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Pathophysiology of Musine Expression 
in Colon Tumors
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'(#,(#&%8$)Z#",67,&7/%/%P)&,>,.7*54%&7/#3,'$",5(%O
"1&#,'$/)6%")#3,'8')$3/,/4#*A,
G4).#, /4#,0<-J,'$/)6%"7, )3, 3/(%$8.7, #P5(#33#", )$,
*1&13OD%(*)$8, &#..3, )$, /4#, 8'3/()&, 31(D'&#, #5)/4#.)O
1*,'$",$#&M,#5)/4#.)1*+,/4#7,'.3%,34%9,5#()$1&.#O
'(, #P5(#33)%$, )$, &(75/, &#..3, '$", 316*1&%13, 8.'$"3,
)$, /4#,"1%"#$1*+, `#`1$1*,%(, ).#1*,Fd#8)*6'.",#/,
'.A+, JQQSLA,0<-J, #P5(#33)%$, )3, D%1$", )$, /4#, '5)&'.,
*#*6('$#3, %D, "1&/'., 8.'$"1.'(, /)331#3, 31&4, '3, /4#,
8'..6.'""#(+, #3%54'813+, $%(*'., 6(#'3/, /)331#+, 5(%3O
/'/#+,#$"%*#/()1*+,'$",#$"%&#(C)PA,>4#7,'(#,D%1$",
)$,/4#,'5)&'.,*#*6('$#3,%D,/4#,5'$&(#'/)&,"1&/3,'$",
.%61.#3A,0<-J,)3,5(#3#$/,'/,C#(7, .%9, .#C#.3, )$,$%(O
*'.,&%.%$,/)331#A,=$,'"")/)%$,/%,&%.%$,&'$&#(,/)331#+,
0<-J,&'$,6#,"#/#&/#",'/,C#(7,.%9,.#C#.3,)$,$%(*'.,
/)331#A,0<-J,#P5(#33)%$,)$,$%(*'.,/)331#,'"`'&#$/,/%,
&%.%$,&'$&#(, /)331#, )3, /4#, 3'*#,'3, )$,$%(*'.,&%.%$A,
0<-J,3/')$3,&7/%5.'3*)&,)$,$%(*'.,&%.%$)&,&(75/3+,
'5)&'.,*#*6('$#,'$";%(,")E13#,&7/%5.'3*)&,3/')$)$8,
Fd#8)*6'.",#/,'.A+,JQQSX,k')(',#/,'.A+,HIJHLA
0<-J, #P5(#33)%$, )3, )$&(#'3#", )$, &'$&#(%13, /)331O
#3, &%*5'(#", /%, .1$8, &'$&#(+, 6(#'3/, &'$&#(+, $%(*'.,
6(%$&4)'., /)331#, '$", 6(#'3/, /)331#A, 0<-JO(#.'/#",
#5)/%5#3,4'C#,6##$,"#*%$3/('/#",)$,UIOQI_,%D,&'3#3,
)$,8'3/()&,&'(&)$%*'3A,^/(%$8,0<-J,#P5(#33)%$,4'3,
6##$,34%9$,)$,5'$&(#'/)&+,5(%3/'/#,&'$&#(,'$",#3%5O
4'8#'.,&'$&#(3,31&4,'3,6(#'3/,'$",.1$8,Fk')(',#/,'.A+,
HIJHLA,G4).#,0<-J,)3,#P5(#33#",'/,',C#(7,.%9,.#C#.,
)$,$%(*'.,&%.%$+,)/,)3,#P5(#33#",'/,',('/#,%D,TIOUR_,)$,
&%.%$,&'$&#(A,=**1$%(#'&/)C)/7,)3,.%&'.)Z#",/%,/4#,&7O
/%5.'3*+,&#..,*#*6('$#+,'$",.1*)$'.,&%$/#$/3,%D,*'O
.)8$'$/,8.'$"3A,j#35)/#,/4#,'55#'('$&#,'$",)$&(#'3#,
%D,0<-JO(#.'/#", #5)/%5#3, )$, &%.%$, &'$&#(+,0<-J,
*d?!,.#C#.3,'(#,/4#,3'*#,%(, .%9#(,/4'$,)$,$%(*'.,
&%.%$A, >4)3, 3188#3/3, /4'/,0<-J, )**1$%(#'&/)C)/7,
%&&1(3,'e#(,/4#,&4'$8#,%&&1(()$8,'/,/4#,5%3/O/('$3&O
()5/)%$'.,.#C#.,F?'8'),#/,'.A+,HIISLA
0<-J,#P5(#33)%$,4'3,6##$,34%9$,/%,6#,3)8$)@&'$/.7,
)$&(#'3#",)$,3#C#(#,"735.'3/)&,'"#$%*'3,'$",/161.'(,
")E#(#$/)'/#", /1*%(3A, 0<-J, #P5(#33)%$, 9'3, '.3%,
D%1$",/%,6#,4)84,)$,*#/'3/'/)&,.)C#(,/)331#A,=/,34%93,',
3)8$)@&'$/,")E#(#$&#,)$,#P5(#33)%$,)$,/4#,5()*'(7,/1O
*%(,&%*5'(#",/%,$%(*'.,/)331#A,-%$3)"#()$8,/4'/,)/,)3,
$%/,D%1$",)$,$%(*'.,&%.%$,/)331#+,)/,&'$,6#,3/'/#",/4'/,
0<-J,#P5(#33)%$,&'$,6#,13#",'3,',*'(M#(,34%9)$8,
*'.)8$'$/,/('$3D%(*'/)%$,F:'(('(",#/,'.A+,JQQULA
