-8"/'7),46"

3+)'50'74'"4%"7-3+"6-0-,+6)'0"6'%6+,7FD*'-.0"+)"'0>9"#222G9"'%(")*+"8-,3')4-%"-8"

@',4-.7"*.3'%"6-%/+%4)'0"'%-3'04+7"-8")*+"/.)9"7.6*"'7"H+6B+0q7"(4@+,)46.0.3"4%"



 

"!KW"

:*46*"+6)-546"/'7),46")477.+"6'%";+"5,+7+%)"4%")*+"73'00"4%)+7)4%+"FO'3;+,)"+)"'0>9"

#222G>"&.3.0')4@+01")*47"(')'"47"7.//+7)4@+"-8"'"6,4)46'0",-0+"8-,"D-C#"4%"'%)+,4-,"

8-,+/.)"75+64846')4-%"'%("4(+%)4)1>"

" D4340',")-")*+",-0+"-8"D-C#"4%")*+"'%)+,4-,"+%(-(+,39"&(C#"'55+',7")-"*'@+"'"

,-0+"4%"5-7)+,4-,4A')4-%"-8")*+"4%)+7)4%'0"),'6)>"$)"*'7";++%"5,-5-7+("8,-3")*+7+"

7).(4+7")*')"&(C#"47"%+6+77',1"8-,"5,-5+,"4%)+7)4%'0"4(+%)4)1"'7"6-%(4)4-%'0"0-77"-8"

&(C#",+7.0)+("4%")*+"(+@+0-53+%)"-8"6*','6)+,47)467"-8"3-,+"'%)+,4-,"

/'7),-4%)+7)4%'0"7),.6).,+7"7.6*"'7")*+"+7-5*'/.7"'%("7)-3'6*"F]'-"+)"'0>9"#22UN"

],'4%/+,"+)"'0>9"#2!2G>"?*+7+",+7.0)7"7.//+7)")*')"&(C#"435-7+7"'"3-,+"5-7)+,4-,"

6*','6)+,"-%")*+"*4%(/.)"'%(":4)*-.)"4)")*+"(+8'.0)"7)')+"-8")*+"+%(-(+,3"47"

+7-5*'/+'0"-,"/'7),46"4%"%').,+9"(+5+%(4%/"-%")*+"(+@+0-53+%)'0"7)'/+"4%@+7)4/')+(>""

" $%")*+"'(.0)"4%)+7)4%+9"74340',"/+%+")',/+)4%/"7).(4+7"*'@+"7*-:%")*')"&(C#"

50'17"'"5,-34%+%)",-0+"4%"5,-5+,"(488+,+%)4')4-%"-8"4%)+7)4%'0E75+64846"6+007"Fc,1%4.B"

+)"'0>9"#2!#N"i+,A4"+)"'0>9"#2!!G>""?*+"0-77"-8"&(C#"6'.7+("'%"4%6,+'7+"4%"/'7),46"

3',B+,7"'7":+00"'7"'"7*48)"-8")*+"4%)+7)4%'0"+54)*+04.3")-"'"3-,+"/'7),46"4(+%)4)1>"L8"

%-)+9"74C"3-%)*7"'8)+,"3-7'46"(+0+)4-%"-8"&(C#9"',+'7"@-4("-8"&(C#"+C5,+774-%"',+"

,+5-5.0')+("@4'"&(C#_"6+007"'%(",+E+7)';047*"'"%-,3'0"4%)+7)4%'0"5*+%-)15+"

FS55+%(4C"Q4/.,+"!G>"S((4)4-%'0019"-@+,+C5,+774-%"-8"&(C#"75+64846'001"4%")*+"

7)-3'6*",+7.0)7"4%"(488+,+%)4')4-%")-"'%"4%)+7)4%'0"+54)*+04.3"FH.)-*"+)"'0>9"#22#N"

H.)-*"+)"'0>9"#22<G9":*40+"4%"I',,+))k7"+7-5*'/.79"'"6-%(4)4-%"',474%/"(.+")-"6*,-%46"

+C5-7.,+")-"7)-3'6*"'64(9"&(C#";+6-3+7"+6)-546'001"+C5,+77+("6-%6.,,+%)":4)*"'"

7:4)6*"8,-3"'%"+7-5*'/+'0")-"'%"4%)+7)4%'0"5*+%-)15+"F&-00+15,4+7)"+)"'0>9"#22UN"



 

"!KP"

&-00+15,4+7)"+)"'0>9"#2!2G>"?'B+%")-/+)*+,9")*+7+"7).(4+7"4%(46')+")*')"+@+%"4%")*+"

'(.0)"&(C#"47"'"6,4)46'0",+/.0')-,"-8")*+"4%)+7)4%'0"4(+%)4)1>"

%54203?30A!8<!3/01203/45!0322B1!

" S(.0)")477.+7"7)+3"6+007"*'@+")*+"5-)+%)4'0"8-,"50'7)464)1"'%("7+08E,+%+:'0"

+77+%)4'0"8-,"%-,3'0"8.%6)4-%"'%(")-"3'B+",+5'4,7"'8)+,"4%[.,1>"&+00",+%+:'0"47"

/-@+,%+(";1"*4/*01"(1%'346"5,-6+77+7>"c47)-,46'0019")*+"6-334)3+%)"-8"6+007")-"

(488+,+%)4')+":'7"@4+:+("'7"'%"4,,+@+,74;0+"6*'%/+"-8"'"5,-048+,')4%/"6+00")-"'"/4@+%"

75+64846"6+00"8')+>"&.,,+%)019")*+"+3+,/4%/"@4+:"-8"7+08E,+%+:'0"'%("4%[.,1",+5'4,"47"

-%+"-8"50'7)464)1"4%":*46*"'"7)+3"6+00"7)')+"6'%";+",+'6T.4,+(";1"(+(488+,+%)4')4-%"-8"

'0,+'(1"75+6484+("6+007>"?*+"3+(4')-,7"-8"04%+'/+"7+0+6)4-%":4)*4%")*+"*4/*01"(1%'346"

6+00"5-5.0')4-%7"5,-3-)+"(488+,+%)"6+00"04%+'/+7"'%("1+)"5+,34)"'"0+@+0"-8"50'7)464)1")-"

)*+7+")477.+7>"Q-,"+C'350+9"4)"*'7";++%"(+3-%7),')+(")*')"(488+,+%)4')+("7+6,+)-,1"

&0','"6+007"*'@+")*+"';404)1")-",+@+,)"4%)-"8.%6)4-%'0"7)+3"6+007"-8")*+"),'6*+'".5-%"

';0')4-%"-8")*+"%-,3'0"7)+3"6+00"5-5.0')4-%"F?')'"+)"'0>9"#2!KG>"?*47"(+(488+,+%)4')4-%"

4%")*+"'(.0)"),'6*+'"7.55-,)7")*+"%-)4-%"-8"50'7)464)1"4%"'%"'(.0)")477.+"+@+%":4)*"

('3'/+")-")*+"7)+3"6+00"5-5.0')4-%>"

" ?*+"4%)+7)4%+9"(.+")-"4)7"6-%7)'%)",+%+:';0+"+54)*+04.39"*'7";++%"

4%@+7)4/')+("8-,"4)7"';404)1")-",+/+%+,')+"'8)+,"4%[.,1>""c-:+@+,9")*47",+/+%+,')4@+"

8.%6)4-%"47"%-)"7-0+01"'"8.%6)4-%"-8"7)+3"6+00"+C5'%74-%")-",+7)-,+"*-3+-7)'747";.)"47"

'07-"'4(+(";1"(+(488+,+%)4')4-%"-8"-)*+,"6+007"4%")*+"4%)+7)4%'0"+54)*+04.3"FI',B+,"+)"

'0>9"#2!#G>"?*+"';404)1"-8")*+"4%)+7)4%+")-"-@+,6-3+"'%"'6.)+"0-77"-8"4)7"7)+3"6+00"5--0"

3'1",+0')+")-")*+"/+%+,'0"50'7)464)1"-8")*+"?S"5,-/+%4)-,"6-35',)3+%)>"?S"6+007"

*',;-.,")*+"6'5'64)1")-"8'00";'6B"4%)-")*+"7)+3"6+00"%46*+"'%(",+'6T.4,+"7)+3"6+00"



 

"!K`"

6*','6)+,47)467")-"'77.3+"7)+3"6+00"8.%6)4-%7"FI',B+,"+)"'0>9"#2!#G>"S7"'%"+C'350+"-8"

7.6*"50'7)464)19"a00!":'7",+6+%)01"7*-:%")-"3',B"'%"+',01"('./*)+,"6+00"-8"O,/W_"

7)+3"6+007"',-.%(")*+"_W"5-74)4-%"4%")*+"4%)+7)4%'0"6,15)>""V*+%"O/,W_"6+007"',+"B400+("

:4)*",'(4')4-%9"a00!_"?S"6+007":4)*"7+6,+)-,1"6+00"5,-5+,)4+7",+@+,)")-"'%"O/,W_"7)+3"

6+00"(.,4%/")*+",+/+%+,')4@+"5,-6+77"F@'%"R7"+)"'0>9"#2!#G>"

" S;0')4-%"-8"&(C#"4%")*+"(+@+0-54%/"4%)+7)4%'0"+54)*+04.3"7*-:+("0-77"-8"a00!"

+C5,+774-%":*46*".5-%"8.,)*+,")+7)4%/",+@+'0+("a00!")-";+"'"&(C#")',/+)"/+%+"

F],'4%/+,"+)"'0>9"#2!!G9"'",+0')4-%7*45")*')"+C)+%(7"4%)-")*+"'(.0)"4%)+7)4%'0"

+54)*+04.3"Fc,1%4.B"+)"'0>9"#2!#G>"$)"47")*+,+8-,+"5-774;0+")*')".5-%"0-77"-8"&(C#9"?S"

6+007")*')":+,+"-%6+"a00!_"',+",+5,-/,'33+(")-",+@+,)";'6B")-"'"7)+3"6+00E04B+"8')+>"

&-%747)+%)":4)*")*47"*15-)*+7479")*+"7)+3"6+00"%46*+"-8"NLC2HIH"'%("NLC.HIHNLC2HIH"346+"

7*-:+("'%"+C5'%74-%"4%")*+"%.3;+,"-8"7)+3"6+007"4%")*+"),'%74)E'3504814%/"A-%+"

'8)+,"0-%/E)+,3"0-77"-8"&(C"3+3;+,7"Fc,1%4.B"+)"'0>9"#2!#G>""Q.,)*+,3-,+9"

B%-6B(-:%"-8"&ao#"4%"4%)+7)4%'0"DV<X2"6+007"74/%4846'%)01"4%6,+'7+(")*+"+C5,+774-%"

-8"O/,W"'7":+00"'7"-)*+,"7)+3"6+00"3',B+,7"6-%6-34)'%)":4)*"'"(+6,+'7+"4%")*+"

+C5,+774-%"-8"a00!>""?'B+%")-/+)*+,")*+7+",+7.0)"4%(46')+"'",+0')4-%7*45";+):++%"0-77"

-8"&(C#"435'6)4%/"a00!"+C5,+774-%"4%")*+"),'%74)E'3504814%/"A-%+"'%("'",+@+,74-%")-"

'"7)+3"6+00"04B+"4(+%)4)19"*-:+@+,"8.,)*+,"7).(4+7"',+"%+6+77',1")-"+C50-,+")*+"

74/%4846'%6+"-8")*+7+"-;7+,@')4-%7>"

"6HQ!4/6!3/01203/45!63<<1>1/034038/!

$%")*+"4%)+7)4%+9"?S"6+007")+,34%'001"(488+,+%)4')+"4%)-")*+"8-.,"5,4%645'0"

+54)*+04'0"6+007"8-.%("4%")*+"73'00"'%("0',/+"4%)+7)4%+7")*,-./*"75+64846"3-0+6.0',"

74/%'07>"L%6+"6+00"8')+"47"(+)+,34%+(9"7-3+"04%+'/+7".7+"6-33-%"74/%'04%/"5')*:'17"



 

"!KX"

(.,4%/")+,34%'0"(488+,+%)4')4-%":*40+"-)*+,7".)404A+"5','00+0"74/%'07"8-,"

(488+,+%)4')4-%"FS55+%(4C"Q4/.,+"#9"F@'%"(+,"Q04+,"'%("&0+@+,79"#22UGG>""Q-,"4%7)'%6+9"

b-)6*"74/%'004%/"5,-@4(+7"'"54@-)'0"7:4)6*";+):++%"+%)+,-61)+"'%("7+6,+)-,1"6+00"

(488+,+%)4')4-%":*+,+;1"+C5,+774-%"-8")*+"b-)6*")',/+)"/+%+">;?.",+5,+77+7"

),'%76,45)4-%"-8")*+";cOc"),'%76,45)4-%"8'6)-,"H')*!"(4,+6)4%/"6+00"8')+")-:',(7")*+"

+%)+,-61)+"04%+'/+Fe+%7+%"+)"'0>9"#222G>"c+7!E\E"346+"7*-:"'%"4%6,+'7+"4%"Y'%+)*9"

/-;0+)"'%("+%)+,-+%(-6,4%+"6+007":*40+")*+"4%)+7)4%'0"+54)*+04.3"-8"H')*!"3.)'%)"

346+";+6-3+7"5-5.0')+("-%01";1"+%)+,-61)+7Fe+%7+%"+)"'0>9"#222N"D.A.B4"+)"'0>9"#22WN"

t'%/"+)"'0>9"#22!G>"RC5,+774-%"-8"B,.55+0E04B+"8'6)-,"<"FdOQ<G9"b/%K9"D-CU"'%("R<`E

04B+"8'6)-,"K"FR08KG"',+",+T.4,+("8-,"/-;0+)9"+%)+,-+%(-6,4%+9"Y'%+)*"'%("+%)+,-61)+"

6+00"(488+,+%)4')4-%",+75+6)4@+01"Fe+%%1"+)"'0>9"#22#N"d')A"+)"'0>9"#22#N"H-,4ESB41'3'"

+)"'0>9"#22`N"b/"+)"'0>9"#22#G>"?*+"5,-5+,"7+T.+%64%/"'%("6--,(4%')4-%"-8")*+7+"

8'6)-,7"(.,4%/"(488+,+%)4')4-%"47"+77+%)4'0"8-,"5,-5+,")+,34%'0"(488+,+%)4')4-%"-8"

4%)+7)4%'0"+54)*+04'0"6+007>"

?*+"435'6)"-8"&(C#"(+0+)4-%"*'7"5,-@4(+("7-3+"%-@+0"4%8-,3')4-%",+/',(4%/"

)*+"(488+,+%)4')4-%"-8"4%)+7)4%'0"6+007")-:',(7")*+4,"3').,+"7)')+>""&-%(4)4-%'0"

(+0+)4-%"-8"&(C#"4%")*+"(+@+0-54%/"+%(-(+,3",+@+'0+("'%"4%6,+'7+"4%"/-;0+)"6+00"

(488+,+%)4')4-%"6-%747)+%)":4)*"435,-5+,",+5,+774-%"-8"c+7!"-%"H')*!"F],'4%/+,"+)"

'0>9"#2!!G>"$%)+,+7)4%/019".5-%"0-77"-8"&(C#"4%")*+"'(.0)"3-.7+"4%)+7)4%'0"+54)*+04.39"

(488+,+%)4')4-%"-8"'00"8-.,"3'4%"4%)+7)4%'0"6+00")15+7"47"'07-"';7+%)>"?*+7+",+7.0)7"

7.//+7)")*')"&(C#"%-)"-%01"8.%6)4-%7")-"*+05"(4,+6)"';7-,5)4@+"@+,7.7"7+6,+)-,1"6+00"

75+64846')4-%";.)"47"'07-"%+6+77',1"8-,")+,34%'0"(488+,+%)4')4-%"-8"'00"4%)+7)4%'0"6+00"

)15+7>"&-%747)+%)":4)*")*47"5,+347+9":+"*'@+"'07-"-;7+,@+(")*')"4%"NLC2HIH"346+9"



 

"!KU"

+C5,+774-%"-8"B+CD":'7"74/%4846'%)01"(+6,+'7+("6-35',+(")-"6-%),-0"FO-*%+7"0';9"

.%5.;047*+("-;7+,@')4-%G>""&*$Y"'%'01747"8,-3"3.,4%+"4%)+7)4%+7"'07-",+@+'0+(")*')"

&(C#":'7"+%,46*+("')"'"5.)')4@+"&aZR"4%")*+"5,-3-)+,"-8")*+"B+CD"/+%+"FS55+%(4C"

Q4/.,+"KG>""&-%(4)4-%'0"(+0+)4-%"-8"D-CU"8,-3")*+"4%)+7)4%'0"+54)*+04.3",+7.0)7"4%")*+"

6-350+)+"';7+%6+"-8"Y'%+)*"6+0079"4%(46')4%/")*')"4)7"+C5,+774-%"47"%+6+77',1"8-,"

5,-5+,"Y'%+)*"6+00"(488+,+%)4')4-%FI'7)4(+"+)"'0>9"#22`N"H-,4ESB41'3'"+)"'0>9"#22`G>"

O4B+:47+9"d08<"*'7";++%"7*-:%")-";+"%+6+77',1"8-,"3').,')4-%"-8"/-;0+)"6+007"4%")*+"

4%)+7)4%+Fd')A"+)"'0>9"#22#G>""$)"*'7";++%"7.//+7)+(")*')"&(C#",+/.0')+7")*+"

+C5,+774-%"-8"d08<"4%"4%)+7)4%'0"6+00"04%+7FQ';+,"+)"'0>9"#2!KG9"*-:+@+,9"4)"47"1+)")-";+"

7++%":*+)*+,")*47"5','(4/3"*-0(7"),.+"'(&)')+>"?'B+%")-/+)*+,")*+7+"(')'"4%(46')+"

)*')"&(C#"'6)7"(4,+6)01"-%"5')*:'17"%+6+77',1"8-,")*+"5,-5+,"75+64846')4-%"-8")*+"

)+,34%'001"(488+,+%)4')+("6+007"-8")*+"4%)+7)4%+>"

V*40+"04%+'/+"75+64846')4-%"-8")*+"4%)+7)4%+"47"435-,)'%)"8-,"5,-5+,"8.%6)4-%9"

5,-5+,"5-74)4-%4%/"-8"(488+,+%)4')+("6+00")15+7"'0-%/")*+"6,15)E@400.7"'C47"47"'07-"

%+6+77',1>""?*47"5-74)4-%4%/"4%8-,3')4-%"47"/-@+,%+(";1"74/%'04%/"6.+7"8,-3")*+"+5*E

+5*,4%"74/%'04%/"5')*:'1>"a.,4%/"(488+,+%)4')4-%"+%)+,-61)+79"/-;0+)"'%("

+%)+,-+%(-6,4%+"6+007"/'4%")*+"+C5,+774-%"-8")*+"+5*,4%I!"04/'%(":*40+"Y'%+)*"6+007"

/'4%")*+"+C5,+774-%"-8")*+"R5*IK",+6+5)-,>"?*+"?S"'%("7)+3"6+007"-8")*+"4%)+7)4%'0"

6,15)"+C5,+77")*+"R5*I#",+6+5)-,>""?*+"-55-74)4-%";+):++%"6+007"+C5,+774%/"04/'%(7"

'%(",+6+5)-,7"(4,+6)")*+"4%)+7)4%'0"6+007")-"34/,')+"+4)*+,".5:',(7")-:',(7")*+"@400.7"

)457"8-,")*-7+"6+007")*')"',+"+5*,4%I!_"-,"(-:%"4%)-")*+"6,15)7"48")*+1"',+"R5*IK_>""

&-%747)+%)":4)*")*479"Y'%+)*"6+007"4%";-)*"R5*IKE\E"'%("6-%(4)4-%'0"+5*,4%I!"

B%-6B-.)"346+"',+"3470-6'04A+("'0-%/")*+"6,15)E@400.7"'C47"FI')00+"+)"'0>9"#22#N"



 

"!<2"

&-,)4%'"+)"'0>9"#22`G>"O-77"-8"+5*,4%I!"'07-",+7.0)7"4%")*+"+C5'%74-%"-8"R5*_",+6+5)-,"

6+007"-.)"-8")*+"6,15)7>"D4340',"6-%7+T.+%6+7":+,+"-;7+,@+("4%"&(C#"3.)'%)79":*46*"

+C*4;4)+(";-)*"'"0-77"-8"+5*,4%I!"+C5,+774-%"'%("Y'%+)*"6+007"347E

0-6'04A')4-%Fc,1%4.B"+)"'0>9"#2!<G>"$)":'7"0')+,"(+)+,34%+(")*')"&(C#"(-+7"%-)"

(4,+6)01"435'6)"+5*,4%I!"+C5,+774-%";.)",+/.0')+7"b-)6*"'6)4@')4-%".57),+'3"-8"

+5*,4%I!>""?*.7"&(C#"'55+',7"%+6+77',1"8-,")*+"+C5,+774-%"-8")*+"+5*,4%I!"04/'%("

(.,4%/"(488+,+%)4')4-%":*46*":400",+7.0)"4%")*+"5,-5+,"5-74)4-%4%/"-8")+,34%'001"

(488+,+%)4')+("6+007"'0-%/")*+"6,15)"@400.7E'C47>"

L3/14=1!6191/61/?A!

