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

!

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

)+!/-%-.'-0!1%23456'4789:!$*0!:5;4<"34":3!=$',>$?/!(*,(@(')A/!!

)*!=A)%(+-A$'()*!$*0!$=)=')/(/!!

(*!,&7$*!BCDE:!$0A-*).)A'(.$%!.$*.-A!.-%%!%(*-!

!

-./0.1"$'234+%+'

'

'

(#5416%+.17'81'3"9:';48:'-.1.0"'-<.1",.<+,"'

!

F-=$A'7-*'!)+!G&.%-$A!<-0(.(*-!

H,$(A!)+!G&.%-$A!<-0(.(*-!$*0!:$0()%)I?!J*+)A7$'(./!

;$.&%'?!)+!B-$%',!K.(-*.-/!>(',!K&@+$.&%'?!)+!G&A/(*I!!

$*0!J*/'('&'-!)+!<$A('(7-!$*0!8A)=(.$%!<-0(.(*-!

!

<-0(.$%!L*(#-A/('?!)+!M0$*/6!

!!

B-$0!)+!',-!F-=$A'7-*'N!1A)+O!0A!,$@O!1()'A!P$//!

!

!

!
M0$Q/6!CRSE! !
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!"#$%&"'()*+),"'

!

9.-*$!>=T?>&!!

>?@A$*?.,!(*,(@(')AU>!/V%$6U>!1%23456'4789:!)A$V!:5;4<"34":3!!

*$!=A)%(+-A$.WX!(!$=)=')VX!!

%&0V6(-W!%(*((!6)7UA6)>-W!A$6$!6)A?!*$0*-A.V$!BCDE:!

!

=.51"<"'8.,0.1+,"'

'

'

!1.;.0.17'81'3"9:';48:'-.1.0"'-<.1",.<+,"'

'

Y$6T$0!<-0?.?*?!G&6%-$A*-W!

3$'-0A$!<-0?.?*?!G&6%-$A*-W!(!J*+)A7$'?6(!:$0()%)I(.V*-W!

Z?0V($T!G$&6!)!Y0A)>(&!V!900V($T-7!1(-%XI*($A/'>$!!

(!J*/'?'&'-7!<-0?.?*?!<)A/6(-W!(!8A)=(6$%*-W!

!

!M0$Q/6(!L*(>-A/?'-'!<-0?.V*?!

!

3(-A)>*(6N!=A)+O!0A!,$@O!7-0O!1()'A!P$//!

!

!

!
M0$Q/6!CRSE!
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8,(/!1,F!=A)W-.'!,$/!@--*!.$AA(-0!)&'!>(',(*!',-!IA$*'![\A(0I-]!

^19<9K84CRSC_E42`!')!FA!F)A)'$!F>)A$6)>/6$!<F!^B)*/`!1,Fa!!

-*'('%-0!b1A-_.%(*(.$%!'$AI-'(*I!)+!1J23456'4789:!$*0!

:5;4<"34":3!/(I*$%%(*I!=$',>$?/!(*!$0A-*).)A'(.$%!.$*.-AN!

(7=$.'!)*!/'-A)(0)I-*-/(/a!.-%%!=A)%(+-A$'()*!$*0!$=)=')/(/ba!!

.)_+(*$*.-0!@?!',-!;)&*0$'()*!+)A!1)%(/,!K.(-*.-!!

$*0!"&A)=-$*!L*()*O!!

!

8,-!/'&0(-/!'))6!=%$.-!$'!:(.,$A0!F(7@%-@?!F-=$A'7-*'!!

)+!H$*.-A!:-/-$A.,a!3(*Ic/!H)%%-I-!P)*0)*O!

!

! !
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!

1A)W-6'!0)6')A/6(!V)/'$T!>?6)*$*?!>!A$7$.,!IA$*'&!19<9K84CRSC_E42!

=AV?V*$*-I)!0A!,$@O!7-0O!F)A).(-!F>)A$6)>/6(-Wa!!!

V$'?'&T)>$*-I)![9.-*$!>=T?>&!'-A$=((!.-%)>$*-W!/V%$6U>!1J23456'4789:!

)A$V!:5;4<"34":3!*$!/'-A)(0)I-*-VXa!=A)%(+-A$.WX!6)7UA6)>d!)A$V!

$=)=')VX!>!A$6&!6)A?!*$0*-A.V$!e!@$0$*($!=AV-06%(*(.V*-]a!!

>/=UT+(*$*/)>$*-I)!=AV-V!;&*0$.WX!*$!:V-.V!G$&6(!1)%/6(-W!!

(!L*(X!"&A)=-W/6dO!!

!

<(-W/.-!>?6)*$*($!@$0$QN!:(.,$A0!F(7@%-@?!F-=$A'7-*'!!

)+!H$*.-A!:-/-$A.,a!3(*Ic/!H)%%-I-!P)*0)*O!

! !
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!

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

40!,%5*.6(,$.!7.!7$.$+-!7#$.-)$#,)-!87!9:$2,;!<17!

=$.!-2!$55$.+%2(+0!+$!+-)*!5-.+!(2!+1*!>?<@=$%2'*'!3.-2+!!

-,!#*&&!-,!=$.!-2!(2+*.*,+(23!.*,*-.A1!+$5(AB!3.*-+!A$44(+4*2+B!!

=.%(+=%&!A$$5*.-+($2!-2'!-'6(A*!5.$6('*'!'%.(23!5*.=$.4(23!40!5-.+!$=!+1*!5.$C*A+D!!

!

E1-2),!-,!#*&&!+$!7.!F.*3$.0!G*(+,4-2!

=$.!5.$6('(23!,%55$.+!-2'!-!&$+!$=!6-&%-/&*!-'6(A*D!!

!

"!#$%&'!&()*!+$!+1-2)!-&&!+1*!*45&$0**,!$=!!

5.$=D!E$20!?3H,!&-/$.-+$.0!=$.!3.*-+!#$.)!-+4$,51*.*D!!

!

I5*A(-&!3.-+(+%'*!+$!40!=-4(&0!-2'!=.(*2',!!

=$.!4$+(6-+($2!-2'!,%55$.+!(2!40!*2'*-6$%.,B!*,5*A(-&&0!+$!40!8%4B!-%2+!J-2)-B!K%/-B!

K-4(&B!J-L4(2-B!8$2()-B!?-+-&(-B!M&-B!E-4-.-B!>-/(-2B!N55(B!8(A1*&-!-2'!O-2-D!

!

!

!
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!

?-!#,+P5(*!A1A(-Q-/04!5$'R(P)$#-S!!

<-2(!5.$4$+$.!'.!1-/D!4*'D!7$.$A(*!7#$.-)$#,)(*C!!

R-!4$T&(#$LS!%AR*,+2(A+#-!#!3.-2A(*!>?<B!-!+-)T*!R-!A(*)-#0!+*4-+!/-'-UB!!

#(*&)(*!R--23-T$#-2(*B!$#$A2V!#,5WQ5.-AP!(!5.R*)-R-2*!#,)-RW#)(!!

5$'AR-,!#0)$20#-2(-!4$C*C!ARPLA(!5.$C*)+%D!!

<$'R(P)$#-2(-!.W#2(*T!'&-!'.!F.*3$.*3$!G*(+,4-2-!

R-!'%T*!#,5-.A(*!(!#(*&*!2(*$A*2($20A1!5$.-'D!!

!

7R(P)%CP!#,R0,+)(4!5.-A$#2()$4!&-/$.-+$.(%4!!

5.$=D!E$20H*3$!?3!R-!#,5-2(-QV!-+4$,=*.P!5.-A0D!

!

IRAR*3W&2*!5$'R(P)$#-2(-!,)Q-'-4!4$C*C!.$'R(2(*!(!5.R0C-A($Q$4!R-!4$+0#-ACP!!

(!#,5-.A(*!#!4$(A1!'R(-Q-2(-A1B!-!,RAR*3W&2(*X!4$C*C!4-4(*B!A($A(!J-2A*B!K%/(*B!

K-4(&$#(B!J-L4(2(*B!8$2(A*B!?-+-&((B!M&(B!E-4-.R*B!>-/(-2$#(B!N55(B!8(A1*&(!(!O-2(*D!
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1. Introduction 

1.1. Adrenocortical cancer 

!

1.1.1. Epidemiology, diagnosis and treatment 

!

>7,(2.1.,/01+4! /)E.),3! :>BG3=! +,(! ,(4+/0S(4-! 1.EE.2! /)E.),3! OF.3(!

9,(S+4(21(!/(273!/.!021,(+3(!O0/F!9+/0(2/q3!+8(c!>7,(2+4!02107(2/+4.E+3!+,(!5.)27!02!

+99,.R0E+/(4-! "r! .5! BG! 31+23! +27! fr! .5! +)/.930(3I! 6)/! /F03! 03! 9,.6+64-! 3/044! +2!

)27(,(3/0E+/(c! >4/F.)8F! /F(! E+i.,0/-! .5! >BG3! +,(! 2.2'5)21/0.2+4! +7,(2.1.,/01+4!

+7(2.E+3! :>B>3=I! /F(,(! +,(! 1+3(3! .5! 5)21/0.2+4! +7(2.E+3! +33.10+/(7! O0/F!

F-9(,1.,/03.4+(E0+! +27V.,! F-9(,+47.3/(,.203E! s&I! Wtc! \2! /F(! ./F(,! F+27I! /F(!

E+4082+2/! 5.,EI! +7,(2.1.,/01+4! 1+,102.E+! :>BB=I! .11),3! ,+,(4-! O0/F! +2! +22)+4!

02107(21(! .5! LcUPW! 9(,! E0440.2! 9.9)4+/0.2! s]t! +27! Lc]! 9(,! E0440.2! 5.,! 1F047,(2!

-.)28(,!/F+2!&U!-(+,3!s"tc!>BB!8(2(,+44-!9,(3(2/3!(0/F(,!7),028!1F047F..7!:9,0.,!/.!

/F(!+8(!.5!U=!.,!7),028!/F(!5.),/F!+27!505/F!7(1+7(I!6(028!E.,(!1.EE.2!02!O.E(2!

/F+2!02!E(2!s&I!Utc!

GF(!F03/.9+/F.4.801!70+82.303!.5!>BB!F+3!6((2!1.2/,.S(,30+4!+27!3(S(,+4!31.,028!

3-3/(E3! F+S(! 6((2! 9,.9.3(7! /.! (3/+6403F! +! ,(40+64(! 70+82.303! sf'btc! GF(! N(033!

3-3/(E!03!/F(!E.3/!5,(Y)(2/4-!)3(7!.2(!3021(!&bd"!s&Ltc! ;/! 03!6+3(7!.2!F03/.4.801+4!

+2+4-303! +27! 03! S+4)(7! 5.,! 0/3! 30E94010/-! +27! F08F! ,(40+6040/-c! K/044I! /F(,(! +,03(3! +!

140201+4! ,(Y)030/(! 5.,!9,.9(,!14+330501+/0.2!.5!+! /)E.),!1+3(!(0/F(,! /.! /F(!6(2082!.,!

E+4082+2/!8,.)9! 02!.,7(,! /.!7031(,2! /F(!9.33064(!E(/+3/+/01! 1.270/0.23!+3! 3..2!+3!

9.33064(c!%,.E03(!40(3!02!E.4(1)4+,!3/)70(3I!OF01F!(4)107+/(!/F(!7055(,(21(3!6(/O((2!

6(2082!+27!E+4082+2/!4(30.23!.2!/F(!E.4(1)4+,!4(S(4!s&&I!&Wtc!

GF(! 9,.82.303! .5! +7,(2.1.,/01+4! 1+21(,! 03! S(,-! 9..,! O0/F! +2! .S(,+44! U'-(+,!

3),S0S+4! ,+/(! .5! 4(33! /F+2! ]Urc! A+i.,0/-! .5! 9+/0(2/3! +/! /F(! 70+82.303! 9,(3(2/!

+7S+21(7I!6)/!4.1+40a(7!703(+3(I!OF01F!03!40E0/(7!/.!+7,(2+4!84+273!+27!Y)+405-!5.,!+!

3),801+4! ,(E.S+4c!K/044I! +6.)/!]L'"Lr!.5! /F(E!F+S(!14(+,!(S07(21(!.5!E(/+3/+303!+/!
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!

/F(!140201+4!9,(3(2/+/0.2!.5!2(.94+3E!+27!/F(!+S+04+64(!3-3/(E+/01!/,(+/E(2/!,+,(4-!

-0(473!+!1.E94(/(!,(E0330.2!s&]I!&"tc!

GF(! 50,3/'402(! /F(,+9()/01!+99,.+1F! 5.,!>BB! 03!+!1.E94(/(!3),801+4! ,(3(1/0.2!.5!

/F(!/)E.),h!F.O(S(,I!0/!7.(3!2./!8,+2/!5)44!,(1.S(,-I!+3!/F(!9.3/'3),8(,-!,(1),,(21(!

.11),3! 02! +,.)27! DL'dLr! .5! 1+3(3! s&Utc! ;2! .,7(,! /.! 0E9,.S(! /F(! 9,.82.303I! /F(!

+7E0203/,+/0.2!.5!E0/./+2(!03!,(1.EE(27(7I!+4.2(!.,!02!1.E602+/0.2!O0/F!1-/./.R01!

1F(E./F(,+9-c! A0/./+2(! 03! 1.2307(,(7! 50,3/'402(! +7i)S+2/! /F(,+9-I! 0E9,.S028!

,(1),,(21('5,((!3),S0S+4I!6)/!+/!6(3/!W"r!.5!/F(!9+/0(2/3!3F.O!+2!.6i(1/0S(!/)E.),!

,(39.23(!s&]I!&fI!&Dtc!>3!/F03!/F(,+9()/01!3/,+/(8-!,(E+023!)23+/035+1/.,-I!/F(,(!03!+!

,(Y)0,(E(2/!5.,!2(O!/F(,+9()/01!.9/0.23!5.,!>BB!/F+/!O.)47!0E9,.S(!3),S0S+4!,+/(3!

+27!7(1,(+3(!,(1),,(21(!1+3(3c!

!

1.1.2. Mitotane 

!

A0/./+2(! :.I9u'???h! &'1F4.,.'W'sWIW'701F4.,.'&':"'1F4.,.9F(2-4='(/F-4t'6(2a('

2(=I!1.EE(,10+44-!*2.O2!+3!`-3.7,(2I!03!+!7(,0S+/0S(!.5!/F(!023(1/0107(!??G!:&I&I&'

G,01F4.,.'WIW'603:"'1F4.,.9F(2-4=(/F+2(=!O0/F!/F(!+7,(2.1.,/01.4-/01!+1/0S0/-c!$(028!

02! 140201+4! )3(! /.! /,(+/! /F(! +7S+21(7! +7,(2.1.,/01+4! 1+,102.E+! 3021(! /F(! &bfL3I!

E0/./+2(! 1+)3(3! F08F4-! 39(10501! 8,.O/F! 02F060/0.2! .5! /F(! +7,(2+4! 1.,/(R! 1(443! +27!

,(7)1(3!+7,(2+4!3/(,.073!9,.7)1/0.2!s&dtc!!

GF(!E+02! 4.1+/0.23!.5!E0/./+2('027)1(7!7(8(2(,+/0.2!+,(! /F(! a.2+! 5+3101)4+/+!

+27! ,(/01)4+,03! 02! /F(! +7,(2+4! 8,+273I!OF04(! /F(! (55(1/! .2! /F(! a.2+! 84.E(,)4.3+! 03!

E020E+4c!A0/./+2(! +1/0S0/-! 03! 1.2/028(2/! .2! 0/3!E(/+6.401! 1.2S(,30.2I!OF01F! /+*(3!

94+1(!02!/F(!+7,(2+4!E0/.1F.27,0+!+27!9,.7)1(3!/F(!+1/0S(!E(/+6.40/(3Z!.I9q'??#!:&'

1F4.,.'W'sWIW'701F4.,.'&':"'1F4.,.9F(2-4=(/F(2-4t6(2a(2(=! +27! 9I9q'??>! :WIW'

603:"'1F4.,.9F(2-4=+1(/01! +107=! s&dtc! K)1F! ,(Y)0,(E(2/! 5.,! 0/3! +1/0S+/0.2! E+-!

1.2/,06)/(!/.!/F03!+8(2/!3(4(1/0S(2(33c!!

A0/./+2(! 1F+,+1/(,03(3! O0/F! +! 2+,,.O! /F(,+9()/01! ,+28(! +27! 1+)3(3I! 6(307(!

F-9.1.,/03.403EI! +! ,+28(! .5! 140201+44-! ,(4(S+2/! 307(! (55(1/3! 02! /F(! 8+3/,.02/(3/02+4!

/,+1/I! 1(2/,+4!2(,S.)3!3-3/(EI!1+,70.S+31)4+,! 3-3/(EI!+27!6.2(!E+,,.O!/.R010/-c!>!
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!

30820501+2/!8,.)9!.5!9+/0(2/3!(R9(,0(21(!3(S(,(!+7S(,3(!(55(1/3!+/!/F(,+9()/01!7.3(3!

O0/F! /F(! 2(1(330/-! /.! O0/F7,+O! /F(! /,(+/E(2/! s&btc! >3! O(44I! E0/./+2(!

+7,(2.1.,/01.4-/01!+1/0S0/-!,(Y)0,(3!02/,.7)1028!84)1.1.,/01.07!,(94+1(E(2/!/F(,+9-I!

)3)+44-!+4.28!O0/F!E02(,+4.1.,/01.07!+27!+27,.8(2!3)994(E(2/+/0.2!sWLtc!

GF(! (R+1/! 60.1F(E01+4! E(1F+203E! .5! +1/0.2! .5! E0/./+2(! F+3! 2./! 6((2!

(3/+6403F(7!-(/c!>!2)E6(,!.5!3/)70(3!02!+7,(2.1.,/01+4!1+21(,!HWbUM!+27!HWbU!1(44!

402(3! 9,.S07(! 3.E(! 14)(3! :!"#$% &=c! A.3/! .5! /F(! +2+4-3(3! .2! HWbUM! 1(443!

7(E.23/,+/(7!/F+/!E0/./+2(!30820501+2/4-!7(1,(+3(3!/F(!1(44!9,.405(,+/0.2VS0+6040/-!02!

7.3('7(9(27(2/! E+22(,! sW&'WDtI! /O.! 3/)70(3! ,(9.,/028! 1.21),,(2/! 027)1/0.2! .5!

+9.9/.303!S0+!1+39+3(']!+27!'D!+1/0S+/0.2!sW"I!WDtc!!

!

2"9:'G!:-#(->!)+!%('-A$'&A-!A-=)A'(*I!7(')'$*-!-++-.'/!(*!BCDE:!$*0!BCDE!.-%%!%(*-/O!

=45.1048'4OO4/0+' =4O:'

cLIQ='/4$$'$%&4!

• 0-.A-$/-0!.-%%!=A)%(+-A$'()*! mCSn!

• 0-.A-$/-0!.-%%!#($@(%('?!

• *)!-++-.'!)*!-$A%?!$*0!%$'-!$=)=')'(.!.-%%!A$'()/!!
mCCn!

• 0-.A-$/-0!.-%%!#($@(%('?!

• A-0&.-0!.)A'(/)%!$*0!$%0)/'-A)*-!/-.A-'()*!

• (*.A-$/-0!"#$%%&%!7:G5!%-#-%/!!

• 0-.A-$/-0!'()*&+!7:G5!%-#-%/!!

• *)!-++-.'!)*!7:G5!%-#-%/!)+!(,-.a!"#$%%&+a!"#$%%-a!"#$%/a!$*0!"#$+%!!

mC2n!

• 0-.A-$/-0!.-%%!#($@(%('?!!

• (*.A-$/-0!.$/=$/-_2!$*0!_h!$.'(#('(-/!

• 0-.A-$/-0!.)A'(/)%!$*0!FB"5K!.)*.-*'A$'()*!(*!',-!.&%'&A-!7-0($!

• 0-.A-$/-0!7:G5!%-#-%/!)+!'>)!.?').,A)7-/!1gER!^"#$%%-%!$*0!"#$%/-%`!

• *)!-++-.'!)*!7:G5!%-#-%/!)+!.?.%(*!0-=-*0-*'!6(*$/-!(*,(@(')A!S5!^-*.)0(*I!=CS`!$*0!<jH!

^-*.)0(*I!.<?.`!

• (*,(@('-0!-k=A-//()*!)+!'A$*/+)A7(*I!IA)>',!+$.')A!oS!I-*-!

mCgn!

• (*,(@('-0!.-%%!IA)>',!!

• A-#-A/(@%-!0-%$?!(*!MC_=,$/-!!

• A-0&.-0!I%&.).)A'(.)(0/a!7(*-A$%).)A'(.)(0/a!$*0!$*0A)I-*/!/-.A-'()*!

• $%'-A-0! -k=A-//()*! )+! 'A()/-! =,)/=,$'-! (/)7-A$/-a! $_-*)%$/-a! F_2_=,)/=,)I%?.-A$'-!

mCEn!
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!

0-,?0A)I-*$/-a! =-A)k(A-0)k(*! JJ! $*0!iJa! ,-$'! /,).6! =A)'-(*! Cha! =A),(@('(*a! ,(/'(0(*-! 'A($0!

*&.%-)'(0-_@(*0(*I!=A)'-(*a!$*0!=A)+(%(*_S!^')'$%!.-%%!-k'A$.'/`!!

• 0)>*A-I&%$'-0! =A)'-(*/N! $%0)%$/-! 5a! =-A)k(A-0)k(*! Ja! ,-'-A)I-*)&/! *&.%-$A!

A(@)*&.%-)=A)'-(*! 5C4\Sa! '&@&%(*_@! (/)+)A7! JJa! ,-$'! /,).6! .)I*$'-! hS! 6F$! =A)'-(*a! $*0!

*&.%-)'(0-!0(=,)/=,$'-!6(*$/-!^7(').,)*0A($%!+A$.'()*`!

• &=_A-I&%$'-0!=A)'-(*/N!$0A-*)0)k(*!A-0&.'$/-a!.$',-=/(*!Fa!$*0!,-$'!/,).6!hR!6F$!=A)'-(*!

S5!^7(').,)*0A($%!+A$.'()*`!

• 0-.A-$/-0!.-%%!#($@(%('?!

• A-0&.-0!.)A'(/)%!$*0!$*0A)/'-*-0()*-!/-.A-'()*!

• &*0-A-k=A-//-0!I-*-/N!'()*&%a!'()*&+a!"#$+%-+!

• )#-A-k=A-//-0!I-*-/N!0)1%2a!-3)'%3+a!,.4&*a!(5.$465+!

mCfn!

• .?')/'$'(.!$*0!.?')')k(.!-++-.'/!',A)&I,!$*!$=)=')'(.!7-.,$*(/7!(*#)%#(*I!.$/=$/-!24h!

• $%'-A$'()*/!(*!',-!7(').,)*0A($!7)A=,)%)I?!^7$A6-0!/>-%%(*I!$*0!0-.A-$/-!(*!',-!*&7@-A!

)+!A-/=(A$')A?!.A(/'$-`a!/(I*(+(.$*'!0-=)%$A(V$'()*!)+!',-!7(').,)*0A($%!7-7@A$*-!=)'-*'($%a!

0A$/'(.! A-0&.'()*! )+! )k?I-*! .)*/&7='()*a! 0-.A-$/-! (*! ',-! %-#-%/! )+! iF5HS! (*'-IA$%!

7-7@A$*-!.,$**-%!

mChn!

• A-0&.-0!.)A'(/)%!$*0!Sh_,?0A)k?=A)I-/'-A)*-!/-.A-'()*!

• 0-.A-$/-0! -k=A-//()*! )+! I-*-/! -*.)0(*I! 7'! =A)'-(*/! (*#)%#-0! (*! /'-A)(0)I-*-/(/! ^(,-.a!

"#$%%&%a!$*0!"#$%%&+`!

• (*,(@('-0!7$k(7&7!#-%).('?!)+!',-!$.'(#('?!)+!',-!A-/=(A$')A?!.,$(*!.)7=%-k!Ji!^.?').,A)7-!

.!)k(0$/-!^H9p``!

• A-0&.-0!/'-$0?_/'$'-!%-#-%/!)+!',-!>,)%-!H9p!.)7=%-k!!

• A-0&.-0! 7:G5! -k=A-//()*! )+! @)',! 7'FG5_-*.)0-0! H9pC! ^<8_H9C`! $*0! *&.%-$A! FG5_

-*.)0-0!H9pg!^H9pgJS`!/&@&*('/!

• *)!-++-.'!)*!$.'(#('?!$*0!-k=A-//()*!)+!A-/=(A$')A?!.,$(*!.)7=%-k-/!JJ!$*0!JJJ!!

• -*,$*.-0!7'!@()I-*-/(/! ^(*.A-$/-! (*!7'FG5!.)*'-*'!$*0!1MHS$! ^$$-.0"%-`!-k=A-//()*`!

$*0!'A(II-A-0!+A$I7-*'$'()*!)+!!',-!7'!*-'>)A6!

mCqn!

cLIQ'/4$$'$%&4'

• A-0&.-0!.)A'(/)%!/-.A-'()*!(*!BCDE!.-%%/!

• *)'!(*0&.(*I!.-%%!0-$',!)+!BCDE!.-%%/!

• (*,(@('-0!@$/$%!-k=A-//()*!)+!K'5:!$*0!1gER/..!=A)'-(*/!

• (*,(@('-0!(,-.a!"#$%%-%!$*0!"#$+%!7:G5!-k=A-//()*!

• *)!-++-.'!)*!'()*&+!$*0!"#$%/!7:G5!-k=A-//()*!

• /'(7&%$'-0!"#$%%&%!7:G5!-k=A-//()*!

mCDn!

• /&==A-//-0!.-%%!IA)>',!)+!BCDE!.-%%/!

• A-0&.-0!.)A'(/)%!.)*.-*'A$'()*!(*!BCDE!.-%%/!
m2Rn!
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!

J2.O2!02F060/.,-!(55(1/!.5!E0/./+2(!.2!84)1.1.,/01.073I!E02(,+4.1.,/01.073I!+27!

+27,.8(23!9,.7)1/0.2!02!HWbUM!1(443!O+3!3/)70(7!02!7(/+04I!1.E602028!/F(!,(3)4/3!.5!

F.,E.2(! 3(1,(/0.2! O0/F! /F(! (R9,(330.2! +2+4-3(3I! 3F.O028! +4/(,+/0.23! 02! /F(!

(R9,(330.2!.5!8(2(3!+27!9,./(023!02S.4S(7!02!/F(!9,.1(33!.5!3/(,.07.8(2(303c!>4/(,(7!

(R9,(330.2!O+3!.63(,S(7!5.,!8(2(3!(21.7028!(2a-E(3!6(4.28028!/.!/F(!1-/.1F,.E(!

%"UL! 5+E04-I! 3)1F! +3Z! YZ<[[N[! :(21.7028! /F(! 1F.4(3/(,.4! 307('1F+02'14(+S028!

E.2..R-8(2+3(I! %"UL311=I! YZ<[[\[!+27! YZ<[[\]! :3/(,.07! &&'Q'E.2..R-8(2+3(=I!

YZ<][N]!:3/(,.07!W&'E.2..R-8(2+3(=I!YZ<[^N[! :3/(,.07!&D'X'E.2..R-8(2+3(=!+3!

O(44! +3! %"UL'027(9(27(2/! (2a-E(3I! 3)1F! +3Z!:I7_\[! +27!:I7_\]! :F-7,.R-'^'U'

3/(,.07! 7(F-7,.8(2+3(I! ]'Q'! +27! 3/(,.07! ^'03.E(,+3(! &! +27! W=! +27! IEN`!

:3/(,.07.8(201!+1)/(!,(8)4+/.,-!9,./(02=!sW]'WfI!Wdtc!GF(!(55(1/!.2!E0/.1F.27,0+!F+3!

6((2! ,(9.,/(7! +3! O(44I! ,(S(+4028! +4/(,+/0.23! 02! E.,9F.4.8-! .5! /F03! .,8+2(44(! +27!

7(5(1/3!.5!/F(!E0/.1F.27,0+4!,(390,+/.,-!1F+02!)9.2!E0/./+2(!/,(+/E(2/I!+4.28!O0/F!

/F(!(R9,(330.2!+4/(,+/0.23!sWDI!Wdtc!!

GO.! 3/)70(3! .2! HWbU! 1(44! 402(! 1.250,E! 30E04+,! 02F060/.,-! (55(1/! .2! 1.,/03.4!

9,.7)1/0.2!6./F!02!2.2'1-/./.R01!sWbt!+27!1-/./.R01!1.270/0.23!s]Ltc!GF(!+4/(,+/0.23!

02!(R9,(330.2!.5!3.E(!.5!/F(!+6.S(!E(2/0.2(7!8(2(3!O(,(!1.250,E(7!+3!O(44!sWbtc!!

!

1.1.3. Molecular basis of adrenocortical cancer 

!

>7,(2.1.,/01+4! 1+,102.E+! F+3! 6((2! 02/(230S(4-! 3/)70(7! 5,.E! /F(! E.4(1)4+,!

9(,39(1/0S(!.S(,! /F(!,(1(2/!-(+,3!O0/F!/F(!*2.O4(78(!.2! 0/3!)27(,4-028!E.4(1)4+,!

(S(2/3!0E9,.S028c!>!,+28(!.5!3)31(9/06040/-!8(2(3I!5.)27!02!+55(1/(7!0270S07)+43!O0/F!

+!5+E04-!F03/.,-I!O(,(!/F(!020/0+4!1+2707+/(3!5.,!7(/(,E02028!/)E.),!E+4082+21-!+27!

0/3! 7055(,(2/0+/0.2! 5,.E! 6(2082! 2(.94+3E3c! [(2.E('O07(! 3/)70(3! 3)1F! +3!

/,+231,09/.E(! +2+4-303! +44.O! )3! /.! 14)3/(,! /)E.),3! /F+/! 5.44.O! 30E04+,! E.4(1)4+,!

+27!9,.82.3/01!9,.504(c! ;/!E+-! ,(9,(3(2/!+! ,(+4! /),2028!9.02/! 02! /F(!+7,(2.1.,/01+4!

/)E.),3! 70+82.303! +27! /,(+/E(2/c! GF(! E(/F.73! (2+64028! /F(3(! +2+4-3(3! 0214)7(Z!

E01,.3+/(440/(! +2+4-303I! 1.2S(2/0.2+4! +27! +,,+-'6+3(7! 1.E9+,+/0S(! 8(2.E01!

F-6,0703+/0.2! :B[H=I! 1?C>I! .408.2)14(./07(I! KC%I! E0MC>! E01,.+,,+-3I! +27! %BM!

+,,+-3c! >! 2)E6(,! .5! ,(3(+,1F! 8,.)93! F+S(! 1+,,0(7! .)/! (R9(,0E(2/3! .2! /F(!
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!

(R9,(330.2! .5! +! 4+,8(! 2)E6(,! .5! 8(2(3! 02! +7,(2.1.,/01+4! /)E.),3c! NF04(! 3/)70(3!

)3028!E01,.3+/(440/(!E+,*(,3!07(2/05-!8(2.E01!,(80.23!.5!F08F!1.21(2/,+/0.2!.5!4.33!

.5!F(/(,.a-8.30/-!:`\H=!s]&I!]WtI!1.2S(2/0.2+4!1.E9+,+/0S(!8(2.E01!F-6,0703+/0.2!

+33(33(3!1.9-!2)E6(,!+4/(,+/0.23!+1,.33! /F(!(2/0,(!8(2.E(! s]]']btc!H.O(S(,I! /F(!

E+02! 703+7S+2/+8(! .5! 1.2S(2/0.2+4! B[H! 03! 0/3! 40E0/(7! ,(3.4)/0.2! :W! A69! 5.,!

+E940501+/0.23! +27! &LPWL!A69! 5.,! 30284('1.9-! 7(4(/0.23=I!E+*028! 0/! +2! )2,(40+64(!

E(/F.7!/.!7(/(1/!1F+28(3!+/!/F(!4.1)3!4(S(4c!GF03!F+3!6((2!+77,(33(7!6-!B[H!+,,+-3I!

OF01F!+44.O!/F(!7(/(1/0.2!.5!?C>!1.9-!2)E6(,!+6(,,+/0.23!+/!/F(!8(2(!4(S(4I!4.1)3!

6-! 4.1)3! s"Ltc! >! 2)E6(,! .5! ,(1(2/! 3/)70(3! F+S(! ,(9.,/(7! /F(! ,(3)4/3! .5! /F(! B[H!

+,,+-'6+3(7! (R9(,0E(2/3! 5.,! +7,(2.1.,/01+4! /)E.),3! s"&'""tc! \/F(,! /-9(3! .5! ?C>!

E01,.+,,+-3!)3(7!02!>BG!,(3(+,1F!+,(!1?C>I!.408.2)14(./07(I!+27!KC%!E01,.+,,+-3c!

GF(! 50,3/! /O.! +,(! /F(! 6+303! .5! (R9,(330.2! 9,.504028! 3/)70(3I! 7055(,028! 3408F/4-! 02!