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=/,4'3,6##$,34%9$,/4'/,/1*%(O35#&)@&,&7/%/%P)&,>,.7O
*54%&7/#3,'(#,'&/)C'/#",)$,/4#,6%"7,'8')$3/,0<-J,
#5)/%5#3A,=$,'$%/4#(,3/1"7+,/4#(#,9'3,$%,&%((#.'/)%$,
6#/9##$,0<-J,#P5(#33)%$,'$",/1*%(,3/'8#+, /1*%(,
.%&'.)Z'/)%$,'$",")E#(#$/)'/)%$,)$,5'/)#$/3,9)/4,j1O
M#3,2,'$",j,/1*%(3+,94).#,',5%3)/)C#,&%((#.'/)%$,9'3,
D%1$",6#/9##$,/4#,5#(&#$/'8#,%D,/1*%(,&#..3,#P5(#3O
3)$8,0<-J,'$",/4#,$1*6#(,%D,&7/%/%P)&,>,.7*54%O
&7/#3A, =$, /4#, .)84/, %D, /4#3#, 3/1")#3+, )**1$%/4#('57,
'$", C'&&)$#, '8')$3/, 0<-J, 4'C#, 6##$, "#C#.%5#",
F^)#(Z#8',#/,'.A+,HIJSLA
\P5(#33)%$,%D,/4#,0<-H,8#$#,)$,$%(*'.,/)331#3,9'3,
.)*)/#", )$, /4#, )$/#3/)$'., #5)/4#.)1*, F:'(('(", #/, '.A,
JQQUX,^)#(Z#8',#/,'.A,HIJSLA,2%/4,)$,)**1$%4)3/%&4#O
*)&'.,3/1")#3,'$",)$,3)/1,476()")Z'/)%$,3/1")#3,0<-H,
'5%*1&)$,34%9#",/4'/,)/,)3,.%&'/#",315('$1&.#'(,'$",
5#()$1&.#'(,)$,3*'..,)$/#3/)$#+,$%(*'.,&%.%$,'$",&%O
.%$,&'$&#(%13,/)331#3+,8%6.#/,&#..3A,>4#7,&'$,6#,D%1$",
)$,8%6.#/,&#..3,)$,'..,(#8)%$3,%D,C)..),'$",&(75/3A,>4#7,
'(#,3/%(#",)$,8('$1.#3,9)/4)$,0<-H,8%6.#/,&#..3+,'(#,
(#.#'3#",'e#(,/4#,3/)*1.'/)%$,*#&4'$)3*3,'$",'&/,'3,
.16()&'/)%$,'$",5(%/#&/)%$,Fg%M'9',#/,'.A+,HIIHLA
g/4#(, /)331#3, )$, /4#, 8'3/(%)$/#3/)$'., /('&/X, 3/%*'&4+,
#3%54'813,'$",8'..6.'""#(,'(#,$%/,'/,',.#C#.,/%,5(%O
"1&#,',3)8$)@&'$/,'*%1$/,%D,0<-HA,G4).#,)/,)3,('(#.7,
D%1$", )$, /4#, /('&4#%6('$&4)'., #5)/4#.)1*+, 0<-H,
*d?!,'$",'5%*1&)$,#P5(#33)%$,'(#,$%/,D%1$",)$,/4#,
.1$8+,6(#'3/+,5'$&(#'3+,5(%3/'/#+,3#*)$'.,C#3)&.#+,'$",
#$"%&#(C)P,FV1*,#/,'.A+,JQQNLA,G4).#,0<-H,*d?!,
.#C#.3,9#(#,D%1$",/%,6#,4)84,)$,$%(*'.,&%.%$,/)331#+,
/4#7,9#(#,D%1$",/%,6#,$%(*'.,)$,3*'..,)$/#3/)$#,/)3O
31#A,>4#,#P5(#33)%$,%D,/4#,0<-H,8#$#,)$,/('$3)/)%$'.,
*1&%3', )3, /4#, 3'*#, '3, )$,$%(*'., &%.%$, /)331#A,>4#,
#P5(#33)%$,%D,/4#,0<-H,8#$#,)$,'"#$%*'3,"#5#$"3,
%$,/4#,D(#f1#$&7,'$",)$/#$3)/7,%D,#P5(#33)%$,%D,&'$O
&#(O"#5#$"#$/,8.7&%5(%/#)$,'$/)8#$3,)$,'"#$%*'/%13,
5%.753+,/4#,)$&(#'3#",()3M,%D,*'.)8$'$&7,%D,/4#,5%.75+,
'$",/4#,3)Z#,%D,/4#,5%.75,F!P#.33%$,#/,'.A+,JQQULA
=$,',3/1"7,67,2.'$M,#/,'.A,0<-H,5(%/#)$,#5)/%5#,9'3,
D%1$",/%,6#,3/(%$8.7,5%3)/)C#,)$,$%(*'.,&%.%$,/)331#,
)$, HJ_+, 94).#, )/, 9'3,*%"#('/#.7, #P5(#33#", )$, SR_,
FV%".,#/,'.A+,HIIHLA, =$, /4#,3'*#,3/1"7+, )/,9'3, D%1$",
NI_,3/(%$8.7,5%3)/)C#,)$,C)..%13,'"#$%*'3,'$",NU_,
3/(%$8.7,5%3)/)C#,)$,/161.'(,'"#$%*'3A,=$,',3/1"7,67,
V%".,#/,'.A,FHIIHL+,0<-H,%C#(#P5(#33)%$,9'3,%63#(O
C#", )$, TK_, %D, 5'/)#$/3, 9)/4, (#&/%3)8*%)"'., C)..%13,
'"#$%*'+,'$",)/,9'3,3/'/#",/4'/,/4)3,#P5(#33)%$,('/#,
