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Recent studies suggest that cancer cells undergo genotypic and phenotypic changes in 
response to the rigidity of the extracellular matrix (ECM). These studies have focused 
largely on non-mineralized tissues in the kPa range (corresponding to soft tissue), while 
many tissues important in the progression of cancer, such as mineralized bone (O(109 

Pa)) and the basement membrane (O(106 Pa)), far exceed those values.  In this work, we 
employed the use of in vitro culture systems spanning the entire range of tissue elasticity 
(103-109 Pa) to study the invasive potential of breast cancer.  Here, we demonstrate that 
cancer cells can sense a wide range of rigidities, and show increased ECM degradation by 
invadopodia in response to rigidity.  Furthermore, we show that the rigidity of bone, a 
preferential target for breast cancer, specifically induces changes in parathyroid hormone 
related protein (PTHrP) and its transcription factor Gli2 in the cancer cell to facilitate 
degradation and invasion of the bone matrix.  We find that these genotypic changes are 
mediated by mechanotransduction, as bone-like matrix rigidity induced clustering of !3 

integrin and TGF-! :9B9E;=:(;FE9(%%(GTGF-!.%%H(;=(8;7I?D<;9(9JE:9887=>(=C(20":2(<>@(
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These observations demonstrate the need for physiologically relevant in vitro culture 
systems and suggest a role for the differential rigidity of the mineralized bone 
microenvironment in early stages of tumor-induced osteolysis. These findings could lead 
to new clinical targets for the treatment of bone metastases, a major contributor in the 
lethality of metastatic cancer, for which no effective therapies exist to date.  (
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Figure 2.8. R(3(!(SD'(??$23!$3!7,#+N;!,;+9!J'(.?0!/.'/$32B.!/(AA?!$?!'(%&A.0(9!./'2??!.!
T$9(!'$%$9$0E!'.3%(*('BE>6<=B(R8E9(;D>5KB?(<5(F'+#(EB=BE?(8R(#-#.%*M(G#-#.(FB6>EE8CBC6<9>?B(
T<6D(6D78F@8?C859<5(6ACB(M(F86<RP(MI(CB>SB9(85(6DB(F87B(;8FCE<>56($##?(G&cMJX_(S$>I(TD<EB(

..$M(GF>67<Q(FB6>EE8CBC6<9>?B(MI(EB=BE?(CB>SB9(85(6DB(F87B(7<K<9(%^__($0'(G&c[(.$>IO((

*<K5<R<;>56(9<RRB7B5;B?(TB7B(>E?8(R8:59(<5(BQC7B??<85(EB=BE?(@B6TBB5(?8FB(8R(6DB($0'?(G&c[(.$>J

V,$>I(>59($##?(G&cMJX_(S$>I(R87(/$+(G8?6B8C856<5I(>59(1#.HM(GE>F<5<5P(@B6>MI(>?(TBEE(

<59<;>6<5K(6DB(>@<E<6A(8R(6DB?B(;BEE?(68(7B?C859(68(9<RRB7B56(879B7?(8R(F>K5<6:9B(<5(7<K<9<6AO((+8(

9<RRB7B5;B?(TB7B(R8:59(<5(6DB(BQC7B??<85(8R(..$MY(GF>67<Q(FB6>EE8CBC6<9>?B(MYI(85(>5A(8R(6DB(

?:@?67>6B?O((->6>(TB7B(587F>E<`B9(68(M]*(BQC7B??<85(>59(?D8T5(>?(R8E9(;D>5KB?(;8FC>7B9(68(6DB(

*8R6($##O((->6>(>7B(C7B?B56B9(>?(FB>5(w(?6>59>79(B7787P(>59(v(>59(vv(<59<;>6B?(Cr_O_Z(R87(C><7T<?B(

>59(K78:C(;8FC>7<?85?P(7B?CB;6<=BEAO((,B5B(BQC7B??<85(T>?(FB>?:7B9(<5(67<CE<;>6B(R87(B>;D(

BQCB7<FB56(>59(8=B7>EE(R87(X(<59BCB59B56(BQCB7<FB56?(85(6DB(Y(?:@?67>6B?O(

 