9,(1030.2! +27! ,(40+6040/-c! GF(! S.4)E(! .5! ,(3(+,1F! ,(9.,/3! 6+3(7! .2! E01,.+,,+-3!

v39.//(7q!O0/F! 1?C>!9,.6(3! s"U'U&t! 03! 1.E9+,+64(! /.! /F(!2)E6(,!.5! 3/)70(3!)3028!

>55-E(/,0R! [(2(BF093! :F08F'7(230/-! .408.2)14(./07(! E01,.+,,+-3=! sUW'fWtc! >! 5(O!

,(1(2/! ,(9.,/3! F+S(! 5.1)3(7! .2! 30284(! 2)14(./07(! 9.4-E.,9F03E! :KC%=! +2+4-303! .5!

+7,(2.1.,/01+4!/)E.),3!(E94.-028!KC%!+,,+-3!sf]'fUtc!KC%!E01,.+,,+-3!(2+64(!/F(!

7(/(1/0.2! .5! 1.9-! 2)E6(,! S+,0+/0.23! +27! `\H! 02! /F(! 3+E94(3c! >2./F(,! /-9(! .5!

39(10501+44-'7(3082(7! 1F09! 03! E01,.MC>! E01,.+,,+-I! +44.O028! /F(! 8(2.E('O07(!

02S(3/08+/0.2! .5! E0MC>! 9.9)4+/0.23! sff'DLtc! A01,.+,,+-! /(1F2.4.8-! +43.! +44.O3!

E(/F-4+/0.2! 9,.504028! 3/)70(3I! 3)88(3/028! /F+/! 0/! E+-! 6(! +2./F(,! E(+23! .5!

7055(,(2/0+/028!E+4082+2/! 5,.E!6(2082! 2(.94+3E3! sD&'D]tc! >3! 5.,! %BM! +,,+-3I! /F(-!

+,(!+!E(/F.7!.5!1F.01(!5.,!3/)70(3!.,0(2/(7!.2!+!39(10501!8,.)9!.5!8(2(3I!5.,!(R+E94(!

0E9401+/(7! 02!+!39(10501!1(44'3082+44028!1+31+7(!sULI!D"I!DUtc!GF(!/(1F20Y)(3!)3(7!/.!

S+407+/(! /F(! ,(3)4/3! .5! +! 8(2.E('O07(! 3/)7-! 5.,! 1F.3(2! 3+E94(3! 0214)7(!

0EE)2.F03/.1F(E03/,-I! N(3/(,2! 64.//028I! Y%BMI! +27! 54).,(31(21(! (2! ,(+%!

F-6,0703+/0.2!:<;KH=c!>9+,/!5,.E!/,+231,09/.E(!+2+4-3(3I!.2(!.5!/F(!E.3/!1.EE.2!

E(/F.73! /.! 31,((2! +! 4+,8(! 2)E6(,! .5! 3+E94(3! 03! /033)(! E01,.+,,+-Z! 0/! F+3! 6((2!

O07(4-!)3(7!5.,! 0EE)2.F03/.1F(E03/,-!3/)70(3!.2!+7,(2.1.,/01+4! /)E.),3!sUWI!U]I!

Df'd&tc!

GF(! F08F'/F,.)8F9)/! 8(2(! (R9,(330.2! +33+-3! 6+3(7! .2! /,+231,09/.E(3I! OF01F!

(2+64(!3/)7-028!+! 4+,8(!2)E6(,!.5!8(2(3!02!+!30284(!(R9(,0E(2/I!F+S(!,(S(+4(7!/F(!
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!

703/021/! 9,.504(3! 5.,! 6(2082! +27!E+4082+2/! +7,(2.1.,/01+4! /)E.),3I! .55(,028! +! 2(O!

70+82.3/01!/..4!+27!1.23(Y)(2/4-!.9/0E+4!/,(+/E(2/!s&&I!&WI!"&I!U]I!UfI!dW'd"tc!GF(!

E(+2! 2)E6(,! .5! 8(2(/01! +4/(,+/0.23! O+3! ,(9.,/(7! /.! 6(! 1.2307(,+64-! F08F(,! 5.,!

1+,102.E+3! /F+2! 5.,! +7(2.E+3! s&&I! &WI! ]"I! "&tc!GF(! +4/(,+/0.23!.11),,028! 02!>BB3!

0214)7(! 1F+28(! 02! (R9,(330.2I! E)/+/0.23I! 1.9-'2)E6(,! S+,0+/0.23I! +27! 4.33! .5!

F(/(,.a-8.30/-h!/F(-!39+2!+1,.33!/F(!OF.4(!8(2.E(!:'()$%&=!+27!+,(!+33.10+/(7!O0/F!

E)4/094(!1(44)4+,!9,.1(33(3c!!

>E.28!/F(!E.3/!5,(Y)(2/!E.4(1)4+,!(S(2/3!94+-028!1,)10+4!,.4(!02!5.,E+/0.2!.5!

E+4082+2/! +7,(2.1.,/01+4! 4(30.23! +,(Z! "F>]! :023)402'40*(! 8,.O/F! 5+1/.,=!

.S(,(R9,(330.2I!E<a_'02+1/0S+/028!E)/+/0.23!:9U]! 9,./(02=I! 1.23/0/)/0S(! +1/0S+/0.2!

.5!N2/VQ'1+/(202!3082+44028!9+/FO+-!S0+!+1/0S+/028!E)/+/0.23!.5!/F(!Q'1+/(202!8(2(!

:YE??\[=c!>4/(,+/0.23! 02!9,./(02! *02+3(!>! :%J>=! +27! 3/(,.07.8(201! 5+1/.,!&! :K<&=!

+,(! +3! O(44! 02S.4S(7! 02! +7,(2.1.,/01+4! 1+,102.8(2(303c! M(1(2/! 3/)70(3! ,(S(+4! /F+/!

/F(3(! 1+22./! 6(! /,(+/(7! +3! /F(! .24-! 7,0S(,3! .5! E+4082+2/! +7,(2.1.,/01+4!

/)E.),08(2(303I!6)/!+3!E047!1.2/,06)/.,3I!+27!./F(,!+11.E9+2-028!5+1/.,3!+43.!94+-!

,.4(!sdUI!dftc!GF(!/-9(3!.5!E)/+/0.23!.63(,S(7!02!39.,+701!>BB3!+,(!S(,-!30E04+,!/.!

/F+/!.5!02F(,0/(7!/)E.),3!:3((!3(1/0.2!&$&$*%'"+(,(",%-./012+3-%"--24("530%6(57%

"013/24215(4",%4"/431=I!O0/F!E033(23(!1F+28(3!6(028!/F(!E.3/!1.EE.2c!

!

1.1.3.1. Insulin-like growth factor II pathway 

!

;[<';;! (R(,/3! 0/3! 5)21/0.2! /F,.)8F! 6027028! /.! /F(! E(E6,+2(! /-,.302(! *02+3(!

,(1(9/.,I!;[<&Mc!>5/(,!/F(!408+27!03!6.)27I!/F(!,(1(9/.,!+)/.9F.3F.,-4+/(3!+27!/F(!

023)402!,(1(9/.,!3)63/,+/(!&!:;MK'&=!03!+43.!,(1,)0/(7!sdDtc!G-,.302(!9F.39F.,-4+/0.2!

.5!;MK'&!,(4(+3(3!/F(!7.O23/,(+E!3082+44028!.5!9+/FO+-3I!3)1F!+3!%;]JV>*/VEG\M!

+27!M+3VM+5VA#JV#MJ!:3((!3(1/0.2!&$8$&!+27!&$*$&I!,(39(1/0S(4-=c!!

GF(!8(2(/01!+4/(,+/0.23!+/!/F(!&&9&UcU!4.1)3!02!39.,+701!>BB3!9,0E+,04-!0214)7(Z!

,(+,,+28(E(2/3I!4.33!.5!F(/(,.a-8.30/-!:`\H=I!9+/(,2+4!03.703.E-I!,(+,,+28(E(2/3I!

+27!+62.,E+4!0E9,02/028c!GF(3(!(S(2/3!,(3)4/!02!+!7(1,(+3(!02!9UD*09W!+27!H&bI!+27!

+2! 021,(+3(! 02! "F>]! EMC>! 4(S(43I! OF01F! F+S(! 6((2! 1.,,(4+/(7! O0/F! +! O.,3(!

9,.82.303!+27!F08F(,!,03*!5.,!>BB!,(1),,(21(!sddI!dbtc!H.O(S(,I!/F(!E.3/!5,(Y)(2/!
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!

/,+231,09/0.2+4! 1F+28(! 02!>BBI! .11),,028! 02! .S(,! dLr! 1+3(3I! 03! .S(,'(R9,(330.2! .5!

/F(!"F>]!8(2(!s]&I!"fI!U]I!UUI!UbI!dLI!d"tc!`+/(,!,(5(,,(7!/.!+3!w/F(!+7,(2+4'39(10501!

E+4082+21-! 3082+/),(xI! +3! 0/! 03! 1F+,+1/(,03/01! .5! >BBI! 6)/! 2./! >B>! .,! /F(! 2.,E+4!

+7,(2+4!84+27I!/F03!E.4(1)4+,!+4/(,+/0.2!O+3!020/0+44-!3/)70(7!02!+33.10+/0.2!O0/F!/F(!

$(1*O0/F'N0(7(E+22! 3-27,.E(! :3((! 3(1/0.2! &$&$*% '"+(,(",% -./012+3-%

"--24("530%6(57% "013/24215(4",% 4"/431=c! GF(! ;[<';;! 14)3/(,! 03! +! 8,.)9!.5! ,(4+/(7!

8(2(3!/F+/!+43.!3F.O!(4(S+/(7!(R9,(330.2!02!>BB!+27!0214)7(3!9,(7.E02+2/4-!8(2(3!

5.,!8,.O/F!5+1/.,3!+27!/F(0,!,(1(9/.,3!s&WI!"Utc!GF(!;[<';;!14)3/(,!1.2/+023!+3!O(44!+!

8(2(! 5.,! 023)402'40*(! 8,.O/F! 5+1/.,'6027028!9,./(02!W! :;[<$%W=I! +1/028! +3! +! 1+,,0(,!

9,./(02!5.,!;[<';;h!0/3!(R9,(330.2!+27!94+3E+!4(S(4!F+S(!6((2!1.,,(4+/(7!O0/F!/)E.),!

E+33!02!>BB!sbLtc!<.,!9+(70+/,01!/)E.),3I!;[<';;!4(S(43!+,(!30E04+,!02!+7(2.E+3!+27!

1+,102.E+3c!H.O(S(,I!/F(!7055(,(21(!40(3!02!"F>[`!8(2(!(R9,(330.2I!OF01F!3((E3!/.!

6(!/F(!9,0E(!02701+/.,!5.,!E+4082+2/!+7,(2.1.,/01+4!/)E.),!02!1F047,(2!sb&I!bWtc!

!

1.1.3.2. TP53 signalling pathway 

!

GF(!+4/(,+/0.23!O0/F02!E<a_! 8(2(! 02!>BB3!.11),!E+024-!O0/F02! /F(!(R.2!UI! /F(!

vF./!39./qI!6)/!(R.23!fI!DI!dI!+27!&L!+,(!+43.!+55(1/(7!sb]I!b"tc!E<a_!E)/+/0.23!.11),!

307(! 6-! 307(! O0/F! 9U]! +11)E)4+/0.2I! +3! ,(S(+4(7! 6-! 0EE)2.F03/.1F(E03/,-! sbUtc!

K.E+/01! 02+1/0S+/028! E<a_! E)/+/0.23! +,(! +E.28! /F(! E.3/! 5,(Y)(2/4-! ,(9.,/(7! 02!

>BBI!(3/0E+/(7!/.!.11),!02!&U'DLr!1+3(3!s"]I!UfI!bfI!bDt!+27!1.,,(4+/028!O0/F!4+,8(,!

30a(I!E.,(!+7S+21(7!3/+8(I!F08F(,!E(/+3/+/01!,+/(I!+27!3F.,/(,!703(+3('5,((!3),S0S+4!

sbUI!bdtc!

!

1.1.3.3. Wnt/β-catenin signalling pathway 

!

GF03! N2/VQ'1+/(202! 1+31+7(! ,(8)4+/(3! 9,.405(,+/0.2I! 7055(,(2/0+/0.2I! 3),S0S+4I!

+27! +9.9/.303I! O0/F! .S(,4+99028! +1/0.23! 02! +! ,+28(! .5! 9+/FO+-3I! 3)1F! +3Z! G%U]I!

G[<QI! %;]JV>*/VEG\MI! .,! M+3VM+5VA#JV#MJc! ;2! /F(! +7,(2+4! 1.,/(RI! /F(!N2/VQ'

1+/(202! 1+31+7(! 03! 02S.4S(7! 02! +7,(2+4! 7(S(4.9E(2/! +27! 7055(,(2/0+/0.2! sbbI! &LLtc!
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!

>62.,E+4!5)21/0.2028!.5!/F03!3-3/(E!E+-!4(+7!/.!+7,(2+4!/)E.),08(2(303c!GF(!E.3/!

9,.2.)21(7! )27(,4-028! E.4(1)4+,! 0E9401+/0.23! 0214)7(! /F(! +62.,E+4! 1-/.94+3E01!

+27!2)14(+,!+11)E)4+/0.2!.5!Q'1+/(202!+3!O(44!+3!3.E+/01!+1/0S+/028!E)/+/0.23!.5!/F(!

Q'1+/(202!8(2(!:YE??\[=c!GF(3(!(S(2/3!.11),!+4E.3/!(R14)30S(4-!02!>BB3!O0/F!9..,!

9,.82.303!s"]I!UfI!d&I!&L&tc!>2./F(,!/+,8(/!5.,!N2/VQ'1+/(202!9+/FO+-I!(1/.7(,E+4'

2(),+4! 1.,/(R!&! :b?Y[=I! 03! +3!O(44!)9',(8)4+/(7! 02!+7,(2.1.,/01+4! 1+,102.E+3! sUWtc!

M(1(2/4-I!02!>B>!+27!>BB!3+E94(3!+2!02'5,+E(!&W'69!7(4(/0.2!F+3!6((2!5.)27!02!/F(!

Nc"?]!8(2(I!+!2(8+/0S(!,(8)4+/.,!.5!N2/VQ'1+/(202!3082+44028!s&LWtc!

!

1.1.3.4. cAMP/PKA pathway 

!

A.70501+/0.23! 02! /F(! 9,./(02! *02+3(! >! :%J>=! M&>! 3)6)20/I! /F(! 1.,(! .5! 1>A%!

9+/FO+-I! .11),! ,(9(+/(74-! +E.28! B+,2(-! 1.E94(R! 9+/0(2/3! :3((! 3(1/0.2! &$&$*%

'"+(,(",% -./012+3-% "--24("530% 6(57% "013/24215(4",% 4"/431=c! $(,/F(,+/! (/! +4c!

F+S(! 3F.O2! /F+/! 4.33(3! .5! &DYW]'YW"! 4.10! +,(! 5,(Y)(2/! 02! +7,(2.1.,/01+4! /)E.),3!

O0/F! F08F(,! 5,(Y)(21-! 02! 1+,102.E+3! /F+2! 02! +7(2.E+3c! H.O(S(,I!<`KN`[N! 8(2(!

E)/+/0.23!O(,(!7(/(1/(7!02!>B>3I!6)/!2./!>BB3I!3)88(3/028!7055(,(2/!,.4(!.5!%J>!02!

/)E.),08(2(303! 02!6(2082!+27!E+4082+2/! 4(30.23! s&L]tc!B.2303/(2/4-I!7(5(1/0S(!MW$!

3)6)20/!:<`KN`]\!8(2(I!DYWWc]=!(R9,(330.2!03!9,(3(2/!02!3(1,(/028!+7(2.E+3!O0/F!

2.!1F+28(! 02!3(1,(/028!1+,102.E+3!+27!2.2'3(1,(/028!+7(2.E+3! s&L"tc!`.33!.5! /F(!

M&>!3)6)20/!O+3!,(9.,/(7!/.!021,(+3(!EG\M!3082+44028!s&LUtc!GF(!1>A%'7(9(27(2/!

>BGHV[3V%J>! 1+31+7(!94+-3! +! *(-! ,.4(! 02! ,(8)4+/028! 84)1.1.,/01.07! +27! +27,.8(2!

9,.7)1/0.2c! [(2(/01!E.70501+/0.23! .,! (R9,(330.2! 1F+28(3! .5! 1>A%! 9+/FO+-! 8(2(3!

+33.10+/(7! O0/F! +4/(,(7! 3(1,(/0.2! +27! 5.,E+/0.2! .5! +7,(2.1.,/01+4! 1+,102.E+3!

0214)7(Z!!

— 7(1,(+3(7!(R9,(330.2!+27!`\H!.5!/F(!>BGH!,(1(9/.,!s&Lfth!

— 8(2(/01!7(5(1/3!02!<7bd\!8(2(!:9F.39F.70(3/(,+3(!d$=!s&LDth!

— 7(1,(+3(7!(R9,(330.2!.5!1>A%',(39.230S(!(4(E(2/!6027028!9,./(02!:BM#$=!

s&LdI!&Lbth!!

— F08F(,!/(4.E(,+3(!+1/0S0/-!s&Lbth!
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— !

!

!

!

! !

—

@%A:'G'<)%-.&%$A!$%'-A$'()*/!.,$A$.'-A(/'(.!+)A!$0A-*).)A'(.$%!.$A.(*)7$:''

J'!(/!(*0(.$'-0!>(',(*!>,(.,!$A7!)+!',-!A-/=-.'(#-!.,A)7)/)7-/!^&==-A!=!)A!%)>-A!l`!',-!I-*-/47(:G5/!$A-!

%).$'-0O! P$@-%/! )*! ',-! /(0-! )+! I-*-47(:G5! *$7-! 0-=(.'N! $/'-A(/6! e! 7&'$'()*a! &=! $AA)>! e! (*.A-$/-! (*!

-k=A-//()*a! 0)>*! $AA)>! e! 0-.A-$/-! (*! -k=A-//()*O! H,A)7)/)7-! (%%&/'A$'()*/! /)&A.-0! +A)7! K)7-A/$&%'!

SqNCg!e!P(@A$A?!)+!K.(-*.-!J%%&/'A$'()*/!^>>>O/)7-A/$&%'SqCgO.)7`O!
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!

— 7(1,(+3(7!(R9,(330.2!.5! ;B#M! :027)1064(! 1>A%!(+,4-! ,(9,(33.,=! 03.5.,E3I!

7(,0S028! 5,.E! +2! 02/(,2+4! 9,.E./(,! .5!Y`b8! 8(2(! :5.,! 1>A%! ,(39.230S(!

(4(E(2/!E.7)4+/.,=!s&Lbtc!

\99.30/(!1F+28(3!+,(!,(9.,/(7!02!>B>I!3)88(3/028!/F+/!/F(-!E+-!6(!02701+/.,3!.5!

E+4082+21-c! H.O(S(,I! E.3/! .5! /F(3(! +4/(,+/0.23! +,(! +33.10+/(7! O0/F! B)3F028q3!

3-27,.E(I! OF01F! 3)88(3/3! /F+/! +4/(,(7! 5)21/0.2028! .5! 1>A%! 3082+44028! 03! 3/,.284-!

1.,,(4+/(7!O0/F!/F+/!/-9(!.5!/)E.),!.5!/F(!+7,(2+4!1.,/(Rc!!

!

1.1.3.5. Steroidogenic pathway 

!

C)14(+,! ,(1(9/.,! 3/(,.07.8(201! 5+1/.,! &! :K<'&I! CMU>&=! +1/3! +3! +! E+3/(,!

,(8)4+/.,! .5! +7,(2.1.,/01+4! 7055(,(2/0+/0.2! +27! 3/(,.07.8(2(303! 6-! 1.2/,.44028! /F(!

(R9,(330.2! .5! 1-/.1F,.E(! %"UL! 3/(,.07.8(201! (2a-E(3c! K<'&! 03! 02S.4S(7! 02! /F(!

9,.405(,+/0.2I! +9.9/.303I! +280.8(2(303I! +7F(30.2I! +27! 1-/.3*(4(/.2! 7-2+E013! .5!

+7,(2.1.,/01+4! 1(443! s&&LI! &&&tc! H08F! 4(S(43! .5! K<'&!O(,(! ,(9.,/(7! /.! 021,(+3(! /F(!

9,.405(,+/0.2! ,+/(! .5! +7,(2.1.,/01+4! 1(443! +27! /.! 7(1,(+3(! /F(! 3(1,(/0.2! .5! 1.,/03.4!

+27!+47.3/(,.2(!O0/F!2.!(55(1/!.2!7(F-7,.(90+27,.3/(,.2(!:?H#>=c!A)4/094(!1.90(3!

.5!I>@[!:?`aN[=!8(2(!3/0E)4+/(!/)E.),!7(S(4.9E(2/!s&&Wtc!>!3/)7-!5.1)3028!.2!/F(!

K<'&!02F060/.,I!%.7'&!:1+93)402I!(901+,702I!G15W&=I!(3/+6403F(7!/F+/!/F(!EY>][!8(2(!03!

7.O2',(8)4+/(7!02!>BB3I!1.E9+,028!O0/F!>B>3!+27!2.,E+4!/033)(!s&&]tc!K<'&!.S(,'

(R9,(330.2!03!E)1F!E.,(!30820501+2/!02!1F047F..7!/F+2!+7)4/!>BG3c!;2!/F(!E+i.,0/-!.5!

9+(70+/,01! /)E.),3I! /F(! 2)E6(,! .5! I>@[! 8(2(! 1.90(3! 03! 021,(+3(7! +3! +! ,(3)4/! .5!

1F,.E.3.E(! 8+02! .,! +E940501+/0.2! +/! bY]]! sDbI! &&"I! &&Utc! K<'&! +43.! 3F.O3!

9,.82.3/01! 025.,E+/0.2Z! F08F(,! (R9,(330.2! 1.,,(4+/(3!O0/F!E.,(! +7S+21(7! /)E.),!

3/+8(I!9..,(,!140201+4!.)/1.E(!+27!3F.,/(,!.S(,+44!U'-(+,!3),S0S+4!sDfI!&&ftc!

>2./F(,! 5+1/.,! 02S.4S(7! 02! 3/(,.07.8(2(303! 03! >BGH! :+7,(2.1.,/01./,.901!

F.,E.2(I!1.,/01./,.902=h!0/!94+-3!*(-!,.4(!02!/F(!E+R0E+4!1(44'39(10501!(R9,(330.2!.5!

3/(,.07.8(201!(2a-E(3!2((7(7!5.,!/F(!3-2/F(303!.5!84)1.1.,/01.073!+27!+27,.8(23!02!

/F(! a.2+! ,(/01)4+,03! +27! a.2+! 5+3101)4+/+c! ;/! +1/3! /F,.)8F! ,(1(9/.,3! 1.)94(7! /.! [3!

9,./(02I!021,(+3028!/F(!4(S(43!.5!1>A%!+27!/F)3!027)1028!%J>I!OF01F!/+,8(/3!02!/),2!

3/0E)4+/(! /F(! (R9,(330.2! .5! %"UL! 3/(,.07.8(201! (2a-E(3c! [(2(,+44-I! /F(!
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!

>BGHV[3V%J>! 1+31+7(! 03! 1,)10+4! 5.,! E+02/+02028! +! F08F4-! 7055(,(2/0+/(7! +7,(2+4!

9F(2./-9(I! 6)/! 03! .24-! .5! E.7(,+/(! 0E9.,/+21(! 5.,! 1(44! 9,.405(,+/0.2! s&&DI! &&dtc!

>7,(2.1.,/01+4! 1+,102.E+3! 3F.O! 7(1,(+3(7! (R9,(330.2! 4(S(43! +27! `\H! .5!NYE:@`!

8(2(I!(21.7028!/F(!1.,/01./,.902!,(1(9/.,!s&LfI!&Lbtc!!

>! 14)3/(,! .5! 3/(,.07.8(2(303! 8(2(3! +43.! 7055(,(2/0+/(3! >BB! 5,.E! >B>! +27!

1.2/+023Z! YZ<[[N[! :1-/.1F,.E(! %"UL311I! 1F.4(3/(,.4! 7(3E.4+3(=I! YZ<[[\[!

:%"UL1&&$&I! &&Q'F-7,.R-4+3(=I! YZ<[^N[! :%"UL1&DI! &DX'F-7,.R-4+3(=I! YZ<][N]!

:%"UL1W&I! W&'F-7,.R-4+3(=I! :I7_\[! :]Q'F-7,.R-3/(,.07! 7(F-7,.8(2+3(V_'U!

03.E(,+3(! /-9(=I! +27! IEN`! :K/>MI! 3/(,.07.8(201! +1)/(! ,(8)4+/.,-! 9,./(02=c! ;2!

1.2/,+3/! /.! ;[<';;! 14)3/(,! (R9,(330.2I! /F03! 3/(,.07.8(2(303! 14)3/(,! 3F.O3! 4.O!

(R9,(330.2! 02! +7,(2.1.,/01+4! 1+,102.E+3! +27! 03! F08F! 02! +7(2.E+3c! GF+/! 03! 02! 402(!

O0/F! 84)1.1.,/01.07! .S(,9,.7)1/0.2! 02! >B>3! s"Utc! GF(! 402*! 6(/O((2! ;[<';;! +27!

3/(,.07.8(2(303!9+/FO+-3!03!.63(,S(7!9+,/01)4+,4-!7),028!+7,(2+4!7(S(4.9E(2/!+27!

7055(,(2/0+/0.2c! ;[<';;! 3/0E)4+/(3! (R9,(330.2! .5! >BGH',(8)4+/(7! 3/(,.07.8(201!

(2a-E(3I!3)1F!+3!%"UL311I!%"UL1&DI!+27!HK?]$&!sddtc!M(1(2/!3/)70(3!+43.!02701+/(!

1.22(1/0.23! O0/F! G[<Q! +27! N2/VQ'1+/(202! 3082+44028c! H.O(S(,I! /F(! 9,(103(!

E(1F+203E3!.5!/F+/!02/(,,(4+/0.2!+,(!-(/!/.!6(!07(2/050(7!s&&&I!&&btc!GF(!3)88(3/(7!

(R94+2+/0.2! 02701+/(3! /F(! 02S.4S(E(2/! .5! +! 7.O23/,(+E! /+,8(/! 5.,!N2/VQ'1+/(202!

3082+44028! 9+/FO+-3I! K[J&I! 3(,)E! 84)1.1.,/01.07! :[B=! *02+3(! &I! OF01F! F+S(! 6((2!

,(9.,/(7! /.! 3F.O! 4.O(,! (R9,(330.2! 02! +7,(2.1.,/01+4! 1+,102.E+3c! K[J&! 03! +!

3(,02(V/F,(.202(! *02+3(! /F+/!E+-! 6(! ,(8)4+/(7! 6-! +! 2)E6(,! .5! 5+1/.,3I! 0214)7028!

1.,/01.3/(,.07!F.,E.2(3I!8,.O/F!5+1/.,3I!9U]I!+27!EG\MBW!sf]tc!!

!

1.1.4. Familial syndromes associated with adrenocortical cancer 

!

A.3/! +7,(2.1.,/01+4! 1+,102.E+! 1+3(3! +,(! 39.,+701h! F.O(S(,I! /F(! 40/(,+/),(!

9,.S07(3! 2)E(,.)3! ,(9.,/3! .5! 5+E040+4! 3-27,.E(3! +33.10+/(7! O0/F! +2! 021,(+3(7!

9,(S+4(21(!.5!+7,(2.1.,/01+4!/)E.),3I!OF01F!O+3!/F(!8,.)27O.,*!5.,!/F(!,(3(+,1F!

.2! /F(0,! E.4(1)4+,! 6+303c! #R+E94(3! .5! 3)1F! F(,(70/+,-! 3-27,.E(3! 0214)7(Z! `0'

<,+)E(20!:`<K=!+27!$(1*O0/FPN0(7(E+22!3-27,.E(3!:$NK=I!+27!B+,2(-!1.E94(R!

:BCB=I!OF01F!F08F408F/(7!/F(!39(10501!3)31(9/06040/-!8(2(3Z!E<a_I!"F>]I!+27!<`KN`[NI!
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!

,(39(1/0S(4-! s&WLtc! \/F(,! >BG'+33.10+/(7! 3-27,.E(3! +,(Z! E)4/094(! (27.1,02(!

2(.94+30+! :A#C&=I! A1B)2(P>46,08F/! 3-27,.E(! :A>K=I! +27! 5+E040+4! +7(2.E+/.)3!

9.4-9.303! 1.40! :<>%=! O0/F! 0/3! S+,0+2/! [+,72(,! 3-27,.E(! :5+E040+4! 1.4.,(1/+4!

9.4-9.303=I!+44!3)EE+,03(7!02!!"#$%9!s&WL'&W"tc!!

;2! /F(!E+i.,0/-! .5! 1+3(3! /F(3(! 1.270/0.23! .,0802+/(! 5,.E! +! 39(10501! )27(,4-028!

E.4(1)4+,! 9,.504(! O0/F! 8(,E402(! E)/+/0.23I! OF01F! E+-! 6(! +3! 30E94(! +3! +! 9.02/!

E)/+/0.2I! 6)/!E.,(! .5/(2! +,(! 1.E94(R! +4/(,+/0.23I! 1.21(,2028!E)4/094(! 8(2(3! +27!

E.4(1)4+,!9+/FO+-3!sbLtc!GF(!5.1)3!.5!/F03!,(3(+,1F!9,.i(1/!O+3!/F(!+7,(2.1.,/01+4!

1+,102.E+! +27! 1.23(Y)(2/4-! /F(! 3-27,.E(3! 1F+,+1/(,0a028! O0/F! 021,(+3(7!

9,(S+4(21(!.5!/F03!*027!.5!1+21(,!+,(!6(4.O!7(31,06(7!02!7(/+04c%

!

2"9:'L!M-*-/!(*#)%#-0!(*!I-*-'(.4+$7(%($%!/?*0A)7-/!$//).($'-0!>(',!$0A-*).)A'(.$%!'&7)&A/O!!

5@@A-#($'()*/N!5H5!e!$0A-*).)A'(.$%!$0-*)7$a!5HH!e!$0A-*).)A'(.$%!.$A.(*)7$O!1A-=$A-0!@$/-0!

)*!mSCR_SCgnO!!

@";%$%"$'(*&81.;4' >U>'S'>UU' \./"0%.&' b4&4S\./#+' !1.04%&'

P(_;A$&7-*(!K?*0A)7-!S!^P;KS`! 5HH! Sh=S2OS! ,$2*! 8&7)&A!=A)'-(*!=E2!

P(_;A$&7-*(!K?*0A)7-!C!^P;KC`' _! CClSCOS! "'57+! H,-.6=)(*'!6(*$/-!C!

P(_;A$&7-*(!K?*0A)7-!2!^P;K2`! _! SlC2! ^*)'!6*)>*!?-'`!

\-.6>(',eZ(-0-7$**!

K?*0A)7-!^\ZK`'

5H5a!5HH!! El2EOC_

l2EO2!

6()%! G&.%-$A!A-.-=')A!@(*0(*I!

K"8!0)7$(*!=A)'-(*!S!

SS=SEOE! '%8! BSDa!(7=A(*'-0!7$'-A*$%%?!

-k=A-//-0!'A$*/.A(='!^*)*_

=A)'-(*!.)0(*I`!

SS=SEOE! 401+! J*/&%(*_%(6-!IA)>',!+$.')A!JJ!

SS=SEOE! 7"69%:,%! 3HGrS!)==)/('-!

/'A$*04$*'(/-*/-!'A$*/.A(='!

S!^*)*_=A)'-(*!.)0(*I`!

SS=SEOg! ")76%"! H?.%(*_0-=-*0-*'!6(*$/-!

(*,(@(')A!SH!^=Eha!3(=C`!

<&%'(=%-!"*0).A(*-!G-)=%$/($a!

8?=-!S!^<"GS`!

5H5!4!^A$A-!

5HH`!

SSlS2OS! ;56%! <-*(*!

;$7(%($%!50-*)7$')&/!

1)%?=)/(/_S!^;51S`!$*0!('/!

#$A($*'!M$A0*-A!K?*0A)7-!

5H5!4!^A$A-!

5HH`!

ElCCOC! -$"! 51H!

H$A*-?!.)7=%-ka!8?=-!S!^HGHS`' 5H5! ShlCgOC! $.7-.%-! 1A)'-(*!6(*$/-a!.5<1_

0-=-*0-*'a!A-I&%$')A?a!

'?=-!Ja!$%=,$!

H$A*-?!.)7=%-ka!8?=-!C!^HGHC`! 5H5! C=Sf! ^*)'!6*)>*!?-'`!

<.H&*-e5%@A(I,'!K?*0A)7-!

^<5K`!

5H5!! CRlS2O2C! 06-(! M/_$%=,$!^',-!$%=,$!/&@&*('!

)+!',-!I&$*(*-!*&.%-)'(0-_

@(*0(*I!=A)'-(*!^M!=A)'-(*``!
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!