")",$%/,&4'$8#,9)/4,/4#,"#8(##,%D,"735.'3)'A,=$,',3/1"7,
67,W'$,#/,'.A,FHIISL+,)/,9'3,%63#(C#",/4'/,0<-H,#P5O
(#33)%$, "#&(#'3#", '3, /4#, "735.'3)', /75#, 5(%8(#33#",
/%9'("3, 3#C#(#, "735.'3)', )$, 6%/4, c'/, '$", 5%.75%)",
/75#, '"#$%*'3A,G4).#,0<-H, #P5(#33)%$, )3, %63#(O

C#",'/,',('/#,%D,QH_,)$,.%9O8('"#,"735.'3)'+,/4)3,('/#,
"#&(#'3#3,/%,SI_,)$,4)84O8('"#,"735.'3)',FW'$,#/,'.A+,
HIISLA,j#&(#'3#",0<-H,#P5(#33)%$,)$,4)84,"735.'O
3)',*'7,6#,'//()61/#",/%,"#&(#'3#",*1&)$,D%(*'/)%$,
'3, "735.'3)', )$&(#'3#3A, =$, 3%*#, 3/1")#3+, )/, 4'3, 6##$,
34%9$, /4'/, /4#, #P5(#33)%$, )$/#$3)/7, %D,0<-H,'5%O
*1&)$,)$,&%.%$,&'$&#(,)3,)$&(#'3#",)$,9#..,'$",*%O
"#('/#.7O9#..,")E#(#$/)'/#",&%.%$,&'$&#(3,&%*5'(#",
/%, $%(*'., &%.%$A,G4).#,0<-H,*d?!, .#C#.3, 9#(#,
)$&(#'3#",)$,*1&)$%13,&'$&#(3,&%*5'(#",/%,$%(*'.,
&%.%$+,)/,9'3,%63#(C#",/4'/,*d?!,.#C#.3,"#&(#'3#",)$,
9#..O,'$",*%"#('/#.7O9#..O")E#(#$/)'/#",'"#$%&'(&)O
$%*'3,FB'$3M),#/,'.A+,JQQTLA
=$,/4#,3/1"7,67,B'$3M),#/,'.A,FJQQTL+,)/,9'3,%63#(C#",
/4'/,/4#,#P5(#33)%$,%D,'$/)O0<-H,'$/)6%"7,F--bRUL,
)$&(#'3#", )$, *1&)$%13, &'(&)$%*'3+, 94).#, /4#, #P5O
(#33)%$,9'3,$%(*'.,%(,"#&(#'3#",)$,"#$%C','$",'"#O
$%&'(&)$%*',3#f1#$&#,F!-^LF,W)$&#$/,#/,'.A+,HIITLA,
G4).#,0<-H,'$/)6%"7,9'3,"#/#&/#", )$,$%(*'., &%O
.%$,/)331#,'/,',('/#,%D,US_+,)/,9'3,(#5%(/#",/4'/,/4#7,
34%9#",RQ_,#P5(#33)%$,)$,!-^,'$","#$%C',&'(&)$%O
*'3+,'$",/4#,#P5(#33)%$,9'3,9#'M#(,)$,"#$%C',&'(&)O
$%*'3A,=$,*1&)$%13,&'(&)$%*'+,%$,/4#,%/4#(,4'$"+,
0<-H,34%93,3/(%$8,%C#(#P5(#33)%$,'/,',('/#,%D,TN_A,
0<-H,#P5(#33)%$,)3,)$"#5#$"#$/,%D,/4#,"#8(##,'$",
3/'8#,%D,")E#(#$/)'/)%$,F0#3f1)/',#/,'.A+,HIIKLA
2%/4,0<-H, '5%*1&)$, '$",0<-H,*d?!, #P5(#3O
3)%$, '(#, )$&(#'3#", )$, *1&)$%13, &'(&)$%*'3A, 0%(#,
'5%*1&)$+,34%(/#(,&4')$,'$",.#33,&'(6%47"('/#,&4'O
)$,'5%*1&)$,)3,37$/4#3)Z#",Fa'*'*%/%,#/,'.A+,HIIKLA,
>4#,0<-H,#5)/%5#,6#&%*#3,*%(#,C)3)6.#,'3,',(#31./,
%D, )$&(#'3#", #P5(#33)%$, %D, 6%/4, 0<-H, '5%*1&)$,
'$",0<-H, *d?!+, )$31h&)#$/, 8.7&%37.'/)%$, '$";
%(, '6$%(*'., *1&)$, D%(*'/)%$A, --bRU, '$/)6%"7, )3,
)$/('&#..1.'(.7, .%&'/#", '$", "%#3, $%/, 3/')$, 3#&(#/%(7,
*1&)$,'$",*1&)$,5%%.3A,2#&'13#,3#&(#/#",*1&)$, )3,
*'/1(#+, )/, )3, 4)84.7, 8.7&%37.'/#", '$", )3, $%/, 3/')$#",
67,--bRU,'$",%/4#(, '$/)6%")#3A,B%9#C#(+, )$, 3%*#,
3/1")#3+,)/,9'3,%63#(C#",/4'/,.1*)$'.,'$",)$/#(3/)/)'.,
*1&)$,34%9#",0<-H,#P5(#33)%$,FG#)33,#/,'.A+,JQQSLA
>4#,0<-R!-,8#$#,#$&%"#3,D%(,3#&(#/%(7,*1&)$+,'$",
)3, 3/(%$8.7,#P5(#33#", )$,8'3/()&, 315#(@&)'.,'$",$#&M,
*1&13,&#..3A,>4#7,34%9,#P5(#33)%$,)$,/4#,8.'$"1.'(,
#5)/4#.)1*, %D, /4#, (#35)('/%(7, 373/#*+, )$, /4#, 8'..6O