" ?*+"60-7+"'77-64')4-%";+):++%"6+00"04%+'/+"'%("6'%6+,"5*+%-)15+"*'7"0-%/"

;++%",+6-/%4A+(>"?*47",'47+7")*+"5-774;404)1")*')"6+00.0',"3+6*'%4737"/-@+,%4%/"

04%+'/+"5,-048+,')4-%"'%("7.,@4@'0"(.,4%/"(+@+0-53+%)"34/*)"'07-".%(+,04+"

).3-,4/+%46"3+6*'%4737>"?*47"4(+'"*'7"0+(")-")*+"(+@+0-53+%)"-8"'"04%+'/+"

(+5+%(+%61"3-(+0"8-,"*.3'%"6'%6+,79":*+,+;1"3'7)+,",+/.0')-,7")*')"8.%6)4-%"

(.,4%/"(+@+0-53+%)"4%"75+64846')4-%9"5,-048+,')4-%"'%("(488+,+%)4')4-%9"6'%";+6-3+"

(+,+/.0')+("'%("0+'(")-"6'%6+,"F]',,':'1"'%("D+00+,79"#22PG>"D+@+,'0").3-,E

7.55,+77-,"/+%+7"'07-"*'@+"04%+'/+",+7),46)+(").3-,"4%'6)4@')4-%"5'))+,%7>"

Y,-34%+%)"+C'350+7"4%60.(+"SY&"4%"6-0-%"6'%6+,"F(+"0'"&*'5+00+9"#22<G9"ZI"4%"

,+)4%-;0'7)-3'"F&0'77-%"'%("c',0-:9"#22#G"'%("bQ!"4%"%+.,-84;,-3')-747"Fb47*4"

'%("D'1'9"!UU!G>"$%"+'6*")477.+"75+64846"+C'350+9"(47)4%6)"6+00"04%+'/+7"+4)*+,"

'66.3.0')+"/+%+)46"3.)')4-%7"4%")*+7+"/+%+7"-,".%(+,/-"OLc>""

" ?*+"&(C"),'%76,45)4-%"8'6)-,7"3'1"'07-"8.%6)4-%"'7"04%+'/+"(+5+%(+%)").3-,"

7.55,+77-,7"4%")*+"(+@+0-53+%)"-8"*.3'%"&Z&>"V*40+"&(C#"47"%-)"(++3+("'"3'7)+,"



 

"!<!"

,+/.0')-,"4%")*+"8.00"7+%7+9"4)"47"@+,1"435-,)'%)"4%"75+64846')4-%"-8")*+"4%)+7)4%+"'7"

:+00"'7"8-,"4%)+7)4%'0"4(+%)4)1"'7"(476.77+("';-@+>"Q.,)*+,3-,+9"4)"*'7";++%"7*-:%"

)*')"&(C!"'%("&(C#"'6)"'7").3-,"7.55,+77-,7"4%"&Z&"5,-/,+774-%"4%"B%-6B-.)"3-.7+"

3-(+07"FS-B4"+)"'0>9"#22KN"I-%*-33+"+)"'0>9"#22KN"c,1%4.B"+)"'0>9"#2!<G"'%(")*')"

)*+4,"0-77"6-%),4;.)+7")-"3-,+"'//,+774@+"6'%6+,7"4%"*.3'%7"FI';'"+)"'0>9"#22UN"c4%-4"

+)"'0>9"#22!N"O./04"+)"'0>9"#22XG>"$%")477.+"6.0).,+"3-(+07"-8"6-0-,+6)'0"6'%6+,9"

-@+,+C5,+774-%"-8"&ao!"'%("&ao#",+7.0)+("4%"(+6,+'7+("5,-048+,')4-%"4%"'"@',4+)1"-8"

6-0-,+6)'0"6'%6+,"6+0079"'0-%/":4)*"(+6,+'74%/").3-,"75,+'(4%/"4%"%.(+"346+"F],-77"

+)"'0>9"#22XN"].-"+)"'0>9"#22<N"H'00-"+)"'0>9"!UUXG>"&-%@+,7+019"B%-6B(-:%"-8"&ao#"4%"

DV<X2"6-0-,+6)'0"6'%6+,"6+007"6'.7+("'%"4%6,+'7+"4%")*+"5,-048+,')4@+"6'5'64)1"'0-%/"

:4)*"4%6,+'7+("4%@'74-%"'%("3+)'7)')46"5,-5+,)4+7"FS55+%(4C"Q4/.,+"<G>"$%"'((4)4-%9"

DV<X2"6+007"0'6B4%/"&ao#";+6-3+"6-35-7+("'03-7)"+C60.74@+01"-8",-.%("6+007"

4%7)+'("-8")*+4,"%-,3'0"*+)+,-/+%+-.7"+54)*+04'0"'%(",-.%("5-5.0')4-%7>"Z-.%("6+007"

*'@+";++%"5,+@4-.701"7*-:%")-"/,-:"8'7)+,9"5,-(.6+"0',/+,"6-0-%4+7"4%"7-8)"'/',"'%("

(+@+0-5"4%)-"0',/+,".%(488+,+%)4')+(").3-,7"4%"%.(+"346+"F?-34)'"+)"'0>9"!UU#G>"

?*+7+"-;7+,@')4-%7"7.//+7)")*')"&ao!"'%("&ao#";0-6B"5')*:'17",+0')+(")-").3-,"

+C5'%74-%"4%"6-0-,+6)'0"6'%6+,7"'%(")*')")*+1"3'1"5',)4645')+"4%"04%+'/+"(+5+%(+%61"

(.,4%/")*+"5,-/,+774-%"-8"&Z&9"*-:+@+,")*+"+C'6)"3+6*'%473"47"1+)")-";+"

(+)+,34%+(>"""

JB0B>1!-3>1?038/2!

V*40+"-.,"B%-:0+(/+"-8"&(C"8.%6)4-%"4%")*+"'(.0)"4%)+7)4%'0"),'6)"47"/,-:4%/"

)*+,+"',+"7)400"3'%1"-.)7)'%(4%/"T.+7)4-%7"1+)")-";+"'((,+77+(>"Q-,"+C'350+9"4)"

'55+',7")-";+":+00"+7)';047*+(")*')"(47,.5)4-%"-8"b-)6*"74/%'04%/"0+'(7")-"435,-5+,"



 

"!<#"

';7-,5)4@+"@+,7.7"7+6,+)-,1"6+00"(488+,+%)4')4-%F&,-7%4+,"+)"'0>9"#22WN"Q,+"+)"'0>9"#22WN"

@'%"R7"+)"'0>9"#22WG>""$)"47"'07-"B%-:%")*')"&(C#"(+0+)4-%"'88+6)7"b-)6*"74/%'04%/"

5*+%-6-514%/"7-3+"-8")*+"-.)6-3+7"-8"(47,.5)4-%"-8")*+"b-)6*"5')*:'1F],'4%/+,"+)"

'0>9"#2!!G>""c-:+@+,9":*+%"&(C#"47"(+0+)+("8,-3")*+"'(.0)"4%)+7)4%'0"+54)*+04.39"

(488+,+%)4')4-%"-8"'00"4%)+7)4%'0"6+00")15+7"'55+',")-";+"6-35,-347+(Fc,1%4.B"+)"'0>9"

#2!<G>""?*+,+8-,+9"&(C#"'55+',7")-"50'1"'"8.%('3+%)'0",-0+"4%"75+64846')4-%"-8")*+"

@',4-.7"4%)+7)4%'0"6+00")15+7>""Y,+0434%',1"(')'"8,-3"-.,"0';"7.//+7)7")*')"&(C#"3'1"

(4,+6)01",+/.0')+"D-CU9"'%"435-,)'%)"75+6484+,"-8"Y'%+)*"6+007FH-,4ESB41'3'"+)"'0>9"

#22`G>""S"%-%E'00+046"%-%E6-350+3+%)')4-%"'77'1";+):++%"&(C#"'%("D-CU"6-.0(";+"

.%(+,)'B+%")-"8.,)*+,".%(+,7)'%(")*47",+0')4-%7*45>"?*47"6-.0(";+"'66-35047*+("

)*,-./*")*+"/+%+,')4-%"-8"NLC.HNLC2HB+CD&),450+"*+)+,-A1/-)+7";1"6,-774%/")*+"

B+CD7I7&'00+0+FI'7)4(+"+)"'0>9"#22`G"4%)-")*+"NLC.HIHNLC27I7&)'99'(&&,+ERZ?";'6B/,-.%(>"

D4%6+"&(C#"0-77"6'.7+7"'"0'6B"-8"Y'%+)*"6+0079"'7"(-+7"0-77"-8"D-CU9"4)":-.0(";+"

5-7).0')+(")*')"),450+"*+)+,-A1/-)+7"7*-.0("'07-"0+'(")-"'"(+6,+'7+"4%"Y'%+)*"6+00"

75+64846')4-%9":*46*"6'%";+"'77+77+(";1"(488+,+%)4'0"7)'4%4%/".74%/"Y*0-C4%+E

)',),'A4%+"-,"433.%-*47)-6*+347),1"8-,"017-A13+>""L)*+,"3',B+,7"-8"3').,+"Y'%+)*"

6+00"8.%6)4-%"7.6*"'7"(+8+%74%7"6-.0("'07-";+"4%@+7)4/')+(>"S0)+,%')4@+019"&(C#"6-.0("

;+"6-%(4)4-%'001"(+0+)+("4%"Y'%+)*"6+007".74%/"'"Y'%+)*"6+00"75+64846"&,+"7.6*"'7"

E;7<AHN#;&FS(-05*"+)"'0>9"#2!KG")-"'76+,)'4%"48"&(C#"50'17"'",-0+"4%"3'4%)'4%4%/"

Y'%+)*"6+00"8.%6)4-%"'%("48"D-CU"47"4%@-0@+("4%")*')"5,-6+77>&"D4340',"7).(4+7"-8"&(C#"

4%")*+"'(.0)"4%)+7)4%'0"+54)*+04.3"'0-%/":4)*"5,-3-)+,"'%'01747"6-.0("'07-";+"

.%(+,)'B+%")-"4%@+7)4/')+"48"&(C#",+/.0')+7"-)*+,"4%)+7)4%'0"6+00"(488+,+%)4')4-%"

8'6)-,7"7.6*"'7"d08<"4%"/-;0+)"6+007"-,"b/%K"4%"+%)+,-+%(-6,4%+"6+007>"



 

"!<K"

R@+%")*-./*"3.6*"4%8-,3')4-%":'7"/'4%+("8,-3"'%'01747"-8"DV<X2"6+007":4)*"

&ao#"B%-6B(-:%9",+74(.'0"&ao#"+C5,+774-%"3'1"7)400"-;76.,+"7-3+"8.%6)4-%'0"

6-%7+T.+%6+7>""?-"/'4%"3-,+"4%74/*)"4%)-")*+",-0+"-8"&(C"4%").3-,4/+%+7479"4%)+7)4%'0"

6'%6+,"6+007"6'%";+",+%(+,+("&(C#"%.00".74%/")*+"&Z$DYZE&'7U"717)+3>"&'7U"

3+(4')+7"/+%-3+"(47,.5)4-%";1"7)43.0')4%/"(-.;0+"7),'%(";,+'B7"FaDIG"')")',/+)+("

0-64"Fc7."'%("j*'%/9"#2!#N"M,%-@"+)"'0>9"#2!2G>"aDI"',+")1546'001",+5'4,+("@4'"-%+"-8"

):-"(47)4%6)"abS",+5'4,"5')*:'17^"F4G"%-%*-3-0-/-.7"+%("[-4%4%/"FbcReG"-,"F44G"

*-3-0-/1E(4,+6)+(",+5'4,"FcaZG>"$35,-5+,",+5'4,"8,-3")*+"8-,3+,"5')*:'1"6'%"

0+'(")-"'"*4/*"8,+T.+%61"-8"4%7+,)4-%\(+0+)4-%"F4%(+0G"3.)')4-%7":*46*"6'%",+7.0)"4%"

8,'3+7*48)"3.)')4-%7"'%("5,+3').,+"7)-5"6-(-%7",+%(+,4%/"6+007"%.00"8-,")*+"/+%+"

;+4%/")',/+)+(FZ'%"+)"'0>9"#2!KG>"&+007",+%(+,+("&ao#"%.00"6-.0(")*+%";+"6-35',+("

)-":40(")15+"6+007"8-,"(488+,+%6+7"4%"/+%+"+C5,+774-%".74%/"@',4-.7")+6*%4T.+7"7.6*"'7"

346,-',,'1"-,"ZbSE7+T9"'%("&ao#"/+%-3+"-66.5'%61"4%)+,,-/')+(";1"&*$Y"7+T"-8"

:40(")15+"6+007>"&-%@+,/+%6+"-8")*+7+"):-"'%'01747"7*-.0("4(+%)481"5.)')4@+"(4,+6)"

)',/+)"/+%+7"-8"&ao#"'%("3'1"0+'(")-"8.,)*+,"4%74/*)"4%)-",+0+@'%)").3-,4/+%46"

5')*:'17>""?*+7+")',/+)"/+%+7"6'%")*+%";+"@+,484+(":4)*"'"6-3;4%')4-%"-8"(4,+6)+("

&*$Y9"RHDS"'%("0.648+,'7+"'77'17":*40+"4%"@4@-"),'%7/+%+747"3-(+04%/"6'%"@+,481"

;4-0-/46'0"8.%6)4-%"4%"4%)+7)4%'0").3-,4/+%+747>"

"8/?5B238/!

" H1":-,B"*'7",+@+'0+("'"6,4)46'0",+T.4,+3+%)"8-,"&(C#"4%")*+"(488+,+%)4')4-%"-8"

'00"6+00")15+7"-8")*+"4%)+7)4%+9"'%("7.//+7)7")*')"&(C#"47"%++(+(")-"3'4%)'4%"'"

5-7)+,4-,"4(+%)4)1"-8")*+"'(.0)"4%)+7)4%'0"+54)*+04.3>"O-77"-8"&(C#"4%"6-%[.%6)4-%":4)*"

&(C!"'07-"6'.7+7"'%)+,4-,4A')4-%"-8")*+"6-0-%9",+@+'04%/"'"%-@+0",-0+"8-,"&(C"8.%6)4-%"



 

"!<<"

4%")*+"0',/+"4%)+7)4%+>"&(C#"0-77"'07-"435'6)7"5,-8-.%(01"-%"H4%E(+5+%(+%)"

4%)+7)4%'0").3-,4/+%+747")*,-./*"(47,.5)4-%"-8"D3'(9"b-)6*"'%("R5*E+5*,4%"

74/%'04%/":*46*"4%").,%"6-%),4;.)+7")-")*+"4%6,+'7+(").3-,4/+%+747"7++%")*,-./*-.)"

)*+"4%)+7)4%'0"),'6)>""$"*'@+"'07-"(+76,4;+("'"5')*:'1":*+,+4%"&(C#",+/.0')+7"

+5*,4%I!"+C5,+774-%")*,-./*"'6)4@')4-%"-8"b-)6*"74/%'04%/9"-88+,4%/"'"3+6*'%47)46"

;'747"8-,")*+"'0)+,+("6+00"7-,)4%/"7++%"4%"&(C"3.)'%)").3-,7>"?*47":-,B":400"*+05")-"

8.,)*+,".%(+,7)'%(")*+",-0+"-8"&(C"'%("*'7"435-,)'%)"435046')4-%7",+/',(4%/"-.,"

.%(+,7)'%(4%/"-8"4%)+7)4%'0"(47+'7+79"4%60.(4%/"*.3'%"6-0-,+6)'0"6'%6+,>"

"
"  



 

"!<W"

('J'('+"'C!

"

S(-05*9"?>R>9"?-36A'B9"H>Q>9"b4+(+,,+4)+,9"O>9"d-9"c>e>9"I-6B9"e>9"H',)4%+AEb'@+79"R>9"
]046B3'%9"e>b>9"?76*.,)76*+%)*'0+,9"H>9"c',):4/9"e>9"c-7-349"D>%&;*&<9="F#2!KG>"Y'%+)*"
6+007"'7"'"74)+"-8"-,4/4%"8-,"4%)+7)4%'0"4%80'33')4-%>"b').,+"$a5%&#`#E#`P>"

S/+00-%9"O>I>9"?-)*9"H>e>9"'%("?*-37-%9"S>I>"F#22#G>"$%),'6+00.0',"0454(";4%(4%/"
5,-)+4%7"-8")*+"73'00"4%)+7)4%+>"H-0>"&+00>"I4-6*+3>"25D%&`UEX#>"

SB*.,7)9"Z>e>9"'%("a+,1%6B9"Z>"F#22!G>"?]QE;+)'"74/%'04%/"4%"6'%6+,EE'"(-.;0+E+(/+("
7:-,(>"?,+%(7"&+00"I4-0>"..%&D<<EW!>"

S0;+,4649"Y>9"e'/3-*'%E&*'%/.,9"D>9"a+"Y')+,9"R>9"i'%"a+,"i'0B9"H>9"D34)79"Z>9"
c-*+%7)+4%9"Y>9"'%("Q-((+9"Z>"F#22PG>"D3'(<"*'50-4%7.88464+%61"4%"3-.7+"3-(+07"8-,"
4%)+7)4%'0"6'%6+,>"L%6-/+%+"2$%&!X<!E!XW!>"

S0B*-.,19"Q>9"H'0-9"H>D>9"H-A.3(+,9"H>9"H-7)'8'9"]>9"'%("c-(4%9"Z>S>"F#22WG>"
a488+,+%)4'0",+/.0')4-%"-8"4%)+7)4%'0"'0B'04%+"5*-75*')'7+"/+%+"+C5,+774-%";1"&(C!"
'%("&(C#>"S3>"e>"Y*174-0>"]'7),-4%)+7)>"O4@+,"Y*174-0>"2VD%&]#XWEU2>"

S37+%9"a>9"S%)-@9"S>9"'%("Q0'@+009"Z>S>"F#22UG>"?*+"(488+,+%)"8'6+7"-8"b-)6*"4%"?E
*+05+,E6+00"(488+,+%)4')4-%>"b')>"Z+@>"$33.%-0>"D%&!!PE!#<>"

S%(,+.9"Y>9"&-0%-)9"D>9"]-(',(9"&>9"]'(9"D>9"&*'8+19"Y>9"b4:'Ed':'B4)'9"H>9"O'.,+%)EY.4/9"
Y>9"d'*%9"S>9"Z-;4%+9"D>9"Y+,,+)9"&>9"'%("Z-3'/%-0-9"I>"F#22WG>"&,15)E,+7),46)+("
5,-048+,')4-%"'%("6-334)3+%)")-")*+"Y'%+)*"6+00"04%+'/+"8-00-:4%/"S56"0-77"4%")*+"
3-.7+"4%)+7)4%+>"a+@+0-53+%)".52%&!<<KE!<W!>"

S-B49"d>9"?'3'49"t>9"c-,44B+9"D>9"L7*43'9"H>9"'%("?'B+)-9"H>H>"F#22KG>"&-0-%46"
5-015-747"6'.7+(";1"3?LZE3+(4')+("6*,-3-7-3'0"4%7)';404)1"4%"S56_\a+0)'`!P"
&(C#_\E"6-35-.%("3.)'%)"346+>"b')>"]+%+)>"5$%&K#KEKK2>"

S,%-0(9"d>9"D',B',9"S>9"t,'39"H>S>9"Y-0-9"e>H>9"I,-%7-%9"Z>9"D+%/.5)'9"D>9"D+'%(+09"H>9"
]+4[7+%9"b>9"'%("c-6*+(04%/+,9"d>"F#2!!G>"D-C#F_G"'(.0)"7)+3"'%("5,-/+%4)-,"6+007"',+"
435-,)'%)"8-,")477.+",+/+%+,')4-%"'%("7.,@4@'0"-8"346+>"&+00>"D)+3"&+00>"D%&K!`EK#U>"

I';'9"t>9"b-7*-9"d>9"D*43'9"d>9"Q,++(9"R>9"$,'*','9"b>9"Y*404579"e>9"H+1+,*',()9"e>S>9"
c-,%46B9"e>O>9"D*4@('7'%49"Z>S>9"Q.6*79"&>D>9"'%("L/4%-9"D>"F#22UG>"Z+0')4-%7*45"-8"&ao#"
0-77":4)*"3-0+6.0',"8+').,+7"'%("5,-/%-747"4%"6-0-,+6)'0"6'%6+,>"&04%>"&'%6+,"Z+7>".$%&
<PPWE<P`K>"

I'B',479"D>9"&+)4%B'1'9"S>9"RA;+,649"Q>9"'%("RB+,;46+,9"c>"F#22XG>"RC5,+774-%"-8"
*-3+-(-3'4%"5,-)+4%"&ao#"4%"6-0-,+6)'0"'(+%-3'"'%("'(+%-6',64%-3'>"c47)-0>"
c47)-5')*-0>"25%&!2<KE!2<`>"



 

"!<P"

I'BB+;-9"H>9"c.7+9"d>9"c40(+%9"i>$>9"Q-,8'%/9"O>9"H1B0+;.7)9"e>c>9"D3+0'%(9"R>I>9"'%("
LB7@-0(9"H>Y>"F#2!#G>"DSZS"47"(475+%7';0+"8-,"8.%6)4-%'0"?]QE;+)'"74/%'04%/>"QRID"
O+))>"$VA%&KKP`EKK`#>"

