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Chapter 1.! Introduction  

1.1.!  Human skin 

1.1.1.! Structure and function of the skin 
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1.1.1.1.! ECM 
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Figure 1.1 ECM in the mammalian skin. 
(A) Skin is composed of the epidermis and dermis, separated by the basement membrane (purple). 
(B) The basement membrane is a network mostly made up of collagen type IV, laminin and 
fibronectin. Together they build a basis for keratinocyte attachment. (C) In the dermis, collagen types 
I and II and fibronectin build a fibrillary structure that allow cell adhesion via glycoproteins (i.e., 
fibronectin). The ECM also contains proteoglycans which are made up by glycosaminoglycans 
(GAGs) that interact with growth factors and other molecules.  
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1.1.1.2.! Fibroblasts 
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1.2.! Normal wound healing in skin 

1.2.1.! Overview of wound healing  
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1.2.2.! Mechanotransduction in wound healing 

9'55%!#*I'!)#'!*.$5$)7!)+!%',%'!'U)'(,*5!/'3#*,$3*5!%)$/-5$!*,&!3+,I'()!)#*)!$,0+(/*)$+,!$,)+!*!

3#'/$3*5! %$1,*5G! 9+/6+,',)%! +0! )#'! 3'55! /'/.(*,'! *,&! 37)+%F'5')+,! W'G1GJ! *3)$,XJ! 3*)',$,!

3+/65'U'%J! 3'55! *&#'%$+,! /+5'3-5'%! W'G1GJ! 0+3*5! *&#'%$+,%! *,&! $,)'1($,%X! *,&! %$1,*55$,1!

6*)#E*7%J!%-3#!*%!H,)!*,&!8#+!%$1,*55$,1J!*('!F,+E,!)+!*3)!*%!/'3#*,+%',%+(%!W^_J!^VXG!

D,3('*%'&!/'3#*,$3*5!%)$/-5$!#*%!.'',!0+-,&!)+!*5)'(!)#'!E+-,&!#'*5$,1!6(+3'%%!*,&!$,3('*%'!

)#'!%-%3'6)$.$5$)7!)+!'U3'%%$I'!%3*(!0+(/*)$+,!W^`XG!"#'!T0($3*,!%6$,7!/+-%'!W01*23.XJ!E#+%'!

%F$,! #*%! *! %$1,$0$3*,)57! 5+E'(! )',%$5'! %)(',1)#! )#*,! +)#'(! /*//*5%J! ]eAB!"! +0! )#*)! +0! 45.'

25.15)5.'W*66(+U$/*)'57!BG]]!;4*!0+(!01*23.!*,&!AGC!;4*!0+(!45.XJ!$%!)#+-1#)!)+!.'!+,'!+0!)#'!



! !%"

+,57! /*//*5%! )#*)! #*%! )#'! 3*6*3$)7! +0! ('1','(*)$,1! $)%! %F$,! -6! )+! `BfJ! $,35-&$,1! %F$,!

*66',&*1'%J!0+55+E$,1!E+-,&!#'*5$,1!W^bXG!2-($,1!E+-,&!#'*5$,1!$,!)#'!T0($3*,!%6$,7!/+-%'J!

)#'!O9;!$%!%5+E57!&'6+%$)'&J!#*%!*!6+(+-%!3+,0$1-(*)$+,!*,&!$%!($3#!$,!3+55*1',!)76'!DDD!/*)($UJ!

0*3)+(%!E#$3#!*('!.'5$'I'&!)+!0*I+-(!('1','(*)$+,!+I'(!0$.(+%$%G!!

D,!3+,)(*%)J!$,3('*%$,1!)',%$+,!$,!)#'!E+-,&!$,3('*%'%!%3*(($,1G!M+(!'U*/65'J!$)!#*%!.'',!0+-,&!

)#*)!*6657$,1!)#'!%*/'!/'3#*,$3*5!0+(3'!'U6'($',3'&!$,!#-/*,!%F$,!)+!/-($,'!%F$,J!E#$3#!#*%!

5+E'(! )',%$5'! %)(',1)#J! $,3('*%'&! /7+0$.(+.5*%)! &$00'(',)$*)$+,! *,&! %3*(($,1! W^dJ! _BXG! D,!

#-/*,%J!35$,$3*5!'I$&',3'!%-66+()%!)#'!$/6+()*,3'!+0!/'3#*,$3*5!%)('%%!$,!)#'!0+(/*)$+,!+0!*!

%3*(J! *%! /-5)$65'! &'I$3'%! )+! &'3('*%'! E+-,&! )',%$+,! ('&-3'! %3*(! &'I'5+6/',)! W_]K__XG!!

"#'('0+('J! -,&'(%)*,&$,1! #+E! /'3#*,$3*5! %)$/-5$! *00'3)! 3'55! .'#*I$+-(! /*7! '5-3$&*)'! )#'!

/'3#*,$%/%!&($I$,1!%3*(($,1G!!

1.3.! Abnormal wound healing: fibrosis 

1.3.1.! Fibrosis and scarring 
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Figure 1.2 JNK signalling. 
After a cytokine or growth factor bind to their receptor, downstream signalling may activate JNK 
signalling, where the MAP3K (JNKKK) initiates a phosphorylation cascade and activates MAP2K 
(JNKK) which, in turn activates MAPK (JNK). Phospho-JNK then phosphorylates c-Jun, which binds 
to phospho-c-Fos to form the AP-1 transcription factor. 



! #+"

#'*5)#7!3+,)(+5!)$%%-'%!W]]CXG!QN=!#*%!*5%+!.'',!0+-,&!)+!/'&$*)'!0$.(+%$%!.7!*3)$I*)$,1!@"T"C!

W]]^XJ!H,)!W]]_X!*,&!"cMK!!%$1,*55$,1!W]]VJ!]]`XG!!

1.3.2.4.! IL-6 signalling 

D,)'(5'-F$,KV!$%!*!F'7!/+&-5*)+(!+0!$,05*//*)+(7!*,&!('6*(*)$I'!6(+3'%%'%!$,!E+-,&!#'*5$,1!

W]]bXG!#+E'I'(J!$)%!+I'('U6('%%$+,!#*%!.'',!$/65$3*)'&!$,!)#'!6*)#+1','%$%!+0!I*($+-%!0$.(+)$3!

&$%'*%'%!W]]dK]A^XG!D,!,$'/,-&*'W]A^J!]A_X!*,&!6('K35$,$3*5!%)-&$'%!W]A]J!]AVXJ!.5+3F*1'!+0!D?KV!

%$1,*55$,1! ('%-5)'&! $,! &'3('*%'&! 0$.(+%$%! *,&! O9;! %7,)#'%$%J! %-11'%)$,1! D?KV! )+! .'! *! -%'0-5!

6(+0$.(+)$3!/+5'3-5'!)+!)*(1')G!!

D,! D?KV! %$1,*55$,1J! D?KV! /-%)! .$,&! )+! $)%! ('3'6)+(! WD?KV8XJ! E#$3#! )#',! $,)'(*3)%! E$)#! )#'!

)(*,%/'/.(*,'!1573+6(+)'$,!]CB!W16]CBX!)+!*3)$I*)'!&+E,%)('*/!'I',)%G!"#'('!*('!)E+!)76'%!

+0!D?KV8J!)#'!/'/.(*,'!.+-,&!('3'6)+(!W/D?KV8X!*,&!)#'!%+5-.5'!('3'6)+(!W%D?KV8XJ!E#$3#!*('!

)#+-1#)! )+! *3)$I*)'! %$1,*55$,1! 6*)#E*7%! E$)#! &$%)$,3)! 6(+6'()$'%! W]A`XG! M+(! 'U*/65'J! D?KV!

%$1,*55$,1!I$*!/D?KV8!$%!.'5$'I'&!)+!'5$3$)!*,)$K$,05*//*)+(7!%$1,*5%J!E#'('*%!D?KV!%$1,*55$,1!I$*!

)#'! %D?KV8! #*%! .'',! *%%+3$*)'&! )+! 6(+K$,05*//*)+(7! %$1,*5%! W]AbXJ! #+E'I'(! )#'%'! &$%)$,3)!

%$1,*55$,1!6(+6'()$'%!#*I'!,+)!.'',!3+,%$%)',)57!+.%'(I'&!W]AdJ!]CBXG!!

T%!+,57!%+/'!3'55!6+6-5*)$+,%!'U6('%%!)#'!/'/.(*,'K.+-,&!D?KV8J!D?KV!%$1,*55$,1!I$*!/D?KV8!

$%!%+5'57!5$/$)'&!)+!)#'%'!3'55%G!Y+E'I'(J!D?KV!%$1,*55$,1!I$*!)#'!%D?KV8!3*,!+33-(!$,!*55!3'55!)76'%J!

*%!*55!3'55%!'U6('%%!16]CB!*,&!3*,!)#'('0+('!$,)'(*3)!E$)#!D?KVe%D?KV8!3+/65'U'%G!"#'!%D?KV8!$%!

)#+-1#)!)+!.'!0+(/'&!.7!6(+)'+57%$%!0(+/!)#'!/'/.(*,'K.+-,&!('3'6)+(!.7!)(*,%/'/.(*,'!

/')*55+6(+)'$,*%'%J! %-3#! *%! T2T;! W*! &$%$,)'1($,! *,&! /')*55+6(+)'$,*%'XK6(+)'*%'%! W]AVXG!

T5)'(,*)$I'57J!%D?KV8!3*,!*5%+!.'!1','(*)'&!.7!)(*,%5*)$+,!+0!*5)'(,*)$I'57!%65$3'&!/8NT!)#*)!

5*3F!)#'!3+&$,1!('1$+,!+0!)#'!)(*,%/'/.(*,'!&+/*$,!W]C]XG!

Z6+,! D?KVeD?KV8e16]CB! .$,&$,1J! )#(''! &$%)$,3)! %$1,*55$,1! 6*)#E*7%! /*7! .'! *3)$I*)'&J! )#'!

QT=e@"T"J!;T4=eOU)(*3'55-5*(!%$1,*5K('1-5*)'&!F$,*%'!WO8=X!*,&!4DC=eT="G! D?KV!%$1,*55$,1!

0+(/%!*!%-.%)*,)$*5!6*()!+0!)#'!E+(F!6('%',)'&!$,!)#$%!6(+a'3)!*,&!$%!&$%3-%%'&!$,!1('*)'(!&')*$5!

$,!Chapter 4@!

1.3.3.! Altered ECM architecture in the fibrotic tissue 
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1.4.! Similarities between the fibrotic tissue and the tumour 

stroma 

1.4.1.! The ECM and fibroblasts in the tumour 
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1.4.2.! The mechanical and molecular mechanisms driving CAF-induced 

ECM alignment 
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1.5.!  Keloid scarring 

1.5.1.! Overview of keloid scarring 
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1.5.2.! Prevention and treatment options for keloid scars 
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1.5.3.! Epidemiology and genetic factors associated with keloid scars 
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1.5.4.! Epigenetics in keloid scarring 
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1.5.5.! Hypothesis behind keloid scar formation 
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1.5.6.! Signalling pathways associated with keloid pathogenesis 
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$,05*//*)+(7!37)+F$,'%!%-11'%)!65*7!*!(+5'!0+(!)#'%'!$,!)#'!,')!$,3('*%'!$,!O9;!6(+&-3)$+,!*,&!

3+,%'[-',)57!)#'!&'I'5+6/',)!+0!F'5+$&!%3*(%G!!
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1.5.7.! ECM in keloid scars 

T%! E$)#! +)#'(! 0$.(+)$3! &$%+(&'(%J! )#'! .*5*,3'! .')E'',! O9;! 6(+&-3)$+,! *,&! &'1(*&*)$+,! $%!

%'I'('57!&7%('1-5*)'&!$,!F'5+$&%J!('%-5)$,1!$,!'U3'%%$I'!O9;!&'6+%$)$+,G!;-5)$65'!%)-&$'%!#*I'!

%#+E,! )#*)!F'5+$&! %3*(! )$%%-'!#*%! %$1,$0$3*,)57!/+('!3+55*1',! D! )#*,!,+(/*5! %F$,! WAVCKAVVXJ!

6+%%$.57!3+,)($.-)$,1! )+! $)%!&',%'!*,&!%)$00!*66'*(*,3'G!M$.(+,'3)$,!*,&!+)#'(!O9;!6(+)'$,%!

%-3#!*%!#7*5-(+,*,J!)',*%3$,!9J!'5*%)$,!*,&!0$.($55$,!*5%+!%#+E'&!*.,+(/*5!'U6('%%$+,!$,!F'5+$&!

%3*(%!WAV`KA`BXG!!

='5+$&%! 'U#$.$)! #$%)+5+1$3*5! &$00'(',3'%! E#',! 3+/6*('&! )+! ,+(/*5! %F$,! *,&! ,+(/*5! %3*(%J!

#$1#5$1#)$,1! )#*)! $,! *&&$)$+,! )+! $,3('*%'&! O9;! &'6+%$)$+,J! )#'! 3+/6+%$)$+,! +0! )#'! /*)($U! $%!

*5)'('&G! <*(*55+.('K<*(('$(+! "-' #)6! $&',)$0$'&! '5'I*)'&! 5'I'5%! +0! 3*()$5*1'K*%%+3$*)'&! O9;!

6(+)'$,%! %-3#! *%! *11('3*,J! 3+55*1',! DD! *,&! 5-/$3*,! I$*! 6(+)'+/$3%! WA`]XG! "#$%! E*%! 0-()#'(!

I*5$&*)'&! I$*! #$%)+5+17! E$)#! T53$*,! <5-'J! *! 3*()$5*1'! $&',)$07$,1! %)*$,! )#*)! .$,&%! )+!

1573+%*/$,+1573*,%!*,&!1573+6(+)'$,%G!Y'('!F'5+$&!%*/65'%!#*&!%$1,$0$3*,)57!/+('!T53$*,!<5-'!

%)*$,$,1!)#*,!,+(/*5!%3*(%!*,&!%F$,!WA`]XG!"#'%'!('%-5)%!#$1#5$1#)!)#'!3+/65'U$)7!+0!F'5+$&!%3*(%!

*%!)#'7!/*7!,+)!%$/657!.'!*!&$%+(&'(!+0!&7%('1-5*)'&!O9;!6(+&-3)$+,G!

T%$&'!0(+/!O9;!3+/6+%$)$+,J!)#'!*((*,1'/',)!+0!)#'!O9;!6(+)'$,%!$%!&$00'(',)!)+!)#*)!+0!,+(/*5!

%F$,G!T%!/',)$+,'&! $,!1.3.3J! )#'! 0$.(+)$3! )$%%-'!'U#$.$)%!*,! $,3('*%'! $,!O9;!*5$1,/',)J!*,&!*!

%$/$5*(!6#',+)76'!$%!*5%+!%'',!$,!F'5+$&!%3*(%G!@$/$5*(57!)+!%3*(!)$%%-'J!F'5+$&!.$+6%$'%!'U#$.$)!

)#$3F! *,&! *5$1,'&! 3+55*1',! 0$.('%! 6*(*55'5! )+! )#'! '6$&'(/$%! W]CVXJ! -,5$F'! )#'! .*%F')KE'*I'!

3+55*1',!+(1*,$%*)$+,!+0!,+(/*5!%F$,G!"#'!/'3#*,$%/%!.'#$,&!)#'!&$%)$,3)!3+55*1',!+(1*,$%*)$+,!

$,!F'5+$&%!*,&!$)%!$/65$3*)$+,%!$,!F'5+$&!6*)#+1','%$%J!3#(+,$3!$,05*//*)$+,!*,&!%F$,!/'3#*,$3%!

*('!-,F,+E,!*,&!)#'!0+3-%!+0!)#$%!6(+a'3)G!!

1.6.!  Research aims 

"#'! 0$.(+)$3! )$%%-'! $%! 3#*(*3)'($%'&! .7! $)%! &',%'! *,&! %)$00! O9;J! E$)#! *,$%+)(+6$3*557! *5$1,'&!

3+55*1',G!T%!)#$%!&$%)$,3)!O9;!/+(6#+5+17!*,&!*(3#$)'3)-('! $%!*!3+//+,!0'*)-('!+0!/-5)$65'!

0$.(+)$3!&$%+(&'(%J!)#'!/*$,!+.a'3)$I'!+0!)#$%!6(+a'3)!$%!)+!&$%%'3)!)#'!/'3#*,$%/%!.'#$,&!)#'!

$,3('*%'&!O9;!*5$1,/',)G!!

Y'('J!F'5+$&!%3*(%!E$55!.'!-%'&!*%!*!/+&'5!)+!%)-&7!)#$%!0'*)-('!+0!0$.(+%$%!*%J!3+,)(*($57!)+!+)#'(!

0$.(+)$3! )$%%-'%J! )#'7! *('! *,! '*%$57! *33'%%$.5'! )$%%-'G! ='5+$&! *,&! ,+(/*5! %F$,! %*/65'%! *('!
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+.)*$,'&!0(+/!/$,$/*557!$,I*%$I'!%-(1$3*5!6(+3'&-('%J!0(+/!E#$3#!)#'!&'(/*5!0$.(+.5*%)%!*('!

$%+5*)'&G! ='5+$&! 0$.(+.5*%)%! E$55! .'! -%'&! )+! 1','(*)'! *,! ,$' /,-&*! %3*(J! ('6('%',)*)$I'! +0! )#'!

*,$%+)(+6$3!O9;!0+-,&!,$'/,/*J!)+!$,I'%)$1*)'!)#'!/'3#*,$%/%!&($I$,1!O9;!*5$1,/',)G!!

"#$%!6(+a'3)!$,I'%)$1*)'%!)#'!3'55-5*(!*,&!/'3#*,$3*5!&($I'(%!+0!3'55!*,&!O9;!*5$1,/',)L!

•! T)! *! 3'55-5*(! *,&! /+5'3-5*(! 5'I'5J! *%! F'5+$&! )$%%-'! $%! 3#*(*3)'($%'&! .7! $,3('*%'&!

$,05*//*)$+,! *,&! $,05*//*)+(7! 37)+F$,'%J! E'! #76+)#'%$%'! )#*)! )#'%'! $,05*//*)+(7!

/'&$*)+(%J!6*()$3-5*(57!D?KVJ!&($I'!3'55!*,&!O9;!*5$1,/',)G!!

•! T)!*!/'3#*,$3*5!5'I'5J!*%!/'3#*,+)(*,%&-3)$+,!$%!)#+-1#)!)+!65*7!*!I$)*5!(+5'!F'5+$&!%3*(!

0+(/*)$+,!*,&!*%!F'5+$&%!'U#$.$)!&$00'(',)!/'3#*,$3*5!6(+6'()$'%!)#*,!#'*5)#7!&'(/$%J!

E'! #76+)#'%$%'! )#*)! F'5+$&! 0$.(+.5*%)%! 1','(*)'! *5$1,'&! )(*3)$+,! 0+(3'%! )#*)! ',*.5'!

*5$1,'&!O9;!('/+&'55$,1G!

"#'('0+('J!)#'!)#(''!/*$,!*$/%!+0!)#$%!6(+a'3)!*('!)+L!

•! M$(%)57J!'U65+('!)#'!'00'3)%!)#*)!$,05*//*)+(7!6(+K0$.(+)$3!37)+F$,'%J!6*()$3-5*(57!D?KVJ!

#*I'!+,!3'55!*,&!O9;!*5$1,/',)G!

•! M-()#'(! -,&'(%)*,&! )#'! /'3#*,$%/%! .7! E#$3#! D?KV! /'&$*)'%! )#$%! 6#',+)76'J! .7!

$,I'%)$1*)$,1! )#'! -6K! *,&! &+E,%)('*/! %$1,*55$,1! 6*)#E*7%! &($I$,1! 3'55! *,&! O9;!

*5$1,/',)G!

•! M$,*557J!$,I'%)$1*)'!)#'!/'3#*,$3*5!&$00'(',3'%!.')E'',!F'5+$&!*,&!,+(/*5!0$.(+.5*%)%J!

*,&!E#')#'(!*,7!&$00'(',3'%!$,!3+,)(*3)$5'!6(+6'()$'%!/*7!$,05-',3'!*,$%+)(+6$3!O9;!

('/+&'55$,1G!! !
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Chapter 2.! Materials and Methods 

2.1.! Cell culture methods 

2.1.1.! Tissue Collection 

N+(/*5! %F$,! *,&! F'5+$&! %3*(! )$%%-'! E'('! 3+55'3)'&! 0(+/! 3+,%',)$,1! 6*)$',)%! *)! @)G! c'+(1'>%!

Y+%6$)*5! ?+,&+,! *,&! c-7>%! *,&! @)G! "#+/*%>! Y+%6$)*5! -,&'(! @)-&7! )$)5'L! g"#'! ;+5'3-5*(!

;'3#*,$%/%!+0!"$%%-'!8'6*$(hj!8O9!8'0!]^eN@e]B`CG!"$%%-'!%*/65'%!E'('!6(+3'%%'&!*)!=$,1>%!

9+55'1'!?+,&+,!*,&!6($/*(7!3'55%!E'('!$%+5*)'&!.7!',S7/*)$3!&$1'%)$+,G!

2.1.2.! Primary dermal cell isolation 

"#'! E#+5'! )$%%-'! W'6$&'(/$%! *,&! &'(/$%X! E*%! )($//'&! +0! 0*)! *,&! 3-)! $,)+! 6$'3'%! +0!

*66(+U$/*)'57! ]! 3/#! .'0+('! .'$,1! &$%$,0'3)'&! $,! *! %'($'%! +0! $+&$,'! *,&! `Bf! WIeIX! ')#*,+5!

E*%#'%G!"+!6('I',)!.*3)'($*5!*,&!0-,1*5!3+,)*/$,*)$+,%J!)#'!)$%%-'!E*%!)#',!$,3-.*)'&!$,!BG]!

/1e/?!4($/+3$,!WD,I$I+c',X!$,!Y*,F>%!<-00'('&!@*5)!@+5-)$+,!WY<@@X!0+(!CB!/$,-)'%!*)!(++/!

)'/6'(*)-('G!"+!%'6*(*)'!)#'!'6$)#'5$-/J!)#'!)$%%-'!E*%!$,3-.*)'&!E$)#!]B!k1e/?!2$%6*%'!DD!

&$5-)'&! $,! Y<@@! 0+(! ]! #+-(! *)! C`°9! *,&J! 0+55+E$,1! )#$%J! )#'! &'(/$%! E*%! 0$,'57! /$,3'&! *,&!

$,3-.*)'&!E$)#!;$5)',7$!@F$,!2$%%+3$*)$+,!=$)!+I'(,$1#)!*)!C`°9G!"#'!%+5-)$+,!E*%!)#',!0$5)'('&!

)#(+-1#!*!]BB!k/!3'55!%)(*$,'(!)+!('/+I'!&'.($%G!9'55%!+.)*$,'&!E'('!'$)#'(!-%'&!$//'&$*)'57!

+(!3(7+6('%'(I'&!$,!0(''S$,1!/'&$*!W^Bf!WIeIX!0')*5!.+I$,'!%'(-/!WM<@XJ!]Bf!WIeIX!2$/')#75!

%-50+U$&'!W2;@\XJ!_Bf!WIeIX!3+/65')'!2-5.'33+l%!;+&$0$'&!O*15'!;'&$-/!W2;O;XXG!!

2.1.3.! Ongoing cell culture 

M$.(+.5*%)%!E'('!/*$,)*$,'&!*)!C`°9!*,&!_f!9\#!$,!#$1#K15-3+%'!2;O;!Wc$.3+X!%-665'/',)'&!

E$)#!]Bf!WIeIX!M<@!WY735+,'XJ!]f!WIeIX!4',$3$55$,K@)('6)+/73$,!W@$1/*XJ!]f!WIeIX!67(-I*)'!

Wc$.3+X!*,&!^!/;!?Kc5-)*/$,'!W@$1/*XG!9'55%!E'('!/*$,)*$,'&!$,!"`_!*,&!"A_!05*%F%!WM$%#'(!

@3$',)$0$3X!-,)$5!('*3#$,1!*66(+U$/*)'57!bBf!3+,05-',37G!M+(!3'55!%''&$,1!+(!%65$))$,1J!/'&$*!

E*%!('/+I'&J!*,&!05*%F%!E'('!($,%'&!E$)#!4#+%6#*)'!<-00'('&!@*5$,'!W4<@XG!M+55+E$,1!)#$%J!"`_!

+(!"A_!05*%F%!E'('! $,3-.*)'&!E$)#J!('%6'3)$I'57J!_!/?!+(!C!/?!+0!]m!"(76%$,KO2"T!%+5-)$+,!

W@$1/*X!0+(!_!n!]B!/$,-)'%!*)!C`°9G!H#',!3'55%!#*&!&')*3#'&!0(+/!)#'!05*%F!%-(0*3'J! )(76%$,!

*3)$I$)7!E*%!$,#$.$)'&!E$)#!)#'!*&&$)$+,!+0!/'&$*!*,&!3'55%!E'('!3+55'3)'&!$,!]_!/?!+(!_B!/?!
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0*53+,!)-.'%!*,&!3',)($0-1'&!*)!]b!U!1J!A]°9!0+(!_!/$,-)'%G!"#'!%-6'(,*)*,)!E*%!('/+I'&!0(+/!

)#'!0*53+,!)-.'%!*,&!)#'!3'55!6'55')%!E'('!('%-%6',&'&!$,!/'&$*G!9'55%!E'('!3+-,)'&!-%$,1!*!

#*'/+37)+/')'(!WY'(%3#/*,,X!*,&!0$.(+.5*%)%!E'('!'$)#'(!%''&'&!$,!)#'!('%6'3)$I'!65*)'%!0+(!

*,! 'U6'($/',)! +(! $,! "`_! +(! "A_! 05*%F%! 0+(! 3'55! 'U6*,%$+,G! M$.(+.5*%)%! E'('! 3-5)-('&! -6! )+!

6*%%*1'!]BG!!

2.2.! Investigating cell alignment 

2.2.1.! Cell seeding 

T-)+35*I'&!]C!//!&$*/')'(!15*%%!3+I'(%5$6%!E'('!65*3'&!$,!'*3#!E'55!+0!*!A^KE'55!65*)'G!M+(!

3+,05-',)!3+I'(%5$6%J!E#'('! 0$.(+.5*%)%!*('! $,!3+,)*3)!E$)#!,'$1#.+-($,1!3'55%J!VBJBBB!F'5+$&!

*,&!,+(/*5!0$.(+.5*%)%!E'('!*&&'&!$,!'*3#!E'55G!H#',!,'3'%%*(7J!$,05*//*)+(7!37)+F$,'%!*,&!

$,#$.$)+(%!E'('!*&&'&!*)!('[-$('&!3+,3',)(*)$+,%!)+!)#'!3'55!%-%6',%$+,!-6+,!%''&$,1!WTable 

2.1!*,&!Table 2.2XG!

,-'./&0"# ,.01"0'%('&.0# 23445&"%#
D?K]!! ]!k1e/?! 4'6(+)'3#!
D?KV! ]B!,1e/?! 4'6(+)'3#!

"cMK!1! ]!k1e/?! 4'6(+)'3#!
"NMK"! ]!k1e/?! 4'6(+)'3#!

!

!%36# 7(%6"'#&08&9&'.%# ,.01"0'%('&.0# 23445&"%#
9]bbKd! @"T"C! CB!/;! ;'&9#'/OU6('%%!

;=KAABV! 4*,KT="! _!k;! ;'&9#'/OU6('%%!
N*6*.-3*%$,! @"T"C! BG]B!n!AB!k;! "'.-.$+!

4'0$3$)$,$.! 4*,KQT=! ]!/;! <$+I$%$+,!
@)*))$3! @"T"C! BG]B!n!AB!k;! "'.-.$+!

"+3$5$S-/*.! D?KV!('3'6)+(! VGbB!k;! ;'&9#'/OU6('%%!
ZB]AV! ;T4=! AGVC!k;! D,I$I+c',!

Table 2.1 Cytokine dosage and supplier used on keloid and normal fibroblasts. 

 

Table 2.2 Pharmacological inhibitor dosage and supplier used on keloid and normal 
fibroblasts. 
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2.2.2.! Cell fixing and immunofluorescence staining 

M+55+E$,1! A^! #+-(%! $,! 3-5)-('J! 3+I'(%5$6%! E'('! 0$U'&! $,! ^f! WEeIX! 6*(*0+(/*5&'#7&'! W4MTX!

W"#'(/+!@3$',)$0$3X!*,&!%)+('&!$,!4<@!*)!^°9G!9'55%!E'('!6'(/'*.$5$%'&!E$)#!BGAf!WIeIX!"($)+,!

mK]BB!W@$1/*X! 0+(!]B!/$,-)'%!*)!(++/!)'/6'(*)-('!*,&!($,%'&!E$)#!4<@G!"#'!%*/65'%!E'('!

.5+3F'&! E$)#! Cf! WEeIX! .+I$,'! %'(-/! *5.-/$,! W<@TX! WM$%#'(X! $,! 4<@! 0+(! ]! #+-(! *)! (++/!

)'/6'(*)-('G!9'55%!E'('!%)*$,'&!E$)#!4#*55+$&$,!W]L_BB!&$5-)$+,j!T5'U*M5-+(!^bb! D,I$)(+1',X!

*,&! 2T4D! W]L]JBBB! &$5-)$+,j! "#'(/+! @3$',)$0$3X! $,! Cf! WEeIX! <@T! 0+(! ]! #+-(! *)! (++/!

)'/6'(*)-('J!6(+)'3)'&!0(+/!5$1#)G!!9+I'(%5$6%!E'('!($,%'&!$,!4<@!*,&!&Y#\!*,&!/+-,)'&!+,!

/$3(+%3+67!%5$&'%!E$)#!/+-,)$,1!/'&$-/!W2T=\XG!

2.2.3.! Confocal Imaging 

M+(! 'U6'($/',)%! 3+,)*$,$,1! 3+I'(%5$6%J! SK%)*3F! $/*1'%! E'('! *3[-$('&! +,! *! o'$%%! ?@;! bbB!

9+,0+3*5!;$3(+%3+6'!-%$,1!*!^BU!45*,KT6+3#(+/*)!E*)'(!+.a'3)$I'!WNT!BG__XG!T66(+U$/*)'57!

CB!6+%$)$+,%!E'('!*3[-$('&!*3(+%%!)#(''!('65$3*)'%!0+(!'*3#!3+,&$)$+,!$,!)#'!'U6'($/',)G!

2.2.4.! Biological repeats 

D,!9#*6)'(%!CJ!^!*,&!_J!*!&$00'(',)!,-/.'(!+0!.$+5+1$3*5!('6'*)%!*('!-%'&!$,!*!%$,15'!'U6'($/',)G!

Y'('J! )#'! )'(/! .$+5+1$3*5! ('6'*)! ('0'(%! )+! *! %*/65'! +0! '$)#'(! F'5+$&! +(! ,+(/*5! 0$.(+.5*%)%!

+.)*$,'&!0(+/!&$00'(',)!6*)$',)%G!M+(!'U*/65'J!*!.$+5+1$3*5!('6'*)!+0!C!E+-5&!%7/.+5$%'!)#*)!)#'!

F'5+$&!+(!,+(/*5!0$.(+.5*%)%!-%'&!$,!)#*)!'U6'($/',)!E'('!+.)*$,'&!0(+/!)#(''!&$%)$,3)!6*)$',)%G!

O*3#! 'U6'($/',)! E$)#! '*3#! .$+5+1$3*5! ('6'*)! E*%! *5E*7%! 6'(0+(/'&! +,! %'6*(*)'! +33*%$+,%J!

)#'('0+('!)#'%'!.$+5+1$3*5!('6'*)%!E'('!*5%+!)'3#,$3*5!('6'*)%G!

2.3.! Quantifying actin alignment 

2.3.1.! Image processing 

;*U$/-/!$,)',%$)7!6(+a'3)$+,%!+0!SK%)*3F!$/*1'%!E'('!6('K6(+3'%%'&!$,!MDQD!WA`AX!)+!#$1#5$1#)!

*3)$,! %)(-3)-('%G! D/*1'! 3+,)(*%)! E*%! ',#*,3'&! WBGC_f! %*)-(*)'&! 6$U'5%X! *,&! 5+3*5! 3+,)(*%)!

*&a-%)/',)!Wg9?TYOh!65-1$,J!&'0*-5)!6*(*/')'(%X!E*%!6'(0+(/'&G!
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2.3.2.! Alignment by Fourier Transform 

M+55+E$,1! 3+,)(*%)! *&a-%)/',)J! *3)$,! *5$1,/',)! E*%! [-*,)$0$'&! $,! ;T"?T<! W;*)#E+(F%J! IG!

8AB]d.X!-%$,1!*,!+6',K%+-(3'!A2!M*%)!M+-($'(!"(*,%0+(/!WMM"X!6*3F*1'J!T5$1,/',)!.7!M+-($'(!

"(*,%0+(/! WTM"X! WA`CXG!<($'057J! 'U6'($/',)*5! $/*1'%! *('! $,6-)! $,)+! )#'! *51+($)#/!*,&!'*3#!

$/*1'!$%!&$I$&'&!$,!6('&'0$,'&!+I'(5*66$,1!E$,&+E%!W$G'GJ!]B!k/X!E#'('!)#'!MM"!$%!3*53-5*)'&G!

D0!0$.($55*(!0'*)-('%!*('!6('%',)!$,!)#'!E$,&+EJ!)#'!('%-5)$,1!MM"!6('%',)%!*,!'5+,1*)'&!%#*6'J!

*,&!$)%!*,15'!3+(('5*)'%!)+!)#'!6('&+/$,*,)!0$.('!+($',)*)$+,!$,!)#'!+($1$,*5!('*5!&+/*$,!$/*1'G!

"#'('0+('J!'*3#!E$,&+E!$,!)#'!$/*1'!$%!*%%$1,'&!E$)#!*,!+I'(*55!+($',)*)$+,J!3('*)$,1!*,!*,15'!

I'3)+(!0$'5&G!?+3*5!0$.('!*5$1,/',)!$%!)#',!3*53-5*)'&!-%$,1!*,!+(&'(!6*(*/')'(!9J!#$1#5$1#)$,1!

3+(('5*)$+,!+0!)#'!I'3)+(%!)+!*!3',)(*5!('0'(',3'!$,!*!_K.7K_!,'$1#.+-(#++&L!

"#'! +(&'(! 6*(*/')'(! 6(+I$&'%! *,! *5$1,/',)! %3+('! I*(7$,1! 0(+/! gK]h! )+! g]hJ! E#'('! g]h!

('6('%',)%! 3+/65')'! *5$1,/',)J! gBh! ('6('%',)%! &$%+(&'(! *,&! gK]h! ('6('%',)%! *,)$K6*(*55'5!

*5$1,/',)G! D,!.$+5+1$3*5! $/*1'%J! )#'!+(&'(!6*(*/')'(! )',&%! )+!(*,1'! 0(+/!gBh! )+! g]h!*%! 0$.('!

6+5*($)7! $%! ,+)! )*F',! $,)+! 3+,%$&'(*)$+,! E#',! *,*57%$,1! *5$1,/',)J! *,&! )#'('0+('! +(&'(!

6*(*/')'(%!&+!,+)!)',&!)+!.'!.'5+E!gBhG!"+![-*,)$07!)#'!+I'(*55!*5$1,/',)!+0!)#'! $/*1'J! )#'!

/'&$*,!+0!)#'!5+3*5!+(&'(!6*(*/')'(%!E*%!)*F',!WFigure 2.1XG!T%!TM"!('/+I'%!('%'*(3#'(!.$*%!

.7!$,&'6',&',)57!/'*%-($,1!0$.('!*5$1,/',)J!)#'!%*/65'%!E'('!,+)!.5$,&'&G!

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

Figure 2.1 Schematic illustrating how the AFT quantified the alignment of actin fibres. 
(A) Following image processing, a fibre-containing image is sent to AFT. (B) The image is split into 
user-defined windows. (C) The algorithm uses FFT to calculate the average orientation of the fibres 
in each window. (D) An order parameter is calculated for each neighbourhood across the entire 
image, where the orientation of each window is compared to the orientation in the centre of the 
neighbourhood and assigned an “order parameter” (a value between “-1” and “1”, which represents 
how similar the orientations within that neighbourhood are). Following this, the alignment of the entire 
image is obtained by calculating the median order parameter of the entire image.  
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2.3.3.! Parameter search in AFT 

D,!*&&$)$+,!)+![-*,)$07$,1!*3)$,!*5$1,/',)J!TM"!3*,!*5%+!6'(0+(/!6*(*/')($3!%'*(3#'%!)+!$&',)$07!

)#'!+6)$/*5!E$,&+E!*,&!,'$1#.+-(#++&!%$S'%!)#*)!('I'*5!&$00'(',3'%!$,!*5$1,/',)!.')E'',!)E+!

&$%)$,3)! %*/65'%G! D/*1'%! +0! '*3#! %*/65'! *('! *,*57%'&! $,! TM"! E$)#! *! (*,1'! +0! E$,&+E! *,&!

,'$1#.+-(#++&!%$S'%!6('&')'(/$,'&!.7!)#'!-%'(G!"#'!*51+($)#/!)#',!6(+I$&'%!$,0+(/*)$+,!I$*!

*! #'*)/*6! +0! )#'! &$00'(',3'%! $,! +(&'(! 6*(*/')'(! .')E'',! )#'! )E+! %*/65'%J! E#'('! #$1#'(!

&$00'(',3'%! ('05'3)! 1('*)'(! *,$%+)(+67! $,! +,'! +0! )#'! %*/65'%G! "#'! *51+($)#/! *5%+! 6(+I$&'%!

$,0+(/*)$+,!+,!)#'!('%6'3)$I'!6KI*5-'%!+0!)#'!&$00'(',3'%!$,!+(&'(!6*(*/')'(!*3(+%%!)#'!E$,&+E!

*,&!,'$1#.+-(#++&!%$S'%!*,*57%'&G!

2.4.! Protein assays 

2.4.1.! Cell seeding and treatment 

M+(!3'55!57%*)'!+(!%-6'(,*)*,)!6(+)'$,!3+55'3)$+,J!F'5+$&!*,&!,+(/*5!0$.(+.5*%)%!E'('!%''&'&!$,!

VKE'55!65*)'%!*)!*!&',%$)7!.')E'',!]_BJBBB!n!ABBJBBB!3'55%eE'55!*,&!5'0)!)+!*&#'('!+I'(,$1#)!*)!

C`°9! E$)#! _f! 9\#G! "+! $,I'%)$1*)'! )#'! '00'3)! )#*)! 37)+F$,'%! *,&! $,#$.$)+(%! #*&! +,! 6(+)'$,!

'U6('%%$+,!I$*!E'%)'(,!.5+))$,1J!3'55%!E'('!)('*)'&!E$)#!)#'!$,#$.$)+(!0+(!dB!/$,-)'%!6($+(!)+!*!

CBK/$,-)'!D?KVJ!"NMK"J!D?K]!!+(!"cMK!]!%)$/-5*)$+,G!"+!$,I'%)$1*)'!)#'!'00'3)!)#*)!37)+F$,'%!*,&!

$,#$.$)+(%!#*&!+,!6(+)'$,!6(+&-3)$+,!I$*!',S7/'K5$,F'&!$//-,+%+(.',)!*%%*7!WO?D@TXJ!3'55%!

E'('!5'0)!)+!*&#'('!+I'(,$1#)G!@*/65'%!E'('!)#',!)('*)'&!E$)#!)#'!$,#$.$)+(%!+(!37)+F$,'%!0+(!

A^!+(!^b!#+-(%G!97)+F$,'!*,&!$,#$.$)+(!3+,3',)(*)$+,%!-%'&!3*,!.'!0+-,&!$,!Table 2.1!*,&!Table 

2.2G!D,!3*%'%!E#'('!$,#$.$)+(%!#*&!,+)!.'',!6('I$+-%57!-%'&J!I*($+-%!3+,3',)(*)$+,%!E'('!-%'&!

)+!$&',)$07!)#'!3+,3',)(*)$+,!*)!E#$3#!)#'!&(-1!#*&!)#'!'U6'3)'&!'00'3)G!

2.4.2.! Western blotting 

M+(!6(+)'$,!3+55'3)$+,J!VKE'55!65*)'%!E'('!65*3'&!+,!$3'!*,&!($,%'&!$,!$3'!3+5&!4<@G!M+55+E$,1!

)#$%J! )#'!3'55%!E'('! $,3-.*)'&!E$)#!8*&$+$//-,+6('3$6$)*)$+,!T%%*7!W8D4TX!.-00'(!W]_B!/;!

N*95J! ]f! WIeIX! "($)+,! mK]BBJ! ]AGBV! /;! @+&$-/! 2'+U73#+5*)'J! CG^`! /;! @+&$-/! 2+&'375!

@-56#*)'! W@2@XJ! ]B! /;! "($%! Y9?! 6Y! bGBJ! &Y#\X! %-665'/',)'&! E$)#! Y*5)! 6#+%6#*)*%'! *,&!

6(+)'$,*%'!$,#$.$)+(!3+3F)*$5%!W]L]BB!&$5-)$+,j!"#'(/+!@3$',)$0$3X!*,&!%3(*6'&!E$)#!*!%7($,1'!

65-,1'(!W"'(-/+XG!?7%*)'%!E'('!3+55'3)'&!$,!]G_!/?!/$3(+3',)($0-1'!)-.'%!*,&!'$)#'(!%)+('&!*)!

KbB°9!+(!$//'&$*)'57!-%'&!0+(!E'%)'(,!.5+))$,1G!
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2.4.2.1.! Sample preparation  

4(+)'$,! %*/65'%!E'('! 3',)($0-1'&!*)!]^JBBB!U!1J!^°9! 0+(!]B!/$,-)'%! )+! %'6*(*)'! 3'55!&'.($%G!

M+55+E$,1!)#$%J!]V!k?!+0!'*3#!%*/65'!E'('!/$U'&!E$)#!^!k?!+0!_U!@2@!.-00'(!WBGA_!;!"($%KY95!6Y!

VGbJ!BG_!;!2$)#$+)#('$)+5!W2""XJ!BGC!;!@2@J!_G^!;!1573'(+5J!`G_!/;!<(+/+6#',+5!.5-'J!&Y#\X!$,!

,'E!/$3(+3',)($0-1'!)-.'%!*,&!.+$5'&!+,!*!#+)!65*)'!0+(!]B!/$,-)'%!*)!dA°9G!!

2.4.2.2.! Western blotting protocol 

@*/65'%!E'('!5+*&'&!$,)+!b!n!]Vf!6('K3*%)!1(*&$',)!1'5!WD,I$)(+1',X!*%!E'55!*%!_!k?!+0!A_B!F2*!