.'""#(,#5)/4#.)1*,)$,/4#,#$"%&#(C)PA,>4#,0<-R!-,
8#$#,)3,$%/,#P5(#33#",)$,$%(*'.,&%.%$,/)331#,61/,)/,4'3,
6##$,D%1$",/%,6#,#P5(#33#",)$,$%$$#%5.'3/)&,*1&%O
3',&.%3#,/%,&'$&#(,/)331#A,=$,3%*#,3/1")#3+,)/,4'3,6##$,
34%9$, /4'/, /4#(#, )3, '$, #P5(#33)%$, %D, ROHI_, )$, /4#,
/('$3)/)%$'.,*1&%3',FG'.34,#/,'.A+,HIJKLA,=$,3%*#,3/1O
")#3+,/4#,#P5(#33)%$,%D,")3/'$/,$%(*'.,&%.%$,/)331#,)$,
&'$&#(,/)331#+,'.6#)/,C#(7,.)//.#+,4'3,6##$,#P5.')$#",67,
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/4#,l5(#&'$&#(%13,@#.",#E#&/mA,=$,'$%/4#(,3/1"7+,#P5O
(#33)%$,9'3,%63#(C#",)$,/4#,$%(*'.,&%.%$,'/,',('/#,%D,
JN_A,=/,4'3,6##$,34%9$,/4'/,0<-R!-,'$",0<-S,
5(%/#)$,'$",*d?!,.#C#.3,'(#,D%1$",)$,C#(7,.)//.#,%(,
$%,'*%1$/,)$,$%(*'.,&%.%$,/)331#+,94).#,"#$%C',#P5O
(#33)%$3,'(#,D%1$",)$,&%.%$)&,5%.753,F21,#/,'.A+,HIJILA
=$,',3/1"7,67,21)3)$#,#/,'.A+,0<-R!-,9'3,34%9$,/%,
6#,'6#(('$/.7,#P5(#33#",)$,'..,&'3#3,9)/4,(#&/%3)8*%)O
"'.,C)..%13,'"#$%*'A,G4).#,0<-R!-,#P5(#33)%$,9'3,
D%1$",/%,6#,3/(%$8#(,)$,QJ_,%D,5'/)#$/3,9)/4,.%9O8('O
"#, "735.'3)'+, 9#'M, #P5(#33)%$,9'3, %63#(C#", )$, Q_,
F:)',#/,'.A+,HIJILA,>4)3,('/#,"#&(#'3#",)$,5'/)#$/3,9)/4,
4)84,8('"#,"735.'3)'A,FHR_,3/(%$8,TR_,9#'MLA,G4).#,
3/')$)$8,9'3,"#/#&/#",)$,KK_,%D,&'3#3,9)/4,4)84,8('"#,
"735.'3)',5%3)/)C#,)$C'3)C#,'"#$%&'(&)$%*'+,$%,#P5O
(#33)%$,9'3,%63#(C#", )$, /)331#3,9)/4, '"#$%&'(&)$%O
*'A,=$,',3/1"7,67,2'(/*'$,#/,'.A+,/4#7,.%%M#",'/,/4#,
#P5(#33)%$,%D,0<-R!-,'$",0<-S,)$,$%(*'.,&%.%$,
*1&%3',475#(5.'3/)&,5%.753,'$",'"#$%*'/%13,5%.7O
53+,'$",('(#.7,.%9O)$/#$3)/7,3/')$)$8,9'3,%63#(C#",)$,
$%(*'.,&%.%$,'$",475#(5.'3/)&,5%.753,Fk#3'(),#/,'.A+,
HIJRLA,B)84,3/')$)$8,9'3,#C)"#$/,)$,&'3#3,%D,*%"#('O
/#,"735.'3)',9)/4,*%"#('/#,C)..%13,3/(1&/1(#3,)$,.'(8#,
'"#$%*'3A, ^)*).'(.7+, )$, /4#, 3'*#, 3/1"7+,0<-R!-+,
0<-S,*d?!,.#C#.3,9#(#,#P'*)$#",9)/4,/4#,3.%/,6%/,
'$'.73)3,/#&4$)f1#+,'$",4)84,#P5(#33)%$,9'3,D%1$",)$,
*%"#('/#,"735.'3)',&'3#3,9)/4,*#")1*O3)Z#",*%"#O
('/#,C)..%13,3/(1&/1(#3,F>#('"',#/,'.A+,HIJKLA
G4).#,0<-J+,0<-K,4'C#, 6##$, 34%9$, /%, 6#, #P5O
(#33#",)$,6%/4,$%(*'.,'$",475#(5.'3/)&,&%.%$)&,&#.O
.3+,0<-R!-,'$",0<-S,'(#,$%/,"#/#&/#",)$,$%(*'.,
&%.%$,/)331#,'$",34%9,"#$%C%,'6#(('$/,#P5(#33)%$,)$,
'"#$%*'/%13,5%.753+,'./4%184,)/,"%#3,$%/,34%9,*'O
.)8$'$/,/('$3D%(*'/)%$,)$,/4#,&%.%$,61/,&'$,6#,13#",
'3,35#&)@&,*'(M#(3,F21,#/,'.A+,HIJILA,=/,4'3,6##$,(#O
5%(/#",/4'/,/4#,0<-R!-,8#$#,)3,#P5(#33#",)$,5'$&O
(#'/)&, '"#$%&'(&)$%*'3, '$",*1&)$%13, &'(&)$%*'3A,
=$,%$#, 3/1"7+, )/,9'3,%63#(C#", /4'/, )/,9'3, #P5(#33#",
'/,',('/#,%D,QK_A,>4#(#,'(#,$%/,*'$7,3/1")#3,)$")&'O
/)$8,/4#,5#(&#$/'8#,%D,#P5(#33)%$,)$,&%.%$,&'(&)$%*'A,