I',B+,9"b>9"@'%"R79"e>c>9"e'B79"i>9"d'75+,9"H>9"D%455+,)9"c>9"?-8)/',(9"Z>9"'%("&0+@+,79"c>"
F#22XG>"i+,1"0-%/E)+,3"7+08E,+%+:'0"-8"73'00"4%)+7)4%+9"6-0-%9"'%("*'4,"8-00460+7"8,-3"
61604%/"O/,W_@+"7)+3"6+007>"&-0("D5,4%/"c',;>"D135>"z.'%)>"I4-0>"b5%&KW!EKWP>"

I',B+,9"b>9"@'%"R79"e>c>9"d.45+,79"e>9"d.['0'9"Y>9"@'%"(+%"I-,%9"H>9"&-A4[%7+%9"H>9"
c'+/+;',)*9"S>9"d-,@4%/9"e>9"I+/)*+09"c>9"Y+)+,79"Y>e>9"'%("&0+@+,79"c>"F#22`G>"
$(+%)4846')4-%"-8"7)+3"6+007"4%"73'00"4%)+7)4%+"'%("6-0-%";1"3',B+,"/+%+"O/,W>"b').,+"
::D%&!22KE!22`>"

I',B+,9"b>9"@'%"L.(+%'',(+%9"S>9"'%("&0+@+,79"c>"F#2!#G>"$(+%)4814%/")*+"7)+3"6+00"-8"
)*+"4%)+7)4%'0"6,15)^"7),')+/4+7"'%("54)8'007>"&+00>"D)+3"&+00>"..%&<W#E<P2>"

I',%',(9"e>S>9"I+'.6*'359"Z>a>9"&-88+19"Z>e>9"'%("H-7+79"c>O>"F!UXUG>"Z+/.0')4-%"-8"
4%)+7)4%'0"+54)*+04'0"6+00"/,-:)*";1"),'%78-,34%/"/,-:)*"8'6)-,")15+";+)'>"Y,-6>"b')0>"
S6'(>"D64>"M>"D>"S>"VA%&!W`XE!WX#>"

I'7)4(+9"Y>9"a',4(-9"&>9"Y'%%+T.4%9"e>9"d47)9"Z>9"Z-;4%+9"D>9"H',)1Ea-.;0+9"&>9"I4;+'.9"Q>9"
D6*+,+,9"]>9"e-.;+,)9"a>9"c-00'%(+9"Q>9"I0'6*+9"Y>9"'%("e'19"Y>"F#22`G>"D-CU",+/.0')+7"6+00"
5,-048+,')4-%"'%("47",+T.4,+("8-,"Y'%+)*"6+00"(488+,+%)4')4-%"4%")*+"4%)+7)4%'0"
+54)*+04.3>"e>"&+00"I4-0>".bV%&PKWEP<X>"

I')00+9"R>9"I'6'%49"e>9"I+/)*+09"c>9"e-%B*++,9"D>9"],+/-,4+889"S>9"@'%"(+"I-,%9"H>9"H'0')79"
b>9"D'%6*-9"R>9"I--%9"R>9"Y':7-%9"?>%&;*&<9="F#22WG>"R5*I",+6+5)-,"'6)4@4)1"7.55,+77+7"
6-0-,+6)'0"6'%6+,"5,-/,+774-%>"b').,+":5$%&!!#PE!!K2>"

I')00+9"R>9"c+%(+,7-%9"e>?>9"I+/*)+09"c>9"@'%"(+%"I-,%9"H>H>9"D'%6*-9"R>9"c.079"]>9"
H++0(4[B9"e>9"Z-;+,)7-%9"e>9"@'%"(+"V+)+,4%/9"H>9"Y':7-%9"?>9"'%("&0+@+,79"c>"F#22#G>"
I+)'E6')+%4%"'%("?&Q"3+(4')+"6+00"5-74)4-%4%/"4%")*+"4%)+7)4%'0"+54)*+04.3";1"
6-%),-004%/")*+"+C5,+774-%"-8"R5*I\+5*,4%I>"&+00"...%&#W!E#PK>"

I')00+9"R>9"c+%(+,7-%9"e>?>9"I+/*)+09"c>9"@'%"(+%"I-,%9"H>H>9"D'%6*-9"R>9"c.079"]>9"
H++0(4[B9"e>9"Z-;+,)7-%9"e>9"@'%"(+"V+)+,4%/9"H>9"Y':7-%9"?>9"'%("&0+@+,79"c>"F#22#G>"
I+)'E6')+%4%"'%("?&Q"3+(4')+"6+00"5-74)4-%4%/"4%")*+"4%)+7)4%'0"+54)*+04.3";1"
6-%),-004%/")*+"+C5,+774-%"-8"R5*I\+5*,4%I>"&+00"...%&#W!E#PK>"

I'.7EO-%6',9"H>9"O.;B'9"H>9"Y.76*9"&>H>9"L))-9"V>Z>9"Y-.07-39"Z>9"'%("I04%9"b>"F#22`G>"
&1)-B4%+",+/.0')4-%"-8")*+"),+8-40"8'6)-,"8'3401";4%(4%/"5,-)+4%"]db#"
F]aaZ\?Q$j!\;0-))4%G"4%"*.3'%"/'7),-4%)+7)4%'0"+54)*+04'0"6+007>"&+00>"Y*174-0>"
I4-6*+3>"2a%&!UKE#2<>"



 

"!<`"

I+6B9"Q>9"&*':+%/7'B7-5*'B9"d>9"O.6B+))9"e>9"]4;0+))9"D>9"?.6649"e>9"I,-:%9"e>9"Y-.07-39"Z>9"
e+88+,19"Z>9"'%("V,4/*)9"b>S>"F#22KG>"S"7).(1"-8",+/4-%'0"/.)"+%(-(+,3"5-)+%61";1"
'%'01747"-8"&(C#"%.00"3.)'%)"6*43'+,46"346+>"a+@>"I4-0>"2$$%&KUUE<2P>"

I+6B9"Q>9"&*':+%/7'B7-5*'B9"d>9"V',4%/9"Y>9"Y0'18-,(9"Z>e>9"'%("Q.,%+779"e>I>"F!UUUG>"
Z+5,-/,'334%/"-8"4%)+7)4%'0"(488+,+%)4')4-%"'%("4%)+,6'0',1",+/+%+,')4-%"4%"&(C#"
3.)'%)"346+>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>"DA%&`K!XE`K#K>"

I+6B9"Q>9"'%("D),4%/+,9"R>e>"F#2!2G>"?*+",-0+"-8"&(C"/+%+7"4%")*+"/.)"'%("4%"'C4'0"
(+@+0-53+%)>"I4-6*+3>"D-6>"?,'%7>"5V%&KWKEKW`>"

I4,B+%B'35Ea+3),-(+,9"d>9"L0+7+%9"D>c>9"D-,+%7+%9"Q>I>9"O'.,;+,/9"D>9"O'4*-9"Y>9"
S'0)-%+%9"O>S>9"'%("L,%)-8)9"?>Q>"F#22WG>"a488+,+%)4'0"/+%+"+C5,+774-%"4%"6-0-%"6'%6+,"
-8")*+"6'+6.3"@+,7.7")*+"74/3-4("'%(",+6)-74/3-4(>"].)"$:%&K`<EKX<>"

I[+,B%+79"H>9"'%("&*+%/9"c>"F!UX!G>"?*+"7)+3E6+00"A-%+"-8")*+"73'00"4%)+7)4%'0"
+54)*+04.3>"$>"R@4(+%6+"8,-3"Y'%+)*"6+007"4%")*+"'(.0)"3-.7+>"S3>"e>"S%')>".Aa%&W!EPK>"

I-%*-33+9"&>9"&'0-%9"S>9"H',)4%9"R>9"Z-;4%+9"D>9"b+.@400+9"S>9"d+(4%/+,9"H>9"a-3-%E
a+009"&>9"a.0.69"$>9"'%("Q,+.%(9"e>b>"F#22XG>"&(C!9"'"(475+%7';0+"*-3+-;-C"/+%+"8-,"/.)"
(+@+0-53+%)":4)*"0434)+("+88+6)"4%"4%)+7)4%'0"6'%6+,>"L%6-/+%+"2b%&<<U`E<W2#>"

I-%*-33+9"&>9"a.0.69"$>9"H',)4%9"R>9"&*':+%/7'B7-5*'B9"d>9"&*+%',(9"H>Y>9"d+(4%/+,9"
H>9"I+6B9"Q>9"Q,+.%(9"e>b>9"'%("a-3-%Ea+009"&>"F#22KG>"?*+"&(C#"*-3+-;-C"/+%+"*'7"'"
).3-.,"7.55,+77-,"8.%6)4-%"4%")*+"(47)'0"6-0-%"4%"'((4)4-%")-"'"*-3+-)46",-0+"(.,4%/"
/.)"(+@+0-53+%)>"].)"$2%&!<PWE!<`!>"

I-%4%-9"e>S>9"'%("D*',3'9"Y>"F#22<G>"I',,+))"+7-5*'/.7>"&.,,>"L54%>"]'7),-+%)+,-0>"2a%&
K`WEKX2>"

I-.(,+'.9"Q>9"Z4%/79"R>c>9"@'%"V+,4%/9"c>H>9"d439"Z>d>9"D:'4%9"]>Y>9"d,'74%7B49"D>a>9"
H-88+))9"e>9"],'%(9"Z>e>9"D.*9"R>Z>9"'%("?,';+,9"Y>]>"F#22#G>"c+5')-61)+"%.60+',"8'6)-,E!"
'05*'9"]S?SE<9"'%("6'.('0",+0')+("*-3+-(-3'4%"5,-)+4%"&(C#"4%)+,'6)"8.%6)4-%'001"
)-"3-(.0')+"4%)+7)4%'0"/+%+"),'%76,45)4-%>"$35046')4-%"8-,")*+"(+@+0-53+%)'0"
,+/.0')4-%"-8")*+"7.6,'7+E47-3'0)'7+"/+%+>"e>"I4-0>"&*+3>"2bb%&K!U2UEK!U!`>"

I-:+%9"Z>"F#22<G>"I3?>84/408:A!8<!0;1!-3=120371!&BK1>"

I,';0+)A9"?>9"D5'(+,%'9"D>9"d-0;9"e>9"c0.;+B9"Q>9"Q'00+,9"]>9"I,.%79"&>e>9"e.%/9"S>9"b+%):46*9"
e>9"a.0.69"$>9"a-3-%Ea+009"&>9"d4,6*%+,9"?>9"'%("Q,+.%(9"e>b>"F#22<G>"a-:%E,+/.0')4-%"-8"
)*+"*-3+-(-3'4%"8'6)-,"&(C#"4%"6-0-,+6)'0"6'%6+,";1"6-00'/+%")15+"$^"'%"'6)4@+",-0+"
8-,")*+").3-,"+%@4,-%3+%)"4%"3'04/%'%)").3-,"5,-/,+774-%>"&'%6+,"Z+7>"A:%&PU`KE
PU``>"

I,-:%9"e>a>9"a4&*4','9"H>Z>9"S%(+,7-%9"d>Z>9"]43;,-%+9"H>S>9e,9"'%("?-55+,9"e>b>"
F!UUUG>"HRddE!9"'"6-35-%+%)"-8")*+"7),+77"F7),+77E'6)4@')+("5,-)+4%"B4%'7+\6Ee.%"bE



 

"!<X"

)+,34%'0"B4%'7+G"5')*:'19"6'%"7+0+6)4@+01"'6)4@')+"D3'(#E3+(4')+("),'%76,45)4-%'0"
'6)4@')4-%"4%"+%(-)*+04'0"6+007>"e>"I4-0>"&*+3>"2b:%&X`U`EXX2W>"

&*':+%/7'B7-5*'B9"d>9"e'3+79"Z>9"c'33-%(9"i>R>9"d-%)/+%9"Q>9"'%("I+6B9"Q>"F!UU`G>"
c-3+-747"'%("4%)+7)4%'0").3-.,7"4%"&(C#"3.)'%)"346+>"b').,+"5VA%&X<EX`>"

&*+%/9"c>9"'%("O+;0-%(9"&>Y>"F!U`<G>"L,4/4%9"(488+,+%)4')4-%"'%(",+%+:'0"-8")*+"8-.,"
3'4%"+54)*+04'0"6+00")15+7"4%")*+"3-.7+"73'00"4%)+7)4%+>"i>"M%4)',4'%"?*+-,1"-8")*+"
-,4/4%"-8")*+"8-.,"+54)*+04'0"6+00")15+7>"S3>"e>"S%')>".:.%&WK`EWP!>"

&*-9"b>O>9"e'@4(9"D>c>9"&',-)*+,79"S>H>9"Z+(7)-%9"H>9"'%("I+,)'/%-0049"H>H>"F#22`G>"
R7),-/+%",+6+5)-,7"'05*'"'%(";+)'"',+"4%*4;4)-,1"3-(484+,7"-8"S56E(+5+%(+%)"
).3-,4/+%+747"4%")*+"5,-C43'0"6-0-%"-8"H4%\_"346+>"&'%6+,"Z+7>"Ab%&#KPPE#K`#>"

&*.%9"D>t>9"&*+%9"Q>9"V'7*;.,%9"e>]>9"H'6a-%'0(9"e>V>9"$%%+79"d>O>9"j*'-9"Z>9"&,.AE
&-,,+'9"H>Z>9"a'%/9"O>c>9"'%("a'%/9"a>?>"F#22`G>"&ao#"5,-3-)+7"'%6*-,'/+E
4%(+5+%(+%)"/,-:)*";1"),'%76,45)4-%'0",+5,+774-%"-8"$]QIYEK>"L%6-/+%+"2A%&<`#WE
<`#U>"

&*.%/9"a>&>"F#222G>"?*+"/+%+)46";'747"-8"6-0-,+6)'0"6'%6+,^"4%74/*)7"4%)-"6,4)46'0"
5')*:'17"-8").3-,4/+%+747>"]'7),-+%)+,-0-/1"..D%&XW<EXPW>"

&*.%/9"O>Y>9"d+7*'@9"D>9"'%("]-,(-%9"D>"F!UXXG>"&0-%4%/")*+"*.3'%"017-A13+"6abS^"
4%@+,)+("S0.",+5+')"4%")*+"3ZbS"'%("4%"74)."*1;,4(4A')4-%"8-,"3'6,-5*'/+7"'%("
Y'%+)*"6+007>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>"V$%&P##`EP#K!>"

&0'77-%9"H>9"'%("c',0-:9"R>"F#22#G>"?*+",+)4%-;0'7)-3'").3-.,"7.55,+77-,"4%"
(+@+0-53+%)"'%("6'%6+,>"b')>"Z+@>"&'%6+,>"2%&U!2EU!`>"

&0+@+,79"c>"F#22PG>"V%)\;+)'E6')+%4%"74/%'04%/"4%"(+@+0-53+%)"'%("(47+'7+>"&+00".2b%&
<PUE<X2>"

&0+@+,79"c>9"'%("I')00+9"R>"F#22PG>"R5*I\R5*,4%I",+6+5)-,7"'%("V%)"74/%'04%/"4%"
6-0-,+6)'0"6'%6+,>"&'%6+,"Z+7>"AA%&#EW>"

&-00+15,4+7)9"I>e>9"Q',,'%)9"e>H>9"D0'6B9"e>H>9"'%("?-7*9"a>"F#2!2G>"?*+",-0+"-8"&(C#"4%"
I',,+))q7"3+)'50'74'>"I4-6*+3>"D-6>"?,'%7>"5V%&KP<EKPU>"

&-00+15,4+7)9"I>e>9"Y'03+,9"Z>H>9"V',(9"D>]>9"'%("?-7*9"a>"F#22UG>"&(C"/+%+79"
4%80'33')4-%"'%(")*+"5')*-/+%+747"-8"I',,+))q7"3+)'50'74'>"?,+%(7"H-0>"H+(>".$%&
K!KEK##>"

&-,)4%'9"&>9"Y'0-3-EY-%6+9"D>9"$/0+74'79"H>9"Q+,%'%(+AEH'7459"e>O>9"i4@'%6-79"S>9"
V*477+009"]>9"c.3'9"H>9"Y+4,-9"b>9"]'00+/-9"O>9"e-%B*++,9"D>%&;*&<9="F#22`G>"R5*IE+5*,4%EI"
4%)+,'6)4-%7"7.55,+77"6-0-,+6)'0"6'%6+,"5,-/,+774-%";1"6-35',)3+%)'04A4%/").3-,"
6+007>"b')>"]+%+)>"5D%&!K`PE!KXK>"



 

"!<U"

&,-7%4+,9"&>9"i',/+77-%9"b>9"]76*3+477%+,9"D>9"S,4A'EH6b'./*)-%9"O>9"H-,,47-%9"S>9"'%("
O+:479"e>"F#22WG>"a+0)'Eb-)6*"74/%'004%/"6-%),-07"6-334)3+%)")-"'"7+6,+)-,1"8')+"4%"
)*+"A+;,'847*"4%)+7)4%+>"a+@+0-53+%)".52%&!2UKE!!2<>"

a'@4(7-%9"S>e>9"'%("j-%9"O>$>"F#22PG>"?*+"6'.('0E,+0')+("*-3+-;-C"/+%+7"6(C!'"'%("
6(C<"'6)",+(.%('%)01")-",+/.0')+"*-C"/+%+"+C5,+774-%"'%(")*+"8-,3')4-%"-8"5.)')4@+"
*+3')-5-4+)46"7)+3"6+007"(.,4%/"A+;,'847*"+3;,1-/+%+747>"a+@>"I4-0>"2D2%&W2PEW!X>"

(+"0'"&*'5+00+9"S>"F#22<G>"]+%+)46"5,+(475-74)4-%")-"6-0-,+6)'0"6'%6+,>"b')>"Z+@>"
&'%6+,>":%&`PUE`X2>"

(+"D'%)'"I',;','9"Y>9"@'%"(+%"I,4%B9"]>Z>9"'%("Z-;+,)79"a>e>"F#22KG>"a+@+0-53+%)"'%("
(488+,+%)4')4-%"-8")*+"4%)+7)4%'0"+54)*+04.3>"&+00"H-0>"O48+"D64>"Aa%&!K##E!KK#>"

a+',-089"&>Z>9"?-5-09"e>9"'%("Y',B+,9"&>D>"F!UXUG>"?*+"6'.('0"/+%+"5,-(.6)"47"'"(4,+6)"
'6)4@')-,"-8"8.7*4")','A."),'%76,45)4-%"(.,4%/"a,-7-5*40'"+3;,1-/+%+747>"b').,+"
5:.%&K<2EK<K>"

a+;,.1%+9"Y>Z>9"V4)+B9"H>9"]-%/9"O>9"I4,;+9"Z>9"&*+,@-%+@'9"$>9"e4%9"?>9"a-3-%E&+009"&>9"
Y'0'AA-9"e>Y>9"Q,+.%(9"e>b>9"O49"Y>%&;*&<9="F#22PG>"I40+"'64(7"4%(.6+"+6)-546"+C5,+774-%"-8"
4%)+7)4%'0"/.'%1010"6160'7+"&"?*,-./*"%.60+',"8'6)-,EB'55'I"'%("&(C#"4%"*.3'%"
+7-5*'/+'0"6+007>"]'7),-+%)+,-0-/1".5a%&!!U!E!#2P>"

a+,1%6B9"Z>9"SB*.,7)9"Z>e>9"'%("I'03'4%9"S>"F#22!G>"?]QE;+)'"74/%'04%/"4%").3-,"
7.55,+774-%"'%("6'%6+,"5,-/,+774-%>"b')>"]+%+)>"2D%&!!`E!#U>"

a-3-%Ea+009"&>9"D6*%+4(+,9"S>9"H-.6'(+09"i>9"].+,4%9"R>9"].+%-)9"a>9"S/.400-%9"D>9"a.0.69"
$>9"H',)4%9"R>9"$-@'%%'9"e>9"O'.%'19"e>Q>%&;*&<9="F#22KG>"&(C!"*-3+-;-C"/+%+"(.,4%/"
*.3'%"6-0-%"6'%6+,"5,-/,+774-%>"L%6-/+%+"22%&`U!KE`U#!>"

aqD-.A'9"I>9"H41'3-)-9"S>9"'%("V+4%3'7)+,9"]>"F#22XG>"?*+"3'%1"8'6+)7"-8"b-)6*"
04/'%(7>"L%6-/+%+"2b%&W!<XEW!P`>"

+0"H',[-.9"Q>9"e'%77+%9"d>Y>9"&*'%/9"I>c>9"O49"H>9"c4%(4+9"i>9"&*'%9"O>9"O-.@',(9"a>9"
&*'3;-%9"Y>9"H+)A/+,9"a>9"'%("Z-;4%+9"D>"F#22<G>"?477.+E75+64846"'%("4%(.64;0+"&,+E
3+(4')+(",+6-3;4%')4-%"4%")*+"/.)"+54)*+04.3>"]+%+747"5D%&!XPE!UK>"

Q';+,9"d>9"I.004%/+,9"O>9"Z'/.9"&>9"]',(4%/9"S>9"H+,)+%79"a>9"H400+,9"&>9"H',)4%9"a>9"
V'06*+,9"a>9"a-*%+,9"d>9"a-*%+,9"c>%&;*&<9="F#2!KG>"&ao#E(,4@+%"0+.B+3-/+%+747"
4%@-0@+7"dOQ<",+5,+774-%"'%("(+,+/.0')+("YYSZ/'33'"74/%'04%/>"e>"&04%>"$%@+7)>".25%&
#UUEK!<>"