;2F(,0/(7! 02! +)/.3.E+4! 7.E02+2/! E+22(,I! /F(! `0'<,+)E(20! 3-27,.E(! :\A;A!

&U&fW]=! 03! 1F+,+1/(,03(7! 6-! E)4/094(! /-9(3! .5! (+,4-! .23(/! 2.2'30/(! 39(10501!

2(.94+3E3I! .11),,028! 02! 9+/0(2/3! -.)28(,! /F+2! "U! -(+,3c! GF(! E.3/! 9,(S+4(2/! +,(!

9,('E(2.9+)3+4! 6,(+3/! 1+21(,I! 3.5/'/033)(! 3+,1.E+I! 6,+02! /)E.),3I! .3/(.3+,1.E+I!

+7,(2.1.,/01+4! 1+,102.E+I! 4)28! 1+,102.E+I! +27! 4()*+(E0+! +3! /F(! 4(+3/! 5,(Y)(2/! .5!

/F03!8,.)9!:7+/+!.6/+02(7!5,.E!;>MB!G%U]!?+/+6+3(=!sb"I!&WUI!&Wftc!>BB!7(S(4.93!

02! 4(33! /F+2! &Lr! .5! `<K'9+/0(2/3! +27I! 1.E9+,(7! O0/F! /F(! ./F(,! 2(.94+3E3!

E(2/0.2(7I! 03!70+82.3(7! 02! /F(!-.)28(3/!9+/0(2/3! 02!(+,4-! 1F047F..7! sb]I!b"I!&WDtc!

A.3/! 9+/0(2/3! O0/F! `0'<,+)E(20! .,! `0'<,+)E(20'40*(! :`<`=! 3-27,.E(3! 1+,,-!

F(/(,.a-8.)3! E)/+/0.23! 02! /F(! E<a_! 8(2(! :&D9&]c&=I! (21.7028! 9U]! /)E.),!

3)99,(33.,!9,./(02I!+43.!1+44(7!/F(!v8)+,70+2!.5!/F(!8(2.E(qc!GF(!9U]!/,+231,09/0.2!

5+1/.,!+1/3!6-!+1/0S+/028!/F(!(R9,(330.2!.5!8(2(3!02S.4S(7!02Z!1(44!1-14(!1.2/,.4I!+,,(3/!

02! [&! 9F+3(! 02! 1+3(! .5! ?C>! 7+E+8(! :E+02/(2+21(! .5! 8(2.E01! 3/+6040/-=I! +27!

+9.9/.303!s&Wdtc!GF(,(!03!E)1F!S+,0+/0.2!02!/F(!,(9.,/(7!02107(21(!.5!E)/+/0.23!02!

/F(!E<a_!8(2(!02!`<KV`<`!9+/0(2/3!P!6(028!+,.)27!dLr!+27!"LrI!,(39(1/0S(4-!s&Wbt!

.,! +4E.3/! ]Lr! +3! +! 1.E602(7! S+4)(! 5.,! 6./F! 3-27,.E(3! s&]Ltc! <.,! +44! 5+E040+4!

/)E.),!1+3(3!02!8(2(,+4I!)9!/.!&Dr!+,(!,(9.,/(7!/.!6(!/F(!(55(1/!.5!+4/(,+/0.23!02!/F(!

E<a_!8(2(!s&WDtc!;/!03!O.,/F!2./028!/F+/I!02!402(!O0/F!/F(!BF.E9,(/!1,0/(,0+!5.,!`<KI!

(S(,-!30284(!9+/0(2/!O0/F!>BBI!,(8+,74(33!.5!/F(0,!+8(!+/!70+82.303!.,!5+E04-!F03/.,-I!

7(E.23/,+/(3! +! F08F! 9,.6+6040/-! :)3)+44-! 6(/O((2! UL'dLr=! .5! F+S028! +! 8(,E402(!

E)/+/0.2!02!E<a_!s&WDI!&]&tc!>11.,7028!/.!/F(!;2/(,2+/0.2+4!>8(21-!5.,!M(3(+,1F!.2!

B+21(,! :;>MB=I! `<K',(4+/(7!E)/+/0.23! 1.21(2/,+/(! 02!E<a_! 02! (R.23!U!P!d! :+,.)27!

dLPbLr=!+27!/F(2!02!(R.23!"!+27!&L!:6(4.O!&Lr!+4/.8(/F(,=I!E.3/!.5!/F(E!6(028!

E033(23(!:+4E.3/!DLr=I!5.44.O(7!6-!39401028!:&Lr=I!2.23(23(!:br=I!+27!5,+E('3F05/!

:Dr=! 1F+28(3! sb"tc! GO.!E+02! 5)21/0.23! .5! 9U]! +,(! +E(40.,+/(7! 6-! +4/(,+/0.23! 02!

/F.3(!,(80.23Z!/F(!?C>!1.2/+1/!S0+!?C>!6027028!7.E+02!:?$?=!+27!/F(!3)99.,/!.5!

/F(!3/,)1/),(!.5!9,./(02'?C>!1.2/+1/!3),5+1(I!.6/+02(7!6-!/O.! 4+,8(! 4..93!:`W!+27!

`]=I!3/+60403(7!6-!a021!6027028!+27!+!4..9P3F((/PF(40R!E./05!:4..9!`&=c!B.23(Y)(2/4-I!

/F(!E)/+2/! 9,./(023! +,(! 70S07(7! 02/.! /O.! 8,.)93Z! w1.2/+1/x! :,(3)4/3! .5!E)/+/0.23I!

3)1F! +3! KW"&<I! MW"dNI! +27! BWDD<=! +27! w3/,)1/),+4x! :M&DUHI! B&Df<I! H&DbMI! +27!

BW"W<=c!\/F(,! 3)88(3/(7!E(1F+203E3! 5.,!+4/(,(7!9U]! 5)21/0.2028! 0214)7(Z!8+02'.5'

5)21/0.2! :[\<=! +27! 7.E02+2/P2(8+/0S(! (55(1/3! :?C#=! .S(,! /F(! O047'/-9(! 9,./(02I!
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!

OF(2!2.!3(4(1/0S(!9,(33),(!03!(R(,/(7!5.,!/F(!4.33!.5!/F(!O047'/-9(!+44(4(!s&]&I!&]Wtc!

K/)70(3!.5!/F(! 0270S07)+43! 5,.E!K.)/F(,2!$,+a04!O0/F!5+E04-!F03/.,-!1.E940+2/!O0/F!

/F(! 140201+4! 7(5020/0.23! .5! `<K! .,! `<`! 3-27,.E(! F+S(! 3F.O2! /F+/! +,.)27! &]r! .5!

/F(E! +,(! 1+,,0(,3! .5! /F(! 1c&L&L[y>! :9cM]]DH=!E)/+/0.2! 02! (R.2! &L! .5!E<a_! 8(2(!

s&]Ltc! ?(390/(! /F(! 9,(S0.)3! +4/(,2+/0S(! /F(.,0(3I! +! ,(1(2/! 3/)7-! 1.250,E3! /F+/! /F(!

F08F! 9,(S+4(21(! .5! /F03! E)/+/0.2I! +,.)27! Lc]r! 02! /F(! 7(23(! 9.9)4+/0.2! .5! /F03!

,(80.2I!,(3)4/3!5,.E!/F(!.11),,(21(!.5!+!5.)27(,!(55(1/!02!/F(!$,+a040+2!9.9)4+/0.2c!;2!

K.)/F(,2! $,+a04! /F(! 02107(21(! .5! 1F047F..7! >BB! 03! &L'&U! F08F(,! 1.E9+,(7! O0/F!

./F(,!9+,/3!.5!/F(!O.,47I!6(028!3/,.284-!+33.10+/(7!O0/F!/F(!9cM]]DH!E)/+/0.2!s&]]'

&]Utc!>!3E+44!2)E6(,!.5!/F(!5+E040(3!+55401/(7!O0/F!`<K!1+,,-!+!E)/+/0.2!02!+2./F(,!

8(2(!P!Y:bK]! :WWY&Wc&=h! /F03!F+3! 4(7! /.! 0/3! ,(2+E028!+3!`0'<,+)E(20!K-27,.E(!W!

:`<KW=!:\A;A!fLbWfU=!sb]I!&W&tc!GF(,(!03!+43.!/F(!`<K]!:\A;A!fLbWff=I!+33.10+/(7!

O0/F!/F(!,(80.2!&YW]I!OF01F!,(Y)0,(3!5),/F(,!02S(3/08+/0.2!s&W&I!&]ftc!

GF(! $(1*O0/F'N0(7(E+22! 3-27,.E(! :\A;A! &]LfUL=! 03! +! ,+,(! 0E9,02/028!

703.,7(,I!E.3/4-! 39.,+701!O0/F! 5+E040+4! 1+3(3! ,(9,(3(2/028! 4(33! /F+2!&Ur!.5! 1+3(3c!

GF03! 9+(70+/,01! 3-27,.E(! 03! 9,(7.E02+2/4-! 1F+,+1/(,03(7! 6-! +2/(,0.,! +67.E02+4!

O+44! 7(5(1/3I!E+1,.84.330+! +27! .S(,8,.O/Fc! >,.)27!&Lr!.5! $(1*O0/F'N0(7(E+22!

1+3(3! +,(! +33.10+/(7! O0/F! +2! 021,(+3(7! ,03*! .5! /)E.),! 7(S(4.9E(2/I! /F(! E.3/!

5,(Y)(2/! 6(028! N04E3! /)E.),3I! F(9+/.64+3/.E+3I! ,F+67.E-.3+,1.E+3I! +27!

+7,(2.1.,/01+4!/)E.),3!s&W]I!&]Dtc![(2(/01+44-I!$(1*O0/F'N0(7(E+22!3-27,.E(!03!

1+)3(7!6-!+4/(,(7!(R9,(330.2!.5! 0E9,02/(7!8(2(3! 02! /F(!,(80.2!&&9&Uc"'9&UcUc!GF(!

/(4.E(,01! 7.E+02! :1+44(7! 0E9,02/028! 1(2/,(! &I! ;B&! .,! 7055(,(2/0+44-! E(/F-4+/(7!

,(80.2! &I! ?AM&=! 1.2/+023! "F>]! :023)402'40*(! 8,.O/F! 5+1/.,! ;;=! +27!:[e! 8(2(3c! GF(!

1(2/,.E(,01!7.E+02!W!:;BWI!?AMW=!1.E9,03(3!+,.)27!&L!0E9,02/(7!8(2(3I!(21.7028!

/F(!1-1402'7(9(27(2/!*02+3(!02F060/.,!9UDJ;%W!:1-1402'7(9(27(2/!*02+3(!02F060/.,!&B!

8(2(I!Y7K?[Y!.,!5a^)(5]=I!+!3)6)20/!.5!+!9./+330)E!S.4/+8('8+/(7!1F+22(4!:KY?f[=I!

+27!0/3!.S(,4+99028!/,+231,09/!:KY?f[OE[!.,!g"E[=!s&]DI!&]dtc!GF(!E+i.,0/-!.5!$NK'

,(4+/(7! 8(2(/01! 7(5(1/3! +,(! 7)(! /.! /F(! 4.33! .5! 0E9,02/028I! 1+)3(7! 6-! +62.,E+4!

E(/F-4+/0.2!02!/F(!;BWI!OF043/!E.3/!5+E040+4!1+3(3!+,(!+33.10+/(7!O0/F!+4/(,+/0.23!02!

Y7K?[Y! 8(2(! .,! E01,.7(4(/0.23! +4.28! ;B&I! 9,(3(2/028! +2! +)/.3.E+4! 7.E02+2/!

9+//(,2! .5! 02F(,0/+21(! s&W]I! &]btc! >2./F(,! 8(2(! 0E9401+/(7! 02! /F(! 7(S(4.9E(2/! .5!

$(1*O0/F'N0(7(E+22!3-27,.E(!03!?I7[!:UY]UcW'Y]Uc]=c!$+)i+/!(/!+4c!7(31,06(7!0/3!
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!

E)/+/0.23!02!+!3E+44!2)E6(,!.5!$NK!9+/0(2/3!+27!3)88(3/(7!/F(!9.33064(!0254)(21(!

.5!/F(!9,.7)1/!.5!/F03!8(2(I!/F(!2)14(+,!,(1(9/.,!6027028!K#G!7.E+02!9,./(02!&I!.2!

/F(! 0E9,02/028! 02! /F(! &&9&U! ,(80.2c! ;/! +1/3! +43.! +3! +! 1.',(8)4+/.,! .5! /F(! +27,.8(2!

,(1(9/.,!s&"Ltc!

GF(!E)4/094(!(27.1,02(!2(.94+30+!/-9(!&!:\A;A!&]&&LL=!03!+!F08F4-!9(2(/,+2/I!

+)/.3.E+4!7.E02+2/!1.270/0.2I!9,(3(2/028!O0/F!/)E.),3!.5!/F(!9+,+/F-,.07!84+273I!

(27.1,02(! 9+21,(+3I! +2/(,0.,! 90/)0/+,-! 84+27I! /F-E)3! :1+,102.073=I! /F-,.07!

:+7(2.E+3=I!+27I!02!)9!/.!"Lr!.5!9+/0(2/3I!+7,(2.1.,/01+4!2(.94+3E!.,!F-9(,94+30+c!

>BB3!.11),!6)/!+,(!(R/,(E(4-!,+,(c!GF(!E+i.,0/-!.5!+55(1/(7!5+E040(3!:DU'bUr=!F+S(!

+! F(/(,.a-8.)3! 02+1/0S+/028! 8(,E402(! E)/+/0.2! 02! /F(!8b?[! 8(2(! :&&Y&]c&=! s]WI!

&"&tc! GF(! E(202! 9,./(02! 03! +! /033)('39(10501! /)E.),! 3)99,(33.,! +27! F+3! 6((2!

,(9.,/(7!/.!02/(,+1/!O0/F!+!S+,0(/-!.5!9,./(023!40*(Z!/,+231,09/0.2+4!5+1/.,3!:(c8c!z)2!?I!

C<{$! +27! KE+7]=I! .,! F03/.2(! H]! E(/F-4/,+235(,+3(3! :(c8c! A``I! A``W=! s&"Wtc!

B.23(Y)(2/4-I! 0/3! 50(47! .5! +1/0.2! 03! /F(! ,(8)4+/0.2! .5! 1(44! 1-14(I! 9,.405(,+/0.2I! +27!

+9.9/.303!s&"]tc!GF(!0E9+1/!.5!E(202!.2!1(44)4+,!8,.O/F!3((E3!/.!6(!Y)0/(!1.E94(RI!

+3! 0/!+1/3!+3!+!3)99,(33.,! 02!(27.1,02(!1(443!+27!+3!+2!+1/0S+/.,! 02!1(,/+02!/-9(3!.5!

4()*+(E0+!1(443!s&"Wtc!

GF(!5+E040+4!+7(2.E+/.)3!9.4-9.303!:<>%=!&!+27!0/3!S+,0+2/![+,72(,!3-27,.E(!

:\A;A! &DU&LL=! +,(! +)/.3.E+4! 7.E02+2/! 703.,7(,3c! ;2! 0/3! /-901+4! 5.,EI! <>%!

E+205(3/3!6-!F)27,(73! /.! /F.)3+273!.5!1.4.,(1/+4!+7(2.E+/.)3!9.4-93!+27!1+21(,!

s&""tI!OF04(![+,72(,!3-27,.E(!,(S(+43!8+3/,.02/(3/02+4!9.4-9.303!+27!./F(,!4(30.23I!

3)1F!+3!.3/(.E+3I!(907(,E.07!1-3/3I!F(9+/.64+3/.E+I!9+9044+,-!.,!5.4401)4+,!/F-,.07!

1+21(,I! +27! +7,(2+4! +7(2.E+3! s&"Utc! GF(! E.4(1)4+,! 1+)3(! )27(,4-028! /F(3(!

3-27,.E(3!03!5.)27!+/!/F(!4.1)3!UYWWcWI!1.2/+02028!/F(!+7(2.E+/.)3!9.4-9.303!1.40!

:N<Y=! 8(2(I! OF01F! +1/3! +3! +! /)E.),! 3)99,(33.,! 6-! 7(1,(+3028! /F(! +1/0S0/-! .5! QP

1+/(202c! ;2! /F(! +63(21(! .5! /F(! ,(8)4+/028! (55(1/! .5! >%BI! 2)14(+,! QP1+/(202!

+11)E)4+/0.2! 4(+73! /.! )9',(8)4+/0.2! .5! 8(2(3! 02S.4S(7! 02! /F(! 1(44! 1-14(! (2/,-! +27!

9,.8,(330.2c! GF(! 9+/F.8(201! +4/(,+/0.23! 02! N<Y! 8(2(! +,(! E+024-! 5,+E('3F05/! .,!

2.23(23(!E)/+/0.23I!/F(2!4+,8(!8(2(!7(4(/0.23!+27!39401(!30/(!1F+28(3!s&""tc!;/!O+3!

.63(,S(7! /F+/! <>%!9+/0(2/3! 3F.O! 021,(+3(7! ,03*! 5.,! /F(!>BB! 5.,E+/0.2I! 1.E9+,(7!

O0/F! /F(! 8(2(,+4! 9.9)4+/0.2c! GF+/! E+-! 6(! (R94+02(7! O0/F! /F(! 5+1/! /F+/! 021,(+3(7!

4(S(43! .5! QP1+/(202! 9.33064-! 94+-! ,.4(! 02! /F(! >BB! 7(S(4.9E(2/I! +3! /F03! 9,./(02!
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!

9./(2/4-! +1/0S+/(3! +! 39(1/,)E! .5! 8(2(3! (33(2/0+4! 5.,! /F(! +7,(2.1.,/01+4! /033)(!

7(S(4.9E(2/!+27!F.E(.3/+303!sbLI!&"ftc!

!

1.2. In vitro and in vivo analysis of adrenocortical cancer  

!

1.2.1. Primary cultures and cell lines 

!

%,0E+,-!1)4/),(3!.5!+7,(2.1.,/01+4!1(443!E+-!6(!)3(7!02!/F(!,(3(+,1F!.5!+7,(2+4!

9F-30.4.8-c!GF.)8F!)3(5)4I! /F(-!F+S(!3/,01/4-! 5020/(! 405(!39+2!+27!9.3(!+!2)E6(,!.5!

033)(3! O0/F! 5,(3F! /033)(! +S+04+6040/-I! 03.4+/0.2! .5! +7(Y)+/(! 1(443I! S+,0+6040/-! .5!

E+/(,0+4h! F(21(I! /.! .S(,1.E(! /F(E! 1(44! 402(3! 9,.S(7! /.! 6(! E.,(! 1.2S(20(2/! +27!

+11(33064(I!+44.O028!E.,(!3/,+08F/5.,O+,7!94+22028!.5!/F(!(R9(,0E(2/3c!

B(44!1)4/),(!E.7(43!+,(!/F(!*(-!/..43!02!/F(!E.4(1)4+,!60.4.8-!,(3(+,1FI!(2+64028!

3/)70(3! .2! /F(! 1(44! 9F-30.4.8-! +27!60.1F(E03/,-! +27! +33(33E(2/! .5! /F(! (5501+1-! .5!

7,)83! +27! ./F(,! 1.E9.)273c! GF(!E+02! +7S+2/+8(3! .5! 1(44! 1)4/),(! +,(! 0/3! ,(4+/0S(!

30E94010/-! +27!)20S(,3+40/-! +3!O(44! +3! 1.2303/(21-!+27! ,(9,.7)106040/-!.5! ,(3)4/3c! ;/!

9,.S07(3!+!30E94(!O+-! /.! /(3/! /F(! /.R010/-!.5!7,)83!+27!S+,0.)3!1.E9.)273!6(5.,(!

/F(!/(3/3!.2!+20E+43!+,(!9(,5.,E(7c!

>! 2)E6(,! .5! +7,(2.1.,/01+4! 1(44! 402(3! F+S(! 6((2! (3/+6403F(7! 5,.E! 9,0E+,-!

1)4/),(3!E+02/+02(7!02!S+,0.)3!/-9(3!.5!E(70+!5.,!4.28(,!/0E(!+27!/F(2!3(4(1/(7!5.,!

/F(!6(3/! 1F+,+1/(,03/013c!GF(! 1),,(2/4-!+S+04+64(!+7,(2.1.,/01+4! 1(44!E.7(4! 3-3/(E3!

5.,! +7,(2+4! 3/)70(3! +,(! 3)EE+,03(7! 02!!"#$% 8! s&"DI!&"dtc!GF(3(! 1(44! 402(3!9,(3(2/!

S+,0.)3! 1.E602+/0.23! .5! 6+301! 1F+,+1/(,03/013! :3)1F! +3! /F(0,! .,0802I! 3/(,.07!

9,.7)1/0.2!+27!,(39.230S(2(33=I!OF01F!(2+64(!,(3(+,1F(,3!/.!1F..3(!/F(!6(3/!E.7(4!

/.! +77,(33! /F(! ,(3(+,1F!Y)(3/0.23! /F(-!94+2! /.! +23O(,c! GF(!E.3/! 1.EE.24-!)3(7!

+7,(2.1.,/01+4!1(44!402(3!+,(!F)E+2!CB;'HWbU!7(,0S(7!1(44!402(3I!+27!E.)3(!T'&c!!

;2! /F03!3/)7-I! /F(!+7,(2.1.,/01+4!1+,102.E+!CB;'HWbUM!1(44! 402(!O+3!)3(7c! ;/! 03!

/F(!6(3/!E.7(4!/.!3/)7-!/F(!(5501+1-!.5!S+,0.)3!1.E9.)273!+8+023/!>BBI!6(028!(+3-!

/.!1)4/),(!:8,.O028!+3! /F(!+7F(,(2/!E.2.4+-(,=!+27!F+S028!,(/+02(7! /F(!+6040/-! /.!
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!

9,.7)1(!E02(,+4.1.,/01.073I! 84)1.1.,/01.073I! +27! +7,(2+4! +27,.8(23I!OF01F! +44.O3!

/.!E.S(!/F(!3/)70(3!/.!/F(!2(R/!3/(9!+27!02S(3/08+/(!/F(!(55(1/!.5!/F(3(!1.E9.)273!

.2! +7,(2+4! 3/(,.07.8(2(303c! GF(! CB;'HWbUM! 1(44! 402(! 03! 7(31,06(7! 02! 7(/+04! 02! /F(!

1F+9/(,%8$&%:3,,%,(/3c!

!

2"9:'?!K&77$A?!)+!$0A-*).)A'(.$%!.-%%!%(*-/O!

5@@A-#($'()*/N! 5H8B! e! $0A-*).)A'(.)'A)=(.! ,)A7)*-a! .)A'(.)'A)=(*s! 5HH! e! $0A-*)A'(.$%! .$A.(*)7$s! KHH! e!

/7$%%_.-%%! .$A.(*)7$s! 5H! e! $0A-*$%! .)A'-ks! <'/! e! 7-'$/'$/(/s! 11G5F! e! =A(7$A?! =(I7-*'-0! *)0&%$A!

$0A-*).)A'(.$%!0(/-$/-s!HGH!e!H$A*-?!.)7=%-kO!1A-=$A-0!@$/-0!)*!mSgha!SgqnO!

!

U4$$'$%&4' T1%A%&'
(041.%8+'51.8#/48' =4+5.&+%64&4++'

M%&41"$.Y

/.10%/.%8+'

b$#/.Y

/.10%/.%8+'

>814&"$'

"&81.A4&+'
>U2c' />M!'

WUHYcLIQ' 5HH! t! t! t! e! t!

WUHYcLIQ>' 5HH! t! t! t! e! t!

WUHYcLIQ='+01"%&+' 5HH! t! t! t! e4t! t!

c>UGQ'D841%648'

O1.;'cLIQ=E'
5HH! t! t! t! t! t!

(aG?' KHH!^5H4<'/`! e! e! e! G4F! G4F!

U>=PC' 11G5Fa!HGH! e! e! e! e! e!

>U2YG' 5HH! e! e! e! G4F! G4F!

=\YLQG' 5HH! e! e! e! e! G4F!

!48%"01%/'

"814&./.10%/"$'

"84&.;"'841%648'

/4$$'$%&4'

5H8! t! t! e! G4F! G4F!

(XPN'01"&+O.1;48'

/4$$'$%&4'
;-'$%!$0A-*$%!.-%%/! G4F! G4F! G4F! G4F! t!

]YG'D;#1%&4E'
A$0($'()*_(*0&.-0!

'&7)&A!
t! t! e! t! t!

'./Y01"&+O.1;48'

/4$$+'$%&4+'D1"0E#

3(A/'-*!7&A(*-!

/$A.)7$!#(A&/!

'A$*/+)A7-0!.-%%/!

e4t!^%)>`! e4t!^%)>`! G4F! t! t!

(XPN'01"&+O.1;48'

/4$$'$%&4+'D;#1%&4E'
5H8! t! G4F! G4F! e! t!

(XPN'01"&+O.1;48'

/4$$'$%&4+'D9.6%&4E'
$0A-*$%!.-%%/! G4F! t! G4F! G4F! t!

!

!
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!

1.2.2. Animal models 

!

K/)70(3! .2! +7,(2.1.,/01+4! /)E.),! 1(44! 402(3! 9,.S07(! 14)(3! .2! /F(! E.4(1)4+,!

(S(2/3! /F+/!E+-! 4(+7! /.! /)E.),! 5.,E+/0.2! +27! 9,(3(2/! 8..7!E.7(43! 5.,! /(3/028! +!

39(1/,)E!.5!9./(2/0+4!/+,8(/3!5.,!2.S(4!/F(,+90(3c!>2!(R9(1/(7!3/(9!5),/F(,!02/.!/F(!

+7,(2.1.,/01+4!/)E.),!,(3(+,1F!03!/,+235(,,028!/F(!,(3)4/3!.6/+02(7!5,.E!E.4(1)4+,!

3/)70(3!/.!/F(!+20E+4!E.7(43!.5!/F03!703(+3(c!GF(,(5.,(I!5(+3064(!+20E+4!3-3/(E3!+,(!

,(Y)0,(7I! (2+64028! (+3-! /,+235(,! .5! E.4(1)4+,! ,(3(+,1F! /.! +! F08F(,! 4(S(4c! >20E+4!

E.7(43!.55(,!(2F+21(7!02308F/!02!1+21(,!60.4.8-!3/)70(3I!,(54(1/028!1(44!02/(,+1/0.23!

+27! 0EE)2(! ,(39.23(! .11),,028! 02! +! 40S028! .,8+203Ec! GF(! 8,.)27O.,*! 02! +2/0'

1+21(,! /F(,+9-! ,(3(+,1F! 03! /F(! /,+70/0.2+4! E.)3(! R(2.8,+5/! E.7(4h! /F03! E(/F.7!

02S.4S(3!1)4/),028!F)E+2!/)E.),!1(443!.S(,!/F(!-(+,3!+27!/F(2!02i(1/028!/F(E!02/.!+!

E.)3(c!

GF(! 2(1(330/-! 5.,! 7(S(4.9E(2/! .5! /F(! +20E+4! E.7(4! ,(3(+,1F! 02! /(,E3! .5!

+7,(2.1.,/01+4! /)E.),! 03! (E9F+30a(7! 6-! /F(! 5+1/! /F+/! 1),,(2/4-! /F(! .24-! 39(10501!

9F+,E+1.4.801+4! /,(+/E(2/! 5.,! 1+,102.E+3! 03! E0/./+2(! s&]tc! [+02028! /F(! 7((9(,!

*2.O4(78(! .2! (/0.4.8-! +27! 9+/F.4.8-! .5! >BG3!O044! 6(! +! 6+303! 5.,! 2.S(4! /F(,+90(3!

/+,8(/028!39(10501!E.4(1)4(3c!

GF,((!E.3/!9,.E03028!E.7(4!.,8+203E3!02!/F(!+7,(2.1.,/01+4!/)E.),!,(3(+,1F!

+,(!E.)3(I!5(,,(/I!+27!7.8c!;2!E01(!+27!5(,,(/3!/F(!5)21/0.2+4!/)E.),!5.,E+/0.2!E+-!

6(!027)1(7!6-!8.2+7(1/.E-h!3)1F!2(.94+3E3!/(27!/.!6(!6(2082c!GF03!E(/F.7!9,.S(7!

/.! 6(! 3)11(335)4! +43.! 02! ./F(,! +20E+43I! 3)1F! +3! 8.+/3! +27! F+E3/(,3c! H08F(,!

3)31(9/06040/-! /.! +7,(2+4! /)E.),! 7(S(4.9E(2/! 02!E01(! 03! .63(,S(7! +43.! 02! 3/,+023!

O0/F! +!9.4-E.,9F03E! 02! /F(! 3/(,.07.8(201! 5+1/.,!&! :K<'&=c!>BG!E.)3(!E.7(43! +,(!

.6/+02(7!+3!O(44!/F,.)8F!/,+2394+2/+/0.2!.5!+7,(2.1.,/01+4!/)E.),!1(443!.,!/F,.)8F!

39(10501! 8(2(/01! E.70501+/0.23! :6-! /,+238(2(303! .,! *2.1*'.)/=c! GF(! E.3/! 1.EE.2!

1(443! /,+2394+2/(7! /.! 3/0E)4+/(! /)E.),! 5.,E+/0.2! +,(Z! 6.S02(! +7,(2+4! 1(443!

/,+237)1(7!O0/F!/F(!8+3/,01! 02F060/.,-!9.4-9(9/07(!,(1(9/.,!:[;%M=!.,!`H!,(1(9/.,!

:`HM=! +3! O(44! +3! F)E+2! >BB! 1(44! 402(! CB;'HWbUc! G,+238(201! E.)3(! E.7(43!

7(S(4.9028!+7,(2.1.,/01+4!/)E.),3!O(,(!,(9.,/(7!02!+20E+43!O0/F!K0E0+2!@0,)3!"L!

:K@"L=!4+,8(!G'+2/08(2!(R9,(33(7!)27(,!/F(!1.2/,.4!.5!9,.E./.,3!5.,!YZ<[[N!8(2(I!
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!

/F(! +47.3(! ,(7)1/+3('40*(! :NK`[\^=! 8(2(! .,! /F(! 02F0602'Xc! >3! O(44I! E01(! O0/F!

E)4/094(!1.90(3!.5!I>[!8(2(!F+S(!6((2!E.,(!9,.2(!/.!7(S(4.9!>BBc!!

C+/),+4! .11),,(21(! .5! +7,(2.1.,/01+4! /)E.),3! 03! 5.)27! 02! WLr! .5!

8.2+7(1/.E03(7! 5(,,(/3I! 6)/! +43.!E+-! 6(! 3/0E)4+/(7! 6-! 026,((7028! +/! 1.EE(,10+4!

5+1040/0(3!.,!)22+/),+4!9F./.9(,0.701!3/0E)4+/0.2c!GF(!9,./(02!(R9,(330.2!(S+4)+/(7!

5.,! 5(,,(/!>BG3! 3F.O3!F08F! 1.21(2/,+/0.2!.5Z! 4)/(020a028!F.,E.2(! ,(1(9/.,! :`HM=I!

02F0602'XI! >AHI! [>G>"I! BT%&bI! 1-/.1F,.E(! 6Uc! ;2! 7.83I! 39.2/+2(.)3! B)3F028q3!

3-27,.E(!.11),3!02!&PW!9(,!&LLL!0270S07)+43!9(,!-(+,c!`0*(!02!F)E+2!/,(+/E(2/I!/F(!

(R1030.2!.5!+7,(2+4!84+273!03!+!E(/F.7!.5!1F.01(c!;2!1+3(!.5!02.9(,+64(!.,!E(/+3/+/01!

/)E.),3I!/F(!E0/./+2(!/,(+/E(2/!03!+9940(7c!B+202(!/F(,+9()/01!+7,(2+4(1/.E-!E+-!

3(,S(! +3! +! 3.),1(! 5.,! 9,0E+,-! 1+202(! >BG! /033)(! /.! )3(! 02! (2! 6(+.$! ,(3(+,1F! s&"bI!

&ULtc!

>44! /F,((! .5! 7(31,06(7! +20E+4! E.7(43! 5.,! +7,(2.1.,/01+4! /)E.),3! P! E.)3(I!

5(,,(/I! +27! 7.8! P! 7(E.23/,+/(! /F(! F08F! 02107(21(! .5! /F03! 2(.94+3Ec! GF(! E+02!

+7S+2/+8(3! .5! E.)3(! >BG! E.7(43! 0214)7(! (+3-! +11(33! /.! /F(! 8(2./-9(! +27!

(908(2(/01!025.,E+/0.2!5.,!/F+/!39(10(3I!5+1040/+/028!/)E.),!8(2(/013!3/)70(3c!G)E.),!

4+/(21-!03!Y)0/(!3F.,/I!39+22028!.S(,!O((*3!.,!E.2/F3c!A.)3(!E.7(43!E+-!+43.!6(!

)3(7!5.,!R(2.8,+5/!3/)70(3!/F+/!+,(!(33(2/0+4!5.,!9,(140201+4!31,((2028!.5!2.S(4!7,)83!

s&U&tc!\2! /F(! ./F(,! 307(I! /F(! +2+/.E-!+27! 5)21/0.2+40/-! .5! +7,(2+4! 84+273! 03! Y)0/(!