 53 

0"$.>'-'>!.#C'&1.%!'"#!/#("3."4(>#'"#%3(#/%&'1.;#/!>(#'C#*+,D+,#$(&/2/#%3(#+,#/!>(M(

/:7(9>6>(:C(68(6D<?(C8<56(<59<;>6B(6D>6(8C6<F>E(<5=>98C89<>(>;6<=<6A(8;;:7?(<5(

;BEE?(?8FBTDB7B(@B6TBB5(M_(S$>(J((X(.$>(G2<K?(VOZP(VO[#IO(287(;8FC>7<?85P(6DB(

FB;D>5<;>E(>5>EA?B?(8R(?678F>E(6<??:B(K<=B(&c_OY(.$>(G#2.I((87(V(.$>(GE8T(?67><5(

-.#I(>59(8R(H.(6<??:B(K>=B(&cX(.$>(G#2.I(87(](.$>(GE8T(?67><5(-.#IP(?:KKB?6<5K(

6D>6(R78F(6DB(7<K<9<6A(?6>59C8<56(;BEE?(F<KD6(D>=B(F87B(<5=>98C89<>(>;6<=<6A(<5(

?678F>E(6<??:B(6D>5(85(H.O((%8(6B?6(6D<?(DAC86DB?<?P(!#M9(@7B>?6(;>7;<58F>(;BEE?((

TB7B(?BB9B9(85(B<6DB7(6DB(H.(87(?678F>E(?<9B(8R(0H.JH.(8=B75<KD6(>59(R<QB9(>59(

?6><5B9(R87(>;6<5(>59(;876>;6<5(>?(F>7SB7?(8R(<5=>98C89<>(G2<K(VO^#J-IO((4<9BR<BE9(

<F>K<5K(T>?(:?B9(R87(<5=>98C89<>(k:>56<R<;>6<85(<5(!#M9(;BEE?(G2<K(VO^#JHIP(TD<EB((

;85R8;>E(<F>K<5K(;85R<7FB9(;8E8;>E<`>6<85(8R(6DB(F>7SB7?(T<6D<5(6DB(<5=>98C89<>(

?67:;6:7B?(>59(6DB<7(R87F>6<85(85(@86D(?:7R>;B?(G2<KO(VO^!J-IO(%DB(=>?6(F>W87<6A(8R(

;BEE?(BQD<@<6B9(>6(EB>?6(85B(<5=>98C89<:FP(]]h(>59(^Xh(85(6DB(H.(>59(?678F>E(

?<9B?P(7B?CB;6<=BEAO(()56B7B?6<5KEAP(;BEE?(?BB9B9(85(6DB(?678F>E(?<9B(BQD<@<6B9(

?<K5<R<;>56EA(F87B(<5=>98C89<>U;BEE(6D>5(85(6DB(H.(?<9B(G2<K(VO^&I(>59(TB7B(>E?8(

E>7KB7(<5(?<`B(G2<K(VO^2IP(?:KKB?6<5K(6D>6(6DB(?8R6B7(?:@?67>6B(<?(<59BB9(;859:;<=B(68(

R87F>6<85(8R(<5=>98C89<>O()5(>99<6<85P(TB(6B?6B9(]_Y,(@E>99B7(;>7;<58F>(;BEE?(>59(

>E?8(R8:59(6D>6(F87B(<5=>98C89<>U;BEE(TB7B(R87FB9(85(6DB(?678F>E(?<9B(6D>5(85(6DB(

H.(?<9B(G2<K(VOM_I(>59(6D>6(6DB(F>W87<6A(8R(;BEE?(R87FB9(>6(EB>?6(85B(<5=>98C89<:F(

85(6DB(?678F>E(>59(H.(?:7R>;B?P(]\h(>59(\\hP(7B?CB;6<=BEAO((%DB(B5D>5;B9(

R87F>6<85(8R(<5=>98C89<>(85(6DB(?8R6B7(?678F>E(?<9B(8R(6DB(0H.JH.(<?(;85?<?6B56(

T<6D(>5(a8C6<F>E(7<K<9<6Ab(7BK<FB(<5(6DB(M_(S$>JX.$>(7>5KB(<9B56<R<B9(<5(8:7(



 54 

?A56DB6<;(?:@?67>6B(?6:9<B?(G2<K(VO[IP(>E6D8:KD(TB(;>5586(7:EB(8:6(86DB7(;8567<@:6<5K(

R>;687?(?:;D(>?(9<RRB7B5;B?(<5(&!.(;8FC8?<6<85(87(68C8E8KAO((

!

!
#$%&'(!)*U*!!V3@.92D29$.!42'B.0$23!$?!(3-.3/(9!23!0-(!?0'2B.A!?$9(!24!567867*((%8(
9B6B7F<5B(TDB6DB7(6DB(?678F>(87(H.(>7B(F87B(CB7F<??<=B(R87(R87F>6<85(8R(<5=>98C89<>P(

!#M9(@7B>?6(;>5;B7(;BEE?(TB7B(;:E6:7B9(8=B75<KD6(85(6DB(?678F>E(87(H.(?<9B(8R(0H.JH.O((

)5=>98C89<>(G>778T?I(TB7B(<9B56<R<B9(@A(;8E8;>E<`>6<85(8R(>;6<5(G7B9I(>59(;876>;6<5(G@E:BI(R87(

k:>56<R<;>6<85(85(6DB(:;<(?678F>(87(:6<!H.(:?<5K(T<9BR<BE9(RE:87B?;B5;B(<F>K<5K(>59(
;85R<7FB9(T<6D(;85R8;>E(<F>K<5K(:,P(=H!`J?6>;S?<O(%DB(F>67<Q(?:7R>;B?(TB7B(<9B56<R<B9(:?<5K(
;8EE>KB5(>:68RE:87B?;B5;B(GK7BB5IO(((:><(j:>56<R<;>6<85(8R(<5=>98C89<>(R87F>6<85(85(6DB(
?678F>E(>59(H.(?<9B?(8R(0H.JH.(7B=B>E?(>(?6>6<?6<;>EEA(?<K5<R<;>56(<5;7B>?B(<5(6DB(686>E(

<5=>98C89<>U;BEE(<5(;BEE?(;:E6:7B9(85(6DB(?678F>O((:#<(!BEE(?<`B(T>?(?6>6<?6<;>EEA(K7B>6B7(85(6DB(
?678F>(>?(TBEEO((->6>(>7B(C7B?B56B9(>?(@8Q(>59(TD<?SB7(CE86?(T<6D(?8E<9(E<5B?(<59<;>6<5K(

FB9<>5?P(TD<?SB7?(7BC7B?B56<5K(^Zh(;85R<9B5;B(<56B7=>E?P(>59(986?(7BC7B?B56<5K(8:6E<B7?O((v(

<59<;>6B?(Cr_O_Z(R87(H.(>59(?678F>E(?<9B(;8FC>7<?85?O((5dX__(;BEE?(R78F(V(<59BCB59B56(

BQCB7<FB56?O(((

 



 55 

(

(

(

(

(

(

(

(

 
#$%&'(!)*+N*!!P&.30$4$/.0$23!24!$3@.92D29$.!3&BJ('?!$3!QNFR!/(AA?!DA.0(9!23!?0'2B.A!.39!
67!?$9(?!24!567867*!()5=>98C89<>(G>778T?I(TB7B(<9B56<R<B9(@A(;8E8;>E<`>6<85(8R(>;6<5(G7B9I(>59(
;876>;6<5(G@E:BI(R87(k:>56<R<;>6<85(85(6DB(G#I(?678F>(>59(GHI(H.(:?<5K(;85R8;>E(>59(T<9BR<BE9(

RE:87B?;B5;B(<F>K<5KP(7B?CB;6<=BEAO(G!I(j:>56<6>6<85(8R(<5=>98C89<>(R87F>6<85(@A(]_Y,(@E>99B7(

;>7;<58F>(;BEE?(7B=B>E?(>(?6>6<?6<;>EEA(?<K5<R<;>56(<5;7B>?B(GCr_O_ZI(<5(6DB(686>E(<5=>98C89<>(CB7(

;BEE(G@>?B9(5:F@B7(8R(>;6<5J(>59(;876>;6<5J98:@EB(C8?<6<=B(C:5;6>I(<5(;BEE?(;:E6:7B9(85(6DB(?678F>E(

?<9B(8R(0H.JH.P(>?(;8FC>7B9(68(6DB(H.(?<9BO(->6>(TB7B(D<KDEA(585C>7>FB67<;(>59(>7B(C7B?B56B9(

>?(>5(>7B>(R<EEP(>59(5cM\M(>59(M[X(;BEE?(R87(6DB(?678F>E(>59(H.(?<9B?P(7B?CB;6<=BEAP(R78F(V(

<59BCB59B56(BQCB7<FB56?O(

 