Q'.C9"H>&>9"Z-779"e>O>9"H++B+,9"&>9"e-*%79"?>9"e49"c>9"D4357-%9"Z>e>9"O'1)-%9"H>e>9"'%("
I.,/+779"S>V>"F#22<G>"Z+7)-,')4-%"-8"8.00E0+%/)*"'(+%-3')-.7"5-015-747"6-04"FSY&G"
5,-)+4%"4%"'"6-0-%"6'%6+,"6+00"04%+"+%*'%6+7"6+00"'(*+74-%>"e>"&+00>"D64>"..b%&<#`E<KU>"



 

"!W2"

Q+',-%9"R>Z>9"'%("i-/+07)+4%9"I>"F!UU2G>"S"/+%+)46"3-(+0"8-,"6-0-,+6)'0").3-,4/+%+747>"
&+00"A.%&`WUE`P`>"

Q+@,9"?>9"Z-;4%+9"D>9"O-.@',(9"a>9"'%("c.+07B+%9"e>"F#22`G>"V%)\;+)'E6')+%4%"47"
+77+%)4'0"8-,"4%)+7)4%'0"*-3+-7)'747"'%("3'4%)+%'%6+"-8"4%)+7)4%'0"7)+3"6+007>"H-0>"
&+00>"I4-0>"2b%&`WW!E`WWU>"

Q-((+9"Z>9"'%("I,';0+)A9"?>"F#22`G>"V%)\;+)'E6')+%4%"74/%'04%/"4%"6'%6+,"7)+3%+77"
'%("3'04/%'%)";+*'@4-,>"&.,,>"L54%>"&+00"I4-0>".D%&!W2E!WX>"

Q-,;+79"D>S>9"I4%('09"b>9"I'38-,(9"D>9"&-0+9"&>9"d-B9"&>t>9"I+',+9"a>9"e4'9"H>9"D*+5*+,(9"Z>9"
O+.%/9"d>9"H+%A4+79"S>%&;*&<9="F#2!!G>"&LDH$&^"34%4%/"6-350+)+"6'%6+,"/+%-3+7"4%")*+"
&')'0-/.+"-8"D-3')46"H.)')4-%7"4%"&'%6+,>"b.60+46"S64(7"Z+7>"5D%&aU<WEW2>"

Q-,)4%49"H>R>"F#22UG>"b-)6*"74/%'04%/^")*+"6-,+"5')*:'1"'%("4)7"5-7)),'%70')4-%'0"
,+/.0')4-%>"a+@>"&+00>".A%&PKKEP<`>"

Q,+9"D>9"c.1/*+9"H>9"H-.,4B479"Y>9"Z-;4%+9"D>9"O-.@',(9"a>9"'%("S,)'@'%47E?7'B-%'79"D>"
F#22WG>"b-)6*"74/%'07"6-%),-0")*+"8')+"-8"433').,+"5,-/+%4)-,"6+007"4%")*+"4%)+7)4%+>"
b').,+":5$%&UP<EUPX>"

Q,+9"D>9"Y'00'@49"D>d>9"c.1/*+9"H>9"O'+9"H>9"e'%77+%9"d>Y>9"Z-;4%+9"D>9"S,)'@'%47E?7'B-%'79"
D>9"'%("O-.@',(9"a>"F#22UG>"b-)6*"'%("V%)"74/%'07"6--5+,')4@+01"6-%),-0"6+00"
5,-048+,')4-%"'%(").3-,4/+%+747"4%")*+"4%)+7)4%+>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>".aA%&
PK2UEPK!<>"

Q.%';'9"H>9"j433+,3'%9"&>H>9"'%("H')*+:79"O>D>"F#22#G>"H-(.0')4-%"-8"D3'(#E
3+(4')+("74/%'04%/";1"+C),'6+00.0',"74/%'0E,+/.0')+("B4%'7+>"e>"I4-0>"&*+3>"2bb%&
<!KP!E<!KPX>"

Q.%'B-7*49"D>9"d-%/9"e>9"&,477+19"H>S>9"a'%/9"O>9"a'%/9"a>9"'%("O1%6*9"e>Y>"F#2!2G>"
$%)+7)4%+E75+64846"),'%76,45)4-%"8'6)-,"&(C#"4%(.6+7"RE6'(*+,4%"8.%6)4-%";1"
+%*'%64%/")*+"),'8846B4%/"-8"RE6'(*+,4%")-")*+"6+00"3+3;,'%+>"S3>"e>"Y*174-0>"
]'7),-4%)+7)>"O4@+,"Y*174-0>"2DD%&]!2W<EP`>"

]'-9"b>9"'%("d'+7)%+,9"d>c>"F#2!2G>"&(C#",+/.0')+7"+%(-E017-7-3'0"8.%6)4-%"'%("
+54)*+04'0"6+00"5-0',4)1>"]+%+7"a+@>"2:%&!#UWE!K2W>"

]'-9"b>9"V*4)+9"Y>9"'%("d'+7)%+,9"d>c>"F#22UG>"R7)';047*3+%)"-8"4%)+7)4%'0"4(+%)4)1"'%("
+54)*+04'0E3+7+%6*13'0"74/%'04%/";1"&(C#>"a+@>"&+00>".A%&WXXEWUU>"

]'-9"b>9"V*4)+9"Y>9"'%("d'+7)%+,9"d>c>"F#22UG>"R7)';047*3+%)"-8"4%)+7)4%'0"4(+%)4)1"'%("
+54)*+04'0E3+7+%6*13'0"74/%'04%/";1"&(C#>"a+@>"&+00>".A%&WXXEWUU>"

]',,':'19"O>S>9"'%("D+00+,79"V>Z>"F#22PG>"Q,-3"4%)+/,')+("/+%-3467")-").3-,"04%+'/+"
(+5+%(+%61>"&'%6+,"Z+7>"AA%&#W2PE#W2X>"



 

"!W!"

]'75',9"&>9"'%("Q-((+9"Z>"F#22<G>"SY&"(-7'/+"+88+6)7"4%").3-,4/+%+747"'%("7)+3"6+00"
(488+,+%)4')4-%>"$%)>"e>"a+@>"I4-0>":V%&K``EKXP>"

]-%)'%9"&>9"(+"H.%6B9"S>9"i+,3+4[9"H>9"],-7@+0(9"Q>9"?4;;-+09"a>9"'%("Z-))4+,9"Z>"F#22XG>"
D-C#"47"435-,)'%)"8-,"):-"6,.64'0"5,-6+77+7"4%"0.%/"(+@+0-53+%)^";,'%6*4%/"
3-,5*-/+%+747"'%("+54)*+04'0"6+00"(488+,+%)4')4-%>"a+@>"I4-0>"5.b%&#UPEK2U>"

],'(19"V>H>9"'%("H',B-:4)A9"D>a>"F#22#G>"]+%+)46"'%("+54/+%+)46"'0)+,')4-%7"4%"6-0-%"
6'%6+,>"S%%.>"Z+@>"]+%-3467"c.3>"]+%+)>"5%&!2!E!#X>"

],'4%/+,9"D>9"c,1%4.B9"S>9"'%("O-*%+79"a>"F#2!KG>"&(C!"'%("&(C#"+C*4;4)"
),'%76,45)4-%'0"75+648464)1"4%")*+"4%)+7)4%+>"YO-D"L%+"V%&+W<`W`>"

],'4%/+,9"D>9"O'39"e>9"D'@-,19"e>]>9"H+',79"S>e>9"Z4[049"Q>H>9"'%("O-*%+79"a>"F#2!!G>"&(C"
,+/.0')+7"a00!"4%"3.0)450+"04%+'/+7>"a+@>"I4-0>""

],'4%/+,9"D>9"D'@-,19"e>]>9"'%("O-*%+79"a>"F#2!2G>"&(C#",+/.0')+7"5'))+,%4%/"-8")*+"
4%)+7)4%'0"+54)*+04.3>"a+@>"I4-0>"55D%&!WWE!PW>"

],++%;0'))9"a>t>9"i'66',-9"S>H>9"e'7B.0'EDA).09"Z>9"b4%/9"O>9"c'13',)9"H>9"
d.%%43'0'41''%9"H>9"'%("&*+%9"c>"F#22`G>"i'05,-46"'64("'6)4@')+7"%-)6*E!"74/%'04%/"
'%(",+/.0')+7")*+"%+.,-+%(-6,4%+"5*+%-)15+"4%"6',64%-4("6'%6+,"6+007>"L%6-0-/47)"
.2%&U<#EUW!>"

],+/-,4+889"S>9"'%("&0+@+,79"c>"F#2!2G>"$%"74)."*1;,4(4A')4-%")-"4(+%)481"/.)"7)+3"6+007>"
&.,,>"Y,-)-6>"D)+3"&+00>"I4-0>"NM<J*;#&2%&M%4)"#Q>!>"

],+/-,4+889"S>9"'%("&0+@+,79"c>"F#22WG>"V%)"74/%'04%/"4%")*+"4%)+7)4%'0"+54)*+04.3^"
8,-3"+%(-(+,3")-"6'%6+,>"]+%+7"a+@>".D%&X``EXU2>"

],-779"$>9"a.0.69"$>9"I+%'3+.,9"?>9"&'0-%9"S>9"H',)4%9"R>9"I,';0+)A9"?>9"d+(4%/+,9"H>9"
a-3-%Ea+009"&>9"'%("Q,+.%(9"e>b>"F#22XG>"?*+"4%)+7)4%+E75+64846"*-3+-;-C"/+%+"&(C#"
(+6,+'7+7"3-;404)1"'%("'%)'/-%4A+7"(477+34%')4-%"-8"6-0-%"6'%6+,"6+007>"L%6-/+%+"
2b%&!2`E!!W>"

].0*')49"Y>9"I-:+%9"d>S>9"O4.9"e>9"D)+@+%79"Y>a>9"Z16*'*-.9"Y>]>9"&*+%9"H>9"O++9"R>t>9"
V+4779"c>O>9"Lq&-%%-,9"d>O>9"]'-9"?>9"'%("R@+,79"I>H>"F#2!!G>"3?LZ&!"'%("3?LZ&#"
,+/.0')+"RH?9"3-)404)19"'%("3+)'7)'747"-8"6-0-,+6)'0"6'%6+,"@4'"Z*-S"'%("Z'6!"
74/%'04%/"5')*:'17>"&'%6+,"Z+7>"b.%&K#<PEK#WP>"

].-9"Z>e>9"Q.%'B-7*49"D>9"O++9"c>c>9"d-%/9"e>9"'%("O1%6*9"e>Y>"F#2!2G>"?*+"4%)+7)4%+E
75+64846"),'%76,45)4-%"8'6)-,"&(C#"4%*4;4)7";+)'E6')+%4%\?&Q"),'%76,45)4-%'0"'6)4@4)1"
;1"(47,.5)4%/")*+";+)'E6')+%4%E?&Q"5,-)+4%"6-350+C>"&',64%-/+%+747"5.%&!WUE!PP>"



 

"!W#"

].-9"Z>e>9"c.'%/9"R>9"RA'B49"?>9"Y')+09"b>9"D4%60'4,9"d>9"V.9"e>9"d0+4%9"Y>9"D.*9"R>Z>9"'%("
O1%6*9"e>Y>"F#22<G>"&(C!"4%*4;4)7"*.3'%"6-0-%"6'%6+,"6+00"5,-048+,')4-%";1",+(.64%/"
;+)'E6')+%4%\?E6+00"8'6)-,"),'%76,45)4-%'0"'6)4@4)1>"e>"I4-0>"&*+3>"2bD%&KPXPWEKPX`W>"

].-9"Z>e>9"D.*9"R>Z>9"'%("O1%6*9"e>Y>"F#22<G>"?*+",-0+"-8"&(C"5,-)+4%7"4%"4%)+7)4%'0"
(+@+0-53+%)"'%("6'%6+,>"&'%6+,>"I4-0>"?*+,>"5%&WUKEP2!>"

c'0;+,/9"Z>I>9"d')A.%/9"a>D>9"c-889"Y>a>9"H-7+,9"S>Z>9"&-0+9"&>R>9"O.;+)9"Z>S>9"a-%+*-:+,9"
O>S>9"e'6-;19"Z>Q>9"'%("a-@+9"V>Q>"F#222G>"?.3-,4/+%+747"4%")*+"3.0)450+"4%)+7)4%'0"
%+-50'74'"3-.7+^",+(.%('%61"-8"%+/')4@+",+/.0')-,7"'%("75+648464)1"-8"3-(484+,7>"
Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>"Db%&K<P!EK<PP>"

c'3'3-)-9"?>9"I+55.9"c>9"LB'('9"c>9"d':';')'9"H>9"d4)'3.,'9"?>9"H41'A-%-9"d>9"'%("
d')-9"H>"F#22#G>"&-35-.%("(47,.5)4-%"-8"73'(#"'66+0+,')+7"3'04/%'%)"5,-/,+774-%"
-8"4%)+7)4%'0").3-,7"4%"'56"B%-6B-.)"346+>"&'%6+,"Z+7>"A2%&WUWWEWUP!>"

c','('9"b>9"?'3'49"t>9"$7*4B':'9"?>9"D'.+,9"I>9"?'B'B.9"d>9"L7*43'9"H>9"'%("?'B+)-9"H>H>"
F!UUUG>"$%)+7)4%'0"5-015-747"4%"346+":4)*"'"(-34%'%)"7)';0+"3.)')4-%"-8")*+";+)'E
6')+%4%"/+%+>"RHIL"e>".V%&WUK!EWU<#>"

c'77-%9"Z>H>9"I,4//79"S>9"&',-)*+,79"S>H>9"a'@4(79"e>D>9"V'%/9"e>9"e'@4(9"D>c>9"&*-9"b>O>9"
'%("I+,)'/%-0049"H>H>"F#2!<G>"R7),-/+%",+6+5)-,"'05*'"-,";+)'"0-77"4%")*+"6-0-%"-8"
H4%\_"346+"5,-3-)+7"6,15)"+C5'%74-%"'%("435'4,7"?]Q;+)'"'%("cbQK;+)'"
74/%'04%/>"&',64%-/+%+747"5$%&UPE!2#>"

c4+,*-0A+,9"S>9"'%("d+30+,9"Z>"F#22UG>"&(C!^^&,+"'00+0+"8-,"/+%+"'%'01747"4%")*+"
+C),'+3;,1-%46"+6)-(+,3"'%(")*+")*,++"/+,3"0'1+,7"-8"346+"')"34(E/'7),.0')4-%>"
]+%+747":b%&#2<E#2U>"

c43'%+%9"e>Y>9"&*.30+19"H>e>9"O'6B3'%%9"H>9"O49"&>9"I',)-%9"V>S>9"e+88,+19"Y>a>9"i+',4%/9"
&>9"]+0+46B9"a>9"Q+0(*+439"a>S>9"I-1(9"S>V>9"c+%B+3+1+,9"H>9"'%("b4B-0-@9"a>I>"F#22<G>"
Z+5+004%/"60'77"(476,434%')4-%^"+5*,4%ESW";4%(7")-"'%("'6)4@')+7"R5*I#",+6+5)-,"
74/%'04%/>"b')>"b+.,-764>"b%&W2!EW2U>"

c4%B+09"$>9"a.0.69"$>9"H',)4%9"R>9"].+%-)9"a>9"Q,+.%(9"e>b>9"'%("],-779"$>"F#2!#G>"&(C#"
6-%),-07"+C5,+774-%"-8")*+"5,-)-6'(*+,4%"H.6(*09"'%"4%*4;4)-,"-8"/,-:)*"'%(";+)'E
6')+%4%"'6)4@4)1"4%"6-0-%"6'%6+,"6+007>"]'7),-+%)+,-0-/1".:2%&X`WEXXW>+K>"

c4%-49"?>9"O-('9"H>9"'%("Q+',-%9"R>Z>"F#22KG>"D40+%64%/"-8"&ao#"+C5,+774-%"4%"6-0-%"
6'%6+,"@4'"'"(-34%'%)",+5,+774-%"5')*:'1>"e>"I4-0>"&*+3>"2bV%&<<P2XE<<P!P>"

c4%-49"?>9"?'%49"H>9"O.6'79"Y>&>9"&'6'9"d>9"a.%%9"Z>O>9"H'6,49"R>9"O-('9"H>9"S55+03'%9"c>a>9"
&*-9"d>Z>9"'%("Q+',-%9"R>Z>"F#22!G>"O-77"-8"&ao#"+C5,+774-%"'%("346,-7')+004)+"
4%7)';404)1"',+"5,-34%+%)"8+').,+7"-8"0',/+"6+00"34%43'001"(488+,+%)4')+("6',64%-3'7"
-8")*+"6-0-%>"S3>"e>"Y')*-0>".$D%&##KUE##<X>"



 

"!WK"

c-03;+,/9"e>9"]+%'%(+,9"H>9"c'08-,(9"H>H>9"S%%+,+%9"&>9"D-%(+009"H>9"&*.30+19"H>e>9"
D40@'%19"Z>R>9"c+%B+3+1+,9"H>9"'%("Q,47+%9"e>"F#22PG>"R5*I",+6+5)-,7"6--,(4%')+"
34/,')4-%"'%("5,-048+,')4-%"4%")*+"4%)+7)4%'0"7)+3"6+00"%46*+>"&+00".2$%&!!W!E!!PK>"

c,1%4.B9"S>9"],'4%/+,9"D>9"D'@-,19"e>]>9"'%("O-*%+79"a>"F#2!<G>"&(C!"'%("&(C#"Q.%6)4-%"
'7"?.3-,"D.55,+77-,7>"e>"I4-0>"&*+3>""

c,1%4.B9"S>9"],'4%/+,9"D>9"D'@-,19"e>]>9"'%("O-*%+79"a>"F#2!#G>"&(C"8.%6)4-%"47",+T.4,+("
8-,"3'4%)+%'%6+"-8"4%)+7)4%'0"4(+%)4)1"4%")*+"'(.0)>"a+@>"I4-0>"5A5%&<#PE<K`>"

c7.9"Y>a>9"'%("j*'%/9"Q>"F#2!#G>"a477+6)4%/"%+.,'0"8.%6)4-%".74%/")',/+)+("/+%-3+"
+%/4%++,4%/")+6*%-0-/4+7>"S&D"&*+3>"b+.,-764>"5%&P2KEP!2>"

$)-*9"Q>9"a4@+6*'9"b>9"I,-6B79"O>9"L-3+%9"O>9"e'%77+%9"c>9"&'0'8')9"e>9"$)-*9"D>9"'%("a4[B+"Y)9"
Y>"F#22#G>"?*+"QtiR"(-3'4%"4%"D3'("'%6*-,"8-,",+6+5)-,"'6)4@')4-%"FDSZSG"47"
7.88464+%)"8-,"0-6'04A')4-%"-8"DSZS"4%"+',01"+%(-7-3+7"'%(",+/.0')+7"?]QE;+)'\D3'("
74/%'004%/>"]+%+7"&+007"b%&K#!EKK!>"

e'/0+9"D>9"Z-%76*9"d>9"?433+9"D>9"S%(,0-@'9"c>9"I+,),'%(9"H>9"e'/+,9"H>9"Y,-7B+9"S>9"
D6*,+3559"H>9"t-.7'89"S>9"H46*-+09"?>%&;*&<9="F#2!<G>"D40+%64%/"-8")*+"RYcIK").3-,E
7.55,+77-,"/+%+"4%"*.3'%"6-0-,+6)'0"6'%6+,")*,-./*"(+6-334774-%4%/"-8"'"
),'%76,45)4-%'0"+%*'%6+,>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>"...%&<XXPE<XU!>"

e'3+79"Z>9"R,0+,9"?>9"'%("d'A+%:'(+09"e>"F!UU<G>"D),.6).,+"-8")*+"3.,4%+"*-3+-;-C"
/+%+"6(CE#>"RC5,+774-%"4%"+3;,1-%46"'%("'(.0)"4%)+7)4%'0"+54)*+04.3>"e>"I4-0>"&*+3>"
2AD%&!W##UE!W#K`>"

e'3+79"Z>9"'%("d'A+%:'(+09"e>"F!UU!G>"c-3+-;-C"/+%+"+C5,+774-%"4%")*+"4%)+7)4%'0"
+54)*+04.3"-8"'(.0)"346+>"e>"I4-0>"&*+3>"2AA%&K#<PEK#W!>"

e+%%19"H>9"M*09"&>9"Z-6*+9"&>9"a.0.69"$>9"].400+,34%9"i>9"].400+3-)9"Q>9"e+%7+%9"e>9"d+(4%/+,9"
H>9"'%("],'(:-*09"]>"F#22#G>"b+.,-/+%4%K"47"(488+,+%)4'001",+T.4,+("8-,"+%(-6,4%+"
6+00"8')+"75+64846')4-%"4%")*+"4%)+7)4%'0"'%("/'7),46"+54)*+04.3>"RHIL"e>"2.%&PKKXE
PK<`>"

e+%7+%9"e>9"Y+(+,7+%9"R>R>9"]'0'%)+9"Y>9"c'0(9"e>9"c+00+,9"Z>D>9"$7*4;'7*49"H>9"d'/+1'3'9"Z>9"
].400+3-)9"Q>9"D+,.59"Y>9"'%("H'(7+%9"L>a>"F#222G>"&-%),-0"-8"+%(-(+,3'0"+%(-6,4%+"
(+@+0-53+%)";1"c+7E!>"b')>"]+%+)>"2:%&KPE<<>"

e-%+79"Y>O>"F#22KG>"c-3+-;-C"/+%+7"4%"5.03-%',1"@'76.0',"(+@+0-53+%)"'%("
(47+'7+>"?,+%(7"&',(4-@'76>"H+(>".5%&KKPEK<W>"

d'43'B)6*4+@9"i>9"?+,,'664'%-9"O>9"?-,%400-9"O>9"D546*)4%9"c>9"D)-4-79"a>9"I.%(49"H>9"
d-,6*+@'9"i>9"H4,0'6*+,9"H>9"O-('9"H>9"D'.)+,9"]>9"'%("&-,0+779"&>O>"F#22<G>"?*+"
*-3+-;-C"4%)+7)4%'0"(488+,+%)4')4-%"8'6)-,"&ao#"47"7+0+6)4@+01"+C5,+77+("4%"
/'7),-4%)+7)4%'0"'(+%-6',64%-3'7>"H-(>"Y')*-0>".b%&!KU#E!KUU>"