6(+)'$,!5*&&'(!WT4OU<$+XG!c'5%!E'('!(-,!$,!(-,,$,1!.-00'(!WA_!/;!"($%<*%'J!]dA!/;!c573$,'J!

CG_!/;!@2@J!&Y#\X!*)!]ABP!0+(!A!#+-(%!)+!%'6*(*)'!.*,&%!+0!$,)'('%)G!c'5%!E'('!)#',!)(*,%0'(('&!

)+!*!,$)(+3'55-5+%'!/'/.(*,'!WT/'(%#*/X!$,!*!<$+K8*&!E')!)(*,%0'(!*66*(*)-%!)(*,%0'(!.-00'(!

WA_!/;!"($%<*%'J!]dA!/;!c573$,'J!]Bf!WIeIX!;')#*,+5J!&Y#\X!*)!]]A!P!0+(!dB!/$,-)'%G!T0)'(!

)(*,%0'(J!)#'!/'/.(*,'!$,3-.*)'&!E$)#!_f!%F$/!/$5F!$,!"($%!<-00'('&!@*5$,'!W"<@X!W]dGb]!/;!

"($%! <*%'J! ]_BGV! /;! N*95J! &Y#\! 6Y! `GVX! 0+(! ]! #+-(! *)! (++/! )'/6'(*)-('G! M+55+E$,1! )#$%J!

/'/.(*,'%! E'('! $,3-.*)'&! +I'(,$1#)! *)! ^°9! E$)#! 6($/*(7! *,)$.+&7! WTable 2.3X! &$5-)'&! $,!

*,)$.+&7! &$5-',)! WCf! WEeIX! <@TJ! BG]f! WEeIX! @+&$-/! TS$&'J! &Y#\XG! ;'/.(*,'%! E'('! )#',!

E*%#'&! $,! "<@K"E'',! W"<@K"X! W"<@! 6Y! `GVJ! BG]f! WIeIX! "E'',KABX! *,&! $,3-.*)'&! $,!

Y+(%'(*&$%#! 6'(+U$&*%'! WY84XK3+,a-1*)'&! %'3+,&*(7! *,)$.+&7! WQ*3F%+,X! &$5-)'&! ]L_JBBB! $,!

"<@!0+(!]!#+-(!*)!(++/!)'/6'(*)-('!+,!*!(+3F'(G!T0)'(!$,3-.*)$+,J!.5+)%!E'('!E*%#'&!$,!"<@K"!

'U)',%$I'57G!"+!',#*,3'!)#'!*,)$.+&7!%$1,*5J!@-6'(@$1,*5!9#'/$5-/$,'%3',)!@-.%)(*)'!W"#'(/+!

@3$',)$0$3X!E*%!*&&'&!)+!)#'!/'/.(*,'%!/$U'&!*)!*!]L]!(*)$+G!<5+)%!E'('!&'I'5+6'&!+,!*!<$+K

8*&!;+5'3-5*(!D/*1'(!9#'/$2+3!m8@p!0+(!]B!n!A^B!%'3+,&%G!!

:0'&9.;-#<48.)48.%-5('&.0#)&'"=# ,.01"0'%('&.0# :0&>(5# 23445&"%#
"K"-.-5$,! ]L]JBBB! ;+-%'! 9'55@$1,*55$,1!"'3#,+5+17!

6T="!W@^VCX! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!
T="! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!

63KQ-,!W@VCX! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!
3KQ-,! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!

6O8=]eA!W"ABAeiAB^X! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!
O8=]eA! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!
cT42Y! ]L]JBBB! 8*..$)! T.3*/!

6@"T"C!Wi`B_X! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!
@"T"C! ]L]JBBB! 8*..$)! 9'55@$1,*55$,1!"'3#,+5+17!

Table 2.3 Primary antibody concentration and suppliers used for western blotting. 
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2.4.3.! Antibody stripping 

;'/.(*,'%!E'('!+0)',!%)($66'&!E$)#!/$5&!WBGA!;!EeI!c573$,'J!CG_!/;!@2@J!]f!WIeIX!"E'',K

ABJ!&Y#\J!6Y!AGAX!+(!#*(%#!%)($66$,1!.-00'(!WVdG^!/;!@2@J!]AG_f!WIeIX!"($%!Y9?!BG_;!6Y!VGbJ!

BG]!;!!K;'(3*6)+')#*,+5J!&Y#\XJ!*%!&'%3($.'&!.7!T.3*/J!)+!('/+I'!.+-,&!*,)$.+&$'%G!M+(!/$5&!

%)($66$,1J!/'/.(*,'%!E'('! $,3-.*)'&!*)!(++/!)'/6'(*)-('!+,!*!(+3F'(!E$)#!/$5&!%)($66$,1!

.-00'(!0+(!_!n!]B!/$,-)'%J!)E$3'G!"#'!/'/.(*,'!E*%!)#',!E*%#'&!$,!4<@!*,&!"<@K"!/-5)$65'!

)$/'%G!M+(!#*(%#!%)($66$,1J!/'/.(*,'%!E'('!$,3-.*)'&!E$)#!#*(%#!%)($66$,1!.-00'(!*)!_B°9!0+(!

^_!/$,-)'%J!0+55+E'&!.7!I*($+-%!&Y#\J!4<@!*,&!"<@!E*%#'%G!M+55+E$,1!)#'!6(+)'$,!%)($6J!)#'!

/'/.(*,'!E*%!.5+3F'&!E$)#!_f!%F$/!/$5F!$,!"<@!*,&!$,3-.*)'&!E$)#!('%6'3)$I'!*,)$.+&$'%!*%!

&')*$5'&!6('I$+-%57G!

2.4.4.! Phospho-Kinase array 

T! Y-/*,! 4#+%6#+K=$,*%'! T((*7! W4(+)'+/'! 4(+0$5'(! T((*7J! 9*)*5+1-'! qT8iBBC<J! 8:2!

@7%)'/%X! E*%! (-,! )+! &')'(/$,'! )#'! ('5*)$I'! 5'I'5%! +0! 6#+%6#+(75*)$+,! 0+(! C`! F$,*%'!

6#+%6#+(75*)$+,!%$)'%!*,&!'U6('%%$+,!5'I'5%!+0!A!6(+)'$,%!W%''!Figure 2.2!*,&!Table 2.4XG!O*3#!

,$)(+3'55-5+%'!/'/.(*,'!3+,)*$,'&!*,)$.+&$'%!$,!&-65$3*)'G!

! !

Figure 2.2 Schematic of antibody location on phospho-kinase membranes obtained from 
product datasheet (Proteome Profiler Array, Catalogue #ARY003B, R&D Systems) 

www.RnDSystems.com 9

DATA ANALYSIS
The positive signals seen on developed !lm can be quickly identi!ed by placing the 
transparency overlay on the array image and aligning it with the pairs of reference spots in the 
corners of each membrane (two pairs on the left side of Part A and one pair on the right side of 
Part B). The stamped identi!cation numbers on the membranes should be placed on the left 
hand side. The location of controls and capture antibodies is listed in the Appendix. It may be 
necessary to adjust the position of the transparency overlay template if the two parts of the 
membrane are not aligned.

Note: Reference spots are included to align the transparency overlay template and to demonstrate 
that the array has been incubated with Streptavidin-HRP during the assay procedure.

Pixel densities on developed X-ray !lm can be collected and analyzed using a transmission-
mode scanner and image analysis software.

1. Create a template to analyze pixel density in each spot of the array.

2. Export signal values to a spreadsheet !le for manipulation in a program such as Microsoft 
Excel.

3. Determine the average signal (pixel density) of the pair of duplicate spots representing 
each phosphorylated kinase protein.

4. Subtract an averaged background signal from each spot. Use a signal from a clear area of 
the array or negative control spots as a background value.

5. Compare corresponding signals on di"erent arrays to determine the relative change in 
phosphorylated kinase proteins between samples.

Human Phospho-Kinase Array Coordinates

A
B
C
D
E
F
G

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

This image is not to scale. It is for coordinate reference only. 
Please use the transparency overlay for analyte identi!cation.
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2.4.4.1.! Cell seeding and pharmacological treatments 

='5+$&!*,&!,+(/*5!0$.(+.5*%)%!E'('!%''&'&!$,!&-65$3*)'%!$,!]AKE'55!65*)'%!*,&!VKE'55!65*)'%!*)!

*!&',%$)7!+0!]BBJBBB!3'55%eE'55!)+!$,I'%)$1*)'!%$1,*55$,1!&$00'(',3'%!.')E'',!)#'!)E+!3'55!)76'%!

*)!3+,05-',3'!*,&!%$,15'K3'55G!='5+$&!*,&!,+(/*5!0$.(+.5*%)%!E'('!'$)#'(!)('*)'&!E$)#!3+,)(+5%!

W<@T! *,&! D1cXJ! ]B! ,1e/?! +0! #D?KV! *,&! VGb! k;! +0! "+3$5$S-/*.! 0+(! A! #+-(%! 6($+(! )+! 6(+)'$,!

3+55'3)$+,G!!

2.4.4.2.! Sample collection 

@*/65'%!E'('!3+55'3)'&!*%!6'(!/*,-0*3)-('(>%!$,%)(-3)$+,%G!9'55%!E'('!($,%'&!E$)#!4<@!.'0+('!

*&&$,1!57%$%!.-00'(G!9'55%!E'('!%+5-.$5$%'&!*)!]!U!]B%!3'55%e/?!*,&!65*)'%!E'('!(+3F'&!1',)57!*)!

^°9!0+(!CB!/$,-)'%G!9'55! 57%*)'%!E'('!3',)($0-1'&!*)!^°9!0+(!_!/$,-)'%!*)!]^JBBB!U!1!*,&!)#'!

%-6'(,*)*,)! E*%! )(*,%0'(('&! )+! 35'*,! /$3(+3',)($0-1'! )-.'%G! 4(+)'$,! 3+,3',)(*)$+,! +0! )#'!

%*/65'%! E*%! &')'(/$,'&! -%$,1! *! <$3$,3#+,$,$3! T3$&! W<9TX! )+)*5! 6(+)'$,! *%%*7! 6($+(! )+!

6'(0+(/$,1!)#'!6#+%6#+KF$,*%'!*((*7G!

2.4.4.3.! BCA Protein Assay 

"#'! <9T! 4(+)'$,! T%%*7! =$)! W@*,)*! 9(-S! <$+)'3#,+5+17X! E*%! -%'&! )+! &')'(/$,'! )#'! 6(+)'$,!

3+,3',)(*)$+,%!+0!)#'!%*/65'%G!M$(%)57J!*!(*,1'!+0!<@T!3+,3',)(*)$+,!%)*,&*(&%!E'('!6('6*('&!

.')E'',!]A_!n!AJBBB!k1e/?!WTable 2.5X! )+!/*F'! )#'!%)*,&*(&!3-(I'!-%$,1!*!A!/1e/?!<@T!

%)*,&*(&J!*,&J!0+55+E$,1!)#$%J!'*3#!%*/65'!E*%!&$5-)'&!)+!)#(''!&$00'(',)!3+,3',)(*)$+,%!WTable 

2.6XG!N'U)J!8'*1',)!T!*,&!8'*1',)!<!E'('!/$U'&!$,!*!_BL]!(*)$+!$//'&$*)'57!.'0+('!-%'G!D,!*!

/$3(+65*)'J! ]AG_! k?! +0! %)*,&*(&! +(! %*/65'! E'('! /$U'&! E$)#! ]BB! k?! +0! 8'*1',)! T<! $,! '*3#!

('%6'3)$I'!E'55G!"#'!65*)'!E*%!)#',!$,3-.*)'&!*)!C`°9!0+(!CB!/$,-)'%!*,&!)#'!*.%+(6)$+,!E*%!

/'*%-('&!+,!*!/$3(+65*)'!('*&'(!*)!_VA!,/G!Z%$,1!)#'!&*)*J!*!%)*,&*(&!3-(I'!E*%!65+))'&!*,&!

-%'&!)+!&')'(/$,'!)#'!3+,3',)(*)$+,%!+0!)#'!%*/65'%G!



! $)"

#

,..%;&0('")# 7(%6"'#?#,.0'%.5# @8.)48.%-5('&.0#2&'"#
T]J!TA! 8'0'(',3'!@6+)! K! !

T]]J!T]A! TF)!]eAeC! "CBb!
T]CJ!T]^! TF)!]eAeC! @^`C!
T]`J!T]b! 8'0'(',3'!@6+)! K!

<CJ!<^! 98O<! @]CC!
<_J!<V! OcM!8! i]BbV!
<`J!<b! 'N\@! @]]``!
<dJ!<]B! O8=]eA! "ABAeiAB^J!"]b_ei]b`!
<]]J!<]A! 9#FKA! "Vb!
<]CJ!<]^! 3KQ-,! @VC!

9CJ!9^! M1(! i^]A!
9_J!9V! c@=KC"e!# @A]e@d!
9`J!9b! c@=KC!! @d!
9dJ!9]B! Y@4A`! @C`e@bA!
9]]J!9]A! 6_C! @]_!
9]CJ!9]^! 6_C! @^V!
9]_J!9]V! 6_C! @CdA!
2CJ!2^! QN=!]eAeC! "]b_ei]b_J!"AA]eiAAC!
2_J!2V! ?3F! iCd^!
2`J!2b! ?7,! iCd`!
2dJ!2]B! ;@=]eA! @C`Ve@CVB!
2]]J!2]A! 6`B!@V!=$,*%'! "Cbd!
2]CJ!2]^! 6`B!@V!=$,*%'! "^A]e@^A^!
2]_J!2]V! 48T@^B! "A^V!

OCJ!O^! 6Cb*! "]bBe"]bA!
O_J!OV! 42cM!8!! i`_]!
O`J!Ob! 4?9K$]! i`bC!
OdJ!O]B! @(3! i^]d!
O]]J!O]A! 4i=A! i^BA!
O]CJ!O]^! 8@=]eA! @AA]e@AA`!
O]_J!O]V! 8@=]eAeC! @CbBe@AbVe@C``!

MCJ!M^! @"T"A! iVbd!
M_J!MV! @"T"_*e.! iVd^eiVdd!
M`J!Mb! HN=]! "VB!
MdJ!M]B! i'%! i^AV!
M]]J!M]A! @"T"]! i`B]!
M]CJ!M]^! @"T"C! i`B_!
M]_J!M]V! @"T"C! @`A`!
c]J!cA! 8'0'(',3'!@6+)! K!
cCJ!c^! !K9*)',$,! K!
cdJ!c]B! 4<@!WN'1*)$I'!9+,)(+5X! K!
c]]J!c]A! @"T"V! iV^]!
c]CJ!c]^! Y@4VB! K!
c]`J!c]b! 4@<!WN'1*)$I'!9+,)(+5X! K!

Table 2.4 Coordinates and description of protein targets and controls in Phospho-Kinase 
membranes (Proteome Profiler Array, Catalogue #ARY003B, R&D Systems) 
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!

!

!

A&(5# BC#@+2# BC#(0;#2.3%1"# !&53'&.0#
T! B! A_!k?!%*/65'! @)+3F!
<! ]AG_!k?! ]AG_!k?!%*/65'! ]eA!
9! A]Gb`_!k?! CG]A_!k?!%*/65'! ]eb!

!

2.4.4.4.! Array Protocol 

"#'! 4#+%6#+K=$,*%'! T((*7! =$)! $%! &$I$&'&! $,! )E+! 6*()%! WT! *,&! <XJ! '*3#! 6*()! 3+,)*$,$,1! 0+-(!

$&',)$3*5!/'/.(*,'%!0+(!)#'!0+-(!3+,&$)$+,%J!*%!5$%)'&!6('I$+-%57G!"+!/*U$/$%'!%',%$)$I$)7!*,&!

/$,$/$%'!3(+%%K('*3)$I$)7J!6*()%!T!*,&!<!0+(!'*3#!3+,&$)$+,!E'('!$,3-.*)'&!$,!)#'!%*/'!57%*)'!

6('6*(*)$+,!.-)!$,!%'6*(*)'!E'55%G!

O*3#!/'/.(*,'!E*%!65*3'&!$,)+!'*3#!E'55!+0!)#'!bKH'55!;-5)$K&$%#!6(+I$&'&!$,!)#'!*((*7!F$)G!

T((*7!<-00'(!]!W.-00'('&!6(+)'$,!.*%'X!E*%!*&&'&!)+!'*3#!/'/.(*,'!*,&!)#'!;-5)$K&$%#!E*%!

$,3-.*)'&!0+(!+,'!#+-(!+,!*!(+3F$,1!65*)0+(/!*)!(++/!)'/6'(*)-('G!H#$5'!)#'!/'/.(*,'%!E'('!

.5+3F$,1J!%*/65'%!E'('!&$5-)'&!$,!T((*7!<-00'(!]!)+!)#'!6(+)'$,!3+,3',)(*)$+,!+0!A_B!k1e/?!0+(!

*!0$,*5!I+5-/'!+0!A!/?G!\,3'!)#'!/'/.(*,'%!E'('!.5+3F'&J!T((*7!<-00'(!]!E*%!('/+I'&!0(+/!

)#'!E'55%J!*,&!/'/.(*,'%!T!*,&!<!E'('!$,3-.*)'&!E$)#!]!/?!+0!)#'!6('6*('&!%*/65'!*)!^°9!

+I'(,$1#)J!+,!*!(+3F$,1!65*)0+(/G!

M+55+E$,1! )#$%J! /'/.(*,'%! T! *,&! <! E'('! E*%#'&! )#(''! )$/'%! $,! H*%#! <-00'(! W.-00'('&!

%-(0*3)*,)X!0+(!]B!/$,-)'%!+,!*!(+3F$,1!65*)0+(/J!E#$5'!)#'!bKH'55!;-5)$K&$%#!E*%!($,%'&!E$)#!

&Y#\!*,&!&($'&!)#+(+-1#57G!O*3#!/'/.(*,'!E*%!65*3'&!$,!*,!$,&$I$&-*5!E'55!$,!)#'!;-5)$K&$%#!

A&(5# BC#@+2# BC#(0;#2.3%1"# ,.01"0'%('&.0#
T! B! A_!k?!<@T!%)+3F! AJBBB!k1e/?!
<! ]AG_! C`G_!k?!<@T!%)+3F! ]J_BB!k1e/?!
9! A_! A_!k?!<@T!%)+3F! ]JBBB!k1e/?!
2! A_! A_!k?!P$*5!<! `_B!k1e/?!
O! A_! A_!k?!P$*5!9! _BB!k1e/?!
M! A_! A_!k?!P$*5!O! A_B!k1e/?!
c! A_! A_!k?!P$*5!M! ]A_!k1e/?!
Y! A_! B! B!k1e/?!

Table 2.5 BSA standard concentrations used in BCA Protein Assay 

Table 2.6 Sample dilutions used for BCA Protein Assay 



! %*"

E#'('!6*()!T! *,&!6*()!<!E'('! $,3-.*)'&!E$)#!2')'3)$+,!T,)$.+&7!9+3F)*$5!T! *,&!2')'3)$+,!

T,)$.+&7! 9+3F)*$5! <J! ('%6'3)$I'57J! 0+(! A! #+-(%! *)! (++/! )'/6'(*)-('! +,! *! (+3F$,1! 65*)0+(/G!

;'/.(*,'%!E'('!)#'/!E*%#'&!)#(''!)$/'%!$,!H*%#!<-00'(!0+(!]B!/$,-)'%J!6($+(!)+!$,3-.*)$,1!

'*3#!E$)#!&$5-)'&!@)('6)*I$&$,KY84!0+(!CB!/$,-)'%!*)!(++/!)'/6'(*)-('!+,!*!(+3F$,1!65*)0+(/G!

;'/.(*,'%!E'('!E*%#'&J!*%!6('I$+-%57!&'%3($.'&J!*,&!65*3'&!+,!*!65*%)$3!%#'')!6(+)'3)+(G!!

T! 9#'/$! 8'*1',)! /$U! E*%! 6('6*('&! .7! *&&$,1! '[-*5! I+5-/'%! +0! 9#'/$! 8'*1',)%! ]! *,&! A!

W%)*.$5$%'&! #7&(+1',! 6'(+U$&'! *,&! %)*.$5$%'&! 5-/$,+5J! ('%6'3)$I'57XJ! E#$3#! E*%! )#',! %6('*&!

'I',57!*3(+%%! )#'!/'/.(*,'%G!"#'!/'/.(*,'%!E'('!3+I'('&!E$)#!*! )+6!%#'')!+0! )#'!65*%)$3!

6(+)'3)+(!*,&!*$(!.-..5'%!E'('!1',)57! %/++)#'&!+-)G!"#'!/'/.(*,'%!E'('! $,3-.*)'&! 0+(!]!

/$,-)'!6($+(!)+!$/*1$,1!$,!)#'!<$+K8*&!;+5'3-5*(!D/*1'(!9#'/$2+3!m8@pG!

2.4.4.5.! Data analysis 

8'5*)$I'!5'I'5%!+0!6(+)'$,!6#+%6#+(75*)$+,!E'('!/'*%-('&!*%!%-11'%)'&!$,!)#'!/*,-0*3)-('(>%!

6(+)+3+5G!T!^BK.7K^BK6$U'5!.+U!E*%!-%'&!)+!&')'3)!)#'!*I'(*1'!6$U'5!$,)',%$)7!+0!'*3#!*,)$.+&7!

%6+)!$,!MDQDJ!E#'('!)#'!$,)',%$)$'%!E'('!%)+('&!$,!*!;$3(+%+0)!OU3'5!%6('*&%#'')G!O*3#!I*5-'!E*%!

/*66'&!)+!)#'!('%6'3)$I'!5+3*)$+,!+,!)#'!/'/.(*,'!*,&!3+,%'[-',)57!)#'!('%6'3)$I'!6(+)'$,!

3*6)-('&G! "#'! *I'(*1'! .*3F1(+-,&! %$1,*5! E*%! %-.)(*3)'&! 0(+/! '*3#! %6+)! *,&! )#'! ('5*)$I'!

3#*,1'!$,!6#+%6#+(75*)'&!F$,*%'!6(+)'$,%!E*%!3+/6*('&!.')E'',!%*/65'%G!9+/6*($%+,%!/*&'!

E'('L!=2M!I%!N2MJ!N2M!p!D?KV!I%!N2M!3+,)(+5J!=2M!3+,)(+5!I%!=2M!p!"+3$5$S-/*.J!=2M!I%!N2M!

p!D?KVJ!=2M!p!D?KV!I%!N2M!p!D?KVJ!N2M!I%!N2M!p!"\9!$,!3+,05-',)!%*/65'%!*,&!=2M!I%!N2M!$,!

%6*(%'! 3+,)(+5%G! 4#+%6#+(75*)'&! 6(+)'$,%! E'('! 3+,%$&'('&! -6K! +(! &+E,K('1-5*)'&! $0! )#'$(!

'U6('%%$+,!W6$U'5!$,)',%$)7X!E*%!$,3('*%'&!+(!&'3('*%'&!.7!^BfJ!('%6'3)$I'57J!E$)#!('%6'3)!)+!

)#'!'U6('%%$+,!$,!)#'!3+,)(+5!%*/65'!+0!)#*)!3+/6*($%+,G!!

2.4.5.! ELISA 

2.4.5.1.! Cell seeding and supernatant collection 

='5+$&!*,&!,+(/*5! 0$.(+.5*%)%!E'('!%''&'&!*)!*!&',%$)7!.')E'',!C_JBBB!n!__JBBB!3'55%eE'55!

&'6',&$,1! +,! )#'! )$/'! 5',1)#! +0! )#'! 'U6'($/',)G! "+! $,I'%)$1*)'! D?KV! 6(+&-3)$+,! 0+55+E$,1!

37)+F$,'! )('*)/',)J! 65*)'%!E'('! %''&'&!E$)#! __JBBB! 3'55%! *,&! *55+E'&! )+! *&#'('! +I'(,$1#)G!

97)+F$,'%!%-3#!*%!D?K]!!*,&!"NMK"!E'('!)#',!*&&'&!)+!)#'!E'55%!$,!BG_!/?!3+/65')'!/'&$*G!

@-6'(,*)*,)%!E'('!3+55'3)'&!*0)'(!A^!#+-(%!*,&!%)+('%!*)!KbB°9!6($+(!)+!O?D@TG!
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"+!$,I'%)$1*)'!)#'!5'I'5%!+0!D?KV!0+55+E$,1!%$8NT!)(*,%0'3)$+,%J!C_JBBB!3'55%!E'('!*&&'&!$,!'*3#!

E'55!+0!*!]AKE'55!65*)'!)+1')#'(!E$)#!)#'$(!('%6'3)$I'!%$8NT!%+5-)$+,%!W%''!2.5XG!M+55+E$,1!^b!

#+-(%J! )#'! E'55%! E'('! ($,%'&J! *,&! BG_! /?! +0! 3+/65')'! /'&$*! E*%! *&&'&! )+! '*3#! E'55G!

@-6'(,*)*,)%!E'('!3+55'3)'&!*0)'(!^b!#+-(%G!

2.4.5.2.! ELISA protocol 

"#'! 6(+&-3)$+,! +0! D?KV! E*%! /'*%-('&! -%$,1! *,! O?D@T! ;Tm! @)*,&*(&! @')! Y-/*,! D?KV! F$)!

W<$+?'1',&XJ!*%!6'(!/*,-0*3)-('(>%!6(+)+3+5J!$,!#$1#!.$,&$,1!dVKE'55!65*)'%G!<($'057J!65*)'%!E'('!

3+*)'&!+I'(,$1#)!E$)#!]BB!k?!+0!&$5-)'&!3*6)-('!*,)$.+&7!*)!^°9G!"#'!0+55+E$,1!&*7J!)#'!65*)'%!

E'('!E*%#'&!)#+(+-1#57!WBGB_f!WIeIX!"E'',!AB!$,!<@TX!*,&!.5+3F'&!$,!ABB!k?!+0!*%%*7!&$5-',)!

0+(!]!#+-(!*)!(++/!)'/6'(*)-('!+,!*,!+(.$)*5!%#*F'(G!"#',J!0+55+E$,1!)#'!E*%#'%J!]BB!k?!+0!)#'!

&$5-)'&!%*/65'%! WAK0+5&!&$5-)$+,X!*,&!%)*,&*(&%!E'('!*&&'&! )+! )#'!E'55%! 0+(!A!#+-(%!+,! )#'!

%#*F'(G!]BB!k?!+0!&$5-)'&!&')'3)$+,!*,)$.+&7!E*%!*&&'&!)+!)#'!E'55%!0+(!*!]K#+-(!$,3-.*)$+,J!

0+55+E'&!.7!]BB!k?!$,3-.*)$+,!$,!TI$&$,KY84!%+5-)$+,!0+(!CB!/$,-)'%G!M$,*557J!*0)'(!/-5)$65'!

E*%#'%J!]BB!k?!+0!CJClJ_J_lK"')(*/')#75.',S$&$,'!W";<X!%-.%)(*)'!%+5-)$+,!W8:2!@7%)'/%X!E*%!

*&&'&!)+!'*3#!E'55!*,&!5'0)!)+!$,3-.*)'!*)!(++/!)'/6'(*)-('J!$,!)#'!&*(FJ!0+(!]_!n!CB!/$,-)'%G!

"+!%)+6!)#'!('*3)$+,J!]BB!k?!+0!#7&(+3#5+($3!*3$&!E*%!*&&'&!)+!'*3#!E'55G!"#'!3+5+-(!$,)',%$)7!

E*%!/'*%-('&!*)!^AB!,/!+,!*!%6'3)(+6#+)+/')'(!65*)'!('*&'(G!

"#'! %)*,&*(&! 3-(I'! E*%! 3+,%)(-3)'&! .7! 65+))$,1! )#'! *.%+(.*,3'! *1*$,%)! )#'! %)*,&*(&!

3+,3',)(*)$+,!+,!*!5+1*($)#/$3!*U$%J!*,&!*!3-(I'!E*%!0$))'&!)+!)#'!&*)*G!"#'!3+,3',)(*)$+,%!0+(!

)#'!%*/65'%!E'('!)#',!$,)'(6+5*)'&!-%$,1!)#'!*.%+(.*,3'!&*)*!*,&!3+(('3)'&!0+(!)#'!&$5-)$+,!

0*3)+(!)+!3*53-5*)'!)#'!5'I'5!+0!*,*57)'!$,!,1e/?G!

2.5.! Small Interfering RNA 

='5+$&! *,&! ,+(/*5! 0$.(+.5*%)%! E'('! )(*,%0'3)'&! E$)#! 3KQ-,! *,&! 3+,)(+5! %$8NT! W@*,)*! 9(-S!

<$+)'3#,+5+1$'%XG! "+! *,*57%'! )#'! '00'3)! +0! 3KQ-,! $,#$.$)$+,! +,! *5$1,/',)J! ]C! //! &$*/')'(!

3+I'(%5$6%!E'('!*&&'&!)+!'*3#!E'55!+0!*!A^KE'55!65*)'G!M+(!'*3#!E'55J!]!k?!+0!%$8NT!*,&!]!k?!+0!

?$6+0'3)*/$,'! 8NT$;Tm! W"#'(/+! @3$',)$0$3X! E*%! *&&'&! )+! ]BB! k?! +0! \6)$K;O;! ;'&$-/!

W"#'(/+!@3$',)$0$3XJ!$,!)#'!*.%',3'!+0!%'(-/!*,&!*,)$.$+)$3%G!"#'!%+5-)$+,!E*%!1',)57!/$U'&!*,&!

5'0)!0+(!CB!/$,-)'%!*)!(++/!)'/6'(*)-('G!M+55+E$,1!)#$%J!_BJBBB!3'55%!$,!_BB!k?!3+/65')'!1(+E)#!

/'&$-/!W2;O;J!]Bf!WIeIX!M<@J!]f!WIeIX!67(-I*)'!*,&!^!/;!?Kc5-)*/$,'J!,+!*,)$.$+)$3%X!

E'('!*&&'&!)+!'*3#!E'55!3+,)*$,$,1!)#'!%$8NTK?$6+0'3)*/$,'!8NT$;Tm!3+/65'U'%!0+(!*!0$,*5!
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I+5-/'!+0!VBB!k?G!9'55%!E'('!65*3'&!$,!*,!$,3-.*)+(!*)!C`°9!*,&!_f!9\A!0+(!^b!#+-(%!.'0+('!

0$U*)$+,G!

M+(! 6(+)'$,! *,&! %-6'(,*)*,)! 3+55'3)$+,J! )#'! I+5-/'%! *,&! 3+,3',)(*)$+,%! $,! )#'! 6(+)+3+5!

&'%3($.'&!*.+I'!E'('!*&*6)'&!0+(!VKE'55!65*)'%G!<($'057J!_!k?!+0!%$8NT!*,&!_!k?!+0!?$6+0'3)*/$,'!

8NT$;Tm!E'('!*&&'&!)+!_BBk?!+0!\6)$;O;K;'&$-/!*,&!5'0)!)+!$,3-.*)'!*)!(++/!)'/6'(*)-('!

0+(!CB!/$,-)'%G!]_BJBBB!3'55%!E'('!)#',!*&&'&!)+!AG_!/?!+0!3+/65')'!1(+E)#!/'&$*!E$)#+-)!

*,)$.$+)$3%!*,&!65*3'&!$,!*,!$,3-.*)+(!WC`°9J!_f!9\#X!0+(!^b!#+-(%G!9'55!57%*)'%!E'('!3+55'3)'&!

*0)'(!^b!#+-(%!0+(!E'%)'(,!.5+))$,1J!*%!&'%3($.'&!$,!2.4.2G!"+!$,I'%)$1*)'!D?KV!5'I'5%!$,!)#'!/'&$*!

$,! *,! O?D@TJ! )#'! 65*)'! E*%! ($,%'&! *,&! $,3-.*)'&! 0+(! *,! *&&$)$+,*5! ^b! #+-(%! E$)#! 3+/65')'!

1(+E)#!/'&$*!W,+!*,)$.$+)$3%X!*,&!)#'!%-6'(,*)*,)!$,!'*3#!3+,&$)$+,!E*%!3+55'3)'&J!*%!&'%3($.'&!

$,!2.4.5G!#

2.6.! Preparation of polyacrylamide cell substrates with 

different stiffnesses for cell alignment and Traction Force 

Microscopy experiments 

2.6.1.! Dish preparation and coverslip functionalisation  

"#'!6(+)+3+5!0+(!&$%#!0-,3)$+,*5$%*)$+,!*,&!6+57*3(75*/$&'!1'5!0+(/*)$+,!E*%!*&*6)'&!0(+/!*!

6('I$+-%57!&'%3($.'&!6(+)+3+5!WA`^XG!M$(%)57J!)#'!15*%%!.+))+/!+0!C_!//!&$%#'%!WVBkK2$%#J!D.$&$X!

E*%! 0-,3)$+,*5$%'&! )+! ',%-('! 1'5! *))*3#/',)G! "#'! %-(0*3'! +0! )#'! &$%#! E*%! )('*)'&! E$)#! CK

T/$,+6(+675! )($/')#+U7%$5*,'! WT4";@X! 0+(! C! /$,-)'%! 0+55+E'&! .7! &Y#\! ($,%$,1G! "#',J! )#'!

%-(0*3'! E*%! 3+I'('&! E$)#! _f! WIeIX! 15-)*(*5&'#7&'! W@$1/*X! 0+(! CB! /$,-)'%! *,&! E*%#'&!

)#+(+-1#57!E$)#!&Y#\G!D,!6*(*55'5J!]d!//!&$*/')'(!3+I'(%5$6%!W"#'(/+!@3$',)$0$3X!E'('!65*3'&!

$,!`Bf!WIeIX!')#*,+5!0+(!A!/$,-)'%J!($,%'&!$,!&Y#\J!0-,3)$+,*5$%'&!E$)#!];!N*\Y!0+(!_!/$,-)'%!

*,&! 0$,*557! ($,%'&! $,!&Y#\!*,&! 5'0)! )+!&(7G! M$,*557J! 1*%F')%!E'('!6('6*('&! *,&! *&&'&! )+! )#'!

%-(0*3'!+0!)#'!&$%#'%!6($+(!)+!1'5!*&&$)$+,!)+!',*.5'!)#'!6+57/'($%*)$+,!+0!)#'!1'5!$,!*!6('&'0$,'&!

*,&!3+,%$%)',)!/+-5&G!c*%F')%!E'('!3('*)'&!.7!6-,3)-($,1!]_!//!*,&!A_!//!#+5'%!$,!BGA_!//!

%$5$3+,'!%#'')%!Wc(*3'!<$+K5*.%X!W%''!Figure 2.3XG!
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2.6.2.! Preparation of polyacrylamide gel solution  

"#'! 6+57*3(75*/$&'! %+5-)$+,%! E'('! +.)*$,'&! .7! /$U$,1! &$00'(',)! I+5-/'%! +0! *3(75*/$&'J!

#7&(+U7')#75K*3(75*/$&'!*,&!.$%K*3(75*/$&'!$,!%'6*(*)'!%+5-)$+,%G!@+5-)$+,!T!E*%!6('6*('&!.7!

/$U$,1!_BB!k?!+0!^Bf!*3(75*/$&'!W<$+K8*&X!E$)#!V_!k?!+0!#7&(+U7')#75K*3(75*/$&'!W@$1/*XG!

_BB!k?!+0!%+5-)$+,!T!E*%!/$U'&!E$)#!A_B!k?!+0!Af!.$%K*3(75*/$&'!W<$+K8*&X!)+!0+(/!%+5-)$+,!<G!

"+!+.)*$,!*!]B!F4*!1'5J!]_B!k?!+0!%+5-)$+,!<!E*%!)#+(+-1#57!/$U'&!E$)#!C_B!k?!+0!4<@G!2$00'(',)!

(*)$+%!+0!%+5-)$+,!<!*,&!4<@!3*,!.'!-%'&!)+!0+(/!&$00'(',)!%)$00,'%%!1'5%!WTable 2.7XG!!

2'&DD0"))#?#28"(%#E.;353)#</@(=# 2.53'&.0#+#<BC=# @+2#<BC=#
BG]! _C! ^^`!
BG_! VC! ^C`!
]! `_! ^A_!
_! ]BC! Cd`!
]B! ]_B! C_B!
AB! A^B! AVB!
CB! CBB! ABB!

!

2.6.3.! Preparation of polyacrylamide gels solution for Traction Force 

Microscopy 

M+(!"(*3)$+,!M+(3'!;$3(+%3+67!W"M;XJ!6+57*3(75*/$&'!1'5%!3+,)*$,$,1! 05-+('%3',)!.'*&%!*('!

-%'&!)+!/'*%-('!&$%65*3'/',)%!1','(*)'&!.7!3'55-5*(!)(*3)$+,%!WA`_XG!4+57*3(75*/$&'!1'5%!E'('!

6('6*('&! *%! &'%3($.'&! *.+I'! E$)#! )#'! *&&$)$+,! +0! BGA! k/! 05-+('%3',)! .'*&%! WM5-+@6#'('%!

9*(.+U75*)'K;+&$0$'&! ;$3(+%6#'('%! _B_e_]_J! "#'(/+! M$%#'(XG! M5-+('%3',)! .'*&%! E'('!

%+,$3*)'&!0+(!CB!/$,-)'%!6($+(!)+!-%'G!@+5-)$+,%!T!*,&!<!E'('!6('6*('&!*%!6('I$+-%57!&'%3($.'&!

*,&!%$/$5*(57J!&$00'(',)!I+5-/'%!+0!%+5-)$+,!<!*,&!4<@!E'('!-%'&! )+!1','(*)'!*!(*,1'!+0!1'5!

%)$00,'%%'%! WTable 2.7XG! M+(! "M;J! ]B! k?! +0! 4<@! E'('! ('65*3'&! E$)#! 05-+('%3',)! .'*&%G! M+(!

'U*/65'J! $,!*!]B!F4*!1'5J!]_B!k?!+0! %+5-)$+,!<!E*%!/$U'&!E$)#!C^B!k?!+0!4<@!*,&!]B!k?!+0!

6('I$+-%57! %+,$3*)'&! 05-+('%3',)! .'*&%G! "#$%! %+5-)$+,! E*%! )#',! 0-()#'(! %+,$3*)'&! 0+(! ]_!

/$,-)'%G!

Table 2.7 Polyacrylamide and PBS volumes for different gel stiffnesses. 
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2.6.4.! Gel polymerisation 

"+!6+57/'($%'!)#'!1'5%J!_!k?!+0!BG^^!;!T//+,$-/!6'(%-50*)'!WT4@X!W@$1/*X!*,&!)#',!]G_!k?!

"')(*/')#75')#75','&$*/$,'! W"O;O2X! W@$1/*X! E'('! *&&'&! )+! )#'! _BB! k?! %+5-)$+,G! "#'!