g$.7,2'(',#/,'.,3/'/#",/4'/,0<-R!-,#P5(#33)%$,9'3,
JHOHQ_,F[%3),#/,'.A+,HIINLA
V.7&%5(%/#)$3,5.'7,',(%.#,)$,*'$7,3/#53,%D,*#/'3/'3)3+,
&#..,8(%9/4+,)$C'3)%$+,(#.'/)%$34)53,6#/9##$,")E#(#$/,
/1*%(,&#..3+,)$,/4#,)**1$#,373/#*+,'$",)$,/4#,5(%"1O
&/)%$,%D,*#/'3/'/)&,&#..3,)$/%,/4#,#$"%/4#.)1*+,5.'/#O
.#/3+,'$",#P/('&#..1.'(,*'/()P,Fk%&#(,#/,'.A+,HIIHLA,=/,
4'3,6##$,34%9$,/4'/,/4#,5(%8$%3)3,)3,9%(3#,)$,/1*%(3,
9)/4,*%(#,*1&)$,D%(*'/)%$A,=/,9'3,'.3%,%63#(C#",/4'/,
/4#,*#/'3/'/)&,5%/#$/)'.,'$",.)C#(,&%.%$)Z'/)%$,)$&(#O
'3#",9)/4,/4#,)$&(#'3#,)$,*1&)$,D%(*'/)%$,)$,41*'$,
&%.%$,&'$&#(,&#..3A,=/,4'3,6##$,34%9$,/4'/,/4#,6)$")$8,

%D, .'*)$)$, /75#,N, &%..'8#$,'$",@6(%$#&/)$, /%,6'3#O
*#$/,*#*6('$#,5(%/#)$3, )3,4)84#(, )$,41*'$,&%.%$,
&'$&#(,&#..3,/4'/,5(%"1&#,4)84,*1&)$,/4'$,)$,41*'$,
&%.%$,&'$&#(,&#..3,/4'/,D%(*,.%9,*1&)$,Fk%&#(,#/,'.A+,
HIIHX,2'(/*'$,#/,'.A+,JQQQLA,>4)3,&%((#.'/#3,")(#&/.7,
9)/4,/4#,*1&)$OD%(*)$8,&'5'&)/7,%D,&%.%$,&'$&#(,&#..3,
/%,)$C'"#,/4#,6'3#*#$/,*#*6('$#A,G4#$,gO8.7&%37O
.'/)%$,9'3,)$4)6)/#",9)/4,6#$Z7.,'.54',?,'&#/7.,8'.'&O
/%3'*)$#+,"#&(#'3#",&#..,'"4#3)%$,/%,*'/()P,5(%/#)$3,
9'3,%63#(C#"A,>75#,N,&%..'8#$'3#,'&/)C)/7,5(%*%/#3,
6'3#*#$/,*#*6('$#,"#8('"'/)%$,'$",*%C#*#$/,)$,
/4#,#P/('&#..1.'(,*'/()PA,>75#,N,&%..'8#$'3#,'&/)C)/7,
)3,4)84#(,)$,&%.%$,&'$&#(,&#..3,9)/4,4)84,*1&)$,3#&O
(#/)%$,F2%%$.',#/,'.A+,HIIRLA,^)'.#",8.7&%5(%/#)$3,4'C#,
6##$, %63#(C#", /%, 6#, *%(#, &%**%$, )$, *#/'3/'/)&,
/1*%(3, /4'$,$%$O3)'.#",'$/)8#$3A, ^)'.7.,>+, ^)'.7,>$+,
^)'.7,[#,'$/)8#$3,'$",3)'.)&,'&)", .#C#.3, )$,*#/'3/'/)&,
&#..3,'(#,/9)&#,'3,4)84,'3,)$,$%$*#/'3/'/)&,&#..3A,B)84,
'*%1$/3,%D,3)'.7,>$,'$/)8#$3,5.'7,',(%.#,)$,6)$")$8,/%,
/4#,#P/('&#..1.'(,*'/()P,'$",[#,'$/)8#$3,)$,6)$")$8,/%,
3#.#&/)$3,Fk%&#(,#/,'.A+,HIISLA
!/$%"2+#/$
=$, 31**'(7+,*1&)$, )$&(#'3#3, '"4#3)%$, '$", '//'&4O
*#$/,/%,$%(*'.,&%.%$)&,&#..3+,94).#,3/)*1.'/)$8,&%.O
.'8#$'3#,'&/)C)/7+,'..%9)$8,/1*%(,&#..3, /%, )$C'"#,/4#,
6'3#*#$/, *#*6('$#A, 01&)$3, &'$, 4)"#, 3)'.)&, '&)",
D('8*#$/3,'$",'$/)8#$)&,#5)/%5#3, D(%*,/4#, )**1$#,
373/#*+,/413,*1&)$O"#5#$"#$/,>?,'$/)8#$3,5(#C#$/,
)$4)6)/)%$,%D,.#1M%&7/#3,'$",'&/)C'/)%$,%D,$'/1('.,M).O
.#(,&#..3,F2#/8#,#/,'.A+,HIJSLA
;0<0&0$*01
=>0811'$3?@=@AB3=1C0&3D@B3E7$11'$3F@/@3 G,HHIJ@3
gO8.7&%37.'/#",0<-H,*%$%*#(,'$",")*#(,D(%*,[^,
JTN>,&#..3, '(#,9'/#(O3%.16.#+,94#(#'3, .'(8#(,0<-H,
35#&)#3,D%(*#",#'(.7,"1()$8,6)%37$/4#3)3,'(#,)$3%.16O
.#,'$",&%$/')$,$%$(#"1&)6.#,)$/#(*%.#&1.'(,6%$"3A,:,
2)%.,-4#*,HTKYJUUSNnJUUTIA
A7&%67$B3=@34@B3K0&1'$B3K@3L@B34M+$NB3K@3O@B3D+0P7$1B3
F@3=@B3Q+0P&B3/@3O@B34R7$1B3?@3S@B3T3E'B3K@3A@3G,HHHJ@3