 56 

-<?;:??<85(

.B;D>5<;>E(?<K5>E?(>7B(S58T5(68(7BK:E>6B(>(FA7<>9(8R(@<8E8K<;>E(CDB58FB5>(

<5;E:9<5K(?6BF(;BEE(9<RRB7B56<>6<85(LM^NP(;BEE:E>7(F86<E<6A(LM]NP(6<??:B(F87CD8KB5B?<?(

LXP(YVNP(>59(<5=>98C89<>(>;6<=<6A(L]NO(("8TB=B7P(TB(>59(86DB7?(D>=B(:?B9(>(E<F<6B9(

7>5KB(8R(?:@?67>6B(7<K<9<6A(68(6B?6(;BEE:E>7(7B?C85?B?P(KB5B7>EEA(_OMJX_(S$>(LXP(M]P(M^Ns(

6D:?(<6(<?(:5;EB>7(TD>6(6DB(7<K<9<6A(a;B<E<5Kb(<?(R87(FB;D>58?B5?<5KO(()6(<?(>E?8(:5;EB>7(

D8T(!"#$!$'(6<??:B(7<K<9<6<B?(;877B?C859(68(!"#$!%&'(;BEE:E>7(7B?C85?B?O(()5(6D<?(?6:9AP(

TB(?8:KD6(68(9B6B7F<5B(6DB(8C6<F>E(7<K<9<6A(7>5KB(6D>6(C78F86B?(&!.(9BK7>9>6<85(

@A(<5=>?<=B(;>5;B7(;BEE?(>59(68(;855B;6(8:7(R<59<5K?(68(6<??:B(FB;D>5<;?O((0?<5K(@86D(

@:ES(6B5?<EB(6B?6<5K(>59(5>58<59B56>6<85(FB6D89?(TB(;D>7>;6B7<`B9(6DB(FB;D>5<;>E(

C78CB76<B?(8R(@86D(6DB(?678F>E(>59(H.(;8FC85B56?(8R(:7<5>7A(@E>99B7J9B7<=B9(

6<??:B(?;>RR8E9?(>59(R8:59(6D>6(H.(D>9(>(7<K<9<6A(8R(XJ](.$>(>6(E8T(?67><5?(>59(

?678F>E(6<??:B(T>?(d[JR8E9(EB??(7<K<9O(((0?<5K(?A56DB6<;(?:@?67>6B?(6D>6(?C>5(>(T<9B(

7>5KB(8R(7<K<9<6<B?P(TB(R8:59(6D>6(@7B>?6(;>5;B7(;BEE?(8C6<F>EEA(9BK7>9B(&!.(85(6DB(

dX_(S$>(?:@?67>6B?(T<6D(E8TB7(>;6<=<6A(85(?:@?67>6B?(8R(D<KDB7(7<K<9<6A(GX(.$>J[^(

,$>IO(()56B7B?6<5KEAP(6DB7B(TB7B(6T8(CB>S?(8R(<5=>98C89<>(R87F>6<85P(E8;>6B9(>78:59(

dX_(S$>(>59(MO](,$>P(?:KKB?6<5K(?BC>7>6B(7BK:E>6<85(8R(<5=>98C89<>(R87F>6<85(>59(

>;k:<?<6<85(8R(C786B8EA6<;(>;6<=<6A(>59(<59<;>6<5K(>(=B7A(T<9B(7<K<9<6A(7>5KB(6D>6(

BE<;<6?(;BEE:E>7(7B?C85?B?O((,B5B(BQC7B??<85(9>6>(>E?8(?:CC876(>(T<9B(7>5KB(8R(7<K<9<6A(

?B5?<5K(@A(;BEE?O((!85?<?6B56(T<6D(8:7(?A56DB6<;(?:@?67>6B(9>6>P(6DB(?678F>E(?<9B(8R(

6DB(6<??:B(?;>RR8E9(0H.JH.(?:CC876B9(@B66B7(R87F>6<85(8R(<5=>98C89<>(@A(@7B>?6(

;>5;B7(;BEE?(6D>5(6DB(H.(?<9B(8R(0H.JH.O((#(?<F<E>7(67B59(T>?(8@?B7=B9(T<6D(

@E>99B7(;>7;<58F>(;BEE?O((/=B7>EEP(8:7(9>6>(?:KKB?6(6D>6(6DB(D<KD(7<K<9<6A(8R(H.(;>5(



 57 

?B7=B(>?(>(7B?67><5<5K(R>;687(R87(<5=>98C89<>J>??8;<>6B9(&!.(9BK7>9>6<85(>59(6D>6(

;BEE?(;>5(?B5?B(9<RRB7B5;B?(<5(7<K<9<6A(B=B5(<5(6DB(.$>J,$>(7>5KBO(

( %<??:B(7<K<9<6A(D>?(7B;B56EA(@BB5(<FCE<;>6B9(>?(>(F<;78B5=<785FB56>E(R>;687(

6D>6(C78F86B?(6DB(9B=BE8CFB56(>59(C78K7B??<85(8R(@7B>?6(;>5;B7?O(()5(D:F>5?P(

F>FF8K7>CD<;>EEA(9B5?B(@7B>?6(6<??:B(<?(>??8;<>6B9(T<6D(6DB(9B=BE8CFB56(8R(

<5=>?<=B(@7B>?6(;>7;<58F>?(L[P(\NO(()5(F8:?B(6:F87(?6:9<B?P(6DB(>;;:F:E>6<85(>59(

;78??E<5S<5K(8R(?678F>E(;8EE>KB5(R<@B7?(T>?(?D8T5(68(9<7B;6EA(C78F86B(R87F>6<85(

>59(<5=>?<85(8R(F>FF>7A(6:F87?(LYP(YXNO((.B;D>5867>5?9:;6<85(?<K5>E<5K(<?(

6D8:KD6(68(@B(;7<6<;>E(R87(>EE(8R(6DB?B(BRRB;6?(LXP(ZP(YVP(YXNO(4<6D(7BK>79(68(6DB(7<K<9<6A(

8R(@7B>?6(6<??:BP(TD<;D(7BC7B?B56?(>(F<Q6:7B(8R(>9<C8?BP(;8EE>KB58:?(?678F>EP(>59(

9:;6>E(BC<6DBE<>E(;8FC85B56?P(=>7<8:?(BE>?6<;(F89:E<(D>=B(@BB5(7BC876B9O((*<F<E>7(68(

8:7(6B5?<EB(-.#(9>6>(<5(TD<;D(6DB(BE>?6<;(F89:E<(TB7B(<5(6DB(E8T(.$>(7>5KB(R87(6DB(