%+5-)$+,! E*%! 1',)57! /$U'&! E$)#! *! 6$6'))'! .'0+('! V_! k?! E'('! )(*,%0'(('&! )+! )#'! 1*%F')! *,&!
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Figure 2.3 Detailed schematic outlining dish and gel preparation.  
(A) 19 mm diameter coverslips were sterilised in 70% (v/v) ethanol. (B) Coverslips were then rinsed 
in dH2O and (C) coated with sodium hydroxide for 5 minutes. Following this, the coverslips were 
rinsed in dH2O once again and dried. (D) 35 mm glass-bottom dishes were treated with APTMS for 
3 minutes and 5% Glutaraldehyde for 30 minutes, with multiple dH2O washes in between. (E) Then, 
a 0.25 mm thick, 15 mm diameter gasket was added to the centre of each dish. (F) 10% APS and 
TEMED were added the gel solution prior to transferring 65 µL to the gasket. (G) The gel was covered 
with a coated 19 mm diameter coverslip (steps A-C) to flatten the surface. If the gel contains 
fluorescent beads, the dish was immediately inverted to allow the beads to migrate to the surface of 
the gel whilst it polymerised. Once the gel polymerised, it was stored in PBS at 4°C for up to two 
weeks. 
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2.6.5.! Gelatine coating the gel surface 
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2.6.6.! Cell seeding 
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Figure 2.4 Detailed schematic detailing gelatine coating. 
(A) The gel was firstly incubated with 1mg/mL Sulfo-SANPAH for 10 minutes under 365 nm UV light, 
after which the gel was then thoroughly washed in dH2O. (B) Gelatine was added to the surface of 
the gel for 3 hours at room temperature. (C) Following this, it was rinsed with dH2O and stored in PBS 
at 4°C for up to 1 week or used immediately. 
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2.7.3.! Image processing 
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2.7.4.! Image analysis 
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Figure 2.6 Schematic illustrating the execution of TFM. 
(A) For a minimum of 1 hour prior to TFM, cells were treated with SPY650-DNA and SPY555-Actin 
for live imaging. (B) The dishes were then placed in a temperature and CO2 controlled confocal 
microscope (37°C, 5% CO2), where (C) cells and fluorescent beads were imaged across multiple 
positions across the gel. (D) To measure cell tractions, cells were detached from the gel with 10X 
Trypsin-EDTA for approximately 15 minutes. (E) At the same coordinates of previously acquired 
images, images of the fluorescent beads were obtained. 
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Chapter 3.! Autocrine IL-6 drives cell and ECM 

alignment in keloid scars 

3.1.! Introduction 

3.1.1.! Anisotropic cell and ECM alignment in keloid fibroblasts 
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Figure 3.1 Keloid scars 
exhibit aligned cells and 
ECM. 
Second Harmonic Generation 
(SHG) imaging and F-Actin 
staining of keloid and normal 
dermis reveal highly aligned 
cells and collagen in the keloid 
dermis. Scale bar = 20 µm. 
Adapted from (279).  
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Figure 3.2 Keloid fibroblasts align and deposit aligned ECM in vitro.  
(A) KDF and NDF cultured for 24 hours and stained for F-actin, reveal that KDF have an aligned actin 
network. (B) Cell derived matrices (CDM) from NDF and KDF, cultured in ascorbic acid for 5 days, 
highlight aligned fibronectin and collagen fibres for KDF matrices. (C) Quantification of KDF and NDF 
alignment in (A) across individual patient samples, reveal that KDF are consistently more aligned. **p 
= 0.0043, Mann-Whitney two-tailed test (n = 7 and n = 9 biological repeats for NDF and KDF, 
respectively). (D, E) Quantification of (B) fibronectin and collagen alignment, respectively, in KDF and 
NDF-derived matrices. ****p < 0.0001, *p = 0.0267, Mann-Whitney two tailed test (n = 25 and n = 27 
for NDF and KDF images of fibronectin, n = 16 and n = 27 for NDF and KDF images for collagen, 
respectively, from one biological repeat). Boxplots show medians, 25th and 75th percentiles as box 
limits, minimum and maximum values as whiskers, each datapoint is displayed as a dot. Scale bar = 
20 µm. Adapted from (279). 
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Figure 3.3 Keloid fibroblasts form intracellular adhesions in vitro. 
Keloid and normal dermal fibroblasts (KDF and NDF, respectively) cultured for 72 hours and stained 
for N-cadherin and F-actin reveal enhanced localisation of N-cadherin at cell-cell junctions in KDF. 
Scale bar = 20 µm. Adapted from (279). 
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Figure 3.4 Keloid fibroblasts require cell-cell adhesions to align.  
(A) Keloid and normal dermal fibroblasts (KDF and NDF, respectively) were treated with the N-
cadherin inhibitor ADH-1, BAPTA, a calcium chelator, or DMSO (control) for 24 hours, and stained 
for F-actin. (B) Quantification of KDF and NDF alignment in the presence of ADH-1 or BAPTA reveal 
that KDF require cell-cell adhesions to anisotropically align. ****p = < 0.0001, ***p = 0.0001 (KDF vs 
NDF + ADH-1), ***p = 0.0003 (KDF vs NDF BAPTA), **p = 0.0010, Kruskal-Wallis and Dunn’s multiple 
comparisons test (n = 45 for NDF, 46 for NDF + ADH-1, 42 for NDF + BAPTA, 45 for KDF, 47 for 
KDF + ADH-1 and 42 for KDF + BAPTA, from 5 NDF and 3 KDF biological repeats). Boxplots show 
medians, 25th and 75th percentiles as box limits, minimum and maximum values as whiskers, each 
datapoint is displayed as a dot. Scale bar = 20 µm. Adapted from (279). 
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3.1.1.1.! Measuring alignment by Fast Fourier Transform  
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3.1.2.! Aims  
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3.2.! Results 

3.2.1.! Validation of Alignment by Fourier Transform 
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Figure 3.5!Validation of AFT with immunofluorescence images of distinct fibre alignment. 
Three immunofluorescence images containing fibroblast actin fibres were analysed with AFT to 
measure their degree of alignment and respective order parameter. Via FFT, AFT obtains the 
orientation of the fibres within a predefined window (magenta vectors) and calculates the order 
parameter, S, across the entire image, as described in 2.3.2, to provide the average alignment score. 
(A) For an image containing disordered and slightly blurred actin fibres, AFT assigned a lower order 
parameter (S = 0.2551) to quantify the degree of fibre alignment. (B) An image containing isotropic 
fibres has an alignment score of 0.6711, whereas (C) an image containing fibres in the same 
orientation has an alignment score of 0.9904. 
!
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3.2.2.! Autocrine IL-6 drives cell alignment in normal dermal fibroblasts  
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Figure 3.6 KDF-conditioned media increased NDF actin alignment via IL-6 signalling. 
(A) NDF were treated with NDF-conditioned media + IgG to control for TOC treatment (control), KDF-
conditioned media or with KDF-conditioned media and 6.8 µM Tocilizumab (TOC) for 24 hours to 
investigate whether autocrine IL-6 mediated cell alignment. (B) Quantification of actin alignment in 
(A) reveals that KDF-conditioned media increases NDF alignment and that in the presence of an IL-
6 receptor inhibitor, Tocilizumab, that alignment is inhibited. ****p < 0.0001, ***p = 0.0010, ns p > 
0.9999, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 90 for NDF control and NDF + KDF 
media + TOC, n = 85 for NDF + KDF media, from 3 biological repeats, i.e., patient samples). Boxplots 
show medians, 25th and 75th percentile as box limits, minimum and maximum values as whiskers; 
each datapoint is represented by a dot. (C) Quantification of actin alignment in (A) across each 
biological replicate reveals a trend in increased actin alignment upon treatment of NDF with KDF-
conditioned media which is not present in the absence of IL-6 signalling inhibition. Dotted lines 
connect the results from a single experiment of one biological replicate, with the identical conditioned 
media. ns p = 0.3032 (NDF control vs NDF + KDF-media), ns p = 0.8902 (NDF + KDF-media vs NDF 
+ KDF-media + TOC), ns p > 0.9999 (NDF control vs NDF + KDF-media + TOC). Scale bar = 20 µm.  
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3.2.3.! IL-6 is sufficient to induce cell and matrix alignment in normal 

dermal fibroblasts 
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Figure 3.7 IL-6 increases cell and ECM alignment in normal dermal fibroblasts. 
(A) NDF and KDF, labelled with F-Actin, were treated with BSA (control) or 10 ng/mL IL-6 to investigate 
the effect of exogenous IL-6 on cell alignment. (B) Quantification of actin alignment in (A) reveals that 
IL-6 increases alignment in NDF. ****p < 0.0001, **p = 0.0031, ns p = 0.3296 (NDF + IL-6 vs KDF), ns 
p > 0.9999 (KDF vs KDF + IL-6), Kruskal-Wallis and Dunn’s multiple comparisons test (n = 30 for all 
conditions, from 1 biological repeat). (C) NDF were treated with ascorbic acid for 5 days to allow the 
cells to form cell derived matrices (CDM) in the presence of BSA (control) or 10 ng/mL IL-6. Following 
decellularization, the CDMs were stained for fibronectin (data provided by E. Drudi (282)). (D) 
Quantification of fibronectin alignment highlights increased NDF-derived matrix alignment in the 
presence of IL-6. *p = 0.0110, Mann-Whitney two tailed test (n = 89 for NDF and n = 93 for NDF + IL-
6, from 3 biological repeats). Boxplots show medians, 25th and 75th percentile as box limits, minimum 
and maximum values as whiskers; each datapoint is represented by a dot. Scale bar = 20 µm.   
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3.2.4.! IL-6 is necessary for cell and ECM alignment in keloid dermal 

fibroblasts 
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Figure 3.8 Inhibition of IL-6 signalling decreases cell and ECM alignment in keloid dermal 
fibroblasts. 
(A) NDF and KDF, labelled with F-Actin, were treated with isotype control IgG or 6.8 µM Tocilizumab 
(TOC), an IL-6 receptor inhibitor, to investigate the effect of IL-6 signalling on cell alignment. (B) 
Quantification of actin alignment in (A) reveals that inhibition of IL-6 signalling decreases cell 
alignment in KDF. ****p < 0.0001, ns p > 0.9999, Kruskal-Wallis and Dunn’s multiple comparisons 
test (n = 30 for all conditions, from 1 biological repeat). (C) KDFs were cultured with ascorbic acid for 
5 days to allow the cells to form CDM in the presence of IgG (control) or 6.8 µM TOC. Following 
decellularization, the CDMs were stained for fibronectin (Data obtained from E. Drudi (282)). (D) 
Quantification of fibronectin alignment reveals decreased ECM alignment in the absence of IL-6 
signalling. ****p < 0.0001, Mann-Whitney two tailed test (n = 88 for KDF and n = 85 for KDF + TOC, 
from 3 biological repeats). Boxplots show medians, 25th and 75th percentile as box limits, minimum 
and maximum values as whiskers; each datapoint is represented by a dot. Scale bar = 20 µm. 
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3.2.5.! TNF-" and IL-1! but not TGF-!1 increase cell alignment in normal 

dermal fibroblasts 
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Figure 3.9 TNF-!  and IL-1"  increase normal dermal fibroblast alignment. 
(A) NDF, labelled with F-Actin, were treated with BSA (control), 10 ng/mL IL-6, 10 ng/mL TNF-! , 25 
ng/mL IL-1"  or 10 ng/mL TGF-" 1 to investigate the effect of other pro-inflammatory cytokines on cell 
alignment, alongside KDF, labelled with F-Actin, as a control. (B) Quantification of actin alignment in 
(A) reveals that TNF-!  and IL-1" , but not TGF-" 1, increase NDF alignment similarly to IL-6. ****p < 
0.0001, **p = 0.0030, ns p > 0.9999, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 90 for 
NDF control, NDF + IL-6, NDF + IL-1" , n = 89 for KDF, n = 88 for NDF + TGF-" , n = 79 for NDF + 
TNF-! , from 3 biological repeats). Boxplots show medians, 25th and 75th percentile as box limits, 
minimum and maximum values as whiskers; each datapoint is represented by a dot. Scale bar = 20 
µm. 
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3.2.6.! TNF-" and IL-1! mediate IL-6 production in normal dermal 

fibroblasts 
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Figure 3.10 IL-1"  and TNF-!  induced IL-6 production. 
Normal dermal fibroblasts (NDF) were treated with BSA (control), 25 ng/mL IL-1" , 10 ng/mL TNF-!  
or 10 ng/mL TGF-"  to investigate the effect that other pro-inflammatory cytokines have on IL-6 
production, via an ELISA. These results reveal that TNF-!  and IL-1" , but not TGF-" 1, significantly 
increase IL-6 production in NDF. ****p < 0.0001, **p = 0.0034, ns p = 0.6024, Kruskal-Wallis and 
Dunn’s multiple comparisons test (n = 8 for all conditions from 4 biological repeats). Bar charts show 
means, error bars represent standard error of mean (SEM); each datapoint is represented by a dot. 
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3.2.7.! IL-1! and TNF-" mediate cell alignment via IL-6 signalling  
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Figure 3.11 TNF-!  and IL-1"  increase alignment of normal dermal fibroblast via IL-6 signalling. 
(A) Normal dermal fibroblasts (NDF), labelled with F-Actin, were treated with BSA + IgG (control), 6.8 
µM Tocilizumab (TOC), 10 ng/mL TNF-! , 25 ng/mL IL-1"  with or without 6.8 µM TOC to investigate 
whether cell alignment caused by TNF-!  or IL-1"  was due to IL-6 signalling. (B) Quantification of 
actin alignment in (A) reveals that both TNF-!  and IL-1"  increase NDF alignment via IL-6 signalling. 
****p < 0.0001, ns p > 0.9999, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 89 for NDF 
control, 90 for NDF + TOC, 76 for NDF + IL-1" , 76 for NDF + IL-1"  + TOC, 75 for NDF + TNF-! , 89 
for NDF + TNF-!  + TOC, from 3 biological repeats). Boxplots show medians, 25th and 75th percentile 
as box limits, minimum and maximum values as whiskers; each datapoint is represented by a dot. 
Scale bar = 20 µm. 
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Figure 3.12 Schematic illustrating key findings on the role of IL-6 on cell alignment. 
(A) KDF constitutively produce IL-6 and consequently enhance N-cadherin cell-cell adhesions and 
increase cell alignment either via classic or trans-signalling. (B) Similarly, addition of exogenous IL-6 
to NDF, increased cell alignment, which we hypothesise is due to increased N-cadherin adhesions. 
(C) NDF which do not have constitutive production of IL-6, do not exhibit N-cadherin cell-cell 
adhesions at the cell membrane and reveal low cell alignment. (D) Inhibiting IL-6 signalling in KDF 
with an anti-IL-6R (Tocilizumab) decreases N-cadherin-mediated adhesions and cell alignment. 
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Chapter 4.! Investigating the mechanisms 

behind IL-6-driven cell and ECM alignment 

in keloid scars 

4.1.! Introduction 

4.1.1.! IL-6 signalling 
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Figure 4.1 IL-6 classic and trans-signalling. 
In classic signalling, IL-6 binds to the membrane-bound IL-6R and elicits homodimerisation of gp130 
and consequent phosphorylation and binding of JAK, after which three distinct signalling pathways 
may be activated. In trans-signalling, IL-6 binds to the soluble IL-6R, which then interacts with gp130 
and induces downstream JAK phosphorylation and further signalling cascades.  
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Figure 4.2 JAK/STAT signalling. 
Upon gp130 dimerisation, JAK is phosphorylated and induces the phosphorylation of STAT. STAT 
activation leads to its dimerisation, which then translocates to the nucleus to control the transcription 
of multiple genes. 
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4.1.1.4.! PI3K/AKT signalling  
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Figure 4.3 MAPK/ERK signalling. 
Following JAK phosphorylation, SHP-2 is activated at a tyrosine residue of gp130, which then 
interacts with GRB2 and SOS and activates the RAS/RAF/MAPK pathway. Here, activated RAS, 
phosphorylates RAF, which then through phosphorylation cascades, phosphorylates MEK1/2 and 
ERK1/2. pERK1/2 then dimerises and can either enter the nucleus to control transcription of AP-1 
proteins c-Jun and c-Fos or can also directly interact with other proteins in the cytoplasm, such as 
RSK and MSK. 
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4.1.2.! Aims 
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Figure 4.4 PI3K/AKT signalling. 
Upon JAK phosphorylation, although not entirely understood, GAB1 interacts with PI3K, resulting in 
the conversion of PIP2 into PIP3. This then leads to the activation of PDK1 and subsequent activation 
of AKT, that regulates the activation of various proteins in the cytoplasm. 
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4.2.! Results 

4.2.1.! Keloid and normal fibroblasts exhibit different IL-6 signalling 

profiles 
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Figure 4.5 Keloid and normal dermal fibroblasts exhibit different IL-6 signalling. 
NDF (A) and KDF (B) were seeded in 6-well plates and treated with IL-6 signalling inhibitors for 120 
minutes. Both cell types were treated with either 6.8 µM Tocilizumab (IL-6R inhibitor), 2.63 µM U0126 
(MAPK inhibitor), 1 mM Peficitinib (pan-JAK inhibitor), 5 µM MK-2206 (pan-AKT inhibitor). After 90 
minutes, NDF and KDF were stimulated with BSA + DMSO + IgG (control) or 10 ng/mL IL-6 for 30 
minutes. Protein was collected and western blotting was performed. KDF and NDF have similar 
MAPK/ERK and PI3K/AKT signalling profiles, however differences arise in the JAK/STAT pathway, 
with NDF exhibiting more STAT3 activation (pSTAT3) upon IL-6 signalling. 
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4.2.2.! Inhibiting MAPK/ERK pathway decreases cell alignment in keloid 

and IL-6 treated normal fibroblasts  
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Figure 4.6 Inhibition of MAPK/ERK signalling decreases cell alignment in IL-6-treated NDF and 
KDF. 
(A) NDF were treated with either BSA and DMSO (control), 10 ng/mL IL-6 and 2.63 µM U0126 for 24 
hours prior to fixation and staining for F-actin, to investigate the effect that inhibiting the IL-6 
downstream pathway MAPK/ERK had on cell alignment. (B) Quantification of actin alignment in (A) 
reveals that IL-6-induced actin alignment is reversed MAPK/ERK signalling is blocked. ****p < 0.0001, 
ns p = 0.3034, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 91 for NDF control, n = 90 
for NDF + IL-6 and NDF + IL-6 + U0126, n = 80 for NDF + U0126, from 3 technical repeats across 2 
different patient samples). (C) KDF were treated with either DMSO (control) or 2.63 µM U0126 for 24 
hours prior to fixation and staining for F-actin. (D) Quantification of actin alignment in (C) reveals that 
inhibition of MAPK/ERK in KDF decreases actin alignment. ****p < 0.0001, Mann-Whitney two tailed 
test (n = 70 for KDF control, n = 91 for KDF + U0126, from 3 technical repeats across 2 different 
patient samples). Boxplots show medians, 25th and 75th percentile as box limits, minimum and 
maximum values as whiskers; each datapoint is represented by a dot. Scale bar = 20 µm.  
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4.2.3.! Inhibiting JAK/STAT pathway decreases cell alignment in keloid 

and IL-6 treated normal fibroblasts  
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Figure 4.7 Determining the concentration of JAK/STAT inhibitors to prevent STAT3 activation.  
NDF, seeded in 6-well plates, were treated with either BSA and DMSO (control) or various JAK/STAT 
inhibitors (Peficitinib, C188-9, Stattic and Napabucasin) for 90 minutes prior to a 10 ng/mL IL-6 
stimulation for 30 minutes. Protein was collected and western blotting was performed. (A) For JAK 
inhibition, NDF were treated with Peficitinib and all concentrations from 0.1 mM to 5 mM inhibited 
pSTAT3. (B,C,D) For pSTAT3 inhibition, NDF were treated with C188-9, Stattic and Napabucasin; 
inhibition of pSTAT3 was only achieved with 30 mM C188-9 and 1 µM Stattic.  



! )&"

!

Figure 4.8 Inhibiting JAK decreases cell alignment in IL-6-treated normal fibroblasts and 
keloid fibroblasts.  
(A) NDF were treated with either BSA and DMSO (control), 10 ng/mL IL-6 and/or 1 mM Peficitinib 
(PEF) for 24 hours prior to fixation and staining for F-actin, to investigate the effect that inhibiting the 
IL-6 downstream pathway JAK/STAT had on cell alignment. (B) Quantification of actin alignment in 
(A) reveals that IL-6-induced actin alignment is reversed in the absence of JAK phosphorylation 
(pJAK). ****p < 0.0001, ns p > 0.9999, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 88 
for NDF control, n = 90 for NDF + IL-6 and NDF + IL-6 + PEF, n = 87 for NDF + PEF, from 3 technical 
repeats across 2 different patient samples). (C) KDF were treated with either DMSO (control) or 1 
mM PEF for 24 hours prior to fixation and staining for F-actin. (D) Quantification of actin alignment 
in (C) reveals that inhibition of pJAK in KDF decreases actin alignment. ****p < 0.0001, Mann-
Whitney two tailed test (n = 89 for KDF control and KDF + PEF, from 3 technical repeats across 2 
different patient samples). Boxplots show medians, 25th and 75th percentile as box limits, minimum 
and maximum values as whiskers; each datapoint is represented by a dot. Scale bar = 20 µm.  
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Figure 4.9 Inhibiting STAT3 decreases cell alignment in IL-6-treated normal fibroblasts and 
keloid fibroblasts. 
(A) NDF were treated with either BSA and DMSO (control), 10 ng/mL IL-6 and/or 1 µM Stattic for 24 
hours prior to fixation and staining for F-actin. (B) Quantification of actin alignment in (A) reveals that 
IL-6-induced actin alignment is reversed in the absence of JAK/STAT signalling. ****p < 0.0001, **p 
= 0.0021, ns p > 0.9999, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 90 for NDF 
control, n = 85 for NDF + IL-6, n = 81 for NDF + IL-6 + Stattic, n = 88 for NDF + Stattic, from 3 
technical repeats across 2 different patient samples). (C) Keloid dermal fibroblasts (KDF) were 
treated with either DMSO (control) or 1 µM Stattic for 24 hours prior to fixation and staining for F-
actin. (D) Quantification of actin alignment in (C) reveals that inhibition of JAK/STAT in KDF 
decreases actin alignment. **p = 0.0012, Mann-Whitney two tailed test (n = 76 for KDF control and 
n = 82 for KDF + Stattic, from 3 technical repeats across 2 different patient samples). Boxplots show 
medians, 25th and 75th percentile as box limits, minimum and maximum values as whiskers; each 
datapoint is represented by a dot. Scale bar = 20 µm.  
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4.2.4.! Inhibiting PI3K/AKT pathway decreases cell alignment in keloid 

and IL-6 treated normal fibroblasts  
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Figure 4.10 Inhibiting PI3K/AKT decreases cell alignment in IL-6-treated normal fibroblasts 
and keloid fibroblasts.  
(A) NDF were treated with either BSA and DMSO (control), 10 ng/mL IL-6 and 5 µM MK-2206 for 24 
hours prior to fixation and F-actin labelling, to investigate the effect that inhibiting the IL-6 
downstream pathway PI3K/AKT had on cell alignment. (B) Quantification of actin alignment in (A) 
reveals that IL-6-induced actin alignment is reversed in the absence of PI3K/AKT signalling. ****p < 
0.0001, Kruskal-Wallis and Dunn’s multiple comparisons test (n = 90 for NDF control, n = 103 for 
NDF + IL-6 and n = 95 for NDF + IL-6 + MK-2206, from 3 technical repeats across 2 different patient 
samples). (C) KDF were treated with either DMSO (control) or 5 µM MK-2206 for 24 hours prior to 
fixation and staining for F-actin. (D) Quantification of actin alignment in (C) reveals that inhibition of 
PI3K/AKT in KDF decreases actin alignment. *p = 0.0172, Mann-Whitney two tailed test (n = 91 for 
KDF control and n = 89 KDF + MK-2206, from 3 technical repeats across 2 different patient samples). 
Boxplots show medians, 25th and 75th percentile as box limits, minimum and maximum values as 
whiskers; each datapoint is represented by a dot. Scale bar = 20 µm. Adapted from (282). 
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4.2.5.! Investigating signalling differences between normal and keloid 

fibroblasts with a phospho-kinase array 
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Figure 4.11 Upregulated and downregulated phosphorylated kinases highlight distinct 
signalling profiles between normal and keloid dermal fibroblasts. 
KDF and NDF were cultured in 6-well plates and treated with BSA and DMSO (control), 10 ng/mL IL-
6 or 6.8 µM TOC for 2 hours prior to protein collection, after which a phospho-kinase array was 
performed on all samples and the protein expression was analysed as explained previously. Proteins 
were classified as up- or downregulated if the fold change of expression between comparisons was 
increased or decreased by 40%, respectively. Table displays up- and downregulated phosphorylated 
kinases in KDF vs NDF, NDF + IL-6 vs NDF and KDF vs KDF + TOC, and proteins upregulated in 
both KDF and NDF + IL-6 are highlighted in bold. 
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Figure 4.12 Investigating the expression of phosphorylated kinases of interest in Membrane 
A. 
(A) Normal dermal fibroblasts (NDF) and keloid dermal fibroblasts (KDF) were treated with either 
BSA and DMSO (control), 10 ng/mL IL-6 or 6.8 µM Tocilizumab (TOC) for 2 hours prior to protein 
collection, to analyse and detect the phosphorylation profiles of 37 kinases and 2 total proteins in 
KDF and NDF upon IL-6 stimulation or inhibition. In the nitrocellulose membranes, each capture 
antibody was spotted in duplicate. (B) Quantification of ERK1/2 phosphorylation, normalised to 
expression in NDF control, reveals that KDF have a slightly lower expression than NDF, and that 
following a 2-hour IL-6 stimulation or inhibition, the phosphorylation profile is not considerably altered. 
Bar charts show means, with error bars representing standard deviation (SD); each capture antibody 
spot is represented by a dot (n = 1 for all conditions from patient-matched keloid and normal 
fibroblasts).  



! *+$"

! !
(Figure legend in the following page) 



! *+%"

!

4.2.6.! Keloid fibroblasts have an increased activation of c-Jun 
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Figure 4.13 Investigating the expression of phosphorylated kinases of interest in Membrane 
B. 
(A) Normal dermal fibroblasts (NDF) and keloid dermal fibroblasts (KDF) were treated with either 
BSA and DMSO (control), 10 ng/mL IL-6 or 6.8 µM Tocilizumab (TOC) for 2 hours prior to protein 
collection, to analyse and detect the phosphorylation profiles of 37 kinases and 2 total proteins in 
KDF and NDF upon IL-6 stimulation or inhibition. In the nitrocellulose membranes, each capture 
antibody was spotted in duplicate. (B) Quantification of STAT3 phosphorylation across two different 
sites (Y705 and S727), AKT 1/2/3 (T308 and S473) and c-Jun, normalised to NDF control expression, 
revealed no considerable differences between NDF and KDF in STAT3 and AKT 1/2/3 
phosphorylation, apart from c-Jun phosphorylation which was elevated in KDF and mimicked in NDF 
with IL-6 stimulation. Additionally, a 2-hour stimulation with IL-6 induced rapid phosphorylation of 
STAT3 and AKT 1/2/3, whereas IL-6 inhibition for 2 hours did not change phosphorylation profiles. 
Bar charts show means, with error bars representing standard deviation (SD); each capture antibody 
spot is represented by a dot (n = 2 for all conditions from patient-matched KDF and NDF). 
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Figure 4.14 IL-6-treated normal and keloid fibroblasts express higher levels of phosphorylated 
c-Jun. 
(A) Normal dermal fibroblasts (NDF) and keloid dermal fibroblasts (KDF) were treated with either 
BSA (control) or 10 ng/mL IL-6 and DMSO (control) or 6.8 µM Tocilizumab (TOC), respectively for 2 
hours prior to protein collection, to analyse the phosphorylation profile of c-Jun (pc-Jun). Western 
blotting confirmed that IL-6-treated NDF and KDF express higher levels of pc-Jun. (B) Quantification 
of (A), where initial signal intensities were normalised to loading control (! -Tubulin), further 
normalised to total protein intensity (c-Jun) and expression in NDF control. IL-6 stimulation of NDF 
mimics pc-Jun expression in KDF, and IL-6 inhibition in KDF with TOC does not revert c-Jun 
phosphorylation. Bar charts show normalised adjusted relative expression levels, no error bars are 
present as n = 1 for all conditions. 



! *+'"

4.2.7.! Investigating the effect of c-Jun inhibition on IL-6 production 
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Figure 4.15 Validating the c-Jun siRNA in normal and keloid fibroblasts. 
NDF and KDF were treated with either control siRNA, c-Jun siRNA or RNAse-free water (control) for 
48 hours prior to protein collection, to analyse the expression levels of pc-Jun and c-Jun. Western 
blotting revealed that c-Jun knockdown was successful as both NDF and KDF had no expression of 
pc-Jun and c-Jun in the presence of c-Jun siRNA.  

Figure 4.16 Inhibition of c-Jun in keloid fibroblasts may inhibit IL-6 production.  
NDF and KDF were treated with either RNAse-free water (control), control siRNA or c-Jun siRNA, for 
48 hours prior to media change. The supernatant of each condition was collected after an additional 
48 hours to analyse the levels of IL-6 via an ELISA. Upon c-Jun knockdown, although not significant, 
IL-6 production was slightly decreased in KDF compared to KDF CTRL siRNA. **p = 0.0037 (NDF 
(no siRNA) vs KDF (no siRNA)), **p = 0.0012 (NDF (CTRL siRNA) vs KDF (CTRL siRNA)), ns p > 
0.9999, Kruskal-Wallis and Dunn’s multiple comparison test (n = 6 for all conditions, from 3 biological 
repeats). Bar chart shows means, with error bars representing standard error of mean (SEM), each 
datapoint is represented by a dot.  
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4.2.8.! Investigating the effect of c-Jun inhibition on keloid fibroblast cell 

alignment  
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Figure 4.17 Investigating effect of c-Jun knockdown on cell alignment in normal and keloid 
fibroblasts. 
(A,B,C) NDF, IL-6 treated NDF and KDF were treated with RNAse-free water (control), control siRNA 
and c-Jun siRNA 48 hours prior to fixation and staining for F-actin. (D,E,F) Quantification of actin 
alignment in (A,B,C) revealed control siRNA decreased actin alignment in KDF (off target response). 
c-Jun siRNA further decreased cell alignment in NDF (p=0.0107) and KDF (p=0.3265). c-Jun 
knockdown in the presence of IL-6 stimulation does not affect actin alignment, suggesting that IL-6 
may be downstream of c-Jun. **p = 0.0096, *p = 0.0107, ns p > 0.9999 [(NDF (no siRNA) vs NDF + 
CTRL siRNA  and (NDF + IL-6 (no siRNA) vs NDF + IL-6 + CTRL siRNA)], ns p = 0.2548 (NDF + IL-
6 + CTRL siRNA vs NDF + IL-6 + c-Jun siRNA), ns p = 0.3265 (KDF + CTRL siRNA vs KDF + c-Jun 
siRNA), Kruskal-Wallis and Dunn’s multiple comparison test (n = 90 for all NDF and NDF + IL-6 
conditions and KDF (no siRNA), n = 89 for KDF + CTRL siRNA and n = 84 for KDF + c-Jun siRNA, 
from 3 technical repeats across 2 different patient samples). Boxplots show medians, 25th and 75th 
percentile as box limits, minimum and maximum values as whiskers; each datapoint is represented 
by a dot. Scale bar = 20 µm. 
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Figure 4.18 Schematic summarising the mechanisms by which IL-6 has been found to regulate 
cell alignment.  
(A) IL-6, which is required for cell alignment, binds to either the soluble or membrane IL-6R to activate 
JAK and subsequent downstream signalling of JAK/STAT, MAPK/ERK and PI3K/AKT pathways, all 
of which mediate cell alignment. (B) Although many of the targets of these pathways are transcription 
factors, de novo protein synthesis is not required for cell alignment, revealing that these pathways 
mediate cell alignment solely via signalling. (C) We hypothesise that these pathways interact and 
enhance N-cadherin-mediated cell-cell adhesions, which enable cell alignment. (D) Finally, we also 
hypothesise that activated c-Jun, which is elevated in keloid fibroblasts, may control IL-6 production. 
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Chapter 5.! Investigating the mechanical 

changes associated with keloid scarring 

5.1.! Introduction 

5.1.1.! Overview of cell biomechanics 
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5.1.1.1.! Integrins 
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5.1.1.2.! Focal Adhesions 
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Figure 5.1 Schematic illustrating structure of a focal adhesion. 
(A) Cells attach to the ECM via focal adhesions, which are linked to the actin cytoskeleton. (B) In a 
nascent focal adhesion, upon integrin-ECM binding, talin and paxillin bind to the intracellular domain 
of the integrin heterodimer and promote further integrin activation to form a more mature focal 
adhesion. (C) A mature focal adhesion is composed of multiple mechanosensing proteins that bind 
to actin fibres and relay mechanical signals to and from the ECM.   
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Figure 5.2 Schematic illustrating different signalling responses within focal adhesion 
assembly. 
(A) Rac1 is activated via FAK, which binds to PAK and initiates the formation of a mature focal 
adhesion, leading to increased actin polymerisation and RhoA-mediated contractility within the actin 
cytoskeleton. (B) Src binds to phosphorylated FAK leading to the activation of RAS/MAPK/ERK and 
PI3K/AKT pathways. 
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5.1.2.! Cell Traction Forces and ECM remodelling 
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5.1.2.1.! Traction forces in keloid fibroblasts 
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Figure 5.3 Keloid fibroblasts align focal adhesions at density. 
(A) Confluent NDF and KDF were fixed and stained for paxillin and F-actin, revealing that cell-matrix 
adhesions, similarly to the actin fibres, are aligned in KDF. (B) Quantification of paxillin alignment in 
(A) reveal that in KDF, paxillin is significantly more aligned that NDF. **** p < 0.0001, Mann-Whitney 
two tailed test. (C) Quantification of actin alignment in (A) reveals that KDF is significantly more 
aligned than NDF. *** p = 0.0001, Mann-Whitney two tailed test. Boxplots show medians, 25th and 
75th percentile as box limits, minimum and maximum values as whiskers; each datapoint is 
represented by a dot (n = 32 for NDF and 36 for KDF, from 2 biological repeats). Scale bar = 20 µm.  
Adapted from (279). 
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5.1.3.! Traction Force Microscopy 
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Figure 5.4 Schematic illustrating hypothesis of aligned focal adhesions in keloid fibroblasts. 
(A) When at confluence, KDF form N-cadherin cell-cell adhesions that drive cell and focal adhesion 
alignment, contrarily to NDF that do not form these adhesions and do not have aligned cells and focal 
adhesions. (B) As per the hypothesis, aligned focal adhesions may form aligned traction forces in 
KDF, whereas NDF apply traction forces with wider range of orientations. (C) Consequently, in KDF, 
aligned focal adhesions may result in more aligned ECM remodelling, compared to NDF. 



! *!!"

)(*3)$+,%J!E#'('!3'55%!*('!%''&'&!+,!42;@!6$55*(%!*,&!+,3'!)#'%'!#*I'!*&#'('&J!E$55!1','(*)'!

)(*3)$+,!0+(3'%!)#*)!&'0+(/!)#'!6$55*(%G!T%!*!('%-5)J!)#'!&'0+(/*)$+,!*,&!/+I'/',)!+0!)#'!6$55*(%!

6(+I$&'%!$,0+(/*)$+,!+,!)#'!)(*3)$+,%!1','(*)'&!.7!)#'!3'55!WCd^XG!!

T,+)#'(J! /+('! 3+//+,! /')#+&! +0! "M;J! E#$3#! E$55! .'! -%'&! $,! )#$%! 3#*6)'(J! 3+,%$%)%! +0!

/'*%-($,1!3'55!)(*3)$+,%!.7!*,*57%$,1!)#'!&$%65*3'/',)!+0!'/.'&&'&!05-+('%3',)!.'*&%!$,!%+0)!

1'5%! +0! &'0$,'&! /'3#*,$3*5! 6(+6'()$'%! WCd_XG! Y'('J! 6+57*3(75*/$&'! 1'5%! 3+,)*$,$,1! *! #$1#!

&',%$)7!+0!05-+('%3',)!,*,+6*()$35'%!*('!1','(*)'&G!M+55+E$,1!1'5!0-,3)$+,*5$%*)$+,!*,&!3+*)$,1J!

3'55%! *('! %''&'&! +,! $)%! %-(0*3'! *,&! -6+,! 3'55! *&#'%$+,! *,&! %6('*&$,1J! )(*3)$+,! 0+(3'%! *('!

1','(*)'&!)#*)!('%-5)! $,!)#'!&$%65*3'/',)!+0!)#'!.'*&%!+,!)#'!%-(0*3'!+0!)#'!1'5%G!"+!3*6)-('!

.'*&!&$%65*3'/',)J! *! 3+,0+3*5!/$3(+%3+6'! $%!-%'&! )+! *3[-$('! $/*1'%!+0! )#'!.'*&%>!6+%$)$+,%!

E#',!3'55%!*('!*))*3#'&!)+!)#'!1'5!*,&!E#',!3'55%!*('!('/+I'&!WE$)#!)(76%$,XG!"#'%'!$/*1'%!*('!

)#',!6(+3'%%'&!*,&!*,*57%'&!E$)#!4*()$35'!D/*1'!P'5+3$/')(7!W4DPXJ!*,&!*!I'3)+(!0$'5&!+0!)#'!

.'*&! &$%65*3'/',)! 3*,! .'! +.)*$,'&! *,&! -%'&! )+! $,I'%)$1*)'! 3'55! )(*3)$+,! 0+(3'%! W0+(! /+('!

$,0+(/*)$+,J! %''!2.7XG!\0)',J! )#'!&$%65*3'/',)! 0$'5&%!*('!3+,I'()'&! )+!%)('%%! W0+(3'X! 0$'5&%! )+!

I$%-*5$%'! *,&! *,*57%'! )#'! /*1,$)-&'! +0! )(*3)$+,! 0+(3'%J! E#$3#! 3*,! (*,1'! .')E'',! 6N! )+! ,N!

WCdVXG!Y+E'I'(J!$,!)#$%!6(+a'3)J!)#'!&$%65*3'/',)!0$'5&%!E'('!,+)!3+,I'()'&!$,)+!%)('%%!0$'5&%G!

T%!E'!E'('!$,)'('%)'&!$,!$,I'%)$1*)$,1!)#'!*5$1,/',)!+0!)#'!3'55!)(*3)$+,%J!)#'!&$('3)$+,*5$)7!+0!

)#'!I'3)+(%!$,!)#'!&$%65*3'/',)!*,&!%)('%%!0$'5&%!E+-5&!.'!$&',)$3*5J!)#'('0+('!)#'!&$%65*3'/',)!

0$'5&!+.)*$,'&!0(+/!4DP!E*%!-%'&!)+!/'*%-('!)(*3)$+,!*5$1,/',)G!!

5.1.4.! Aims  

"+!0-()#'(!-,&'(%)*,&!)#'!/'3#*,$%/%!.'#$,&!$,3('*%'&!O9;!*5$1,/',)!$,!F'5+$&!%3*(%J!)#$%!

3#*6)'(!E$55! $,I'%)$1*)'!&$00'(',3'%!.')E'',!F'5+$&! *,&!,+(/*5! 0$.(+.5*%)%! $,! )(*3)$+,! 0+(3'!

1','(*)$+,! E$)#! "(*3)$+,! M+(3'! ;$3(+%3+67G! T%! F'5+$&! 0$.(+.5*%)%! 'U#$.$)! 6#',+)76$3!

&$00'(',3'%! *)! 3+,05-',3'J! )(*3)$+,%! 0+(3'%! E$55! 0$(%)57! .'! 'U65+('&! *)! *! %$,15'K3'55! 5'I'5! )+!

-,&'(%)*,&! E#')#'(! O9;! ('/+&'55$,1! ('[-$('%! F'5+$&! %-6(*3'55-5*(! 3++6'(*)$I$)7G! "#',J! )+!

'U65+('!)#'!#76+)#'%$%!)#*)!F'5+$&!0$.(+.5*%)%!'U#$.$)!*5$1,'&!)(*3)$+,!0+(3'%!E#$3#!*55+E!0+(!

*,$%+)(+6$3!O9;!('/+&'55$,1J!)#'!)(*3)$+,!6*))'(,%!$,!3+,05-',)!F'5+$&!*,&!,+(/*5!0$.(+.5*%)%!

E$55!.'!$,I'%)$1*)'&G!

!



! *!#"

5.2.! Results 

5.2.1.! Keloid fibroblasts maintain single cell properties on softer 

substrates 
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Figure 5.5 Normal and keloid dermal fibroblasts maintain single cell properties on softer 
substrates. 
(A) NDF and KDF were sparsely seeded on 10 kPa gelatine-coated polyacrylamide gels for 24 hours, 
prior to fixing and F-actin labelling. (B) Quantification of cell area in (A) reveals no dimensional 
differences between NDF and KDF as single cells. ns p = 0.9844, Mann-Whitney two tailed test (n = 
30 for KDF and 35 for NDF, from 1 biological repeat). (C) Quantification of intracellular actin alignment 
in (A) reveals that NDF and KDF are similar. ns p = 0.2639, Mann-Whitney two tailed test (n = 30 for 
KDF and 35 for NDF, from 1 biological repeat). Boxplots show medians, 25th and 75th percentile as 
box limits, minimum and maximum values as whiskers; each datapoint is represented by a dot. Scale 
bar = 20 µm.   
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5.2.2.! Keloid fibroblasts maintain cell alignment on soft substrates 
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Figure 5.6 Normal and keloid dermal fibroblasts maintain cell alignment properties on softer 
gels. 
(A) NDF and KDF were seeded on glass coverslips and 10 kPa gelatine-coated polyacrylamide gels 
and cells were fixed after 24 hours and stained for F-actin. (B) Quantification of actin alignment in (A) 
reveals that cell alignment in NDF and KDF does not change when on a softer substrate, as KDF are 
still significantly more aligned than NDF when on a 10 kPa gel. ****p < 0.0001, **p = 0.0019, ns p = 
0.5149 [KDF (glass) vs KDF (10 kPa)], ns p > 0.9999 [NDF (glass) vs NDF (10 kPa)], Kruskal-Wallis 
and Dunn’s multiple comparisons test (n = 49 for NDF (10 kPa) and KDF (10 kPa), 61 for NDF (glass) 
and 68 for KDF (glass), from 2 biological repeats). Boxplots show medians, 25th and 75th percentile 
as box limits, minimum and maximum values as whiskers; each datapoint is represented by a dot. 
Scale bar = 20 µm.  
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5.2.3.! Traction force microscopy reveals no contractile differences in 

keloid and normal fibroblasts as single cells  
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Figure 5.7 Schematic illustrating displacement balances. 
(A) The displacement vectors are obtained following analysis of TFM data via PIV. (B) To analyse 
and quantify displacements, as the gel is assumed to be elastic, the system is in equilibrium (all forces 
are balanced and the cell does not move). Therefore, the sum of the displacement vectors should 
equate to “0”. For example, the sum of the vectors highlighted in the same colour would be, on 
average, “0”, as the cell is stationary within the timeframe of the TFM experiment (approximately 10 
minutes). 
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Figure 5.8 Normal and keloid dermal fibroblasts do not generate distinct traction intensities. 
NDF and KDF were sparsely seeded for approximately 20 hours, then incubated with Spy555-Actin 
and Spy650-DNA, for F-actin and nuclei labelling, respectively, for 2 hours prior to TFM. (A) 
Quantification of overall vector displacement for NDF and KDF samples following TFM analysis 
indicates that the gel is elastic as no energy has been dissipated (energy and displacements are 
conserved) and TFM was successfully performed, as the average displacement was approximately 
“0”. ns p = 0.5254, Mann-Whitney two tailed test (n = 11 for NDF and 12 for KDF, from 3 technical 
repeats with 2 biological samples). (B) Quantification of displacements generated by NDF and KDF 
reveals no differences in contractility between NDF and KDF as single cells. ns p = 0.7399, Mann-
Whitney two tailed test. (C) Displacement heatmaps illustrate tractions generated by single-cell NDF 
and KDF on 10 kPa polyacrylamide gels. Boxplots show medians, 25th and 75th percentile as box 
limits, minimum and maximum values as whiskers; each datapoint is represented by a dot. Scale bar 
= 20 µm. 
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5.2.4.! Traction Force Microscopy on confluent cultures does not 

highlight differences in alignment between keloid and normal 

fibroblasts 

N'U)J!E'!'U65+('&!)#'!/*$,!#76+)#'%$%!$,!)#$%!3#*6)'(G!T%!F'5+$&!0$.(+.5*%)%!'U#$.$)!*5$1,'&!0+3*5!

*&#'%$+,%!WFigure 5.3X!*,&J!$,)'('%)$,157J!*('!*.5'!)+!('/+&'5!*,&!*5$1,!*,!-,&'(57$,1!/*)($UJ!

E'!#76+)#'%$%'&!)#*)!F'5+$&!0$.(+.5*%)%!1','(*)'!*5$1,'&!)(*3)$+,%!)#*)!('*((*,1'!*,&!*5$1,!)#'!

-,&'(57$,1!O9;!0$.('%G!D,!+(&'(!)+!$,I'%)$1*)'!)#'!*5$1,/',)!+0!)(*3)$+,%!1','(*)'&!.7!.+)#!3'55!

)76'%J!*!,+I'5!*66(+*3#!)+!"M;!*,*57%$%!E*%!-%'&G!9+//+,57J!"M;!$%!-%'&!)+!/'*%-('!0+(3'!

6(+&-3)$+,!+(!0+(3'!&$%)($.-)$+,!*3(+%%!%$,15'!3'55%!+(!3'55!/+,+5*7'(%!*,&!3+5+,$'%j!#+E'I'(J!

#'('!"M;!E*%!6'(0+(/'&!+,!3+,05-',)!=2M!*,&!N2M!*,&!)#'!&$%65*3'/',)!I'3)+(!0$'5&!+.)*$,'&!

E*%!-%'&!)+!$,I'%)$1*)'!I'3)+(!*5$1,/',)G!!