7055(,(2/!/F+2!/F+/!.5!F)E+2c!>2./F(,!703+7S+2/+8(I!+99401+64(!/.!5(,,(/3!+3!O(44I!03!

/F(!5+1/!/F+/!+7,(2.1.,/01+4!/)E.),3!02!/F+/!39(10(3!/(27!/.!9,.7)1(!3(R!F.,E.2(3!

+27!2./!84)1.'!.,!E02(,+4.1.,/01.073c!NF(2!0/!1.E(3!/.!/F(!6(2(50/3!.5!)3028!5(,,(/!

E.7(43I! /F(! 14.3(! /.! F)E+2! .S(,+44! 9F-30.4.8-! 9,.S(7! /.! 6(! )3(5)4! 02! 3/)7-028!

,(9,.7)1/0S(! (27.1,02.4.8-! +27! +0,O+-! 703(+3(3c! GF(! 705501)4/0(3!E+-! +,03(! +4.28!

/F(! 5+1/! /F+/! /F(! 025.,E+/0.2!.2!8(2./-9(!+27!(908(2(/013! 03!2./! 3)55010(2/! 5.,! /F03!

39(10(3! +27! /F(! /)E.),! 4+/(21-! 4+3/3! -(+,3c! ?.83! +,(! S(,-! 9,.E03028! E.7(4! 5.,!

+7,(2.1.,/01+4! /)E.),3I!(39(10+44-! 5.,! /F(0,!30E04+,0/0(3! 02!+7,(2+4!84+273!+2+/.E-!

+27! 5)21/0.2+40/-I! 60.4.801+4! 6(F+S0.),! .5! >BG3! :)3)+44-! 1.,/03.4'9,.7)1028=I! +27!

/,(+/E(2/!.9/0.23!s&ULtc!!

!
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!

1.3. PI3K/Akt/mTOR pathway and its inhibitors 

!

1.3.1. PI3K/Akt/mTOR pathway description 

!

$(028!E.3/! 5,(Y)(2/4-! +4/(,(7! 02! F)E+2! /)E.),3I! %;]JV>*/VEG\M! 3082+44028!

9+/FO+-! F+3! ,(1(2/4-! 6((2! 02! /F(! 39./408F/! .5! 9),3)0/! 5.,! /+,8(/(7! /F(,+90(3! 5.,!

1+21(,! s&UWtc! ;/! 03! +3!O(44! +! 9,.E03028! /+,8(/! 5.,!>BB! /F(,+9-!O0/F! ,(1(2/! 3/)70(3!

3F.O028! /F(! +2/0'9,.405(,+/0S(! +1/0S0/-! .5! %;]JVEG\M! 02F060/.,3! 02! +7,(2.1.,/01+4!

1+21(,!1(443!s&U]'&Ubtc!

GF(!020/0+/0.2!.5!/F03!9+/FO+-!03!6+3(7!.2!/F(!,(1,)0/E(2/!9F.39F.02.30/07(!]'

*02+3(!:%;]J=! /.! /F(!E(E6,+2(!6-! ;MK'&I!6.)27!/.! /F(! ;[<';;'+1/0S+/(7!E(E6,+2(!

,(1(9/.,! :'()$% 9=c! ;2! /F03! O+-! %;]J! 03! +1/0S+/(7! +27! 5+1040/+/(! 1.2S(,30.2! .5!

9F.39F+/07-402.30/.4! 6039F.39F+/(! :%;%W=! /.! 9F.39F+/07-402.30/.4! /,09F.39F+/(!

:%;%]=c! GF03! +33.10+/0.2! 9,.S07(3! 7.1*028! 30/(3! 5.,! 3(,02('/F,(.202(! *02+3(3Z! ]'

9F.39F.02.30/07('7(9(27(2/! 9,./(02! *02+3('&! :%?J&I! %?%J&=! +27! >*/! :9,./(02!

*02+3(! $I! %J$=c! %G#C! :9F.39F+/+3(! +27! /(2302! F.E.4.8)(=! 1.)2/(,+1/3! %;]J! 6-!

7(9F.39F.,-4+/028!%;%]c!%?J&!9F.39F.,-4+/(3!>*/I!/F)3!+1/0S+/028!0/c!K)63(Y)(2/4-I!

>*/! 02F060/3!GKBW!5,.E!/F(!/)6(,.)3!314(,.303!1.E94(R!:GKB&VW=! /F,.)8F!+77028!+!

9F.39F+/(! 8,.)9c! >3! GKBW! +1/3! +3! +2! 0270,(1/! 02F060/.,! 5.,! E+EE+40+2! /+,8(/! .5!

,+9+E-102! 1.E94(R!&! :EG\MB&=I! /F(!+6.S(!(S(2/! 1+)3(3! 0/3! ,(4(+3(! 5,.E! 02+1/0S(!

3/+/(! s&fLI! &f&tc! GF(! EG\MB&! 1.E94(R! 1.E9,03(3! +! 3(,02(V/F,(.202('9,./(02!

*02+3(! EG\M! :E+EE+40+2! /+,8(/! .5! ,+9+E-102=I! ,(8)4+/.,-'+33.10+/(7! 9,./(02! .5!

EG\M! :,+9/.,=I! +27!E`KGd! :+43.! *2.O2!+3![!9,./(02! 6(/+! 3)6)20/'40*(I![Q`=I! +27!

%M>K"L! :9,.402(',01F! >*/! 3)63/,+/(! "L! *?+I! >JG&K&=c! %M>K"L! 03! +3! O(44! +! 70,(1/!

/+,8(/! 5.,!>*/! *02+3(! +27! 03! +2! 02F060/.,!.5! /F(!EG\MB&! 1.E94(Rc! %F.39F.,-4+/(7!

%M>K"L! 2(8+/0S(4-! ,(8)4+/(3! EG\MB&c! >*/! E+-! +43.! 70,(1/4-! +1/0S+/(! EG\MI!

8(2(,+/028!9F.39F.'EG\M!:9'EG\M=c!!
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!

@%A:'L'1J23456'4789:!$*0!:$/4:$+4<"34":3!/(I*$%%(*I!=$',>$?/O!!

8,-!$%'-A$'()*/!)+!',-!/(I*$%%(*I!.)7=)*-*'/!)@/-A#-0!(*!$0A-*).)A'(.$%!.$A.(*)7$!$A-! (*0(.$'-0!>(',!',-!

A-0!/'$A!+)A!.,$*I-/!(*!-k=A-//()*a!',-!A-0!%(I,'*(*I!+)A!7&'$'()*/O!MA--*!$AA)>/!(*0(.$'-!/'(7&%$')A?!-++-.'!

$*0! A-0! _! (*,(@(')A?O! 8,-! 0)>*/'A-$7! @()%)I(.$%! -++-.'/! $A-! IA)&=-0! (*! ',A--! .$'-I)A(-/N! +$#)&A$@%-! +)A!

.$*.-A! .-%%! IA)>',! $*0! /&A#(#$%! ^7$A6-0! (*! IA--*`a! &*+$#)&A$@%-! ^A-0`! $*0! )+! $7@(#$%-*'! (7=$.'! ^@%&-`O!

K-%-.'-0!1J234789:!$*0!<"3!(*,(@(')A/!$A-!(*0(.$'-0!>(',!A-0!@)k-/!^-#-A)%(7&/a!Gi1_\"YC2Ea!PjCDgRRCa!

LRSCf`O! K,$=-/! $*0! (%%&/'A$'()*/! /)&A.-0! +A)7! K)7-A/$&%'! SqNCg! e! P(@A$A?! )+! K.(-*.-! J%%&/'A$'()*/!

^>>>O/)7-A/$&%'SqCgO.)7`O%

Gi1_\"YC2E!

Gi1_\"YC2E!

LRSCf!

PjCDgRRC!

"#-A)%(7&/!
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!

GF(!7.O23/,(+E!EG\MB&!(55(1/.,3!+,(I! +E.28!./F(,3I!9DL!,06.3.E+4!9,./(02!

Kf! *02+3(!&! :9DLKfJI! KfJ&I!M%KfJ$&=! +27! ()*+,-./01! /,+234+/0.2! 020/0+/0.2! 5+1/.,!

"#! 6027028! 9,./(02! &! :"#$%&I! #;<"#$%&=! s&fWI! &f]tc! KfJ&! +27! "#$%&! 3/0E)4+/(!

EMC>!/,+234+/0.2!.5!.21.8(201!9,./(023I!3)1F!+3!1'A-1I!F-9.R0+'027)1064(!5+1/.,'&X!

:H;<'&XI!H;<&>=I!@#[<I! ;[<';;!+27!1-1402!?! s&fLtc!GF(!E+02!7.O23/,(+E!(55(1/3!.5!

/F(! EG\MB&! 1.E94(R! 0214)7(! 3/0E)4+/028! 1(44! 8,.O/F! +27! 9,.405(,+/0.2I! +3! +!

,(+1/0.2!/.!8,.O/F!5+1/.,3I!2)/,0(2/!+S+04+6040/-I!3/,(33I!1(44)4+,!(2(,8-I!+27!.R-8(2!

4(S(43c!;/!+43.!,(8)4+/(3!+)/.9F+8-!+3!+!9+,/!.5!/F(!,(39.23(!/.!2)/,0(2/!3/+,S+/0.2!s]I!

&f]'&fUtc!!

GF(!EG\MBW! 1.E94(R! 1.2/+023!EG\MI!E`KGd!9,./(02! :+3! 02!EG\MB&=I! ,01/.,!

:,+9+E-102'023(230/0S(! 1.E9+20.2!.5!EG\M=I! +27!EK;C&!9,./(02! :3/,(33'+1/0S+/(7!

9,./(02! *02+3('02/(,+1/028! &I! A>%J>%&=c! GF(! ,.4(! .5! EG\MBW! 03! 9,0E+,04-! /F(!

,(8)4+/0.2!.5!/F(!+1/02!1-/.3*(4(/+4!.,8+203+/0.2I!6)/!0/!+43.!3((E3!/.!6(!02S.4S(7!02!

1(44!3),S0S+4!+27!E(/+6.403Ec!<),/F(,E.,(I!OF04(!EG\MB&!+1/3!7.O23/,(+E!/.!>*/I!

EG\MBW!P!)93/,(+E!+27!+1/0S+/(3!/F03!9,./(02!*02+3(!s&f&'&f]tc!

!

1.3.2. PI3K/Akt/mTOR pathway alterations in ACC 

!

GF(! +4/(,+/0.23! 02! /F(! %;]JV>*/VEG\M! 9+/FO+-! /F+/! +,(! +33.10+/(7! O0/F! /F(!

7(S(4.9E(2/!.5!+7,(2.1.,/01+4!/)E.),3!+55(1/!+!2)E6(,!.5!0/3!1.E9.2(2/3c!K(S(,+4!

8,.O/F!5+1/.,3!/F+/!020/0+/(!/F03!3082+44028!1+31+7(I!3)1F!+3!;[<';;I!@#[<I!+27!#[<I!+,(!

+4/(,(7c!A.,(.S(,I!<+332+1F/!(/!+4c!7(31,06(7!(4(S+/(7!/./+4!>*/!9,./(02!(R9,(330.2!

02!>BB3I!6)/!2./! 02!>B>3!+27!2.,E+4!/033)(c!GF03!,(3(+,1F!8,.)9!+43.!+33(33(7!/F(!

4(S(4!.5!9F.39F.,-4+/(7!>*/!:9>*/=!+27!3F.O(7!/F+/!02!5+1/!/F(!9>*/V>*/!,+/0.!O+3!

2./!+4/(,(7! 02!1+,102.E+3!s&fftc!H.O(S(,I!+2./F(,!3/)7-!,(9.,/(7!/F+/!(R9,(330.2!

.5! 9>*/!O+3! F08F(,! 02!>BB3! sdLtc! >770/0.2+44-I!EG\MI! 9F.39F.'EG\MI! +27! ,+9/.,!

9,./(02! 4(S(43! O(,(! E+,*(74-! 021,(+3(7! 02! +7,(2.1.,/01+4! /)E.),3c! >11.,70284-I!

EG\M!+1/0S0/-!O+3!F08F(,! 02!>BG3! /F+2! 02! 1.2/,.43c!\2! /F(!./F(,!F+27I! ,01/.,!O+3!

2./!7(/(1/+64(!02!/)E.),!.,!2.,E+4!+7,(2+4!/033)(!s&U"tc!

!
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!

1.3.3. Inhibitors of PI3K/Akt/mTOR pathway – everolimus, NVP-

BEZ235, LY294002 

!

#R+E94(3! .5! /F(! %;]JV>*/VEG\M! 9+/FO+-! 02F060/.,3! 0214)7(Z! (S(,.40E)3!

:M>?LL&=I! C@%'$#eW]UI! +27! `TWb"LLW! :+3! 02701+/(7! 02! '()$% 9=c! #S(,.40E)3!

:M>?LL&I!"L'O':W'F-7,.R-(/F-4=',+9+E-102=!03!+!7(,0S+/0S(!.5!,+9+E01-2!:,+9+4.8=I!

1.EE(,10+44-! *2.O2! +3! >5020/.,I! +27! 03! 1),,(2/4-! )3(7! 02! /,(+/E(2/! .5! ,(2+4! 1(44!

1+,102.E+!s&fDI!&fdtc!GF(!E(1F+203E!.5!EG\M!02F060/0.2!03!6+3(7!.2!/F(!5.,E+/0.2!

.5! /F(!1.E94(R!6(/O((2!(S(,.40E)3!+27!1-14.9F0402!<J$%'&WI!OF01F! /F(2!60273! /.!

/F(!EG\MB&!+27!EG\MBW!1.E94(RI! 02F060/028!7.O23/,(+E!3082+4028c!GF(! 1(44)4+,!

4(S(4! (55(1/3! .5! (S(,.40E)3! 0214)7(! 8,.O/F! +27! 9,.405(,+/0.2! 02F060/0.2! +3! O(44! +3!

,(7)1/0.2!.5!H;<'&X!+27!@#[<!(R9,(330.2!s&fDtc!!

>2! 0E07+a.s"IU'AtY)02.402(!7(,0S+/0S(I!C@%'$#eW]UI! 03!+!7)+4!9+2'14+33! ;!%;]J!

+27!EG\M!*02+3(! 02F060/.,c!GF(!E(1F+203E!.5! 0/3!+1/0.2! 03! /F,.)8F!6027028! /.! /F(!

>G%'6027028!14(5/!.5!%;]J!+27!EG\M!*02+3(3I! /F)3!+1/028!+3!+2!>G%!1.E9(/0/.,c! ;/!

7(1,(+3(3! /F(! +1/0S0/-! .5! 6./F! EG\MB&! +27! EG\MBW! 1.E94(R(3c! C@%'$#eW]U!

3F.O3!+2/02(.94+3/01!9,.9(,/0(3!O0/F!3/,.28!+2/09,.405(,+/0S(!+1/0S0/-!/,.)8F!8,.O/F!

+,,(3/!02!/F(![&!9F+3(I!6)/!2.!+9.9/.303!027)1/0.2!02!9,.3/+/(!/)E.),!1(443!s&fbtc!!

`TWb"LLW! :W':"'A.,9F.402-4='d'9F(2-4'1F,.E.2(=! 03! +! 9./(2/! 3(4(1/0S(! +27!

,(S(,3064(! %;]J! 02F060/.,I! 6027028! 1.E9(/0/0S(4-! /.! 0/3! >G%'6027028! 30/(c! "2! 6(+.$!

(55(1/3! .5! `TWb"LLW! 0214)7(! 9,.405(,+/0.2! +27! 1(44! 8,.O/F! 7(1,(+3(! +3! O(44! +3!

+9.9/.303!027)1/0.2!s&DLI!&D&tc!!

!

1.4. Ras/Raf/MEK/ERK pathway and its inhibitors 

!

1.4.1. Ras/Raf/MEK/ERK pathway description 

!

GF(! M+3VM+5VA#JV#MJ! 9+/FO+-I! +43.! 1+44(7! /F(! E0/.8(2'+1/0S+/(7! 9,./(02!

*02+3(!:A>%J=!1+31+7(I!03!+2./F(,!7.O23/,(+E!1+31+7(!020/0+/(7!6-!/-,.302(!*02+3(!
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!

,(1(9/.,!:GJM=!+1/0S+/0.2c!GF03!1+31+7(I!+1/0S+/(7!6-!408+273!+27!3/,(33I!03!020/0+/(7!

O0/F! ,(1,)0/E(2/! .5! /F(! M+3! [G%+3(3! :HM+3I! JM+3>I! JM+3$I! +27!CM+3=! /.! /F(! 1(44!

3),5+1(!,(1(9/.,!S0+!39(1/,)E!.5!+7+9/(,!9,./(023!+27!(R1F+28(!5+1/.,3!:'()$%9=c!GF(!

M+3! 9,./(023! 02! /F(0,! +1/0S(I! [G%'6.)27! 3/+/(! (R(,/! /F(0,! 7.O23/,(+E! +1/0.2! 6-!

+1/0S+/028! M+5I! +! 3(,02(V/F,(.202('9,./(02! *02+3(! s&DWtc! GF(! M+5! 5+E04-! 0214)7(3!

/F,((! /-9(3! .5! *02+3(3Z! >'M+5I! $'M+5I! +27! B'M+5! :M+5'&=c! M+5! *02+3(3! 9F.39F.,-4+/(!

39(10501+44-! A#J&! +27! A#JW! :7)+4! 39(105010/-! E0/.8(2'+1/0S+/(7! 9,./(02! *02+3(!

*02+3(3I! A>%JJ3I! A>%JV#MJ! *02+3(3=c! A#J&VW! 3F.O3! 3/,01/! 9F.39F.,-4+/0.2!

39(105010/-!5.,!0/3!3)63/,+/(3I!#MJ&!+27!#MJW!:(R/,+1(44)4+,!3082+4',(8)4+/(7!9,./(02!

*02+3(3I!E0/.8(2'+1/0S+/(7!9,./(02!*02+3(3I!A>%J3=c!!

%,./(02! 3(,02(V/F,(.202(! *02+3(3! #MJ&VW! +1/! .2! .S(,! &fL! 3)63/,+/(3! s&D]tc!

#MJ3!E+-!70,(1/4-!9F.39F.,-4+/(!/,+231,09/0.2!5+1/.,3!3)1F!+3!<.3I!z)2I!A-1I!#/3'&I!

#8,&I! +27! 1-1402! ?&c! ;270,(1/4-I! #MJ!E+-! +1/0S+/(! BM#$! +27! C<{$c! [(2(,+44-I! /F(!

M+3VM+5VA#JV#MJ!1+31+7(!,(8)4+/(3!8(2(!(R9,(330.2I!9,.405(,+/0.2I!7055(,(2/0+/0.2!

+27!+9.9/.303I!.S(,4+99028! /.!3.E(!(R/(2/!O0/F!%;]JV>*/VEG\M!3082+44028!(55(1/3!

s&D"'&Dftc!!

!

1.4.2. Ras/Raf/MEK/ERK pathway alterations in ACC 

!

>! 5(O! ,(9.,/3! ,(8+,7028!M+3!9,./(023!7(31,06(!.S(,(R9,(330.2!.5!K`NI!EMC>!

+27!E)/+/0.23!02!K`NI!8(2(!02!6(2082!+7,(2+4!+4/(,+/0.23!s&DDtI!1+,102.E+3!s&Ddt!

+3! O(44! +3!E)/+/0.23! 02!?`NI! 8(2(! 02! 6./F! >BB3! +27! >B>3! s&DdI! &Dbtc! H.O(S(,I!

3.E(! ./F(,! 3/)70(3! F+S(! ,(9.,/(7! +! 4+1*! .5! E)/+/0.2! .5! /F.3(! 8(2(3! +27! :`NI!

:HM+3=! 02! +7,(2+4! 2(.94+3E3! s&Db'&d&tc!A.,(.S(,I!J./.)4+! (/! +4c! 5.)27! +1/0S+/028!

E)/+/0.23!02!/F(!\`N>!8(2(!:$'M+5=!02!+4E.3/!fr!.5!1+,102.E+3!/(3/(7!s&Ddtc!GF(3(!

.63(,S+/0.23! 3)88(3/! /F+/! +4/(,+/0.23! 02! 8(2(3! (21.7028! (4(E(2/3! .5! M+3! +27! M+5!

5+E040(3!E+-!.11),!02!+7,(2+4!4(30.23I!6)/!+,(!2./!1.EE.2!(S(2/3c!

!

!
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!

1.4.3. Inhibitor of Ras/Raf/MEK/ERK pathway – U0126 

!

>! 70,(1/! +27! 3(4(1/0S(! 02F060/.,! .5! A#J&VWI! gL&Wf! :&I"'70+E02.'WI]'701-+2.'

&I"'/(,:W+E02.9F(2-4/F0.=6)/+70(2(=I! 64.1*3! 9F.39F.,-4+/0.2! +27! +1/0S+/0.2! .5!

#MJI!/F)3!1+)3028!7(1,(+3(!02!7.O23/,(+E!A>%J!1+31+7(!+1/0S+/0.2!:+3!02701+/(7!02!

'()$%9=c!;/!+1/3!S0+!2.2'1.E9(/0/0S(!E(1F+203E!/.!6./F!A#J!3)63/,+/(3I!>G%!+27!#MJ!

s&dWI! &d]tc!A#J! 02F060/.,3! +,(! S(,-! 9,.E03028! 1.E9.2(2/3! .5! 1.E602(7! /F(,+9-I!

6(1+)3(! .5! .63(,S(7! 3-2/F(/01! 4(/F+40/-I! 5.,! 023/+21(! O0/F! 02F060/.,3! .5! /-,.302(!

*02+3(3!s&d"t!.,!%;]JV>*/VEG\M!9+/FO+-!s&dUtc!!



!
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!

2. Aim of the Project  

!

GF03! ,(3(+,1F! 9,.i(1/! +0E(7! /.! /(3/! /F(! F-9./F(303! /F+/! 3(4(1/0S(! +27!

1.E602+/.,0+4! 02F060/0.2! .5! /F(! 1(44! 3082+44028! 9+/FO+-3Z! %;]JV>*/VEG\M!

:(S(,.40E)3! :M>?LL&=I! C@%'$#eW]UI! `TWb"LLW=! +27!M+3VM+5VA#JV#MJ! :gL&Wf=!

1+2! 7(1,(+3(! 9,.405(,+/0.2! +27! 027)1(! +9.9/.303! 02! F)E+2! HWbUM! +7,(2.1.,/01+4!

1+,102.E+! 1(443I! 9./(2/0+44-! F+S028! 3-2(,803/01! (55(1/c! GF(! 1.E602+/0.2! /F(,+9-! 03!

3((2! +3! +! 9.3306040/-! /.! .S(,1.E(! /F(! ,(303/+2/! 1(443! /F+/! .5/(2! +99(+,! +5/(,!

/,(+/E(2/! O0/F! 30284(! +8(2/! s&dftc! >0E028! +/! /O.! v/+,8(/3q! +/! .21(! 3((E3! /.! 6(! +!

9,.E03028!+99,.+1F!/.!+S.07!9./(2/0+4!7,)8!(31+9(!E(1F+203E3c!

GF(!1-/./.R01!9./(2/0+4!.5!/F(3(!1.E9.)273!F+3!6((2!,(9.,/(7!02!./F(,!/-9(3!.5!

1+21(,! 1(443! s&fD'&D&I! &dWI! &d]th! F.O(S(,I! 0/! F+3! 2./! 6((2! (R/(230S(4-! /(3/(7! 5.,!

+7,(2.1.,/01+4!1+21(,!HWbUM!1(44!402(!O0/F!.24-!+!3E+44!2)E6(,!.5!,(3(+,1F!8,.)93!

(R94.,028!/F03!50(47!s&U"'&UfI!&UdI!&UbI!&fbI!&dD'&bLtc!

GF(,(5.,(I! O(! 02S(3/08+/(7! /F(! (55(1/! .5! (S(,.40E)3! :M>?LL&=I! C@%'$#eW]UI!

`TWb"LLW! +27! gL&Wf! .2! /F(! 1(44! 9,.405(,+/0.2I! +9.9/.303! +27! E.7)4+/0.2! .5!

3082+44028! 9+/FO+-3! 02! /F(! HWbUM! +7,(2.1.,/01+4! 1+,102.E+! 1(443c! ;2! +770/0.2! /.!

S+,0.)3! 1.E602+/0.23! .5! /,(+/E(2/! O0/F! /F(3(! 1.E9.)273I! O(! +43.! +33(33(7! 1.'

/,(+/E(2/!O0/F!E0/./+2(I!OF01F!03!)3(7!+3!+!3/+27+,7!/F(,+9-!02!140201+4!9,+1/01(c!

GF(!4.28'/(,E!+0E!.5!/F03!9,.i(1/!O+3!/.!+33(33!/F(!9./(2/0+4!.5!/,(+/E(2/!O0/F!

/F(3(!3(4(1/(7!1.E9.)273!+27!5027!/F(!E.3/!(55(1/0S(!+27!9,.E03028!1.E602+/0.2I!

OF01F!E+-!6(!(3/0E+/(7!6-!5),/F(,!+20E+4!3/)70(3!+27I!9./(2/0+44-I!02!140201+4!/,0+43c!

!



!
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!

3. Materials and methods 

3.1. Cell line 

!

GF(! CB;'HWbUM!sHWbUMt!:>GBB|!BM`'W&Wd}=! 1(44! 402(! :F)E+2!+7,(2.1.,/01+4!

1+,102.E+=! O+3! +! 8(2(,.)3! 805/! 5,.E! ?,! %(/(,! zc! J028! :A.4(1)4+,! #27.1,02.4.8-!

?(9+,/E(2/I!N0440+E! H+,S(-! M(3(+,1F! ;23/0/)/(I! $+,/3! +27! GF(! `.27.2! K1F..4! .5!

A(70102(! +27!?(2/03/,-I! ~)((2!A+,-!g20S(,30/-! .5! `.27.2=c! GF(! .,0802! .5! /F(! 1(44!

402(!O+3!1.250,E(7!O0/F!%BM!/(3/3c!

GF(!CB;'HWbUM!1(44!402(!O+3!7(,0S(7!5,.E!/F(!1.2/02).)3!94),09./(2/!CB;'HWbU!

+7,(2.1.,/01+4! 1+,102.E+! 1(44! 402(! :>GBB|! BM`'&LWbf=I! (3/+6403F(7! +27!

1F+,+1/(,0a(7!02!&bbL!6-!>c<c![+a7+,!(/!+4c!s&b&tc!GF(!HWbU!1(443!.,0802+/(!5,.E!+2!

02S+30S(!9,0E+,-!+7,(2.1.,/01+4!1+,102.E+!1)4/),(!+27!8,.O!02!3)39(230.2!1)4/),(c!

;/! 03! /F(! 50,3/! (3/+6403F(7! 1(44! 402(! OF01F! E+02/+023! /F(! +6040/-! /.! 9,.7)1(!

+7,(2.1.,/01+4! 3/(,.073I!6(028!+!8..7!E.7(4! 5.,!3/)70(3!.5!E(1F+203E3!)27(,4-028!

+7,(2+4!3/(,.07.8(2(303!s&bWtc!GF(!HWbU!1(443!O(,(!+7+9/(7!/.!8,.O!+3!+2!+7F(,(2/!

1)4/),(!02!+!E.2.4+-(,I!/F)3!(3/+6403F028!HWbUM!1(44!402(I!OF01F!,(/+023!/F(!+6040/-!/.!

9,.7)1(!E02(,+4.1.,/01.073I!84)1.1.,/01.073I!+27!+7,(2+4!+27,.8(23c!

GF(! HWbUM! 1(443! 1F+,+1/(,03(! O0/F! (90/F(40+4'40*(! E.,9F.4.8-Z! /F(-! +,(!

9.4-8.2+4! 02! 3F+9(I! F+S028! E)4/094(! 9,.i(1/0.23! +27! /(27! /.! 5.,E! 8,.)93! OF(2!

8,.O028! +//+1F(7! /.! /F(! 3),5+1(! 02! ,(4+/0S(4-! F08F! 7(230/-c! K.E(! 1(443! 9,(3(2/!

506,.64+3/'40*(!E.,9F.4.8-I!6(028!(4.28+/(7!02!3F+9(!O0/F!/O.!.,!E.,(!9,.i(1/0.23!

:3((!'()$%8=c!!

GF(! 3/)70(3! 1+,,0(7! .)/! 7),028! /F03! ,(3(+,1F! 9,.i(1/! O(,(! +99,.S(7! 6-! /F(!

;27(9(27(2/! $0.(/F013! B.EE0330.2! 5.,! M(3(+,1F! +/! /F(! A(701+4! g20S(,30/-! .5!

[7+�3*!:9(,E0330.2!2)E6(,Z!CJ$$CV]"WVWL&W=c!

!

!

!

!



Materials and Methods 

 

!

 

37

!

!

!
@%A:'?'<)A=,)%)I?!)+!',-!BCDE:!.-%%/O!

;%&)A-/.-*'!(7$I-/!>-A-!$.l&(A-0!>(',!+%&)A-/.-*.-!%(+-'(7-!(7$I(*I!7(.A)/.)=?!^;PJ<`!

(*!)=-*!7(.A)/.)=-!/?/'-7/!&/(*I!$*'(_"M;:!$*'(@)0?!%$@-%%-0!>(',!5%-k$Egf!mSD2nO'

!

3.2. Cell culture 

!

3.2.1. Cell culture conditions 

!

HWbUM! 1(443! O(,(! 1)4/),(7! +11.,7028! /.! 9,(S0.)34-! 7(31,06(7! 9,./.1.4! s&"dt!

:1.E94-028! O0/F! >GBB! ,(1.EE(27+/0.23=c! GF(! 1(44! 1)4/),(! O+3! 020/0+/(7! O0/F!

/F+O028!/F(!1,-.9,(3(,S(7!1(443!+27!+77028!/F(!1(44!3)39(230.2!02/.!/F(!E(70)E!02!

1)4/),(! 54+3*c HWbUM! 1(443 O(,(! 1)4/),(7 02! ?A#AV<'&W! E(70)E! :H-B4.2(=!

3)994(E(2/(7!O0/FZ!!

' WcUr!C)K(,)E :$?!$0.K10(21(3=I!

' WEA!`'84)/+E02(!:`'[4)/+E02(!WLL!EA!:&LLR=I!%>>=I!!

' &LL! gVE4! 9(20104402! +27! &LL! �8VE4! 3/,(9/.E-102! :%(20104402'K/,(9/.E-102!

&LLR!K.4)/0.2I!H-B4.2(=I!+27!!

' &L! E8V`! 023)402I! UcU! E8V`! /,+235(,,02I! +27! fD! �8VE4! 3.70)E! 3(4(20/(!

:;23)402'G,+235(,,02'K(4(20)E!:;GK'[=!&LLRI![061.=c!!

!
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!

B(44!1)4/),(!O+3!E+02/+02(7!02!/F(!1)4/),(!S(33(43!:(c8c!54+3*3I!%(/,0!703F(3I!E)4/0'

O(44! 94+/(3=! +/! ]D�B! 02! +! F)E07050(7! Ur! B\W! +/E.39F(,(c! B(443! O(,(! )3(7! 5.,!

(R9(,0E(2/3!6(/O((2!/F(!9+33+8(!]!+27!dc!B(443!F+274028!O+3!9(,5.,E(7!02307(!/F(!

14+33!;;!4+E02+,!54.O!1+602(/c!

!

3.2.2. Sub-culturing 

!

GF(! E(70)E! O+3! ,(2(O(7! (S(,-! ]'"! 7+-3c! #S(,-! U'd! 7+-3! :7(9(27028! .2!

1.254)(21(! 4(S(4=I! 1(443! O(,(! F+,S(3/(7I! 1.)2/(7! +27! 3)6'1)4/),(7I! 5.44.O028! /F(!

9,./.1.4Z!

&= M(E.S(!+27!7031+,7!1.270/0.2(7!E(70)Eh!

W= M023(! /F(! 1(44! 4+-(,! O0/F! %$K! /.! ,(E.S(! ,(E+023! .5! 3(,)E! :OF01F!

1.2/+023!/,-9302!02F060/.,=h!

]= >77! /,-9302! 3.4)/0.2! :&R=! :[061.=! 02! +E.)2/! 3)55010(2/! /.! 1.S(,! /F(!

1)4/),(!3),5+1(!:0c(c!]!E4!5.,!DU1EW!1)4/),(!54+3*=h!

"= %4+1(! 1(44! 1)4/),(! S(33(4! 02! 021)6+/.,! 5.,! U'&U! E02c! :1F(1*028! S03)+44-!

O0/F!408F/!E01,.31.9(!/.!3((!05!/F(!1(443!+,(!7(/+1F(7!5,.E!/F(!3),5+1(=h!

U= >390,+/(! 1(443! 6-! 8(2/4-! 909(//028! 5,(3F! E(70)E! +27! /,+235(,! /F(! 1(44!