?678F>EJ98F<5>6B9(0H.P(6B5?<EB(E8>9<5K(8R(@7B>?6(6<??:B(D>?(A<BE9B9(>5(>CC>7B56(

CB>S(BE>?6<;(F89:E:?(8R(VOV(.$>(LYYNO(("8TB=B7P(<59B56>6<85(6B?6<5K(@A(?B=B7>E(

K78:C?(:?<5K(YJZ(FF(9<>FB6B7(6<C?(D>?(A<BE9B9(F:;D(?8R6B7(F89:E<P(T<6D(>(7>5KB(8R(

M[\($>JX_(S$>(R87(587F>E(6<??:B(>59(M_J^_(S$>(R87(;>7;<58F>68:?(6<??:B(LXP(YZJY\NO((

0?<5K(#2.(GVZJY_(5F(6<C?IP(TB(8@6><5B9(>5(<56B7FB9<>6B(>=B7>KB(BE>?6<;(F89:E:?(8R(

Y__(S$>(R87(6DB(?678F>E(;8FC85B56(8R(0H.JH.O((%DB?B(9<RRB7B5;B?(F>A(@B(9:B(68(

6DB(9<RRB7B56(F89B?(8R(9BR87F>6<85P(6DB(CB7;B56(?67><5(6D>6(T>?(6B?6B9P(>59(

FB;D>5<;>E(9<RRB7B5;B?(<5(@E>99B7(=B7?:?(@7B>?6(?678F>O(((/:7(9>6>(98(586(7B?8E=B(

6DB?B(9<RRB7B5;B?P(587(;>5(8:7(6B?6?(<59<;>6B(TD>6(;BEE?(RBBE(<5(6DB(DB6B78KB58:?(E8;>E(

@7B>?6(F<;78B5=<785FB56s(D8TB=B7P(8:7(9>6>(98(<59<;>6B(6D>6(6DB(?678F>(<?(EB??(7<K<9(

6D>5(6DB(H.O((2:76DB7F87BP(?678F>E(6<??:B(<?(F:;D(;E8?B7(<5(7<K<9<6A(68(6DB(8C6<F>E(



 58 

7<K<9<6A(7>5KB(R87(<5=>98C89<>(>;6<=<6A(>?(9BR<5B9(:?<5K(:5<R87F(?A56DB6<;(?:@?67>6B?(

8R(6:5>@EB(7<K<9<6AO(4D<EB(6DB(EB5K6D(?;>EB(>6(TD<;D(F>67<Q(7<K<9<6A(<?(C78@B9(D>?(>(

?<K5<R<;>56(BRRB;6(85(6DB(FB>?:7B9(FB;D>5<;>E(C78CB76<B?(8R(?678F>E(6<??:BP(6B?6<5K(

7B?:E6?(R87(H.(D>=B(@BB5(F87B(;85?<?6B56(@B6TBB5(5>58<59B56>6<85(=B7?:?(

F>;78?;8C<;(6B?6<5K(FB6D89?O(H86D(6B;D5<k:B?(A<BE9(BE>?6<;(F89:E<(<5(6DB(MJV_(.$>(

7>5KB(LXZP(X[P(Y]NP(E<SBEA(@B;>:?B(6DB(6<??:B(C78CB76<B?(98(586(;D>5KB(K7B>6EA(>;78??(

6DB(5>58JP(F<;78JP(>59(F>;78?;>EB(9:B(68(6DB(D<KD(9BK7BB(8R(;78??E<5S<5KP(?F>EE(C87B(

?<`B(>59(:5<R87F<6A(8R(6DB(F>67<Q(;8FC8?<6<85(LMP(VNO((

%D<?(?6:9A(:?B9(6T8(9<RRB7B56(BQCB7<FB56>E(?A?6BF?(68(;8FC>7B(6DB(BRRB;6(8R(

7<K<9<6A(85(<5=>98C89<>(R87F>6<85l((5>6<=B(6<??:B(?;>RR8E9?(>59(?A56DB6<;(?:@?67>6B?O((

%DB(?A56DB6<;(?:@?67>6B(9>6>(<?(F:;D(F87B(;85678EEB9P(@B;>:?B(8R(6DB(>@<E<6A(68(6:5B(

7<K<9<6A(T<6D8:6(;D>5K<5K(86DB7(C>7>FB6B7?O("8TB=B7P(@86D(6DB(FB;D>5<;>E(6B?6<5K(

>59(<5=>98C89<>(BQCB7<FB56?(T<6D(6DB(6<??:B(?;>RR8E9?(K<=B?(;856BQ6(68(8:7(R<59<5K?(

T<6D(6DB(?A56DB6<;(?:@?67>6B?O(H>?B9(85(BE>?6<;(F89:E<(FB>?:7BFB56?P(6DB(686>E(

<5=>98C89<>(5:F@B7?(R87(@7B>?6(>59(@E>99B7(;>5;B7(;BEE?(;:E6:7B9(85(6DB(H.(>59(

?678F>E(?<9B?(8R(0H.JH.(R<6?(6DB(67B59(?BB5(R87(6DB(C8EAFB7(?:@?67>6B?O((%D:?P(F87B(

<5=>98C89<>(TB7B(R87FB9(85(6DB(?678F>E(;8FC85B56P(TD<;D(<?(;E8?B7(<5(BE>?6<;(

F89:E:?(68(6DB(CB>S(?BB5(85(6DB(X_(S$>(7<K<9($##(6D>5(<?(6DB(H.(?:@?67>6BO(

!877BE>6<5K(6DB(<5=>98C89<>(5:F@B7?(68(9BK7>9>6<85P(6DB?B(7B?:E6?(T8:E9(?:KKB?6(

6D>6(6DB(?678F>(F>A(@B(F87B(;859:;<=B(68(9BK7>9>6<85(6D>5(6DB(H.(TDB5(

;85?<9B7<5K(7<K<9<6A(>?(6DB(C7B98F<5>56(R>;687O(()R(TB(6DB87B6<;>EEA(BQ67>C8E>6B(85(

6D<?(R<59<5K(>59(;85?<9B7(6DB(B>7EA(B=B56?(<5(<5=>?<85(>?(6DB(H.(<?(@78SB5(98T5(@A(

C786B8EA?<?(>6(6DB(C7<F>7A(6:F87(?<6BP(6DB(H.(T<EE(@BK<5(68(TB>SB5(;>:?<5K(>(



 59 

9B;7B>?B(<5(BE>?6<;(F89:E:?(>59P(>;;879<5K(68(8:7(9>6>P(>(?D<R6(68(6DB(EBR6(8R(6DB(