@$/$5*(57!)+!5.2.2J!]`JBBB!N2M!*,&!=2M!E'('!%''&'&!+,!]B!F4*!1'5*)$,'K3+*)'&!6+57*3(75*/$&'!

1'5%! 3+,)*$,$,1! 05-+('%3',)! .'*&%! 0+(! *66(+U$/*)'57! ]b! #+-(%! W+I'(,$1#)XG! 4($+(! )+! $/*1'!

*3[-$%$)$+,J!3'55%!E'('!5*.'55'&!E$)#!@4i___KT3)$,!*,&!@4iV_BK2NT!0+(!A!#+-(%G!D/*1'%!+0!)#'!

05-+('%3',)!.'*&%J!*3)$,!*,&!,-35'$!E'('!*3[-$('&!*3(+%%! )#'!',)$('!1'5!*,&! 0+55+E$,1! $/*1'!

6(+3'%%$,1J!)#'!&$%65*3'/',)!+0!)#'!.'*&%!E*%!*,*57%'&G!T%!E'!E'('!$,)'('%)'&!$,!'U65+($,1!)#'!

*5$1,/',)!+0!)#'!3'55!)(*3)$+,%J!)#'!&$%65*3'/',)!I'3)+(!0$'5&%!+.)*$,'&!0(+/!4DP!E'('!*,*57%'&!

E$)#!TM"G!4($+(!)+!&+$,1!*,7!*,*57%$%J!E'!0$(%)!+6)$/$%'&!)#'!6*(*/')'(%!)#*)!E+-5&!*55+E!0+(!

)#'!I$%-*5$%*)$+,!+0!*,$%+)(+6$3!)(*3)$+,%G!!

5.2.4.1.! Exploring parameters for the analysis of the alignment of 
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5.2.4.2.! Investigating traction alignment with previously optimised AFT 

parameters 
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Figure 5.9 Exploring optimal AFT parameters to identify differences in displacement field 
alignment between normal and keloid fibroblasts.  
(A) A sample of KDF and NDF actin images obtained from TFM experiments were input in AFT. Using 
a parameter search, a range of window and neighbourhood sizes were explored to highlight 
differences in actin alignment between the two samples. The heatmap displays the difference in order 
parameter (actin alignment score) between KDF and NDF actin images, where greater differences 
are shaded in red and smaller differences in blue. Similar parameters to those used in previous 
experiments were selected to investigate PIV alignment in (B-D): window and neighbourhood sizes 
of 30 and 5x, 30 and 7x and finally 20 and 13x. (B-D) The alignment of the traction field generated 
by the bead displacement (PIV) in TFM was investigated using the parameters identified in (A) with 
AFT. An illustrative schematic highlighting the window (blue) and neighbourhood (green) sizes 
investigated has been included above each analysis. Results revealed that only a window size of 30 
µm and 7x neighbourhood size highlighted differences in traction field alignment between KDF and 
NDF. ns p = 0.3108 [for (B)], ns p = 0.4006 [for (D)], * p = 0.0258, Mann-Whitney two tailed test (n = 
35 for KDF and 39 for NDF, from 2 biological replicates). Boxplots show medians, 25th and 75th 
percentile as box limits, minimum and maximum values as whiskers; each datapoint is represented 
by a dot. Scale bar = 20 µm. 
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5.2.4.3.! Optimising parameters to highlight differences in traction 

anisotropy 
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Figure 5.10 Investigating PIV alignment between keloid and normal fibroblasts.  
(A) NDF and KDF were seeded on 10 kPa gels and labelled with Spy555-Actin dye for 2 hours prior 
to TFM and confocal imaging. The actin signal obtained in TFM was used to investigate cell 
alignment. (B) Quantification of actin alignment in (A) reveals that KDF is significantly more aligned 
than NDF on 10 kPa gels. p < 0.0001, Mann-Whitney two tailed test. (C) A traction field was generated 
by using PIV to analyse the movement and displacement of the beads after cells were removed. 
These images show the displacement field measured with PIV (magenta) overlayed with F-actin 
obtained pre-trypsin treatment. (D) Quantification of PIV alignment in (C) using a window and 
neighbourhood size of 30 and 120 µm revealed no differences in the alignment of the traction forces 
between NDF and KDF. ns p = 0.7696, Mann-Whitney two tailed test. (E) Analysis of correlation 
between actin alignment and PIV alignment reveals no differences between NDF and KDF. ns p = 
0.1666, Mann-Whitney two tailed test. n = 58 for NDF and 53 for KDF, from 4 biological replicates. 
Boxplots show medians, 25th and 75th percentile as box limits, minimum and maximum values as 
whiskers; each datapoint is represented by a dot. Scale bar = 20 µm. 
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Figure 5.11 Exploring optimal AFT parameters to identify differences in traction alignment 
between normal and keloid fibroblasts. 
(A) A parameter search was run using NDF and KDF PIV data obtained from TFM experiments in 
Figure 5.10 to identify the ideal parameters which highlight differences in PIV alignment between the 
two cell types. The heatmap revealed that, across all parameters investigated, minimal differences 
were found between the alignment score of NDF and KDF PIV, suggesting that, on 10 kPa substrates, 
KDF do not generate more aligned tractions than NDF. (B) Heatmap displaying p-values following 
Mann-Whitney tests between NDF and KDF PIV alignment scores, where high p-values are 
highlighted in magenta and lower p-values highlighted in yellow. The minimum p-value obtained was 
approximately 0.1, indicating that there was no statistically significant difference between NDF and 
KDF PIV alignment (n = 58 for NDF and 53 for KDF, from 4 biological replicates).  
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5.2.4.4.! Investigating the effect of PIV interpolation in the alignment of 

cell tractions 
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Figure 5.12 Exploring optimal AFT parameters on less interpolated PIV vector fields to identify 
differences in PIV alignment between normal and keloid fibroblasts. 
(A) Data obtained from TFM experiments for NDF and KDF were re-analysed to investigate the effect 
of interpolation on PIV alignment. Previous experiments used a 20 µm Gaussian curve (left); here we 
explored the effect of a 2 µm Gaussian curve interpolation on the raw vector field obtained after PIV 
analysis (right). (B) A parameter search was run using 2 µm interpolated NDF and KDF PIV vector 
fields to identify the ideal parameters which highlight differences in PIV alignment between the two 
cell types. The heatmap revealed that, across all parameters investigated, minimal differences were 
found between the alignment score of NDF and KDF PIV. (C) Heatmap displaying p-values following 
Mann-Whitney tests between 2 µm interpolated NDF and KDF PIV order parameters reveals no 
statistically significant difference between the two cell types, as the minimal p-value obtained was 
approximately 0.2 (n = 58 for NDF and 53 for KDF, from 4 biological replicates).  
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5.2.4.5.! Investigating the effect of vector magnitude in the alignment of 

cell tractions  
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Figure 5.13 Exploring the optimal AFT parameters on filtered NDF and KDF PIV vector fields 
to identify differences in PIV alignment between normal and keloid fibroblasts. 
(A) NDF and KDF actin images obtained from TFM experiments were analysed in AFT (window and 
neighbourhood size of 10 and 30 µm, respectively), revealing that KDF are significantly more aligned 
that NDF. **** p < 0.0001, Mann-Whitney two-tailed test. (B, C) Displacement fields obtained from 
PIV were re-analysed in AFT (window size of 10 µm and neighbourhood size of 30 µm) in the absence 
or presence of filtering, respectively. Filtering consisted of the removal of smaller vectors within the 
first quartile of data to minimise noise in the vector field. Results highlighted no significant differences 
between NDF and KDF traction alignment for both analyses. ns p = 0.7512 (no filtering), ns p = 0.3380 
(with Q1 filtering), Mann-Whitney two-tailed test (n = 58 for NDF and 53 for KDF, from 4 biological 
replicates). Boxplots show medians, 25th and 75th percentile as box limits, minimum and maximum 
values as whiskers; each datapoint is represented by a dot. Analysis performed by S.Marcotti, a 
member of the Stramer lab. 
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5.3.! Discussion  
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Figure 5.14 Schematic illustrating differences between TFM with and without cell boundaries. 
(A) In TFM performed on a cell colony seeded on a defined micropatterned region, the boundary in 
which tractions are analysed is within the field of view. Here no information is lost on the movement 
of the bead within the region of interest. (B) When TFM is performed on cellular monolayer without 
boundaries, tractions are analysed across the entire field of view, where information on the bead 
position at the image boundary could be lost and result in increased errors and artifacts during PIV.  
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Figure 5.15 Schematic depicting current and proposed alignment analysis for confluent TFM. 
(A) The displacement field following PIV contains information on orientation and magnitude of the 
vectors. (B) In the current analysis, AFT calculates the order parameter in local neighbourhoods 
across the entire vector field and averages it to provide the overall alignment of the traction. (C) In 
the alternative analysis, the orientation of each vector is averaged to obtain a single vector depicting 
the overall orientation of the displacements. (D) An F-actin image when analysed in AFT (E) 
measures local alignment of the fibres in a neighbourhood across the entire image, which is then 
averaged to obtain an overall alignment score. (F) In the alternative analysis, similarly to (C), the 
orientation of the vectors measured in the pre-defined windows in AFT is averaged to provide the 
overall orientation of the actin fibres in the image. 
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Chapter 6.! Conclusions 

6.1.! General discussion 
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6.1.3.! Further considerations to mechanisms driving cell alignment  
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6.1.3.2.! Wnt/Ca2+ pathway in cell alignment 
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6.3.! Key project considerations and limitations 
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6.4.! Graphical summary 

\I'(*55J! )#$%!6(+a'3)!-,I'$5%!*!,+I'5!(+5'!0+(!D?KV!$,!)$%%-'!0$.(+%$%!*,&!F'5+$&!%3*(($,1G!T6*()!

0(+/! $)%! $,05*//*)+(7!6(+6'()$'%J! D?KV!#*%!.'',! %#+E,! )+!.'! I$)*5! $,! $,3('*%$,1!NK3*&#'($,!

*&#'%$+,%J! 3'55! *5$1,/',)! *,&! O9;! ('/+&'55$,1! $,! F'5+$&! 0$.(+.5*%)%G! T%! %-3#J! )#$%! 6(+a'3)!

'U6+%'%!6+%%$.5'!,'E!)#'(*6'-)$3! )*(1')%! 0+(! )#'! )('*)/',)!+0! $/6*$('&! )$%%-'!/'3#*,$3%! $,!

0$.(+)$3!&$%+(&'(%!.7!)*(1')$,1!O9;!*,$%+)(+67G!T!.($'0!$55-%)(*)$I'!%-//*(7!+0!)#'!F'7!0$,&$,1%!

*,&!#76+)#'%'%!6('%',)'&!$,!)#$%!)#'%$%!*('!%#+E,!.'5+E!WFigure 6.1XG!



! *%$"

! !

Figure 6.1 Visual summary of overall hypothesis and findings. 
In KDF, autocrine IL-6 is hypothesised to be mediated by c-Jun signalling. IL-6 activates its 
downstream signalling pathways MAPK/ERK. JAK/STAT and PI3K/AKT, which may enhance N-
cadherin cell contacts. We hypothesise that intercellular adhesions increase the tension within the 
cell monolayer, leading to cell alignment and consequent focal adhesion alignment, that enable the 
remodelling and alignment the ECM fibres. In NDF, which do not constitutively produce IL-6, cell 
alignment can be induced via addition of IL-6 or TNF!  and IL-1"  which induce IL-6 expression.  
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Chapter 7.! Appendix 

7.1.! IL-6 concentrations in NDF following cytokine treatment 
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(Figure legend in the following page) 
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Supplementary Figure 7.1 IL-6 concentrations in NDF following cytokine stimulation. 
(A) The standard curve displays the absorbance of serial IL-6 dilutions. Error bars are based on 
duplicates for each IL-6 standard concentration. (B) Table displays 530 nm absorbance following 
control, IL-1" , TNF-!  and TGF-" 1 stimulations. Using the standard curve in (A), the concentration of 
IL-6 can be interpolated or extrapolated depending on whether they fall within or beyond the limits of 
the tested standard concentrations. Following this, the concentrations were adjusted for their 
dilutions, where control and TGF-" 1 were diluted 1:2 and IL-1"  and TNF-!  were diluted 1:10. 
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7.2.! Inhibition of pSTAT3 with 30 mM C188-9 and 10 µM 

Stattic causes apoptosis 

!

Supplementary Figure 7.2 30 mM C188-9 and 10 µM Stattic cause apoptosis in 24 hours.  
(A) Addition of 30 mM C188-9 (previously identified as the only concentration to decrease pSTAT in 
Figure 4.5) to NDF and KDF resulted in apoptosis. (B) Similarly, addition of 10 µM Stattic (inhibited 
phosphorylation of STAT3 completely) to NDF and KDF caused cell death. 
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7.3.! BCA Protein Assay confirms protein concentrations are 

within a detectable range for the phospho-kinase array 

!

!

Supplementary Figure 7.3 Protein concentrations in KDF and NDF samples for Phospho-
Kinase array. 
(A) The graph displays the standard curve (black) and the absorbance and concentration of the 
samples tested. (B) The table displays 592 nm absorbance of 4 different samples (confluent and 
sparse NDF and KDF) with either 1:2 or 1:8 dilutions to ensure the amount of protein present was 
within the recommended range of 200-600 µg/mL. These results confirm the protein concentration in 
our samples were within the recommended range. 
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7.4.!  Phospho-kinase array analysis on multiple sample 

comparisons 

!

!
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Supplementary Figure 7.4 Comparisons of up- and down-regulated kinases across the various 
conditions in the phospho-kinase array. 
The table displays the different comparisons made across the samples analysed in the phospho-
kinase array (treatment of NDF and KDF with either control conditions, IL-6 or Tocilizumab, or sparse 
NDF and KDF). The cells highlighted in green were upregulated by 40% and the cells highlighted in 
red represent kinases downregulated by 40% within the comparisons.   

Up-regulated (> 1.4x) Down-regulated (< 0.6x)
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7.5.! IL-6 concentrations following c-Jun inhibition 
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(Figure legend in the following page) 
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Supplementary Figure 7.5 IL-6 concentrations in NDF and KDF following c-Jun inhibition. 
(A) This experiment was performed in parallel to the IL-6 ELISA following cytokine treatment, 
therefore the standard curve is identical to Figure 5.3A. Error bars are based on duplicates for each 
IL-6 standard concentration. (B) Table displays 530 nm absorbance and interpolated and 
extrapolated IL-6 concentrations in NDF and KDF without siRNA, with control siRNA and c-Jun 
siRNA. These concentrations were then adjusted by their dilution factor (1:2). 
 



! *&!"

References 

*," -./.0123."-4"5678."94":2716;<"=4">?.@.":,"91A" 233;76B6?2C.B".7.D63E"6F" D1A"0G27,"H.D;IA"
JAK2A@0"L33;76B6?E,"!+*)M*)N*OP*)Q#+,"

!," =;C10">,"-AI.D270".78"D1A"0G27,"R77;"JAK"SABB"TAK"U26B,"*))%M**P*!#Q%#,"

#," V6;0AF" 5R4" W,M" X1.I3.4" X," R7.D63E4" XG27" NL7DA?;3A7DO4" >Y28AI320" XD.DZA.IB0" [L7DAI7AD\P"
9IA.0;IA" L0B.78" N=]OP" XD.DZA.IB0" Z;/B20127?M" !+!!" [;Y8.DA8" !+!!" H6K" *$\," RK.2B./BA" FI63P"
1DDY0P^^@@@,7C/2,7B3,721,?6K^/66G0^HU-$'+$&$^_IAY6ID`CB.002C,"

$," XD6C;3"T],"S1.YDAI"!"Q"JAY.2I"6F"XG27"/E"=2/I6020,"L7P"XD6C;3"T]4"A82D6I,"JA?A7AI.D2KA"U26B6?E"
.78"WA82C27A"NXAC678">82D267O,"X.7"T2A?6P"RC.8A32C"ZIA00M"!+*!,"Y,"!*Q$!,"

%," XC1;BaA">4"b2DD"W4"=27G"94"56FAI"R4" =;7G"J5," L33;76120D6C1A32C.B"8ADACD267"6F"1;3.7" 0G27"
7AIKA"F2/AI0,"RCD."520D6C1A3,"*))'M))N#OP#+*Q),"

&," UI.KAI3.7" LW,"cBDI.0DI;CD;IA".78"6I?.72a.D267"6F" D1A"C;D.7A6;0"32CI6K.0C;B.D;IA" 27"76I3.B"
.78"Y.D16B6?2C"0D.DA0,"d"L7KA0D"TAI3.D6B,"*)()M)#N!"X;YYBOP!0Q)0,"

'," X32D1" WW4" WABI60A" d," ZI6DA6?BEC.70" 27" H6I3.B" .78" 5A.B27?" XG27," R8K" b6;78" S.IA" NHA@"
J6C1ABBAO,"!+*%M$N#OP*%!Q'#,"

(," UABB" >4" LK.I0067" U4" WAII2BB" S," ZI68;CD267" 6F" ." D200;AQB2GA" 0DI;CD;IA" /E" C67DI.CD267" 6F" C6BB.?A7"
B.DD2CA0" /E" 1;3.7" F2/I6/B.0D0" 6F" 82FFAIA7D" YI6B2FAI.D2KA" Y6DA7D2.B" 27" K2DI6," ZI6C" H.DB" RC.8" XC2" c" X" R,"
*)')M'&N#OP*!'$Q(,"

)," ]278.1B"c4"S6;C13.7"d4"-23.D."-4">0G6"dT,"ZI6DA6?BEC.70".78"X;BF.DA8":BEC60.3276?BEC.70,"L7P"
e.IG2"R4"S;3327?0"JT4">0G6"dT4"XD.7BAE"Z4"5.ID":b4"RA/2"W4"AD".B,4"A82D6I0,">00A7D2.B0"6F":BEC6/26B6?E,"
!+*%,"Y,"!+'Q!*,"

*+," e2IC16@"J,"T2A"SABB;B.IY.D16B6?2A" 27" 21IAI"UA?If78;7?".;F"Y1E026B6?20C1A";78"Y.D16B6?20C1A,""
:A@A/ABA1IA4"*(%(,"

**," TI20GABB" JJ4" ]2C1DA7/AI?AI" UW4" 560DA" >4" -IADa0C13.I" -4" X23670" UT4" S1.I.B.3/6;0" W4" AD" .B,"
T20D27CD" F2/I6/B.0D" B27A.?A0" 8ADAI327A" 8AI3.B" .IC12DACD;IA" 27" 0G27" 8AKAB6Y3A7D" .78" IAY.2I," H.D;IA,"
!+*#M%+$N'$')OP!''Q(*,"

*!," ]E7C1" WT4" b.DD" =W," =2/I6/B.0D" 1ADAI6?A7A2DEP" 23YB2C.D2670" F6I" 1;3.7" 820A.0A," d" SB27" L7KA0D,"
!+*(M*!(N*OP!&Q#%,"

*#," TA7?"SQS4"5;"VQ=4"g1;"TQ54"S1A7?"h4":;"dQd4"=A7?"hQ]4"AD".B,"X27?BAQCABB"JHRQ0Ai"IAKA.B0"F2/I6/B.0D"
1ADAI6?A7A2DE" .78" 27CIA.0A8" 3A0A7C1E3.B" F2/I6/B.0D0" 27" 1;3.7" F2/I6D2C" 0G27" 820A.0A0," H.D;IA"
S633;72C.D2670,"!+!*M*!N*OP#'+),"

*$," H.;I6E"Z4"U.II;C1A"e4"W.IC1.78"]4"H2786IAI.QU.8.I."X4"U6I8A0"X4"SB600"U4"AD".B,"5;3.7"TAI3.B"
=2/I6/B.0D"X;/Y6Y;B.D2670"T20YB.E"T20D27CD":A7A"X2?7.D;IA0"JAB.DA8"D6"SABB"UA1.K26I0".78"W.DI2063A,"
d6;I7.B"6F"L7KA0D2?.D2KA"TAI3.D6B6?E,"!+*'M*#'N(OP*'('Q),"

*%," ZB2G;0" We4" b.7?" j4" X271." X4" =6IDA" >4" 9163Y067" XW4" 5AIa6?" >]4" AD" .B," =2/I6/B.0D0P" kI2?2704"
8AF272D26704".78"F;7CD2670"27"1A.BD1".78"820A.0A,"SABB,"!+!*M*($N*%OP#(%!Q'!,"

*&," 5;.7?" j4" V.7?" H4" =26IA" e=4" U.IGAI" 954" X;7" V4" W6II20" Xb4" AD" .B," W.DI2<" 0D2FF7A00Q278;CA8"
3E6F2/I6/B.0D"82FFAIA7D2.D267"20"3A82.DA8"/E"27DI2702C"3AC1.76DI.708;CD267,"R3"d"JA0Y2I"SABB"W6B"U26B,"
!+*!M$'N#OP#$+Q(,"

*'," 5.II20"R-4"XD6Y.G"T4"b2B8"Z,"=2/I6/B.0D" DI.CD267".0"."3AC1.7203"F6I"C6BB.?A7"36IY16?A7A020,"
H.D;IA,"*)(*M!)+N%(+#OP!$)Q%*,"



! *&#"

*(," 5;.7?"T4"S1.7?"9J4"R??.I@.B"R4"]AA"JS4">1IB2C1"5Z,"WAC1.72030".78"8E7.32C0"6F"3AC1.72C.B"
0DIA7?D1A727?" 27" B2?.3A7DQAi;2K.BA7D" F2/I6/B.0DQY6Y;B.DA8" C6BB.?A7" 3.DI2CA0," R77" U263A8" >7?,"
*))#M!*N#OP!()Q#+%,"

*)," ]2;"=4"].?.IA0"T4"S162"-W4"XD6YFAI"]4"W.I27G6K2l"R4"eI/.7.C"e4"AD".B,"WAC1.7602?7.B27?"D1I6;?1"
VRZ" .78" 9Rg" 8I2KA0" F2/I6/B.0D" .CD2K.D267" .78" F2/I6020," R3" d" Z1E026B" ];7?" SABB" W6B" Z1E026B,"
!+*%M#+(N$OP]#$$Q%',"

!+," V.7?"V4"j2A"-4"d2.7?"5,"T;I6D.<20"L78A<"6F"#9#"=2/I6/B.0D"SABB0"XC.BA0"@2D1"XD2FFQD6QX6FD"WA3/I.7A"
9A70267"Z6B.I2DE,"U26Y1E02C.B"d6;I7.B,"!+!+M**)N'OP*$!'Q#(,"

!*," b.7?" d4" b.7?" ST4" g1.7?" H4" 967?" bj4" g1.7?" V=4" X1.7" Xg4" AD" .B," WAC1.72C.B" 0D23;B.D267"
6IC1A0DI.DA0"D1A"60DA6?A72C"82FFAIA7D2.D267"6F"1;3.7"/67A"3.II6@"0DI63.B"CABB0"/E"IA?;B.D27?"5TRS*,"
SABB"TA.D1"m"T20A.0A,"!+*&M'N%OPA!!!*QA,"

!!," >BQW61I2"54"b;"V4"W61.7DE"X4":1601":,"L3Y.CD"6F"3.DI2<"0D2FF7A00"67"F2/I6/B.0D"F;7CD267,"W.DAI2.B0"
XC2A7CA".78">7?27AAI27?P"S,"!+*'M'$P*$&Q%*,"

!#," H?;EA7" 5H4" H600" >54" W2a6?;C12" =4" 5;YYAIDa" S4" bA2" -X4" b.DD0" :=W4" AD" .B," R;D6CI27A" ]66Y"
L7K6BK27?"L]Q&"=.32BE"WA3/AI"]L=4"]L="JACAYD6I4".78"X9R9$"TI2KA0"X;0D.27A8"=2/I6/B.0D"ZI68;CD267"6F"
L7FB.33.D6IE"WA82.D6I0,"L33;72DE,"!+*'M$&N!OP!!+Q#!,"

!$," 5."5]4"b.7?"54"Z202DG;7"Z4"-23"dS4"9.002"L4"9.7?"b4"AD".B,"L]Q*'"8I2KA0"Y06I2.D2C"27FB.33.D267"K2."
820D27CD4"D.I?AD"CABBQ0YAC2F2C"3AC1.72030,"ZI6C"H.DB"RC.8"XC2"c"X"R,"!+*$M***N##OP>#$!!Q#*,"

!%," -.8676"94"-2G;C12"-4"L17"54"9.GA1.I."-4"9.3.G2"-,"L7CIA.0A8"YI68;CD267"6F"27DAIBA;G27"&".78"
27DAIBA;G27"("27"0CBAI68AI3."F2/I6/B.0D0,"d"J1A;3.D6B,"*))(M!%N!OP!)&Q#+*,"

!&," SI6@BAE"94"knHA2B"dT4"R8.30"54"9163.0"RW4"=2BAI"R4"U;CGBAE"ST4"AD".B,"ZI2327?"27"IA0Y670A"D6"YI6Q
27FB.33.D6IE"CED6G27A0" 20"." FA.D;IA"6F".8;BD"0E76K2.B"/;D"76D"8AI3.B" F2/I6/B.0D0,"RID1I2D20"JA0A.IC1"m"
91AI.YE,"!+*'M*)N*OP#%,"

!'," JA27GA"dW4"X6I?"5,"b6;78"IAY.2I".78"IA?A7AI.D267,">;I"X;I?"JA0,"!+*!M$)N*OP#%Q$#,"

!(," V6G6E.3." 54" W.I;6G." 94" RI;?." R4" R3.76" 94" k1?6" X4" X12I62012" 94" AD" .B," ZI<Q*" A<YIA00267" 27"
jA76Y;0" B.AK20"0C.IBA00"0G27Q@6;78"1A.B27?".78" 2D0"IA0A3/B.7CA"D6"AY236IY12C"IA?A7AI.D267," d" L7KA0D"
TAI3.D6B,"!+**M*#*N*!OP!$''Q(%,"

!)," J2C1.I8067"J4"XB.7C1AK"-4"-I.;0"S4"-7EY1.;0A7"Z4">327?"X4"5.33AI0C1328D"W,"R8;BD"aA/I.F201"
.0"."368AB"0E0DA3"F6I"C;D.7A6;0"@6;78Q1A.B27?"IA0A.IC1,"d"L7KA0D"TAI3.D6B,"!+*#M*##N&OP*&%%Q&%,"

#+," XA2FAID"Rb4"W67.?1.7"dJ4"e600"XJ4"W.8A7"W,"XG27"IA?A7AI.D267"27".8;BD".<6B6DB0P"."/B;AYI27D"F6I"
0C.IQFIAA"1A.B27?"27"KAIDA/I.DA0,"Z]6X"k7A,"!+*!M'N$OPA#!('%,"

#*," :6B83.7"J,":I6@D1"=.CD6I0".78"S1I672C"b6;78"5A.B27?P"Z.0D4"ZIA0A7D4".78"=;D;IA,"R8K.7CA0"27"
XG27"m"b6;78"S.IA,"!++$M*'N*O,"

#!," 9a26Da260"S4"ZI6FEI20"S4"XDAIB27?"d,"S;D.7A6;0"0C.II27?P"Z.D16Y1E026B6?E4"36BAC;B.I"3AC1.720304"
.78" 0C.I" IA8;CD267" D1AI.YA;D2C0P" Z.ID" LL," XDI.DA?2A0" D6" IA8;CA" 0C.I" F6I3.D267" .FDAI" 8AI3.D6B6?2C"
YI6CA8;IA0,"d6;I7.B"6F"D1A"R3AI2C.7"RC.8A3E"6F"TAI3.D6B6?E,"!+*!M&&N*OP*#Q!$,"

##," XC1;BDa":X4"bE06CG2"R,"L7DAI.CD2670"/AD@AA7"A<DI.CABB;B.I"3.DI2<".78"?I6@D1"F.CD6I0"27"@6;78"
1A.B27?,"b6;78"JAY.2I".78"JA?A7AI.D267,"!++)M*'N!OP*%#Q&!,"

#$," 527a"U4"Z1.7"X54"91.772CG.B"ed4":.BB2"R4"U6C1.D67QZ2.BB.D"W]4":.//2.72":,"91A"3E6F2/I6/B.0DP"67A"
F;7CD2674"3;BD2YBA"6I2?270,"R3"d"Z.D16B,"!++'M*'+N&OP*(+'Q*&,"

#%," :2BB"X>4"Z.IG0"bS,"WAD.BB6YI6DA27.0A0".78" D1A2I" 2712/2D6I0P" IA?;B.D6I0"6F"@6;78"1A.B27?," L7D" d"
U26C1A3"SABB"U26B,"!++(M$+N&Q'OP*##$Q$',"

#&," ].78o7"Hj4"]2"T4"XDp1BA"W,"9I.702D267"FI63"27FB.33.D267"D6"YI6B2FAI.D267P"."CI2D2C.B"0DAY"8;I27?"
@6;78"1A.B27?,"SABB"W6B"]2FA"XC2,"!+*&M'#N!+OP#(&*Q(%,"



! *&$"

#'," j;A"W4"d.CG067"Sd,"><DI.CABB;B.I"W.DI2<"JA6I?.72a.D267"T;I27?"b6;78"5A.B27?".78"LD0"L3Y.CD"67"
R/76I3.B"XC.II27?,"R8K"b6;78"S.IA"NHA@"J6C1ABBAO,"!+*%M$N#OP**)Q#&,"

#(," :.//2.72":4"JE.7":U4"W.q76":,"ZIA0A7CA"6F"3682F2A8"F2/I6/B.0D0"27"?I.7;B.D267"D200;A".78"D1A2I"
Y6002/BA"I6BA"27"@6;78"C67DI.CD267,"><YAI2A7D2.,"*)'*M!'N%OP%$)Q%+,"

#)," T.I/E" L4" XG.BB2" k4" :.//2.72" :," RBY1.Q0366D1" 3;0CBA" .CD27" 20" DI.702A7DBE" A<YIA00A8" /E"
3E6F2/I6/B.0D0"8;I27?"A<YAI23A7D.B"@6;78"1A.B27?,"]./"L7KA0D,"*))+M&#N*OP!*Q),"

$+," >88E" Jd4" ZADI6" dR4" 963.0AG" dd," >K28A7CA" F6I" D1A" 7673;0CBA" 7.D;IA" 6F" D1A" r3E6F2/I6/B.0Dr" 6F"
?I.7;B.D267"D200;A".78"1EYAIDI6Y2C"0C.I,"R7"233;76FB;6IA0CA7CA"0D;8E,"R3"d"Z.D16B,"*)((M*#+N!OP!%!Q
&+,"

$*," S12B80"TJ4"W;ID1E"RX,"kKAIK2A@"6F"b6;78"5A.B27?".78"W.7.?A3A7D,"X;I?2C.B"SB272C0"6F"H6ID1"
R3AI2C.,"!+*'M)'N*OP*()Q!+',"

$!," b12D/E"Td4"=AI?;067"Wb,"91A"A<DI.CABB;B.I"3.DI2<"6F" B2Y"@6;780" 27" FAD.B4"7A67.D.B".78".8;BD"
32CA,"TAKAB6Y3A7D,"*))*M**!N!OP&%*Q&(,"

$#," b6BFI.3"T4"9a.7G6K"R4"ZfBaB"Z4"Z2a.Q-.DaAI"5,"5EYAIDI6Y12C"0C.I0".78"GAB6280QQ."IAK2A@"6F"D1A2I"
Y.D16Y1E026B6?E4"I20G"F.CD6I04".78"D1AI.YA;D2C"3.7.?A3A7D,"TAI3.D6B"X;I?,"!++)M#%N!OP*'*Q(*,"

$$," :IAA71.B?1" T:," 91A" I6BA" 6F" .Y6YD6020" 27" @6;78" 1A.B27?," L7D" d" U26C1A3" SABB" U26B,"
*))(M#+N)OP*+*)Q#+,"

$%," W.Iq6I.3"Jd4" ]A00AE">S4"U;II28?A"-,"JA?;B.D267"6F"J16R".CD2K2DE"/E" .81A0267"36BAC;BA0" .78"
3AC1.76DI.708;CD267,"S;II"W6B"WA8,"!+*$M*$N!OP*))Q!+(,"

$&," V6;7?"XJ4":AI.I8QksJ2BAE"J4"-23"dU4"Z.K.BG6"=W,"=6C.B".81A0267"G27.0A" 20" 23Y6ID.7D" F6I" FB;28"
01A.I"0DIA00Q278;CA8"3AC1.76DI.708;CD267"27"60DA6/B.0D0,"d"U67A"W27AI"JA0,"!++)M!$N#OP$**Q!$,"

$'," U.E.D"R4"WC:I6;D1AI"TR4"=AI?;067"Wb,"XG27"0C.II27?,"U3q,"!++#M#!&N'#(+OP((Q)!,"

$(," XA2FAID"Rb4"-2.3."X:4"XA2FAID"W:4":61AA7"dJ4"Z.B3AI"9W4"W.8A7"W,"XG27"01A8827?".78"D200;A"
IA?A7AI.D267"27"RFI2C.7"0Y27E"32CA"NRC63E0O,"H.D;IA,"!+*!M$()N'$*'OP%&*Q%,"

$)," Xi;2AI"SR,"91A"AFFACD"6F"0DIADC127?"67"F6I3.D267"6F"3E6F2/I6/B.0D0"27"36;0A"0G27,"SABB"9200;A"JA0,"
*)(*M!!+N!OP#!%Q#%,"

%+," ]67?.GAI" W94" J61I2C1" Jd4" :IAA7/AI?" ]4" =;I7.0" 54" b.B8" J4" U.70.B" e4" AD" .B," R" I.78632aA8"
C67DI6BBA8"DI2.B"6F"D1A"A3/I.CA".8K.7CA8"0C.I"D1AI.YE"8AK2CA"D6"IA8;CA"27C20267.B"0C.I"F6I3.D267,"ZB.0D"
JAC670DI"X;I?,"!+*$M*#$N#OP%#&Q$&,"

%*," -AII2?.7"S]4"563."-,">K.B;.D267"6F"."7A@"@6;78"CB60;IA"8AK2CA"F6I"B27A.I"0;I?2C.B"27C202670P"#W"
XDAI2QXDI2Y"X"X;I?2C.B"XG27"SB60;IA"KAI0;0"0;/C;D2C;B.I"CB60;IA,"ZB.0D"JAC670DI"X;I?,"!+*+M*!%N*OP*(&Q)$,"

%!," UB6CG"]4":60.27"R4"-27?"9b,">3AI?27?"91AI.Y2A0" F6I"XC.I"ZIAKA7D267,"R8K"b6;78"S.IA"NHA@"
J6C1ABBAO,"!+*%M$N*+OP&+'Q*$,"

%#," ]23"R=4"bA27DI.;/"d4"-.YB.7">H4"d.7;0aEG"W4"S6@BAE"S4"WC].;?1B27"Z4"AD".B,"91A"A3/I.CA"8AK2CA"
02?72F2C.7DBE"8ACIA.0A0"0C.II27?"F6BB6@27?"0C.I"IAK20267"0;I?AIE"27"."I.78632aA8"C67DI6BBA8"DI2.B,"ZB.0D"
JAC670DI"X;I?,"!+*$M*##N!OP#)(Q$+%,"

%$," JA2FFAB"JX,"ZIAKA7D267"6F"1EYAIDI6Y12C"0C.I0"/E"B67?QDAI3"Y.YAI"D.YA".YYB2C.D267,"ZB.0D"JAC670DI"
X;I?,"*))%M)&N'OP*'*%Q(,"

%%," RDG27067"dR4"WC-A77."-94"U.I7ADD"R:4"WC:I.D1"Td4"J;88"W,"R"I.78632aA84"C67DI6BBA8"DI2.B"D6"
8ADAI327A"D1A"AFF2C.CE"6F"Y.YAI"D.YA"27"YIAKA7D27?"1EYAIDI6Y12C"0C.I"F6I3.D267"27"0;I?2C.B"27C202670"D1.D"
DI.KAI0A"].7?AIs0"0G27"DA70267"B27A0,"ZB.0D"JAC670DI"X;I?,"!++%M**&N&OP*&$(Q%&M"820C;00267"%'Q(,"

%&," T20DBAI" d5b4" :EtIF2" R54" J.3.7;q.3" W4" b12DF2AB8" W]4" -t72?016FF" W4" ].FE.D20" J," X1.IA8" .78"
820D27CD"3AC1.72030"6F"F2/I6020,"H.D"JAK"J1A;3.D6B,"!+*)M*%N*!OP'+%Q#+,"

%'," W.ID27Aa"=d4"S6BB.I8"5J4"Z.I86"R4"J.?1;":4"J2C1AB82"]4"XAB3.7"W4"AD".B," L826Y.D12C"Y;B367.IE"
F2/I6020,"H.D;IA"JAK2A@0"T20A.0A"ZI23AI0,"!+*'M#N*OP*'+'$,"



! *&%"

%(," U.D.BBAI"J4"UIA77AI"TR,"]2KAI"F2/I6020,"d"SB27"L7KA0D,"!++%M**%N!OP!+)Q*(,"

%)," R7D.I" XR4" R016;I" HR4" W.I.@.7" W>4" RBQ-.I3.B.@E" RR," =2/I6020P" 9EYA04" >FFACD04" W.IGAI04"
WAC1.72030" F6I" T20A.0A" ZI6?IA002674" .78" LD0" JAB.D267" @2D1" k<28.D2KA" XDIA004" L33;72DE4" .78"
L7FB.33.D267,"L7D"d"W6B"XC2,"!+!#M!$N$O,"

&+," WCR7;BDE"Jd," =2/I6/B.0D0" .78"3E6F2/I6/B.0D0P" D1A2I" 06;ICA4" F;7CD267".78" I6BA" 27"820A.0A," L7D" d"
U26C1A3"SABB"U26B,"!++'M#)N$OP&&&Q'*,"

&*," bE77"9R,"SABB;B.I".78"36BAC;B.I"3AC1.72030"6F"F2/I6020,"d"Z.D16B,"!++(M!*$N!OP*))Q!*+,"

&!," X.7D60"R4" ].?.IA0"T,"W.DI2<" XD2FF7A00P" D1A"S678;CD6I"6F"kI?.7"=2/I6020," S;II"J1A;3.D6B"JAY,"
!+*(M!+N*OP!,"

&#," ]6G32C"g4"W;0E6G."d4"5A@2D067"9T4"T.I/E"LR,"5EY6<2.".78"1EY6<2."02?7.B27?"27"D200;A"IAY.2I".78"
F2/I6020,"L7D"JAK"SABB"W6B"U26B,"!+*!M!)&P*#)Q(%,"

&$," UAEAI"S4"XC1ADD":4":.E"X4"T20DBAI"k4"T20DBAI"d5,"5EY6<2.,"5EY6<2."27"D1A"Y.D16?A7A020"6F"0E0DA32C"
0CBAI6020,"RID1I2D20"JA0"91AI,"!++)M**N!OP!!+,"

&%," b.D067"Sd4"S6BB2AI"Z4"9A."L4"HA.IE"J4"b.D067"dR4"J6/27067"S4"AD".B,"5EY6<2.Q278;CA8"AY2?A7AD2C"
3682F2C.D2670".IA".006C2.DA8"@2D1"C.I82.C" D200;A" F2/I6020".78"D1A"8AKAB6Y3A7D"6F"."3E6F2/I6/B.0DQB2GA"
Y1A76DEYA,"5;3"W6B":A7AD,"!+*$M!#N(OP!*'&Q((,"

&&," Z.IGAI"Wb4"J6002"T4" ZADAI067"W4" X32D1"-4" X2G0DIt3"-4"b12DA">X4" AD" .B," =2/I6D2C" A<DI.CABB;B.I"
3.DI2<".CD2K.DA0"."YI6F2/I6D2C"Y602D2KA"FAA8/.CG"B66Y,"d"SB27"L7KA0D,"!+*$M*!$N$OP*&!!Q#%,"

&'," WA7?"jW4"H2G6B2CQZ.DAI067"Td4"].7"5V,"9:=QuP"D1A"3.0DAI"IA?;B.D6I"6F"F2/I6020,"H.D"JAK"HAY1I6B,"
!+*&M*!N&OP#!%Q#(,"

&(," d617067"Ug4"XDAKA7067"Rb4"ZIvBA"SW4"=A.I"Wb4"b668"=W,"91A"J6BA"6F"L]Q&"27"XG27"=2/I6020".78"
S;D.7A6;0"b6;78"5A.B27?,"U263A82C27A0,"!+!+M(N%O,"

&)," U677AI"dS,"JA?;B.D267"6F"ZT:=".78"2D0"IACAYD6I0"27"F2/I6D2C"820A.0A0,"SED6G27A"m":I6@D1"=.CD6I"
JAK2A@0,"!++$M*%N$OP!%%Q'#,"

'+," UB6/A":S4"XC12A3.77"bZ4"]68201"5=,"J6BA"6F"DI.70F6I327?"?I6@D1"F.CD6I"/AD."27"1;3.7"820A.0A,"
H">7?B"d"WA8,"!+++M#$!N*(OP*#%+Q(,"

'*," TAIE7CG"J4" g1.7?"V>," X3.8Q8AYA78A7D" .78" X3.8Q278AYA78A7D" Y.D1@.E0" 27"9:=Q/AD." F.32BE"
02?7.BB27?,"H.D;IA,"!++#M$!%N&)%(OP%''Q($,"

'!," X677EB.B" X4" TA7D67" SZ4" g1A7?" U4" -AA7A" TJ4" 5A" J4" R8.30" 5Z4" AD" .B," Z60D7.D.B" 278;CD267" 6F"
DI.70F6I327?"?I6@D1" F.CD6I"/AD." 02?7.B27?" 27" F2/I6/B.0D0"6F"32CA" IAC.Y2D;B.DA0" CB272C.B4" 120D6B6?2C4" .78"
/26C1A32C.B"FA.D;IA0"6F"0CBAI68AI3.,"RID1I2D20"J1A;3,"!++'M%&N*OP##$Q$$,"

'#," Z.77;"d4"9I6q.76@0G."W,"JACA7D".8K.7CA0" 27" F2/I6/B.0D"02?7.B27?".78"/26B6?E" 27"0CBAI68AI3.,"
S;II"kY27"J1A;3.D6B,"!++$M*&N&OP'#)Q$%,"

'$," =AI7.78Aa"L>4">2CGAB/AI?"k,"91A"23Y.CD"6F"9:=Qu"67"B;7?"F2/I6020P"FI63"D.I?AD27?"D6"/263.IGAI0,"
ZI6C"R3"916I.C"X6C,"!+*!M)N#OP***Q&,"