!6#(('$/,#P5(#33)%$,%D,0<-R!-,'$",0<-S,8'3/()&,
*1&)$,8#$#3,)$,&%.%(#&/'.,5%.753A,=$/#($'/)%$'.,`%1(O
$'.,%D,&'$&#(+,UIFHL+,HJIOHJUA
A0%N0B3L@B3K*P$0+(0&B3D@3#@B3E7&U7)6B3O@B3V'88P0+60&B3
?@3L@B3O+$(%$0&B3;@3=@B3S'&$2&7%B3V@B3@@@3T3O7$N$0&B3
/@3G-",WJ@30<-J+,0<-H+,0<-R!-+,'$",0<-S,)$,
&%.%(#&/'.,&'$&#(Y,#P5(#33)%$,5(%@.#3,'$",&.)$)&'.,3)8O
$)@&'$&#A,W)(&4%93,!(&4)C+,NSQFKL+,HRROHSRA
A+060&5EX%%67$$B3=@34@B3Q781PB3?@3:@B3?*F)*C+$B3
?@3=@B3 K+661B3O@3=@B3 Y')$NB3 L@B3 O0NN0%%B3A@3=@B3T3
L711B3L@3;@3G-"""J@301&)$,&%(#,5(%/#)$,#P5(#33)%$,)$,
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!Z

&%.%(#&/'., &'$&#(3,9)/4,4)84, .#C#.3,%D,*)&(%3'/#..)/#,
)$3/'6).)/7,)$")&'/#3,',$%C#.,5'/49'7,%D,*%(54%8#$#O
3)3A,-.)$)&'.,-'$&#(,d#3#'(&4+,SFRL+,JQIQOJQJSA
A''$87B3 /@B3 K&+27B3 A@B3 [P)M7\+%B3 V@B3 /P75]$B3 @̂B3
V)727+&'\B3=@B3?+M7B3?@B3T3Q'$NCP76B3K@3G-""ZJ@3
0<-J, '$", 0<-R!-, *1&)$, #P5(#33)%$, )$, .)C#(,
c1M#O'33%&)'/#", )$/('4#5'/)&, &4%.'$8)%&'(&)$%*'A,
G%(.", `%1($'., %D, 8'3/(%#$/#(%.%87Y, G:V+, JJFKHL+,
NQKQA
A)B3_@3:@B3O+B3D@B3[+7$B3_@3`@B3O+B3O@B3Q7$NB3 L@3K@B3
Y)B3_@3L@B3T3E)7$NB3V@3O@3G-","J@3!./#(#",#P5(#33)%$,
%D,0<-H,'$",0<-R!-,)$,5(%8(#33)%$,%D,&%.%(#&O
/'., &'(&)$%*'A,G%(.", :%1($'., %D, V'3/(%#$/#(%.%87Y,
G:V+,JSFKHL+,NIUQA
Aa&(3L@/@B3A&0178+0&3;@K@3G-""!J@301&)$3,'$",*1&)$,
6)$")$8,5(%/#)$3,)$,&%.%(#&/'.,&'$&#(A,-'$&#(,0#/'3O
/'3)3,d#C,HKYTTnQQA
Aa&(B3L@3/@B3T3A&0178+0&B3;@3K@3 G-""!J@301&)$3,'$",
*1&)$,6)$")$8,5(%/#)$3,)$,&%.%(#&/'.,&'$&#(A,-'$&#(,
'$",0#/'3/'3)3,d#C)#93+,HKFJL+,TTOQQA
/'62%'$B3/@3/@3G-""bJ@3g5/)*'.,5'/4%.%8)&,3/'8)$8Y,
"#@$)$8,3/'8#,==,")3#'3#A,-.)$)&'.,-'$&#(,d#3#'(&4+,
JKFHHL+,SUSH3OSUTI3A
/'&c08(3=@V@B3/7&&'883:@B3?a0&1*')NP3D@B3V&'U0&%3
/@K@3 G-"",J@301&)$3, )$, /4#, 8'3/(%)$/#3/)$'., /('&/, )$,
4#'./4,'$",")3#'3#A,o(%$/,2)%3&),SY,JKHJnJKRTA
F0$(80&B3K@3L@B3O7$*71%0&B3/@3=@B3[7a8'&5V727(+6+%5
&+')B3L@B3:)P+NB3[@B3V07%B3D@B3A)&*P088B3L@B3@@@3T3Q+85
1'$B3 :@3 G,HH"J@30%.#&1.'(, &.%$)$8, '$", #P5(#33)%$,
%D, 41*'$, /1*%(O'33%&)'/#", 5%.7*%(54)&, #5)/4#.)'.,
*1&)$A, :%1($'., %D, 2)%.%8)&'., -4#*)3/(7+, HSRFHRL+,
JRHUSOJRHQKA
F'(8B3S@B3L'P7$11'$B3?@34@B3O+(088B3?@34@B3?d&N05
8+$B3?@B3S7&811'$B3E@B3]81'$B3e@3 L@B3 @@@3T3E7$11'$B3
F@3/@3G-""-J@3>4#,?,/#(*)$13,%D,/4#,0<-H,*1&)$,
D%(*3, /()*#(3, /4'/, '(#,4#.", /%8#/4#(,9)/4)$,', /(75O
3)$O(#3)3/'$/, &%(#, D('8*#$/A, :%1($'., %D, 2)%.%8)&'.,
-4#*)3/(7+,HTTFNQL+,NTHNUONTHRSA
F)63 L@;@B3E+*C13 L@Q@B3 ['&+U7&73D@Q@B3 K+((+C+3 A@B3
S+63 Y@K@3 G,HH!J@30%.#&1.'(, &.%$)$8, %D, 41*'$, )$O
/#3/)$'., *1&)$, F0<-HL, &j?!A, ="#$/)@&'/)%$, %D,