3)39(230.2!/.!1.201+4!/)6(h!

f= B(2/,05)8(!P!&WLL!,9EI!"!E02ch!

D= ?031+,7!3)9(,2+/+2/!+27!,(3)39(27!1(44!9(44(/!02!5,(3F!E(70)Eh!

d= B.)2/!1(443!02!+!<+3/M(+7!7039.3+64(!1.)2/028!3407(!:;EE)2(!K-3/(E3=h!

b= K((7!+11.,70284-!02!1(44!1)4/),(!S(33(43!5.,!/F(!(R9(,0E(2/3!+27!/.!*((9!

)9!/F(!1(44!1)4/),(!:+/!/F(!3)61)4/),(!,+/0.!6(/O((2!&Z"!+27!&Zf=c!

!

!

!
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!

3.2.3. Cryopreservation 

!

G.!.6/+02!/F(!1,-.S0+4!O0/F!1(443!/F+/!1+2!6(!3/.,(7!5.,!4.28(,!9(,0.7!02!1,-.8(201!

3/.,+8(I!/F(!5.44.O028!9,./.1.4!O+3!1+,,0(7!.2Z!

&= H+,S(3/!1(443!:3((Z!8$9$9%;<#=4<,5<1(/)!&=>=h!

W= ?031+,7! 3)9(,2+/+2/! +27! ,(3)39(27! 1(44! 9(44(/! 02! /F(! 01('1.47!

1,-.9,(3(,S+/0.2!E(70)E!:1.E94(/(!E(70)E!O0/F!]Lr!C)'K(,)E=h!

]= ?03/,06)/(!1(44!3.4)/0.2!/.!4+6(44(7!1,-.8(201!S0+43!:bLL!�4!(+1F=h!

"= >77!&LL�`!.5!?AK\! :70E(/F-43)45.R07(=! /.! (+1F! 1,-.S0+4! :&Lr!?AK\=!

+27!3F+*(!.55!(+1F!.5!/F(Eh!

U= %4+1(! 1,-.S0+43! 02! /F(! 1..4(7! 03.9,.9+2.4! 1F+E6(,I!A,c!<,.3/-!<,((a028!

B.2/+02(,!:GF(,E.!K10(2/0501=h!

f= K/.,(!1,-.S0+43!02!A,c!<,.3/-!5.,!+/!4(+3/!]!F.),3!02!'dL�Bh!

D= G,+235(,! 1,-.S0+43! /.! 40Y)07! 20/,.8(2! +27! 3/.,(! /F(E! 02! /F(! 8+3! 9F+3(!

+6.S(!/F(!40Y)07!20/,.8(2!:'&bf�B=c!

!

3.2.4. Cell line quality control (testing for Mycoplasma contamination) 

!

80A$5&-,4-! 39(10(3! +,(! 1.EE.2! 1.2/+E02+2/3! .5! /F(! 4+6.,+/.,-'6+3(7! 1(44!

1)4/),(3c!80A$5&-,4-!03!+!8(2)3!.5!S(,-!3E+44'1(44!6+1/(,0+!/F+/!4+1*!/F(!1(44!O+44c!GF(!

E+02! 9,.64(E3! 1+)3(7! 6-! 80A$5&-,4-! 1.2/+E02+/0.2! +,(! /F(0,! 0E9+1/! .2! 1(44!

E.,9F.4.8-I!E(/+6.403EI!8,.O/F!+27!S0+6040/-!+3!O(44!+3!705501)4/0(3!O0/F!7(/(1/0.2I!

6./F!O0/F!2+*(7!(-(!+27!14+3301!408F/!E01,.31.9(c!\2(!.5!/F(!/(1F20Y)(3!7(S(4.9(7!

/.! 7(/(1/! 80A$5&-,4-! 1.2/+E02+/0.2! 03! A-1.>4(,/}! A-1.94+3E+! ?(/(1/0.2! J0/!

:`.2a+=c!;/!03!6+3(7!.2!+!60.1F(E01+4!,(+1/0.2!39(10501+44-!1+/+4-3(7!6-!E-1.94+3E+4!

(2a-E(3c!GF(!CB;'HWbUM!1(44!402(!)3(7!O+3!1.250,E(7!/.!6(!80A$5&-,4-'5,((c!

!
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!

3.3. Compounds 

!

K/.1*! 3.4)/0.2! :&L! EA=! .5! E0/./+2(! ::WI"′'?01F4.,.709F(2-4=701F4.,.(/F+2(h!

.I9u'???=!:K+2/+!B,)a!$0./(1F2.4.8-=!O+3!E+7(! 02!(/F+2.4c!#S(,.40E)3!:M>?LL&=!

+27!C@%'$#eW]U!O(,(! *0274-! 9,.S07(7! 6-!C.S+,/03I! KO0/a(,4+27!O0/F02! /F(! 8,+2/!

w$,078(x! :%\A\KGVWL&W'UV]=! /.! ?,! ?.,./+! ?O.,+*.O3*+I! (2/0/4(7! �%,('140201+4!

/+,8(/028! .5! %;]JV>*/VEG\M! +27! M><VA#JV#MJ! 3082+4028! 9+/FO+-3! 02!

+7,(2.1.,/01+4!1+21(,Z!0E9+1/!.2!3/(,.07.8(2(303I!1(44!9,.405(,+/0.2!+27!+9.9/.303�I!

1.'502+21(7! 6-! /F(! <.)27+/0.2! 5.,! %.403F! K10(21(! +27!#),.9(+2!g20.2c! `TWb"LLW!

O+3!.6/+02(7!5,.E!z(2+!$0.310(21(I!+27!gL&Wf!P!5,.E!B+460.1F(Ec!K/.1*!3.4)/0.23!

:&L!EA=!O(,(!E+7(!02!?AK\c!K/.1*!3.4)/0.2!.5!#[<!:&LL!�8VE4I!K08E+=!O+3!E+7(!

02!%$K!:[061.=c!>40Y)./3!.5!3/.1*!3.4)/0.23!O(,(!3/.,(7!+/!�WL�Bc!G(3/!704)/0.23!5.,!(2!

6(+.$! +33+-3! O(,(! 9,(9+,(7! 02! %$K! :[061.=c! <02+4! 1.21(2/,+/0.2! .5! ?AK\! 02! 1(44!

1)4/),(3!O+3!*(9/!6(4.O!Lc&r!/.!+S.07!/F(!(55(1/!.5!?AK\!.2!/F(!1(443c!

%;]JV>*/VEG\M!+27!M+3VM+5VA#JV#MJ!02F060/.,3!1F+,+1/(,03(!O0/F!,(4+/0S(4-!

3F.,/!F+45'405(Z!(S(,.40E)3!:M>?LL&=!P!]L!F.),3I!C@%'$#eW]U!:$#eW]U=!P!]cU'&]cU!

F.),3I! `TWb"LLW! P! )9! /.! &U! E02)/(3I! gL&Wf! P! W! F.),3! :!"#$% *=c! A0/./+2(! F+3!

,(4+/0S(4-!4.28!F+45'405(!.5!&d'&Ub!7+-3!:6+3(7!.2!10,1)4+/028!94+3E+!4(S(43=c!

!

2"9:'P!K&77$A?!)+!&/-0!.)7=)&*0/O!

H)7=)&*0! 1A)'-(*^/`!0(A-.'%?!(*,(@('-0! B$%+_%(+-!

"#-A)%(7&/!^:5FRRS`! 789:!^@)',!789:HS!$*0!789:HC`! 2R!,!

Gi1_\"YC2E!^\"YC2E`!
1J23a!

789:!^@)',!789:HS!$*0!789:HC`!
2OE!e!S2OE!,!

PjCDgRRC! 1J23!^.$'$%?'(.!0)7$(*!=SSR`! u!SE!7(*O!

LRSCf! <"3S4C! C!,!

<(')'$*-! G45! Sq!e!SED!0$?/!

!

!  
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!

3.4. Cell viability Resazurin assay 

!

GF(!M(3+a),02!1(44! S0+6040/-!+33+-! :+43.!*2.O2!)27(,! /F(!1.EE(,10+4!2+E(!+3!

/F(!>4+E+,!$4)(!+33+-=!03!6+3(7!.2!/F(!+6040/-!.5!E(/+6.401+44-!+1/0S(!40S028!1(443!/.!

,(7)1(!/F(!2.2'54).,(31(2/!64)(!7-(!,(3+a),02!/.!/F(!3/,.284-!54).,(31(2/!902*!7-(!

,(3.,)502! :'()$% *=c! B.2/02)(7! 1(44! 8,.O/F!9,(3(,S(3! +! ,(7)1(7! (2S0,.2E(2/I!OF04(!

8,.O/F! 02F060/0.2! ,(3)4/3! 02! +2! .R070a(7! (2S0,.2E(2/c! GF(! .R070a(7! 5.,E! .5! 7-(I!

,(3+a),02I! 03!+2!02/(,E(70+/(!(4(1/,.2!+11(9/.,!02!/F(!(4(1/,.2!/,+239.,/!1F+02I!2./!

02/(,5(,028!O0/F!/F(!2.,E+4!(4(1/,.23!/,+235(,!9,.1(33(3c!GF(!0,,(S(,3064(!,(7)1/0.2!

:.R-8(2! 03! ,(E.S(7! +27! ,(94+1(7! 6-! F-7,.8(2=! .5! ,(3+a),02! /.! ,(3.,)502! .11),3!

02307(! /F(! 1(443! +27! 03!9,.6+64-!+3!+! ,(3)4/!.5! /F(!+1/0.2!.5! 3(S(,+4!7055(,(2/! ,(7.R!

(2a-E(3I! 4.1+403(7!02!E0/.1F.7,0+I!1-/.3.4I!+27!E01,.3.E(3I!3)1F!+3!E0/.1F.27,0+4!

,(7)1/+3(3I!70+9F.,+3(3I!C>?:%=HZY)02.2(!.R07.,(7)1/+3(I!+27!54+S02!,(7)1/+3(c!;/!

F+3! 6((2! ,(9.,/(7! /F+/! <>?HWI! <ACHWI! C>?HI! C>?%HI! +27! 1-/.1F,.E(3! E+-!

,(7)1(!,(3+a),02c!>11(9/028!/F(!(4(1/,.23I!/F(!7-(!1F+28(3!5,.E!/F(!64)(I!.R070a(7I!

2.2'54).,(31(2/!3/+/(!/.!/F(!902*I!,(7)1(7I!54).,(31(2/!.2(!s&b"tc!!

GF(! Y)+2/0/-! .5! 9,.7)1(7! ,(3+a),02! E+-! 02701+/(! S+,0.)3! 1F+28(3! 02! 1(44!

E(/+6.403E!:2./!.24-!,(3)4/028!5,.E!E0/.1F.27,0+4!7-35)21/0.2=!+27!03!9,.9.,/0.2+4!

/.! +(,.601! ,(390,+/0.2! +27! /F)3! /.! /F(! 2)E6(,! .5! S0+64(! 1(443c! ;/! 03! 1+9/),(7! 6-!

9,.9.,/0.2+4! +63.,6+21(V54).,(31(21(! .)/9)/! 7(/(1/(7! 6-! 39(1/,.9F./.E(/(,V!

54).,.E(/(,! s&bUtc! >63.,6+21(! 7(/(1/0.2! 03! 5+,! 4(33! 3(230/0S(! /F+2! 54).,(31(21(!

E(+3),(E(2/!+27!5.,!/F03!,(+3.2!/F(!4+//(,!.2(!O+3!)3(7!02!/F03!9,.i(1/c!!

>3!3F.O2!02!'()$%?I!(R9(1/(7!1.,,(4+/0.2!6(/O((2!1(44!2)E6(,!+27!54).,(31(21(!

.)/9)/!O+3!.63(,S(7!02!HWbUM!1(443!)3(7!02!/F03!9,.i(1/c!GF(!3+/),+/028!(55(1/!O+3!

3((2!+27!5.,!/F03!,(+3.2!/F(!3((7028!7(230/-!.5!U�&L]!1(443V&LL�4!O+3!)3(7I!+3!0/!40(3!

O0/F02!/F(!402(+,!,+28(!5.,!/F03!1.,,(4+/0.2c!!

GF(! ,(3+a),02! O.,*028! 3.4)/0.2! O+3! .6/+02(7! 6-! 7033.4S028! /F(! ,(3+a),02!

9.O7(,!:D'H-7,.R-']H'9F(2.R+a02']'.2(!&L'.R07(I!3.70)E!3+4/I!>1,.3!\,8+2013=!02!

%$K!+/!/F(!1.21(2/,+/0.2!.5!""L!�Ac!GF(!,(3+a),02!3.4)/0.2!O+3!/F(2!504/(,'3/(,040a(7!

)3028!LcW!�E!504/(,h!0/3!+40Y)./3!O(,(!3/.,(7!+/!�WL�Bc!

!



Materials and Methods 

 

!

 

42

!

!

!

@%A:'P!:-/$V&A(*!.-%%!#($@(%('?!$//$?O!!

>!1A(*.(=%-!&*0-A%?(*I!',-!$//$?!(/!',-!$@(%('?!)+!#($@%-!.-%%/!')!A-0&.-!',-!*)*_+%&)A-/.-*'!@%&-!

0?-! A-/$V&A(*! ')! ',-! /'A)*I%?! +%&)A-/.-*'! =(*6! 0?-! A-/)A&+(*! ^/)&A.-0! +A)7!7$*&+$.'&A-Av/!

=A)').)%a!H-%%8('-A_\%&-w!H-%%!i($@(%('?!5//$?a!1A)7-I$`O!Z!"k=-A(7-*'!=A-/-*'(*I! ',-!.,$*I-!

)+! )@/-A#-0! /)%&'()*! .)%)&A! $+'-A! g_,)&A! (*.&@$'()*a! @-(*I! =A)=)A'()*$%! ')! (*.A-$/(*I! .-%%!

*&7@-A/!^+A)7!SOCExSR
2
!')!SExSR

2
!/--0-0!.-%%/`!Df!,)&A/!$+'-A!/--0(*IO!!

!

!

!
CellTiter-Blue® Cell 

Viability Assay, Promega 
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!

@%A:'Q':-/$V&A(*!$//$?!(*!BCDE:!.-%%/O!

8,-! +%&)A-/.-*.-! )&'=&'! .)AA-/=)*0(*I! ')! A-/$V&A(*! A-0&.'()*! @?! #($@%-! .-%%/! (/!

=A)=)A'()*$%! ')! ',-!*&7@-A!)+! /--0-0! .-%%/! (*!Df_>-%%! =%$'-/O! 8,-!7-$/&A-7-*'!>$/!

.$='&A-0! gq! ,)&A/! ^*yg`! ^>`! $*0! Df! ,)&A/! ^*ySS`! ^Z`! $+'-A! /--0(*IO! ;%&)A-/.-*.-!

=A-/-*'-0!(*!A-%$'(#-!+%&)A-/.-*.-!&*('/!^:;L`O!F$'$!-k=A-//-0!$/!7-$*zK"<O!!

!

B(443!O(,(!3((7(7!02!bf'O(44!94+/(3!+/!+!7(230/-!.5!U�&L]!1(443V&LL!�4VO(44c!<.,!

1(44!2)E6(,',(39.23(!(R9(,0E(2/3I!1(443!O(,(!3((7(7!+/!+!7(230/-!6(/O((2!&cWU�&L]!

+27!&U�&L]!1(443V&LL!�4VO(44c!GF(-!O(,(!+44.O(7!/.!8,.O!5.,!W"!F.),3I! /F(2!O(,(!

/,(+/(7! O0/F! S(F014(! :1.2/,.4=! .,! /(3/! 1.E9.)273! +27! ,(/),2(7! /.! /F(! 021)6+/.,c!

\9/0E)E!/0E(!9.02/3! 5.,!7.3(',(39.23(!(R9(,0E(2/3!O(,(Z!W"!F.),3! 5.,!E0/./+2(I!

DW!F.),3! 5.,!gL&WfI!(S(,.40E)3!:M>?LL&=I!C@%'$#eW]UI!+27!`TWb"LLWI!,(9(+/(7!
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!

(S(,-!W"!F.),3! 5.,!/F(! 4+//(,! /F,((!1.E9.)273c!>5/(,!/F(! 02701+/(7!/0E(I!,(3+a),02!

O.,*028!3.4)/0.2!:&L!�4VO(44=!O+3!+77(7!/.!(+1F!O(44!+27!021)6+/(7!5.,!+!5),/F(,!"!

F.),3! +/! ]D�Bc! GF(! 54).,(31(21(! O+3! E(+3),(7! )3028! +! 94+/(! ,(+7(,! :%\`>M3/+,!

[+4+R-I! $A[! `+6G(1F2.4.80(3=! +/! (R10/+/0.2! O+S(4(28/F! U""! 2E! +27! (E0330.2!

O+S(4(28/F! UbL! 2E! /.! .6/+02! /F(! ,(4+/0S(! 54).,(31(2/! )20/3! :M<g=c! #+1F!

(R9(,0E(2/+4!8,.)9!1.2303/(7!.5!Y)02/)9401+/(3!+27!O+3! ,(9(+/(7! 02!+/! 4(+3/! /F,((!

027(9(27(2/! (R9(,0E(2/3c! GF(! 54).,(31(21(! .)/9)/! :02! ,(4+/0S(! 54).,(31(21(!)20/3I!

M<g=! 5.,! (R9(,0E(2/+4! 8,.)93! O+3! 2.,E+40a(7! /.! /F(! .)/9)/! .5! 64+2*3! :E(70)E!

.24-=c! B-/./.R010/-! :r=I! /F(! .99.30/(! .5! S0+6040/-! ,+/(I!O+3! 1+41)4+/(7! +3! 3F.O2! .2!

(Y)+/0.2!6(4.OZ!

!"#$#$%&'&#"! ! ! !!!
!"#$%&'()*!!"#$!!"#!!"!!"#$!#%!!"#$%&

!"#$%&'()*!!"#$!!"#!!"!!"#$%"&'!
! !""#!

!

3.5. Caspase-3-like activity assay 

!

>9.9/.303I! 1+39+3('7(9(27(2/! 9,.8,+EE(7! 1(44! 7(+/FI! OF(2! /,088(,(7! 6-!

(R/,+1(44)4+,! .,! 02/,+1(44)4+,! 7(+/F! 3082+43I! 03! E(70+/(7! 6-! 1+31+7(! .5! 020/0+/.,'

(R(1)/0.2(,! 1+39+3(3! P! 1-3/(02(! 9(9/07+3(3I! 9,./(.4-/01! (2a-E(3! P! OF01F! 14(+S(!

9+,/01)4+,! 9,./(023! 4.1+/(7! 02! /F(! 1-/.94+3E!+27!2)14()3! +/! 39(10501! +39+,/01! +1073!

30/(3c!GF(!1+31+7(!020/0+/.,3I!+1/0S+/(7!6-!S+,0.)3!7(+/F!3/0E)40I!0214)7(!1+39+3('dI!'

bI!'&L!+27I!'&WI!OF01F!14(+S(!+27!+1/0S+/(!7.O23/,(+E!1+39+3(3']I!'fI!+27!'Dc!!

B+39+3(']! 03! +1/0S+/(7! 6-! 6./F! 1+39+3('d! +27! 1+39+3('bI! 6(028! +! 1.2S(,8(21(!

9.02/! 5.,! 02/,02301!+27!(R/,02301!+9.9/.303!+1/0S+/0.2I!+27! /F)3!3(,S028!+3!+!9(,5(1/!

02701+/.,! .5! 0/3! 020/0+/0.2! 02! 1(443c! >1/0S+/(7! 1+39+3(']! 14(+S(3! %>M%I! 9.4-:>?%'

,06.3(=!9.4-E(,+3(I!+!?C>!,(9+0,!(2a-E(I!+/!+!39(10501!30/(!O0/F!/F(!)93/,(+E!+E02.!

+107!3(Y)(21(!.5!?#@?!:>39'[4)'@+4'>39=c!!

G.! 7(/(,E02(! 1+39+3(! +1/0S0/-! +! 39(10501! 1+39+3(']! 3)63/,+/(I! >1! :C'+1(/-4='

?#@?'>AB!:D'+E02.'"'E(/F-41.)E+,02=!:#2a.!`05(!K10(21(3=I!O+3!)3(7c!GF(!?#@?!

/(/,+9(9/07(! 3(Y)(21(! 03! ,(1.820a(7! +3!O(44! 6-! 1+39+3('&I! '"I! 'D! +27! 'd! +27! /F(0,!

+1/0S0/-!O044! +43.!6(!7(/(1/(7!6-! /F03! +33+-h!F.O(S(,! 1+39+3(']! 14(+S(3! +/! /F03! 30/(!
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!

O0/F! /F(! F08F(3/! (55010(21-! +E.28! /F.3(! (2a-E(3c! GF(! 02/+1/! 9(9/07('1.)E+,02!

1.2i)8+/(! 03! 2.2'54).,(31(2/I! 6)/!OF(2! /F(! ?#@?! 9(9/07(! 03! 14(+S(7! 6-! +2! +1/0S(!

1+39+3(! 9,(3(2/! 02! 4-3+/(3! .5! +9.9/./01! 1(443I! /F(! ,(3)4/028! 9,.7)1/! 03! 54).,(31(2/!

:'()$% >=c! GF(! +E.)2/! .5! >AB! ,(4(+3(7! 02! /F(! ,(+1/0.2! 03! E(+3),(7! 6-!

39(1/,.54).,.E(/(,! +27! 03! 70,(1/4-! 9,.9.,/0.2+4! /.! /F(! +E.)2/! .5! +1/0S(! (2a-E(!

9,(3(2/!02!1(44!(R/,+1/3I!3021(!3)63/,+/(!03!+77(7!02!(R1(33!/.!/F(!,(+1/0.2I!+27!/F+/!02!

/),2!03!70,(1/4-!9,.9.,/0.2+4!/.!/F(!2)E6(,!.5!+9.9/./01!1(443!02!/F(!3+E94(c!

!

!
@%A:'B!H$/=$/-_2_%(6-!$.'(#('?!$//$?O!!

8,-! A$'()*$%-! @-,(*0! ',-! .$/=$/-_2_%(6-! $.'(#('?! $//$?a! >,(.,! (/! @$/-0! )*! ',-! A-%-$/-! )+!

+%&)A-/.-*'!=A)0&.'!&=)*!',-!.%-$#$I-!@?!$.'(#-!.$/=$/-_2O!!

!

B+39+3(']'40*(! +1/0S0/-!O+3! +33(33(7! 02! 1(44! (R/,+1/3! +11.,7028! /.! +! 9,(S0.)34-!

7(31,06(7!9,./.1.4! s&bft!O0/F! 3408F/!E.70501+/0.23c!GF(! 1(443!O(,(! 3((7(7! 02!f'1E!

703F(3!+/!+!7(230/-!.5!f�&LU! 1(443V"!E4V703Fc!B(443!O(,(!+44.O(7!/.!8,.O!5.,!W"'DW!

F.),3c! <.,!E0/./+2(! /0E(',(39.23(! (R9(,0E(2/3I! /F(!E0/./+2(! /,(+/E(2/! :&L! �A=!

O+3!+9940(7!+/!39(1050(7!/0E('9.02/3!:6(/O((2!LcU!+27!"d!F.),3=!9,0.,!/.!F+,S(3/028!

/F(! 1(443c! <.,! E0/./+2(! 7.3(',(39.23(I! /F(! 1(443! O(,(! /,(+/(7! O0/F! 021,(+3028!

1.21(2/,+/0.23! .5! E0/./+2(! :U'WU! �A=! 5.,! U! F.),3c! <.,! ./F(,! 1.E9.)273I! /F(!

5.44.O028! (R9(,0E(2/+4! 1.270/0.23! O(,(! (3/+6403F(7c! GF(! 1(443! O(,(! /,(+/(7! O0/F!

(S(,.40E)3! :M>?LL&=! :LcLf! �A=I! C@%'$#eW]U! :LcL&! �A=I! `TWb"LLW! :&! �A=! +27!

/F(0,! 1.E602+/0.23c! GF(! /,(+/E(2/! O+3! ,(9(+/(7! (S(,-! W"! F.),3! O0/F! /./+4!

/,(+/E(2/!/0E(!.5!DW!F.),3c!!

;2!/F(!2(R/!3/(9I!5.44.O028!/F(!02701+/(7!/,(+/E(2/!/0E(I!7(/+1F(7!+27!+//+1F(7!

1(443!O(,(!F+,S(3/(7! +27! 1(2/,05)8(7! 5.,!W!E02! +/! "IULL!�! 8! /.! .6/+02! 1(44! 9(44(/3I!

OF01F!O(,(!O+3F(7!O0/F! 01('1.47!%$K!:LcL&!A!9F.39F+/(!6)55(,I!WcD!EA!JB4I!&]D!

EA!C+B4I!9H!Dc"=I!+8+02!1(2/,05)8(7!5.,!&!E02!+/!&DILLL!�!8!+27!,(3)39(27(7!02!&LL!

�4!.5! 4-303!6)55(,!:&]L!EA!C+B4I!&L!EA!G,03'HB4I!&L!EA!9F.39F+/(!6)55(,I!&L!EA!

C+'9-,.9F.39F+/(!+27!&r!G,0/.2'�!&LLI!9H!DcU=c!>5/(,!]L!E02!.2!01(I!1(44!(R/,+1/3!
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!

O(,(!1(2/,05)8(7! 5.,!W!E02!+/!&DILLL!�!8c!GF(!3)9(,2+/+2/3!O(,(!1.44(1/(7I! 5,.a(2!

0EE(70+/(4-! +27! *(9/! +/! �WL�B! )2/04! /F(! +33+-! .5! (2a-E(! +1/0S0/-c! GF(! ,(+1/0.2!

6)55(,! 1.2/+02(7! W! EA! 70/F0./F,(0/.4! :?GG=! +27! &Lr! 84-1(,.4! 02! WL! EA! H#%#K!

6)55(,!:9H!DcU=c!GF(!54).,.8(201!3)63/,+/(I!+1'?#@?'>ABI!O+3!+77(7!i)3/!6(5.,(!/F(!

,(+1/0.2!/.!+!502+4!1.21(2/,+/0.2!.5!&LL!�Ac!GF(!,(+1/0.2!O+3!3/+,/(7!6-!+770/0.2!.5!

/F(!,(+1/0.2!6)55(,!:&LL!�4=!/.!/F(!(R/,+1/!:]L!�4!1.2/+02028!+99,.R0E+/(4-!WL'DU!�8!

.5!9,./(02=!+27!E.20/.,(7!5.,!W!F.),3!)3028!+!54).,(31(21(!94+/(!,(+7(,!:%\`>M3/+,!

[+4+R-I! $A[! `+6G(1F2.4.80(3=! +/! (R10/+/0.2! O+S(4(28/F! ]bL! 2E! +27! (E0330.2!

O+S(4(28/F!"fL!2Ec!B+39+3(']'40*(! +1/0S0/-!O+3! (R9,(33(7! +3! +! ,+/0.!6(/O((2! /F(!

,(+1/0.2! ,+/(! :021,(+3(! 02! 54).,(31(21(! .S(,! /0E(=! +27! 9,./(02! 1.2/(2/! :02!E8=! +3!

7(/(,E02(7!6-!/F(!$B>!%,./(02!>33+-!J0/!:GF(,E.!K10(2/0501!%0(,1(=I!OF01F!(2+64(3!

/F(! Y)+2/0501+/0.2! .5! 9,./(02! 1.21(2/,+/0.2! 02! /F(! 9,(3(21(! .5! 7(/(,8(2/3c! #+1F!

(R9(,0E(2/+4! 8,.)9! 1.2303/(7! .5! /,09401+/(3! +27! O+3! ,(9(+/(7! 02! +/! 4(+3/! /F,((!

027(9(27(2/!(R9(,0E(2/3c!!

!

3.6. Western Blot 

!

#S+4)+/0.2!.5!/F(!9,./(02!(R9,(330.2!9,.504(!O+3!9(,5.,E(7!)3028!N(3/(,2!$4./!

/(1F20Y)(c! GF(! 1(44! (R/,+1/3! O(,(! .6/+02(7! +11.,7028! /.! 9,(S0.)34-! 7(31,06(7!

9,./.1.4! s&bDt! O0/F! 3408F/! E.70501+/0.23c! GF(! 1(443! O(,(! 3((7(7! 02! f'1E! 703F(3I!

+44.O(7! /.!8,.O! 5.,!W']!7+-3!+27! /F(2!3(,)E!3/+,S(7! 5.,!W"!F.),3c! K)63(Y)(2/4-I!

/F(!1(443!O(,(!/,(+/(7!O0/F!02F060/.,3!5.,!&VW"!F.),h!LcUV&!F.),!+5/(,!/F+/!/,(+/E(2/I!

/F(!#[<!:&LL!28VE4=!O+3!+9940(7c!>5/(,!/F(!39(10501!/0E(!.5!/,(+/E(2/I!/F(!1(443!O(,(!

O+3F(7!O0/F! 01('1.47!%$K!+27!F+,S(3/(7! 02!fL'&LL!�4! .5! K?K!6)55(,! :&LL!EE.4V`!

G,03'HB4!:9H!fcd=I!WLr!84-1(,.4I!"r!K?K=I!6.04(7!5.,!&U!E02)/(3!02!bf@B!+27!94+1(7!

.2!01(c!K+E94(3!O(,(!*(9/!+/!�WL�B!)2/04!/F(!2(R/!3/(9c!<.44.O028!/F(!9,./(02!1.2/(2/!

7(/(,E02+/0.2! )3028! /F(! $B>! %,./(02! >33+-! J0/! :GF(,E.! K10(2/0501! %0(,1(=I! /F(!

9,./(02!1.21(2/,+/0.2!O+3!)2050(7!02!/F(!3+E94(3!O0/F!K?K!6)55(,c!#+1F!3+E94(!O+3!

1.E94(E(2/(7!O0/F!U!�4!.5!LcWr!6,.E.9F(2.4!64)(!:$%$=!+27!70/F0./F,(0/.4!:?GG=!

/.! 502+4! 1.21(2/,+/0.2! .5! UL!EAc! #Y)+4! +E.)2/3! .5! 9,./(02! 5.,! (+1F! 3+E94(!O(,(!



Materials and Methods 

 

!

 

47 

!

3(9+,+/(7! 6-! K?K! 9.4-+1,-4+E07(! 8(4! (4(1/,.9F.,(303! +27! /,+235(,,(7! .2/.!

20/,.1(44)4.3(!H-6.27!#B`!E(E6,+2(3!:[#!H(+4/F1+,(=c!GF(!9,0E+,-!+2/06.70(3!/.!

9#[<M'T&&D]!:U]>U=I!/#[<M!:?]d$&=I!9>*/'G]Ld!:B]&#U#=I!/>*/!:bWDW=I!9'EG\M'

KW""d! :?bBW=I! /'EG\M! :DB&L=I! 9#MJ'GWLWVTWL"! :#&L=I! /#MJ! :b&LW=I! 9'9DLKfJ'

G]db!:&Ld?W=I!+27!/'9DLKfJ!:"b?D=!O(,(!.6/+02(7!5,.E!B(44!K082+4028!G(1F2.4.8-c!

>2/06.7-!/.![>%?H!:[GW]b=!O+3!.6/+02(7!5,.E![(2(G(RI!/.!/)6)402!:f'&&$'&=!5,.E!

K08E+I!+27!/.!E.2.'!+27!9.4-)60Y)0/02-4+/(7!1.2i)8+/(3I!E>6!:<JW=!5,.E!#2a.!`05(!

K10(21(3c! GF(! 3(1.27+,-! +2/0',+660/! :%L""d=! +27! +2/0'E.)3(! :%L""D=! +2/06.70(3!

O(,(! .6/+02(7! 5,.E! ?+*.c! $.)27! +2/06.70(3! O(,(! S03)+40a(7! )3028! #B`! ,(+8(2/3!

:>7S+23/+=I! +1Y)0,(7! O0/F! [Z$\�! BF(E0!:K-28(2(=! +27! +2+4-a(7! .2! +!

1F(E04)E02(31(2/!0E+8(!+2+4-303!3.5/O+,(!:;E+8028!+27!>2+4-303!K.5/O+,(!6-!$0.'

M+7I! ~)+2/0/-'\2(=c! #+1F! (R9(,0E(2/+4! 8,.)9! O+3! ,(9(+/(7! 02! +/! 4(+3/! /F,((!

027(9(27(2/!(R9(,0E(2/3c!!

!

3.7. Statistical analysis 

! !

GF(! 7+/+! O(,(! +2+4-3(7! O0/F! [,+9F%+7! %,03E! SfcLW! :J028q3! B.44(8(! `.27.2!

401(21(=c! GF(! 7.3(',(39.23(! 7+/+! +,(! 9,(3(2/(7! +3! 3(E0'4.8+,0/FE01! 1),S(3! :/,)(!

31+4(! 02701+/(7! /.! 30E9405-! /F(!9,(3(2/+/0.2=I! 94.//(7!)3028! +99,.9,0+/(!2.2'402(+,!