9BK7>9>6<85(;:7=B(?:KKB?6<5K(>5(<5;7B>?B(<5(9BK7>9>6<85O(("8TB=B7P(TB(F:?6(

BFCD>?<`B(6D>6(6DB(68C8E8KA(>59(;DBF<;>E(;8FC85B56?(8R(6DB(&!.(T<EE(>E?8(D>=B(>5(

<FC>;6(85(;BEE:E>7(CDB586ACB(LY^NO()5(>99<6<85P(&!.(9BK7>9>6<85(<?(586(6DB(85EA(

R>;687(6D>6(T<EE(>RRB;6(<5=>?<85(<5(>(XJ9<FB5?<85>E(F>67<Q(LZ_NO(+85B6DBEB??P(

?:@?67>6B(?6<RR5B??(D>?(@BB5(?D8T5(68(@B(F87B(<FC876>56(<5(9B6B7F<5<5K(;BEE(?D>CB(

6D>5(>9DB?<=B(E<K>59(9B5?<6A(LZMNP(<FCEA<5K(6D>6(7<K<9<6A(D>?(>5(BQ67BFBEA(?6785K(

<5RE:B5;B(85(;BEE:E>7(@BD>=<87O(()5(>99<6<85P(;DBF<;>E(;8FC85B56?(;8:E9(?A5B7K<`B(

T<6D(7<K<9<6A(68(E<F<6(<5=>?<=B5B??(85(H.(?:@?67>6B?P(BOKO(6DB(H.(;8FC85B56(

1>F<5<5JXXV(T>?(7B;B56EA(?D8T5(68(E<F<6(<5=>98C89<>(R87F>6<85(LZVNO(((((

( /5B(8R(6DB(F8?6(<56B7B?6<5K(R<59<5K?(8R(6D<?(?6:9A(<?(6D>6(;BEE?(;>5(>CC>7B56EA(

?B5?B(>(T<9B(7>5KB(8R(7<K<9<6AP(R78F(S$>(68(,$>O((%D<?(;85;E:?<85(<?(?:CC876B9(@A(

6D7BB(F>W87(C<B;B?(8R(9>6>O((2<7?6P(TB(R<59(>(CB>S(8R(<5=>98C89<>J>??8;<>6B9(&!.(

9BK7>9>6<85(>;6<=<6A(>6(dX_(S$>P(T<6D(7B9:;6<85(<5(>;6<=<6A(>6(D<KDB7(7<K<9<6<B?O((.87B(

;85=<5;<5KEAP(6DB7B(>7B(6T8(?<K5<R<;>56(CB>S?(8R(686>E(<5=>98C89<>(R87F>6<85(

>??8;<>6B9(T<6D(?:@?67>6B(7<K<9<6AP(85B(>6(dX_(S$>(>59(6DB(86DB7(>6(MO](,$>O((2<5>EEAP(

TB(R<59(7BK:E>6<85(8R(KB5B(BQC7B??<85(>;78??(6D<?(?>FB(7>5KB(GS$>J,$>IO(%D:?P(

>E6D8:KD(>@8=B(>(;B76><5(7<K<9<6A(GBOKO(M__(S$>I(;BEE?(>7B(6D8:KD6(68(@B(CB7R87F<5K(

<?8FB67<;(BQB7;<?B(LY_P(YMN(>59(F<KD6(586(RBBE(9<RRB7B5;B?(R78F(;8567>;6<85P(8:7(9>6>(

<59<;>6B(6D>6(;BEE?(;>5(?B5?B(7<K<9<6A(9<RRB7B5;B?(B=B5(85(D<KDEA(7<K<9(?:@?67>6B?O(

*<5;B(?8FB(CDA?<8E8K<;(?:@?67>6B?P(?:;D(>?(H.(>59(@85BP(>7B(<5(6DB(.$>J,$>(7>5KB(

LXZP(ZXP(ZYNP(<6(?BBF?(E<SBEA(6D>6(FB;D>58?B5?<5K(>;78??(6DB(R:EE(7>5KB(;8:E9(

>CC78C7<>6BEA(7BK:E>6B(@BD>=<87O(!85?<?6B56(T<6D(6D>6(<9B>P(>(7B;B56(?6:9A(:?<5K(



 60 

?:@?67>6B?(T<6D(S$>J,$>(F89:E<(D>?(?D8T5(6D>6(C7B8?6B8@E>?6<;(;BEE?(9<RRB7B56<>EEA(

?B5?B(>59(7B?C859(68(F89:E<(>@8=B(M__(S$>(@A(;D>5K<5K(KB5B(>59(C786B<5(

BQC7B??<85(LZZP(Z[NO((1<SBT<?BP(@7B>?6(>59(86DB7(;>5;B7(;BEE(6ACB?(6D>6(FB6>?6>?<`B(68(

@85B(F>A(>E?8(BQCB7<B5;B(E8T(,$>(7<K<9<6<B?P(?<5;B(;>E;<R<B9(@85B(D>?(>5(BE>?6<;(

F89:E:?(7BC876B9(68(@B(M_JX_(,$>(@A(@86D(5>58<59B56>6<85(>59(6B5?<EB(6B?6<5K(

FB6D89?(LVMP(Z\NO((4B(?CB;:E>6B(6D>6(9<RRB7B56<>E(?B5?<5K(@B6TBB5(.$>(>59(,$>(

7<K<9<6<B?P(;8F@<5B9(T<6D(86DB7(;856BQ6:>E(;:B?P(F<KD6(>EE8T(;BEE?(68(9<?6<5K:<?D(

@B6TBB5(H.(>59(@85BO((+85B6DBEB??P(R:6:7B(?6:9<B?(?D8:E9(<5=B?6<K>6B(TDB6DB7(

86DB7(;BEE:E>7(7B?C85?B?(>7B(>E6B7B9(<5(D<KD(7<K<9<6A(7BK<FB?(>59(D8T(;BEE(6ACB(8R(

87<K<5(>RRB;6?(7<K<9<6A(?B5?<5K(>6(9<RRB7B56(F>67<Q(BE>?6<;<6<B?O(



 61 

'BRB7B5;B?(

(

MO( '8TBP('O(,OP(>59(*O(xO(4B<??O(V__]O(H7B>;D<5K(6DB(@>?BFB56(FBF@7>5Bl(TD8P(

TDB5(>59(D8Ty(N&(">/#!"#4(;;#E!';'?5(M]lZ[_JZ\YO(
VO( e>EE:7<P('O(V__XO(H>?BFB56(FBF@7>5B?l(?67:;6:7BP(>??BF@EA(>59(78EB(<5(