'%," 52?.012E.3."54"V601236D6"T4"-.20A"94"W.D0;/.I."X4"=;q2@.I."W4"-2GG.@."54"AD".B,"L712/2D267"6F"
.CD2K27" IACAYD6IQB2GA" G27.0A" %" .DDA7;.DA0" /BA63EC27Q278;CA8" Y;B367.IE" F2/I6020," ><Y" W6B" Z.D16B,"
!++'M(#N*OP#)Q$&,"

'&," g1.7?"V4"WCS6I32CG"]]4":2BB2.3"RS,"].DA7CEQ.006C2.DA8"YAYD28A"YIAKA7D0"0G27"F2/I6020"27"3;I27A"
0CBAI68AI3.D6;0" ?I.FDQKAI0;0Q160D" 820A.0A4" ." 368AB" F6I" 1;3.7" 0CBAI68AI3.," d" L7KA0D" TAI3.D6B,"
!++#M*!*N$OP'*#Q),"

''," b.7?"j4"X32D1"Z4"Z;"]]h4"-23"Vd4"-6"=4"J6/067"WS,"><6?A76;0"9I.70F6I327?":I6@D1"=.CD6I"u!"
W68;B.DA0"S6BB.?A7"L".78"S6BB.?A7"LLL"XE7D1A020"27"ZI6B2FAI.D2KA"XC.I"jA76?I.FD0"27"H;8A"J.D0,"d6;I7.B"6F"
X;I?2C.B"JA0A.IC1,"*)))M('N!OP*)$Q!++,"



! *&&"

'(," XDIA;B2" S54" XC13281.;0AI" S4" -6/I27" W4" U200ABB" Wd4" TAIE7CG" J," ><DI.CABB;B.I" 3.DI2<" IA?;B.DA0"
A<YIA00267"6F"D1A"9:=Q/AD."*"?A7A,"d6;I7.B"6F"SABB"U26B6?E,"*))#M*!+N*OP!%#Q&+,"

')," ]ADDAI26"dd4"J6/AID0"RU,"9I.70F6I327?"?I6@D1"F.CD6IQu*w8AF2C2A7D"32CAP"28A7D2F2C.D267"6F"206F6I3Q
0YAC2F2C".CD2K2D2A0"27"K2K6,"d6;I7.B"6F"]A;G6CEDA"U26B6?E,"*))&M%)N&OP'&)Q'$,"

(+," -.3.36D6"=4"Z.??2.I6"Rk4"J68.0"R4"5AI067"WJ4"W.D16I"WU4"=AIIA2I."WS,"R"b6;78"S67DI.CD267"
><YAI23A7D.B" W68AB" F6I" XD;8E27?" -AB6280" .78" b6;78Q1A.B27?" W68;B.D6I0," RID2F2C2.B" kI?.70,"
!++#M!'N(OP'+*Q%,"

(*," ].7727?" TR4" T2A?AB3.77" J=4" V.?AI" TJ4" b.BB.CA" W]4" U.?@ABB" S>4" 5.E7A0" d5," WE6F2/I6/B.0D"
278;CD267"@2D1"DI.70F6I327?"?I6@D1"F.CD6IQu*".78"Qu#"27"C;D.7A6;0"FAD.B"A<C20267.B"@6;780,"d6;I7.B"6F"
ZA82.DI2C"X;I?AIE,"!+++M#%N!OP*(#Q(,"

(!," X1.1"W4"=6IA3.7"TW4"=AI?;067"Wb,"HA;DI.B20.D267"6F"9:=Q/AD."*".78"9:=Q/AD."!"6I"A<6?A76;0"
.882D267"6F"9:=Q/AD."#"D6"C;D.7A6;0"I.D"@6;780"IA8;CA0"0C.II27?,"d"SABB"XC2,"*))%M*+("N"ZD"#OP)(%Q*++!,"

(#," J2CA" ]W4" Z.82BB." SW4" WC].;?1B27" XJ4" W.D1A0" R4" g2A3AG" d4" :6;3321" X4" AD" .B," =IA06B23;3./"
DIA.D3A7D"8ACIA.0A0"/263.IGAI0".78"23YI6KA0"CB272C.B"0E3YD630"27"0E0DA32C"0CBAI6020"Y.D2A7D0,"d"SB27"
L7KA0D,"!+*%M*!%N'OP!')%Q(+',"

($," R7?AI0" X4" W667" J9," ZI6<23.B" AKA7D0" 27" b7D" 02?7.B" DI.708;CD267," H.D" JAK" W6B" SABB" U26B,"
!++)M*+N'OP$&(Q'',"

(%," -B.;0" R4" U2IC13A2AI" b," b7D" 02?7.BB27?" .78" 2D0" 23Y.CD" 67" 8AKAB6Y3A7D" .78" C.7CAI," H.D" JAK"
S.7CAI,"!++(M(N%OP#('Q)(,"

(&," 5A"b4"T.2"S4"]2"V4"gA7?":4"W67?."XZ4"]2;"V,"b7D^/AD.QC.DA727"02?7.B27?"YI636DA0"IA7.B"27DAI0D2D2.B"
F2/I6020,"d"R3"X6C"HAY1I6B,"!++)M!+N$OP'&%Q'&,"

('," H;00A"J,"R7".7C2A7D"CB;0DAI"6F"b7D"Y.I.B6?;A0,"9IA780":A7AD,"!++*M*'N(OP$$#,"

((," :I2FF27"W=4"5;/AI"d4">K.7"=d4"h;.ID6"H4"]67?.GAI"W9,"91A"I6BA"6F"b7D"02?7.B27?"27"0G27"F2/I6020,"
WA8"JA0"JAK,"!+!!M$!N*OP&*%Q!(,"

()," V67A3;I." X," R" 3AC1.7203" 6F" 3AC1.76DI.708;CD267" .D" D1A" CABBQCABB" 27DAIF.CA," U26>00.E0,"
!+**M##N*+OP'#!Q&,"

)+," ]23"j4"H;00A"J,"b7D"02?7.B27?"27"0G27"8AKAB6Y3A7D4"163A60D.0204".78"820A.0A,"S6B8"XYI27?"5.I/"
ZAI0YACD"U26B,"!+*#M%N!O,"

)*," S1A67"XX4"bA2"h4":;I;7?"R4"V6;7"R4"UI2?1D"94"Z667"J4"AD".B,"UAD.QC.DA727"IA?;B.DA0"@6;78"02aA"
.78"3A82.DA0"D1A"AFFACD"6F"9:=Q/AD."27"C;D.7A6;0"1A.B27?,"=.0A/"q,"!++&M!+N&OP&)!Q'+*,"

)!," X;IA78I.7"-4"WCS.;B"XZ4"X2367"9S,"R"I6BA"F6I"b7DQ$"27"IA7.B"F2/I6020,"R3"d"Z1E026B"JA7.B"Z1E026B,"
!++!M!(!N#OP=$#*Q$*,"

)#," S12B602"W4"Z6BADD2"e4"g.3x"R4"]A0D.72"W4"W67D.?7."]4"Z2CC6B2"Z4"AD".B,"R/AII.7D"b7D^/AD.QC.DA727"
Y.D1@.E".CD2K.D267"27"2826Y.D12C"Y;B367.IE"F2/I6020,"R3"d"Z.D16B,"!++#M*&!N%OP*$)%Q%+!,"

)$," bA2"d4"=.7?"=4"].3"RZ4"X.I?A7D"d]4"5.3/;I?">4"527C1CB2FF"W>4"AD".B,"b7D^uQC.DA727"02?7.B27?"20"
1EYAI.CD2K.DA8"27"0E0DA32C"0CBAI6020".78"278;CA0"X3.8Q8AYA78A7D"F2/I6D2C"IA0Y670A0"27"3A0A7C1E3.B"
CABB0,"RID1I2D20"J1A;3,"!+*!M&$N(OP!'#$Q$%,"

)%," UAEAI" S4" XC1I.33" R4" RG13AD0127." R4" TAA0" S4" -2IAK." 94" :AB0A" -4" AD" .B," uQC.DA727" 20" ." CA7DI.B"
3A82.D6I"6F"YI6QF2/I6D2C"b7D"02?7.B27?"27"0E0DA32C"0CBAI6020,"R77"J1A;3"T20,"!+*!M'*N%OP'&*Q',"

)&," W.0DI6?2.77.G2" W4" ]2C1DA7/AI?AI" UW4" JA23AI" R4" S6BB270" SR4" TI20GABB" JJ4" b.DD" =W," uQS.DA727"
XD./2B2a.D267"27"XG27"=2/I6/B.0D0"S.;0A0"=2/I6D2C"]A02670"/E"ZIAKA7D27?"R82Y6CEDA"T2FFAIA7D2.D267"6F"D1A"
JAD2C;B.I"TAI320,"d"L7KA0D"TAI3.D6B,"!+*&M*#&N&OP**#+Q$!,"

)'," eB.8.I">-4"R7D2C"T4"R<ABI68"dT,"ZB.7.I"CABB"Y6B.I2DE"02?7.B27?P"D1A"8AKAB6Y27?"CABBs0"C63Y.00,"S6B8"
XYI27?"5.I/"ZAI0YACD"U26B,"!++)M*N#OP.++!)&$,"



! *&'"

)(," eB.8.I">-4"-t72?016FF"W,"H67C.7672C.B"b7D"YB.7.I"CABB"Y6B.I2DE"02?7.B27?"27"B;7?"8AKAB6Y3A7D"
.78"820A.0A,"U26C1A3"X6C"9I.70,"!+!+M$(N*OP!#*Q$#,"

))," TA" R," b7D^S.!y" 02?7.B27?" Y.D1@.EP" ." /I2AF" 6KAIK2A@," RCD." U26C123" U26Y1E0" X27" NX1.7?1.2O,"
!+**M$#N*+OP'$%Q%&,"

*++," U..I03." 5R4" XGI670G.Qb.0AG" b4" W;DaA" -4" S26BAG" =4" b.?7AI" T>4" d617QXC1;0DAI" :4" AD" .B,"
H67C.7672C.B"bH9Q%R"02?7.B27?"23Y.2I0"A786?A76;0"B;7?"IAY.2I"27"SkZT,"d"><Y"WA8,"!+*'M!*$N*OP*$#Q
&#,"

*+*," b2B067"T54"d.I3.7">d4"WABB27"JZ4"b2B067"W]4"b.88ABB"X54"906GG6;"Z4"AD".B,"H67QC.7672C.B"b7D"
02?7.BB27?" IA?;B.DA0" 0C.II27?" 27" /2B2.IE" 820A.0A" K2." D1A" YB.7.I" CABB" Y6B.I2DE" IACAYD6I0," H.D;IA"
S633;72C.D2670,"!+!+M**N*OP$$%,"

*+!," 5.336;8." WU4" =6I8" R>4" ]2;" V4" g1.7?" dV," 91A" dH-" X2?7.B27?" Z.D1@.E" 27" L7FB.33.D6IE" XG27"
T206I8AI0".78"S.7CAI,"SABB0,"!+!+M)N$O,"

*+#," gAGA"R4"W201AK."W4"JA3o7E2"R4"U6?6EAK2DC1"WR,"dH-"X2?7.B27?P"JA?;B.D267".78"=;7CD2670"U.0A8"
67"S63YBA<"ZI6DA27QZI6DA27"Z.ID7AI012Y0,"W2CI6/26B"W6B"U26B"JAK,"!+*&M(+N#OP')#Q(#%,"

*+$," >FAIB" J4" b.?7AI" >=," RZQ*P" ." 86;/BAQA8?A8" 0@6I8" 27" D;36I2?A7A020," H.D;IA" JAK2A@0" S.7CAI,"
!++#M#N**OP(%)Q&(,"

*+%," V6;7?"WJ4"]2"dd4"J27Cz7"W4"=B.KABB"JR4"X.D1E.7.I.E.7."U-4"5;7a2GAI"J4"AD".B,"9I.70?A72C"32CA"
8A3670DI.DA"RZQ*"N.CD2K.D6I"YI6DA27Q*O"DI.70.CD2K.D267"20"IAi;2IA8"F6I"D;36I"YI636D267,"ZI6C"H.DB"RC.8"
XC2"c"X"R,"*)))M)&N*'OP)(!'Q#!,"

*+&," >FAIB" J4" J2CC2" J4" -A77AI" ]4" gA7a" J4" T.K28" dZ4" J.D1" W4" AD" .B," ]2KAI" D;36I" 8AKAB6Y3A7D," CQd;7"
.7D.?672aA0"D1A"YI6.Y6YD6D2C".CD2K2DE"6F"Y%#,"SABB,"!++#M**!N!OP*(*Q)!,"

*+'," b.7?"gh4":I2?6I2.820"R>4"Wt1BAQXDA27BA27"c4"b.?7AI">=,"R"76KAB" D.I?AD"CABB" F6I"CQF60Q278;CA8"
67C6?A7A020P" 8AKAB6Y3A7D" 6F" C1678I6?A72C" D;36;I0" 27" A3/IE672C" 0DA3" CABB" C123AI.0," >3/6" q,"
*))*M*+N)OP!$#'Q%+,"

*+(," :I2?6I2.820" R>4" XC1ABB.78AI" -4" b.7?" gh4" b.?7AI" >=," k0DA6/B.0D0" .IA" D.I?AD" CABB0" F6I"
DI.70F6I3.D267"27"CQF60"DI.70?A72C"32CA,"d"SABB"U26B,"*))#M*!!N#OP&(%Q'+*,"

*+)," JA2C1"H4"W.;IAI"U4"RG13AD0127."R4"eA7.B20"Z4"TAA0"S4"gAII"Z4"AD".B,"91A"DI.70CI2YD267"F.CD6I"=I.Q!"
IA?;B.DA0" D1A" YI68;CD267" 6F" A<DI.CABB;B.I" 3.DI2<" 27" 0E0DA32C" 0CBAI6020," RID1I2D20" m" J1A;3.D203,"
!+*+M&!N*OP!(+Q)+,"

**+," X12QbA7"j4"J68I{?;AaQZ.0C;.B"=4"].3.0"X4"56B3A0"R4"56@.D"X4"ZA.I067" dT4" AD" .B,"S670D2D;D2KA"
R]-%Q278AYA78A7D" CQd;7" HQDAI327.B" G27.0A" .CD2K.D267" C67DI2/;DA0" D6" A786D1AB27Q*" 6KAIA<YIA00267" 27"
Y;B367.IE"F2/I6020P"AK28A7CA"6F".7".;D6CI27A"A786D1AB27"B66Y"6YAI.D27?"D1I6;?1"D1A"A786D1AB27"R".78"U"
IACAYD6I0,"W6B"SABB"U26B,"!++&M!&N*$OP%%*(Q!',"

***," UA77ADD" U4" UBA.0A" -4" VA" V4" Ra.IE.7" R4" J.32IAaQe.BBA" =4" SAIA0" J4" AD" .B," SSQ)+++*4" ." XAC678"
:A7AI.D267"d;7"HQ9AI327.B"-27.0A"NdH-O"L712/2D6I"F6I"D1A"9IA.D3A7D"6F"L826Y.D12C"Z;B367.IE"=2/I6020,""
S#(" cHT>JX9RHTLH:" 95>JRZ>c9LSX" LH" LZ=," R3AI2C.7" 916I.C2C" X6C2ADE" L7DAI7.D267.B" S67FAIA7CA"
R/0DI.CD0P"R3AI2C.7"916I.C2C"X6C2ADEM"!+*',"Y,"R%$+)QR,"

**!," Z6Y321.qB6K"g4"X;D1AIB.78"Td4"56I.7":X4":1601"R4"]E7C1"TR4"H6/BA"Zb4"AD".B,"SSQ)+++*4"."CQd;7"
HQDAI327.B"G27.0A"NdH-O"2712/2D6I4"27"Y.D2A7D0"@2D1"Y;B367.IE"F2/I6020P"8A02?7"6F"."Y1.0A"!4"I.786320A84"
YB.CA/6QC67DI6BBA8"DI2.B,"UWd"kYA7"JA0Y2I"JA0,"!+!!M)N*O,"

**#," RK6;.C"d4"Z.B;3/6"-4"963C2G"W4"gAII"Z4"TAA0"S4"56I7"R4"AD".B,"L712/2D267"6F".CD2K.D6I"YI6DA27"*"
02?7.B27?" ./I6?.DA0" DI.70F6I327?" ?I6@D1" F.CD6I" uQ3A82.DA8" .CD2K.D267" 6F" F2/I6/B.0D0" .78" YIAKA7D0"
A<YAI23A7D.B"F2/I6020,"RID1I2D20"J1A;3,"!+*!M&$N%OP*&$!Q%!,"

**$," S1.GI./6IDE"T4"|;36K}"U4"W.BB.76"94"S1A7"Sb4"T20DBAI"R4"UAI?3.77"S4"AD".B,"RCD2K.D267"6F"X9R9#"
27DA?I.DA0" C63367" YI6F2/I6D2C" Y.D1@.E0" D6" YI636DA" F2/I6/B.0D" .CD2K.D267" .78" D200;A" F2/I6020," H.D"
S633;7,"!+*'M(N*OP**#+,"



! *&("

**%," T20DBAI"R4"g2A3AI"S4"UAEAI"S4"]27"HV4"S1A7"Sb4"Z.B;3/6QgAII"-4"AD".B,"L7.CD2K.D267"6F"AKA77A00"
27DAII;YDA8"N>eLO"IA8;CA0"A<YAI23A7D.B"F2/I6020"/E"C63/27A8"2712/2D267"6F"C.7672C.B".78"767QC.7672C.B"
b7D"02?7.BB27?,"R77"J1A;3"T20,"!+*$M'#N#OP&!$Q',"

**&," W."=V4"=B.7C"JX4"9A0C1":54"5.7"V4"RDG270"JS4"UA77ADD"U]4"AD".B,"R"Y.D16?A72C"I6BA"F6I"CQd;7".3276Q
DAI327.B"G27.0A"02?7.B27?"27"IA7.B"F2/I6020".78"D;/;B.I"CABB".Y6YD6020,"d"R3"X6C"HAY1I6B,"!++'M*(N!OP$'!Q
($,"

**'," b.7?"V4"S1A7"]4"b.7?"-4"T."V4"g16;"W4"V.7"54"AD".B,"X;YYIA00267"6F"9JZW!"IA8;CA0"IA7.B"F2/I6020"
.78"27FB.33.D267"D1I6;?1"/B6CG27?"9:=Qu*QIA?;B.DA8"dH-".CD2K.D267,"U263A82C27A"m"Z1.I3.C6D1AI.YE,"
!+*)M*!+P*+)%%&,"

**(," ]27"gh4"-6786"94" L0128."V4"9.G.E.0;"94"W;G.28."H,">00A7D2.B" 27K6BKA3A7D"6F" L]Q&" 27" D1A" 0G27"
@6;78Q1A.B27?"YI6CA00" .0" AK28A7CA8"/E"8AB.EA8"@6;78"1A.B27?" 27" L]Q&Q8AF2C2A7D"32CA," d" ]A;G6C"U26B,"
!++#M'#N&OP'*#Q!*,"

**)," ]A"9Q994"-.I36;DEQh;27D.7."54"WAB2C6FF">4"]A"9Q994"bA7?"94"S1A7"HQV4"AD".B,"UB6CG.8A"6F"L]Q&"
9I.70"X2?7.B27?"RDDA7;.DA0"Z;B367.IE"=2/I6020,"91A"d6;I7.B"6F"L33;76B6?E,"!+*$M*)#N'OP#'%%Q&(,"

*!+," Z.Y2I20"XR4"96360"LZ4"-.I.G.D0.72"R4"XY.D120"R4"-6I/2B."L4"R7.B2D20"R4"AD".B,"52?1"BAKAB0"6F"L]Q&".78"
L]Q("C1.I.CDAI2aA"A.IBEQ67"2826Y.D12C"Y;B367.IE"F2/I6020".C;DA"A<.CAI/.D2670,"SED6G27A,"!+*(M*+!P*&(Q
'!,"

*!*," b1AABAI"TX4"W20;32"-4"b.BGAI"HW4"e2DD.B"J4"S63/0"WZ4"R6G2"V4"AD".B,"L7DAIBA;G27"&"DI.70Q02?7.B27?"
20"."CI2D2C.B"8I2KAI"6F"B;7?".BB6?I.FD"F2/I6020,"R3"d"9I.70YB.7D,"!+!*M!*N'OP!#&+Q'*,"

*!!," -6I0."-4"X12@A7"j4"XKADB.7."H4">33."TQX4"T.K28"R4"S1I20D6Y1AI"ZT4"AD".B,"SB272C.B".78"Y.D16B6?2C.B"
02?72F2C.7CA" 6F" 27DAIBA;G27" &" 6KAIA<YIA00267" 27" 0E0DA32C" 0CBAI6020," R77.B0" 6F" D1A"J1A;3.D2C"T20A.0A0,"
!+*!M'*N'OP*!#%,"

*!#," T;F6;I"RW4"RBK.IAa"W4"J;006"U4"S12aa6B272"S,"L7DAIBA;G27Q&".78"9EYAQL"S6BB.?A7"ZI68;CD267"/E"
XE0DA32C" XCBAI6020" =2/I6/B.0D0" RIA" T2FFAIA7D2.BBE" JA?;B.DA8" /E" L7DAIBA;G27Q*'R" 27" D1A" ZIA0A7CA" 6F"
9I.70F6I327?":I6@D1"=.CD6IQUAD."*,"=I67D2AI0"27"L33;76B6?E,"!+*(M),"

*!$," :1.a2a.8A1"W4"960."W4"X1232a;"54"5E.G;06G;"54"-.@.7.32"k,"=;7CD267.B"23YB2C.D2670"6F"D1A"L]Q
&"02?7.B27?"Y.D1@.E"27"GAB628"Y.D16?A7A020,"d"L7KA0D"TAI3.D6B,"!++'M*!'N*OP)(Q*+%,"

*!%," ZAC1G6K0GE" Te4" ZIvBA" SW4" b67?" d4" 56?./6.3" SW4" WCR7;BDE" Jd4" ].;IA7D" :d4" AD" .B," X9R9#Q
3A82.DA8"02?7.B27?"8E0IA?;B.DA0"B;7?"F2/I6/B.0DQ3E6F2/I6/B.0D".CD2K.D267".78"82FFAIA7D2.D267"27"cLZ^LZ=,"
R3"d"Z.D16B,"!+*!M*(+N$OP*#)(Q$*!,"

*!&," RBD16FF" -4" JA88E" Z4" e6BDa" H4" J60AQd617" X4" WfBB/AI?" d," X1A8827?" 6F" 27DAIBA;G27Q&" IACAYD6I" .78"
D;36I"7ACI6020"F.CD6I".BY1.,"S67DI2/;D267"6F"D1A"0D.BG"0Ai;A7CA"D6"D1A"CBA.K.?A"Y.DDAI7"6F"DI.703A3/I.7A"
YI6DA270,">;I"d"U26C1A3,"!+++M!&'N)OP!&!$Q#*,"

*!'," ]2"V4"g1.6"d4"V27"V4"]2"-4"g1.7?"S4"g1A7?"V,"91A"J6BA"6F"L]Q&"27"=2/I6D2C"T20A.0A0P"W6BAC;B.I".78"
SABB;B.I"WAC1.72030,"L7D"d"U26B"XC2,"!+!!M*(N*$OP%$+%Q*$,"

*!(," J60AQd617" X4" dA7G270" Ud4" :.I/AI0" S4" W6BB" dW4" XC1ABBAI" d," 9.I?AD27?" L]Q&" DI.70Q02?7.BB27?P" Y.0D4"
YIA0A7D".78"F;D;IA"YI60YACD0,"H.D;IA"JAK2A@0"L33;76B6?E,"!+!#,"

*!)," JAA1"54"J;86BY1"H4"U2BB27?"c4"S1I20DA7"54"XDIA2F"X4"U;BB27?AI">4"AD".B,"JA0Y670A"D6"L]Q&"DI.70Q".78"
L]Q&" CB.002C" 02?7.BB27?" 20" 8ADAI327A8" /E" D1A" I.D26" 6F" D1A" L]Q&" IACAYD6I" ~" D6" ?Y*#+" A<YIA00267P" F;027?"
A<YAI23A7D.B"2702?1D0".78"8E7.32C"368ABB27?,"SABB"S633;72C.D267".78"X2?7.B27?,"!+*)M*'N*OP$&,"

*#+," W67D?63AIE"R4"9.3"=4":;I0C1A"S4"S1A7AK.B"S4"UA0BAI"-4">770"b4"AD".B,"kKAIB.YY27?".78"820D27CD"
/26B6?2C.B" AFFACD0"6F" L]Q&" CB.002C" .78" DI.70Q02?7.B27?" 27"K.0C;B.I"A786D1AB2.B" CABB0,"R3AI2C.7" d6;I7.B"6F"
Z1E026B6?EQSABB"Z1E026B6?E,"!+!*M#!+N$OPS%%$QS&%,"

*#*," ];0D"dR4"T676K.7"-R4"-B27A"WZ4":IA2YY"ZJ4"-EBA"JR4"W.21BA"Hd,"L06B.D267"6F".7"3JHR"A7C6827?"."
06B;/BA"F6I3"6F"D1A"1;3.7"27DAIBA;G27Q&"IACAYD6I,"SED6G27A,"*))!M$N!OP)&Q*++,"



! *&)"

*#!," 56B/I66G"-R4"UEAI0"Z54"Z277ABB"XJ,"91A"0DI;CD;IA".78"F;7CD267"6F"8AI3.B"C677ACD2KA"D200;A"27"
76I3.B" 2782K28;.B0" .78" Y.D2A7D0" @2D1" 271AI2DA8" C677ACD2KA" D200;A" 8206I8AI0," XC.7" >BACDI67" W2CI60C,"
*)(!NZD"$OP*'#*Q$$,"

*##," S.6"]4"].FE.D20"J4"U;IGBE"]S,"L7CIA.0A8"8AI3.B"C6BB.?A7"/;78BA".B2?73A7D"27"0E0DA32C"0CBAI6020"20"
.006C2.DA8"@2D1"."CABB"32?I.D267"02?7.D;IA".78"I6BA"6F"RI1?82/"27"82IACDA8"F2/I6/B.0D"32?I.D267"67".B2?7A8"
>SW0,"Z]6X"k7A,"!+*'M*!N&OPA+*(+'%*,"

*#$," 8A"eI2A0"5d4">7636D6"TH4"K.7"W.IBA"d4"K.7"g;2qBA7"ZZ4"WAGGA0"dJ4"U60"dT,"TAI3.B"6I?.72a.D267"27"
0CBAI68AI3.P"D1A"F.0D"=6;I2AI"DI.70F6I3".78"D1A"B.0AI"0C.DDAI"3AD168"6/qACD2FE"F2/I6020"27"767BA0267.B".0"
@ABB".0"BA0267.B"0G27,"]./"L7KA0D,"!+++M(+N(OP*!(*Q),"

*#%," ]27.IA0" 5R4" -20C1AI" Sb4" T6/IG6K0GE" W4" ].I067" T]," 91A" 120D26DEY2C" 6I?.72a.D267" 6F" D1A"
1EYAIDI6Y12C"0C.I"27"1;3.70,"d"L7KA0D"TAI3.D6B,"*)'!M%)N$OP#!#Q#*,"

*#&," 5k]WX9JRHT" -4" ]kH:RSJ>" dd4" T>X9>=RHk" :R," 95>" c]9JRX9JcS9cJ>" k=" Sk]]R:>H" LH"
X-LH4"XSRJX"RHT"->]kLTX,"ZB.0D2C".78"JAC670DI;CD2KA"X;I?AIE,"*)&*M!'N&OP%)'Q&+',"

*#'," W.IC60Q:.ICo0"e4"J260QH.K.II6"S4":z3AaQ96IIA0"=4":.K.I." d4" 8A"T260">4"T2.a"R4" AD" .B," =6;I2AI"
.7.BE020" 6F" C6BB.?A7" /;78BA" 6I2A7D.D267" 27" 3E6C.I82.B" 27F.ICD267" 0C.I0," 520D6C1A3" SABB" U26B,"
!+!!M*%(N%OP$'*Q(#,"

*#(," J2C1.I8067"bd4"SB.IGA"XR4"h;277"9R4"56B3A0"db,"Z1E026B6?2C.B"L3YB2C.D2670"6F"WE6C.I82.B"XC.I"
XDI;CD;IA,"S63YI"Z1E026B,"!+*%M%N$OP*(''Q)+),"

*#)," L?.B" :4" >KABE7" R4" dA772FAI" Sj4" H.D.B2." -4" RBA<.78I." H4" >882A" :4" AD" .B," =2/I6D2C" 1;3.7" B;7?"
A<DI.CABB;B.I" 3.DI2<" .0" ." 820A.0AQ0YAC2F2C" 0;/0DI.DA" F6I" #T" mBDMA3m?DM27QK2DI6mBDM^A3m?DM" 368AB0" 6F"
Y;B367.IE"F2/I6020,"/26J<2K,"!+*)P(##)*#,"

*$+," >I86?.7"U4"R6"W4"b12DA"]W4"WA.70"R]4"UIA@AI"UW4"V.7?"]4"AD".B,"S.7CAIQ.006C2.DA8"F2/I6/B.0D0"
YI636DA"82IACD267.B"C.7CAI"CABB"32?I.D267"/E".B2?727?"F2/I67ACD27,"d"SABB"U26B,"!+*'M!*&N**OP#'))Q(*&,"

*$*," kB;32"R=4":I600FAB8":T4"5.E@.I8"Xb4"S.II6BB"ZJ4"9B0DE"9T4"S;71.":J,"S.IC2763.Q.006C2.DA8"
F2/I6/B.0D0" 82IACD" D;36I" YI6?IA00267" 6F" 272D2.DA8" 1;3.7" YI60D.D2C" AY2D1AB2;3," S.7CAI" JA0,"
*)))M%)N*)OP%++!Q**,"

*$!," RB/IA7?;A0"d4"UAIDAI6"94":I.00AD">4"U67.7"X4"W.2AB"W4"U6;I?AD"L4"AD".B,">Y2?A7AD2C"0@2DC1"8I2KA0"D1A"
C67KAI0267"6F"F2/I6/B.0D0"27D6"YI627K.02KA"C.7CAIQ.006C2.DA8"F2/I6/B.0D0,"H.D"S633;7,"!+*%M&P*+!+$,"

*$#," ]23">d4"X;1"V4"-23"X4"-.7?"X:4"]AA"Xd,"=6ICAQ3A82.DA8"YI627K.02KA"3.DI2<"IA368AB27?"8I2KA7"/E"
D;36IQ.006C2.DA8"3A0A7C1E3.B"0DA3QB2GA"CABB0"27"?B26/B.0D63.,"UWU"JAY,"!+*(M%*N$OP*(!Q',"

*$$," X.7aQW6IA76" e4" :.??26B2" S4" VA6" W4" RB/IA7?;A0" d4" b.BB/AI?" =4" e2I60" R4" AD" .B," JkS-" .78" dR-*"
02?7.B27?" C66YAI.DA" D6" C67DI6B" .CD63E6027" C67DI.CD2B2DE" 27" D;36I" CABB0" .78" 0DI63.," S.7CAI" SABB,"
!+**M!+N!OP!!)Q$%,"

*$%," J6/AID0">b4"TA67.I27A"R4"d67A0"dk4"TA7D67"R>4"=A2?"S4"]E670"X-4"AD".B,"TAYBAD267"6F"0DI63.B"CABB0"
A<YIA0027?"F2/I6/B.0D".CD2K.D267"YI6DA27Q~"FI63"0GABAD.B"3;0CBA".78"/67A"3.II6@"IA0;BD0"27"C.C1A<2.".78"
.7A32.,"91A"d6;I7.B"6F"A<YAI23A7D.B"3A82C27A,"!+*#M!*+N&OP**#'Q%*,"

*$&," -I.3.7"W4"U.3/I6;?1"Zd4"RI76B8" dH4"J6/AID0">b4"W.?2AI."]4" d67A0" dk4" AD" .B," X;YYIA00267"6F"
.7D2D;36I" 233;72DE" /E" 0DI63.B" CABB0" A<YIA0027?" F2/I6/B.0D" .CD2K.D267" YI6DA27Q.BY1.," XC2A7CA,"
!+*+M##+N&++%OP(!'Q#+,"

*$'," -.BB;I2"J,"91A"/26B6?E".78"F;7CD267"6F"F2/I6/B.0D0"27"C.7CAI,"H.D"JAK"S.7CAI,"!+*&M*&N)OP%(!Q)(,"

*$(," ].a.I8" T4" X.0DIA" j4" =I28" W:4" :B;G16K." WR4" 912AIE" dZ4" -6DAB2.70GE" e>," ><YIA00267" 6F" 0366D1"
3;0CBAQ0YAC2F2C"YI6DA270"27"3E6AY2D1AB2;3".78"0DI63.B"3E6F2/I6/B.0D0"6F"76I3.B".78"3.B2?7.7D"1;3.7"
/IA.0D"D200;A,"ZI6C"H.DB"RC.8"XC2"c"X"R,"*))#M)+N#OP)))Q*++#,"

*$)," X.YY276"RZ4"XG.BB2"k4"d.CG067"U4"XC1fIC1"b4":.//2.72":,"X366D1Q3;0CBA"82FFAIA7D2.D267"27"0DI63.B"
CABB0"6F"3.B2?7.7D".78"767Q3.B2?7.7D"/IA.0D"D200;A0,"L7D"d"S.7CAI,"*)((M$*N%OP'+'Q*!,"



! *'+"

*%+," SB.IGA"Sd4"UAI?"9d4"U2IC1"d4">7720"T4"W2DC1ABB"]4"SB62<"S4"AD".B,"91A"L72D2.D6I"WAD126727A"DJHR"TI2KA0"
XACIAD267"6F"9EYA"LL"S6BB.?A7"FI63"XDI63.B"=2/I6/B.0D0"D6"ZI636DA"9;36I":I6@D1".78"R7?26?A7A020,"S;II"
U26B,"!+*&M!&N&OP'%%Q&%,"

*%*," XC16I"X]4">BB20"LJ4"d67A0"Xd4"U.2BB2A"J4"XA7AK2I.D7A"-4"SB.;0A7"d4"AD".B,"W2?I.D267Q0D23;B.D27?"F.CD6IP"
." ?A7AD2C.BBE" DI;7C.DA8" 67C6QFAD.B" F2/I67ACD27" 206F6I3" A<YIA00A8" /E" C.IC2763." .78" D;36IQ.006C2.DA8"
0DI63.B"CABB0,"S.7CAI"JA0,"!++#M&#N!$OP((!'Q#&,"

*%!," 9;<16I7" dR4" RE.B." :>4" X32D1" Wd4" X32D1" eS4" T.7?" 9T4" J6@BAE" TJ," JA.CD2KA" 0DI63." 27" 1;3.7"
YI60D.DA"C.7CAIP"278;CD267"6F"3E6F2/I6/B.0D"Y1A76DEYA".78"A<DI.CABB;B.I"3.DI2<"IA368AB27?,"SB27"S.7CAI"
JA0,"!++!M(N)OP!)*!Q!#,"

*%#," :.??26B2"S4"566YAI"X4"528.B?6QS.ICA86"S4":I600A"J4"W.I01.BB"d=4"5.II27?D67"-4"AD".B,"=2/I6/B.0DQBA8"
C6BBACD2KA"27K.0267"6F"C.IC2763."CABB0"@2D1"82FFAI27?"I6BA0"F6I"J16:9Z.0A0"27"BA.827?".78"F6BB6@27?"CABB0,"
H.D"SABB"U26B,"!++'M)N*!OP*#)!Q$++,"

*%$," ZI6KA7a.76"ZZ4">B2CA2I2"-b4"S.3Y/ABB"dW4"L73.7"TJ4"b12DA"d:4"-AABE"Zd,"S6BB.?A7"IA6I?.72a.D267"
.D"D1A"D;36IQ0DI63.B"27DAIF.CA"F.C2B2D.DA0"B6C.B"27K.0267,"UWS"WA8,"!++&M$N*OP#(,"

*%%," R3.D.7?AB6" WT4" U.002" T>4" -BA27QXa.7D6" Rd4" S;G2AI3.7" >," XDI63.Q8AI2KA8" D1IAAQ823A70267.B"
3.DI2CA0".IA"7ACA00.IE".78"0;FF2C2A7D"D6"YI636DA"8A036YB.0D2C"82FFAIA7D2.D267"6F"76I3.B"F2/I6/B.0D0,"R3"
d"Z.D16B,"!++%M*&'N!OP$'%Q((,"

*%&," b.7?"d54"d2."=4":2B/AID"9b4"b66"X],"SABB"6I2A7D.D267"8ADAI327A0"D1A".B2?73A7D"6F"CABBQYI68;CA8"
C6BB.?A76;0"3.DI2<,"d"U263AC1,"!++#M#&N*OP)'Q*+!,"

*%'," V.7?" H4" W601AI" J4" XA6" X4" UAA/A" T4" =I2A8B" R," XE78AC.7Q*" 27" /IA.0D" C.7CAI" 0DI63." F2/I6/B.0D0"
IA?;B.DA0" A<DI.CABB;B.I" 3.DI2<" F2/AI" 6I?.72a.D267" .78" C.IC2763." CABB" 36D2B2DE," R3" d" Z.D16B,"
!+**M*'(N*OP#!%Q#%,"

*%(," -23"R4"].G013.7"H4"ZADI6BB"bW,"h;.7D2D.D2KA".00A003A7D"6F"B6C.B"C6BB.?A7"3.DI2<"IA368AB27?"27"
#QT"C;BD;IAP"D1A"I6BA"6F"J16"G27.0A,"><Y"SABB"JA0,"!++&M#*!N*(OP#&(#Q)!,"

*%)," UI6@7F2AB8"T:4"eA7;?6Y.B.7":4"]6"R4"W6I2"54"9.77AI"-4"=BADC1AI"TR4"AD".B,"Z.DDAI7A8"C6BB.?A7"
F2/AI0" 6I2A7D" /I.7C127?" 3.33.IE" AY2D1AB2;3" D1I6;?1" 820D27CD" 02?7.B27?" 368;BA0," S;II" U26B,"
!+*#M!#N(OP'+#Q),"

*&+," :I.016FF"S4"56FF3.7"UT4"UIA77AI"WT4"g16;"J4"Z.I0670"W4"V.7?"W94"AD".B,"WA.0;I27?"3AC1.72C.B"
DA70267".CI600"K27C;B27"IAKA.B0"IA?;B.D267"6F"F6C.B".81A0267"8E7.32C0,"H.D;IA,"!+*+M$&&N'#+#OP!&#Q&,"

*&*," :.B/I.2D1" S:4" V.3.8." -W4" X1AADa" WZ," 91A" IAB.D267012Y" /AD@AA7" F6ICA" .78" F6C.B" C63YBA<"
8AKAB6Y3A7D,"d"SABB"U26B,"!++!M*%)N$OP&)%Q'+%,"

*&!," :6ADa" d:4"W27?;AD"X4"H.K.II6Q]oI28." L4"].aC.76" dd4" X.3.72A?6"J4"S.BK6">4"AD".B,"U263AC1.72C.B"
IA368AB27?"6F"D1A"32CI6A7K2I673A7D"/E"0DI63.B"C.KA6B27Q*"F.K6I0"D;36I"27K.0267".78"3AD.0D.020,"SABB,"
!+**M*$&N*OP*$(Q&#,"

*&#," =I.7C6QU.II.a." d4" =I.7CA0C67A" J4" ];67?" 94" X1.1" H4" W.81.72" J4" S;G2AI3.7" :4" AD" .B," W.DI2<Q
IA?;B.DA8"27DA?I27"~NKOuN%O"3.27D.270"~N%OuN*OQ8AYA78A7D"8A036YB.0D2C"DI.2D0"YI6?760D2C"6F"7A6YB.0D2C"
IAC;IIA7CA,">B2FA,"!+*'M&,"

*&$," XD.720.KBqAK2C"d4"]6;/.DQS.0.76K.0"d4"5AIIAI."W4"];i;A"94"ZA�."J4"]B;C1"R4"AD".B,"X7.2B*Q><YIA0027?"
=2/I6/B.0D0" 27" D1A"9;36I"W2CI6A7K2I673A7D"T20YB.E"WAC1.72C.B" ZI6YAID2A0"91.D" X;YY6ID"WAD.0D.020,"
S.7CAI"JA0A.IC1,"!+*%M'%N!OP!($Q)%,"

*&%," :.IC{.QZ.B3AI6"L4"96IIA0"X4"U.ID6B63o"JR4"ZAB}AaQ:.IC{."R4"].II2/."Wd4"]6YAaQ];CA786"W4"AD".B,"
9@20D*Q278;CA8".CD2K.D267"6F"1;3.7"F2/I6/B.0D0"YI636DA0"3.DI2<"0D2FF7A00"/E";YIA?;B.D27?"Y.BB.827".78"
C6BB.?A7"~*NeLO,"k7C6?A7A,"!+*&M#%N$+OP%!!$Q#&,"

*&&," ]AA"5k4"W;BB270"XJ4"=I.7C6QU.II.a."d4"e.B2.76;"W4"S;G2AI3.7">4"S1A7?"dT,"=RZQ6KAIA<YIA0027?"
F2/I6/B.0D0" YI68;CA" .7" A<DI.CABB;B.I" 3.DI2<" D1.D" A71.7CA0" 27K.02KA" KAB6C2DE" .78" 82IACD267.B2DE" 6F"
Y.7CIA.D2C"C.7CAI"CABB0,"UWS"S.7CAI,"!+**M**P!$%,"



! *'*"

*&'," XA2FAID"k4"WI6@2ADa"c,"-AB628"0C.II27?P"/A7C1".78"/A8028A,"RIC12KA0"6F"TAI3.D6B6?2C.B"JA0A.IC1,"
!++)M#+*N$OP!%)Q'!,"

*&(," H2A00A7" =U4" XY.;@A7" Z5W4" XC1.BG@2qG" d4" -67" W," k7" D1A" H.D;IA" 6F" 5EYAIDI6Y12C" XC.I0" .78"
-AB6280P"R"JAK2A@,"ZB.0D2C".78"JAC670DI;CD2KA"X;I?AIE,"*)))M*+$N%OP*$#%Q%(,"

*&)," X1.GAI" XR4" RE;6/" HH4" 5.qI.1" H5," SABB" D.BGP" ." Y1A763A767" 6/0AIKA8" 27" D1A" GAB628" 0C.I" /E"
233;76120D6C1A32C.B"0D;8E,"RYYB"L33;76120D6C1A3"W6B"W6IY16B,"!+**M*)N!OP*%#Q),"