 

"!W<"

d'B4A'B49"Q>9"S-B49"d>9"H41-7*49"c>9"&',,'76-9"b>9"S-B49"H>9"'%("?'B+)-9"H>H>"F#2!2G>"
&ao"),'%76,45)4-%"8'6)-,7"5-74)4@+01",+/.0')+"+C5,+774-%"-8"7-0.)+"6',,4+,"8'3401"W9"
3+3;+,"X"4%")*+"6-0-%46"+54)*+04.3>"]'7),-+%)+,-0-/1".5V%&P#`EPKW>"

d','39"D>H>"F!UUUG>"O4%+'/+"6-334)3+%)"'%("3').,')4-%"-8"+54)*+04'0"6+007"4%")*+"
/.)>"Q,-%)>"I4-764>":%&a#XPEUX>"

d')A9"e>Y>9"Y+,,+'.0)9"b>9"]-0(7)+4%9"I>]>9"O++9"&>D>9"O';-7B19"Y>S>9"t'%/9"i>V>9"'%("
d'+7)%+,9"d>c>"F#22#G>"?*+"A4%6E84%/+,"),'%76,45)4-%"8'6)-,"d08<"47",+T.4,+("8-,"
)+,34%'0"(488+,+%)4')4-%"-8"/-;0+)"6+007"4%")*+"6-0-%>"a+@+0-53+%)".2D%&#P!UE#P#X>"

d439"I>]>9"O49"&>9"z4'-9"V>9"H'3.,'9"H>9"d'75,A'B9"I>9"S%@+,9"H>9"V-08,'439"O>9"c-%/9"D>9"
H.7*4%7B49"R>9"Y-))+,9"H>%&;*&<9="F#22PG>"D3'(<"74/%'004%/"4%"?"6+007"47",+T.4,+("8-,"
7.55,+774-%"-8"/'7),-4%)+7)4%'0"6'%6+,>"b').,+"::.%&!2!WE!2!U>"

d439"c>S>9"d--9"I>d>9"&*-9"e>c>9"d439"t>t>9"D+-%/9"e>9"&*'%/9"c>e>9"L*9"t>H>9"D)'%/+9"a>R>9"
Y',B9"e>]>9"c:'%/9"a>9"'%("d-%/9"t>t>"F#2!#G>"b-)6*!"6-.%)+,'6)7"Vb?\;+)'E6')+%4%"
74/%'04%/")*,-./*"6*,-3')4%"3-(4846')4-%"4%"6-0-,+6)'0"6'%6+,>"e>"&04%>"$%@+7)>".22%&
K#<XEK#WU>"

d439"?>c>9"R76.(+,-9"D>9"'%("D*4@('7'%49"Z>S>"F#2!#G>"$%)'6)"8.%6)4-%"-8"O/,W",+6+5)-,E
+C5,+774%/"4%)+7)4%'0"7)+3"6+007"4%")*+"';7+%6+"-8"Y'%+)*"6+007>"Y,-6>"b')0>"S6'(>"D64>"
M>"D>"S>".aD%&KUK#EKUK`>"

d-[43'9"H>9"c-7-('9"c>9"a')+9"t>9"b'B'A')-9"H>9"H')7.-9"c>9"'%("d'%/':'9"d>"F!UUUG>"
]*,+04%"47"'"/,-:)*E*-,3-%+E,+0+'74%/"'610')+("5+5)4(+"8,-3"7)-3'6*>"b').,+":a2%&
PWPEPP2>"

d-%/9"e>9"&,477+19"H>S>9"Q.%'B-7*49"D>9"d,+4%(0+,9"e>O>9"'%("O1%6*9"e>Y>"F#2!!G>"R6)-546"
&(C#"RC5,+774-%"4%"H.,4%+"R7-5*'/.7"H-(+07"'%"$%)+,3+(4')+"D)'/+"4%")*+"
R3+,/+%6+"-8"I',,+))q7"R7-5*'/.7>"YO-D"L%+"A%&+!X#X2>"

d--9"I>d>9"O439"c>D>9"&*'%/9"c>e>9"t--%9"H>e>9"&*-49"t>9"d-%/9"H>Y>9"d439"&>c>9"d439"e>H>9"
Y',B9"e>]>9"'%("d-%/9"t>t>"F#22UG>"b-)6*"74/%'04%/"5,-3-)+7")*+"/+%+,')4-%"-8"
R5*,4%I!E5-74)4@+"4%)+7)4%'0"+54)*+04'0"6+007>"]'7),-+%)+,-0-/1".5b%&!<WEWW9"!WW>+!E
K>"

d-,4%+B9"i>9"I',B+,9"b>9"H-+,+,9"Y>9"@'%"a-%7+0'',9"R>9"c.079"]>9"Y+)+,79"Y>e>9"'%("&0+@+,79"
c>"F!UUXG>"a+50+)4-%"-8"+54)*+04'0"7)+3E6+00"6-35',)3+%)7"4%")*+"73'00"4%)+7)4%+"-8"
346+"0'6B4%/"?68E<>"b')>"]+%+)>".D%&K`UEKXK>"

d-,4%+B9"i>9"I',B+,9"b>9"H-,4%9"Y>e>9"@'%"V46*+%9"a>9"(+"V+/+,9"Z>9"d4%A0+,9"d>V>9"
i-/+07)+4%9"I>9"'%("&0+@+,79"c>"F!UU`G>"&-%7)4).)4@+"),'%76,45)4-%'0"'6)4@')4-%";1"'"
;+)'E6')+%4%E?68"6-350+C"4%"SY&E\E"6-0-%"6',64%-3'>"D64+%6+"2b$%&!`X<E!`X`>"



 

"!WW"

d-1'3'9"D>t>9"'%("Y-(-07B19"a>d>"F!UXUG>"a488+,+%)4'0"+C5,+774-%"-8"),'%78-,34%/"
/,-:)*"8'6)-,7"'05*'"'%(";+)'"4%",')"4%)+7)4%'0"+54)*+04'0"6+007>"e>"&04%>"$%@+7)>"V5%&
!`PXE!``K>"

d.9"e>O>9"Y',B9"D>c>9"t--%9"d>S>9"D*4%9"t>d>9"d439"d>c>9"&*-49"e>D>9"d'%/9"c>&>9"d439"$>e>9"c'%9"
$>L>9"'%("Y',B9"e>]>"F#22`G>"]+%+)46"'0)+,')4-%7"-8")*+"?]QE;+)'"74/%'04%/"5')*:'1"4%"
6-0-,+6)'0"6'%6+,"6+00"04%+7^"'"%-@+0"3.)')4-%"4%"D3'(K"'77-64')+(":4)*")*+"
4%'6)4@')4-%"-8"?]QE;+)'E4%(.6+("),'%76,45)4-%'0"'6)4@')4-%>"&'%6+,"O+))>"2:b%&#XKE
#U#>"

d.*%+,)9"Q>9"a'@479"&>Z>9"V'%/9"c>?>9"&*.9"Y>9"O++9"H>9"t.'%9"e>9"b.77+9"Z>9"'%("d.-9"&>e>"
F#22<G>"R77+%)4'0",+T.4,+3+%)"8-,"V%)"74/%'04%/"4%"5,-048+,')4-%"-8"'(.0)"73'00"
4%)+7)4%+"'%("6-0-%",+@+'0+(";1"'(+%-@4,'0"+C5,+774-%"-8"a46BB-58E!>"Y,-6>"b')0>"
S6'(>"D64>"M>"D>"S>".a.%&#PPE#`!>"

O'3;+,)9"H>Y>9"c+00+,9"a>D>9"'%("I+)*+09"&>"F#222G>"RC)+%74@+"/'7),46"*+)+,-)-54'"-8")*+"
73'00"4%)+7)4%+",+7.0)4%/"4%"3'774@+"/'7),-4%)+7)4%'0";0++(4%/9";-:+0"5+,8-,')4-%9"
'%("(+')*^",+5-,)"-8"'"6'7+"'%(",+@4+:"-8")*+"04)+,').,+>"Y+(4'),>"a+@>"Y')*-0>"5%&#``E
#X2>"

O+4;-@4)A9"S>9"D)4%7-%9"e>&>9"H6&-3;79"V>I>9K,(9"H6&-19"&>R>9"H'A.,9"d>&>9"'%("H';,19"
b>a>"F!U`PG>"&0'774846')4-%"-8"*.3'%"6-0-,+6)'0"'(+%-6',64%-3'"6+00"04%+7>"&'%6+,"
Z+7>"5A%&<WP#E<WPU>"

O+:479"D>O>9"'%("?'39"Y>Y>"F#22PG>"a+84%4)4@+"+%(-(+,3"-8")*+"3-.7+"+3;,1-^"
8-,3')4-%9"6+00"8')+79"'%("3-,5*-/+%+)46"8.%6)4-%>"a+@>"a1%>"25$%&#K!WE#K#U>"

O49"c>9"'%("R(0.%(9"c>"F#22!G>"Y+,747)+%)"+C5,+774-%"-8"c0C;U"4%")*+"5'%6,+')46"
+54)*+04.3"435'4,7"5'%6,+')46"(+@+0-53+%)>"a+@>"I4-0>"2:a%&#<`E#WK>"

O49"O>9"'%("&0+@+,79"c>"F#2!2G>"&-+C47)+%6+"-8"T.4+76+%)"'%("'6)4@+"'(.0)"7)+3"6+007"4%"
3'33'07>"D64+%6+"52b%&W<#EW<W>"

O49"Y>9"O4%9"e>R>9"H',7A0-:46A9"]>Y>9"i'0+%)4%-9"H>S>9"&*'%/9"&>9"D6*.0A9"D>9"Y4)',49"]>H>9"'%("
V'0(3'%9"D>S>"F#22UG>"]&&"74/%'04%/"4%"6-0-,+6)'0"6'%6+,^"$7"6-0-,+6)'0"6'%6+,"'"
5','6,4%+"(+8464+%61"71%(,-3+{"a,./"b+:7>"Y+,75+6)>"22%&K!KEK!X>"

O45B4%9"H>"F!UXWG>"],-:)*"'%("(+@+0-53+%)"-8"/'7),-4%)+7)4%'0"6+007>"S%%.>"Z+@>"
Y*174-0>":b%&!`WE!U`>"

O4.9"V>9"a-%/9"o>9"H'49"H>9"D++0'%9"Z>D>9"?'%4/.6*49"d>9"d,47*%'(')*9"d>d>9"c'004%/9"d>&>9"
&.%%4%/*'39"e>H>9"I-',(3'%9"O>S>9"z4'%9"&>%&;*&<9="F#222G>"H.)')4-%7"4%"So$b#"6'.7+"
6-0-,+6)'0"6'%6+,":4)*"(+8+6)4@+"3473')6*",+5'4,";1"'6)4@')4%/";+)'E6')+%4%\?&Q"
74/%'004%/>"b')>"]+%+)>"2A%&!<PE!<`>"



 

"!WP"

O-5+AE]',64'9"&>9"d0+4%9"S>H>9"D43-%79"I>a>9"'%("V4%)-%9"a>e>"F#2!2G>"$%)+7)4%'0"7)+3"
6+00",+50'6+3+%)"8-00-:7"'"5'))+,%"-8"%+.),'0"(,48)>"D64+%6+"55a%&X##EX#W>"

O-,+%)A9"L>9"a.0.69"$>9"S,6'%/+0479"S>a>9"D43-%ES773'%%9"Y>9"d+(4%/+,9"H>9"'%("Q,+.%(9"
e>b>"F!UU`G>"d+1",-0+"-8")*+"&(C#"*-3+-;-C"/+%+"4%"+C),'6+00.0',"3'),4CE3+(4')+("
4%)+7)4%'0"6+00"(488+,+%)4')4-%>"e>"&+00"I4-0>".5D%&!WWKE!WPW>"

O./049"S>9"?A'%B-@9"S>9"j0-;+69"$>9"'%("?+,,'664'%-9"O>H>"F#22XG>"a488+,+%)4'0"(4'/%-7)46"
'%("8.%6)4-%'0",-0+"-8")*+"3.0)4E3',B+,"5*+%-)15+"&ao#\&d#2\&d`"4%"6-0-,+6)'0"
6'%6+,"7),')484+(";1"3473')6*",+5'4,"7)').7>"H-(>"Y')*-0>"2.%&!<2KE!<!#>"

H'9"O>9"e.))%+,9"H>9"d.00'BEM;046B9"]>S>9"'%("R0-,'%)'9"e>e>"F#2!#G>"Z+/.0')4-%"-8")*+"
/+%+"+%6-(4%/")*+"4%)+7)4%'0";40+"'64("),'%75-,)+,"SDI?";1")*+"6'.('0E)15+"
*-3+-;-C"5,-)+4%7"&ao!"'%("&ao#>"S3>"e>"Y*174-0>"]'7),-4%)+7)>"O4@+,"Y*174-0>"5a2%&
]!#KEKK>"

H'6(-%'0(9"Y>H>9"'%("D),.*09"]>"F!UXPG>"S"3-0+6.0',"/,'(4+%)"4%"+',01"a,-7-5*40'"
+3;,1-7"'%("4)7",-0+"4%"75+64814%/")*+";-(1"5'))+,%>"b').,+"52:%&WK`EW<W>"

H'00-9"]>i>9"D-.;+1,'%9"Y>9"O4774)AB19"e>&>9"S%(,+9"Q>9"Q',%',4+,9"&>9"H',@'0(49"e>9"a'/-,%9"
e>&>9"'%("$-@'%%'9"e>O>"F!UUXG>"RC5,+774-%"-8")*+"&(C!"'%("&(C#"*-3+-)46"/+%+7"0+'(7"
)-",+(.6+("3'04/%'%61"4%"6-0-%"6'%6+,E(+,4@+("6+007>"e>"I4-0>"&*+3>"2b5%&!<2K2E
!<2KP>"

H',/'04)9"t>9"t',.79"D>9"D*'54,'9"R>9"],.+%;'.39"t>9"'%("Q'4%7-(9"S>"F!UUKG>"$7-0')4-%"
'%("6*','6)+,4A')4-%"-8")',/+)"7+T.+%6+7"-8")*+"6*46B+%"&(CS"*-3+-;-C"/+%+>"
b.60+46"S64(7"Z+7>"2.%&<U!WE<U##>"

H6]4%%479"V>9"'%("d,.30'.89"Z>"F!UU#G>"c-3+-;-C"/+%+7"'%("'C4'0"5'))+,%4%/>"&+00"
AV%&#XKEK2#>"

H40079"e>&>9"'%("D*4@('7'%49"Z>S>"F#2!!G>"]'7),46"+54)*+04'0"7)+3"6+007>"]'7),-+%)+,-0-/1"
.:a%&<!#E<#<>"

H47*,'9"O>9"D*+))19"d>9"?'%/9"t>9"D).',)9"S>9"'%("I1+,79"D>V>"F#22WG>"?*+",-0+"-8"?]QE;+)'"
'%("V%)"74/%'04%/"4%"/'7),-4%)+7)4%'0"7)+3"6+007"'%("6'%6+,>"L%6-/+%+"2:%&W``WE
W`XU>"

H0-(A4B9"H>9"Q[-7+9"S>9"'%("]+*,4%/9"V>e>"F!UXWG>"$7-0')4-%"-8"6'.('09"'"a,-7-5*40'"
*-3+-";-CE6-%)'4%4%/"/+%+":4)*"3')+,%'0"+C5,+774-%9":*-7+"),'%76,45)7"8-,3"'"
6-%6+%),')4-%"/,'(4+%)"')")*+"5,+E;0'7)-(+,3"7)'/+>"RHIL"e>":%&#UP!E#UPU>"

H0-(A4B9"H>9"'%("]+*,4%/9"V>e>"F!UX`G>"RC5,+774-%"-8")*+"6'.('0"/+%+"4%")*+"/+,3"04%+"
-8"a,-7-5*40'^"8-,3')4-%"-8"'%"ZbS"'%("5,-)+4%"/,'(4+%)"(.,4%/"+',01"
+3;,1-/+%+747>"&+00":V%&<PWE<`X>"



 

"!W`"

H--0+%;++B9"&>9"'%("Z.4)+%;+,/9"R>e>"F!UX!G>"?*+"|D:477",-00|^"'"74350+")+6*%4T.+"8-,"
*47)-0-/46'0"7).(4+7"-8")*+",-(+%)"4%)+7)4%+>"O';>"S%43>".$%&W`EWU>"

H-,4ESB41'3'9"t>9"@'%"(+%"I-,%9"H>9"@'%"R79"e>c>9"c'340)-%9"D>Z>9"S('379"c>Y>9"j*'%/9"e>9"
&0+@+,79"c>9"'%("(+"&,-3;,.//*+9"I>"F#22`G>"DLoU"47",+T.4,+("8-,")*+"(488+,+%)4')4-%"
-8"5'%+)*"6+007"4%")*+"4%)+7)4%'0"+54)*+04.3>"]'7),-+%)+,-0-/1".55%&WKUEW<P>"

H-,4%9"Y>e>9"D5',B79"S>I>9"d-,4%+B9"i>9"I',B+,9"b>9"&0+@+,79"c>9"i-/+07)+4%9"I>9"'%("
d4%A0+,9"d>V>"F!UU`G>"S6)4@')4-%"-8";+)'E6')+%4%E?68"74/%'04%/"4%"6-0-%"6'%6+,";1"
3.)')4-%7"4%";+)'E6')+%4%"-,"SY&>"D64+%6+"2b$%&!`X`E!`U2>"

H-7+,9"S>Z>9"Y4)-)9"c>&>9"'%("a-@+9"V>Q>"F!UU2G>"S"(-34%'%)"3.)')4-%")*')"
5,+(475-7+7")-"3.0)450+"4%)+7)4%'0"%+-50'74'"4%")*+"3-.7+>"D64+%6+"2:b%&K##EK#<>"

H.%-A9"e>9"D)'%/+9"a>R>9"D6*+5+,79"S>]>9"@'%"(+"V+)+,4%/9"H>9"d--9"I>d>9"$)AB-@4)A9"D>9"
i-06B3'%%9"Z>9"d.%/9"d>D>9"d-7)+,9"e>9"Z'(.0+76.9"D>%&;*&<9="F#2!#G>"?*+"O/,W"4%)+7)4%'0"
7)+3"6+00"74/%').,+^",-;.7)"+C5,+774-%"-8"5,-5-7+("T.4+76+%)"q_<q"6+00"3',B+,7>"
RHIL"e>"5.%&K2`UEK2U!>"

H.%-A9"b>H>9"M5)-%9"H>9"Z-['79"S>9"V'7*4%/)-%9"H>d>9"O4%9"O>9"&*1)409"S>9"D-A3+%9"R>]>9"
H'(47-%9"I>I>9"Y-AA49"S>9"H--%9"Z>?>9"H-7+79"c>O>9"'%("],'(19"V>H>"F#22PG>"
?,'%78-,34%/"/,-:)*"8'6)-,";+)'",+6+5)-,")15+"$$"4%'6)4@')4-%"4%(.6+7")*+"3'04/%'%)"
),'%78-,3')4-%"-8"4%)+7)4%'0"%+-50'737"4%4)4')+(";1"S56"3.)')4-%>"&'%6+,"Z+7>"AA%&
UXK`EUX<<>"

H.)-*9"c>9"c'B'3')'9"t>9"D')-9"d>9"R('9"S>9"t'%'B'9"$>9"c-%('9"D>9"L7':'9"c>9"d'%+B-9"t>9"
'%("D./'%-9"d>"F#22#G>"&-%@+,74-%"-8"/'7),46"3.6-7'")-"4%)+7)4%'0"3+)'50'74'"4%"
&(C#E+C5,+774%/"),'%7/+%46"346+>"I4-6*+3>"I4-5*17>"Z+7>"&-33.%>"2D:%&<`2E<`U>"

H.)-*9"c>9"c'1'B':'9"c>9"D'B'3-)-9"c>9"D'7*4B':'9"H>9"'%("D./'%-9"d>"F#22UG>"
?,'%7/+%46"&(C#"4%(.6+7"+%(-/+%-.7"&(C!"4%"4%)+7)4%'0"3+)'50'74'"-8"&(C#E
),'%7/+%46"3-.7+"7)-3'6*>"QRID"e>"2bA%&WX#!EWXK!>"