6:F8:7(>5K<8KB5B?<?O(O.%#H($#8."4(&(XlYVVJYXXO(
XO( $>?`BSP(.O(xOP(+O(p>D<7P(eO('O(x8D5?85P(xO(+O(1>S<5?P(,O()O('8`B5@B7KP(#O(,BRB5P(!O(#O(

'B<5D>76Je<5KP(*O(*O(.>7K:E<B?P(.O(-BF@8P(-O(H8B66<KB7P(-O(#O(">FFB7P(>59(3O(

.O(4B>=B7O(V__ZO(%B5?<85>E(D8FB8?6>?<?(>59(6DB(F>E<K5>56(CDB586ACBO(

8."4(&#8(;;(]lVYMJVZYO(
YO( $78=B5`>58P($O($OP(-O('O()5F>5P(eO(4O(&E<;B<7<P(xO(,O(e5<66BEP(1O(m>5P(!O(%O(':B9B5P(

xO(,O(4D<6BP(>59($O(xO(eBBEAO(V__]O(!8EE>KB5(9B5?<6A(C78F86B?(F>FF>7A(6:F87(

<5<6<>6<85(>59(C78K7B??<85O(+,8#1(>!4!"(([lMMO(
ZO( $78=B5`>58P($O($OP(-O('O()5F>5P(eO(4O(&E<;B<7<P(>59($O(xO(eBBEAO(V__^O(.>67<Q(

9B5?<6AJ<59:;B9(FB;D>587BK:E>6<85(8R(@7B>?6(;BEE(CDB586ACBP(?<K5>E<5K(>59(

KB5B(BQC7B??<85(6D78:KD(>(2#eJ&'e(E<5S>KBO(P"4'?("((V]lYXV[JYXYXO(
[O( 3>;BSP($O(.OP(>59(HO(.O(,BEEB7O(V__YO(#(C78?CB;6<=B(?6:9A(8R(@7B>?6(;>5;B7(7<?S(

:?<5K(78:6<5B(F>FF8K7>CD<;(@7B>?6(9B5?<6A(FB>?:7BFB56?O(8."4(&#
:-!>(1!';#+!'1.&J(&/#G&($(MXl\MZJ\VVO(

\O( H8A9P(+O(2OP(xO(.O('8FFB5?P(eO(38K6P(3O(1BBP(xO(1O("8CCB7P(.O(xO(m>RRBP(>59(#O(-O(

$>6B7?85O(V__ZO(.>FF8K7>CD<;(@7B>?6(9B5?<6A(>?(>5(<56B7FB9<>6B(CDB586ACB(

R87(@7B>?6(;>5;B7O(Q."4(%#P"4';([l\^]J]_]O(
]O( #EBQ>59B7P(+O('OP(eO(.O(H7>5;DP(#O($>7BSDP(&O(*O(!E>7SP()O(!O()T:BSBP(*O(#O(

,:BE;DB7P(>59(#O(.O(4B>=B7O(V__]O(&Q67>;BEE:E>7(.>67<Q('<K<9<6A($78F86B?(

)5=>98C89<>(#;6<=<6AO(82&&#+!';(M]lMV^ZJMV^^O(
^O( 4B>=B7P(#O(.O(V__]O()5=>98C89<>O(82&&#+!';(M]l'X[VJX[YO(
M_O( $>7BSDP(#OP(>59(#O(.O(4B>=B7O(V__^O('BK:E>6<85(8R(;>5;B7(<5=>?<=B5B??(@A(6DB(

CDA?<;>E(BQ67>;BEE:E>7(F>67<Q(B5=<785FB56O(8(;;#.>3(/!'"#R#1!?&.%!'"(XlV]]J
V^VO(

MMO( *>@BDP(2OP('O(*D<F<`:J"<786>P(>59(*O(xO(4B<??O(V__^O($786B>?BJ9BCB59B56(=B7?:?(

J<59BCB59B56(;>5;B7(;BEE(<5=>?<85(C78K7>F?l(6D7BBJ9<FB5?<85>E(>F8B@8<9(

F8=BFB56(7B=<?<6B9O(S#8(;;#+!';(M]ZlMMJM^O(
MVO( "86>7AP(eOP(oO(mO(1<P(&O(#EEB5P(*O(1O(*6B=B5?P(>59(*O(xO(4B<??O(V__[O(#(;>5;B7(;BEE(

FB6>EE8C786B>?B(67<>9(7BK:E>6B?(6DB(@>?BFB56(FBF@7>5B(67>5?F<K7>6<85(

C78K7>FO(T("(/#<($(V_lV[\XJV[][O(
MXO( #SK:EP(HOP('O(,>7;<>J&?;:9B78P(1O(,D>E<P("O(xO($R<?6B7P($O(,O(2:;D?P("O(+>=?>7<>P(

>59(#O(*687BAO(V__ZO(%DB(&\(C786B<5(8R(;:6>5B8:?(D:F>5(C>C<EE8F>=<7:?(6ACB(

](;>:?B?(<5=>?<85(8R(D:F>5(SB7>6<58;A6B?(<568(6DB(9B7F<?(<5(87K>586AC<;(

;:E6:7B?(8R(?S<5O(8."4(&#H(/([ZlVVM[JVVVXO(
MYO( .;->5<BEP(*O(.OP(eO(eO(':FB7P(*O(1O(H<78;P('O($O(.B6`P(.O(*<5KDP(4O($876B7P(>59($O(

*;DB9<5O(V__[O('BF89BE<5K(8R(6DB(F>FF>7A(F<;78B5=<785FB56(>R6B7(

E>;6>6<85(C78F86B?(@7B>?6(6:F87(;BEE(FB6>?6>?<?O(=1#S#G.%3';(M[]l[_]J[V_O(
MZO( H>9AE>SP(*O(2O(V__YO(oB58KB5B<;(BQ67>;BEE:E>7(F>67<Q(>?(>(?;>RR8E9(R87(6<??:B(