*'+," X;YY" TW," R723.B" W68AB0" F6I" XD;82A0" 6F" -AB628" XC.II27?," R8K" b6;78" S.IA" NHA@" J6C1ABBAO,"
!+*)M(N!OP''Q(),"

*'*," ]AA"XX4"V602Y6K2DC1":4"S1.7"V54":61"S],"ZI;I2D;04"Y.274".78"03.BB"7AIKA"F2/AI"F;7CD267"27"GAB6280P"
."C67DI6BBA8"0D;8E,"d"R3"RC.8"TAI3.D6B,"!++$M%*N&OP*++!Q&,"

*'!," S12GAQk/2" Sd4" S6BA"ZT4"UI200ADD"R>,"-AB6280P" Y.D16?A7A0204" CB272C.B" FA.D;IA04" .78"3.7.?A3A7D,"
XA327"ZB.0D"X;I?,"!++)M!#N#OP*'(Q($,"

*'#," ]A" RT4" g1.7?" h4" b;" V4" WA00.82" Te4" RG1678a.8A1" R4" H?;EA7" R]4" AD" .B," >BAK.DA8" K.0C;B.I"
A786D1AB2.B"?I6@D1"F.CD6I"27"GAB6280P"IABAK.7CA"D6"D200;A"F2/I6020,"SABB0"9200;A0"kI?.70,"!++$M*'&N*Q#OP('Q
)$,"

*'$," RYYBAD67" L4" UI6@7" Hd4" b2BB6;?1/E" TR," RY6YD60204" 7ACI60204" .78" YI6B2FAI.D267P" Y6002/BA"
23YB2C.D2670"27"D1A"AD26B6?E"6F"GAB6280,"R3"d"Z.D16B,"*))&M*$)N%OP*$$*Q',"

*'%," ]6;@"]4"K.7"8AI"bA0D1;2aA7"dZ4"T;EKA7A"8A"b2D"]4">8@.I80":,"-AB6280P"YAI2Y1AI.B".78"CA7DI.B"
82FFAIA7CA0"27"CABB"36IY16B6?E".78"F.DDE".C28"C63Y602D2670"6F"B2Y280,"R8K"><Y"WA8"U26B,"*))'M$+'P%*%Q!+,"

*'&," e.I3A1" X4" >?2." R4" WC:I6;D1AI" T4" 9.1.7" XJ4" U.E.D" R4" Z.786BF2" ZZ," SABB;B.I" 0A7A0CA7CA" .0" ."
Y6002/BA"3AC1.7203"F6I"1.BD27?"YI6?IA00267"6F"GAB628"BA02670,":A7A0"S.7CAI,"!+**M!N**OP*+&*Q&,"

*''," X;DD16"T4"W.7G1ADG6I7"X4"U278."T4"Z.a.ID"]4"5;3/AID"Z4"J6B27":,"#T"368AB27?"6F"GAB628"0C.I0"27"
K2DI6"/E"CABB".78"D200;A"A7?27AAI27?,"RIC1"TAI3.D6B"JA0,"!+*'M#+)N*OP%%Q&!,"

*'(," ];"=4":.6"d4"k?.@."J4"5E.G;06G;"54"k;"S,"U26B6?2C.B"82FFAIA7CA0"/AD@AA7"F2/I6/B.0D0"8AI2KA8"FI63"
YAI2Y1AI.B".78"CA7DI.B".IA.0"6F"GAB628"D200;A0,"ZB.0D"JAC670DI"X;I?,"!++'M*!+N#OP&!%Q#+,"

*')," XA2FAID"k4"U.E.D"R4":AFFAI0"J4"T2A7;0"-4"U;AI" d4" ]tF?IA7" X4" AD" .B," L8A7D2F2C.D267"6F" ;72i;A" ?A7A"
A<YIA00267"Y.DDAI70"@2D127"82FFAIA7D"BA0267.B"02DA0"6F"GAB6280,"b6;78"JAY.2I"JA?A7,"!++(M*&N!OP!%$Q&%,"

*(+," d;3YAI"H4"568?G27067"94"Z.;0"J4"U.E.D"R,"R"J6BA"F6I"HA;IA?;B27Q*"27"ZI636D27?"-AB628"=2/I6/B.0D"
W2?I.D267"K2.">I/U!Q3A82.DA8"X2?7.B27?,"RCD."TAI3"eA7AIA6B,"!+*'M)'N&OP&'%Q($,"

*(*," ]2;"h4"b.7?"j4"d2."V4"]67?"j4"V;"H4"b.7?"V4"AD".B,"L7CIA.0A8"/B668"FB6@"27"GAB6280".78".8q.CA7D"
0G27"IAKA.BA8"/E"B.0AI"0YACGBA"C67DI.0D"23.?27?,"].0AI0"X;I?"WA8,"!+*&M$(N$OP#&+Q$,"

*(!," 5.17"dW4":B.0AI"-4"WC=.IB.78"-]4"RI676@"Ud4"U6ECA"X94"X;YY"TW,"-AB628Q8AI2KA8"GAI.D276CEDA0"
A<12/2D".7"./76I3.B"?A7A"A<YIA00267"YI6F2BA"C67020DA7D"@2D1"."820D27CD"C.;0.B"I6BA"27"GAB628"Y.D16B6?E,"
b6;78"JAY.2I"JA?A7,"!+*#M!*N$OP%#+Q$$,"

*(#," SkXWRH" U4" SJL->]RLJ" :=4" dc" TWS4" :Rc]LH" dS4" ]R99>X" J," 95>" XcJ:LSR]" 9J>R9W>H9" k="
->]kLTX,"ZB.0D2C".78"JAC670DI;CD2KA"X;I?AIE,"*)&*M!'N$OP##%Q%(,"

*($," XC12AIBA"5Z4"XC16Ba"T4"]A3YAIBA":,">BAK.DA8"BAKAB0"6F"DA0D60DAI67A"IACAYD6I0"27"GAB628"D200;AP".7"
A<YAI23A7D.B"27KA0D2?.D267,"ZB.0D"JAC670DI"X;I?,"*))'M*++N!OP#)+Q%M"820C;00267"&,"

*(%," L/I.123"H>4"X1.1.I.7"X4"T1A.70."U,"R8KAI0A">FFACD0"6F"ZIA?7.7CE"67"-AB6280".78"5EYAIDI6Y12C"
XC.I0,"S;IA;0,"!+!+M*!N*!OPA*!*%$,"

*(&," J6/BA0"T94"UAI?"T,"R/76I3.B"@6;78"1A.B27?P"GAB6280,"SB272C0"27"TAI3.D6B6?E,"!++'M!%N*OP!&Q#!,"

*('," W;0D6A"9R4"S66DAI"JT4":6B8"W54"56//0"=T4"J.3ABAD"RR4"X1.GA0YA.IA"Z:4"AD".B," L7DAI7.D267.B"
CB272C.B"IAC633A78.D2670"67"0C.I"3.7.?A3A7D,"ZB.0D"JAC670DI"X;I?,"!++!M**+N!OP%&+Q'*,"



! *'!"

*((," Z66C1.IA67" eH4" UAI3.7" U," HA@" D1AI.Y2A0" F6I" D1A" 3.7.?A3A7D" 6F" GAB6280," d" SI.726F.C" X;I?,"
!++#M*$N%OP&%$Q',"

*()," ]AA"V4"W277"-b4"U.AG"JW4"567?"dd,"R"7A@"0;I?2C.B"DIA.D3A7D"6F"GAB628P"GAB628"C6IA"A<C20267,"R77"
ZB.0D"X;I?,"!++*M$&N!OP*#%Q$+,"

*)+," RBQRDD.I"R4"WA00"X4"9163.00A7"dW4"-.;FF3.7"S]4"T.K2067"XZ,"-AB628"Y.D16?A7A020".78"DIA.D3A7D,"
ZB.0D"JAC670DI"X;I?,"!++&M**'N*OP!(&Q#++,"

*)*," g;/AI"9d4"TAb2DD"T>,">.IB6/A"GAB6280,"R3"=.3"Z1E02C2.7,"*))$M$)N(OP*(#%Q$*,"

*)!," :;2<"U74"5A7IÄÅi;Aa"L4"R78Io0"R4"=27A0DIA0"=4"9ABB6"dL4"W.IDÄÅ7Aa"R,"9IA.D3A7D"6F"GAB6280"/E"12?1Q
860AQI.DA" /I.C1ED1AI.YEP" R" 0AKA7QEA.I" 0D;8E," L7DAI7.D267.B" d6;I7.B" 6F" J.82.D267"
k7C6B6?EÇU26B6?EÇZ1E02C0,"!++*M%+N*OP*&'Q'!,"

*)#," :.I?"W-4"bA200"Z4"X1.I3."R-4":6IB.":J4"d.??AI7.;D1"b4"V.Y.IY.BK2"J4"AD".B,"R8q;K.7D"12?1"860A"
I.DA"/I.C1ED1AI.YE"NLIQ*)!O"27"D1A"3.7.?A3A7D"6F"GAB6280"@12C1"1.KA"IAC;IIA8".FDAI"0;I?2C.B"A<C20267"
.78"A<DAI7.B"I.82.D267,"J.826D1AI.YE".78"k7C6B6?E,"!++$M'#N!OP!##Q&,"

*)$," TA"kB2KA2I.":e4"H;7A0"9R4"W.?7."]R4"S27DI."W]4"-2DDA7":94"g.IYABB67"X4"AD".B,"X2B2C67A"KAI0;0"
H6702B2C67A":AB"TIA0027?0P"R"S67DI6BBA8"9I2.B,"TAI3.D6B6?2C"X;I?AIE,"!++*M!'N(OP'!*Q&,"

*)%," 9.78.I." RR4" W;0D6A" 9R," 91A" I6BA" 6F" D1A" AY28AI320" 27" D1A" C67DI6B" 6F" 0C.II27?P" AK28A7CA" F6I"
3AC1.7203"6F".CD267"F6I"02B2C67A"?AB,"d"ZB.0D"JAC670DI"RA0D1AD"X;I?,"!++(M&*N*+OP*!*)Q!%,"

*)&," UAI3.7"U4"=B6IA0"=,"S63Y.I2067"6F"."02B2C67A"?ABQF2BBA8"C;01267".78"02B2C67"?AB"01AAD27?"F6I"D1A"
DIA.D3A7D"6F"1EYAIDI6Y12C"6I"GAB628"0C.I0,"TAI3.D6B"X;I?,"*)))M!%N&OP$($Q&,"

*)'," ksUI2A7"]4" d67A0"Td,"X2B2C67A"?AB"01AAD27?"F6I"YIAKA7D27?".78"DIA.D27?"1EYAIDI6Y12C".78"GAB628"
0C.I0,"S6C1I.7A"T.D./.0A"XE0D"JAK,"!+*#M!+*#N)OPS8++#(!&,"

*)(," ]23.78q.q." :S4" H2A00A7" =U4" XC1AYAI" Jd4" :2//0" X," 91A" -AB628" T206I8AIP" 5ADAI6?A7A2DE4"
520D6Y.D16B6?E4"WAC1.72030".78"W68AB0,"=I67D"SABB"TAK"U26B,"!+!+M(P#&+,"

*))," kB;@.0.732"dk,"-AB6280"27"D1A"RFI2C.7,"SB27"ZB.0D"X;I?,"*)'$M*N*OP*')Q)%,"

!++," -2YI676" X-4" S1.;B." UW4" W.0A7?." d>4" W;C1;7;" db4" W.K;I." TJ4" W6A1IBA" W," >Y28A326B6?E" 6F"
GAB6280" 27" 76I3.BBE" Y2?3A7DA8" RFI2C.70" .78" RFI2C.7" YA6YBA" @2D1" .B/27203P" Y6Y;B.D267Q/.0A8" CI600Q
0ACD267.B"0;IKAE,"UI2D201"d6;I7.B"6F"TAI3.D6B6?E,"!+*%M*'#N#OP(%!Q$,"

!+*," ]6;@"],"-AB6280"27"I;I.B"/B.CG"X6;D1"RFI2C.70,"Z.ID"*P"?A7AI.B"6KAIK2A@".78"A00A7D2.B"F.DDE".C28"
1EY6D1A0A0" F6I" GAB628" F6I3.D267" .78" YIAKA7D267," ZI60D.?B.78270" ]A;G6D" >00A7D" =.DDE" RC280,"
!+++M&#N%OP!#'Q$%,"

!+!," 9;B.782" 94" RBQX.77.7" U4" RG/.I" :4" g2A?BAI" S4" W27AI" ]," ZI60YACD2KA" 0D;8E" 6F" 27DI../86327.B"
.81A02670" .367?" @63A7" 6F" 82FFAIA7D" I.CA0" @2D1" 6I" @2D16;D" GAB6280," R3" d" k/0DAD" :E7AC6B,"
!+**M!+$N!OP*#!,A*Q$,"

!+#," g1;"=4"b;"U4"]2"Z4"b.7?"d4"9.7?"54"]2;"V4"AD".B,"R006C2.D267"0D;8E"C67F2I3A8"0;0CAYD2/2B2DE"B6C2"@2D1"
GAB628"27"D1A"S127A0A"5.7"Y6Y;B.D267,"Z]6X"k7A,"!+*#M(N%OPA&!#'',"

!+$," H.G.0123."W4"S1;7?"X4"9.G.1.012"R4"-.3.D.72"H4"-.@.?;C12"94"90;768."94"AD".B,"R"?A763AQ@28A"
.006C2.D267"0D;8E"28A7D2F2A0"F6;I"0;0CAYD2/2B2DE"B6C2"F6I"GAB628"27"D1A"d.Y.7A0A"Y6Y;B.D267,"H.D;IA":A7AD2C0,"
!+*+M$!N)OP'&(Q'*,"

!+%," W.I7AI60" R:4" H6II20" d>S4" b.D.7./A" X4" JA2C1A7/AI?AI" >4" kB0A7" UJ," :A763A" XC.70" ZI6K28A"
>K28A7CA" F6I" -AB628" X;0CAYD2/2B2DE" ]6C2" 67" S1I636063A0" !i!#" .78" 'Y**," d6;I7.B" 6F" L7KA0D2?.D2KA"
TAI3.D6B6?E,"!++$M*!!N%OP**!&Q#!,"

!+&," S1A7"V4":.6"d54"V.7"j4"X67?"W4"]2;"jd,"[]6C.D267"6F"YIA820Y6027?"?A7A"F6I"67A"5.7"S127A0A"GAB628"
YA82?IAA\,"g167?1;."g1A7?"j27?"b.2"-A"g."g12,"!++'M!#N!OP*#'Q$+,"

!+'," U.E.D"R4"U6CG"k4"WI6@2ADa"c4"kBB2AI"b>4"=AI?;067"Wb,":A7AD2C"0;0CAYD2/2B2DE"D6"GAB628"820A.0A"
.78"DI.70F6I327?"?I6@D1"F.CD6I"/AD."!"Y6BE36IY12030,"UI"d"ZB.0D"X;I?,"!++!M%%N$OP!(#Q&,"



! *'#"

!+(," U.E.D"R4"U6CG"k4"WI6@2ADa"c4"kBB2AI"b>J4"=AI?;067"Wbd,":A7AD2C"X;0CAYD2/2B2DE"D6"-AB628"T20A.0A"
.78"5EYAIDI6Y12C"XC.II27?P"9I.70F6I327?":I6@D1"=.CD6I"u*"S63367"Z6BE36IY12030".78"ZB.03."]AKAB0,"
ZB.0D2C".78"JAC670DI;CD2KA"X;I?AIE,"!++#M***N!O,"

!+)," U.E.D"R4"b.BDAI"dW4"U6CG"k4"WI6@2ADa"c4"kBB2AI"b>4"=AI?;067"Wb,":A7AD2C"0;0CAYD2/2B2DE"D6"GAB628"
820A.0AP"3;D.D267"0CIAA727?"6F"D1A"9:=/AD.#"?A7A,"UI"d"ZB.0D"X;I?,"!++%M%(N'OP)*$Q!*,"

!*+," UI6@7"dd4"kBB2AI"b4"RI0C6DD":4"-A"j4"].3/"d4"T.E"Z4"AD".B,":A7AD2C"0;0CAYD2/2B2DE"D6"-AB628"0C.II27?P"
XWRT"?A7A"XHZ"FIAi;A7C2A0"27"RFI6QS.I2//A.70,"><YAI23A7D.B"TAI3.D6B6?E,"!++(M*'N'OP&*+Q#,"

!**," b;" S4" W6II20" dJ," :A7A04" ?A7AD2C04" .78" AY2?A7AD2C0P" ." C6IIA0Y678A7CA," XC2A7CA,"
!++*M!)#N%%#!OP**+#Q%,"

!*!," RBB20"ST4"dA7;@A27"9,"91A"36BAC;B.I"1.BB3.IG0"6F"AY2?A7AD2C"C67DI6B,"H.D;IA"JAK2A@0":A7AD2C0,"
!+*&M*'N(OP$('Q%++,"

!*#," H.7.E.GG.I."Zb4"-2AFDAQ8A"d67?"dS4"XDA16;@AI"ST4"K.7"LDDAI0;3"=d4"kBD16F"WJ4"-6G"JW4"AD".B,"
R006C2.D267"/AD@AA7"?B6/.B"BA;G6CEDA"THR"3AD1EB.D2674"IA7.B"F;7CD2674"C.I6D28"27D23.Q3A82."D12CG7A00"
.78"YB.03."1636CE0DA27A"27"Y.D2A7D0"@2D1"0D.?A"!Q$"C1I672C"G287AE"820A.0A,"HAY1I6B"T2.B"9I.70YB.7D,"
!++(M!#N(OP!%(&Q)!,"

!*$," h27"]4"5.7"VQZ,">Y2?A7AD2C"JAYIA00267"6F"W.DI2<"WAD.BB6YI6DA27.0A0"27"WE6F2/I6/B.0D2C"5AY.D2C"
XDABB.DA"SABB0"D1I6;?1"520D67A"TA.CADEB.0A0"$P"L3YB2C.D267"27"9200;A"=2/I6020,"91A"R3AI2C.7"d6;I7.B"6F"
Z.D16B6?E,"!+*+M*''N$OP*)*%Q!(,"

!*%," S6@.I8" bJ4" b.DD0" -4" =A?1.B2QU60D@2CG" SR4" -76<" R4" Z.7?" ]," TAFACD2KA" 120D67A" .CADEB.D267" 20"
IA0Y6702/BA"F6I"D1A"82327201A8"A<YIA00267"6F"CECB66<E?A7.0A"!"27"2826Y.D12C"Y;B367.IE"F2/I6020,"W6B"SABB"
U26B,"!++)M!)N*%OP$#!%Q#),"

!*&," 5A33.D.a.8"54"J68I2?;A0"5W4"W.;IAI"U4"UIA7D.76"=4"Z2BACGEDA"W4"T20DBAI"d5b4"AD".B,"520D67A"
8A.CADEB.0A" '4" ." Y6DA7D2.B" D.I?AD" F6I" D1A" .7D2F2/I6D2C" DIA.D3A7D" 6F" 0E0DA32C" 0CBAI6020," RID1I2D20" .78"
J1A;3.D203,"!++)M&+N%OP*%*)Q!),"

!*'," X.78AI0" VV4" Z.I86" R4" XAB3.7" W4" H;6K6" :d4" 96BBAF0/6B" 9k4" X2A?.B" :Z4" AD" .B," 91EQ*" YI636DAI"
1EYAI3AD1EB.D267P"."76KAB"AY2?A7AD2C"Y.D16?A72C"3AC1.7203"27"Y;B367.IE"F2/I6020,"R3"d"JA0Y2I"SABB"W6B"
U26B,"!++(M#)N%OP&*+Q(,"

!*(," U2.7">U4"5;.7?"S4"b.7?"54"S1A7"jj4"g1.7?"]4"]K"jb4"AD".B,"JAYIA00267"6F"X3.8'"3A82.DA8"/E"
THW9*" 8ADAI327A0" 1AY.D2C" 0DABB.DA" CABB" .CD2K.D267" .78" B2KAI" F2/I6020" 27" I.D0," 96<2C6B" ]ADD,"
!+*$M!!$N!OP*'%Q(%,"

!*)," ]AA" 9W4" ]27" WX4" S1.7?" HS," L712/2D267" 6F" 120D67A" 8A.CADEB.0A" 67" KA7DI2C;B.I" IA368AB27?" 27"
27F.ICDA8"I.D0,"R3"d"Z1E026B"5A.ID"S2IC"Z1E026B,"!++'M!)#N!OP5)&(Q'',"

!!+," -.7?"X54"XA6G"VW4"X67?"Wd4"]AA"5R4"-;Ia"94"-23"L,"520D67A"8A.CADEB.0A" 2712/2D267".DDA7;.DA0"
C.I82.C"1EYAIDI6Y1E".78" F2/I6020" D1I6;?1".CADEB.D267"6F"327AI.B6C6ID2C628" IACAYD6I" 27" 0Y67D.7A6;0BE"
1EYAIDA702KA"I.D0,"W6B"Z1.I3.C6B,"!+*%M('N%OP'(!Q)*,"

!!*," :BA720067" b4" S.0DI676K6" e4" b.BDIA?7E" T," 520D67A" 8A.CADEB.0A" $" 20" IAi;2IA8" F6I" 9:=/AD.*Q
278;CA8"3E6F2/I6/B.0D2C"82FFAIA7D2.D267,"U26C123"U26Y1E0"RCD.,"!++'M*''#N*+OP*%'!Q(!,"

!!!," ]2;"H4"5A"X4"W."]4"Z677;0.3E"W4"9.7?"d4"96B/AID">4"AD".B,"UB6CG27?"D1A"CB.00"L"120D67A"8A.CADEB.0A"
.3AB26I.DA0" IA7.B" F2/I6020" .78" 2712/2D0" IA7.B" F2/I6/B.0D" .CD2K.D267"K2."368;B.D27?"9:=Q/AD." .78">:=J"
02?7.B27?,"Z]6X"k7A,"!+*#M(N*OPA%$++*,"

!!#," T27?"H4"V;"J94"X;/I.3.72.3"H4"X1AI3.7"W54"b2B067"S4"J.6"J4"AD".B,"R"K2D.327"T"IACAYD6I^XWRT"
?A7632C"C2IC;2D"?.DA0"1AY.D2C"F2/I6D2C"IA0Y670A,"SABB,"!+*#M*%#N#OP&+*Q*#,"

!!$," d67A0"]J4"V6;7?"b4"T2K27A":4"T.DD."L4"S1A7"-W4"ka6?"T4"AD".B,":A763AQb28A"XC.7"F6I"WAD1EB.D267"
ZI6F2BA0"27"-AB6280,"T20"W.IGAI0,"!+*%M!+*%P)$#*'&,"



! *'$"

!!%," :.IC2.QJ68I2?;Aa"]4"d67A0"]4"S1A7"-W4"T.DD."L4"T2K27A":4"b6I01.3"Wd,"S.;0.B"7AD@6IG".7.BE020"
6F"1A.8".78"7ACG"GAB628"D200;A"28A7D2F2A0"Y6DA7D2.B"3.0DAI"IA?;B.D6I0,"].IE7?60C6YA,"!+*&M*!&N*+OP>#*)Q
!$,"

!!&," d67A0"]J4":IAA7A"d4"S1A7"-W4"T2K27A":4"S12D.BA"T4"X1.1"e4"AD".B,"U26B6?2C.B"02?72F2C.7CA"6F"?A763AQ
@28A"THR"3AD1EB.D267"YI6F2BA0"27"GAB6280,"].IE7?60C6YA,"!+*'M*!'N*OP'+Q(,"

!!'," >"V4"h2Y."g4"5A7?01;"g,"91A"><YIA00267"6F"THW9*"27"Z.D16B6?2C"XC.I"=2/I6/B.0D0".78"D1A">FFACD"
6F"%Q.a.Q!QTA6<ECED2827A"67"SED6G27A0"6F"Z.D16B6?2C"XC.I"=2/I6/B.0D0,"b6;780,"!+*$M!&N%OP*#)Q$&,"

!!(," k?.@."J,"-AB628".78"5EYAIDI6Y12C"XC.I0"RIA"D1A"JA0;BD"6F"S1I672C"L7FB.33.D267"27"D1A"JAD2C;B.I"
TAI320,"L7D"d"W6B"XC2,"!+*'M*(N#O,"

!!)," U.E.D" R4" RI0C6DD" :4" kBB2AI" b>4" =AI?;067" Wb4" WC" :I6;D1AI" TR," TA0CI2YD267" 6F" 02DAQ0YAC2F2C"
36IY16B6?E"6F"GAB628"Y1A76DEYA0"27".7"RFI6C.I2//A.7"Y6Y;B.D267,"UI"d"ZB.0D"X;I?,"!++$M%'N!OP*!!Q##,"

!#+," U.?./2I"J4"UEAI0"Jd4"S1.;81IE"L54"WfBBAI"b4"Z.;0"J4"U.E.D"R,"X2DAQ0YAC2F2C"233;76Y1A76DEY27?"
6F" GAB628" 820A.0A" 8A3670DI.DA0" 233;7A";YIA?;B.D267" .78" D1A" YIA0A7CA" 6F" BE3Y1628" .??IA?.DA0," UI" d"
TAI3.D6B,"!+*!M*&'N%OP*+%#Q&&,"

!#*," U6ECA"T>4"S2.3Y6B272"d4"J;?A"=4"5.I827?"-:4"W;I2067"WWXS,"L7FB.33.D6IE"CABB"0;/Y6Y;B.D2670"
27"GAB628"0C.I0,"UI2D201"d6;I7.B"6F"ZB.0D2C"X;I?AIE,"!++*M%$N&OP%**Q&,"

!#!," d27"h4":;2"]4"H2;"=4"V;"U4"].;8."H4"]2;"d4"AD".B,"W.CI6Y1.?A0"27"GAB628".IA"Y6DA7D".D"YI636D27?"D1A"
82FFAIA7D2.D267".78"F;7CD267"6F"IA?;B.D6IE"9"CABB0,"><YAI23A7D.B"SABB"JA0A.IC1,"!+*(M#&!N!OP$'!Q&,"

!##," d;3YAI"H4"Z.;0"J4"U.E.D"R,"=;7CD267.B"120D6Y.D16B6?E"6F"GAB628"820A.0A,"=,"5AI7}78Aa"E"d;.7"=,"
W.8I28,"c72KAI028.8"8A"W;IC2.P"TAY.ID.3A7D6"8A"U26B6?{."SAB;B.I"A"520D6B6?{.M"!+*%,"

!#$," R01CI6FD"-d4"XEA8"=4"U.E.D"R,"X2DAQXYAC2F2C"-AB628"=2/I6/B.0D0"RBDAI"D1A"UA1.K26;I"6F"H6I3.B"XG27"
.78"H6I3.B"XC.I"=2/I6/B.0D0"D1I6;?1"Z.I.CI27A"X2?7.BB27?,"Z]kX"kH>,"!+*#M(N*!OPA'%&++,"

!#%," 5;.7?"S4"]2;"]4"V6;"g4"b.7?"U4"T;"V4"k?.@."J,"-AB628"YI6?IA00267P"."0D2FF7A00"?.Y"1EY6D1A020,"L7D"
b6;78"d,"!+*'M*$N%OP'&$Q'*,"

!#&," UI200ADD"R>4" X1AII20"TR," XC.I" C67DI.CD;IA04"1EYAIDI6Y12C" 0C.I04" .78"GAB6280," =.C2.B"ZB.0D" X;I?,"
!++*M*'N$OP!&#Q'!,"

!#'," k?.@."J4"kG.2"-4"96G;3;I."=4"W6I2"-4"k136I2"V4"5;.7?"S4"AD".B,"91A"IAB.D267012Y"/AD@AA7"0G27"
0DIADC127?^C67DI.CD267" .78" Y.D16B6?2C" 0C.II27?P" D1A" 23Y6ID.7D" I6BA" 6F" 3AC1.72C.B" F6ICA0" 27" GAB628"
?A7AI.D267,"b6;78"JAY.2I"JA?A7,"!+*!M!+N!OP*$)Q%',"

!#(," V.?2"-L4"T.F.BB."RR4"k03.7"RR,"T6A0".7"233;7A"IA.CD267"D6"0A/;3"27"@6;780"C.;0A"GAB628"0C.I0_"
UA7AF2C2.B"AFFACD"6F"8A0A702D20.D267,"UI"d"ZB.0D"X;I?,"*)')M#!N#OP!!#Q%,"

!#)," U6I8AI" bR4" H6/BA" HR," 9I.70F6I327?" ?I6@D1" F.CD6I" /AD." 27" D200;A" F2/I6020," H" >7?B" d" WA8,"
*))$M##*N*)OP*!(&Q)!,"

!$+," ]AA"9V4"S127":X4"-23"bd4"S1.;"T4":2DDA0":-4"]67?.GAI"W9,"><YIA00267"6F"DI.70F6I327?"?I6@D1"
F.CD6I"/AD."*4"!4".78"#"YI6DA270"27"GAB6280,"R77"ZB.0D"X;I?,"*)))M$#N!OP*')Q($,"

!$*," ZABD67A7"d4"502.6"]]4"d..GG6B."X4"X6BB/AI?"X4"R;3.2BBAE"W4"923YB"J4"AD".B,"RCD2K.D267"6F"C6BB.?A7"
?A7A"A<YIA00267"27"GAB6280P"C6QB6C.B2a.D267"6F"DEYA"L".78"eL"C6BB.?A7".78"DI.70F6I327?"?I6@D1"F.CD6IQ/AD."
*"3JHR,"d"L7KA0D"TAI3.D6B,"*))*M)'N!OP!$+Q(,"

!$!," j2."b4"Z1.7"994"]23"Ld4"]67?.GAI"W94"V.7?":Z,"S63YBA<"AY2D1AB2.BQ3A0A7C1E3.B" 27DAI.CD2670"
368;B.DA" DI.70F6I327?" ?I6@D1" F.CD6IQ/AD." A<YIA00267" 27" GAB628Q8AI2KA8" CABB0," b6;78" JAY.2I" JA?A7,"
!++$M*!N%OP%$&Q%&,"

!$#," UADD27?AI"TR4"V.?AI"TJ4"T2A?AB3.77"J=4"S61A7"L-,"91A"AFFACD"6F"9:=Q/AD."67"GAB628"F2/I6/B.0D"
YI6B2FAI.D267".78"C6BB.?A7"0E7D1A020,"ZB.0D2C".78"IAC670DI;CD2KA"0;I?AIE,"*))&M)(N%OP(!'Q##,"

!$$," U./;" W4" T2A?AB3.77" J4" kB2KAI" H," -AB628" =2/I6/B.0D0" ><12/2D" .7" RBDAIA8" JA0Y670A" D6" 9:=Qu,"
d6;I7.B"6F"L7KA0D2?.D2KA"TAI3.D6B6?E,"*))!M))N%OP&%+Q%,"



! *'%"

!$%," X32D1"Z4"W602ABB6":4"TAB;C."]4"-6"=4"W.??2" X4"J6/067"WS,"9:=Qu!RCD2K.DA0"ZI6B2FAI.D2KA" XC.I"
=2/I6/B.0D0,"d6;I7.B"6F"X;I?2C.B"JA0A.IC1,"*)))M(!N!OP#*)Q!#,"

!$&," S16867" 94" X;?21.I." 94" L?.@." 554" =;7.E.3." >4" =;I;G.@." 5," -AB628Q8AI2KA8" F2/I6/B.0D0" .IA"
IAFI.CD6IE"D6"=.0Q3A82.DA8".Y6YD6020".78"7A;DI.B2a.D267"6F".;D6CI27A"DI.70F6I327?"?I6@D1"F.CD6IQ/AD.*"
C.7"./I6?.DA"D120"IA020D.7CA,"R3"d"Z.D16B,"!+++M*%'N%OP*&&*Q),"

!$'," ]23.78q.q.":S4"UAB2A7"dW4"XC1AYAI"Jd4"H2A00A7"=U4":2//0"X,"5EYAIDI6Y12C".78"GAB628"0C.I0"F.2B"D6"
YI6?IA00"FI63"D1A"ST#$É^~Q0366D1"3;0CBA".CD27"N~QXWROy"233.D;IA"0C.I"Y1A76DEYA".78"016@"?I.82A7D"
82FFAIA7CA0"27"~QXWR".78"Y*&"A<YIA00267,"UI2D201"d6;I7.B"6F"TAI3.D6B6?E,"!+!+M*(!N$OP)'$Q(&,"

!$(," >1IB2C1" 5Z4" TA036;B2ÑIA" R4" T2A?AB3.77" J=4" S61A7" L-4" S63YD67" SS4" :.I7AI" b]4" AD" .B,"
W6IY16B6?2C.B" .78" 233;76C1A32C.B" 82FFAIA7CA0" /AD@AA7" GAB628" .78" 1EYAIDI6Y12C" 0C.I," R3" d" Z.D16B,"
*))$M*$%N*OP*+%Q*#,"

!$)," g1.7?"h4"V.3.a."94"-ABBE"RZ4"X12"X4"b.7?"X4"UI6@7"d4"AD".B,"9;36IQB2GA"0DA3"CABB0"8AI2KA8"FI63"
1;3.7" GAB628" .IA" ?6KAI7A8" /E" D1A" 27FB.33.D6IE" 72C1A" 8I2KA7" /E" L]Q*'^L]Q&" .<20," Z]6X" k7A,"
!++)M$N**OPA'')(,"

!%+," j;A"54"WCS.;BAE"J]4"g1.7?"b,">BAK.DA8"L7DAIBA;G27Q&"><YIA00267"27"-AB628"=2/I6/B.0D0,"d6;I7.B"
6F"X;I?2C.B"JA0A.IC1,"!+++M()N*OP'$Q',"

!%*," R/8;"RBB.1"RW-4"W61.33A8"-L4"=.I.?"R:R4"5.?.?"WW4">00.3"W4"9.EAB"HJ,"L7DAIBA;G27Q&"0AI;3"
BAKAB".78"?A7A"Y6BE36IY1203"27"GAB628"Y.D2A7D0,"SABB"W6B"U26B"NH620EQBAQ?I.78O,"!+*)M&%N%OP$#Q(,"

!%!," 960."W4":1.a2a.8A1"W4"X1232a;"54"52I.2"94"5E.G;06G;"54"-.@.7.32"k,":B6/.B":A7A"><YIA00267"
R7.BE020" 6F" -AB628" =2/I6/B.0D0" 27" JA0Y670A" D6" >BACDI67" UA.3" LII.82.D267" JAKA.B0" D1A" L7K6BKA3A7D" 6F"
L7DAIBA;G27Q&"Z.D1@.E,"d6;I7.B"6F"L7KA0D2?.D2KA"TAI3.D6B6?E,"!++%M*!$N$OP'+$Q*#,"

!%#," 960."W4"b.D.7./A"R4":1.a2a.8A1"W,"L]Q&"Z6BE36IY1203".78"X;0CAYD2/2B2DE"D6"-AB628"=6I3.D267"
27"."d.Y.7A0A"Z6Y;B.D267,"91A"d6;I7.B"6F"27KA0D2?.D2KA"8AI3.D6B6?E,"!+*&M*#&N%OP*+&)Q'!,"

!%$," H.7?6BA"=b4"k;E.7?"-4"R7a.B."k4"k?A7?6"d4"R?.G":b,"W;BD2YBA"SED6G27A0">BAK.DA8"27"Z.D2A7D0"
@2D1"-AB6280P"L0"LD".7"L782C.D267"6F"R;D6QL7FB.33.D6IE"T20A.0A_"d"L7FB.33"JA0,"!+!*M*$P!$&%Q'+,"

!%%," WCS.;BAE"J]4"S16YI."e4"]2"VV4"5AI7867"TH4"J6/067"WS,"RBDAIA8"CED6G27A"YI68;CD267"27"/B.CG"
Y.D2A7D0"@2D1"GAB6280,"d"SB27"L33;76B,"*))!M*!N$OP#++Q(,"

!%&," H?;EA7" d-4" R;0D27" >4" 5;.7?" R4" W.3.B20" R4" d.?8A6" d," 91A" L]Q$^L]Q*#" .<20" 27" 0G27" F2/I6020" .78"
0C.II27?P"3AC1.720D2C"C67CAYD0".78"D1AI.YA;D2C"D.I?AD0,"RIC1"TAI3.D6B"JA0,"!+!+M#*!N!OP(*Q)!,"

!%'," T2.a"R4"9.7"-4"5A"54"j;"54"S;AD6" L4"Z.KAB"RU4"AD".B,"-AB628" BA02670"016@" 27CIA.0A8" L]Q$^L]Q*#"
02?7.B27?" .78" IA0Y678" D6" 91!QD.I?AD27?" 8;Y2B;3./" D1AI.YE," d" >;I" RC.8" TAI3.D6B" eA7AIA6B,"
!+!+M#$N$OPA*&*QA$,"

!%(," b;" d4" TAB" T;C." >4" >0Y276" W4" :67DaA0" R4" S;AD6" L4" g1.7?" H4" AD" .B," JHR" XAi;A7C27?" -AB628"
9I.70CI2YD63A" R006C2.DA0" -AB6280" b2D1" 91!4" 91*4" 91*'^91!!4" .78" dR-#QXGA@27?," =I67D" L33;76B,"
!+!+M**P%)''$*,"

!%)," X.B367Q>1I"e4"J.367D"]4":68A.;":4"U2IA3/.;D"Z4":;A76;76;"W4"UAI7.I8"Z4"AD".B,"L3YB2C.D267"6F"
27DAIBA;G27Q$"27"@6;78"1A.B27?,"]./"L7KA0D,"!+++M(+N(OP*##'Q$#,"

!&+," kI2A7DA" R4" =A8.IG6" HX4" Z.C6C1." X>4" 5;.7?" X-4" ]2C1DA70DA27" ]W4" >00.E.7" TW," L7DAIBA;G27Q*#"
368;B.DA0" C6BB.?A7" 163A60D.020" 27" 1;3.7" 0G27" .78" GAB628" F2/I6/B.0D0," d" Z1.I3.C6B" ><Y" 91AI,"
!+++M!)!N#OP)((Q)$,"

!&*," k7?" S4" b67?" S4" J6/AID0" SJ4" 9A1" 5X4" d2I2G" =J," R7D2QL]Q$" DIA.D3A7D" YIAKA7D0" 8AI3.B" C6BB.?A7"
8AY602D267"27"D1A"D2?1DQ0G27"36;0A"368AB"6F"0CBAI68AI3.,">;I"d"L33;76B,"*))(M!(N)OP!&*)Q!),"

!&!," :2BBAIE"Z4"XAIY2AI"54"Z6BADDA"W4"UABB67":4"SB.KAB"S4"bA?I6@0G2"V4"AD".B,":.33.Q27DAIFAI67"2712/2D0"
A<DI.CABB;B.I"3.DI2<"0E7D1A020".78"IA368AB27?"27"C6BB.?A7"B.DD2CA"C;BD;IA0"6F"76I3.B".78"0CBAI68AI3."0G27"
F2/I6/B.0D0,">;I"d"SABB"U26B,"*))!M%'N!OP!$$Q%#,"



! *'&"

!&#," ]AA" dV4" V.7?" SS4" S1.6" XS4" b67?" 9b," 520D6Y.D16B6?2C.B" 82FFAIA7D2.B" 82.?76020" 6F" GAB628" .78"
1EYAIDI6Y12C"0C.I,"R3"d"TAI3.D6Y.D16B,"!++$M!&N%OP#')Q($,"

!&$," c2DD6" d4" ZAIAq8." Rd4" R/AI?AB" JZ4" S1;" W]4" J.32IAa" =," RBDAIA8" 0DA.8EQ0D.DA" I.D26" 6F" DEYA" L^LLL"
YI6C6BB.?A7" 3JHR0" C6IIAB.DA0" @2D1" 0ABACD2KABE" 27CIA.0A8" DEYA" L" YI6C6BB.?A7" /260E7D1A020" 27" C;BD;IA8"
GAB628"F2/I6/B.0D0,"ZI6C"H.DB"RC.8"XC2"c"X"R,"*)(%M(!N*'OP%)#%Q),"

!&%," =I2A83.7"Tb4"U6E8"ST4"W.CGA7a2A"db4"H6ID67"Z4"kB067"JW4"TA.G"XU,"JA?;B.D267"6F"C6BB.?A7"?A7A"
A<YIA00267"27"GAB6280".78"1EYAIDI6Y12C"0C.I0,"d"X;I?"JA0,"*))#M%%N!OP!*$Q!!,"

!&&," X121"U4":.I028A">4"WC:I6;D1AI"TR4"U.E.D"R,"W6BAC;B.I"8200ACD267"6F"./76I3.B"@6;78"1A.B27?"
YI6CA00A0"IA0;BD27?"27"GAB628"820A.0A,"b6;78"JAY.2I".78"JA?A7AI.D267,"!+*+M*(N!OP*#)Q%#,"

!&'," -20C1AI"Sb4"5A78I2<"Wd,"=2/I67ACD27"N=HO" 27"1EYAIDI6Y12C"0C.I0".78"GAB6280,"SABB"9200;A"JA0,"
*)(#M!#*N*OP!)Q#',"

!&(," R3.8A;" 9Z4" UI.;7A" RX4" Z6ID6" ]S4" TA036;B2ÑIA" R4" S60D." RW," =2/I2BB27Q*" .78" AB.0D27" .IA"
82FFAIA7D2.BBE"A<YIA00A8"27"1EYAIDI6Y12C"0C.I0".78"GAB6280,"b6;78"JAY.2I"JA?A7,"!++$M*!N!OP*&)Q'$,"

!&)," 5ABB0DIt3" W4" 5ABB0DIt3" X4" >7?0DIt3Q].;IA7D" R4" UAID1A23" c," 91A" 0DI;CD;IA" 6F" D1A" /.0A3A7D"
3A3/I.7A"a67A"82FFAI0"/AD@AA7"GAB62804"1EYAIDI6Y12C"0C.I0".78"76I3.B"0G27P"."Y6002/BA"/.CG?I6;78"D6"
.7"23Y.2IA8"F;7CD267,"d"ZB.0D"JAC670DI"RA0D1AD"X;I?,"!+*$M&'N**OP*%&$Q'!,"

!'+," T.BG6@0G2" R4" XC1;YY.7" T4" kIF.760" S>4" g6;/6;B20" SS," L7CIA.0A8" A<YIA00267" 6F" DA7.0C27" S" /E"
GAB6280"27"K2K6".78"27"K2DI6,"UI"d"TAI3.D6B,"*)))M*$*N*OP%+Q&,"