,(8,(330.2! 1),S(! 50//028! E.7(4c! GF(! 7.3(',(39.23(! 1),S(3! 5.,! E0/./+2(I! C@%'

$#eW]UI!`TWb"LLWI!+27!gL&Wf!O(,(!50//(7!)3028!@+,0+64(!34.9(!E.7(4!:1.E9.)27!

1.21(2/,+/0.2! (R9,(33(7! 02! 4.8+,0/FE01! 31+4(! S3c! 2.,E+40a(7! 1-/./.R01! ,(39.23(! 02!

9(,1(2/+8(=I!6+3(7!.2!/F(!(Y)+/0.2Z!

! ! !
!""

! ! !!" !"#!"!"!! !!"##$#%&'
!

OF(,(! �! '! 4.8! .5! 7.3(! .,! 1.21(2/,+/0.2! +27! T! '! 2.,E+40a(7! ,(39.23(I! L! /.! &LLrI!

021,(+3028!+3!�!021,(+3(3c!

GF(!7.3(',(39.23(!1),S(!5.,!(S(,.40E)3!:M>?LL&=!O+3!50//(7!)3028!>3-EE(/,01!

K08E.07+4! U%`!E.7(4! :+43.! 1+44(7! M01F+,7u3! 50S('9+,+E(/(,! 7.3(',(39.23(! 1),S(=I!

6+3(7!.2!/F(!(Y)+/0.2Z!
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! ! !"# !
!"# !!"#

! ! !!" !"#!"!! !!"##$#%&' !
!

OF(,(!! ! !"#!" ! ! !"#!"!" !
!

!"##$#%&'
! !"#!!

!

! ! !!!!I!

�!'!4.8!.5!7.3(!.,!1.21(2/,+/0.2I!+27!T!'!2.,E+40a(7!,(39.23(I!L!/.!&LLrc!

GF(3(!E(/F.73! +44.O!7(/(,E02028!#BUL! :F+45!E+R0E+4! (55(1/0S(! 1.21(2/,+/0.2=!

S+4)(I! OF01F! 3082050(3! /F(! 1.21(2/,+/0.2! .5! +! /(3/(7! 1.E9.)27I! OF01F! 1+)3(3! +!

,(39.23(! F+45O+-! 6(/O((2! /F(! 6+3(402(! +27! E+R0E)E! ,(39.23(! :(c8c! OF(2! +!

1.E9.)27! 03! 9./(2/! (2.)8F! /.! (R(,/! +! /./+4! &LLr! 1(44! 1-/./.R010/-! +/! 3.E(! 7.3(I!

#BUL!O044!,(9,(3(2/!0/3!1.21(2/,+/0.2!1+)3028!ULr!7(1,(+3(!02!1(44!S0+6040/-=c!!

B(44'7(230/-! ,(39.23(! 1),S(3! O(,(! 50//(7! )3028! 3(1.27! .,7(,! 9.4-2.E0+4!

:Y)+7,+/01=!E.7(4I!6+3(7!.2!/F(!(Y)+/0.2Z!

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

GF(!M!3Y)+,(!:`]I!/F(!1.(55010(2/!.5!7(/(,E02+/0.2=!S+4)(!Y)+2/050(3!8..72(33!.5!

50/!+27!02701+/(3!/F(!1.,,(4+/0.2!O0/F!wLx!308205-028!2.!1.,,(4+/0.2!+27!w&x!P!1.E94(/(!

1.,,(4+/0.2c!

G.!1.E9+,(!(+1F!(R9(,0E(2/+4!8,.)9!O0/F!/F(!1.2/,.4I!/F(!\2('N+-!+2+4-303!.5!

S+,0+21(!:+66,(S0+/(7!+3!\2('N+-!>C\@>=!O+3!9(,5.,E(7I!5.44.O(7!6-!+99,.9,0+/(!

5$,+! 1$A! /(3/028! :$.25(,,.20! 1.,,(1/0.2! 5.,! 1.E9+,03.2! 6(/O((2! 1.2/,.4! +27!

/,(+/E(2/!8,.)93h!G)*(-!/(3/!5.,!E)4/094(!1.E9+,03.23!6(/O((2!(+1F!(R9(,0E(2/+4!

8,.)9!O0/F!(S(,-!./F(,!.2(=c!GF(!7+/+!+,(!(R9,(33(7!+3!E(+2!�!3/+27+,7!(,,.,!.5!

/F(!E(+2!:K#A=c!M(3)4/3!O(,(!1.2307(,(7!30820501+2/!OF(2!5�LcLU!+27!/F(!5.44.O028!

8,+7+/0.2!O+3!+9940(7Z!���5�LcLL&I!��5�LcL&I!�5�LcLUc!!
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4. Results 

4.1. Growth rate of H295R cells 

!

GF(! .63(,S(7! ,+/(! .5! 8,.O/F! .5! /F(! HWbUM! 1(443! 02! +9940(7! 1.270/0.23! :+3!

7(31,06(7! 02! 8$9$&% :3,,% 4<,5<13% 42/0(5(2/-=! 03! 9,(3(2/(7! 02! '()$% Ac! B+41)4+/(7!

7.)64028!/0E(!(Y)+43!b]cfd!F.),3c!
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2
4>-%%4SRR{%!
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!

4.2. Dose-response and cell density-dependent response of 

selected PI3K/mTOR and MEK inhibitors in H295R cells  

!

GF(!E+02!+0E!.5!/F(!020/0+4!(R9(,0E(2/3!O+3!/.!(3/+6403F!/F(!7.3(',(39.23(!+27!

1(44! 7(230/-'7(9(27(2/! ,(39.23(! .5! /F(! HWbUM! +7,(2.1.,/01+4! 1+,102.E+! 1(443! /.!

E0/./+2(I!(S(,.40E)3!:M>?LL&=I!C@%'$#eW]UI!`TWb"LLWI!+27!gL&Wfc!GF(3(!,(3)4/3!

O(,(! /F(! 6+303! 5.,! 5),/F(,! (S+4)+/0.2! .5! 3-2(,803/01! 1.E602+/0.23! +27! 3(4(1/0.2! .5!

.9/0E+4!7.3(3!5.,!3F.,/'!+27!4.28'/(,E!/,(+/E(2/!,(80E(!02!(R9(,0E(2/3!(E94.-028!

1+39+3(']'40*(!+1/0S0/-!+33+-!+27!N(3/(,2!$4./!/(1F20Y)(c!!

G.!+33(33! /F(!7.3(',(39.23(!.5! /F(!HWbUM!1(44! 402(!/.!E0/./+2(I! /F(!1(443!O(,(!

/,(+/(7! 5.,!W"!F.),3!O0/F! 021,(+3028! 1.21(2/,+/0.23!.5!E0/./+2(! +27! /F(2! /F(! 1(44!

S0+6040/-!O+3!+33(33(7!6-!/F(!M(3+a),02!+33+-c!A0/./+2(!9,.S(7!/.!6(!+!S(,-!9./(2/!

9,.405(,+/0.2! 02F060/.,! 02! HWbUM! 1(443I! ,(+1F028! /./+4! 1-/./.R01! (55(1/! +4,(+7-! +/! +!

7.3(! .5! WL! �A! :'()$% BC=c! G,(+/E(2/! O0/F! &L! �A!E0/./+2(! ,(3)4/(7! 02! 30820501+2/!

1-/./.R01!(55(1/!.5!W&cL�Lcbdr!+27!O0/F!&U!�A!P!DWc&d�]cdDrc!GF(!1+41)4+/(7!#BUL!

S+4)(! 5.,! E0/./+2(! 02! /F(3(! (R9(,0E(2/3! O+3! &WcUD! �Ac! B(44! 7(230/-'7(9(27(2/!

,(39.23(I! 9,(3(2/(7! 02! '()$% BDI! 02701+/(! /F+/! /F(! ,(39.23(! .5! HWbUM! 1(443! /.!

E0/./+2(!3408F/4-!7(9(273!.2!/F(!1(44!2)E6(,!:`]�LcW]=c!g9.2!/,(+/E(2/!O0/F!&L!�A!

E0/./+2(I! +7,(2.1.,/01+4! HWbUM! 1(443! 9,(3(2/(7! "dcfb�DcbUr! 1-/./.R010/-! +/! /F(!

4.O(3/!2)E6(,!.5!3((7(7!1(443!:&cWU�&L]VO(44=!+27!&Dcb]�]c"]r!+/!/F(!F08F(3/!.2(!

:&U�&L]VO(44=I!,(39.23(3!6(028!30820501+2/4-!7055(,(2/!5,.E!(+1F!./F(,!:5�LcLLL&=c!!

#S(,.40E)3!:M>?LL&=!9,.S(7!/.!7(1,(+3(!/F(!1(44!S0+6040/-!.5!HWbUM!/.!+!40E0/(7!

(R/(2/c! GF(! F08F(3/! 1-/./.R010/-! S+4)(3! .63(,S(7! O(,(! &fcdD�&cb&r! +27!

&Uc&�&c&Wr!+/!/F(!7.3(!.5!LcU!+27!&!�AI!,(39(1/0S(4-!:'()$%EC=c!>/!/F(!4.O(3/!+9940(7!

7.3(! .5! (S(,.40E)3I! LcL&! �AI! /F(! 30820501+2/! 1-/./.R010/-! .5! "cUD�&cL]r! O+3!

.6/+02(7! :2�]I! 9�LcLU=c! GF(! 1+41)4+/(7! #BUL! 5.,! (S(,.40E)3! :M>?LL&=! 02! /F(3(!

(R9(,0E(2/3!O+3!&UcbU!2Ac!B(44!7(230/-'7(9(27(2/!,(39.23(!(R9(,0E(2/3!02701+/(7!

/F+/!/F(!,(39.23(!.5!HWbUM!1(443!/.!(S(,.40E)3!O+3!027(9(27(2/!.5!/F(!1(44!2)E6(,!

:`]�LcLU=I! ,(+1F028! 6(/O((2!bcU�LcU"r!+27!&"cL]�&c&dr! 5.,! &U�&L]! +27! WcU�&L]!

3((7(7!1(443!9(,!O(44I!,(39(1/0S(4-!:'()$%ED=c!
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C@%'$#eW]U! :$#eW]U=! 3F.O3! 30820501+2/! 1-/./.R010/-! 02! /F(! HWbUM! 1(443I!

3/+,/028! 5,.E! /F(! 7.3(! .5! Lc&! �A! O0/F! Dcd�&c]r! 1-/./.R010/-! :'()$% &FC=c! >/! /F(!

F08F(3/!+9940(7!7.3(I!U!�AI! /F(!30820501+2/!1-/./.R010/-!.5!Udcb�&cUr!O+3!.6/+02(7!

:2�]I! 9�LcLL&=c! GF(! 1+41)4+/(7! #BUL! S+4)(! 5.,! C@%'$#eW]U! :$#eW]U=! 02! /F(3(!

(R9(,0E(2/3!O+3!Wc"W!�Ac!B(44!7(230/-'7(9(27(2/!,(39.23(!(R9(,0E(2/3! 02701+/(7!

/F+/!/F(!,(39.23(!.5!/F(!HWbUM!1(443!/.!C@%'$#eW]U!:$#eW]U=!O+3!027(9(27(2/!.5!

/F(! 1(44! 2)E6(,! :`]�Lc&]=I! ,(+1F028! 6(/O((2! ]cWU�LcbWr! +27! dcWd�LcfWr! 5.,!

&U�&L]!+27!U�&L]!3((7(7!1(443!9(,!O(44I!,(39(1/0S(4-!:'()$%&FD=c!

`TWb"LLW! 3F.O3! 30820501+2/! 1-/./.R010/-! 02! /F(!HWbUM! 1(443I! 3/+,/028! 5,.E! /F(!

7.3(! .5! U! �A!O0/F! 1-/./.R010/-! .5! W&cbd�Wc""r! :'()$% &&C=c! >/! /F(!F08F(3/! +9940(7!

7.3(I! "L! �AI! /F(! 30820501+2/! 1-/./.R010/-! .5! D]c&D�&cLfr! O+3! .6/+02(7! :2�"I!

9�LcLL&=c!GF(!1+41)4+/(7!#BUL!S+4)(!5.,!`TWb"LLW!02!/F(3(!(R9(,0E(2/3!O+3!&DcW]!

�Ac!B(44!7(230/-'7(9(27(2/!,(39.23(!(R9(,0E(2/3!02701+/(7!/F+/!/F(!,(39.23(!.5!/F(!

HWbUM!1(443! /.!`TWb"LLW!O+3! 027(9(27(2/!.5! /F(!1(44!2)E6(,!:`]�Lc&"=I! ,(+1F028!

6(/O((2!]cLd�LcDWr!+27!fcbd�Lcffr!5.,!&U�&L]!+27!&L�&L]!3((7(7!1(443!9(,!O(44I!

,(39(1/0S(4-!:'()$%&&D=c!

gL&Wf!3F.O3!30820501+2/!1-/./.R010/-!02!/F(!HWbUM!1(443I!3/+,/028!5,.E!/F(!7.3(!

.5!&!�A!O0/F!1-/./.R010/-!.5!Dc"b�LcU&r!:'()$%&9C=c!>/!/F(!F08F(3/!+9940(7!7.3(I!"L!

�AI! /F(! 30820501+2/! 1-/./.R010/-! .5! b]cWf�LcdUr!O+3! .6/+02(7! :2�dI! 9�LcLL&=c! GF(!

1+41)4+/(7!#BUL! S+4)(! 5.,!gL&Wf! 02! /F(3(!(R9(,0E(2/3!O+3!&Uc"&!�Ac!B(44!7(230/-'

7(9(27(2/!,(39.23(I!9,(3(2/(7!02!'()$%&9DI!02701+/(!/F+/!/F(!,(39.23(!.5!/F(!HWbUM!

1(443! /.!gL&Wf!7(9(273! .2! /F(! 1(44! 2)E6(,! :`]�LcfW=c!g9.2! /,(+/E(2/!O0/F! U! �A!

gL&WfI! +7,(2.1.,/01+4! HWbUM! 1(443! 9,(3(2/(7! WDcDb�&c]dr! 1-/./.R010/-! +/! /F(!

4.O(3/!2)E6(,!.5!3((7(7!1(443!:&cWU�&L]VO(44=!+27!&WcDW�&c&br!+/!/F(!F08F(3/!.2(!

:&U�&L]VO(44=I!,(39.23(3!6(028!30820501+2/4-!7055(,(2/!:5�LcLLL&=c!
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!

4.3. Combination treatment with PI3K/mTOR and MEK inhibitors 

and mitotane results in additive effect 

!

G,(+/028!O0/F!E0/./+2(!:&L!�A=!+27!.2(!.5!%;]JI!EG\M!+27!A#J&VW!02F060/.,3Z!

LcLf! �A! (S(,.40E)3! :M>?LL&=I! LcL&! �A! C@%'$#eW]UI! &! �A! `TWb"LLWI! .,! U! �A!

gL&Wf!,(3)4/(7! 02! /F(!+770/0S(!(55(1/! 02! /F(! /(3/(7!1.E602+/0.23I!E(+2028!/F+/! /F(!

(5501+1-! .5! 2.2(! .5! /F(3(! 02F060/.,3! O+3! 30820501+2/4-! (2F+21(7! 6-! +770/0.2! .5!

E0/./+2(!:'()$%&8=c!GF(!,(3)4/3!707!2./!02701+/(!+!30820501+2/!3-2(,8-!02!+2-!.5!/F.3(!

1.E602+/0.23I!/F.)8F!/F(!F08F(3/!(5501+1-!O+3!.6/+02(7!5.,!1.E602+/0.2!.5!E0/./+2(!

+27! gL&Wf! O0/F! "]cUW�Uc&dr! .5! 1.E602(7! 1-/./.R01! (55(1/! :'()$% &8C=! +27!

WDc"]�fcf&r! 1-/./.R010/-! .S(,! E0/./+2(! :'()$% &8D=c! <.,! (S(,.40E)3! ,(39(1/0S(!

1.E602(7! ,(39.23(3! O(,(! ]UcDd�&cb"r! +27! &Ucff�Wc]brh! 5.,! C@%'$#eW]U! P!

]"c"b�WcLfr!+27!&&cL]�]cLWrh!5.,!`TWb"LLW!P!WDcd"�&c]r!+27!"cDf�LcdDrc!

!

4.4. Combination of everolimus and NVP-BEZ235 results in 

synergistic effect 

!

;20/0+4! (R9(,0E(2/3! F+S(! 3F.O2! /F+/! /F(! F08F(3/! 1-/./.R010/-! 03! .6/+02(7!O0/F!

/F(!1.E602+/0.2!.5!LcLf!�A!(S(,.40E)3!:M>?LL&=I!LcL&!�A!C@%'$#eW]UI!+27!&!�A!

`TWb"LLW! :'()$% &*=c! GF(3(! ,(3)4/3! 02701+/(! 3/,.28! ,(9(+/+64(! 3-2(,803/01! (55(1/!

6(/O((2!(S(,.40E)3!+27!C@%'$#eW]UI!E(+2028!/F+/!/F(!(55(1/!.5!1.'/,(+/E(2/!O0/F!

/F(3(!7,)83!03!30820501+2/4-!F08F(,!/F+2!/F(0,!0270S07)+4!(5501+1-!:+77(7!(55(1/=c!\2!0/3!

.O2! (S(,.40E)3! :M>?LL&=! ,(3)4/(7! 02! bcU"�&c"r! 1-/./.R010/-I! C@%'$#eW]U! P!

fcf&�&c]DrI!+27!`TWb"LLW!P!Dc""�&cfdrc!GF(!1.E602+/0.2!.5!(S(,.40E)3!+27!C@%'

$#eW]U! -0(47(7! /F(! 1-/./.R01! ,+/(! .5! ]dc"]�]cf&rI! 30820501+2/4-! 7055(,(2/! /.!

1+41)4+/(7! +77(7! (55(1/! .5! &fc]W�Wcfr! :5�LcL&W=c! <.,! /F(! /,094(! 1.E602+/0.2! /F(!

1-/./.R01! ,+/(! ,(+1F(7! "DcD]�"cLdrI! 6(028! 30820501+2/4-! 7055(,(2/! /.! 1+41)4+/(7!

+77(7! (55(1/! .5! W"�Uc]"r! :5�LcL&b=c! H.O(S(,I! 5.,! 7.)64(! 1.E602+/0.23! O0/F!

`TWb"LLW! 3)1F! (55(1/!O+3! 2./! .63(,S(7!O0/F! WLcdb�&cbr! S3c! &DcU�"cf&r! 5.,! 1.'

/,(+/E(2/!O0/F!(S(,.40E)3!+27!&bcDb�"c&"r!S3c!&"c&D�"c"Wr!5.,!C@%'$#eW]Uc!
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@%A:'G?'H)7@(*$'()*!'A-$'7-*'!>(',!7(')'$*-!$*0!1J23a!789:!$*0!<"3S4C!(*,(@(')A/O'

8A-$'7-*'!>(',!SR!|<!7(')'$*-a!RORf!|<!-#-A)%(7&/a!RORS!|<!Gi1_\"YC2Ea!S!|<!PjCDgRRCa!E!|<!

LRSCf!^*yE`O!H-%%/!>-A-!/--0-0!$'!',-!0-*/('?!)+!ExSR
2
4>-%%4SRR!{%!(*!Df_>-%%!=%$'-/O!H)7@(*$'()*!

'A-$'7-*'!#$%&-/!$A-!*)A7$%(/-0!')!.)*'A)%! ^>`!)A!')!7(')'$*-!.?')')k(.('?!^Z`O!F$'$!-k=A-//-0!$/!

7-$*zK"<O!5@@A-#($'()*/N!U!_!.)*'A)%s!M!_!7(')'$*-s!J!_!-#-A)%(7&/s!W!_!Gi1_\"YC2Es!\!_!PjCDgRRCs!
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@%A:'GP'H)7@(*$'()*!'A-$'7-*'!>(',!-#-A)%(7&/a'Gi1_\"YC2Ea!$*0!PjCDgRRCO'

8A-$'7-*'!>(',! .)7@(*$'()*!)+!RORf!|<!-#-A)%(7&/!$*0!RORS!|<!Gi1_\"YC2E!-k-A'/! /?*-AI(/'(.!

-++-.'! (*!',-!BCDE:!.-%%/!hC!,)&A/!$+'-A!'A-$'7-*'!^*yg`O!8A(=%-!.)7@(*$'()*!>(',!S!|<!PjCDgRRC!

0)-/!*)'! A-/&%'! (*!,(I,-A!/?*-AI?a!@&'!)*%?!$00('(#-!-++-.'!)+!PjCDgRRCO!H-%%/!>-A-!/--0-0!$'! ',-!

0-*/('?! )+! ExSR
2
4>-%%4SRR!{%! (*! Df_>-%%! =%$'-/O! F$'$! -k=A-//-0! $/!7-$*zK"<O!5@@A-#($'()*/N!J! _!

-#-A)%(7&/s!W!_!Gi1_\"YC2Es!\!_!PjCDgRRCO'
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4.5. Effect of mitotane and selected PI3K/mTOR inhibitors on 

caspase-3-like activity in H295R cells 

!

G.! +33(33! /F(! +1/0S+/0.2! .5! 9,.8,+EE(7! 1(44! 7(+/F! 027)1(7! 6-! E0/./+2(! +27!

3(4(1/(7!%;]JVEG\M!02F060/.,3I!/F(!39(10501!1+39+3(']'40*(!+1/0S0/-!O+3!E(+3),(7!02!

/F(!HWbUM!1(443!+5/(,!/,(+/E(2/c!!

GF(! /0E('! +27! 7.3('7(9(27(2/! ,(39.23(! /.!E0/./+2(! /,(+/E(2/!O+3! +33(33(7c!

GF(! 9(+*! E0/./+2('027)1(7! 1+39+3(']'40*(! +1/0S+/0.2! .11),,(7! &! F.),! 9.3/!

/,(+/E(2/! ,(+1F028! ]c"W�LcWU! +,60/,+,-! )20/3VE8VE02! S(,3)3! 1.2/,.4! :5�LcLL&=!

:'()$% &?% C=I! 02701+/028! /F+/! /F(! E+i.,0/-! .5! 1+39+3(']'40*(! +1/0S+/0.2! .11),3! S(,-!

(+,4-!+5/(,!E0/./+2(!7(40S(,-!+27!7(1,(+3(3!02!/0E(c!K/+27+,7!/,(+/E(2/!/0E(!)3(7!02!

/F(! 1(44! S0+6040/-! +33+-! O+3! W"! F.),3! +27! 3)1F! /,(+/E(2/! 7),+/0.2! ,(3)4/(7! 02!

021,(+3(! 02! 1+39+3(']'40*(! +1/0S0/-! /.! &cf'5.47! 021,(+3(!.S(,! 1.2/,.4! :5�LcL&=c!N0/F!

,(8+,73!/.!9,./(02!1.21(2/,+/0.2I!0/!,(E+02(7!,.)8F4-!/F(!3+E(!5.,!+44!8,.)9I!6(028!

)2+55(1/(7!6-!7),+/0.2!.5!/,(+/E(2/!O0/F!&L!�A!E0/./+2(!:'()$%&?%D=c!!

A0/./+2(! 7.3('7(9(27(2/! ,(39.23(! (R9(,0E(2/3! 3F.O(7! 7,+E+/01! 021,(+3(! 02!

1+39+3(']'40*(!+1/0S0/-! 02!HWbUM!1(443!6(/O((2! /F(!7.3(!.5!WL!�A!+27!WU!�A!O0/F!

S+4)(3! ,(+1F028! WcUd�Lc]! )20/3VE8VE02! S(,3)3! 1.2/,.4! )9.2! WL! �A! E0/./+2(!

/,(+/E(2/! :5�LcLU=! +27! dc]U�LcWb! 5.,! WU! �A! :5�LcLL&=! :'()$% &>! C=c! >/! /F(!

1.21(2/,+/0.2! .5! &L! �A! /F(! 021,(+3(! .63(,S(7! ,(+1F(7! &cD&�LcL]! :'()$% &>! C=c!!

%,./(02! 1.21(2/,+/0.2! O+3! )2+55(1/(7! 6-! /,(+/E(2/! O0/F! U'WL! �A! E0/./+2(I!

7,.99028!30820501+2/4-!.24-!)9.2!/,(+/E(2/!O0/F!F08F(3/!7.3(!.5!WU!�A!/.!LcD]�LcL]!

E8VE4!5,.E!1.2/,.4!S+4)(3!.5!&�LcLb!E8VE4!:5�LcL&=!:'()$%&>!D=c!

B+39+3(']'40*(! +1/0S0/-! 02! ,(39.23(! /.! /F(! 0270S07)+4! /,(+/E(2/! O0/F! LcLf! �A!

(S(,.40E)3! :M>?LL&=I! LcL&! �A! C@%'$#eW]UI! +27! &! �A! `TWb"LLW! O+3! 2./!

30820501+2/4-!7055(,(2/!5,.E!1.2/,.4!S+4)(3I!,(+1F028!Lcb"�LcLUI!&c&&�Lc&I!&c"W�Lc&&!

+,60/,+,-! )20/3VE8VE02! S(,3)3! 1.2/,.4I! ,(39(1/0S(4-! :'()$% &AC=c! <.,! 1.E602(7!

/,(+/E(2/I! 30820501+2/! 021,(+3(! 02! 1+39+3(']'40*(! +1/0S0/-! O+3! .63(,S(7! 5.,! /,094(!

1.E602+/0.2! 6(028! WcWW�Lc]W! :5�LcLL&=! +27! 5.,! 7.)64(! 1.E602+/0.2!C@%'$#eW]U!

O0/F! `TWb"LLW! '! &cb]�LcWU! :5�LcL&=c! %,./(02! 1.2/(2/! E(+3),(E(2/3! 5.,! 3+E94(3!

)3(7!02!/F03!+33+-!O(,(!2./!30820501+2/4-!+55(1/(7!6-!+2-!0270S07)+4!/,(+/E(2/I!6)/!+!
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30820501+2/!7(1,(+3(!O+3!.63(,S(7!5.,!7.)64(!1.E602+/0.2!.5!(S(,.40E)3!O0/F!C@%'

$#eW]U!+27!5.,!/,094(!1.E602+/0.2!O0/F!+770/0.2!.5!`TWb"LLW!:'()$%&AD=c%

!
@%A:'GQ!H$/=$/-_2_%(6-!$.'(#('?!_!'(7-_0-=-*0-*'!A-/=)*/-!')!7(')'$*-O!

>! H$/=$/-_2_%(6-! $.'(#('?! (*! ',-! BCDE:! .-%%/! ROE_Cg! ,)&A/! $+'-A! 'A-$'7-*'! >(',! SR! |<! 7(')'$*-! ^*y2a!

A-=A-/-*'$'(#-!-k=-A(7-*'!=A-/-*'-0a!-k=A-//-0!(*!$A@('A$A?!&*('/!^5L`47I!)+!=A)'-(*47(*`O!Z!8,-!-++-.'!

)+!',-!7(')'$*-!'A-$'7-*'!)*!=A)'-(*!.)*.-*'A$'()*O!F$'$!-k=A-//-0!$/!7-$*zK"<O!
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@%A:'GB!H$/=$/-_2_%(6-!$.'(#('?!_!0)/-_0-=-*0-*'!A-/=)*/-!')!7(')'$*-O!

>! H$/=$/-_2_%(6-! $.'(#('?! (*! ',-! BCDE:! .-%%/! E! ,)&A/! $+'-A! 'A-$'7-*'! >(',! E_CE! |<! 7(')'$*-! ^*y2a!

-k=A-//-0!$/!$!A$'()!)+!.)*'A)%!(*!$A@('A$A?!&*('/!^5L`47I!)+!=A)'-(*47(*`O!Z!8,-!-++-.'!)+!',-!7(')'$*-!
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@%A:' GC' H$/=$/-_2_%(6-! $.'(#('?! (*! A-/=)*/-! ')! .)7@(*$'()*! 'A-$'7-*'! >(',! -#-A)%(7&/a' Gi1_

\"YC2Ea!$*0!PjCDgRRCO''

>!H$/=$/-_2_%(6-!$.'(#('?! (*! ',-!BCDE:!.-%%/!hC!,)&A/!$+'-A! 'A-$'7-*'!>(',!-#-A)%(7&/! ^J`a!Gi1_

\"YC2E!^W`a!PjCDgRRC!^\`!$*0!',-(A!.)7@(*$'()*/!^*yga!-k=A-//-0!$/!$!A$'()!)+!.)*'A)%!(*!$A@('A$A?!

&*('/! ^5L`47I! )+! =A)'-(*47(*`O! Z! 8,-! -++-.'! )+! ',-! 'A-$'7-*'! )*! =A)'-(*! .)*.-*'A$'()*O! F$'$!
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!

4.6. Effect of selected PI3K/mTOR and MEK1/2 inhibitors on 

protein expression in H295R cells 

!

N(3/(,2!$4./! /(1F20Y)(!O+3!)3(7!/.!+33(33!/F(!(55(1/!.2!9,./(02!(R9,(330.2! 02!

/F(! HWbUM! 1(443! +5/(,! /F(! /,(+/E(2/! O0/F! 3(4(1/(7! %;]JI! EG\M! +27! A#J&VW!

02F060/.,3Z! (S(,.40E)3! :M>?LL&=I! C@%'$#eW]U! :$#eW]U=I! `TWb"LLWI! +27! gL&Wfc!

#[<!3/0E)4+/0.2! 02!HWbUM!1(443!O+3!E.,(!9,.2.)21(7! 02!+! 3F.,/'/(,E!7(3082! :LcU!

F.),=I! ,(3)4/028! 02! &&cW'5.47! #[<M! +1/0S+/0.2I!OF(2! 1.E9+,(7! /.! +! 4.28'/(,E! .2(!

:WcW&'5.47=!:'()$%&B=c!NF+/!03!02/(,(3/028I!/F(!9F.39F.'39(10501!#[<MT&&D]!4(S(43!O(,(!

3408F/4-! F08F(,I! 6)/! /./+4! #[<M! 4(S(4! O+3! 30820501+2/4-! 7(1,(+3(7! +5/(,! #[<!

3/0E)4+/0.2I!02701+/028!021,(+3(!02!7(8,+7+/0.2!9,.1(33(3!)9.2!/F(!#[<M!+1/0S+/0.2c!

!

' U'
Jb@''

DN:Q'3E'
U'

Jb@''

DLP'3E'

5Jb@=
]GGC?

'

! !

0#9#$%&'

! !

*)A7$%(/-0! SORR! SOCC! SORR! ROqh!

0Jb@='

! !

0#9#$%&'

! !

*)A7$%(/-0!! SORR! ROSS! SORR! RO2D!

=4'!A$'()! SORR! SSOCR! SORR! COCS!

!

@%A:'GF'1A)'-(*!-k=A-//()*!)+!"M;:!$+'-A!/,)A'_!$*0!%)*I_'-A7!"M;!/'(7&%$'()*O''

8,-!$0A-*).)A'(.$%!BCDE:!.-%%/!>-A-!'A-$'-0!>(',!"M;!-(',-A!+)A!ROE!,)&A!)A!+)A!Cg!,)&A/O!G)A7$%(/-0!

#$%&-/! A-=A-/-*'! )A(I(*$%! A-/&%'/! *)A7$%(/-0! ')! ,)&/-6--=(*I! I-*-! $*0! ',-*! ')! .)*'A)%O! =4'! A$'()!

A-=A-/-*'/!',-!#$%&-!+)A!',-!=,)/=,)_/=-.(+(.!$*'(@)0?!0(#(0-0!@?!',-!#$%&-!+)A!',-!')'$%!$*'(@)0?O!
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GF,((! ,(9(+/3!.5!N(3/(,2!$4./! (R9(,0E(2/3!F+3!6((2!9(,5.,E(7! /.! +33(33! /F(!

9,./(02! (R9,(330.2! 1F+28(3! )9.2! /F(! /,(+/E(2/!O0/F! (S(,.40E)3! :M>?LL&=I! C@%'

$#eW]U!:$#eW]U=I!`TWb"LLWI!gL&WfI!.,!3(4(1/(7!1.E602+/0.23!.5!/F(3(!02F060/.,3c!

H.O(S(,I!F08F!S+,0+6040/-!O+3!.63(,S(7h!/F(,(5.,(!.24-!5.,!3.E(!9,./(023!1.214)30S(!

(S07(21(!O+3!.6/+02(7c!!

$./F! 3F.,/'! :&! F.),=! +27! 4.28'/(,E! :W"! F.),3=! /,(+/E(2/! O0/F! C@%'$#eW]U!

,(3)4/(7! 02!7(1,(+3(7!(R9,(330.2!.5!9F.39F.'>*/G]Ld! +3!O(44!+3! 021,(+3(7! 4(S(43!.5!

9F.39F.'#[<MT&&D]! 02! 1.E9+,03.2! /.! 1.2/,.4! O0/F! 021,(+3(7! 4(S(43! .5! /./+4! #[<MI!

1.2/,+,-! /.!#[<M!+1/0S+/0.2!6-!#[<!:'()$% &E%P!3F.,/'/(,EI!'()$% 9&!P! 4.28'/(,E=c! ;/!