7B;85?67:;6<85O(N&."/-;#0112"';(MVlX[\JX\\O(



 62 

M[O( H78T5P(HOP(eO(1<59@B7KP(xO('B<5KP(-O(HO(*68E`P(>59(*O(2O(H>9AE>SO(V__[O(%DB(

@>?BFB56(FBF@7>5B(;8FC85B56(8R(@<8E8K<;(?;>RR8E9?(9B7<=B9(R78F(

BQ67>;BEE:E>7(F>67<QO(N!//2(#("?!"((&!"?(MVlZM^JZV[O(
M\O( ,<E@B76P(%O(4OP(*O(48K5:FP(&O(.O(x8A;BP(-O(/O(27BA6B?P(.O(*O(*>;S?P(>59(*O(2O(

H>9AE>SO(V__]O(!8EE>KB5(R<@B7(>E<K5FB56(>59(@<>Q<>E(FB;D>5<;>E(@BD>=<87(8R(

C87;<5B(:7<5>7A(@E>99B7(9B7<=B9(BQ67>;BEE:E>7(F>67<QO(+!'1.%(&!.;/(V^lY\\ZJ
Y\]VO(

M]O( $BED>FP('O(xOP(x7OP(>59(mO(4>5KO(M^^\O(!BEE(E8;8F86<85(>59(R8;>E(>9DB?<85?(>7B(

7BK:E>6B9(@A(?:@?67>6B(REBQ<@<E<6AO(G&'4#O.%;#=4.>#@4!#*#@#=(^YlMX[[MJMX[[ZO(
M^O( &5KEB7P(#O(xOP(*O(*B5P("O(1O(*TBB5BAP(>59(-O(&O(-<?;DB7O(V__[O(.>67<Q(BE>?6<;<6A(

9<7B;6?(?6BF(;BEE(E<5B>KB(?CB;<R<;>6<85O(8(;;(MV[l[\\J[]^O(
V_O( &5KEB7P(#O(xOP(2O('BDRBE96P(*O(*B5P(>59(-O(&O(-<?;DB7O(V__\O(.<;786<??:B(BE>?6<;<6Al(

FB>?:7BFB56?(@A(>68F<;(R87;B(F<;78?;8CA(>59(<6?(<5RE:B5;B(85(;BEE(

9<RRB7B56<>6<85O(,(%3'>/#!"#4(;;#E!';'?5(]XlZVMJZYZO(
VMO( .887BP(*O(4OP($O('8;>J!:?>;D?P(>59(.O($O(*DBB6`O(V_M_O(*67B6;DA(C786B<5?(85(

?67B6;DA(?:@?67>6B?l(6DB(<FC876>56(BEBFB56?(8R(<56BK7<5JFB9<>6B9(7<K<9<6A(

?B5?<5KO(<($#8(;;(M^lM^YJV_[O(
VVO( +BF<7P(*OP(>59(xO(1O(4B?6O(V_M_O(*A56DB6<;(F>6B7<>E?(<5(6DB(?6:9A(8R(;BEE(

7B?C85?B(68(?:@?67>6B(7<K<9<6AO(=""#+!'1(>#:"?(X]lVJV_O(
VXO( ,:BE;DB7P(*O(#O(V__]O(H<89BK7>9>@EB(C8EA:7B6D>5B?l(?A56DB?<?(>59(

>CCE<;>6<85?(<5(7BKB5B7>6<=B(FB9<;<5BO(N!//2(#("?!"((&!"?(MYlXJM\O(
VYO( /B76BEP(,O(M^^YO($8EA:7B6D>5B(">59@88SO(">5?B7($:@E<;>6<85?P(.:5<;DO(

VZO( 27BA6B?P(-O(/OP(*O(2O(H>9AE>SP(%O(xO(4B@?6B7P(1O(#O(,B99B?P(>59(#O(&O(':59BEEO(

V__YO(H<>Q<>E(?67B5K6D(8R(F:E6<E>F<5>6B9(BQ67>;BEE:E>7(F>67<Q(?;>RR8E9?O(

+!'1.%(&!.;/(VZlVXZXJVX[MO(
V[O( m:7;DB5;8P($O(-OP(>59(,O(!O(':@B5O(M^]\O(H>?BFB56(FBF@7>5B(?67:;6:7B(<5(

?<6:l(B=<9B5;B(R87(E>6B7>E(>??8;<>6<85?(<5(6DB(6ACB()3(;8EE>KB5(5B6T87SO(N3(#
S'2&".;#'C#4(;;#E!';'?5(M_ZlVZZ^JVZ[]O(

V\O( *687BAP('O(2OP(xO(*O(4<KK<5?P(>59(#O(-O($:;SB66O(M^^YO("A978EA`>@EB(C8EAGB?6B7J

:7B6D>5BI(5B6T87S?(R78F(1JEA?<5B(9<<?8;A>5>6B(>59(-P1JE>;6<9BUBJ

;>C78E>;685B(D8F8J(>59(;8C8EAB?6B7(67<8E?O(S'2&".;#'C#G';51(&#@4!("4(#G.&%#=U#
G';51(&#83(1!/%&5(XVlVXYZJVX[XO(

V]O( e>598TP(!O(&OP($O(!O(,B87KB?P($O(#O(x>5FBAP(>59(eO(#O(HB5<5K8O(V__\O(

$8EA>;7AE>F<9B(DA978KBE?(R87(;BEE(FB;D>5<;?l(?6BC?(68T>79(8C6<F<`>6<85(>59(

>E6B75>6<=B(:?B?O(,(%3'>/#!"#4(;;#E!';'?5(]XlV^JY[O(
V^O( ,:BE;DB7P(*OP(#O(*7<5<=>?>5P(#O(">RBF>5P(eO(,>EE>KDB7P(xO(-8;687P(*O(eDB6>5P(*O(