!'*," U.I.BB6/IAQU.IIA2I6" d4" b6680" >4" UABB" J>4" >.0D67" dR4" 56//0" S4" >.?AI" W4" AD" .B," S.ID2B.?AQB2GA"
C63Y602D267"6F"GAB628"0C.I"A<DI.CABB;B.I"3.DI2<"0;??A0D0"F2/I6/B.0D"320Q82FFAIA7D2.D267"27"820A.0A,"W.DI2<"
U26B"ZB;0,"!+*)M$P*+++*&,"

!'!," XC1278AB27" d4"RI?.78.QS.IIAI.0" L4"=I20A">4"-.E72?"e4"]67?.2I"W4"Z2ADa0C1"94"AD".B,"=2q2P".7"6YA7Q
06;ICA"YB.DF6I3"F6I"/26B6?2C.BQ23.?A".7.BE020,"H.D;IA"WAD1680,"!+*!M)N'OP&'&Q(!,"

!'#," W.IC6DD2"X4"8A"=IA2D.0"TU4"9I6;?1D67"]T4"-A77E"=H4"X1.@"9d4"XDI.3AI"UW4"AD".B,"R"@6IGFB6@"F6I"
I.Y28" ;7/2.0A8" i;.7D2F2C.D267" 6F" F2/I2BB.I" FA.D;IA" .B2?73A7D" 27" /26B6?2C.B" 23.?A0," =I67D" S63Y;D" XC2,"
!+!*M#,"

!'$," J1A27B.A78AI"d4"T232DI.C6Y6;B60"R4"b.BB3AEAI"U4"-I67A7/AI?"HW4"S1.B;D"-d4":.D1AI"WS4"AD".B,"
S6ID2C.B"CABB"0D2FF7A00"20"278AYA78A7D"6F"0;/0DI.DA"3AC1.72C0,"H.D;IA"W.DAI2.B0,"!+!+M*)N)OP*+*)Q!%,"

!'%," X./.00" U4" :.I8AB" W]4" b.DAI3.7" SW4" XC1@.Ia" cX," 52?1" IA06B;D267" DI.CD267" F6ICA" 32CI60C6YE"
/.0A8"67"A<YAI23A7D.B".78"C63Y;D.D267.B".8K.7CA0,"U26Y1E0"d,"!++(M)$N*OP!+'Q!+,"

!'&," 91oKA7.a" Z4" J;DD23.77" c>4" c70AI" W," R" YEI.328" .YYI6.C1" D6" 0;/Y2<AB" IA?20DI.D267" /.0A8" 67"
27DA702DE,"L>>>"9I.70"L3.?A"ZI6CA00,"*))(M'N*OP!'Q$*,"

!''," T.K20"d617"J4"];C12C2"R4"W6020"=4"91.CGAIE"d4"X.B.a.I"dA0;0"R4"W.6"V4"AD".B,"L7DAIQSABB;B.I"=6ICA0"
kIC1A0DI.DA"S67D.CD"L712/2D267"6F"]6C636D267,"SABB,"!+*%M*&*N!OP#&*Q'#,"

!'(," -A77E"=H4"W.IC6DD2"X4"TA"=IA2D.0"TU4"TI;82">W4"]AAC1"e4"UABB"J>4"AD".B,"R;D6CI27A"L]Q&"8I2KA0"CABB"
.78"A<DI.CABB;B.I"3.DI2<".7206DI6YE"27"0C.I"F2/I6/B.0D0,"W.DI2<"U26B,"!+!#,"

!')," JAa.G1.721."J4"R?2.7726D20"R4"XC1I.;@A7"d9S4":I2FF."R4"X.?A"T4"U6;DA7"SeS4"AD".B,"><YAI23A7D.B"
27KA0D2?.D267"6F"C6BB.?A7"@.K27A00".78"6I2A7D.D267"27"D1A".IDAI2.B".8KA7D2D2.";027?"C67F6C.B"B.0AI"0C.7727?"
32CI60C6YE,"U263AC1.72C0".78"W68AB27?"27"WAC1.76/26B6?E,"!+*!M**N#OP$&*Q'#,"

!(+," >0D1AI"b4"T.72ABBA"Z4"T.K28"dU4"J6/AID"Zd4"R7D6726"J4"R77."b4"AD".B,"R"=LdL"3.CI6"F6I"i;.7D2FE27?"
Y.DDAI7"27"A<DI.CABB;B.I"3.DI2<,"]2FA"XC2A7CA"RBB2.7CA,"!+!*M$N#OPA!+!+++((+,"

!(*," TI;82">W,"9.I?ADD27?"D1A".IC12DACD;IA"6F"Y.D16B6?2C.B"A<DI.CABB;B.I"3.DI2<"27"GAB628"0C.I0P"-27?n0"
S6BBA?A"]67867M"!+!#,"

!(!," X.YAI0DA27"X4"S1A7"]4"k.GA0"T4"ZIE1;/AI":4"=27GAB0DA27"d,"L]Q*/AD.".;?3A7D0"9H=Q.BY1.Q3A82.DA8"
27FB.33.D6IE"IA0Y670A0"FI63"B;7?"AY2D1AB2.B"CABB0,"d"L7DAIFAI67"SED6G27A"JA0,"!++)M!)N%OP!'#Q($,"



! *''"

!(#," S.12BB" SW4" J6?AI0" d9," L7DAIBA;G27" NL]O" */AD." 278;CD267" 6F" L]Q&" 20" 3A82.DA8" /E" ." 76KAB"
Y160Y1.D28EB27602D6B" #QG27.0AQ8AYA78A7D" R-9^LG.YY.U" G27.0A" .BY1." Y.D1@.E" D.I?AD27?" .CD2K.D6I"
YI6DA27Q*,"d"U26B"S1A3,"!++(M!(#N#(OP!%)++Q*!,"

!($," RBQJ6;/" R4" RB" W.816;7" R4" RG1DAI" H4" 9163.0" J4" W2I.78." ]4" d.C6/" 94" AD" .B," L]Q*u" .78" 9H=~"
S66YAI.D2K2DE" 27" JA?;B.D27?" L]Q&" ><YIA00267" 27" R82Y6CEDA0" TAYA780" 67" SJ>U" U27827?" .78" 5#-*$"
RCADEB.D267,"SABB0,"!+!*M*+N**O,"

!(%," S67F.B67A">4"TsRBA0026":4"=;I2."R,"L]Q&"L78;CD267"/E"9H=~".78"L]Q*u"27".7"k0DA6/B.0DQ]2GA"SABB"
]27A,"L7D"d"U263A8"XC2,"!+*+M&N!OP*#%Q$+,"

!(&," UABB" J>4" X1.@" 9d," -AB628" D200;A" .7.BE020" 820CIA82D0" ." I6BA" F6I" 3E6F2/I6/B.0D0" 27" 820A.0A"
Y.D16?A7A020,"b6;78"JAY.2I".78"JA?A7AI.D267,"!+!*M!)N$OP&#'Q$*,"

!('," X;BB2K.7"Hd4"X.00AI"R-4"R<AB"R>4"eA0;7."=4"J.3.7"e4"J.32IAa"H4"AD".B,"L7DAIBA;G27Q&"278;CA0".7"
AY2D1AB2.BQ3A0A7C1E3.B" DI.702D267" Y1A76DEYA" 27" 1;3.7" /IA.0D" C.7CAI" CABB0," k7C6?A7A,"
!++)M!(N##OP!)$+Q',"

!((," :E.3F2" d4"]AA"V54">63"W4"S162" d," L7DAIBA;G27Q&^X9R9#"02?7.BB27?"IA?;B.DA0".82Y6CEDA" 278;CA8"
AY2D1AB2.BQ3A0A7C1E3.B"DI.702D267"27"/IA.0D"C.7CAI"CABB0,"XC2"JAY,"!+*(M(N*OP((%),"

!()," W2.6" db4" ]2;" ]d4" 5;.7?" d," L7DAIBA;G27Q&Q278;CA8" AY2D1AB2.BQ3A0A7C1E3.B" DI.702D267" D1I6;?1"
02?7.B" DI.708;CAI" .78" .CD2K.D6I" 6F" DI.70CI2YD267" #" 27" 1;3.7" CAIK2C.B" C.IC2763.," L7D" d" k7C6B,"
!+*$M$%N*OP*&%Q'&,"

!)+," J.//.72"W,"91A"320QIA?;B.D267"6F"L]Q&"A<YIA00267".78"02?7.BB27?"27"GAB628"0C.II27?P"-27?n0"S6BBA?A"
]67867M"!+!!,"

!)*," ]2;"=4" d2."]4"9163Y067QU.27A"RW4"Z;?B20A" dW4"9AI"UAA0D"WU4"gA?AI0"WW,"S.81AI270".78"Z.G*"
C67DI6B"C67D.CD" 2712/2D267"6F"YI6B2FAI.D267"/E"Z.G*Q/AD.ZLjQ:L9"C63YBA<Q8AYA78A7D"IA?;B.D267"6F"CABBQ
3.DI2<"02?7.B27?,"W6B"SABB"U26B,"!+*+M#+N(OP*)'*Q(#,"

!)!," =.?6DD6"=4":;3/27AI"UW,"SABB"C67D.CDQ8AYA78A7D"02?7.B27?,"TAK"U26B,"*))&M*(+N!OP$$%Q%$,"

!)#," 5.7.1.7"T4"bA27/AI?"JR,"91A"1.BB3.IG0"6F"C.7CAI,"SABB,"!+++M*++N*OP%'Q'+,"

!)$," Z.Y.G670D.7D2" >R4" XD6;I7.I.0" S," R006C2.D267" 6F" ZLQ#" G27.0A" @2D1" ZR-*" BA.80" D6" .CD27"
Y160Y16IEB.D267".78"CED60GABAD.B"IA6I?.72a.D267,"W6B"U26B"SABB,"!++!M*#N(OP!)$&Q&!,"

!)%," X127">V4"X127"-X4"]AA"SX4"b66"-H4"h;.7"X54"X6;7?"H-4"AD".B,"Z160Y16IEB.D267"6F"Y(%"/AD."ZLj4"."
J.C^S8C$!Q0YAC2F2C"?;.727A"7;CBA6D28A"A<C1.7?A"F.CD6I4"K2."D1A"J.0^>J-^ZR-!"Y.D1@.E"20"IAi;2IA8"F6I"
/.02C"F2/I6/B.0D"?I6@D1"F.CD6IQ278;CA8"7A;I2DA"6;D?I6@D1,"d"U26B"S1A3,"!++!M!''N$&OP$$$*'Q#+,"

!)&," XB.CGQT.K20" d-4" >/BA7" X94" gACAK2C" W4" U6AI7AI" XR4" 9.IC0.F.BK2" R4" T2.a" 5U4" AD" .B," ZR-*"
Y160Y16IEB.D267" 6F" W>-*" IA?;B.DA0" F2/I67ACD27Q0D23;B.DA8" WRZ-" .CD2K.D267," d" SABB" U26B,"
!++#M*&!N!OP!(*Q)*,"

!)'," XC1;3AIDB"94"]6G.;"d4"J60AQd617"X4":.I/AI0"S,"=;7CD267".78"YI6DA6BED2C"?A7AI.D267"6F"D1A"06B;/BA"
27DAIBA;G27Q&" IACAYD6I" 27" 1A.BD1" .78" 820A.0A," U26C1232C." AD" U26Y1E02C." RCD." NUURO" Q" W6BAC;B.I" SABB"
JA0A.IC1,"!+!!M*(&)N*OP**)*$#,"

!)(," XC1ABBAI" d4" J60AQd617" X," L7DAIBA;G27Q&" .78" 2D0" IACAYD6IP" FI63" /A7C1" D6" /A8028A," WA82C.B"
W2CI6/26B6?E".78"L33;76B6?E,"!++&M*)%N$OP*'#Q(#,"

!))," UABB"J>,"L7KA0D2?.D27?"U>9"YI6DA270".0"."D1AI.YA;D2C"D.I?AD"27"GAB628"0C.II27?"!+*(,"

#++," 5678." W4" V.3.36D6" X4" S1A7?" W4" V.0;G.@." -4" X;a;G2" 54" X.2D6" 94" AD" .B," 5;3.7" 06B;/BA" L]Q&"
IACAYD6IP" LD0" 8ADACD267" .78" A71.7CA8" IABA.0A" /E" 5Le" 27FACD267," d6;I7.B" 6F" L33;76B6?E,"
*))!M*$(N'OP!*'%Q(+,"

#+*," J60AQd617" X," L]Q&" DI.70Q02?7.B27?" K2." D1A" 06B;/BA" L]Q&" IACAYD6IP" 23Y6ID.7CA" F6I" D1A" YI6Q
27FB.33.D6IE".CD2K2D2A0"6F"L]Q&,"L7D"d"U26B"XC2,"!+*!M(N)OP*!#'Q$',"



! *'("

#+!," e2BB.I276"Re4"-.776"V4"ksX1A." dd,"WAC1.72030".78"C670Ai;A7CA0"6F" d.GwX9R9"02?7.B27?" 27" D1A"
233;7A"0E0DA3,"H.D;IA"L33;76B6?E,"!+*'M*(N$OP#'$Q($,"

#+#," X.B.0"R4"5AI7.78AaQJ6C1."S4"T;2qKA0DA27"W4"=.;/267"b4"WC:6KAI7"T4"eAI3A2IA"X4"AD".B,"dR-wX9R9"
Y.D1@.E"D.I?AD27?"F6I"D1A"DIA.D3A7D"6F"27FB.33.D6IE"/6@AB"820A.0A,"H.D;IA"JAK2A@0":.0DI6A7DAI6B6?E"m"
5AY.D6B6?E,"!+!+M*'N&OP#!#Q#',"

#+$," UI2;G16KAD0G."T4"TtII"d4">78IA0"X4"]2//E"Z4"T27.IABB6"SR4"-6/6B8"X,"L7DAIBA;G270"27"C.7CAIP"FI63"
/26B6?E"D6"D1AI.YE,"H.D;IA"JAK2A@0"S.7CAI,"!+!*M!*N(OP$(*Q)),"

#+%," XD.1B"H4"U6;BD67"9:4"=.II;??ABB."94"LY"HV4"T.K20"X4"b2DD1;17"UR4"AD".B,"R006C2.D267".78"RCD2K.D267"
6F"d.GQ9EG"-27.0A0"/E"SH9=Q]L=QkXWQL]Q&"u"JACAYD6I"S63Y67A7D0,"XC2A7CA,"*))$M!&#N%*$#OP)!Q%,"

#+&," W21.I."W4"5.012a;3A"W4"V60128."54"X;a;G2"W4"X1227."W,"L]Q&^L]Q&"IACAYD6I"0E0DA3".78"2D0"I6BA"
27"Y1E026B6?2C.B".78"Y.D16B6?2C.B"C6782D2670,"SB27"XC2"N]678O,"!+*!M*!!N$OP*$#Q%),"

#+'," 5A27I2C1" ZS4" UA1I3.77" L4" 5..7" X4" 5AI3.770" 5W4" WfBBAIQHA@A7" :4" XC1.YAI" =," ZI27C2YBA0" 6F"
27DAIBA;G27"NL]OQ&QDEYA"CED6G27A"02?7.BB27?".78"2D0"IA?;B.D267,"U26C1A3"d,"!++#M#'$NZD"*OP*Q!+,"

#+(," =A7?"h]4":;"dd4"S1A7"dV4"g1A7?"bV4"Z.7"554"j;"jV4"AD".B,"9XZ*"YI636DA0"F2/I6/B.0D"YI6B2FAI.D267"
.78"A<DI.CABB;B.I"3.DI2<"8AY602D267"K2."D1A"L]&^dR-!^X9R9#"02?7.BB27?"Y.D1@.E"27"GAB6280,"><Y"TAI3.D6B,"
!+!!M#*N*+OP*%##Q$!,"

#+)," ]AA"VX4"]2.7?"VS4"b;"Z4"-;B/AI"TR4"9.7./A"-4"S1;67?"SW4"AD".B,"X9R9#"02?7.BB27?"Y.D1@.E" 20"
23YB2C.DA8" 27" GAB628" Y.D16?A7A020" /E" YIAB2327.IE" DI.70CI2YD63A" .78" 6YA7" C1I63.D27" .7.BE0A0," ><Y"
TAI3.D6B,"!+*)M!(N$OP$(+Q$,"

#*+," Z.IG":4"V667"UX4"W667"d54"-23"U4"d;7">-4"k1"X4"AD".B,":IAA7"DA."Y6BEY1A76B"AY2?.BB6C.DAC127Q#Q
?.BB.DA"0;YYIA00A0"C6BB.?A7"YI68;CD267".78"YI6B2FAI.D267"27"GAB628"F2/I6/B.0D0"K2."2712/2D267"6F"D1A"X9R9#Q
02?7.B27?"Y.D1@.E,"d"L7KA0D"TAI3.D6B,"!++(M*!(N*+OP!$!)Q$*,"

#**," -.7?"Xc4"-23"VX4"-23"V>4"Z.IG"d-4"]AA"VX4"-.7?"5V4"AD".B,"kYY602DA"AFFACD0"6F"767QD1AI3.B"YB.03."
67" CABB" 32?I.D267" .78" C6BB.?A7" YI68;CD267" 27" GAB628" .78" 76I3.B" F2/I6/B.0D0," Z]6X" k7A,"
!+*'M*!N**OPA+*(')'(,"

#*!," 567?"VQ-4"b;"SQ54"]27"VQS4"5;.7?"VQ]4"5;7?"-QX4"Z.2"9QZ4"AD".B,"RXSQd)"UB6CG0"SABB"ZI6B2FAI.D267"
.78" ><DI.CABB;B.I" W.DI2<" ZI68;CD267" 6F" -AB628" =2/I6/B.0D0" D1I6;?1" L712/2D27?" X9R9#" X2?7.B27?,"
L7DAI7.D267.B"d6;I7.B"6F"W6BAC;B.I"XC2A7CA0"[L7DAI7AD\,"!+!!M"!#N*+O,"

#*#," ]23"SZ4"Z1.7"994"]23"Ld4"S.6"j,"XD.D#"C67DI2/;DA0"D6"GAB628"Y.D16?A7A020"K2."YI636D27?"C6BB.?A7"
YI68;CD2674"CABB"YI6B2FAI.D267".78"32?I.D267,"k7C6?A7A,"!++&M!%N#)OP%$*&Q!%,"

#*$," g16;" V4" X;7" V4" 56;" b4" W." ]4" 9.6" V4" ]2" T4" AD" .B," 91A" dR-!^X9R9#" Y.D1@.E" 2712/2D6I4" R:$)+4"
0;YYIA00A0"D1A"./76I3.B"/A1.K26I"6F"GAB628"F2/I6/B.0D0"27"K2DI6,"L7D"d"W6B"WA8,"!+!+M$&N*OP*)*Q!++,"

#*%," g16;"UV4"b.7?"bU4"b;"j]4"g1.7?"bd4"g16;":T4":.6"g4"AD".B,"H27DA8.72/"2712/2D0"GAB628"F2/I6/B.0D"
F;7CD2670"/E"/B6CG27?"D1A"Y160Y16IEB.D267"6F"3;BD2YBA"G27.0A0".78"A71.7C27?"IACAYD6I"27DAI7.B2a.D267,"
RCD."Z1.I3.C6B"X27,"!+!+M$*N)OP*!#$Q$%,"

#*&," -.@.I.a.G2"R4"56I27.G."W4"V.0;8."X4"H;3.q2I2"94"H201276"-4"X.G.2"9,"X;BF6I.Y1.7A"0;YYIA00A0"
CABB"?I6@D1".78"C6BB.?A7"A<YIA00267"6F"GAB628"F2/I6/B.0D0,"b6;78"JAY.2I"JA?A7,"!+*'M!%N!OP!!$Q##,"

#*'," -A01AD"V4" XA?AI"J,"91A"WRZ"G27.0A" 02?7.B27?" C.0C.8A0P" ." 0E0DA3"6F"1;78IA80"6F" C63Y67A7D0"
IA?;B.DA0"."82KAI0A".II.E"6F"Y1E026B6?2C.B"F;7CD2670,"WAD1680"W6B"U26B,"!+*+M&&*P#Q#(,"

#*(," :;6"Vd4"Z.7"bb4"]2;"XU4"X1A7"g=4"j;"V4"5;"]],">J-^WRZ-"02?7.BB27?"Y.D1@.E".78"D;36I2?A7A020,"
><Y"91AI"WA8,"!+!+M*)N#OP*))'Q!++',"

#*)," b.7?" b4" h;" W4" j;" ]4" b;" j4" :.6" g4" :;" 94" AD" .B," X6I.FA72/" A<AID0" .7" .7D2QGAB628" .CD2K2DE" /E"
.7D.?672a27?"9:=Qu^X3.8".78"WRZ-^>J-"02?7.B27?"Y.D1@.E0,"d"W6B"WA8"NUAIBO,"!+*&M)$N*+OP**(*Q)$,"

#!+," T1.7.0AG.I.7"TH4"-.01AF"-4"]AA"SW4"j;"54"JA88E">Z,"XC.FF6B8"YI6DA270"6F"WRZQG27.0A"368;BA0,"
k7C6?A7A,"!++'M!&N!!OP#*(%Q!+!,"



! *')"

#!*," -23" d4" -23" U4" -23" XW4" V.7?" S>4" X67?" XV4" ]AA" bd4" AD" .B," 5EY6<2.QL78;CA8" >Y2D1AB2.BQ96Q
WA0A7C1E3.B"9I.702D267"WA82.DA0" =2/I6/B.0D"R/76I3.B2D2A0" K2." >J-"RCD2K.D267" 27" S;D.7A6;0"b6;78"
5A.B27?,"L7D"d"W6B"XC2,"!+*)M!+N*+O,"

#!!," ]23"Ld4"Z1.7"9Q94"9.7">Q-4"H?;EA7"9Q994"9I.7">4"]67?.GAI"W94"AD".B,"XE7C1I676;0"RCD2K.D267"6F"
>J-" .78" Z160Y1.D28EB27602D6B" #Q-27.0A" Z.D1@.E0" L0" JAi;2IA8" F6I" S6BB.?A7" .78" ><DI.CABB;B.I" W.DI2<"
ZI68;CD267"27"-AB6280Ç,"d6;I7.B"6F"U26B6?2C.B"S1A320DIE,"!++#M!'(N$!OP$+(%*Q(,"

#!#," H2C16B067"-W4"R78AI067"H:,"91A"YI6DA27"G27.0A"U^RGD"02?7.BB27?"Y.D1@.E"27"1;3.7"3.B2?7.7CE,"
SABB;B.I"X2?7.BB27?,"!++!M*$N%OP#(*Q)%,"

#!$," WA70.1" =R4" UB.2aA" dZ4" UIE.7" ]d," XY6DB2?1D" 67" C6Y.7B202/" .78" 2D0" Y6DA7D2.B" 27" D1A" DIA.D3A7D" 6F"
IAB.Y0A8^IAFI.CD6IE"F6BB2C;B.I"BE3Y163.P"AK28A7CA"D6"8.DA,"k7C6"9.I?AD0"91AI,"!+*(M**P$(*'Q!',"

#!%," RBA002"TJ4"d.3A0"XJ4"T6@7A0"SZ4"56B3A0"RU4":.FF7AE"ZJ4"JAA0A"SU4"AD".B,"S1.I.CDAI2a.D267"6F"."#Q
Y160Y1627602D28AQ8AYA78A7D"YI6DA27"G27.0A"@12C1"Y160Y16IEB.DA0".78".CD2K.DA0"YI6DA27"G27.0A"U.BY1.,"
S;II"U26B,"*))'M'N$OP!&*Q),"

#!&," 5A3327?0" UR4" JA0D;CC2." T=," ZL#-QZ-U^RGD" Y.D1@.E," S6B8" XYI27?" 5.I/" ZAI0YACD" U26B,"
!+*!M$N)OP.+***(),"

#!'," ]K" b4" b;" W4" JA7" V4" ];6" j4" 5;" b4" g1.7?" h4" AD" .B," 9IA.D3A7D" 6F" GAB6280" D1I6;?1" J;7<!"
02JHRQ278;CA8"2712/2D267"6F"D1A"ZL#-^R-9"02?7.B27?"Y.D1@.E,"W6B"WA8"JAY,"!+!*M!#N*OP%%,"

#!(," b.7?"h4"V.7?"j4"W."d4"j2A"j4"X;7"V4"S1.7?"j4"AD".B,"ZL#-^R-9"Y.D1@.E"YI636DA0"GAB628"F2/I6/B.0D0"
YI6B2FAI.D267"/E"A71.7C27?"?BEC6BE020";78AI"1EY6<2.,"b6;78"JAY.2I"JA?A7,"!+!#M#*N!OP*#)Q%%,"

#!)," S1A7" V4" S1A7" S4" =.7?" d4" X;" -4" V;.7" h4" 56;" 54" AD" .B," 9.I?AD27?" D1A" RGD^ZL#-^39kJ" 02?7.B27?"
Y.D1@.E"F6I"C63YBADA"AI.82C.D267"6F"GAB628"820A.0A"/E"0;72D272/,"RY6YD6020,"!+!!M!'N**OP(*!Q!$,"

##+," 9.GA;C12"94"9.7.G."V4"9.7.G."X4"-.@.G.32"R4"L@.0.G2"W4"-.D.E.3."-4"AD".B,">FF2C.CE".78"0.FADE"
6F" YAF2C2D272/" NRXZ+*%-O" 27" Y.D2A7D0" @2D1" I1A;3.D628" .ID1I2D20" .78" .7" 27.8Ai;.DA" IA0Y670A" D6"
3AD16DIA<.DAP"IA0;BD0"6F"."Y1.0A"LLL"I.786320A84"86;/BAQ/B2784"YB.CA/6QC67DI6BBA8"DI2.B"NJRd$O"27"d.Y.7,"
R77"J1A;3"T20,"!+*)M'(N*+OP*#+%Q*),"

##*," 9023/AI286;"RW4"e2727?"Td4"RI6I."XZ4"8A"RC1.K.B"X4"].I067"d4"S.ID@I2?1D"S4"AD".B,"Z1.0A"*"DI2.B"
AK.B;.D27?"99LQ*+*4"." F2I0DQ27QCB.004"6I.BBE"/26.K.2B./BA4"03.BB"36BAC;BA4" 2712/2D6I"6F"X9R9#4" 27"Y.D2A7D0"
@2D1".8K.7CA8"06B28"D;36I0,"d6;I7.B"6F"SB272C.B"k7C6B6?E,"!+!#M$*N*&Ö0;YYBOP#+*(Q,"

##!," -.@.a6A"R4"-;/6G2"V4"U.786"54"=;G;6G."X4"-6q23."94"H.2D6"V4"AD".B,"Z1.0A"*"0D;8E"6F"7.Y./;C.0274"
." C.7CAI" 0DA37A00" 2712/2D6I4" 27" Y.D2A7D0" @2D1" .8K.7CA8" 06B28" D;36I0," S.7CAI" S1A36D1AI" Z1.I3.C6B,"
!+!+M(%N%OP(%%Q&!,"

###," :;6"54"j2.6"V4"V;.7"g4"V.7?"j4"S1A7"d4"S1A7"S4"AD".B,"L712/2D267"6F"X9R9#V'+%"Y160Y16IEB.D267"/E"
XD.DD2C" 0;YYIA00A0"YI6B2FAI.D267".78" 278;CA0"32D6C1678I2.BQ8AYA78A7D".Y6YD6020" 27"Y.7CIA.D2C" C.7CAI"
CABB0,"SABB"TA.D1"T20C6KAIE,"!+!!M(N*OP**&,"

##$," j27?"V4"]27"Hc4"W.;IAI"WR4"S1A7"54"W.1K.01"R4"X.127"R4"AD".B,"Z1.0A"LL"DI2.B"6F"R-9"2712/2D6I"W-Q
!!+&"27"Y.D2A7D0"@2D1".8K.7CA8"/IA.0D"C.7CAI"@16"1.KA"D;36I0"@2D1"ZL-#SR"6I"R-9"3;D.D26704".78^6I"
Z9>H"B600^Z9>H"3;D.D267,"UIA.0D"S.7CAI"JA0A.IC1,"!+*)M!*N*OP'(,"

##%," SIA003.7"T>4":IAA7/.;3"]>4"TAR7?AB20"JR4"S2B2/AID6":4"=;ID1">>4"Z6B2"e4"AD".B,"]2KAI"F.2B;IA".78"
8AFACD2KA"1AY.D6CEDA"IA?A7AI.D267"27"27DAIBA;G27Q&Q8AF2C2A7D"32CA,"XC2A7CA,"*))&M!'$N%!)*OP*#')Q(#,"

##&," TA786IFAI"c4"kADD?A7"Z4"]2/AI3.77"9R,"W;BD2YBA"IA?;B.D6IE"ABA3A7D0"27"D1A"27DAIBA;G27Q&"?A7A"
3A82.DA" 278;CD267" /E" YI60D.?B.782704" CECB2C" RWZ4" .78" B2Y6Y6BE0.CC1.I28A," W6B" SABB" U26B,"
*))$M*$N'OP$$$#Q%$,"

##'," ]A;"dL4"SI200AE"WR4"]A;"dZ4"S2B2/AID6":4"9.;/"J,"L7DAIBA;G27Q&Q278;CA8"X9R9#".78"RZQ*".3YB2FE"
1AY.D6CEDA"7;CBA.I" F.CD6I" *Q3A82.DA8" DI.70.CD2K.D267"6F" 1AY.D2C" ?A7A04" .7" .8.YD2KA" IA0Y670A" D6" B2KAI"
27q;IE,"W6B"SABB"U26B,"!++*M!*N!OP$*$Q!$,"



! *(+"

##(," -.I27" W," 91A" IA?;B.D267" 6F" RZQ*" .CD2K2DE" /E" 32D6?A7Q.CD2K.DA8" YI6DA27" G27.0A0," d" U26B" S1A3,"
*))%M!'+N!(OP*&$(#Q&,"

##)," j2.6"b4"568?A"TJ4"b.7?"]4"V.7?"j4"g1.7?"j4"=.II.I"b],"H=QG.YY.U".CD2K.DA0"L]Q&"A<YIA00267"
D1I6;?1"C66YAI.D267"@2D1"CQd;7".78"L]&QRZ*"02DA4"/;D"20"278AYA78A7D"6F"2D0"L]&QH=G.YY.U"IA?;B.D6IE"02DA"
27".;D6CI27A"1;3.7"3;BD2YBA"3EAB63."CABB0,"S.7CAI"U26B"91AI,"!++$M#N*+OP*++'Q*',"

#$+," =.??26B2"]4"S60D.7a6"S4"T67.8ABB2"W4"Z.B32AI2"W,"RCD2K.D267"6F"D1A"27DAIBA;G27Q&"YI636DAI"/E"."
86327.7D" 7A?.D2KA" 3;D.7D" 6F" CQd;7," U26C1232C." AD" U26Y1E02C." RCD." NUURO" Q" W6BAC;B.I" SABB" JA0A.IC1,"
!++$M*&)!N*OP*'Q!$,"

#$*," g1.6"d4"b.7?"]4"T67?"j4"5;"j4"g16;"]4"]2;"h4"AD".B,"91A"CQd;7"HQDAI327.B"G27.0A"NdH-O"Y.D1@.E"20"
.CD2K.DA8"27"1;3.7"27DAI0D2D2.B"CE0D2D20"NLSO".78"I.D"YI6D.327A"0;BF.DA"278;CA8"CE0D2D20,"XC2A7D2F2C"JAY6ID0,"
!+*&M&N*OP*)&'+,"

#$!," b;"h4"b;"b4"=;"U4"X12"]4"b.7?"j4"-;C."-,"dH-"02?7.B27?"27"C.7CAI"CABB"0;IK2K.B,"WA82C27.B"JA0A.IC1"
JAK2A@0,"!+*)M#)N&OP!+(!Q*+$,"

#$#," JÜ8BAI"ZT4"bA18A"U]4"b.?7AI"-c,"SI600D.BG"/AD@AA7"X9R9%".CD2K.D267".78"ZL#-^R-9"F;7CD2670"
27"76I3.B".78"DI.70F6I3A8"3.33.IE"AY2D1AB2.B"CABB0,"W6B"SABB">786CI276B,"!+*'M$%*P#*Q),"

#$$," 9.02.7"X-4"T6I.B"WV4"U6I6@2Da"Wd4"b668"U]4"S1A7"LW4"5.IKAE"JS4"AD".B,"R/AII.7D"X9R9%".78"
ZL#-^39kJ" Y.D1@.E" 02?7.B27?" 6CC;I0" 27" 1;3.7" SJ]=!QIA.II.7?A8" UQYIAC;I06I" .C;DA" BE3Y16/B.0D2C"
BA;GA32.,"UB668,"!+*!M*!+N$OP(##Q$!,"

#$%," Z6DD16FF"X4">7D0C1B.8A7"=4"H2??A3.77"U4"g.A7GAI"-X4"].7?"-,"HQC.81AI27"A7?.?A3A7D"YI6K28A0"."
86327.7D"0D6Y"02?7.B"F6I"D1A"32?I.D267"6F"WTRQWUQ$&("/IA.0D"C.IC2763."CABB0,"UIA.0D"S.7CAI"JA0A.IC1"
.78"9IA.D3A7D,"!++'M*+%N#OP!('Q)%,"

#$&," X.II.E"X4"X2IAD"S4"]A13.77"W4"W.II.GC12"H4"];20"d4"REA/"W>4"AD".B,"]A/ACD27"27CIA.0A0"HQC.81AI27Q
3A82.DA8".81A0267"D1I6;?1"ZL#-^R-9"Y.D1@.E,"S.7CAI"]ADDAI0,"!++)M!(%N!OP*'$Q(*,"

#$'," ]AB2ÑKIA">S4"ZBA0D.7D"S4"U60C1AI"S4"b6BFF">4"WÑ?A"JQW4"U2I/A0"5,"HQS.81AI27"WA82.DA0"HA;I67.B"
SABB"X;IK2K.B"D1I6;?1"U23"T6@7QJA?;B.D267,"Z]kX"kH>,"!+*!M'N#OPA##!+&,"

#$(," R8.7"54":;E"X4"RI;B.7.78.3"J4":ABAD;"W4"T.72AB"d4"J.YD20"],"RCD2K.DA8"XIC"IAi;2IA0"S.81AI27Q**4"
J.C4" .78" ?Y*#+" F6I" XD.D#" .CD2K.D267" .78" 0;IK2K.B" 6F"36;0A"U.B/^C#9#" F2/I6/B.0D0," S.7CAI":A7A"91AI,"
!+!!M!)N*+OP*%+!Q*#,"

#$)," :ABAD;"W4"W61.7"J4"RI;B.7.78.3"J4"UAI?AIQUACK.I"R4"H./2" LJ4":;7727?"Z94" AD" .B," JAC2YI6C.B"
IA?;B.D267"6F"D1A"S.81AI27Q**^XD.D#".<20"/E"C.KA6B27Q*"27"36;0A"F2/I6/B.0D0".78"B;7?"C.IC2763."CABB0,"
U26C123"U26Y1E0"RCD."W6B"SABB"JA0,"!+*(M*(&%N%OP')$Q(+!,"

#%+," j267?"54"567?"d4"T;"b4"]27"Vb4"JA7"]]4"b.7?"VS4"AD".B,"J6BA0"6F"X9R9#".78"g>U*"YI6DA270"27">Q
C.81AI27"86@7QIA?;B.D267".78"1;3.7"C6B6IACD.B"C.7CAI"AY2D1AB2.BQ3A0A7C1E3.B"DI.702D267,"d"U26B"S1A3,"
!+*!M!('N(OP%(*)Q#!,"

#%*," h27"h4"j;"V4"5A"94"h27"S4"j;" d,"H6I3.B".78"820A.0AQIAB.DA8"/26B6?2C.B" F;7CD2670"6F"9@20D*".78"
;78AIBE27?"36BAC;B.I"3AC1.72030,"SABB"JA0,"!+*!M!!N*OP)+Q*+&,"

#%!," X271" HT4" >786" -4" W2E.a.@." -4" X.2D61" W," >D0*" .78" >X>*" IAC2YI6C.BBE" IA?;B.DA" A<YIA00267" 6F"
g>U*^g>U!4"8AYA78A7D"67">J-*^!".CD2K2DE4"27"/IA.0D"C.7CAI"CABB0,"S.7CAI"XC2,"!+*'M*+(N%OP)%!Q&+,"

#%#," S12;"]V4"5027"L]4"V.7?"9V4"X;7?"bb4"S12"dV4"S1.7?"d94"AD".B,"91A">J-Qg>U*"Y.D1@.E"3A82.DA0"
AY2D1AB2.BQ3A0A7C1E3.B"DI.702D267"27"YA3ADIA<A8"IA020D.7D"B;7?"C.7CAI"CABB0"@2D1"0;YYIA00267"/E"K27C."
.BG.B6280,"k7C6?A7A,"!+*'M#&N!OP!$!Q%#,"

#%$," bA200"WU4"R/AB">e4"W.E/AIIE"WW4"U.02BA"-d4"UAI?AI"RS4"RYB27"R>,"9bLX9*"20".7">J-*^!"AFFACD6I"
D1.D" YI636DA0" 27K.0267" .78" IA?;B.DA0" WWZQ*" A<YIA00267" 27" 1;3.7" 3AB.763." CABB0," S.7CAI" JA0,"
!+*!M'!N!$OP&#(!Q)!,"



! *(*"

#%%," g6I.7"Z4"T677."dX4":AI.B8"X54"RD.B.7D.":4"T.K28"R]4"Z.;B"bH4"AD".B,"SSQ)+++*4"."CQd;7"HQDAI327.B"
G27.0A"NdH-O"2712/2D6I4"27"Y.D2A7D0"@2D1"Y;B367.IE"F2/I6020P"8A02?7"6F"."Y1.0A"!4"I.786320A84"YB.CA/6Q
C67DI6BBA8"DI2.B,"UWd"kYA7"JA0Y2I.D6IE"JA0A.IC1,"!+!!M)N*OPA++*+&+,"

#%&," T2IA8AI"W4"b2AB0C1AI"W4"bA200"94"].??7AI"W4"S6Y2C"T4"-B.0"-4"AD".B,"91A"DI.70CI2YD267.B"YI6F2BA"6F"
GAB628.B"XC1@.77"CABB0,"><YAI23A7D.B"m"W6BAC;B.I"WA82C27A,"!+!!M%$N**OP*((&Q)++,"

#%'," 9A6F6B2"Z4"U.I8;.?72"X4"J2/;FF6"W4"S.3Y.7ABB."R4"TA"Z2D."k4"Z;88;"Z,"><YIA00267"6F"UCBQ!4"Y%#4"CQ
q;7".78"CQF60"YI6D667C6?A7A0"27"GAB6280".78"1EYAIDI6Y12C"0C.I0,"d"TAI3.D6B"XC2,"*)))M!!N*OP#*Q',"

#%(," W.ID276"=4"ZAIA0DIAB6"RJ4"e27.I0Gá"e4"Z.?B2.I2"X4"=6IDA":,"SABB;B.I"WAC1.76DI.708;CD267P"=I63"
9A70267"D6"=;7CD267,"=I67D"Z1E026B,"!+*(M)P(!$,"

#%)," b.7?" d5," SABB" 9I.CD267" =6ICA0" NS9=0O" .78" S9=" W2CI60C6YE" RYYB2C.D2670" 27" W;0C;B60GABAD.B"
JA0A.IC1,"kYAI"9AC1"kID16Y,"!+*+M!+N!OP*+&Q),"

#&+," J.6"J-b4"g,"S1.YDAI"'" Q"SABB"R81A0267".78" D1A"><DI.CABB;B.I"W.DI2<," L7P":6683.7"XJ4"A82D6I,"
:6683.7s0"WA82C.B"SABB"U26B6?E"N=6;ID1">82D267OP"RC.8A32C"ZIA00M"!+!*,"Y,"!+#Q$',"

#&*," 5E7A0"Jk,"L7DA?I270P"."F.32BE"6F"CABB"0;IF.CA"IACAYD6I0,"SABB,"*)('M$(N$OP%$)Q%$,"

#&!," 9.G.8."V4"VA"j4"X2367"X,"91A"27DA?I270,":A763A"U26B,"!++'M(N%OP!*%,"

#&#," g.32I" >4" :A2?AI" U," W6BAC;B.I" C63YBA<2DE" .78" 8E7.32C0" 6F" CABBQ3.DI2<" .81A02670," d" SABB" XC2,"
!++*M**$NZD"!+OP#%(#Q)+,"

#&$," :A2?AI"U4"UAI01.80GE"R,"R00A3/BE".78"3AC1.760A706IE"F;7CD267"6F"F6C.B"C67D.CD0,"S;II"kY27"SABB"
U26B,"!++*M*#N%OP%($Q)!,"

#&%," b;"S4"-A2KA70"eW4"ks966BA"9>4"WCT67.B8"dR4":270/AI?"W5,"L7DA?I27".CD2K.D267".78"CED60GABAD.B"
27DAI.CD267".IA"A00A7D2.B"F6I"D1A".00A3/BE"6F"."F2/I67ACD27"3.DI2<,"SABB,"*))%M(#N%OP'*%Q!$,"

#&&," b20A3.7"Zb4"UI6@7"SW4"bA//"Td4"5A/AID"U4"d617067"H]4"Xi;2AI"dR4"AD".B,"XY.D2.B"3.YY27?"6F"
27DA?I27"27DAI.CD2670".78"8E7.32C0"8;I27?"CABB"32?I.D267"/E"L3.?A"S6IIAB.D267"W2CI60C6YE," d6;I7.B"6F"
SABB"XC2A7CA,"!++$M**'N!#OP%%!*Q#$,"

#&'," S162"S-4"e2CA7DAQW.7a.7.IA0"W4"g.IA76"d4"b12D36IA"]R4"W6?2B7AI"R4"56I@2Da"RJ,"RCD27".78"~Q
.CD2727"6IC1A0DI.DA"D1A".00A3/BE".78"3.D;I.D267"6F"7.0CA7D".81A02670"27"."3E6027"LL"36D6IQ278AYA78A7D"
3.77AI,"H.D;IA"SABB"U26B6?E,"!++(M*+N)OP*+#)Q%+,"

#&(," U;II28?A"-4"bA77AI/AI?"-,"J16".78"J.C"D.GA"CA7DAI"0D.?A,"SABB,"!++$M**&N!OP*&'Q'),"

#&)," Z.I0670"d9,"=6C.B".81A0267"G27.0AP"D1A"F2I0D"DA7"EA.I0,"d"SABB"XC2,"!++#M**&NZD"(OP*$+)Q*&,"

#'+," X.@.2"54"kG.8."V4"=;7.1.012"54"W.D0;6"V4"9.G.1.012"54"9.GAE.3."54"AD".B,"RCD2K.D267"6F"F6C.B"
.81A0267"G27.0A"A71.7CA0"D1A".81A0267".78"27K.0267"6F"Y.7CIA.D2C"C.7CAI"CABB0"K2."A<DI.CABB;B.I"02?7.BQ
IA?;B.DA8"G27.0AQ*^!"02?7.B27?"Y.D1@.E".CD2K.D267,"W6BAC;B.I"S.7CAI,"!++%M$N*OP#',"

#'*," JA701.@"Wb4"ZI2CA" ]X4" XC1@.IDa"WR," =6C.B" .81A0267" G27.0A"3A82.DA0" D1A" 27DA?I27" 02?7.B27?"
IAi;2IA3A7D"F6I"?I6@D1"F.CD6I".CD2K.D267"6F"WRZ"G27.0A,"d"SABB"U26B,"*)))M*$'N#OP&**Q(,"

#'!," =27C1.3"ed4"d.3A0"W4"=I.3A"WS4"b278AI"Xd,"RCD2KA">J-^WRZ"G27.0A"20"D.I?ADA8"D6"7A@BE"F6I327?"
CABBQ3.DI2<".81A02670"/E"27DA?I27"A7?.?A3A7D".78"KQXIC,">3/6"q,"!+++M*)N*!OP!)**Q!#,"

#'#," TABC633A77A"W4"9.7"S4":I.E"e4"J;A"]4"b668?ADD" d4"TA81.I"X,"Z160Y1627602D28AQ#Qk5"G27.0AQ
8AYA78A7D"IA?;B.D267"6F"?BEC6?A7"0E7D1.0A"G27.0A"#".78"YI6DA27"G27.0A"U^R-9"/E"D1A" 27DA?I27QB27GA8"
G27.0A,"ZI6C"H.DB"RC.8"XC2"c"X"R,"*))(M)%N*)OP**!**Q&,"

#'$," j2." 54" H16" JX4" -.13" d4" -BA2867" d4" 5A7GA" SR," =6C.B" R81A0267" -27.0A" L0" cY0DIA.3" 6F"
Z160Y1.D28EB27602D6B"#Q-27.0A^RGD"27"JA?;B.D27?"=2/I6/B.0D"X;IK2K.B"27"JA0Y670A"D6"S67DI.CD267"6F"9EYA"
L" S6BB.?A7" W.DI2CA0" K2." ." u*" L7DA?I27" e2./2B2DE" X2?7.B27?" Z.D1@.EÇ," d6;I7.B" 6F" U26B6?2C.B" S1A320DIE,"
!++$M!')N#*OP##+!$Q#$,"

#'%," S1A7" 5S4" :;.7" d]," R006C2.D267" 6F" F6C.B" .81A0267" G27.0A" @2D1" 2D0" Y6DA7D2.B" 0;/0DI.DA"
Y160Y1.D28EB27602D6B"#QG27.0A,"ZI6C"H.DB"RC.8"XC2"c"X"R,"*))$M)*N!*OP*+*$(Q%!,"



! *(!"