/4#, '*)$%, /#(*)$13, '$", %C#('.., 3#f1#$&#, 3)*).'O
()/7, /%, 5(#5(%OC%$,G)..#6('$", D'&/%(A, :, 2)%., -4#*,
HSQYHNNInHNNSA
E7$1C+B3/@B3 ;+0(0B3 4@B3F&7%*P0RB3 =@B3 e'11B3E@3:@B3
AdP6B3 /@B3 S8)1167$$B3 4@B3 @@@3 T3 ;+0*C0$B3 4@3 ]@3
G,HHbJ@30<-H,8#$#,3155(#33)%$,)$,41*'$,&%.%(#&O
/'.,&'(&)$%*'3,'$",/4#)(,*#/'3/'3#3Y,)$,C)/(%,#C)"#$O
&#,%D,/4#,*%"1.'/%(7,(%.#,%D,j?!,*#/47.'/)%$A,['6%O

('/%(7, )$C#3/)8'/)%$X,', `%1($'.,%D, /#&4$)&'.,*#/4%"3,
'$",5'/4%.%87+,TTFSL+,SUROSQRA
E'B3 K@3 A@B3D+0P7$1B3F@3 =@B3 Oaf'N%B3/@B3 Y7$B3 V@3 K@B3
/P0&M+%gB3:@3O@B3F)6B34@3[@B3@@@3T3S+6B3Y@3K@3G,HH.J@3
B#/#(%8#$#)/7, %D,*1&)$, 8#$#, #P5(#33)%$, )$, $%(*'.,
'$",$#%5.'3/)&, /)331#3A,-'$&#(, (#3#'(&4+,RKFKL+,SNJO
SRJA
L7&&7&(B3L@3=@B3O+$$'+87B3;@3#@B3O00B3E@B3K%0+$U0&NB3K@3
?@B3Q+%1*P+B3E@B3T3Kg7U'B34@3G,HHIJ@30<-J,)3,',$%O
C#.,*'(M#(,D%(,/4#,/75#,==,5$#1*%&7/#,.)$#'8#,"1()$8,
.1$8,&'(&)$%8#$#3)3A,-'$&#(,(#3#'(&4+,RUFHKL+,RRUHO
RRUQA
L7113L@;@B3Q781P3?@:@3G-"",J@3!./#(#",*1&)$,#P5(#3O
3)%$,)$,/4#,8'3/(%)$/#3/)$'.,/('&/Y,',(#C)#9A,:,-#..,0%.,
0#",RYKHTnKRJA
L+7B3Y@B3V0&11'$B3/@B3E')B3O@B3hP0$NB3h@B3Y07N0&B3?@B3
O+11'M1C7B3 L@B3 @@@3T3Y0B3Q@3 G-","J@3!, &%*5(#4#$3)O
C#,'$'.73)3,%D, &%**%$,8#$#/)&,C'()'/)%$, )$,0<-J+,
0<-R!-+,0<-S,8#$#3,'$",()3M,%D,3/%*'&4,&'$&#(A,
-'$&#(,-'13#3,p,-%$/(%.+,HJFHL+,KJKOKHJA
S7+&7B3S@B3D7C7N7M7B3S@B3]P(0B3Y@B3]C)6)&7B3[@B3
[7C7P71P+B3[@B3?)&7C76+B3E@B3 @@@3T3Y7676'%'B3D@3
G-",-J@3j#5%.'()Z#",0<-J,#P5(#33)%$,)3,&.%3#.7,'3O
3%&)'/#",9)/4,475%P)&,*'(M#(3,'$",5%%(,%1/&%*#,)$,
(#3#&/#", $%$n3*'.., &#.., .1$8, &'$&#(A, =$/#($'/)%$'.,
`%1($'.,%D,31(8)&'.,5'/4%.%87+,HIFKL+,HHKOHKHA
S017&+B3?@3 i@B3 F7'27$(0B3 i@3 O@B3 L'1P+B3 =@3 ;@B3 A75
U7$7N7&0B3K@3i@B3F'N7%0B3A@3V@B3T3SP7(+8C7&B3=@3i@3
G-",ZJ@3 =**1$%4)3/%&4#*)&'., 3/1"7, %D, 0<-J+,
0<-H, '$",0<-R!-, )$, &%.%(#&/'., &'(&)$%*', '$",
(#C)#9,%D,.)/#('/1(#A,=$")'$,:%1($'.,%D,V'3/(%#$/#(%O
.%87+,KNFJL+,SKOSTA
S'*0&B3A@B3?*S'87$+1B3L@B3T3K'&7$B3=@3G-""WJ@,B1O
*%('., )**1$#, (#35%$3#, /%, 0<-R!-, )$, 5'/)#$/3,
9)/4, &%.%(#&/'., 5%.753, '$", &%.%(#&/'., &'(&)$%*'A,
20-,8'3/(%#$/#(%.%87+,SFJL+,JOQA
S'*0&B3A@B3K'&7$B3=@B34&('N7$B3K@B3S7&7U0a'N8)B3?@B3
Y+8(+&+6B3]@B3 4&'N8)B3 =@B3 @@@3 T3/0$N+gB3]@3 G-""-J@3
\P5(#33)%$,%D,0<-R!-,)$,&%.%(#&/'.,&'(&)$%*','$",
(#.'/)%$34)5,9)/4,5(%8$%3)3A,b'/4%.%87,)$/#($'/)%$'.+,
RHFTL+,NTIONTTA
O7$B3?@3K@B3A7%&7B3K@3S@B3`+B3Q@3D@B3?0%gN7&B3;@3K@B3
T3E'88+$N1M'&%PB3?@3=@3G,HH"J@3-.%$)$8,'$",3#f1O
#$&)$8,%D,',41*'$,5'$&(#'/)&, /1*%(,*1&)$,&j?!A,
:%1($'.,%D,2)%.%8)&'.,-4#*)3/(7+,HSRFHRL+,JRHQNOJRHQQA
O7)3K@S@B3Q0+113O@?@B3/P)3V@F@3G-""!J@,j)E#(#$/)'.,
#P5(#33)%$,%D,0<-J+,0<-H+,'$",0<-R!-,)$,&'(&)O