H.)-*9"c>9"D'B.,'49"D>9"D')-*9"d>9"L7':'9"c>9"c'B'3')'9"t>9"?'B+.6*49"?>9"'%("D./'%-9"d>"
F#22<G>"&(C!"4%(.6+("4%)+7)4%'0"3+)'50'74'"4%")*+"),'%7/+%46"3-.7+"7)-3'6*^"
6-35',')4@+"7).(1":4)*"&(C#"),'%7/+%46"346+>"].)"$5%&!<!PE!<#K>"

H.)-*9"c>9"D'7*4B':'9"H>9"'%("D./'%-9"d>"F#2!!G>"D-C#"+C5,+774-%"47"3'4%)'4%+("
:*40+"/'7),46"5*+%-)15+"47"6-350+)+01"0-7)"4%"&(C#E4%(.6+("4%)+7)4%'0"3+)'50'7)46"
3.6-7'>"a488+,+%)4')4-%"V.%&U#EUX>"

H.)-*9"c>9"D')-*9"d>9"d4)'9"c>9"D'B'3-)-9"c>9"c'1'B':'9"c>9"t'3'3-)-9"c>9"$7-('9"b>9"
?'3'('9"d>9"$(-9"d>9"'%("D./'%-9"d>"F#22WG>"&(C#"75+6484+7")*+"(488+,+%)4')4-%"-8"
3-,5*-0-/46'0"'7":+00"'7"8.%6)4-%'0"';7-,5)4@+"+%)+,-61)+7"-8")*+"73'00"4%)+7)4%+>"
$%)>"e>"a+@>"I4-0>":D%&XP`EX`!>"



 

"!WX"

b'B'-9"S>9"S8,'B*)+9"H>9"H-,+%9"S>9"b'B'1'3'9"?>9"&*,47)4'%9"e>O>9"c+.6*+09"Z>9"$)-*9"D>9"
d':';')'9"H>9"c+0(4%9"b>R>9"c+0(4%9"&>c>9"'%(")+%"a4[B+9"Y>"F!UU`G>"$(+%)4846')4-%"-8"
D3'(`9"'"?]Q;+)'E4%(.64;0+"'%)'/-%47)"-8"?]QE;+)'"74/%'004%/>"b').,+"5VD%&PK!EPKW>"

b'B'-9"S>9"LB.3.,'9"d>9"'%("L/':'9"c>"F#22#G>"D3'(`^"'"%+:"B+1"50'1+,"4%"?]QE;+)'E
'77-64')+("(47+'7+>"?,+%(7"H-0>"H+(>"V%&KP!EKPK>"

b')*B+9"$>D>"F#22<G>"?*+"'(+%-3')-.7"5-015-747"6-04"5,-)+4%^")*+"S6*400+7"*++0"-8")*+"
/.)"+54)*+04.3>"S%%.>"Z+@>"&+00"a+@>"I4-0>"2a%&KK`EKPP>"

b')-049"H>9"&*,47)+%7+%9"e>9"R0E]+;'049"D>9"Q+07'%49"S>9"'%("S%(+,0+9"Y>"F#2!KG>"?*+",-0+"-8"
&ao#"4%"&'6-E#"6+00"(488+,+%)4')4-%>"R.,>"e>"Y*',3>"I4-5*',3>"V$%&#2E#W>"

b/9"S>t>9"V',4%/9"Y>9"Z47)+@7B49"D>9"V'%/9"&>9"V407-%9"?>9"Y,4)6*',(9"H>9"c+,)A-/9"Y>9"'%("
d-0'9"$>"F#22#G>"$%'6)4@')4-%"-8")*+"),'%76,45)4-%"8'6)-,"R08K"4%"346+",+7.0)7"4%"
(173-,5*-/+%+747"'%("'0)+,+("(488+,+%)4')4-%"-8"4%)+7)4%'0"+54)*+04.3>"
]'7),-+%)+,-0-/1".22%&!<WWE!<PP>"

b47*49"?>9"'%("D'1'9"c>"F!UU!G>"b+.,-84;,-3')-747")15+"!"FbQ!G"/+%+^"435046')4-%"4%"
%+.,-+6)-(+,3'0"(488+,+%)4')4-%"'%("/+%+747"-8";,'4%").3-,7>"&'%6+,"H+)'7)'747"
Z+@>".a%&K2!EK!2>"

L4+%9"d>S>9"H6],+/-,9"Q>9"I.)0+,9"D>9"Q+,,4+,9"Z>d>9"a-:%4+9"$>9"I,16+9"D>9"I.,%79"D>9"'%("
d+4)*9"V>b>"F#22<G>"]'7),-B4%+"!"47"';.%('%)01"'%("75+64846'001"+C5,+77+("4%"
7.5+,8464'0"/'7),46"+54)*+04.39"(-:%E,+/.0')+("4%"/'7),46"6',64%-3'9"'%("7*-:7"*4/*"
+@-0.)4-%',1"6-%7+,@')4-%>"e>"Y')*-0>"2a5%&`XUE`U`>"

L7*43'9"H>9"L7*43'9"c>9"d4)'/':'9"d>9"d-;'1'7*49"H>9"$)'B.,'9"&>9"'%("?'B+)-9"H>"
F!UUWG>"O-77"-8"S56"*+)+,-A1/-74)1"'%("';%-,3'0")477.+";.40(4%/"4%"%'76+%)"
4%)+7)4%'0"5-0157"4%"346+"6',,14%/"'"),.%6')+("S56"/+%+>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>"
D2%&<<X#E<<XP>"

Y',('049"d>9"'%("H-.7)'B'79"S>"F#22`G>"S6)4-%7"-8"?]QE;+)'"'7").3-,"7.55,+77-,"'%("
5,-E3+)'7)')46"8'6)-,"4%"*.3'%"6'%6+,>"I4-6*43>"I4-5*17>"S6)'".bb$%&#!EP#>"

Y',B9"D>t>9"e+-%/9"H>D>9"t--9"H>S>9"'%("e'%/9"D>I>"F#2!!G>"&'.('0E,+0')+("*-3+-(-3'4%"
5,-)+4%7"&ao!\#";4%(")-"abS",+5046')4-%E,+0')+("+0+3+%)";4%(4%/"8'6)-,>"I4-6*43>"
I4-5*17>"S6)'".V.:%&!XU!E!XUU>"

Y'7T.'0+9"R>I>"F#22WG>"R5*",+6+5)-,"74/%'004%/"6'7)7"'":4(+"%+)"-%"6+00";+*'@4-.,>"
b')>"Z+@>"H-0>"&+00"I4-0>"A%&<P#E<`W>"

Y'7T.'0+9"R>I>"F#22<G>"R5*E+5*,4%"5,-3476.4)1"47"%-:"6,17)'0"60+',>"b')>"b+.,-764>"b%&
<!`E<!X>"



 

"!WU"

Y+4/%-%9"]>9"a.,'%(9"S>9"&'6*+.C9"V>9"S1,'.0)9"L>9"?+,,479"I>9"O'.,+%)EY.4/9"Y>9"D*,-1+,9"
b>Q>9"i'%"D+.%4%/+%9"$>9"c-%[-9"?>9"Y+,,+)9"&>9"'%("Z-3'/%-0-9"I>"F#2!!G>"&-350+C"
4%)+,50'1";+):++%";+)'E6')+%4%"74/%'004%/"'%("b-)6*"+88+6)-,7"4%"4%)+7)4%'0"
).3-,4/+%+747>"].)"Aa%&!PPE!`P>"

Y+00+/,4%+)9"O>9"Z-(400'9"i>9"O4.9"j>9"&*+%9"D>9"d-6*9"M>9"R754%-7'9"O>9"d'+7)%+,9"d>c>9"
d-5'%9"Z>9"O+:479"e>9"'%("Z'()B+9"Q>"F#2!!G>"a00!E"'%("(00<E3+(4')+("%-)6*"74/%'04%/"
',+",+T.4,+("8-,"*-3+-7)'747"-8"4%)+7)4%'0"7)+3"6+007>"]'7),-+%)+,-0-/1".:a%&!#K2E
!#<2>+!E`>"

Y40-AA49"R>9"L%+0049"H>Z>9"j45',-9"i>9"H+,6'%)4%49"Y>9"'%("Z.6-9"O>"F#22<G>"&ao!"
+C5,+774-%"47",+(.6+("4%"6-0-,+6)'0"6',64%-3'"'%("47"'77-64')+(":4)*"5,-3-)+,"
*15+,3+)*10')4-%>"e>"Y')*-0>"2a:%&#XUE#UW>"

Y4%)-9"a>9"'%("&0+@+,79"c>"F#22WG>"V%)9"7)+3"6+007"'%("6'%6+,"4%")*+"4%)+7)4%+>"I4-0>"
&+00>"Db%&!XWE!UP>"

Y4%)-9"a>9"],+/-,4+889"S>9"I+/)*+09"c>9"'%("&0+@+,79"c>"F#22KG>"&'%-%46'0"V%)"74/%'07"',+"
+77+%)4'0"8-,"*-3+-7)'747"-8")*+"4%)+7)4%'0"+54)*+04.3>"]+%+7"a+@>".b%&!`2UE!`!K>"

Y4).0+76.9"H>R>9"'%("S('379"Z>c>"F#2!2G>"R5*\+5*,4%"3-0+6.0+7EE'"*.;"8-,"74/%'04%/"
'%("+%(-61)-747>"]+%+7"a+@>"2:%&#<X2E#<U#>"

Y-(-07B19"a>d>9"O1%6*Ea+@'%+19"d>9"D)-:9"e>O>9"L')+79"Y>9"H.,/.+9"I>9"a+EI+'.3-%)9"H>9"
D'%(79"I>R>9"'%("H'*4('9"t>Z>"F!UUKG>"$(+%)4846')4-%"-8"*.3'%"4%)+7)4%'0"),+8-40"8'6)-,>"
]-;0+)"6+00E75+64846"+C5,+774-%"-8"'"5+5)4(+")',/+)+("8-,"'546'0"7+6,+)4-%>"e>"I4-0>"
&*+3>"2AV%&!##K2>"

Y-0'B479"Y>"F#22`G>"?*+"3'%1":'17"-8"V%)"4%"6'%6+,>"&.,,>"L54%>"]+%+)>"a+@>".b%&<WE
W!>"

Y-,76*9"c>9"H+*469"H>9"L0-877-%9"I>9"c+0(4%9"Y>9"'%("c+0(4%9"&>c>"F#2!<G>"Y0')+0+)E
(+,4@+("/,-:)*"8'6)-,";+)'E,+6+5)-,9"),'%78-,34%/"/,-:)*"8'6)-,";+)'")15+"$"
,+6+5)-,9"'%("&a<<"5,-)+4%"3-(.0')+"+'6*"-)*+,q7"74/%'04%/"'%("7)';404)1>"e>"I4-0>"
&*+3>"2VD%&!U`<`E!U`W`>"

Y-))+%9"&>D>9"d-@'679"O>9"'%("c'340)-%9"R>"F!U`<G>"&-%)4%.-.7"0';+004%/"7).(4+7"-%"
3-.7+"7B4%"'%("4%)+7)4%+>"&+00"?477.+"d4%+)>"b%&#`!E#XK>"

Y-:+009"D>H>9"j40A9"b>9"I+'A+,EI',60'19"t>9"I,1'%9"?>H>9"c'340)-%9"D>Z>9"?*4;-(+'.9"D>b>9"
i-/+07)+4%9"I>9"'%("d4%A0+,9"d>V>"F!UU#G>"SY&"3.)')4-%7"-66.,"+',01"(.,4%/"6-0-,+6)'0"
).3-,4/+%+747>"b').,+"5$D%&#KWE#K`>"

z.+9"e>9"O.-9"o>9"D6*:',)A9"Z>e>9"'%("c-/'%9"I>O>"F#22UG>"H.0)450+",-0+7"8-,"D-C#"4%")*+"
(+@+0-54%/"'%("'(.0)"3-.7+"),'6*+'>"a+@+0-53+%)".5A%&!XUUE!U2`>"



 

"!P2"

z.+9"e>9"LB.;-9"?>9"]-0(+%,4%/9"e>Z>9"b'39"d>?>9"d.,-)'%49"Z>9"H-,,47+19"R>R>9"?','%-@'9"
L>9"Y+@%19"O>c>9"'%("c-/'%9"I>O>"F#22`G>"H.0)450+"(-7+E(+5+%(+%)",-0+7"8-,"D-C#"4%"
)*+"5'))+,%4%/"'%("(488+,+%)4')4-%"-8"'%)+,4-,"8-,+/.)"+%(-(+,3>"a+@+0-53+%)".5:%&
#W#!E#WK!>"

Z'/*-+;4,9"O>9"I'BB+,9"R>Z>9"H40079"e>&>9"D:'/+3'B+,79"D>9"d+35+%9"H>I>9"H.%6B9"S>I>9"
a,4+/+%9"D>9"H+4[+,9"a>9"],-7@+0(9"Q>9"?4;;-+09"a>9"D34)79"Z>9"'%("Z-))4+,9"Z>e>"F#2!#G>"
DLo#",+(4,+6)7")*+"(+@+0-53+%)'0"8')+"-8")*+"4%)+7)4%'0"+54)*+04.3")-:',("'"
5,+3').,+"/'7),46"5*+%-)15+>"e>"H-0>"&+00>"I4-0>":%&K``EKXW>"

Z'%9"Q>S>9"c7.9"Y>a>9"V,4/*)9"e>9"S/',:'0'9"i>9"D6-))9"a>S>9"'%("j*'%/9"Q>"F#2!KG>"]+%-3+"
+%/4%++,4%/".74%/")*+"&Z$DYZE&'7U"717)+3>"b')>"Y,-)-6>"V%&##X!E#K2X>"

Z46*3-%(9"&>S>9"'%("I,+'.0)9"a>?>"F#2!2G>"Z+/.0')4-%"-8"/+%+"+C5,+774-%"4%")*+"
4%)+7)4%'0"+54)*+04.3>"Y,-/>"H-0>"I4-0>"?,'%70>"D64>"DA%&#2`E##U>"

Z-;+,)79"S>I>"F!UUUG>"?]QE;+)'"74/%'04%/"8,-3",+6+5)-,7")-")*+"%.60+.7>"H46,-;+7"
$%8+6)>".%&!#PWE!#`K>"

Z-(400'9"i>9"i400'%.+@'9"S>9"L;,'(-,Ec+@4'9"S>9"Z-;+,)EH-,+%-9"S>9"Q+,%'%(+AEH'['('9"
i>9"],40049"S>9"O-5+AEI4/'79"b>9"I+00-,'9"b>9"S0;'9"H>H>9"?-,,+79"Q>%&;*&<9="F#22UG>"e'//+(!"
47")*+"5')*-0-/46'0"04%B";+):++%"V%)"'%("b-)6*"5')*:'17"4%"6-0-,+6)'0"6'%6+,>"Y,-6>"
b')0>"S6'(>"D64>"M>"D>"S>".aA%&PK!WEPK#2>"

Z-,B+9"R>S>9"j*'%/9"a>9"&*--9"&>d>9"R6B+,)9"Z>O>9"'%("e'6-;;+,/+,9"e>V>"F#222G>"?]QE
;+)'E3+(4')+("6+00"6160+"',,+7)"-8"cYi!PE433-,)'04A+("*.3'%"+6)-6+,@46'0"6+007"
6-,,+0')+7":4)*"(+6,+'7+("RP\R`"3ZbS"'%("4%6,+'7+("5WK"'%("5#!FVSQE!G"
+C5,+774-%>"RC5>"&+00"Z+7>"2$D%&!<UE!W`>"

Z-779"H>c>"F!UXUG>"c47)-0-/1^"'")+C)"'%("')0'79"!"+(>">"

Z.;4%8+0(9"I>9"Z-;;4%79"Y>9"R0E]'3409"H>9"S0;+,)9"$>9"Y-,84,49"R>9"'%("Y-0'B479"Y>"F!UU`G>"
D)';404A')4-%"-8";+)'E6')+%4%";1"/+%+)46"(+8+6)7"4%"3+0'%-3'"6+00"04%+7>"D64+%6+"2b$%&
!`U2E!`U#>"

Z.;4-9"a>9"]',64'9"D>9"a+"0'"&.+@'9"?>9"Y'A9"H>Q>9"O0-1(9"S>&>9"I+,%'(9"S>9"'%("]',64'E
&'7),-9"e>"F#22XG>"c.3'%"3+7+%6*13'0"7)+3"6+00"),'%78-,3')4-%"47"'77-64')+(":4)*"'"
3+7+%6*13'0E+54)*+04'0"),'%74)4-%>"RC5>"&+00"Z+7>"5.:%&PU!EPUX>"

Z.%1'%9"&>R>9"c'1'7*4('9"?>9"c.;6*'B9"D>9"&.,0+19"e>Q>9"'%("D6*%'5+,9"c>V>"F#22UG>"Z-0+"
-8"DSZS"FDHSa"'%6*-,"8-,",+6+5)-,"'6)4@')4-%G"4%"3'4%)+%'%6+"-8"+54)*+04'0"6+00"
5*+%-)15+>"e>"I4-0>"&*+3>"2V:%&#W!X!E#W!XU>"

D'0',49"d>9"D5.0'B9"H>R>9"&.889"e>9"Q-,7)+,9"S>a>9"]4'6-34%49"&>Y>9"c.'%/9"D>9"d-9"H>R>9"O4%9"
S>t>9"@'%"(+"Z4[%9"H>9"'%("Y-00'6B9"e>Z>"F#2!#G>"&ao#"47"'%"'350484+("04%+'/+E7.,@4@'0"
-%6-/+%+"4%"6-0-,+6)'0"6'%6+,>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>".aD%&RK!UPE#2W>"



 

"!P!"

D'3.+09"D>9"'%("b'-,'9"c>"F#22WG>"c-3+-;-C"/+%+"+C5,+774-%"4%"6'%6+,^"4%74/*)7"
8,-3"(+@+0-53+%)'0",+/.0')4-%"'%("(+,+/.0')4-%>"R.,>"e>"&'%6+,":.%&#<#XE#<K`>"

D'%6*-9"R>9"I')00+9"R>9"'%("&0+@+,79"c>"F#22<G>"D4/%'04%/"5')*:'17"4%"4%)+7)4%'0"
(+@+0-53+%)"'%("6'%6+,>"S%%.>"Z+@>"&+00"a+@>"I4-0>"2a%&PUWE`#K>"

D'%/4-,/49"R>9"'%("&'5+66*49"H>Z>"F#22XG>"I34!"47"+C5,+77+("4%"@4@-"4%"4%)+7)4%'0"7)+3"
6+007>"b')>"]+%+)>":a%&U!WEU#2>"

D'%7-39"L>e>9"H+%4+09"i>9"V40B4%79"e>S>9"&-0+9"S>H>9"L4+%9"d>S>9"H',7*9"i>9"e'34+7-%9"?>e>9"
].+,,'9"&>9"S7*)-%9"]>c>9"I',;'64(9"H>9"'%("&0',B+9"S>Z>"F#22PG>"O-77"-8"S56"'00-:7"
5*+%-)1546"3'%48+7)')4-%"-8")*+"),'%78-,34%/"5,-5+,)4+7"-8"'%"+%(-/+%-.7"dE,'7"
-%6-/+%+"4%"@4@->"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>".a5%&!<!##E!<!#`>"

D'%7-39"L>e>9"Z++(9"d>Z>9"c'1+79"S>e>9"$,+0'%(9"c>9"I,4%B3'%%9"c>9"b+:)-%9"$>Y>9"I')00+9"R>9"
D43-%ES773'%%9"Y>9"&0+@+,79"c>9"b')*B+9"$>D>9"&0',B+9"S>Z>9"'%("V4%)-%9"a>e>"F#22<G>"
O-77"-8"S56"4%"@4@-"433+(4')+01"5+,).,;7"V%)"74/%'04%/9"(488+,+%)4')4-%9"'%("
34/,')4-%>"]+%+7"a+@>".V%&!KXWE!KU2>"

D')-9"?>9"D)'%/+9"a>R>9"Q+,,'%)+9"H>9"i,4+79"Z>]>9"i'%"R79"e>c>9"i'%"(+%"I,4%B9"D>9"i'%"
c-.()9"V>e>9"Y,-%B9"S>9"i'%"]-,59"e>9"D4+,7+3'9"Y>a>9"'%("&0+@+,79"c>"F#2!!G>"O-%/E)+,3"
+C5'%74-%"-8"+54)*+04'0"-,/'%-4(7"8,-3"*.3'%"6-0-%9"'(+%-3'9"'(+%-6',64%-3'9"
'%("I',,+))q7"+54)*+04.3>"]'7),-+%)+,-0-/1".:.%&!`P#E!``#>"

D')-9"?>9"@'%"R79"e>c>9"D%455+,)9"c>e>9"D)'%/+9"a>R>9"i,4+79"Z>]>9"@'%"(+%"I-,%9"H>9"I',B+,9"
b>9"D*,-1+,9"b>Q>9"@'%"(+"V+)+,4%/9"H>9"'%("&0+@+,79"c>"F#2!!G>"Y'%+)*"6+007"6-%7)4).)+"
)*+"%46*+"8-,"O/,W"7)+3"6+007"4%"4%)+7)4%'0"6,15)7>"b').,+":AD%&<!WE<!X>"