#'&," X.7?AI" db4" X.7?AI" dW4" d6CG;0C1"UW,"T2FFAIA7CA0" 27" D1A" 0DIA00" F2/AI0" /AD@AA7" F2/I6/B.0D0" .78"
AY2D1AB2.B"CABB0,"d"SABB"U26B,"*)(#M)&N$OP)&*Q),"

#''," >B067">]4"=AB8AI"X=4"d.E"ZV4"-6B687AE"WX4"Z.0DAI7.G"S,"=6ICA0"27"CABB"B6C636D267,"U26C1A3"X6C"
XE3Y,"*)))M&%P!))Q#*$,"

#'(," U677.70"S4"S16;"d4"bAI/"g,"JA368ABB27?"D1A"A<DI.CABB;B.I"3.DI2<"27"8AKAB6Y3A7D".78"820A.0A,"
H.D"JAK"W6B"SABB"U26B,"!+*$M*%N*!OP'(&Q(+*,"

#')," XKE0D67E;G"TR4"H?;"dWS4"WA@16ID"5>W4"]2Y67"UT4"9A7?":4":;aa.I82"T:4"AD".B,"=2/I6/B.0D"?I6@D1"
F.CD6IQ!" IA?;B.DA0"1;3.7"C.I82.C"3E6F2/I6/B.0DQ3A82.DA8"A<DI.CABB;B.I"3.DI2<" IA368AB27?," d6;I7.B"6F"
9I.70B.D267.B"WA82C27A,"!+*%M*#N*OP*$',"

#(+," S1.78.G"c4"S12G6"X4"J.13.1"R4"W.ID27"-,"W.DI2<"./76I3.B2D2A0"27"Y;B367.IE"F2/I6020,">;I6YA.7"
JA0Y2I.D6IE"JAK2A@,"!+*(M!'N*$(OP*(++##,"

#(*," W."V4"8A"S.0DI6"UI}0"]>4"96/."54"LEAI"JZ4"5.BB"W>4"b2772F6I8"WT4"AD".B,"WE6F2/I6/B.0D0".78"D1A"
A<DI.CABB;B.I" 3.DI2<" 7AD@6IG" 27" Y60DQ3E6C.I82.B" 27F.ICD267" C.I82.C" IA368AB27?," ZFBf?AI0" RIC12K" Q"
>;I6YA.7"d6;I7.B"6F"Z1E026B6?E,"!+*$M$&&N&OP***#Q!',"

#(!," X.G.I"WX4">ECG3.70"d4"Z2ADAI0"J4">/AIB2"T4"HAB067"Ud4"S1A7"SX,"SABB;B.I"F6ICA0".78"3.DI2<".00A3/BE"
C66I827.DA"F2/I6;0"D200;A"IAY.2I,"H.D;IA"S633;72C.D2670,"!+*&M'N*OP**+#&,"

#(#," 527a"U," =6I3.D267".78" F;7CD267"6F" D1A"3E6F2/I6/B.0D"8;I27?" D200;A" IAY.2I," d" L7KA0D"TAI3.D6B,"
!++'M*!'N#OP%!&Q#',"

#($," W.q76":4":.//2.72":4"52I0C1AB"Ud4"JE.7":U4"XD.DG6K"ZJ,"S67DI.CD267"6F"?I.7;B.D267"D200;A"27"K2DI6P"
0232B.I2DE"D6"0366D1"3;0CBA,"XC2A7CA,"*)'*M*'#N#))&OP%$(Q%+,"

#(%," XD6Y.G"T4"5.II20"R-,"S677ACD2KA"D200;A"36IY16?A7A020"/E"F2/I6/B.0D"DI.CD267P"L,"9200;A"C;BD;IA"
6/0AIK.D2670,"TAKAB6Y3A7D.B"U26B6?E,"*)(!M)+N!OP#(#Q)(,"

#(&," d.7?"L4"UA727?6"-R,"L7DA?I2704"SR=0".78"WAC1.72C.B"=6ICA0"27"D1A"ZI6?IA00267"6F"S.7CAI,"S.7CAI0"
[L7DAI7AD\,"!+*)M"**N%O,"

#('," SIA3AI0" HR4" X;DD6IY" W4" :AII2D0A7" WW4" b67?" Jd4" K.7" J;7QK.7" UIA8." S4" K.7" T.3" :W4" AD" .B,"
WAC1.72C.B" XDIA00" S1.7?A0" D1A" S63YBA<" L7DAIYB.E"UAD@AA7"5kQ*4" L7FB.33.D267" .78" =2/I60204"T;I27?"
><C20267.B"b6;78"JAY.2I,"=I67D"WA8"N].;0.77AO,"!+*%M!P(&,"

#((," W;G16Y.81E.E"R4"9.7">-d4"-166"V9R4"S1.7"XV4"]23"Ld4"Z1.7"99,"S6782D267A8"3A82;3"FI63"GAB628"
GAI.D276CEDA^GAB628" F2/I6/B.0D" C6C;BD;IA" 278;CA0" C67DI.CD267"6F" F2/I6/B.0DQY6Y;B.DA8" C6BB.?A7" B.DD2CA0,"
UI2D201"d6;I7.B"6F"TAI3.D6B6?E,"!++%M*%!N$OP&#)Q$%,"

#()," 5.0A?.@." 94" H.G.6" R4" X;32E6012" -4" 90;C121.012" 54" k?.@." 5," XUQ$#*%$!" 2712/2D0" 9:=Q/AD.Q
278;CA8"C67DI.CD267"6F"C6BB.?A7"?AB"/E"76I3.B".78"GAB628"F2/I6/B.0D0,"d"TAI3.D6B"XC2,"!++%M#)N*OP##Q(,"

#)+," -23"54"R7??I.82D."]T4"]AA"Xd4"5;I"XX4"U.A"d4"5@.7?"HX4"AD".B,"R3AB26I.D27?"=2/I6D2C"Z1A76DEYA0"6F"
-AB628" TAI3.B" =2/I6/B.0D0" D1I6;?1" .7" >Y28AI3.B" :I6@D1" =.CD6IQWA82.DA8" ><DI.CABB;B.I" W.DI2<"
JA368AB27?,"L7D"d"W6B"XC2,"!+!*M!!N$O,"

#)*," 527a"U4"SABADD.":4"963.0AG"dd4":.//2.72":4"S1.Y6772AI"S,"RBY1.Q0366D1"3;0CBA".CD27"A<YIA00267"
;YIA?;B.DA0"F2/I6/B.0D"C67DI.CD2BA".CD2K2DE,"W6B"U26B"SABB,"!++*M*!N)OP!'#+Q$*,"

#)!," 5.II20" R-4" b2B8" Z4" XD6Y.G" T," X2B2C67A" J;//AI" X;/0DI.D.P" R" HA@" bI27GBA" 27" D1A" XD;8E" 6F" SABB"
]6C636D267,"XC2A7CA,"*)(+M!+(N$$$+OP*''Q),"

#)#," TA"]."ZA7."R4"W;G1D.I"W4"V6G60.@."J4"S.II.0i;2BB."X4"X233670"SX,"h;.7D2FE27?"CABB;B.I"F6ICA0P"
ZI.CD2C.B" C67028AI.D2670" 6F" DI.CD267" F6ICA" 32CI60C6YE" F6I" 8AI3.B" F2/I6/B.0D0," ><Y" TAI3.D6B,"
!+!*M#+N*OP'$Q(#,"

#)$," 8;"J6;IA"k4"X.Aa"R4"U;?;27"R4"R;0D27"J54"S1.KI2AI"Z4"X2B/AIa.7"Z4"AD".B,"=6ICA"3.YY27?"27"AY2D1AB2.B"
CABB"32?I.D267,"ZI6C"H.DB"RC.8"XC2"c"X"R,"!++%M*+!N'OP!#)+Q%,"



! *(#"

#)%," XC16A7" L4"5;"b4"-B6Da0C1">4"e6?AB"e,"ZI6/27?"SABB;B.I"9I.CD267"=6ICA0"/E"W2CI6Y2BB.I"RII.E0P"
S67DI2/;D267"6F"X;/0DI.DA"b.IY27?"D6"Z2BB.I"TAFBACD267,"H.76"]ADDAI0,"!+*+M*+N%OP*(!#Q#+,"

#)&," Z6B.C1ACG" bd4" S1A7" SX," WA.0;I27?" CABBQ?A7AI.DA8" F6ICA0P" ." ?;28A" D6" D1A" .K.2B./BA" D66B0," H.D"
WAD1680,"!+*&M*#N%OP$*%Q!#,"

#)'," ]A?.7D"bJ4"S162"S-4"W2BBAI" dX4" X1.6"]4":.6"]4"UADa2?">4" AD" .B,"W;BD2823A70267.B" DI.CD267" F6ICA"
32CI60C6YE"IAKA.B0"6;DQ6FQYB.7A"I6D.D267.B"363A7D0"./6;D"F6C.B".81A02670,"ZI6CAA827?0"6F"D1A"H.D267.B"
RC.8A3E"6F"XC2A7CA0,"!+*#M**+N#OP((*Q&,"

#)(," ]AGG." W4" :7.7.C1.78I.7" -4" -;/2.G" R4" g2AB2à0G2" 94" gA3â." d," 9I.CD267" F6ICA" 32CI60C6YE" w"
WA.0;I27?"D1A"F6ICA0"A<AIDA8"/E"CABB0,"W2CI67,"!+!*M*%+P*+#*#(,"

#))," Ra.D6K" W4" :62C6AC1A." XW4" kDAE" SR4" cY.81E.E." R," 91A" .CD27" CI600B27G27?" YI6DA27" Y.BB.827"
368;B.DA0"F6ICA"?A7AI.D267".78"3AC1.760A702D2K2DE"6F"D;36I".006C2.DA8"F2/I6/B.0D0,"XC2A7D2F2C"JAY6ID0,"
!+*&M&N*OP!((+%,"

$++," b.7?"g4"=67?"-T4"Z1.7"9Q94"]23"Ld4"]67?.GAI"W94"V.7?":Z,"L7CIA.0A8"DI.70CI2YD267.B"IA0Y670A"D6"
3AC1.72C.B"0DI.27" 27"GAB628" F2/I6/B.0D0"8;A"D6" 27CIA.0A8" F6C.B".81A0267"C63YBA<" F6I3.D267," d6;I7.B"6F"
SABB;B.I"Z1E026B6?E,"!++&M!+&N!OP%*+Q',"

$+*," U.B./.7" Hh4" XC1@.Ia" cX4" J2KAB27A" T4" :62C1/AI?" Z4" 9a;I" :4" X./.7.E" L4" AD" .B," =6ICA" .78" F6C.B"
.81A0267" .00A3/BEP" ." CB60A" IAB.D267012Y" 0D;82A8" ;027?" AB.0D2C" 32CI6Y.DDAI7A8" 0;/0DI.DA0," H.D;IA" SABB"
U26B6?E,"!++*M#N%OP$&&Q'!,"

$+!," S1A7"V4"Z.0.YAI."RW4"-6IAD0GE"RZ4"b.DAI3.7"SW,"kI2A7D.D267Q0YAC2F2C"IA0Y670A0"D6"0;0D.27A8"
;72.<2.B" 0DIADC127?" 27" F6C.B" .81A0267" ?I6@D1" .78" D;I76KAI," ZI6CAA827?0" 6F" D1A" H.D267.B" RC.8A3E" 6F"
XC2A7CA0,"!+*#M**+N!&OP>!#%!Q>&*,"

$+#," ]6" eACC126" X4" 912.?.I.q.7" J4" S./.BBAI6" T4" e2?67" e4" H.K6IAD" ]4" e62D;I2Aa" J4" AD" .B," S6BBACD2KA"
TE7.32C0"6F"=6C.B"R81A02670"JA?;B.DA"T2IACD267"6F"SABB"W6D267,"SABB"XE0DA30,"!+!+M*+N&OP%#%Q$!,A$,"

$+$," XC1ÜFAI"S4"U6I3"U4"U6I7"X4"Wt1B"S4">2/B">QW4"56FF3.77"U,"k7A"0DAY".1A.8P"J6BA"6F"F2B6Y682."27"
.81A0267" F6I3.D267" 8;I27?" CABB" 32?I.D267" 6F" GAI.D276CEDA0," ><YAI23A7D.B" SABB" JA0A.IC1,"
!++)M#*%N'OP*!*!Q!$,"

$+%," 9.3/A"T94"SI6;DABBA"c4"9IAY.D"j4"Z.IG"SV4"-23"d54"W2BBAD">4"AD".B,"W676B.EAI"XDIA00"W2CI60C6YEP"
]232D.D26704"RID2F.CD04".78"RCC;I.CE"6F"JAC6KAIA8"L7DAICABB;B.I"XDIA00A0,"Z]kX"kH>,"!+*#M(N!OPA%%*'!,"

$+&," 5;I"XX4"8AB"äB.36"dS4"Z.IG"dX4"]2"VQX4"H?;EA7"5R4"9A7?"T4"AD".B,"J6BA0"6F"CABB"C67FB;A7CE".78"FB;28"
01A.I"27"#Q823A70267.B"27DI.CABB;B.I"F6ICA0"27"A786D1AB2.B"CABB0,"ZI6CAA827?0"6F"D1A"H.D267.B"RC.8A3E"6F"
XC2A7CA0,"!+*!M*+)N!(OP****+Q%,"

$+'," g1.6"94" g1.7?"V4"bA2"h4" X12" j4" g1.6"Z4" S1A7" ]Qh4" AD" .B," RCD2KA" CABBQ3.DI2<" C6;YB27?" IA?;B.DA0"
CABB;B.I"F6ICA"B.780C.YA0"6F"C61A02KA"AY2D1AB2.B"3676B.EAI0,"7Yq"S63Y;D.D267.B"W.DAI2.B0,"!+*(M$N*OP*+,"

$+(," U.qY.2"R4"967?"d4"h2.7"b4"ZA7?"V4"S1A7"b,"91A"L7DAIYB.E"UAD@AA7"SABBQSABB".78"SABBQW.DI2<"=6ICA0"
JA?;B.DA0"SABB"W2?I.D267"TE7.32C0,"U26Y1E02C.B"d6;I7.B,"!+*)M**'N*+OP*')%Q(+$,"

$+)," XAII.76"J4"R;7?"R4"VA1"VQ94"e.I?1A0A"X4"].01AI.0"dS4"8AB"äB.36"dS,"91IAAQT23A70267.B"W676B.EAI"
XDIA00"W2CI60C6YE,"U26Y1E02C.B"d6;I7.B,"!+*)M**'N*OP***Q!(,"

$*+," :6K"HX,"9I.CD267"F6ICA0"8;I27?"C6BBACD2KA"CABB"36D267,"5F0Y"q,"!++)M#N$OP!!#Q',"

$**," 5;.7?"X4"UI.7?@E77A"SZ4"Z.IGAI"--4"L7?/AI"T>,"XE33ADIEQ/IA.G27?"27"3.33.B2.7"CABB"C616ID"
32?I.D267"8;I27?" D200;A"Y.DDAI7" F6I3.D267P" I6BA" 6F" I.7863Q@.BG"YAI020DA7CA," SABB"W6D2B" SED60GABAD67,"
!++%M&*N$OP!+*Q*#,"

$*!," R3.86QRaAKA86"d4"e.BA7D">94"e.7"H2A;@"R3AI67?A7":Z,"JA?;B.D267"6F"D1A"A786D1AB2.B"/.II2AI"
F;7CD267P"."F2B;3"?I.7;3"6F"CABB;B.I"F6ICA04"J16Q:9Z.0A"02?7.B27?".78"32CI6A7K2I673A7D,"SABB"9200;A"JA0,"
!+*$M#%%N#OP%%'Q'&,"

$*#," eAI1.A?A7"ZT5W4"e.7"g;2qBA7"ZZW4"ZA7727?0"HW4"e.7"W.IBA"d4"H2A00A7"=U4"e.7"TAI"56I0D"SWRW4"
AD" .B,"T2FFAIA7CA0" 27" C6BB.?A7" .IC12DACD;IA"/AD@AA7"GAB6284" 1EYAIDI6Y12C" 0C.I4" 76I36DI6Y12C" 0C.I4" .78"



! *($"

76I3.B"0G27P"R7"6/qACD2KA"120D6Y.D16B6?2C.B".7.BE020,"b6;78"JAY.2I".78"JA?A7AI.D267,"!++)M*'N%OP&$)Q
%&,"

$*$," j;"U4"S16@"Wd4"g1.7?"V,"><YAI23A7D.B".78"368AB27?"0D;8E"6F"C6BB.?A7"0C.FF6B80"@2D1"D1A"AFFACD0"
6F"CI600B27G27?".78"F2/AI".B2?73A7D,"L7D"d"U263.DAI,"!+**M!+**P*'!#(),"

$*%," J2C127?"-W4"S6<"U]4"X.B2CG"WJ4"ZA1BGA"S4"J2C127?"RX4"Z672G"XW4"AD".B,"#T"C6BB.?A7".B2?73A7D"B232D0"
YI6DI;02670"D6"A71.7CA"/IA.0D"C.7CAI"CABB"YAI020DA7CA,"U26Y1E0"d,"!+*$M*+'N**OP!%$&Q%(,"

$*&," 9.;F.BABA"Ze4"e.78AIU;I?1"dR4"W;�6a"R4"g.76DABB2"WJ4"JA271.IDQ-27?"SR,"=2/AI".B2?73A7D"8I2KA0"
C1.7?A0"27".IC12DACD;I.B".78"3AC1.72C.B"FA.D;IA0"27"C6BB.?A7"3.DI2CA0,"Z]6X"k7A,"!+*)M*$N%OPA+!*&%#',"

$*'," Z26DI6@0G2QT.0Y2D" RX4" HAI?AI" UR4" b6BF" R>4" X;78.IA0.7" X4" HAB067" SW," TE7.32C0" 6F" 9200;AQ
L78;CA8"RB2?73A7D"6F"=2/I6;0"><DI.CABB;B.I"W.DI2<,"U26Y1E02C.B"d6;I7.B,"!+*'M**#N#OP'+!Q*#,"

$*(," ]2;"=4"W21" dT4"X1A."UX4"-16"R94"X1.I2F"RX4"9.?AI"RW4"AD".B,"=AA8/.CG".3YB2F2C.D267"6F" F2/I6020"
D1I6;?1"3.DI2<"0D2FFA727?".78"SkjQ!"0;YYIA00267,"d"SABB"U26B,"!+*+M*)+N$OP&)#Q'+&,"

$*)," UI6@7"RS4"=26IA"e=4"X;BC1AG"9R4"U.IGAI"95,"Z1E02C.B".78"C1A32C.B"32CI6A7K2I673A7D.B"C;A0"
6ID16?67.BBE" C67DI6B" D1A" 8A?IAA" .78" 8;I.D267" 6F" F2/I6020Q.006C2.DA8" AY2D1AB2.BQD6Q3A0A7C1E3.B"
DI.702D2670,"d"Z.D16B,"!+*#M!!)N*OP!%Q#%,"

$!+," :A6I?A0"ZS4"5;2"dd4":63/60"g4"WCS6I32CG"W>4"b.7?"RV4"cA3;I."W4"AD".B,"L7CIA.0A8"0D2FF7A00"6F"
D1A"I.D"B2KAI"YIACA8A0"3.DI2<"8AY602D267P"23YB2C.D2670"F6I"F2/I6020,"R3"d"Z1E026B":.0DI627DA0D"]2KAI"Z1E026B,"
!++'M!)#N&OP:**$'Q%$,"

$!*," TA?60"=4" ZAIAa"Z4"J6C1A"U4"W.136;82"R4"R00AB27A.;" d4" e62D6D"54" AD" .B,"T2.?760D2C" .CC;I.CE"6F"
=2/I6XC.7" .78" C63Y.I2067" D6" B2KAI" F2/I6020" /263.IGAI0" 27" C1I672C" K2I.B" 1AY.D2D20P" ." 3;BD2CA7DAI"
YI60YACD2KA"0D;8E"ND1A"=LUJkX9LS"0D;8EO,"d"5AY.D6B,"!+*+M%#N&OP*+*#Q!*,"

$!!," V.7?"X4"ZB6D72G6K"Xe,"WAC1.760A702D2KA"JA?;B.D267"6F"=2/I6020,"SABB0,"!+!*M*+N%O,"

$!#," 5.BB"WX4"RB20.F.A2"=4"U.7">4"=A7?"j4"5;2"SQV4"X1A76E"eU4"AD".B,"=2/I6;0"767B27A.I"AB.0D2C2DE"A7./BA0"
Y602D2KA"3AC1.72C.B"FAA8/.CG"/AD@AA7"CABB0".78">SW0,"ZI6CAA827?0"6F"D1A"H.D267.B"RC.8A3E"6F"XC2A7CA0,"
!+*&M**#N$)OP*$+$#Q(,"

$!$," W.B2G" J4" ]ABGA0" ZL4" S;G2AI3.7" >," U263AC1.72C.B" .78" /26C1A32C.B" IA368AB27?" 6F" 0DI63.B"
A<DI.CABB;B.I"3.DI2<"27"C.7CAI,"9IA780"U26DAC176B,"!+*%M##N$OP!#+Q&,"

$!%," X.8."W4"k1;C128."-4"56I26G."-4"kG;3;I."94"W6I2E.3."94"W2E.0.G."V4"AD".B,"5EY6<2C"0DABB.DA"CABB0"
6F" Y.7CIA.D2C" C.7CAI" 0DI63." IA?;B.DA" A<DI.CABB;B.I"3.DI2<" F2/AI" 6I?.72a.D267" .78" C.7CAI" CABB"36D2B2DE,"
S.7CAI"]ADDAI0,"!+*&M#'!N!OP!*+Q(,"

$!&," d2.7?" V4" g1.7?" 54" b.7?" d4" ]2;" V4" ];6" 94" 5;." 5," 9.I?AD27?" A<DI.CABB;B.I" 3.DI2<" 0D2FF7A00" .78"
3AC1.76DI.708;CAI0"D6"23YI6KA"C.7CAI"D1AI.YE,"d"5A3.D6B"k7C6B,"!+!!M*%N*OP#$,"

$!'," bA200A7/.C1"W4"SB.10A7"94"bA/AI"S4"XY2DaAI"T4"b2ID1"T4"eA0D@A/AI"T4"AD".B,"L7DAIBA;G27Q&"20"."
82IACD"3A82.D6I"6F"9"CABB"32?I.D267,">;I"d"L33;76B,"!++$M#$N*+OP!()%Q)+&,"

$!(," bI2?1D"5]4"SI600"R]4">8@.I80"Xb4"W66D0"Jd,">FFACD0"6F" L]Q&".78" L]Q&"/B6CG.8A"67"7A;DI6Y12B"
F;7CD267"27"K2DI6".78"27"K2K6,"J1A;3.D6B6?E,"!+*$M%#N'OP*#!*Q#*,"

$!)," :.BB;CC2"JW4"]AA">:4"963.0AG"dd,"L]Q&"368;B.DA0".BY1.Q0366D1"3;0CBA".CD27"A<YIA00267"27"8AI3.B"
F2/I6/B.0D0"FI63"L]Q&Q8AF2C2A7D"32CA,"d"L7KA0D"TAI3.D6B,"!++&M*!&N#OP%&*Q(,"

$#+," XC16ABAI" T4" :IfDaG.;" R4" 5A7a" UW4" -fC1BAI" d4" -If?AIQ-I.0.?.G20" X," L7DAIBA;G27Q&" >71.7CA0"
b1AIA.0"9;36I"HACI6020"=.CD6I"~".78"L7DAIFAI670"L712/2D"L7DA?I27"><YIA00267".78"R81A0267"6F"5;3.7"
W.0D"SABB0"D6"><DI.CABB;B.I"W.DI2<"ZI6DA270,"d6;I7.B"6F"L7KA0D2?.D2KA"TAI3.D6B6?E,"!++#M*!+N%OP')%Q(+*,"

$#*," b.D067"S4"b12DD.GAI"X4"X32D1"H4"e6I."Rd4"T;3678A"TS4"UI6@7"-R,"L]Q&".CD0"67"A786D1AB2.B"CABB0"
D6"YIAFAIA7D2.BBE"27CIA.0A"D1A2I".81AIA7CA"F6I"BE3Y16CEDA0,"SB27"><Y"L33;76B,"*))&M*+%N*OP**!Q),"



! *(%"

$#!," g2YI27"Z4"J28?@.E"Z=4"ZF20DAI3fBBAI"-]4"ZACG"T54"T.Ia2"Rb,"LSRWQ*"3A82.DA8"D;36IQ3A06D1AB2.B"
CABB" .81A0267" 20"368;B.DA8"/E" L]Q&" .78"9H=Q.BY1.P" ." Y6DA7D2.B"3AC1.7203"/E"@12C1" 0;I?2C.B" DI.;3."
27CIA.0A0"YAI2D67A.B"3AD.0D.0A0,"SABB"S633;7"R81A0,"!++#M*+N#OP*$*Q%$,"

$##," kID2aQW67DAI6"Z4"]6786�6Qe.BBAq6"R4"eAI76D"dZ,"XA7A0CA7CAQ.006C2.DA8"L]Q&".78"L]Q("CED6G27A0"
278;CA" ." 0ABFQ" .78" CI600QIA27F6ICA8" 0A7A0CA7CA^27FB.33.D6IE" 32B2A;" 0DIA7?D1A727?" D;36I2?A72C"
C.Y./2B2D2A0"27"D1A"WS=Q'"/IA.0D"C.7CAI"CABB"B27A,"SABB"S633;7"X2?7.B,"!+*'M*%N*OP*',"

$#$," b.BDAI"W4"]2.7?"X4":1601"X4"56I70/E"Zd4"]2"J,"L7DAIBA;G27"&"0ACIADA8"FI63".82Y60A"0DI63.B"CABB0"
YI636DA0"32?I.D267".78"27K.0267"6F"/IA.0D"C.7CAI"CABB0,"k7C6?A7A,"!++)M!(N#+OP!'$%Q%%,"

$#%," >//27?">R4"K.7"8AI"g.B3"RZ4"XDA270"R4"SIAA3AI0"R4"5AI30A7"X4"JA7DA7..I"J4"AD".B,"XDI63.BQ8AI2KA8"
27DAIBA;G27" &" 8I2KA0" AY2D1AB2.BQD6Q3A0A7C1E3.B" DI.702D267" .78" D1AI.YE" IA020D.7CA" 27" A06Y1.?A.B"
.8A76C.IC2763.,"ZI6C"H.DB"RC.8"XC2"c"X"R,"!+*)M**&N&OP!!#'Q$!,"

$#&," ]2;"V4"]2"Z4"=.7"]4"b;"W,"91A"7;CBA.I"DI.70Y6ID.D267"I6;DA0"6F"3A3/I.7AQ/6;78"DI.70CI2YD267"
F.CD6I0,"SABB"S633;7"X2?7.B,"!+*(M*&N*OP*!,"

$#'," Z;Da">W4"W.q6I60"R4":6DD1.I8D"T4"ZIC1.BQW;IY1E"W4"gA/A827QUI.78B">W4"=;<"TR4"AD".B,"H6KAB"767Q
C.7672C.B"I6BA"6F"X9R9*"27"H.D;I.B"-2BBAI"CABB"CED6D6<2C2DE,"k7C6233;76B6?E,"!+*&M%N)OPA**(&#*$,"

$#(," Z627CB6;<"J4"S6;?6;BA"S4"T.;/67"94"W.I28677A.;QZ.I272"L4"]A"S./AC"e,"9EI6027AQY160Y16IEB.DA8"
X9R9%".CC;3;B.DA0"67"Y686063A0"27"5CGQDI.70F6I3A8"F2/I6/B.0D0".78"C1I672C"3EAB628"BA;GA32."CABB0,"
d6;I7.B"6F"SABB;B.I"Z1E026B6?E,"!++'M!*#N*OP!*!Q!+,"

$#)," 5.II20" 9d4" ZA2FAI" W," TAC2026704" 8AC202670P" /AD.QC.DA727" C1660A0" /AD@AA7" .81A0267" .78"
DI.70CI2YD267,"9IA780"SABB"U26B,"!++%M*%N%OP!#$Q',"

$$+," :;YD."Z4"ZIE@A0"J,"R9=*"Z160Y16IEB.D267"/E"D1A">J-"WRZ-"Z.D1@.E"L0"JAi;2IA8"F6I">Y28AI3.B"
:I6@D1"=.CD6IQ278;CA8"CQq;7"><YIA00267Ç,"d6;I7.B"6F"U26B6?2C.B"S1A320DIE,"!++!M!''N%!OP%+%%+Q&,"

$$*," R820A01.2.1"Z4"]2"d4"e.a"W4"-.BK.G6B.7;"Te4"JA88E"XZ,">J-"02?7.B27?"IA?;B.DA0"D;36I"YI636DAI"
278;CA8"CQd;7"IACI;2D3A7D".D"D1A"=I.Q*"YI636DAI,"U26C1A3"U26Y1E0"JA0"S633;7,"!++(M#'*N!OP#+$Q(,"

$$!," XD.72B6K."XR4":I2?6I6K"U:4"ZB.D2G.76K."WX4"T6/IAK."g:,">FFACD"6F"."X3.BB"XABACD2KA"L712/2D6I"6F"SQ
d;7"HQ9AI327.B"-27.0A"67" D1A" L78;C2/BA"3JHR"><YIA00267"6F" L7DAIBA;G27Q&".78" L7DAIBA;G27Q*(,"kYA7"
RCCA00"W.CA8"d"WA8"XC2,"!+*)M'N*#OP!+&!Q',"

$$#," :It7B61" W]U4" RID0" dd:4" W.1B.78D" >-4" H6BDA" WR4" :6A81.ID" d4" K.7" U;;B" dT," ZI23.IE" .81AIA8"
7A;DI6Y12B0" 27CIA.0A" dH-*QWRJS-X]*Q3A82.DA8" F2B6Y682." D6" YI636DA" 0AC678.IE" 7A;DI6Y12B"
DI.7032?I.D267,"2XC2A7CA,"!+!#M!&N(OP*+'$+&,"

$$$," 5.17"dW4"WC=.IB.78"-]4"S63/0"-R4"Z6@ABB"5W4"X;YY"TW,"WE6F2/I6/B.0D0"RIA"H6D"S1.I.CDAI20D2C"
=A.D;IA0"6F"-AB628"]A02670,"ZB.0D"JAC670DI"X;I?":B6/"kYA7,"!+!!M*+N**OPA$&(+,"

$$%," ]tFFAG"X4"XC12BB27?"k4"=I.7aGA"Sb,"XAI2A0"r3.DI2<"3AD.BB6YI6DA27.0A0"27"B;7?"1A.BD1".78"820A.0ArP"
U26B6?2C.B"I6BA"6F"3.DI2<"3AD.BB6YI6DA27.0A0P"."CI2D2C.B"/.B.7CA,">;I"JA0Y2I"d,"!+**M#(N*OP*)*Q!+(,"

$$&," H.D.7"X4"-6IA7"V4"X1AB.1"k4":6IA7"X4"]A03.7"R,"]67?QI.7?A"3AC1.72C.B"C6;YB27?"6F"CABB0"27"#T"
F2/I27"?AB0,"W6B"U26B"SABB,"!+!+M#*N*$OP*$'$Q(%,"

$$'," W.B.78I276" R4" 9IAY.D" j4" -.33" JT4" W.G" W," TE7.32C" F2B6Y682.B" F6ICA0" 278;CA" .CC;3;B.D2674"
8.3.?A4".78"YB.0D2C"IA368AB27?"6F"#T"A<DI.CABB;B.I"3.DI2CA0,"Z]6X"S63Y;D"U26B,"!+*)M*%N$OPA*++&&($,"

$$(," ].?.IA0" T4" -.Y66I" W," 9.I?AD27?" =6C.B" R81A0267" -27.0A" 27" =2/I6D2C" T20A.0A0," U26TI;?0,"
!+*#M!'N*OP*%Q!#,"

$$)," X.D6"W,"cYIA?;B.D267"6F"D1A"b7D^/AD.QC.DA727"Y.D1@.E"278;CA8"/E"DI.70F6I327?"?I6@D1"F.CD6IQ
/AD."27"1EYAIDI6Y12C"0C.I0".78"GAB6280,"RCD."TAI3"eA7AIA6B,"!++&M(&N$OP#++Q',"

$%+," L?6D." X4" 960." W4" W;I.G.32" W4" >?.@." X4" X1232a;" 54" 5E.G;06G;" 54" AD" .B," L8A7D2F2C.D267" .78"
C1.I.CDAI2a.D267"6F"b7D"02?7.B27?"Y.D1@.E"27"GAB628"Y.D16?A7A020,"L7D"d"WA8"XC2,"!+*#M*+N$OP#$$Q%$,"



! *(&"

$%*," 5.3/;I?QX12AB80">4"T2H;60C26":d4"W;BB27"H-4"].FE.D20"J4"RD2D"JZ,"X;0D.27A8"uQC.DA727".CD2K2DE"27"
8AI3.B"F2/I6/B.0D0"YI636DA0"F2/I6020"/E";YQIA?;B.D27?"A<YIA00267"6F"A<DI.CABB;B.I"3.DI2<"YI6DA27QC6827?"
?A7A0,"d"Z.D16B,"!+*%M!#%N%OP&(&Q)',"

$%!," >/7AD"-4"-;33AI"T4"XDA27/.C1AI"94"X27?1"R4"H.G.E.3."W4"W.D20"W,"JA?;B.D267"6F"CABB"Y6B.I2DE"/E"
CABB".81A0267"IACAYD6I0,"XA327.I0"27"SABB"m"TAKAB6Y3A7D.B"U26B6?E,"!+*(M(*P!Q*!,"

$%#," R@" bV4" 5ACG" Ub4" d6ECA" U4" TAKA7Y6ID" T," 9I.702A7D" 9200;AQXC.BA" TAF6I3.D267" S66I827.DA0"
RB2?73A7D"6F"ZB.7.I"SABB"Z6B.I2DE"d;7CD2670"27"D1A"W.33.B2.7"XG27,"S;II"U26B,"!+*&M!&N*&OP!+)+Q*++,"

$%$," 9.3.8."W4"X12"d4"U6;I86D"-X4"X;YI2E.D76"X4"Z.B3i;20D"-54":;D2AIIAaQJ;2a"k]4"AD".B,"96BB"IACAYD6I0"
IA368AB" AY2D1AB2." /E" 82IACD27?" YB.7.IQY6B.I2aA8" XIC" .78" ZL#-" .CD2K2DE," TAK" SABB," !+!*M%&N**OP*%()Q
&+!,A),"

$%%," S1A67?"XX4"RGI.3"-W4"W.DABB.7"S4"-23"XV4":./6I2.;"TSR4"5278"W4" AD" .B,"91A"ZB.7.I"Z6B.I2DE"
S63Y67A7D"eRH:]!"L0"."-AE"JA?;B.D6I"6F"WAC1.7602?7.B27?,"=I67D"SABB"TAK"U26B,"!+!+M(P%''!+*,"

$%&," 91.IY"-W4"bA.KAI"eW,"W68AB27?"9200;A"Z6B.I2DE"27"S67DA<D,"d"W6B"U26B,"!+*(M$#+N*)OP#&*#Q!(,"

$%'," XB;0.I0G2" TS4" V.7?QX7E8AI" d4" U;0." bU4" W667" J9," W68;B.D267" 6F" >3/IE672C" L7DI.CABB;B.I"
S.!yX2?7.B27?"/Eb7DQ%R,"TAKAB6Y3A7D.B"U26B6?E,"*))'M*(!N*OP**$Q!+,"

$%(," 90.2"=S4"-;6":54"S1.7?"Xb4"90.2"Zd,"S.!y"02?7.B27?"27"CED60GABAD.B"IA6I?.72a.D2674"CABB"32?I.D2674"
.78"C.7CAI"3AD.0D.020,"U263A8"JA0"L7D,"!+*%M!+*%P$+)!$%,"

$%)," J28BAE" Rd4" XC1@.IDa" WR4" U;II28?A" -4" =2IDAB" JR4" :270/AI?" W54" U6I20E" :4" AD" .B," SABB" 32?I.D267P"
27DA?I.D27?"02?7.B0"FI63"FI67D"D6"/.CG,"XC2A7CA,"!++#M#+!N%&%*OP*'+$Q),"

$&+," X1./2I" X4" X6;D1?.DA" d," S.BC2;3" 02?7.BB27?" 27" @6;78QIA0Y6702KA" 76I3.B" 1;3.7" ;I6D1AB2.B" CABB"
3676B.EAI0,"SABB"S.BC2;3,"!++(M$$N%OP$%#Q&$,"

$&*," XYtII2" U4" WfBBAI" -W4" b2A03.77" c4" U2CGAB" W," X6B;/BA" L]Q&" IACAYD6I" 278;CA0" C.BC2;3" FB;<" .78"
0ABACD2KABE" 368;B.DA0" C1A36G27A" A<YIA00267" 27" 1;3.7" 8AI3.B" F2/I6/B.0D0," L7D" L33;76B,"
*)))M**N'OP*+%#Q(,"

$&!," J6.C1"-W4"UI.8827?"Z,"S.N!yO"02?7.BB27?"27"F2/I6/B.0D0".78"D1A"D1AI.YA;D2C"Y6DA7D2.B"6F"-NS.O#,*"
C1.77AB"/B6CGAI0"27"F2/I6D2C"820A.0A0,"UI"d"Z1.I3.C6B,"!+!+M*''N%OP*++#Q!$,"

$&#," J6.C1"-W4"b;BFF"54"=A?1.B2QU60D@2CG"S4"R3I.72"V4"UI.8827?"Z,"L7CIA.0A8"C670D2D;D2KA"~XWR".78"
X3.8!^#"A<YIA00267"27"2826Y.D12C"Y;B367.IE"F2/I6020"3E6F2/I6/B.0D0"20"-S.#,*Q8AYA78A7D,"JA0Y2I"JA0,"
!+*$M*%N*OP*%%,"

$&$," 5;.7?"S4"X1A7"X4"W."h4":2BB"R4"Z6BB6CG"SR4"S1A7"jW,"-S.#,*"3A82.DA0".CD2K.D267"6F"F2/I6/B.0D0"27"
82./AD2C"IA7.B"27DAI0D2D2.B"F2/I6020,"HAY1I6B"T2.B"9I.70YB.7D,"!+*$M!)N!OP#*#Q!$,"

$&%," ]2;"j4"S1A7"b4"gA7?"h4"W."U4"]2"g4"WA7?"94"AD".B,"X27?BAQSABB"JHRQXAi;A7C27?"JAKA.B0"]27A.?AQ
XYAC2F2C"JA?;B.D6IE"S1.7?A0"6F"=2/I6/B.0D0".78"e.0C;B.I">786D1AB2.B"SABB0"27"-AB6280,"d"L7KA0D"TAI3.D6B,"
!+!!M*$!N*OP*!$Q#%,A**,"

$&&," X6BoQU6B86" ]4" J.88.Da" :4" XC1fDa" X4" W.BB3" dZ4" J2YYA" -4" ]67086IF" RX4" AD" .B," X27?BAQCABB"
DI.70CI2YD63A0" 6F" D1A" 1;3.7" 0G27" IAKA.B" .?AQIAB.DA8" B600" 6F" F2/I6/B.0D" YI2327?," S633;7" U26B,"
!+!+M#N*OP*((,"

$&'," S6B27QV6IG" 54" =I2Da0C1A" W," 91A" F;D;IA" 6F" DI.CD267" F6ICA" 32CI60C6YE," S;IIA7D" kY27267" 27"
U263A82C.B">7?27AAI27?,"!+*(M%P*Q%,"

""

" "



! *('"

"