$%*'3,%D,C'()%13,3)/#3Y,'$,)**1$%4)3/%&4#*)&'.,3/1"7A,
!*,:,-.)$,b'/4%.,JHHYSJnSQA
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!W

O+N%0$U0&NB3?@3L@B3i'1B3E@3O@B3F0$$+110$B3=@3?@B3T3
E+8C0$1B3L@3G,HH"J@3\5)3)'.)$+,',&'(&)$%*'O'33%&)'/#",
*1&)$+,)3,8#$#('/#",67,',5%.7*%(54)&,8#$#,#$&%")$8,
35.)&#,C'()'$/3,9)/4,'./#($'/)C#,'*)$%,/#(*)$)A,:%1(O
$'.,%D,2)%.%8)&'.,-4#*)3/(7+,HSRFJIL+,RRTKORRTUA
O'1+B3O@B3K*7&1088+B3=@B3A0$7%%+B3V@B3(03O0'$B3?@3V@B3
;'$*)**+B3 O@B3 V0(&'$+B3?@B3 @@@3 T3 :+3 F&0N'&+'B3 /@3
G-""!J@3 d#.'/)%$34)5, 6#/9##$, 0<-R!-, '$", './#O
(#", #P5(#33)%$, %D,0[BJ, 5(%/#)$, )$,*1&)$%13, '$",
$%$O*1&)$%13,&%.%(#&/'.,&'(&)$%*'3A,b'/4%.%87Od#O
3#'(&4,'$",b('&/)&#+,HIIFRL+,KTJOKTTA
O)N8+B3=@B3h8'U0*B3#@B3A7C0&B3S@B3?+$''B3V@B3['&$+88'B3
O@B3[0&&7**+7$'B3O@B3T3L711B3L@3;@3G-""bJ@,b(%8$%3/)&,
3)8$)@&'$&#,%D,*1&)$3,)$,&%.%(#&/'.,&'$&#(,9)/4,")E#O
(#$/,j?!,*)3*'/&4O(#5')(,3/'/13A,:%1($'.,%D,&.)$)&'.,
5'/4%.%87+,SIFRL+,RKNORKQA
Oa7883?@K@B3 :)$(713 K@;@B3 /)&&7$3 K@B3?)&&7a3 F@#@3
G-""WJ@3b(%@.)$8,*'(M#(3,%D,5(%8$%3)3, )$,&%.%(#&/'.,
&'$&#(A,-.)$,-'$&#(,d#3,JHY,JJUNnJJQJA
?*O0'(3 E@O@B3 ?)&&7a3 F@#@3 G,HHHJ@3>1*%1(, *'(O
M#(3, %D, 5(%8$%3)3, )$, &%.%(#&/'., &'$&#(A, 2(, :, -'$&#(,
TQYJQJnHIKA
?01j)+%7B3 V@B3 L'$*CP00&0B3 D@B3 =860+(7B3 ;@B3 :)5
*')&')U80B3?@3V@B3 K0&27B3 L@B3 K+8R7B34@B3 @@@3T3:7R+(B3
O@3 G-"".J@3B1*'$,0<-H,*1&)$,8#$#, )3, /('$3&()5O
/)%$'..7,(#81.'/#",67,-"P,4%*#%"%*')$,5(%/#)$3,)$,
8'3/(%)$/#3/)$'.,&'(&)$%*',&#..,.)$#3A,:%1($'.,%D,2)%O
.%8)&'.,-4#*)3/(7+,HTUFRJL+,RJRNQORJRRSA
?'870+B3?@B3?7$1''&+B3A@3S@B3?71P7a0CP+B3;@B3i75
P0(+B3?@B3V')&P'10+$NP'8+B3?@3=@B3e7%06+B3K@3;@B3T3
h78+B3?@3;@3 G-","J@301&)$3, )$,$#%5.'3/)&, 35#&/(1*,
%D, &%.%(#&/'.,5%.753Y, &'$, /4#7,5(%C)"#,5(#")&/)%$3qA,
20-,&'$&#(+,JIFJL+,JOTA
D7N7+B3 K@B3 [7C0$7C7B3 S@B3 K'$'U0B3?@B3]N7M7B3 4@B3
Q7(7B3E@B3T3[7$7C7B3e@3G-""WJ@3!,?%C#.,-.'33)@&'O
/)%$,%D,0<-J,\P5(#33)%$,=3,-%((#.'/#",9)/4,>1*%(,
j)E#(#$/)'/)%$,'$",b%3/%5#('/)C#,b(%8$%3)3,)$,?%$n
^*'..,-#..,[1$8,-'$&#(A,:%1($'.,%D,>4%('&)&,g$&%O
.%87+,JFJL+,NSORJA
]'C7M7B3S@B3S)('B3[@B3=+g7M7B3K@B3K7+%'B3E@B3T3[1)5
*P+(7B3 K@3 G-""-J@3 >('$3&()5/)%$'., '&/)C'/)%$, %D, /4#,
0<-H,8#$#,67,5RKA,:%1($'.,%D,2)%.%8)&'.,-4#*)3/(7+,
HTTFRIL+,NUHTIONUHTRA
;0N+6U78(B3O@3E@B3V+87&1C+B3O@3?@B3O'$N0$0*C0&B3A@3
?@B3;0((+1PB3?@3=@B3h+660&67$$B3F@B3T3E)NPB3L@3
/@3 G,HHWJ@3>4#,6(#'3/,*1&)$,0<-J,'3,',$%C#., '"O
4#3)%$, .)8'$", D%(, #$"%/4#.)'., )$/#(&#..1.'(, '"4#3)%$,
*%.#&1.#,J,)$,6(#'3/,&'$&#(A,-'$&#(,(#3#'(&4+3RSFJUL+,
NHNNONHNQA3
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