D')-9"?>9"@'%"R79"e>c>9"D%455+,)9"c>e>9"D)'%/+9"a>R>9"i,4+79"Z>]>9"@'%"(+%"I-,%9"H>9"I',B+,9"
b>9"D*,-1+,9"b>Q>9"@'%"(+"V+)+,4%/9"H>9"'%("&0+@+,79"c>"F#2!!G>"Y'%+)*"6+007"6-%7)4).)+"
)*+"%46*+"8-,"O/,W"7)+3"6+007"4%"4%)+7)4%'0"6,15)7>"b').,+":AD%&<!WE<!X>"

D')-9"?>9"i,4+79"Z>]>9"D%455+,)9"c>e>9"@'%"(+"V+)+,4%/9"H>9"I',B+,9"b>9"D)'%/+9"a>R>9"@'%"
R79"e>c>9"S;-9"S>9"d.['0'9"Y>9"Y+)+,79"Y>e>9"'%("&0+@+,79"c>"F#22UG>"D4%/0+"O/,W"7)+3"6+007"
;.40("6,15)E@400.7"7),.6).,+7"4%"@4),-":4)*-.)"'"3+7+%6*13'0"%46*+>"b').,+":$D%&#P#E
#PW>"

D'@-,19"e>]>9"I-.6*',(9"b>9"Y4+,,+9"i>9"Z4[049"Q>H>9"a+"Z+5+%)4/%19"t>9"d-)*',19"Z>9"'%("
O-*%+79"a>"F#22UG>"&(C#",+/.0')4-%"-8"5-7)+,4-,"(+@+0-53+%)")*,-./*"%-%Ec-C"
)',/+)7>"a+@+0-53+%)".5A%&<2UUE<!!2>"

D'@-,19"e>]>9"H'%784+0(9"H>9"Z4[049"Q>H>9"'%("O-*%+79"a>"F#2!!G>"&(C"3+(4')+7"%+.,'0"
).;+"60-7.,+")*,-./*"),'%76,45)4-%'0",+/.0')4-%"-8")*+"50'%',"6+00"5-0',4)1"/+%+"Y)B`>"
a+@+0-53+%)".5V%&!KP!E!K`2>"



 

"!P#"

D'@-,19"e>]>9"Y40-%9"b>9"],'4%/+,9"D>9"D10@+7),+9"e>Z>9"I+0'%(9"H>9"c-.0+9"H>9"L*9"d>9"'%("
O-*%+79"a>"F#22UG>"&(C!"'%("&(C#"',+"8.%6)4-%'001"+T.4@'0+%)"4%"@+,)+;,'0"
5'))+,%4%/>"a+@>"I4-0>"55a%&!!<E!##>"

D6*+8+9"e>c>9"O+*3'%%9"d>R>9"I.76*3'%%9"$>Z>9"M%/+,9"?>9"'%("Q.%B+Ed'47+,9"c>"F#22PG>"
z.'%)4)')4@+",+'0E)43+"Z?EY&Z"(')'"'%'01747^"6.,,+%)"6-%6+5)7"'%(")*+"%-@+0"|/+%+"
+C5,+774-%q7"&?"(488+,+%6+|"8-,3.0'>"e>"H-0>"H+(>"FI+,0G"V:%&U2!EU!2>"

D6*-%*-889"D>R>9"]4+0EH-0-%+19"H>9"'%("O+4)+,9"S>I>"F#22<G>"H4%4,+@4+:^"a+@+0-53+%)"
'%("(488+,+%)4')4-%"-8"/.)"+%(-6,4%+"6+007>"R%(-6,4%-0-/1".:$%&#PKUE#P<<>"

D6*,-(+,9"b>9"'%("]-770+,9"S>"F#22#G>"RC5,+774-%"-8"b-)6*"5')*:'1"6-35-%+%)7"4%"
8+)'0"'%("'(.0)"3-.7+"73'00"4%)+7)4%+>"]+%+"RC5,>"Y'))+,%7"2%&#<`E#W2>"

D6*:4)'00'9"D>9"Q4%/+,0+9"S>S>9"&'33',+,49"Y>9"b+;+074+B9"?>9"]-B).%'9"D>$>9"j4+/0+,9"Y>d>9"
&'%049"L>9"c+4[3'%79"e>9"c.+079"a>e>9"H-,+'.C9"]>%&;*&<9="F#2!KG>"$%)+7)4%'0").3-,4/+%+747"
4%4)4')+(";1"(+(488+,+%)4')4-%"'%("'6T.474)4-%"-8"7)+3E6+00E04B+"5,-5+,)4+7>"&+00".$2%&
#WEKX>"

D6-@400+9"a>c>9"D')-9"?>9"c+9"o>&>9"'%("O49"O>"F#22XG>"&.,,+%)"@4+:^"4%)+7)4%'0"7)+3"6+007"
'%("74/%'04%/>"]'7),-+%)+,-0-/1".5:%&X<UEXP<>"

D+B41'9"?>9"S('6*49"D>9"d-*.9"d>9"t'3'('9"?>9"c4/.6*49"L>9"Q.,.B':'9"t>9"b'B'3.,'9"t>9"
b'B'3.,'9"?>9"?'7*4,-9"d>9"d.*','9"D>9"L*:'('9"D>9"'%("SB41'3'9"?>"F#22<G>"
$(+%)4846')4-%"-8"IHY"'%("'6)4@4%"3+3;,'%+E;-.%("4%*4;4)-,"FISHI$G9"'%"4%*4;4)-,"
-8"),'%78-,34%/"/,-:)*"8'6)-,E;+)'"74/%'04%/9"'7"'")',/+)"-8")*+";+)'E6')+%4%"5')*:'1"
4%"6-0-,+6)'0").3-,"6+007>"e>"I4-0>"&*+3>"2bD%&PX<2EPX<P>"

D*'-.09"Z>9"H',6-%9"Y>9"LB'('9"t>9"&.)A9"R>9"'%("Q-,7)%+,9"]>"F#222G>"?*+"5')*-/+%+747"
-8"(.-(+%'0"/'7),46"3+)'50'74'^")*+",-0+"-8"0-6'0"/-;0+)"6+00"),'%78-,3')4-%>"].)":A%&
PK#EPKX>"

D*+%9"&>b>9"c-,;9"H>R>9"D0'6B9"e>H>9"'%("?-7*9"a>"F#22KG>"?,'%7(488+,+%)4')4-%"-8"
5'%6,+'7")-"04@+,>"H+6*>"a+@>".2a%&!2`E!!P>"

D*49"t>9"'%("H'77'/.+9"e>"F#22KG>"H+6*'%4737"-8"?]QE;+)'"74/%'04%/"8,-3"6+00"
3+3;,'%+")-")*+"%.60+.7>"&+00"..5%&PXWE`22>"

D*,-1+,9"b>Q>9"V'00479"a>9"i+%B+%9"d>e>9"I+00+%9"c>e>9"'%("j-/*;49"c>t>"F#22WG>"]84!"
8.%6)4-%7"(-:%7),+'3"-8"H')*!")-"6-%),-0"4%)+7)4%'0"7+6,+)-,1"6+00"7.;)15+"
'00-6')4-%"'%("(488+,+%)4')4-%>"]+%+7"a+@>".D%&#<!#E#<!`>"

D4+/+09"Z>9"a+D'%)479"&>9"i4,/-9"d>9"D)+4%9"d>9"H',4-))-9"S>9"D34)*9"?>9"&--5+,9"a>9"]'%70+,9"
?>9"O+,,-9"&>9"Q+(+:'9"D>%&;*&<9="F#2!#G>"&'%6+,"),+')3+%)"'%("7.,@4@-,7*45"7)')47)4679"
#2!#>"&S"&'%6+,>"e>"&04%>"A2%&##2E#<!>"



 

"!PK"

D40;+,/9"a>]>9"Q.,)*9"R>R>9"?'10-,9"e>d>9"D6*.6B9"?>9"&*4-.9"?>9"'%("?,';+,9"Y>]>"F!UU`G>"
&ao!"5,-)+4%"+C5,+774-%"4%"%-,3'09"3+)'50'7)469"'%("%+-50'7)46"*.3'%"'043+%)',1"
),'6)"+54)*+04.3>"]'7),-+%)+,-0-/1"..5%&<`XE<XP>"

D40;+,/9"a>]>9"D.004@'%9"e>9"d'%/9"R>9"D:'4%9"]>Y>9"H-88+))9"e>9"D.%(9"b>e>9"D'6B+))9"D>a>9"'%("
d'+7)%+,9"d>c>"F#22#G>"&(C#"+6)-546"+C5,+774-%"4%(.6+7"/'7),46"4%)+7)4%'0"3+)'50'74'"
4%"),'%7/+%46"346+>"]'7),-+%)+,-0-/1".22%&PXUEPUP>"

D45-79"Q>9"'%("]'0'3;9"L>"F#2!#G>"R54)*+04'0E)-E3+7+%6*13'0"'%("3+7+%6*13'0E)-E
+54)*+04'0"),'%74)4-%7"4%")*+"6-0-%>"V-,0("e>"]'7),-+%)+,-0>".V%&P2!EP2X>"

D[-;0-39"?>9"e-%+79"D>9"V--(9"O>a>9"Y',7-%79"a>V>9"O4%9"e>9"I',;+,9"?>a>9"H'%(+0B+,9"a>9"
O+',19"Z>e>9"Y)'B9"e>9"D40043'%9"b>%&;*&<9="F#22PG>"?*+"6-%7+%7.7"6-(4%/"7+T.+%6+7"-8"
*.3'%";,+'7)"'%("6-0-,+6)'0"6'%6+,7>"D64+%6+"5.:%&#PXE#`<>"

D-(4,9"b>H>9"&*+%9"o>9"Y',B9"Z>9"b46B+09"S>R>9"&-%)49"Y>D>9"H-')79"Z>9"I'(4%/9"e>Z>9"D*4;')'9"
a>9"'%("O'4,(9"Y>V>"F#22PG>"D3'(K"(+8464+%61"5,-3-)+7").3-,4/+%+747"4%")*+"(47)'0"
6-0-%"-8"S56H4%\_"346+>"&'%6+,"Z+7>"AA%&X<K2EX<KX>"

D-.A'9"Z>Q>9"d,47*%'%9"d>9"'%("D5+6*0+,9"D>e>"F#22XG>"S64(9";40+9"'%("&ao^")*+"SI&7"-8"
3'B4%/"I',,+))q7"3+)'50'74'>"S3>"e>"Y*174-0>"]'7),-4%)+7)>"O4@+,"Y*174-0>"2D$%&]#!!EX>"

D5-,%9"H>I>"F!UUPG>"?*+":',"-%"6'%6+,>"O'%6+)"5:b%&!K``E!KX!>"

D)+@+%7-%9"I>Z>9"D40464'%-9"e>a>9"H--7+B+,9"H>D>9"'%("]--(+%-./*9"a>S>"F!UXPG>"
$(+%)4846')4-%"-8"jLE!^"'"*4/*"3-0+6.0',":+4/*)"5-015+5)4(+"'77-64')+(":4)*")*+")4/*)"
[.%6)4-%"FA-%.0'"-660.(+%7G"4%"'"@',4+)1"-8"+54)*+04'>"e>"&+00"I4-0>".a5%&`WWE`PP>"

D),4%/+,9"R>e>9"Y,4)6*',(9"&>S>9"'%("I+6B9"Q>"F#22XG>"&(C#"4%4)4')+7"*47)-(488+,+%)4')4-%"
-8")*+"34(/.)"+%(-(+,3>"QRID"O+))>"$V2%&#WWWE#WP2>"

D.9"O>d>9"d4%A0+,9"d>V>9"i-/+07)+4%9"I>9"Y,+474%/+,9"S>&>9"H-7+,9"S>Z>9"O.-%/-9"&>9"]-.0(9"
d>S>9"'%("a-@+9"V>Q>"F!UU#G>"H.0)450+"4%)+7)4%'0"%+-50'74'"6'.7+(";1"'"3.)')4-%"4%"
)*+"3.,4%+"*-3-0-/"-8")*+"SY&"/+%+>"D64+%6+"2$A%&PPXEP`2>"

D.9"O>d>9"d4%A0+,9"d>V>9"i-/+07)+4%9"I>9"Y,+474%/+,9"S>&>9"H-7+,9"S>Z>9"O.-%/-9"&>9"]-.0(9"
d>S>9"'%("a-@+9"V>Q>"F!UU#G>"H.0)450+"4%)+7)4%'0"%+-50'74'"6'.7+(";1"'"3.)')4-%"4%"
)*+"3.,4%+"*-3-0-/"-8")*+"SY&"/+%+>"D64+%6+"2$A%&PPXEP`2>"

D.;,'3'%4'%9"i>9"H+1+,9"I>$>9"'%("],.779"Y>"F!UUWG>"a47,.5)4-%"-8")*+"3.,4%+"
*-3+-;-C"/+%+"&(C!"'88+6)7"'C4'0"7B+0+)'0"4(+%)4)4+7";1"'0)+,4%/")*+"3+7-(+,3'0"
+C5,+774-%"(-3'4%7"-8"c-C"/+%+7>"&+00"V5%&P<!EPWK>"

D.;)409"&>9"].+,4%9"R>9"D6*%+4(+,9"S>9"&*+%',(9"H>Y>9"H',)4%9"R>9"a-3-%Ea+009"&>9"a.0.69"$>9"
I,';0+)A9"?>9"d+(4%/+,9"H>9"a.60-79"I>9"]'.;9"H>Y>9"'%("Q,+.%(9"e>b>"F#22`G>"Q,+T.+%)"



 

"!P<"

,+',,'%/+3+%)7"'%("'3504846')4-%"-8")*+"&ao#"*-3+-;-C"/+%+"4%"*.3'%"75-,'(46"
6-0-,+6)'0"6'%6+,7":4)*"6*,-3-7-3'0"4%7)';404)1>"&'%6+,"O+))>"2:b%&!U`E#2K>"

D.*9"R>Z>9"c'9"&>D>9"Z'%B4%9"R>I>9"?-1-)'9"H>9"'%("?,';+,9"Y>]>"F#22#G>"abS"3+)*10')4-%"
(-:%E,+/.0')+7"&ao!"/+%+"+C5,+774-%"4%"6-0-,+6)'0"6'%6+,"6+00"04%+7>"e>"I4-0>"&*+3>"
2bb%&KW`UWEKWX22>"

D.A.B49"d>9"Q.B.49"c>9"d'1'*','9"?>9"D':'('9"H>9"D+%-9"c>9"c4'49"c>9"d'/+1'3'9"Z>9"LB'%-9"
c>9"'%("&*4;'9"?>"F#22WG>"c+7!E(+8464+%)"346+"7*-:"5,+6-64-.7"(488+,+%)4')4-%"-8"
Y'%+)*"6+007"4%")*+"73'00"4%)+7)4%+>"I4-6*+3>"I4-5*17>"Z+7>"&-33.%>"52V%&K<XEKW#>"

?'B'B.9"d>9"L7*43'9"H>9"H41-7*49"c>9"H')7.49"H>9"D+0(4%9"H>Q>9"'%("?'B+)-9"H>H>"F!UUXG>"
$%)+7)4%'0").3-,4/+%+747"4%"6-35-.%("3.)'%)"346+"-8";-)*"a56<"FD3'(<G"'%("S56"
/+%+7>"&+00"D2%&P<WEPWP>"

?'B'1'3'9"?>9"H41'%47*49"d>9"c'1'7*49"?>9"D')-9"t>9"'%("b44)7.9"t>"F#22PG>"&-0-,+6)'0"
6'%6+,^"/+%+)467"-8"(+@+0-53+%)"'%("3+)'7)'747>"e>"]'7),-+%)+,-0>":.%&!XWE!U#>"

?'%'B'9"H>9"D'4)-9"c>9"d.7.349"?>9"Q.B.('9"D>9"D*43-1'3'9"?>9"D'7'B49"t>9"D.)-9"d>9"
H.%'B')'9"S>9"'%("d.(-9"c>"F#22!G>"D5')4'0"(47),4;.)4-%"'%("*47)-/+%+747"-8"
6-0-,+6)'0"Y'%+)*"6+00"3+)'50'74'"4%"4(4-5')*46"4%80'33')-,1";-:+0"(47+'7+>"e>"
]'7),-+%)+,-0>"c+5')-0>".A%&!KWKE!KWU>"

?'%/9"t>9"d').,49"i>9"a400%+,9"S>9"H47*,'9"I>9"a+%/9"&>o>9"'%("H47*,'9"O>"F#22KG>"
a47,.5)4-%"-8"),'%78-,34%/"/,-:)*"8'6)-,E;+)'"74/%'04%/"4%"ROQ";+)'E75+6),4%E
(+8464+%)"346+>"D64+%6+"2DD%&W`<EW``>"

?'%/9"t>9"d').,49"i>9"D,4%4@'7'%9"Z>9"Q-/)9"Q>9"Z+(3'%9"Z>9"S%'%(9"]>9"D'4(9"S>9"Q47*;+4%9"
?>9"j'70-889"H>9"Z+((19"R>Y>9"H47*,'9"I>9"'%("H47*,'9"O>"F#22WG>"?,'%78-,34%/"/,-:)*"
8'6)-,E;+)'"7.55,+77+7"%-%3+)'7)')46"6-0-%"6'%6+,")*,-./*"D3'(<"'%("'('5)-,"
5,-)+4%"ROQ"')"'%"+',01"7)'/+"-8").3-,4/+%+747>"&'%6+,"Z+7>"A$%&<##XE<#K`>"

?')'9"Y>Z>9"H-.9"c>9"Y',(-ED'/'%)'9"S>9"j*'-9"Z>9"Y,';*.9"H>9"O':9"I>H>9"i4%',7B19"i>9"
&*-9"e>O>9"I,+)-%9"D>9"D'*'19"S>9"H+(-889"I>a>9"'%("Z'['/-5'09"e>"F#2!KG>"a+(488+,+%)4')4-%"
-8"6-334))+("+54)*+04'0"6+007"4%)-"7)+3"6+007"4%"@4@->"b').,+"$a5%&#!XE##K>"

?*4+,19"e>Y>"F#22KG>"R54)*+04'0E3+7+%6*13'0"),'%74)4-%7"4%"(+@+0-53+%)"'%("
5')*-0-/4+7>"&.,,>"L54%>"&+00"I4-0>".$%&`<2E`<P>"

?*-3'79"Y>z>9"I,-:%9"S>9"'%("I+((4%/)-%9"Z>D>"F!UUXG>"c+C^"'"*-3+-;-C"/+%+"
,+@+'04%/"5+,4E4350'%)')4-%"'7133+),1"4%")*+"3-.7+"+3;,1-"'%("'%"+',01"),'%74+%)"
3',B+,"-8"+%(-)*+04'0"6+00"5,+6.,7-,7>"a+@+0-53+%)".2$%&XWEU<>"

?4'%9"c>9"I4+*79"I>9"V',34%/9"D>9"O+-%/9"d>]>9"Z'%/+009"O>9"d0+4%9"L>a>9"'%("(+"D'.@'/+9"
Q>e>"F#2!!G>"S",+7+,@+"7)+3"6+00"5-5.0')4-%"4%"73'00"4%)+7)4%+",+%(+,7"O/,WE5-74)4@+"
6+007"(475+%7';0+>"b').,+":bV%&#WWE#WU>"



 

"!PW"

?-34)'9"b>9"e4'%/9"V>9"c4;7*--7*9"c>9"V',;.,)-%9"a>9"d'*%9"D>H>9"'%("V+4%7)+4%9"$>I>"
F!UU#G>"$7-0')4-%"'%("6*','6)+,4A')4-%"-8"'"*4/*01"3'04/%'%)"@',4'%)"-8")*+"DV<X2"
*.3'%"6-0-%"6'%6+,"6+00"04%+>"&'%6+,"Z+7>"$2%&PX<2EPX<`>"

?,+.)4%/9"Y>H>9"'%("a4%)A479"D>"F#2!!G>"&-35',')4@+"S%')-31"'%("c47)-0-/1^"S"H-.7+"
'%("c.3'%"S)0'7"R07+@4+,"D64+%6+G>"

?7.B'3-)-9"?>9"$%'('9"d>9"?'%'B'9"c>9"H4A-7*4)'9"?>9"H4*','9"H>9"M7*4[43'9"?>9"
t'3'3.,'9"t>9"b'B'3.,'9"D>9"'%("?')+3')7.9"H>"F#22<G>"a-:%E,+/.0')4-%"-8"'"/'7),46"
),'%76,45)4-%"8'6)-,9"D-C#9"'%("+6)-546"+C5,+774-%"-8"4%)+7)4%'0"*-3+-;-C"/+%+79"
&(C!"'%("&(C#^"4%@+,7+"6-,,+0')4-%"(.,4%/"5,-/,+774-%"8,-3"/'7),46\4%)+7)4%'0E
34C+(")-"6-350+)+"4%)+7)4%'0"3+)'50'74'>"e>"&'%6+,"Z+7>"&04%>"L%6-0>".5a%&!KWE!<W>"

M+7'B'9"?>9"d'/+1'3'9"b>9"'%("V')'%';+9"c>"F#22<G>"$(+%)4814%/")',/+)"/+%+7"
,+/.0')+("(-:%7),+'3"-8"&(C#";1"346,-',,'1"'%'01747>"e>"H-0>"I4-0>"55b%&P<`EPP2>"