E+-! 3)88(3/! /F+/! C@%'$#eW]U! 64.1*3! 7(8,+7+/0.2! 9,.1(33(3! .5! +1/0S+/(7I!

9F.39F.,-4+/(7! #[<MI! E+02/+02028! 021,(+3(7! 4(S(43! .5! 6./F! 9F.39F.,-4+/(7! +27!

/./+4!#[<Mc!!

$./F! (S(,.40E)3! +27! C@%'$#eW]U! +27! /F(0,! 1.E602+/0.2! 7(1,(+3(7! /F(!

(R9,(330.2! .5! 9F.39F.'9dUKfJG"&WI! 9F.39F.'9DLKfJG]dbI! +27! /./+4! 9DLKfJI! 6)/!
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SORR! ROEh! SOSS! SO2h! SOgS! RODf! ROhC! ROgE! ROhg! ROEC! }2!

''

5S0'

''

G:NN' G:FI' N:GQ' N:GN' N:NL' N:NG' N:NG' N:NG' N:NF' N:LB' fG'

G:NN' G:QL' N:LQ' N:PI' N:LQ' N:GF' N:GL' N:G?' N:NF' N:GG' fL'

G:NN' P:QN' N:IN' N:BQ' N:QP' G:NN' N:QC' N:BQ' N:LN' N:PI' f?'
'' !! '' '' '' '' '' '' '' '' '' !!

''

5>,0'

''

SORR! ROqR! SOED! SOqD! ROEh! ROf2! ROEf! RODR! SOgS! COCg! }S!

SORR! SOEE! RORE! RO2g! ROEE! ROgC! ROSg! RORD! ROCR! ROSD! }C!

SORR! ROgh! SOSg! RODh! ROCC! ROCS! RO2R! ROCf! ROSR! ROSS! }2!

''

0>,0'

''

SORR! RODq! ROD2! ROhf! RODR! SORR! ROhD! ROqC! SOR2! SOSE! }S!

SORR! SOEg! COCh! SOgE! SOCf! SOCg! SOCD! SORR! SOSg! SO2h! }C!

SORR! G45! G45! G45! G45! G45! G45! G45! G45! G45! }2!

''

5S0'

''

G:NN' N:FG' G:CG' L:PC' N:BP' N:B?' N:CG' G:NI' G:?C' G:IQ' fG'

G:NN' G:NG' N:NL' N:LP' N:PP' N:?P' N:GG' N:NI' N:GF' N:GP' fL'

G:NN' WS>' WS>' WS>' WS>' WS>' WS>' WS>' WS>' WS>' f?'
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'' !! '' '' '' '' '' '' '' '' '' !!

''

5J=R'

''

SORR! 2ORh! ROCS! RO2C! SOEf! hOSR! ROCC! SORE! COgq! SqOEC! }S!

SORR! gOEf! ROhC! ROqD! qOhE! SDOCS! SOES! ROhg! gOES! SgOEE! }C!

SORR! COEE! ROfg! ROqf! EOC2! SEORf! ROg2! SOqC! RO22! CODS! }2!

''

0J=R'

''

SORR! SORf! SOSg! SOSg! SOR2! SOS2! RODS! SOR2! SOER! SOED! }S!

SORR! SOCE! COEE! SOgR! SOhR! COhC! gO2S! 2OEh! SOhq! 2OR2! }C!

SORR! SORq! SOCf! SOCS! SOqE! SOqS! CORR! COqR! COD2! 2OES! }2!

''

5S0'

''

G:NN' L:IG' N:GI' N:LF' G:QL' B:?N' N:LQ' G:NL' G:BQ' GG:BC' fG'

G:NN' ?:BP' N:LF' N:BP' Q:GP' C:NF' N:?Q' N:LG' L:Q?' P:FN' fL'

G:NN' L:?B' N:QN' N:CG' L:FL' F:??' N:LG' N:BQ' N:GG' N:F?' f?'

' U' Jb@' ^NGLB' Jb@g'

^NGLB'

WX!' Jb@g'

WX!'

WX!g'

^NGLB'

Jb@g'

WX!g'

^NGLB'

\]' Jb@g'

\]'

'

!

@%A:'LG'1A)'-(*!-k=A-//()*!$+'-A!LRSCfa!Gi1_\"YC2E!$*0!PjCDgRRC!'A-$'7-*'O!'

8,-!$0A-*).)A'(.$%!BCDE:!.-%%/!>-A-!'A-$'-0!>(',!LRSCf!^SR!|<`a!Gi1_\"YC2E!^S!|<`!)A!PjCDgRRC!^SR!|<`!

+)A! Cg! ,)&A/s! "M;! ^SRR! *I47%`! >$/! $00-0! S! ,)&A! $+'-A! ',-! 'A-$'7-*'! >(',! ',-/-! (*,(@(')A/O! 1A)'-(*!

-k=A-//()*!>$/!$//-//-0!(*!.-%%!%?/$'-/!&/(*I!Z-/'-A*!\%)'O!M51FB!>$/!&/-0!$/!$!,)&/-_6--=(*I!I-*-!e!;G!

A-+-A/! ')! +(A/'!7-7@A$*-!=A)@-0! +)A!=,)/=,)_/=-.(+(.!$*'(@)0(-/a!;L! A-+-A/! ')!/-.)*0!7-7@A$*-!=A)@-0!

+)A!')'$%!$*'(@)0(-/O!8,-!-k=-A(7-*'!>$/!A-=-$'-0!',A--!'(7-/!^>a!Za!U`O!K&77$A?!'$@%-!(*.%&0-/!.)%%-.'(#-!

0$'$!+)A!',)/-!',A--!A-=-$'/a!-k=A-//-0!$/!*)A7$%(/-0!#$%&-/!^)A(I(*$%!A-/&%'/!*)A7$%(/-0!')!,)&/-6--=(*I!

I-*-!$*0!',-*!')!.)*'A)%`!$*0!=4'!A$'()!^',-!#$%&-!+)A!',-!=,)/=,)_/=-.(+(.!$*'(@)0?!0(#(0-0!@?!',-!#$%&-!+)A!

',-!')'$%!$*'(@)0?`!^-`O!!

!

!

!
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5. Discussion 

5.1. Mitotane effects in H295R cells 

!

GF(! 9,(3(2/! 3/)7-! 1.250,E(7! /F(! +2/0'9,.405(,+/0S(! (55(1/! .5! E0/./+2(! 02! /F(!

+7,(2.1.,/01+4! 1+,102.E+!HWbUM! 1(44! 402(I! )3028! /F(!M(3+a),02! 1(44! S0+6040/-! +33+-c!

GF(! (55(1/!O+3! 7.3('! +27! 1(44! 7(230/-'7(9(27(2/! :'()$% B=c! GF(! 140201+4! /F(,+9()/01!

O027.O!:6+3(7!.2!E0/./+2(!64..7!4(S(43!02!9+/0(2/3=!40(3!6(/O((2!&"!+27!WL!E8V`I!

1.,,(39.27028! /.!"]cDUPfWcU!�Ac!GF(3(!7.3(3! 1+)3(7!1.E94(/(! 1-/./.R010/-! 02! /F(!

HWbUM!1(443!02!/F(!+9940(7!1.270/0.23c!

GF(!#BUL!S+4)(3!5.,!E0/./+2(!.63(,S(7!6-!./F(,!,(3(+,1F!/(+E3!5.,!HWbUM!1(443!

,+28(!5,.E!+3! 4.O!+3!&Lcf!�A!sW]tI!&d!�A!sWDtI!WWcd!�A!sW&tI!W"!�A!s]LtI! /.!(S(2!

]LcfW!�A!sWWtc!GF(!,(+3.2!5.,!/F(!7(31,06(7!39,(+7!9,.6+64-!40(3!02!/F(!7055(,(21(3!

02! (R9(,0E(2/! 1.270/0.23I! +E.28! ./F(,3Z! 7055(,(2/! E(/F.73! .5! 1-/./.R010/-!

+33(33E(2/I!7(230/-!.5!3((7(7!1(443I!8,.O/F!9(,0.7!9,0.,!/.!/F(!/,(+/E(2/I!/,(+/E(2/!

7),+/0.2I!+27!1(44!1)4/),(!1.270/0.23c!GF(!E0/./+2(!#BUL!S+4)(!.6/+02(7!02!/F03!3/)7-!

O+3! &WcUD! �A! :+/! W"! F.),3! .5! /,(+/E(2/=I! 4-028! 02! /F(! 4.O(,! (27! .5! /F(! ,+28(!

7(31,06(7!02!/F(!40/(,+/),(c!;/!E+-!6(!6+3(7!.2!/F(!5+1/!/F+/!/F(!(3/+6403F(7!.9/0E+4!

1.270/0.23!,(Y)0,(7!3((7028!,(4+/0S(4-! 4.O!+E.)2/!.5!1(443!:+/! /F(!7(230/-!.5!UILLL!

1(443V&LL!�4=I!3F.,/!9,('/,(+/E(2/!8,.O/F!/0E(!:W"!F.),3=!+27!3F.,/!/,(+/E(2/!/0E(!

:W"! F.),3=! 02! 1.E9+,03.2! /.! 1.270/0.23! +9940(7! 02! +6.S(E(2/0.2(7! 3/)70(3c! >!

2)E6(,! .5! ./F(,! ,(9.,/3! 7(31,06(! E0/./+2(! (55010(21-! 02! ,(7)1028! HWbUM! 1(44!

9,.405(,+/0.2!O0/F.)/!(3/+6403F028!/F(!#BUL!S+4)(!sW"'Wftc!

GF(!M(3+a),02!1(44!S0+6040/-!+33+-!E(+3),(3!30E94-!/F(!,(7)1028!1+9+10/-!.5!/F(!

E(/+6.401+44-! +1/0S(! 40S028! 1(443I! /F(2! (R9,(33(7! +3! S0+6040/-V1-/./.R010/-I! +27! 7.(3!

2./! (2+64(! /.! 02S(3/08+/(! /F(! )27(,4-028! E(1F+203E3! .5! 1(44! 7+E+8(c! H(21(I! /F(!

+9.9/.303! :9,.8,+EE(7! 1(44! 7(+/F=! +33+-!O+3! 9(,5.,E(7! /.! (2F+21(! /F(! 901/),(c!

GF(!/0E(',(39.23(!(R9(,0E(2/3!3F.O(7!/F+/!/F(!9(+*I!+4E.3/!]cU'5.47!+1/0S+/0.2!.5!

/F(!1+39+3(']'40*(!+1/0S0/-!O+3!.63(,S(7!+2!F.),!+5/(,!/F(!E0/./+2(!/,(+/E(2/!+27!

/F(2! 7(1,(+3(7! O0/F! /0E(! :'()$% &?=c! GF.)8F! E)1F! 4(33! 9,.2.)21(7I! /F(! &cf'5.47!

021,(+3(! O+3! 3/044! .63(,S(7! W"! F.),3! +5/(,! /F(! /,(+/E(2/c! GF(! E0/./+2('027)1(7!

3F+,9!021,(+3(!02!/F(!1+39+3(']'40*(!+1/0S0/-!.11),,(7!9,.E9/4-!+5/(,!/F(!7(40S(,-!.5!
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/F(!/,(+/E(2/!+27!/F(2!,(3.4S(7!.S(,!/0E(c!;/!3)88(3/3!/F+/!1(443!.S(,1.E(!E0/./+2(!

(55(1/!+/!/F(!1.3/!.5!7(1,(+3(7!1(44!S0+6040/-V,(7)1028!1+9+10/-!:+3!E(+3),(7!6-!/F(!

M(3+a),02!+33+-=!.,!+! ,(S(,3064(!7(4+-! 02![W'9F+3(! :+3!.63(,S(7!6-!K/0840+2.!(/! +4c!

sWUt=c!!

A0/./+2(!021,(+3(7!/F(!1+39+3(']'40*(!+1/0S0/-!02!7.3('7(9(27(2/!E+22(,!O0/F!+!

3F+,9!021,(E(2/!6(/O((2!/F(!1.21(2/,+/0.2!.5!WL!+27!WU!�A!5,.E!.S(,!WcU'5.47!/.!

+4E.3/! dcU'5.47! 021,(+3(I! ,(39(1/0S(4-! :'()$% &>=c! `(FE+22! (/! +4c! .63(,S(7! 30E04+,!

E.7(! .5! ,(39.23(!O0/F! 2.! 7(/(1/+64(! 1F+28(3! 5.,! 4.O(,! 1.21(2/,+/0.23! :Lcf! P! UL!

�A=!+27!3F+,9!W'!/.!WcU'5.47!021,(+3(!02!1+39+3(']VD!+1/0S0/-!5.,!F08F(,!7.3(3!:fWcU!

�A!+27!&LL!�A=!sW"tc!;/!02701+/(3!/F+/!/F(,(!03!+!/F,(3F.47!1.21(2/,+/0.2!.5!E0/./+2(!

.S(,! OF01F! /F(! 1+39+3(! +1/0S+/0.2! 03! 3F+,94-! 021,(+3(7c! GF(! 7031,(9+21-! 02! /F(!

(55(1/0S(! 7.3(3!E+-! 6(! ,(4+/(7!O0/F! /F(! 5+1/! /F+/! `(FE+22! (/! +4c! .6/+02(7! F+,74-!

WLr!1-/./.R010/-!O0/F!WL!�A!E0/./+2(!02!/F(!1(44!S0+6040/-!+33+-!:1.E9+,(!O0/F!#BUL!

S+4)(3! ,(9.,/(7!6-!./F(,!8,.)93!3)EE+,0a(7!+6.S(=I! 02701+/028! /F+/! 02!1.270/0.23!

/F(-!)3(7!HWbUM!1(443!E+2+8(7!/.!3),S0S(!F08F(,!7.3(3!.5!E0/./+2(c!

;2/(,(3/0284-I!E0/./+2(!707!2./!30820501+2/4-!+55(1/! /F(!9,./(02!1.21(2/,+/0.2!+/!

4.O(,!7.3(3I!.24-!+/!/F(!7.3(!.5!WU!�A!)9.2!/F(!3F.,/'/(,E!"'F.),!/,(+/E(2/c!;/!E+-!

3)88(3/! /F+/! 3F.,/'/(,E! /,(+/E(2/! O0/F! 4.O(,! 7.3(3! .5! E0/./+2(! 4(+7! /.! /F(!

+9.9/.303! 020/0+/0.2I!6)/!7.!2./!1+)3(!(R/(230S(!1(44!7(+/Fc! ;/! 03! 02!+11.,7+21(!O0/F!

/F(! 1-/.54).,0E(/,01! +2+4-303!.5! +9.9/./01! (S(2/3! 02! /F(!HWbUM!1(443!9(,5.,E(7!6-!

%.40!(/!+4cI!7(E.23/,+/028!/F+/!4.O(,!7.3(3!.5!E0/./+2(!,(3)4/!02!021,(+3(7!2)E6(,!.5!

40S(! +9.9/./01! 1(443I! OF04(! F08F(,! 1.21(2/,+/0.2! 021,(+3(3! /F(! 5,+1/0.2! .5! 7(+7!

+9.9/./01! 1(443! sWDtc! ;/! 3)99.,/3! /F(! F-9./F(303! /F+/! +/! 39(10501! 7.3(3! E0/./+2(!

7(1,(+3(3! 1(44! S0+6040/-V,(7)1028! 1+9+10/-! .,! 9,.6+64-! 1+)3(3! 1(44! 1-14(! +,,(3/c!

`(FE+22! (/! +4c! 9(,5.,E(7! +! 5.44.O')9! (R9(,0E(2/I! 1F(1*028! 5.,! /-901+4! +9.9/./01!

4+77(,!.5!?C>!6+273!+5/(,!?C>!(4(1/,.9F.,(303h!/F(-!F+S(!2./!.63(,S(7!/F03!3082!.5!

+9.9/.303I!.9(2028!39(1)4+/0.23!/F+/!E0/./+2(!E+-!4(+7!/.!1(44!2(1,.303!sW"t!.,!3.'

1+44(7! w+9.2(1,.303xI! 1F+,+1/(,03028!O0/F! +! 1.E602+/0.2! .5! +9.9/./01! +27! 2(1,./01!

5(+/),(3c!%.40!(/!+4c!7(31,06(7!+!,+28(!.5!E0/./+2(!(55(1/3I! 5,.E!027)1/0.2!.5!(S(2/3!

,(4+/(7! /.! (+,4-! :+22(R02! @! (R9.3),(! +/! 94+3E+! E(E6,+2(I! 7,.9! 02! /F(!

E0/.1F.27,0+4! E(E6,+2(! 9./(2/0+4=! +27! 4+/(! :1+39+3(! ]VD! +1/0S+/0.2=! +9.9/.303c!

GF(-! +3! O(44! 3((2! /F+/! 3)6i(1/028! 1(443! /.! F08F4-! /.R01! E0/./+2(! 7.3(3! ,(3)4/3! 02!
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E0R(7! +9.9/./01V2(1,./01! 5(+/),(3! :+9.2(1,.303=! .63(,S(7! 02! 7(+7! 1(443! :2)14(+,!

1F,.E+/02!1.27(23+/0.2I!94+3E+!E(E6,+2(!,)9/),(I!2.2'7(/(1/+64(!E0/.1F.27,0+=!

sWDtc! <),/F(,! 7(/+04(7! 3/)70(3! .2! /0E('7(9(27(2/! E0/./+2(! (55(1/3! +27!

+9.9/./01V2(1,./01!E+,*(,3!E+-!3F(7!408F/!.2!(R+1/!E(1F+203E3!.5!0/3!+1/0.2c!!

!

5.2. In vitro preclinical profiles of everolimus, NVP-BEZ235, 

LY294002, and U0126 

! !

GF(! 9,(3(2/! 3/)7-! 7(E.23/,+/(3! /F+/! (S(,.40E)3! :M>?LL&=I! C@%'$#eW]UI!

`TWb"LLWI! +27! gL&Wf! +,(! (55(1/0S(! +2/0'9,.405(,+/0S(! +8(2/3! 02! +2! +7,(2.1.,/01+4!

1+,102.E+!(2!6(+.$!E.7(4I!/F(!HWbUM!1(44!402(c!<.,!+44!02F060/.,3I!/F(!7.3('7(9(27(2/!

(55(1/!O+3!.63(,S(7!:'()-$% E=&9=c!>3! 02701+/(7! 02!!"#$% ?I! /F(!(55(1/!.5!%;]JVEG\M!

02F060/.,3! O+3! 1(44! 7(230/-'027(9(27(2/! :'()-$% E=&&=I! OF04(! /F(! gL&Wf! (55(1/!

7(9(27(7! .2! 1(44! 7(230/-! :'()$% &9=c!N0/F02! /F03! 9,.i(1/I! 7)(! /.! 40E0/(7! ,(3.),1(3I!

.24-!/F(!(R94.,+/.,-!(R9(,0E(2/3!O(,(!9(,5.,E(7!/.!3((!/F(!(55(1/!.5!39(10501!7.3(3!

.5!3(4(1/(7!02F060/.,3!.2!/F(!1+39+3(']'40*(!+1/0S0/-c!G.!(S+4)+/(!/F03!(55(1/! 02!E.,(!

7(/+04(7!O+-I! +770/0.2+4! (R9(,0E(2/3! 2((7! /.! 6(! 1+,,0(7! .)/! O0/F! +! 5(O! 7055(,(2/!

/,(+/E(2/!,(80E(3!:(c8c!+!2)E6(,!.5!+770/0.2+4!7.3(3I!/,(+/E(2/!7),+/0.2=c!

#S(,.40E)3! :M>?LL&=!9,.S(7! /.!7(1,(+3(! /F(! 1(44! S0+6040/-! .5! /F(!HWbUM! 1(443!

.24-!)9!/.!&U'&fr!+5/(,!DW'F.),!/,(+/E(2/!O0/F!/,(+/E(2/!,(9(+/(7!(S(,-!W"!F.),3c!

GF(!#BUL! S+4)(!O+3!(3/+6403F(7!+/! /F(!7.3(!.5!&UcbU�&L']! �A! :'()$% EC=c!GF(!(55(1/!

O+3!027(9(27(2/!.5!3((7(7!1(44!7(230/-!:'()$%ED=c!#S(,.40E)3!(5501+1-!02!/F(!HWbUM!

1(443!.6/+02(7!6-!./F(,!/(+E3!03!S(,-!S+,0(7!:5.,!3)EE+,-!3((!!"#$%>=c!%(aa+20!(/!+4c!

/(3/(7! 0/! .24-! +/! .2(! 1.21(2/,+/0.2! +4.28! /F(! 3/)7-! .5! .)+6+02! :+! 1+,70./.201!

3/(,.07=c!GF(-!,(9.,/!/F+/!(S(,.40E)3!+/!/F(!7.3(!.5!U!�A!F+7!S0,/)+44-!2.!(55(1/!.2!

1(44!S0+6040/-!DW!F.),3!+5/(,!/,(+/E(2/!s&UUtc!\2!/F(!./F(,!F+27I!./F(,!/(+E3!,(9.,/!

E)1F! F08F(,! (5501+1-c!A+,020(44.! (/! +4c! 9,(3(2/! /F(! 7+/+! 3F.O028! +4E.3/! 1.E94(/(!

1-/./.R010/-! +/! /F(!7.3(!.5!W!�A!+27!#BUL! .5! +99,.R0E+/(4-!Lc"!�A!DW!F.),3! +5/(,!

/,(+/E(2/! s&Uftc! \/F(,! /(+E! )3(7! S(,-! 4.28! /,(+/E(2/! /0E(! .5! f! 7+-3! +27!

1.23(Y)(2/4-! .6/+02(7! (S(2! F08F(,! (5501+1-! O0/F! +4E.3/! 1.E94(/(! 1-/./.R010/-!
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+4,(+7-!+/! /F(!7.3(!.5!Lc&!�A!+27!#BUL!.5!Dcb"�&L']!�A!s&U"tc! ;2! /F(0,!2(R/!9+9(,I!

/F(-!F+S(!/(3/(7!(S(,.40E)3! 02!+2./F(,!3(/!.5!(R9(,0E(2/3I!.6/+02028!+8+02!+4E.3/!

1.E94(/(! 1-/./.R010/-! +/! /F(!7.3(!.5! Lc&!�A!+27!#BUL! .5! WLcbb�&L']! �A! s&UDtc! GF(!

,(+3.23! 6(F027! /F(! 7055(,(21(3! E+-! 6(! 7055(,(2/! E(/F.73! 5.,! 1(44!

S0+6040/-V9,.405(,+/0.2! +33(33E(2/I! (R9(,0E(2/! 1.270/0.23! +27! /,(+/E(2/! ,(80E(3c!

GF(! (3/+6403F(7! .9/0E+4! 1.270/0.23! 02! /F03! 9,.i(1/! ,(Y)0,(7! 3((7028! ,(4+/0S(4-! 4.O!

+E.)2/! .5! 1(443! :+/! /F(! 7(230/-! .5! UILLL! 1(443V&LL! �4=! +27! 3F.,/! 9,('/,(+/E(2/!

8,.O/F! /0E(! :W"! F.),3=c! GF.)8F! /F(! 1.E94(/(! 1-/./.R010/-! O+3! 2./! .6/+02(7I! /F(!

(3/+6403F(7!#BUL!S+4)(!5+443!02!6(/O((2!/F(!.2(3!,(9.,/(7!6-!./F(,!/(+E3c!!

GF(!(S(,.40E)3!7.3(!.5!LcLf!�A!9,.S(7!/.!6(!023)55010(2/!/.!(R(,/!+!30820501+2/!

(55(1/! .2! /F(! 1+39+3(']'40*(! +1/0S0/-! 02! /F(! HWbUM! 1(443I! /F.)8F! 0/! 3408F/4-! :2.2'

30820501+2/4-=!7(1,(+3(7!9,./(02! 1.2/(2/! :'()$% &A=c!A+,020(44.! (/! +4c! 02S(3/08+/(7!+3!

O(44!(S(,.40E)3!(55(1/!+/!/F(!7.3(!.5!b!�A!.2!+9.9/.303I!4+6(44028!1(443!5.,!+22(R02!@'

<;GB! +27! 9,.9070)E! 0.707(! :%;=! +27! 3((2! 2.! 021,(+3(! 02! +9.9/.303! s&Uftc! ;2! /F(!

S0+6040/-! (R9(,0E(2/3! :/F(! M(3+a),02! +33+-=! 02! /F03! 9,.i(1/I! /F(! 7.3(! .5! LcLf! �A!

30820501+2/4-! ,(7)1(7! 1(44! S0+6040/-! 6-! +99,.R0E+/(4-! &Wrc! GF(! 1.270/0.23! :1(44!

7(230/-I!1)4/),(!S(33(43I!+33+-!,(3.4)/0.2=!O(,(!7055(,(2/I!6)/!0/!E+-!3)88(3/!/F+/I!+3!

/F(! (S(,.40E)3! +1/0S0/-! O+3! 3F.O2! /.! 6(! 1(44! 7(230/-'027(9(27(2/I! /F(! (55(1/! .5!

(S(,.40E)3!03!E.,(!1-/.3/+/01!/F+2!1-/./.R01c!

!

2"9:'Q!H)%%-.'(#-!A-/&%'/!+)A!0)/-_!$*0!.-%%!0-*/('?_A-/=)*/-O!

"#-A)%(7&/! ^:5FRRS`a!Gi1_\"YC2Ea! PjCDgRRCa!LRSCfa! $*0!7(')'$*-!>-A-! '-/'-0! (*! ',-! $0A-*).)A'(.$%!

.$A.(*)7$!BCDE:!.-%%! %(*-a!&/(*I! ',-!:-/$V&A(*!.-%%! #($@(%('?!$//$?O!;)A!0)/-_A-/=)*/-!-k=-A(7-*'/a! ',-'

JUQN' #$%&-' ^,$%+! 7$k(7$%! -++-.'(#-! .)*.-*'A$'()*`! (*0(.$'-/! ',-! .)*.-*'A$'()*! )+! $! '-/'-0! .)7=)&*0a!

>,(.,! .$&/-/! $! A-/=)*/-! ,$%+>$?! @-'>--*! ',-! @$/-%(*-! $*0! 7$k(7&7! A-/=)*/-O! ;)A! .-%%! 0-*/('?_

A-/=)*/-a! ',-!1
2
! #$%&-! ^',-! .)-++(.(-*'! )+! 0-'-A7(*$'()*`! l&$*'(+(-/! I))0*-//! )+! +('! $*0! (*0(.$'-/! ',-!

.)AA-%$'()*s!',-!,(I,-A!',-!1
2
!#$%&-a!',-!/'A)*I-A!',-!.)AA-%$'()*O!\$/-0!)*!@%A+:'FYGLO!

!

U.;5.#&8' !1.04%&D+E'8%14/0$*'%&3%9%048' JUQN'DhME' =L'

J641.$%;#+'D=>-NNGE' 789:! SEODExSR
_2
! RORE!

WX!YZJ[L?Q'DZJ[L?QE' 1J23a!789:! COgC! ROS2!

\]LIPNNL' 1J23! ShOC2! ROSg!

^NGLB' <"3S4C! SEOgS! ROfC!

M%0.0"&4' G45! SCOEh! ROC2!
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!

2"9:'B!"++-.'/!)+!/-%-.'-0!1J234789:!$*0!<"3S4C!(*,(@(')A/!(*!BCDE:!.-%%!%(*-O!

!

=45.1048'4OO4/0+' =4O:'

J641.$%;#+'D=>-NNGE'

;2T='%&3%9%0.1!

• 0-.A-$/-0!.-%%!=A)%(+-A$'()*a!

• (*,(@('-0!IA)>',!)+!BCDE:!k-*)IA$+'/O!
mSEgn!

• /(*I%-! 0)/-! '-/'-0! ^E! |<`! e! (*.A-$/-0! .-%%! #($@(%('?! ^Cg! ,)&A/`a! *)! -++-.'! )*! .-%%!

#($@(%('?!^hC!,)&A/`a!

• 0-.A-$/-0!=_=hRKf3!%-#-%/O!

mSEEn!

• 0-.A-$/-0!.-%%!#($@(%('?a!

• 0-.A$/-0! =,)/=,)_=hRKf3a! /%(I,'%?! A-0&.-0! =,)/=,)_56'! %-#-%/a! *)! -++-.'! )*!

=,)/=,)_":3!%-#-%/a!

• *)!.,$*I-/!(*!.-%%!.?.%-!/'$I-a!

• *)!/(I*(+(.$*'!(*.A-$/-!(*!$=)=')/(/a!

• *)!-++-.'!)*!BCDE:!k-*)IA$+'/O!

mSEfn!

'

WX!YZJ[L?Q'

8#"$'!H?R'"&8';2T='%&3%9%0.1!

• 0-.A-$/-0!.-%%!=A)%(+-A$'()*a!

• (*.A-$/-0!=,)/=,)_":3!%-#-%/a!0-.A-$/-0!=,)/=,)_56'!$*0!=,)/=,)_Kf!%-#-%/a!

• (*.A-$/-0! ',-! =-A.-*'$I-! )+! /&@MS! ^$=)=')'(.`! .-%%/a! A-0&.-0! ',-! =-A.-*'$I-! )+!

.-%%/!(*!',-!MR4MSa!K!$*0!MC4<!=,$/-/!)+!',-!.-%%!.?.%-a!

• (*,(@('-0!IA)>',!)+!BCDE:!k-*)IA$+'/O!

mSEhn!

'

\]LIPNNL'

!H?R'%&3%9%0.1!

• /(*I%-!0)/-!'-/'-0!^CR!|<`!e!*)!-++-.'!)*!.-%%!=A)%(+-A$'()*a!

• 0-.A-$/-0!',-!8FM;_S_7-0($'-0!(*.A-$/-!(*!$%0)/'-A)*-!/-.A-'()*O!
mSEqn!

• 0-.A-$/-0!=,)/=,)_56'!%-#-%/O! mSEDn!

^NGLB'

MJRGSL'%&3%9%0.1!

• 0-.A-$/-0! $*I()'-*/(*! JJ_! $*0! \<1_f_(*0&.-0! $%0)/'-A)*-! =A)0&.'()*a! *)! -++-.'!

)*!$.'(#(*_(*0&.-0!$%0)/'-A)*-!=A)0&.'()*O'
mSqhn!

• 0-.A-$/-0!I%?.)k(0(V-0!%(=)=A)'-(*_7-0($'-0!$0A-*$%!/'-A)(0!/-.A-'()*O! mSqqn!
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!

• 0-.A-$/-0!*$'(#-a!I%?.)k(0(V-0!$*0!)k(0(V-0!iPFP_7-0($'-0!$0A-*).)A'(.$%!/'-A)(0!

/-.A-'()*a!

• 0-.A-$/-0!"#$%%&+!7:G5!%-#-%/!(*!A-/=)*/-!')!*$'(#-a!I%?.)k(0(V-0!$*0!)k(0(V-0!

iPFPa!

• (*,(@('!iPFP_(*0&.-0!=,)/=,)A?%$'()*!)+!":3S4CO!

mSqDn!

• (*,(@('!$*I()'-*/(*!JJ_(*0&.-0!=,)/=,)A?%$'()*!)+!":3a!

• 0-.A-$/-0!$*I()'-*/(*!JJ_(*0&.-0!$%0)/'-A)*-!=A)0&.'()*a!*)!-++-.'!)*!3_(*0&.-0!

$%0)/'-A)*-!=A)0&.'()*a!

• (*,(@('-0!\<1_f_(*0&.-0!"#$%%&+!'A$*/.A(='()*$%!A-I&%$'()*a!*)!-++-.'!)*!\<1_f_

(*0&.-0!K7$0S4E4q!/(I*$%!$.'(#$'()*O!

mSDRn!

!

GF,((! +6.S('E(2/0.2(7! 8,.)93! 1.E9+,(7! /F(! (55(1/! .5! (S(,.40E)3! +43.! 5.,!

+2./F(,! +7,(2.1.,/01+4! 1(44! 402(! KN&]I! OF01F! 02! +44! 1+3(3! 9,.S(7! /.! 6(! E.,(!

3(230/0S(!/.!(S(,.40E)3!s&U"'&Uftc!GF(!2(R/!3/(9!.5!(S(,.40E)3!(S+4)+/0.2!O.)47!6(!

/(3/028! 0/3!(5501+1-! 02! 02F060/028! /)E.),!8,.O/F! (2!6(6$! 02!R(2.8,+5/!E.)3(!E.7(43c!

GO.!.5!/F(!+6.S('E(2/0.2(7!,(9.,/3!1.S(,(7!+3!O(44!/F(3(!(R9(,0E(2/3I!02701+/028!

(0/F(,!(55(1/0S(2(33!s&U"t!.,!2.!(55(1/!.2!/F(!HWbUM!R(2.8,+5/3!s&Uftc!

C@%'$#eW]U! 9,.S(7! /.! 6(! +! S(,-! 9./(2/! 02F060/.,! .5! 1(44! 9,.405(,+/0.2! 02! /F(!

+7,(2.1.,/01+4!HWbUM! 1(443!O0/F! 4.O'E01,.E.4+,! #BUL! .5! Wc"W! �A! :'()$% &FC=c! GF(!