M,%-@9"Q>a>9"Z+;',9"R>e>9"c-03+79"H>&>9"j*'%/9"c>D>9"'%("],+/-,19"Y>a>"F#2!2G>"]+%-3+"
+(4)4%/":4)*"+%/4%++,+("A4%6"84%/+,"%.60+'7+7>"b')>"Z+@>"]+%+)>"..%&PKPEP<P>"

@'%"(+%"SBB+,9"R>9"Q-,0'%49"D>9"&*':+%/7'B7-5*'B9"d>9"(+"],''889"V>9"I+6B9"Q>9"H+1+,9"
I>$>9"'%("a+76*'3579"e>"F#22#G>"&(C!"'%("&(C#"*'@+"-@+,0'554%/"8.%6)4-%7"4%"
'%)+,-5-7)+,4-,"5'))+,%4%/"'%("5-7)+,4-,"'C47"+0-%/')4-%>"a+@+0-53+%)".2D%&#!X!E
#!UK>"

@'%"(+,"Q04+,9"O>]>9"'%("&0+@+,79"c>"F#22UG>"D)+3"6+0079"7+08E,+%+:'09"'%("
(488+,+%)4')4-%"4%")*+"4%)+7)4%'0"+54)*+04.3>"S%%.>"Z+@>"Y*174-0>"b.%&#<!E#P2>"

@'%"(+,"Q04+,9"O>]>9"c'+/+;',)*9"S>9"D)'%/+9"a>R>9"@'%"(+"V+)+,4%/9"H>9"'%("&0+@+,79"c>"
F#22UG>"LOQH<"47"'",-;.7)"3',B+,"8-,"7)+3"6+007"4%"*.3'%"4%)+7)4%+"'%("3',B7"'"
7.;7+)"-8"6-0-,+6)'0"6'%6+,"6+007>"]'7),-+%)+,-0-/1".5b%&!WE!`>"

@'%"R79"e>c>9"(+"]++7)9"b>9"@'%"(+"I-,%9"H>9"&0+@+,79"c>9"'%("c'77'%9"I>S>"F#2!2G>"
$%)+7)4%'0"7)+3"6+007"0'6B4%/")*+"H')*!").3-.,"7.55,+77-,"',+",+8,'6)-,1")-"b-)6*"
4%*4;4)-,7>"b')>"&-33.%>".%&!X>"

@'%"R79"e>c>9"e'19"Y>9"],+/-,4+889"S>9"@'%"]4[%9"H>R>9"e-%B*++,9"D>9"c')A479"Y>9"?*4+0+9"S>9"@'%"
(+%"I-,%9"H>9"I+/)*+09"c>9"I,';0+)A9"?>9"?'B+)-9"H>H>9"'%("&0+@+,79"c>"F#22WG>"V%)"
74/%'004%/"4%(.6+7"3').,')4-%"-8"Y'%+)*"6+007"4%"4%)+7)4%'0"6,15)7>"b')>"&+00"I4-0>"b%&
KX!EKXP>"

@'%"R79"e>c>9"D')-9"?>9"@'%"(+"V+)+,4%/9"H>9"O1.;43-@'9"S>9"b++9"S>b>9"],+/-,4+889"S>9"
D'7'B49"b>9"j+4%7),'9"O>9"@'%"(+%"I-,%9"H>9"d-,@4%/9"e>%&;*&<9="F#2!#G>"a00!_"7+6,+)-,1"
5,-/+%4)-,"6+007",+@+,)")-"7)+3"6+007".5-%"6,15)"('3'/+>"b')>"&+00"I4-0>".:%&!2UUE
!!2<>"



 

"!PP"

@'%"R79"e>c>9"@'%"]4[%9"H>R>9"Z4664-9"L>9"@'%"(+%"I-,%9"H>9"i--4[79"H>9"I+/)*+09"c>9"
&-A4[%7+%9"H>9"Z-;4%+9"D>9"V4%)-%9"a>e>9"Z'()B+9"Q>9"'%("&0+@+,79"c>"F#22WG>"
b-)6*\/'33'E7+6,+)'7+"4%*4;4)4-%").,%7"5,-048+,')4@+"6+007"4%"4%)+7)4%'0"6,15)7"'%("
'(+%-3'7"4%)-"/-;0+)"6+007>"b').,+":5$%&UWUEUPK>"

@'%"R79"e>c>9"@'%"]4[%9"H>R>9"Z4664-9"L>9"@'%"(+%"I-,%9"H>9"i--4[79"H>9"I+/)*+09"c>9"
&-A4[%7+%9"H>9"Z-;4%+9"D>9"V4%)-%9"a>e>9"Z'()B+9"Q>9"'%("&0+@+,79"c>"F#22WG>"
b-)6*\/'33'E7+6,+)'7+"4%*4;4)4-%").,%7"5,-048+,')4@+"6+007"4%"4%)+7)4%'0"6,15)7"'%("
'(+%-3'7"4%)-"/-;0+)"6+007>"b').,+":5$%&UWUEUPK>"

@'%"b+79"e>9"(+"],''889"V>9"O+;,4%9"Q>9"]+,*',(9"H>9"I+6B9"Q>9"'%("a+76*'3579"e>"F#22PG>"
?*+"&(C<"3.)')4-%"'88+6)7"'C4'0"(+@+0-53+%)"'%(",+@+'07"'%"+77+%)4'0",-0+"-8"&(C"
/+%+7"4%")*+"-%)-/+%+747"-8")*+"50'6+%)'0"0';1,4%)*"4%"346+>"a+@+0-53+%)".55%&<!UE
<#X>"

i'%a.77+%9"d>O>9"&',.0049"S>e>9"d++0+19"?>H>9"Y')+09"D>Z>9"Y.)*-889"I>e>9"H'/%+779"D>?>9"?,'%9"
$>?>9"H'400',(9"$>9"D4+;+09"&>9"d-0)+,.(9"S>%&;*&<9="F#2!#G>"b-)6*"74/%'04%/"3-(.0')+7"
5,-048+,')4-%"'%("(488+,+%)4')4-%"-8"4%)+7)4%'0"6,15)";'7+"6-0.3%',"7)+3"6+007>"
a+@+0-53+%)".5D%&<XXE<U`>"

i+,A49"H>Y>9"D*4%9"c>9"c+9"c>c>9"D.0'*4'%9"Z>9"H+1+,9"&>S>9"H-%)/-3+,19"Z>d>9"Q0++)9"e>&>9"
I,-:%9"H>9"O4.9"o>D>9"'%("D*4@('7'%49"Z>S>"F#2!2G>"a488+,+%)4')4-%E75+64846"*47)-%+"
3-(4846')4-%7",+@+'0"(1%'346"6*,-3')4%"4%)+,'6)4-%7"'%("5',)%+,7"8-,")*+"4%)+7)4%'0"
),'%76,45)4-%"8'6)-,"&ao#>"a+@>"&+00>".D%&`!KE`#P>"

i+,A49"H>Y>9"D*4%9"c>9"c-9"O>O>9"O4.9"o>D>9"'%("D*4@('7'%49"Z>S>"F#2!!G>"R77+%)4'0"'%("
,+(.%('%)"8.%6)4-%7"-8"&'.('0"8'3401"5,-)+4%7"4%"'6)4@')4%/"'(.0)"4%)+7)4%'0"/+%+7>"
H-0>"&+00>"I4-0>".a9"#2#PE#2KU"

i4(+,9"I>j>9"j43;+,9"S>9"&*'7),+9"R>9"]+75'6*9"&>9"c'05+,4%9"H>9"H'7*4'*9"Y>9"t'%4@9"S>9"
'%("]'A4)9"S>"F#222G>"a+,+/.0')+("+C5,+774-%"-8"*-3+-;-CE6-%)'4%4%/"/+%+79"cLoIP9"
IX9"&X9"&U9"'%("&(CE!9"4%"*.3'%"6-0-%"6'%6+,"6+00"04%+7>"I4-6*+3>"I4-5*17>"Z+7>"
&-33.%>"2b2%&W!KEW!X>"

V'%/9"d>9"D+%/.5)'9"D>9"H'/%'%49"O>9"V407-%9"&>S>9"c+%,19"Z>V>9"'%("d%-))9"e>]>"F#2!2G>"
I,/!"47",+T.4,+("8-,"&(C#E3+(4')+(",+5,+774-%"-8"L6)<"+C5,+774-%"4%"3-.7+"
;0'7)-617)7>"YO-D"L%+"$%&+!2P##>"

V'%/9"t>9"t';..6*49"S>9"H6d4%%+1EQ,++3'%9"D>9"a.6*',3+9"a>H>9"Z'19"H>d>9"
&*':+%/7'B7-5*'B9"d>9"S,6*+,9"?>d>9"'%("a'0+19"]>z>"F#22XG>"&(C"/+%+"(+8464+%61"
6-35,-347+7"+3;,1-%46"*+3')-5-4+747"4%")*+"3-.7+>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"S>"
.a$%&``WPE``P!>"

V+0079"e>H>9"'%("H+0)-%9"a>S>"F!UUUG>"i+,)+;,')+"+%(-(+,3"(+@+0-53+%)>"S%%.>"Z+@>"
&+00"a+@>"I4-0>".$%&KUKE<!2>"



 

"!P`"

V4/0+9"e>?>9"'%("R47+%7)')9"a>a>"F#22XG>"c-3+-;-C"/+%+7"4%"@+,)+;,')+"8-,+;,'4%"
(+@+0-53+%)"'%("(47+'7+>"&04%>"]+%+)>"b5%&#!#E##P>"

V4004'37-%9"d>S>9"c+@+,9"S>H>9"Z'4%/+,9"e>9"Z-/+,79"Z>&>9"H'/++9"S>9"Q4+(0+,9"j>9"d+%/9"
V>?>9"D*',B+19"Q>c>9"H6]4009"b>9"c4009"&>e>%&;*&<9="F#22PG>"H.)')4-%7"4%"DLo#"6'.7+"
'%-5*)*'034'E+7-5*'/+'0E/+%4)'0"FSR]G"71%(,-3+>"c.3>"H-0>"]+%+)>".$%&!<!KE!<##>"

V4)+B9"H>R>9"b4+07+%9"d>9"V'0)+,79"Z>9"c170-59"?>9"Y'0'AA-9"e>9"D6*.0A9"D>9"'%("V'0(3'%9"
D>S>"F#22WG>"?*+"5.)')4@+").3-,"7.55,+77-,"&(C#"47"-@+,+C5,+77+(";1"*.3'%"
6-0-,+6)'0"'(+%-6',64%-3'7>"&04%>"&'%6+,"Z+7>"..%&XW<UEXWWP>"

V-%/9"b>S>9"I,4))-%9"H>Y>9"&*-49"]>D>9"D)'%)-%9"?>d>9"I46B%+009"a>&>9"V40(4%/9"e>O>9"'%("
I-(3+,9"V>Q>"F#22<G>"O-77"-8"&ao!"+C5,+774-%"4%"6-0-,+6)'0"6',64%-3'^"5,-3-)+,"
3+)*10')4-%9"3.)')4-%9"'%("0-77"-8"*+)+,-A1/-74)1"'%'017+7"-8"K`"6+00"04%+7>"Y,-6>"
b')0>"S6'(>"D64>"M>"D>"S>".a.%&W`<EW`U>"

o4+9"z>H>9"j*'%/9"t>9"H'*3--(9"D>9"'%("S05+,79"a>c>"F!UU`G>"Z')"4%)+7)4%'0"'0B'04%+"
5*-75*')'7+"$$"3+77+%/+,"ZbS"47"5,+7+%)"4%"(.-(+%'0"6,15)"'%("@400.7"6+007>"
]'7),-+%)+,-0-/1"..2%&K`PEKXP>"

t'%/9"a>c>9"?7.1'3'9"D>9"'%("H.,')'9"Q>"F#22!G>"?*+"+C5,+774-%"-8"/'7),46"c_Ed_E
S?Y'7+"3ZbS"'%("5,-)+4%"4%"(+@+0-54%/",')"8.%(46"/0'%(>"c47)-6*+3>"e>"55%&!WUE!PP>"

t'%/9"z>9"I+,34%/*'39"b>S>9"Q4%+/-0(9"H>e>9"'%("j-/*;49"c>t>"F#22!G>"Z+T.4,+3+%)"-8"
H')*!"8-,"7+6,+)-,1"6+00"04%+'/+"6-334)3+%)"4%")*+"3-.7+"4%)+7)4%+>"D64+%6+"2D:%&
#!WWE#!WX>"

t-7*4%'/'9"d>9"L;')'9"c>9"e.,.B-@7B49"i>9"H'AA4+,49"Z>9"&*+%9"t>9"j40;+,;+,/9"O>9"c.7-9"a>9"
H+0'3+(9"e>9"Y,4[')+0[9"Y>9"?-(-,-@469"i>9"a';-@469"I>9"'%("Z48B4%9"a>I>"F#22XG>"
Y+,).,;')4-%"-8"),'%78-,34%/"/,-:)*"8'6)-,"F?]QGE;+)'!"'77-64')4-%":4)*"0')+%)"
?]QE;+)'";4%(4%/"5,-)+4%"14+0(7"4%80'33')4-%"'%(").3-,7>"Y,-6>"b')0>"S6'(>"D64>"M>"D>"
S>".a$%&!X`WXE!X`PK>"

j*.9"t>9"Z46*',(7-%9"e>S>9"Y','('9"O>Q>9"'%("],'889"e>H>"F!UUXG>"D3'(K"3.)'%)"346+"
(+@+0-5"3+)'7)')46"6-0-,+6)'0"6'%6+,>"&+00"D:%&`2KE`!<>"

j-,%9"S>H>9"'%("V+0079"e>H>"F#22UG>"i+,)+;,')+"+%(-(+,3"(+@+0-53+%)"'%("-,/'%"
8-,3')4-%>"S%%.>"Z+@>"&+00"a+@>"I4-0>"2$%&##!E#W!>"

"

"

"

"



 

"!PX"

"

"

"

"

"

$%%'+-*"'C!



!"#"$ %&'("&$)"*+"#,"$
!""#!"#$%#$&$ '()'(')*)())*('()'(((!
!""#!"+%,-#$%#$&$ )*(((''()'(()*(('())!
%&'!"#$%#$&$ *)*'*)*('('((*)*(*)*((''))*!
%&'!"+%,-#$%#$&$ '))'()*))*(*''))'())*')!
()*#!"#$%#$&$ (((((***'**((('((**((*(!
()*#!"+%,-#$%#$&$ !)))))')*))))'(*)'*''**!
()*+!"#$%#$&!$ )))')('(()*''')'(('((!
()*+!"+%,-#$%#$&$ (()!(*)!))*!**)!*((!**)!)*(!'!
(,-"!"#$%#$&$ ((')*')'('))')*))*))!
(,-"!"+%,-#$%#$&$ ())!')'!''(!*))!')'!'))!)*!
%.&/'!"#$%#$&!$ (*')*'(()*'')(*)(()*!
%.&/'!"+%,-#$%#$&$ ()'!'''!*)'!')'!''*!()'!''(!*)!
0%!"#$%#$&!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!$('))**)'')**))))'*('))!
0%!"+%,-#$%#$&!!!!!!!!!!!!!!!!$ )*(*((*))**'*)'(('*')***)**(*)!!!!!
1234#5!"#$%#$&! (''())**(('(**)*(**)))*!
1234#5$"+%,-#$%#$&$ ))()'))**)')))()**)'!
!6789$"#$%#$&$ (*((*))*(()'('(')'*')')!
!6789$"+%,-#$%#$&$ )*()'()*()*(**'*)(***(''***!
0:**#/$"#$%#$&$ *()')(**'*')*)))'(*()*(!
0:**#/$"+%,-#$%#$&$ ))))*'))*(**())***)'(!
46;8$8:;<*!"#$%#$&$ *())*'('*)('*())*'))!
46;8$8:;<*!"+%,-#$%#$&$ )')')*()'('(('(('(**!

-./0"$12$34.56"&$7$%38$90':9)$$

./0!



Cdx2-/- Cdx1-/-Cdx2-/- 

!""#$%&'()&*+,#(-.((/#0#,1&2$(3456(72($2,849(#"&7:#9&+8;(((
!"#$$%&'()*(&')*%+,-"%./01232%#'/%./04232./01232%5%"-'(6*%#+(),%76&"),&7%./01%/)$)(&-'8%%
9:&(6)$&;"%&*%,)<),(&'=%>#7?%(-%#%'-,"#$%&'()*(&'#$%):&(6)$&;"8%
%
%

4@A%



!""#$%&'()&*+,#(-.!/01#234&0(56#,6&#7(58(41#(*#$#4&0(1&#,3,019(58(#"&41#:&3:(0#::(
:&$#3*#(0522&42#$4(&$(41#(&$4#;4&$#<!!
"#$%&$'#()!&$%*!+%))&!,-.)'/%-($%!0#1%-!+.#$-.)!./!2.$3!$3%!4#$!(#1!$3%!5.$+3!,($36(7&!(#1!
+(#!1'//%-%#$'($%!'#$.!())!/.0-!1'//%-%#$'($%1!+%))!$7,%&!,-%&%#$!'#!$3%!'#$%&$'#()!%,'$3%)'0*8!
9($3:!'&!-%;0'-%1!/.-!$3%!+.**'$*%#$!$.!$3%!&%+-%$.-7!)'#%(<%8!=>':!(#1!?.@A!(-%!
-%&,.#&'2)%!/.-!1'//%-%#$'($'.#!'#$.!B(#%$3!+%))&8!=>':C!D-0,,%)E)'D%!/(+$.-!F!GH)/FIC!(#1!JFKE
)'D%!/(+$.-!L!GJ)/LI!(-%!#%+%&&(-7!/.-!<.2)%$!+%))!1%M%).,*%#$8!5%0-.<%#'#L!G5<#LI!'&!
-%;0'-%1!/.-!%#1.+-'#%!+%))!/($%!&,%+'>'+($'.#8!N('-7OJ#3(#+%-!./!?,)'$!:!GN%&:IC!$3-.0<3!
J)/L!(#1!$3%!$-(#&/.-*'#<!<-.6$3!/(+$.-!P!$7,%!""!-%+%,$.-!GQ</EPR""IC!'&!-%&,.#&'2)%!/.-!
1'//%-%#$'($'.#!'#$.!%#$%-.+7$%&!./!$3%!(2&.-,$'M%!)'#%(<%8!S'<0-%!(#1!)%<%#1!(1(,$%1!6'$3!
,%-*'&&'.#!/-.*!M(#!1%-!S)'%-!(#1!T)%M%-&!UVVA8!GM(#!1%-!S)'%-!(#1!T)%M%-&C!UVVAI!

:K:!



Sox9 

!-actin 

C
on

tr
ol

 

C
dx

1-/-
C

dx
2-/-

 

!"

E1 -5000 

-3469 -3474 

CATAAA 

-1519 -1524 

TTTATG #"

Sox9 promoter 

Ig
G

 

"C
dx

2 

In
pu

t 

$"

%"

!&&'()*+",*-./'"01"$)+2"/'-.345'6"'+&/'66*7("78"!"#$"*("59'"*(5'65*(':""
!"#$%&'()*+,-.(.,.(/&$01)230$456$07"$465'$85-.659$,-:$3:;<)=)3:;>)=)$?',99$(-.&?.(-&?$
465'$'(8&$@A$B5+6?$C5?.$.,'5;(4&-$.6&,.'&-.D$!E#$%8B&',.(8$6&C6&?&-.,.(5-$54$.B&$FG$
C65;(',9$6&H(5-$54$.B&$!"#$%C65'5.&6$?B5I(-H$.B&$6&9,.(/&$C5?(.(5-$54$C+.,.(/&$3:;$
6&?C5-?&$&9&'&-.?$!3J0KL$:(,'5-:#D$7+'M&6(-H$(?$6&9,.(/&$.5$.B&$.6,-?86(C.(5-,9$?.,6.$
?(.&D$!3#$3BN2)?&*$C&,O$:(,H6,'$456$3:;>$588+C,-8P$5-$.B&$!"#$$958+?D$J(,H6,'$(?$,9(H-&:$
I(.B$.B&$?8B&',.(8$6&C6&?&-.,.(5-$(-$!E#D$$!J#$3BN2$456$3:;>$5-$!"#$$C65'5.&6Q$+?(-H$
C6('&6?$R9,-O(-H$.B&$3J0K$,.$)<F<S$!.6(,-H9&?$(-$"$:&-5.&$C6('&6$958,.(5-#D$"

<T>$



0 

2 

4 

6 

8 

10 

Vimentin Zeb1 MMP9 

Control 
Sh1 
Sh2 

R
el

at
iv

e 
m

R
N

A 

!""#$%&'()&*+,#(-.((!/0+&1&2&3$(34(5#261262&/(56,7#,1(+"3$(8311(34(9%':(&$(;<-=>(
/#881?(
!"#$%&'()*$*(*$+",-.%/0-,123,!"#$%&"%'()$*+'(()4(,#-.(132#,52)*326,()4,0478,
9)25942:),!;<=>,5"66,6$)"?@,A3323,B(3?,3"C3"?")*,*D",?*()4(34,4"+$(*$2),132#,*D",#"(),
21,E,$)4"C")4")*,?(#C6"?@,

FGE,