(55(1/! O+3! 027(9(27(2/! .5! 3((7(7! 1(44! 7(230/-! :'()$% &FD=c! \2(! ./F(,! ,(9.,/!

02S(3/08+/(7!C@%'$#eW]U!(5501+1-!02!/F(!HWbUM!1(443!O0/F!#BUL!.5!&bcb�&L']!�A!)9.2!

f! 7+-3! :5.,! 3)EE+,-! 3((!!"#% >=! s&UDtc! GF03! 8,.)9! ,(9.,/(7! +3!O(44! 027)1/0.2! .5!

+9.9/.303! :021,(+3(! 02!3)6[&! :+9.9/./01=!1(443=!+27! 02F060/0.2!.5! /)E.),!8,.O/F! 02!

HWbUM!R(2.8,+5/3! s&UDtc!C@%'$#eW]U!+/! /F(!7.3(!.5!LcL&!�A!707!2./! 30820501+2/4-!

+55(1/!1+39+3(']'40*(!+1/0S0/-!02!/F(!HWbUM!1(443I!/F.)8F!0/!3408F/4-!:2.2'30820501+2/4-=!

7(1,(+3(7!9,./(02!1.2/(2/I!02!+11.,7+21(!O0/F!1(44!S0+6040/-!,(3)4/3!:'()$%&A=c!!

`TWb"LLW!9,.S(7!/.!7(1,(+3(!/F(!1(44!S0+6040/-!.5!HWbUM!O0/F!#BUL!(3/+6403F(7!

+/! /F(! 7.3(! .5! &DcW]! �A! +5/(,! DW'F.),! /,(+/E(2/! :'()$% &&C=c! GF(! (55(1/! O+3!

027(9(27(2/! .5! 3((7(7! 1(44! 7(230/-! :'()$% &&D=c! g9! /.! 2.OI! /F(,(! +,(! 2.! ,(9.,/3!

7(31,06028! 02! 7(/+04! /F(! (55(1/! .5! `TWb"LLW! .2! /F(! HWbUM! 1(44! 9,.405(,+/0.2! .,!

+9.9/.303c! GO.! ,(9.,/3! 1.21(2/,+/028! .2! 3/(,.07.8(2(303! 7(31,06(7! 0/3! (55(1/! .2!

3/(,.07!9,.7)1/0.2!+27!,(4+/(7!(S(2/3!02!/F(!HWbUM!1(44!402(!:5.,!3)EE+,-!3((!!"#%
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!

>=!s&UdI!&Ubtc!\2(!.5!/F(E!02701+/(3!/F+/!`TWb"LLW!+/!+!30284(!7.3(!.5!WL!�A!7.(3!

2./! +55(1/! /F(! 1(44! 9,.405(,+/0.2! DW! F.),3! +5/(,! /,(+/E(2/! s&Udtc! `TWb"LLW! +/! /F(!

7.3(!.5!&!�A!707!2./!30820501+2/4-!+55(1/!1+39+3(']'40*(!+1/0S0/-! 02! /F(!HWbUM!1(443h!

/F.)8F!0/!3408F/4-I!2.2'30820501+2/4-!021,(+3(7!9,./(02!1.2/(2/!:'()$%&A=c!K0E04+,4-!/.!

(S(,.40E)3I!1.E9+,028!/F03!,(3)4/!O0/F!S0+6040/-!+33+-!,(3)4/3I! 0/!E+-!6(!1.214)7(7!

/F+/!+/!/F03!7.3(!/F(!(55(1/!.5!`TWb"LLW!03!E.,(!1-/.3/+/01I!/F+2!1-/./.R01c!!

gL&Wf!9,.S(7!/.!02F060/!/F(!1(44!S0+6040/-!.5!HWbUM!02!+!7.3('!+27!1(44!7(230/-'

7(9(27(2/! E+22(,! O0/F! #BUL! (3/+6403F(7! +/! /F(! 7.3(! .5! &Uc"&! �A! +5/(,! DW'F.),!

30284(! /,(+/E(2/! :'()$% &9=c! >! 2)E6(,! .5! ,(9.,/3! 3F.O! /F(! (55(1/! .5! gL&Wf! 02! /F(!

3/(,.07.8(2(303',(4+/(7!3/)70(3!02!/F(!HWbUM!1(443I!6)/!2.2(!7(31,06(3!/F(!(55(1/!.2!

1(44! 9,.405(,+/0.2! :5.,! 3)EE+,-! 3((! !"#% >=! s&dD'&bLtc! gL&Wf! 03! +! 9,.E03028!

1.E9.)27!5.,!/F(!>BB!/,(+/E(2/!.5!(5501+1-!1.E9+,+64(!O0/F!`TWb"LLWI!6)/!+1/028!

02!+!1(44!7(230/-'7(9(27(2/!E+22(,c!GF(!70,(1/0.2!.5!5),/F(,!gL&Wf!9,(140201+4!/,0+43!

3F.)47! 9,.6+64-! 6(! 02S(3/08+/0.2! .5! 1.E602(7! /,(+/E(2/! O0/F! %;]JVEG\M!

02F060/.,3I! 3)1F! +3! (S(,.40E)3! +27!C@%'$#eW]UI! +3! #MJ! 02F060/0.2!E+-! 3-2(,80a(!

O0/F! %;]JVEG\M! 02F060/0.2c! \),! (R94.,+/.,-! (R9(,0E(2/3! 3F.O(7! 9./(2/0+4!

3-2(,803E!.5!3)1F!1.E602+/0.23!02!02F060/028!1(44!9,.405(,+/0.2!:7+/+!2./!3F.O2=!+27!

9,./(02!(R9,(330.2!:'()$%9&=c!

!

5.3. Combination treatment  

!

GF03! 03!+! 50,3/!,(9.,/!3F.O028!+!3-2(,803/01!(55(1/!6(/O((2!3)6.9/0E+4!7.3(3!.5!

(S(,.40E)3! :EG\M! 02F060/.,=! +27! C@%'$#eW]U! :%;]JVEG\M! 02F060/.,=c! GF03!

1.E602+/0.2!/,(+/E(2/!O+3!F08F4-!(55010(2/!02!7(1,(+3028!/F(!+7,(2.1.,/01+4!HWbUM!

1(443!S0+6040/-I!.S(,1.E028!/.!+!F08F!7(8,((!/F(!(5501+1-!.5!/F(!02F060/.,3!+9940(7!+3!

30284(! /,(+/E(2/! :'()$% &*=c! GF03! 1.'/,(+/E(2/! 30820501+2/4-! 7(1,(+3(7! +3! O(44! /F(!

+E.)2/!.5!9,./(02!02!1(44!4-3+/(3I!6)/!707!2./!F+S(!+!30820501+2/!0E9+1/!.2!1+39+3(']'

40*(!+1/0S0/-!:'()$%&A=I!02701+/028!/F+/!0/3!(55(1/!03!F08F4-!1-/./.R01!+27!E+-!6(!6+3(7!

.2! +2! +9.9/./01'027(9(27(2/! E(1F+203Ec! GF.)8F! /F(! +1/0S0/-! .5! /F(! 02F060/.,3!

.S(,4+93!02!+!O+-!:/F(-!6./F!02F060/!EG\M=I!/F(!3.),1(!.5!(2F+21(7!(5501+1-!OF(2!
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!

1.E602(7!E+-!6(!+!,(3)4/!.5!7055(,(2/0+4!E(1F+203E!.5!+1/0.2!.2!EG\Mc!#S(,.40E)3!

5.,E3! +! 1.E94(R! O0/F! 1-14.9F0402! <J$%'&WI! OF01F! /F(2! 02F060/3! EG\MB&! +27!

EG\MBW! 6-! 6027028! /.! /F(EI!OF04(!C@%'$#eW]U! 03! +! 1.E9(/0/.,! 5.,! >G%'6027028!

30/(!.5!EG\M!:+3!O(44!+55(1/028!6./F!EG\MB&!+27!EG\MBW=c!!

>77028!+2./F(,!%;]J!02F060/.,!:`TWb"LLW=!/.!/F03!7.)64(!1.E602+/0.2!,(3)4/(7!

02! .24-! 3408F/4-! E.,(! 7(1,(+3(7! 1(44! S0+6040/-! +27! 0/3! +770/0.2! 707! 2./! -0(47! /F(!

3-2(,803/01! (55(1/c! C(0/F(,! 7.! +2-! 7.)64(! 1.E602+/0.2! O0/F! `TWb"LLW! +27!

(S(,.40E)3!.,!C@%'$#eW]U!-0(47(7!/F(!3-2(,803/01!(55(1/!:'()$%&*=c!H.O(S(,I!OF(2!

02S(3/08+/(7! 5.,! /F(! (55(1/! .2! 1+39+3(']'40*(! +1/0S0/-I! +! 7.)64(! 1.E602+/0.2! .5!

`TWb"LLW! +27! C@%'$#eW]U! 1+)3(7! +! 30820501+2/! 021,(+3(! 02! /F(! 1+39+3(']!

+1/0S+/0.2I!F08F(,!/F+2!5.,!30284(!/,(+/E(2/!O0/F!/F(3(! 02F060/.,3I!OF04(!9,(3(2/028!

E(,(4-!+770/0S(!(55(1/! 02!9,.405(,+/0.2!02F060/0.2c!H(,(I!+770/0.2!.5!(S(,.40E)3!.24-!

3408F/4-! 021,(+3(7! /F+/! (55(1/! .2! 1+39+3(']! +1/0S0/-I! 02701+/028! /F+/! 0/! 03! 9.O(,5)44-!

7,0S(2!5,.E!`TWb"LLW!+27!C@%'$#eW]U!1.'/,(+/E(2/c!`TWb"LLW!+27!C@%'$#eW]U!

+1/!+3!1.E9(/0/.,3!5.,!/F(!>G%'6027028!30/(!.5!%;]JI!OF01F!+1/0S+/0.2!03!0E9.,/+2/!02!

+9.9/.303!02F060/0.2!s&bdtc!>3!O(44I!%;]J'7.O23/,(+E!*02+3(I!>*/!O+3!1.250,E(7!/.!

94+-!9,./(1/0S(! ,.4(! +8+023/! +9.9/.303! s&bbth! /F)3! (55(1/0S(! 02F060/0.2!.5!%;]J!E+-!

(55(1/0S(4-!/,088(,!+9.9/./01!(S(2/3c!

GF(!(R94.,+/0.2!.5!9./(2/0+4!(2F+21(E(2/!.5!E0/./+2(!(5501+1-!O0/F!%;]JVEG\M!

.,!A#J! 02F060/.,3! )25.,/)2+/(4-! 707! 2./! 6,028! +2-! 9.O(,5)4! 9.30/0S(! ,(3)4/3c! GF(!

F08F(3/!9./(2/0+4!.5!3-2(,803/01!(55(1/!F+7!/F(!1.E602+/0.2!.5!E0/./+2(!+27!gL&WfI!

A#J&VW!02F060/.,!:'()$%&8=c!<.,!.),!(R9(,0E(2/+4!1.270/0.23I!/F(!(55(1/!O+3!3408F/4-!

F08F(,!/F+2!+770/0S(I!6)/!gL&Wf!/,(+/E(2/!O+3!2./!30820501+2/4-!021,(+3028!E0/./+2(!

(5501+1-c!H.O(S(,I!+3!O(!+33(33(7!.24-!30284(!7.3(3!.5!6./F!E0/./+2(!+27!gL&Wf!02!

1.E602+/0.2I! 5),/F(,! 3/)70(3! 02S.4S028! +770/0.2+4! .9/0E03+/0.2! +27! (3/+6403F028!

7055(,(2/!7.3028!,(80E(3!E+-!9./(2/0+44-!80S(!9.30/0S(!,(3)4/3c!

!

!

!
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!

5.4. Protein expression after PI3K/mTOR or MEK inhibition  

!

GF(!9,./(02!(R9,(330.2!+2+4-303!1.250,E(7!/.!+!4+,8(!(R/(2/!/F(!(R9(1/(7!(55(1/3!

.5! (S(,.40E)3! :M>?LL&=I! C@%'$#eW]UI! `TWb"LLWI! +27! gL&Wf! .2! /F(!

%;]JV>*/VEG\M!+27!M+3VM+5VA#JV#MJ!9+/FO+-3!:!"#$%AI!3((!'()$%9!5.,!9+/FO+-3!

7(/+043=c!!

GF(! EG\M! 02F060/0.2! :(S(,.40E)3I! C@%'$#eW]U=! (55(1/0S(4-! 64.1*(7! /F(!

9F.39F.,-4+/0.2!.5!9DL!,06.3.E+4!9,./(02!Kf!*02+3(!&!:KfJ&=!+27!0/3!03.5.,E!9dU!+3!

O(44! +3! 7(1,(+3(7! /./+4! 4(S(43! .5! 9DLKfJc! GF(! (55(1/! 9,.S(7! /.! 6(! +3! 9,(701/(7I!

6(1+)3(!9DLKfJ!03!+!70,(1/!9.30/0S(4-!,(8)4+/(7!/+,8(/!.5!EG\Mc!$4.1*028!EG\M!4(7!

+3! O(44! /.! /F(! 021,(+3(7! 9F.39F.,-4+/(7! #MJ! 4(S(43c! GF(! .2(! .5! /F(! 3-2(,80(3!

7(31,06(7! 6(/O((2! %;]JV>*/VEG\M! +27! M+3VM+5VA#JV#MJ! 9+/FO+-3! 03! +/! /F(!

4(S(4! .5! #MJI! OF01FI! +E.28! ./F(,3I! /+,8(/3! /F(! GKB&VW! 1.E94(RI! 4(+7028! /.! 0/3!

703,)9/0.2! +27! /F)3! ,(4(+3028! /F(! EG\M! +1/0S0/-! s&DUtc! H.O(S(,I! .),! ,(3)4/3!

02701+/(!/F+/!/F(,(!03!+2./F(,!1,.33!/+4*!6(/O((2!/F.3(!/O.!9+/FO+-3!O.,*028!02!/F(!

./F(,!70,(1/0.2I!EG\M!02F060/0.2!:(S(,.40E)3I!C@%'$#eW]U=!027)1028!)9',(8)4+/0.2!

.5! #MJ! 9F.39F.,-4+/0.2I! 9.33064-! /F,.)8F! 1.E9(23+/028! E(1F+203Ec! NF04(!

>*/VEG\M!9+/FO+-!03!64.1*(7I! /F(!1.E9(23+/0.2!5.,!1(44)4+,!9,.1(33(3!E+-!1.E(!

5,.E!A#JV#MJ!307(c!!

>2./F(,! E(1F+203E! 02S.4S(7! E+-! 6(! /F(! ,(8)4+/.,-! 1,.33! /+4*! E(1F+203E!

6(/O((2! %;]JV>*/VEG\M! +27! M+3VM+5VA#JV#MJ! 1+31+7(3I! 6+3(7! .2! /F(! M+5!

9F.39F.,-4+/0.2!6-!>*/I!OF01F!4(+73!/.!/F(!02F060/0.2!.5!/F(!4+//(,!9+/FO+-!sWLLtc!>3!

7(31,06(7!6(4.OI!/F(!>*/!02F060/0.2!E+-!,(3)4/!03!,(4(+3028!M+5!/.!0/3!+1/0S(!3/+/(!+27!

+1/0S+/(!/F(!7.O23/,(+E!#MJc!G+*(2!/.8(/F(,I!0/!E+-!E(+2!/F+/!#MJ!02F060/0.2!E+-!

3-2(,80a(!O0/F! (S(,.40E)3! +27!C@%'$#eW]U! +1/0S0/-c! GF03! 1,.33! /+4*! 03! 3)99.,/(7!

O0/F! /F(! ,(3)4/3! .5! 4.28'/(,E! 02F060/0.2! :W"! F.),3=! .5! %;]J! :C@%'$#eW]UI!

`TWb"LLW=! /F+/! 4(7! /.! 021,(+3(! 02! /./+4! #MJ! 4(S(43c! ;/! +3! O(44! 9,(701/+64-! 64.1*3!

9DLKfJ! +27! 9dUKfJ! 9F.39F.,-4+/0.2c! >3! (R9(1/(7I! /F(! 02F060/0.2! .5! /F(!

%;]JV>*/VEG\M! 9+/FO+-! (0/F(,! +/! /F(! %;]J! .,! EG\M! 4(S(4! 02(S0/+64-! 1+)3(3!

(55(1/0S(! ,(3/,+02/! 02! 9DLKfJV9dUKfJ! 9F.39F.,-4+/0.2I! .2(! .5! /F(! 7.O23/,(+E!

/+,8(/3!.5!/F03!9+/FO+-c!
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2"9:'C!H)%%-.'(#-!A-/&%'/!+)A!=A)'-(*!-k=A-//()*O!

8,-! -++-.'! )+! -#-A)%(7&/! ^:5FRRS`a! Gi1_\"YC2Ea! PjCDgRRCa! $*0! LRSCf! )*! =A)'-(*! -k=A-//()*! (*! ',-!

$0A-*).)A'(.$%!.$A.(*)7$!BCDE:!.-%%!%(*-!>$/!$//-//-0!&/(*I!',-!Z-/'-A*!\%)'O!5@@A-#($'()*/N!\2!e!%)*I_

'-A7s!(2!e!/,)A'_'-A7!'A-$'7-*'O!\$/-0!)*!@%A+'GIKLGO!

!

U.;5.#&8'
!1.04%&D+E'8%14/0$*'

%&3%9%048'

JOO4/0+'.&'51.04%&'4d514++%.&'

%&/14"+48' 84/14"+48'

J641.$%;#+'' 789:! =":3
8CRC4jCRg

!

=_=qEKf3
8gSC

!!

=_=hRKf3
82qD

!

'_=hRKf3!

WX!YZJ[L?Q'' 1J23a!789:!

="M;:
jSSh2

!!

'"M;:!

=":3
8CRC4jCRg

!!

'":3!^\2`!

'_=hRKf3!^\2`!

=56'
82Rq

!!

=_=qEKf3
8gSC

!!

=_=hRKf3
82qD

!

'_=hRKf3!^(2`!

\]LIPNNL' 1J23! '":3!

=_789:
KCggq

!!

=_=qEKf3
8gSC

!!

=_=hRKf3
82qD

!

^NGLB' <"3S4C!
'_=hRKf3!

'":3!

=_=hRKf3
82qD

!!

=":3
8CRC4jCRg

!

J641.$%;#+'

g'

WX!YZJ[L?Q'

789:!

t!

1J23a!789:!

="M;:
jSSh2!

=":3
8CRC4jCRg

!

=56'
82Rq

!!

=_=qEKf3
8gSC

!!

=_=hRKf3
82qD

!

'_=hRKf3!

^NGLB'

g'

WX!YZJ[L?Q'

<"3S4C!

t!

1J23a!789:!

_!

="M;:
jSSh2

!!

'"M;:!

=_789:
KCggq

!!

=_=qEKf3
8gSC

!!

=_=hRKf3
82qD

!!

=56'
82Rq

!!

!

K0E)4/+2(.)3! 64.1*028! .5! %;]J! +27! EG\M! :C@%'$#eW]U=! 1+)3(7! 021,(+3(! 02!

#[<M! 4(S(43! :6./F! 9F.39F.,-4+/(7! +27! /./+4=I! 02701+/028! /F+/! 3)1F! 7)+4! 02F060/0.2!

4(+73! /.! +11)E)4+/0.2! .5! +1/0S+/(7! #[<MI! 9.33064-! /F,.)8F! 1.23/,+02028! /F(!

7(8,+7+/0.2! E(1F+203E3c! GF(! (R94.,+/.,-! 7+/+! 1.250,E(7! /F+/! C@%'$#eW]U!

64.1*(7!9,./(02!)60Y)0/02+/0.2I!OF01F!03!+!9,./(02!+4/(,+/0.2I!/+88028!9,./(023!/.!6(!
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!

7(8,+7(7! :'()$% 9F=c! >! 7)+4! %;]J! +27! EG\M! 02F060/.,I! C@%'$#eW]UI! 9,(701/+64-!

7(1,(+3(3! +3! O(44! 9F.39F.,-4+/0.2! .5! >*/I! OF01F! 03! 7.O23/,(+E! .5! %;]J! +27!

EG\MBW! +27! )93/,(+E! .5! EG\MB&c! K)1F! ,(39.23(! E+-! +3! O(44! 02701+/(! /F+/!

02F060/028!/F(!3082+44028!7.O23/,(+E!/.!#[<M!E+-!/),2!.55!/F(!5((76+1*!4..93!/F+/!

.11),!02!+1/0S+/(7!9+/FO+-c!

B.'/,(+/E(2/! O0/F! EG\M! +27! %;]JVEG\M! 02F060/.,3! :(S(,.40E)3I! C@%'

$#eW]U=! ,(3)4/(7! 02! 30E04+,! (55(1/3! /.! /F.3(! .5! /F(! 1.E9.)273! +1/028! +4.2(c! ;/!

7(1,(+3(7!9F.39F.,-4+/0.2!.5!>*/I!9DLKfJ!+27!9dUKfJ!+27!7(1,(+3(7!/./+4!4(S(43!.5!

9DLKfJc!GF(!9.30/0S(!(55(1/3!.5!/F03!1.'/,(+/E(2/!.2!#[<M!+27!#MJ!9F.39F.,-4+/0.2!

O(,(! .63(,S(7c! ;/! O+3! ,(9.,/(7! /F+/! /F(! HWbUM! 1(44! 402(! 9,(3(2/3! 021,(+3(7!

(R9,(330.2! .5! >*/! s&UUtI! EG\MI! +27! ,+9/.,! s&U"tI! OF01F! 03! 02! +11.,7+21(! O0/F!

3/)70(3! 1.E9+,028! >BG3! /.! >BB3! sdLI! &U"I! &fft! :+3! 3)EE+,03(7! 02! 1F+9/(,% &$8$9%

%;]JV>*/VEG\M!9+/FO+-!+4/(,+/0.23!02!>BB=c!G+*(2!/.8(/F(,!O0/F!F08F!(5501+1-!.5!

/F(! (S(,.40E)3! +27!C@%'$#eW]U! 1.E602+/0.2! .63(,S(7! 02! 1(44! S0+6040/-! 3/)70(3I! 0/!

E+-!6(!)3(5)4!02!3)88(3/028!94+)3064(!(R94+2+/0.2!5.,!3)1F!3-2(,803Ec!>3!E(2/0.2(7!

+6.S(I! (S(,.40E)3! +27! C@%'$#eW]U! 3F.O! 7055(,(2/! E.7(3! .5! EG\M! 02F060/0.2I!

94+)3064-! E+*028! /F(E! E.,(! (55(1/0S(! OF(2! 1.E602(7c! GF(! HWbUM! +,(! E.,(!

3(230/0S(! /.! /F03! 1.E602+/0.2! /,(+/E(2/! 7)(! /.! 021,(+3(! (R9,(330.2! .5! >*/! +27!

EG\MI!OF01F!+,(!(55(1/0S(4-!70,(1/4-!+27!0270,(1/4-!02F060/(7c!!

GF(! A#J&VW! 02F060/0.2! :gL&Wf=! (R(,/(7! +2! 02/(,(3/028! (55(1/! .2! 9,./(02!

(R9,(330.2I! 7(1,(+3028! 9F.39F.,-4+/0.2! .5! 9DLKfJ! +27! #MJI! 6)/! 021,(+3028! /F(0,!

/./+4! 4(S(43! :'()$% 9&=c! ;/! O+3! 3F.O2! /F+/! M+3VM+5VA#JV#MJ! 9+/FO+-! 03! .S(,'

+1/0S+/(7! 02!>BB3! s&DdI! &Dbt! :+3! 3)EE+,03(7! 02! 1F+9/(,!&$*$9%M+3VM+5VA#JV#MJ!

9+/FO+-!+4/(,+/0.23!02!>BB=c!>3! 0/!E+-!6(!/F(!1+3(!.5!/F(!HWbUM!1(443!+3!O(44I! /F+/!

1.)47! 6(! /F(! ,(+3.2! 5.,! F08F! (5501+1-! .5!A#J! 02F060/.,I! gL&Wfc! B.'/,(+/E(2/!O0/F!

gL&Wf!+27!%;]JVEG\M! 02F060/.,! :C@%'$#eW]U=! ,(3)4/(7! 02! +! ,.6)3/! 02F060/0.2!.5!

9F.39F.,-4+/0.2! .5! >*/I! EG\MI! 9DLKfJ! +27! 9dUKfJ! +3! O(44! +3! 7(1,(+3(! 02! 6./F!

9F.39F.'! +27! /./+4! #[<M! 4(S(43c! >3! 02701+/(7! +6.S(I! /F(! #MJ! 02F060/0.2! E+-!

3-2(,80a(!O0/F! (S(,.40E)3! +27! C@%'$#eW]U! +1/0S0/-I! 0/!E+-! 6(!O.,/F! 7(S(4.9028!

5),/F(,! /F(! 3/)70(3! .2! 1.E602(7! /,(+/E(2/!O0/F! /F(3(!%;]JVEG\M! 02F060/.,3! +27!

A#JV#MJ!02F060/.,3I!3)1F!+3!gL&Wfc!
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!

B.E9+,028! /.! /F(! 40/(,+/),(! ,(9.,/028! (55(1/! .5! /F(3(! 02F060/.,3! .2! 9,./(02!

(R9,(330.2! 02! /F(! HWbUM! 1(443I! /F(! .63(,S+/0.23! +,(! 30E04+,! /.! +! 8,(+/! (R/(2/c!

#S(,.40E)3! O+3! ,(9.,/(7! /.! 02F060/! 9F.39F.,-4+/0.2! .5! 9DLKfJ! s&UUI! &Uft! +27I!

3408F/4-I!.5!>*/!O0/F!2.!(55(1/!.2!9F.39F.'#MJ!s&Uftc!?.8FE+2!(/!+4c!7(31,06(7!C@%'

$#eW]U!3F.O028! /F+/! 0/!64.1*3!9DLKfJ!+27!>*/!9F.39F.,-4+/0.2I!OF04(! 021,(+3028!

#MJ!9F.39F.,-4+/0.2!s&UDtc!`TWb"LLW!7(1,(+3(7!9F.39F.'>*/!4(S(43!s&Ubtc!gL&Wf!

02F060/(7!#MJ!9F.39F.,-4+/0.2!s&dbI!&bLtc!

!

5.5. Potential future directions 

!

GF(! 9,(3(2/(7! ,(3)4/3! (3/+6403F(7! +! 8..7! 6+303! 5.,! 5),/F(,! ,(3(+,1F!

02S(3/08+/028! 2.S(4! /F(,+9()/01! .9/0.23! 5.,! /F(! +7,(2.1.,/01+4! 1+,102.E+c! `0E0/(7!

.9/0.23! +S+04+64(! 1),,(2/4-! 7,0S(! +2! ),8(2/! 140201+4! 2((7! 5.,! 7055(,(2/! +99,.+1F(3c!

GF(! 1)3/.E0a(7! /F(,+9-! +0E028! +/! /F(! 1.E9.2(2/3! .5! %;]JV>*/VEG\M! +27!

M+3VM+5VA#JV#MJ!9+/FO+-3!9,(3(2/3!8,(+/!9./(2/0+4! 02!+7,(2.1.,/01+4!1+,102.E+!

/,(+/E(2/c!>!2)E6(,!.5! /F(0,! 1.E9.2(2/3! +,(! +4/(,(7! 02!>BBc!\),! ,(3)4/3! 02701+/(!

/F+/! (S(,.40E)3! +27! C@%'$#eW]U! +,(! /F(! E.3/! 9,.E03028! 1.E602+/0.2! /F(,+9-!

9+,/2(,3c! <),/F(,! 3/)70(3! 02! (2! 6(6$! E.7(43! O.)47! 6(! 6(2(5010+4! /.! 9,.S(! /F(!

3-2(,803E!.63(,S(7!02!(2!6(+.$!3/)70(3c!

A.,(.S(,I!/F(3(!,(3)4/3!9,.S07(!+!2)E6(,!.5!14)(3!.2!/F(!E(1F+203E!.5!+1/0.2!

.5!/(3/(7!1.E9.)273!+27!/F(0,!02/(,+1/0.23c!>770/0.2+4!3/)70(3!E+-!6(!2(1(33+,-!/.!

(2F+21(! )27(,3/+27028! .5! /F(! 9,(103(! E(1F+203E3! +27! 02/(,+1/0.23! 6(/O((2!

%;]JVEG\M!+27!A#J!02F060/.,3c!

!

!

!  
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6. Conclusions 

!

&= GF03!03!/F(!50,3/!,(9.,/!3F.O028!+!3-2(,803/01!(55(1/!6(/O((2!3)6.9/0E+4!7.3(3!.5!

(S(,.40E)3!:EG\M!02F060/.,=!+27!C@%'$#eW]U!:%;]JVEG\M!02F060/.,=I!OF01F!03!

/F(!E.3/!9,.E03028!1.E602+/0.2!5.,!5),/F(,!3/)70(3!/F+/!O+3!02S(3/08+/(7!O0/F02!

/F03!9,.i(1/c!!

W= #S(,.40E)3! :EG\M! 02F060/.,=I!C@%'$#eW]U! :%;]JVEG\M! 02F060/.,=I! `TWb"LLW!

:%;]J!02F060/.,=I!+27!gL&Wf!:A#J!02F060/.,=!+,(!9./(2/!+2/0'9,.405(,+/0S(!+8(2/3!

02!+2!+7,(2.1.,/01+4!1+,102.E+!(2!6(+.$!E.7(4I!/F(!HWbUM!1(44!402(I!+44!+1/028!02!+!

7.3('7(9(27(2/! E+22(,c! ;/! 03! /F(! 50,3/! ,(9.,/! .5! /F03! *027! 5.,! `TWb"LLW! +27!

gL&Wfc!>44!/(3/(7!1.E9.)273!3F.O!9./(2/0+4!5.,!5),/F(,!(2!6(6$!3/)70(3c!

]= >9.9/./01! 3/)70(3! O0/F02! /F03! 9,.i(1/! :1+39+3(']'40*(! +1/0S0/-=! 3F.O2! /F+/! 1.'

/,(+/E(2/! O0/F! 7)+4! %;]JVEG\M! :C@%'$#eW]U=! +27! %;]J! :`TWb"LLW=!

02F060/.,3! 7,0S(3! 30820501+2/! 021,(+3(! 02! 1+39+3(']'40*(! +1/0S0/-I! 3)88(3/028!

3-2(,803E!O0/F!,(8+,73!/.!/F03!(55(1/I!6)/!2./!.2!1(44!S0+6040/-c!<),/F(,!+2+4-3(3!

O.)47!6(!2(1(33+,-!/.!(4)107+/(!/F(!(R+1/!E(1F+203E!.5!1+39+3(']!+1/0S+/0.2!6-!

/F(3(!1.E9.)273c!!

"= %,./(02!(R9,(330.2!+2+4-3(3!02701+/(7!/F+/!/F(,(!E+-!6(!+!2./!-(/!,(9.,/(7!1,.33!

/+4*! 6(/O((2! %;]JV>*/VEG\M! +27! M+3VM+5VA#JV#MJ! 9+/FO+-I! 6+3(7! .2! /F(!

)9',(8)4+/0.2!.5!#MJ!9F.39F.,-4+/0.2!)9.2!EG\M!02F060/0.2c!GF(!1.'/,(+/E(2/!

.5! gL&Wf! +27! C@%'$#eW]U!O+3!E.3/! 9,.E03028!O0/F! ,(8+,73! /.! 02F060/0.2! .5!

9,./(02!(R9,(330.2c!>3!/F(!#MJ!02F060/0.2!E+-!3-2(,80a(!O0/F!EG\M!02F060/0.2I!

0/!E+-!6(!+2!02/(,+1/0.2!O.,/F!3/)7-028!02!E.,(!7(/+04c!

U= A0/./+2(! (2! 6(+.$! 9,(140201+4! 9,.504(! O+3! 1.250,E(7! /.! +! 4+,8(! (R/(2/! O0/F! /F(!

1),,(2/4-!+S+04+64(!40/(,+/),(I!3F.O028!02F060/0.2!.5!HWbUM!1(44!9,.405(,+/0.2!02!+!

7.3('! +27! 1(44! 7(230/-'7(9(27(2/! E+22(,c! ;/3! (55(1/! .2! 1+39+3(']'40*(! +1/0S0/-!

9(+*(7! 3F.,/4-! +5/(,! /,(+/E(2/! +99401+/0.2I! 02701+/028! 0/3! ,+907! (55(1/I! OF01F!

3((E3!/.!6(!,(3.4S(7!/.!3.E(!(R/(2/!.S(,!/0E(c!

f= B.E602+/0.2!.5!E0/./+2(!+27!%;]JVEG\M!.,!A#J!02F060/.,3!-0(47(7!+/!E.3/!/F(!

+770/0S(! (55(1/! O0/F! gL&Wf! 3F.O028! F08F(3/! 9./(2/0+4! 5.,! 5),/F(,! 3/)70(3! /F+/!

E+-!9.33064-!6,028!3-2(,803E!O0/F!7055(,(2/!7.3028!,(80E(c!
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