.;H7<9BP(>59(xO("8EE<5KB7O(V__\O(*A56DB?<?P(<5(=<678(9BK7>9>6<85P(>59(

FB;D>5<;>E(C78CB76<B?(8R(6T8J;8FC85B56(C8EAGB?6B7(:7B6D>5BI:7B>(?;>RR8E9?l(

BRRB;6?(8R(T>6B7(>59(C8EA8E(;8FC8?<6<85O(N!//2(#("?!"((&!"?(MXlVXVMJVXXXO(
X_O( )58:BP(*O(M^^YO(H>?<;(?67:;6:7B(8R(@>?BFB56(FBF@7>5B?(<?(>(R<5B(5B6T87S(8R(

z;879?Pz(<77BK:E>7(>5>?68F8?<5K(?67>59?O(,!4&'/4'-5#&(/(.&43#.">#%(43"!V2((
V]lV^JY\O(

XMO( 2:5KP(mO(M^^\O(H<8FB;D>5<;?l(.B;D>5<;>E($78CB76<B?(8R(1<=<5K(%<??:B?O(

*C7<5KB7J3B7E>KP(+BT(m87SO(

XVO( ,<E@B76P(%O(4OP(.O(*O(*>;S?P(xO(*O(,7>?D8TP(*O(1O(488P(*O(2O(H>9AE>SP(>59(.O(HO(

!D>5;BEE87O(V__[O(2<@B7(S<5BF>6<;?(8R(?F>EE(<56B?6<5>E(?:@F:;8?>(:59B7(



 63 

@<>Q<>E(>59(:5<>Q<>E(?67B6;DO(S'2&".;#'C#E!'1(43."!4.;#("?!"((&!"?(MV]l]^_J
]^]O(

XXO( 27BA6B?P(-O(/OP('O(.O(*685B7P(>59(*O(2O(H>9AE>SO(V__]O(05<>Q<>E(>59(@<>Q<>E(

C78CB76<B?(8R(6B7F<5>EEA(?6B7<E<`B9(C87;<5B(:7<5>7A(@E>99B7(F>67<Q(?;>RR8E9?O(S#
+!'1(>#,.%(&#H(/#+#=--;#+!'1.%(&(]YlY_]JYMYO(

XYO( .>;D>EBSP(#O(V__ZO(#5(/T5B7{?(,:<9B(68(6DB(!BEEO()5()5?<9B(6DB(!BEEO(+),.*P(

B9<687O(+),.*O(

XZO( !>59<BEE8P(xOP(.O(H>E>?:@7>F>5<P(&O(.O(*;D7B<@B7P(,O(xO(!8EBP(0O(.>AB7P(4O(

">ER6B7P(>59("O(1<5O(V__\O(H<8FB;D>5<;>E(C78CB76<B?(8R(5>6<=B(@>?BFB56(

FBF@7>5B?O(N3(#B:+@#W'2&".;(V\YlV]^\JV^_]O(
X[O( !>59<BEE8P(xOP(,O(xO(!8EBP(>59(4O(">ER6B7O(#KBJ9BCB59B56(;D>5KB?(<5(6DB(

?67:;6:7BP(;8FC8?<6<85(>59(@<8CDA?<;>E(C78CB76<B?(8R(>(D:F>5(@>?BFB56(

FBF@7>5BO(,.%&!)#+!';(V^lY_VJYM_O(
X\O( !D>5P(HO($OP(>59(eO(2O(*8O(V__ZO($D868;DBF<;>E(;78??E<5S<5K(<FC78=B?(6DB(

CDA?<;8;DBF<;>E(C78CB76<B?(8R(;8EE>KB5(?;>RR8E9?O(S'2&".;#'C#E!'1(>!4.;#
1.%(&!.;/#&(/(.&43(\Zl[]^J\_MO(

X]O( mB:5KP(%OP($O(!O(,B87KB?P(1O(#O(2E>5>K>5P(HO(.>7KP(.O(/76<`P(.O(2:5>S<P(+O(p>D<7P(

4O(.<5KP(3O(4B>=B7P(>59($O(#O(x>5FBAO(V__ZO(&RRB;6?(8R(?:@?67>6B(?6<RR5B??(85(

;BEE(F87CD8E8KAP(;A68?SBEB6>E(?67:;6:7BP(>59(>9DB?<85O(8(;;#1'%!;!%5#.">#%3(#
45%'/J(;(%'"([_lVYJXYO(

X^O( !>EE<?6B7P(4O(V___O(2:59>FB56>E?(8R(.>6B7<>E(*;<B5;B(>59(&5K<5BB7<5Kl((#5(

)56B7>;6<=B(&J%BQ6O(x8D5(4<EBA(|(*85?P()5;OP(*8FB7?B6P(+xO(

Y_O( -<?;DB7P(-O(&OP($O(x>5FBAP(>59(mO(1O(4>5KO(V__ZO(%<??:B(;BEE?(RBBE(>59(7B?C859(

68(6DB(?6<RR5B??(8R(6DB<7(?:@?67>6BO(@4!("4(#6O(A#X'&JY#OMX(XM_lMMX^JMMYXO(
YMO( 4BEE?P('O(,OP(>59(-O(&O(-<?;DB7O(V__]O(.>67<Q(BE>?6<;<6AP(;A68?SBEB6>E(6B5?<85P(

>59(%,2J@B6>l(6DB(<5?8E:@EB(>59(?8E:@EB(FBB6O(@4!("4(#/!?".;!"?(MlCBMXO(
YVO( 48`5<>SP(.O(#OP('O(-B?><P($O(#O(*8E?S<P(!O(xO(-B7P(>59($O(xO(eBBEAO(V__XO('/!eJ

KB5B7>6B9(;8567>;6<E<6A(7BK:E>6B?(@7B>?6(BC<6DBE<>E(;BEE(9<RRB7B56<>6<85(<5(

7B?C85?B(68(6DB(CDA?<;>E(C78CB76<B?(8R(>(6D7BBJ9<FB5?<85>E(;8EE>KB5(F>67<QO(S#
8(;;#+!';(M[XlZ]XJZ^ZO(

YXO( 1B=B56>EP(eO('OP("O(m:P(1O(e>??P(xO(+O(1>S<5?P(.O(&KB@E>9P(xO(%O(&7EB7P(*O(2O(285KP(eO(

!?<?`>7P(#O(,<>;;<>P(4O(4B5<5KB7P(.O(m>F>:;D<P(-O(1O(,>??B7P(>59(3O(.O(4B>=B7O(

V__^O(.>67<Q(;78??E<5S<5K(R87;B?(6:F87(C78K7B??<85(@A(B5D>5;<5K(<56BK7<5(

?<K5>E<5KO(8(;;(MX^l]^MJ^_[O(
YYO( &9?@B7KP(1O(&OP('O(!:6T>AP(*O(#5><5P(>59(xO('O(+>6<BEE>O(V___O(.<;78?67:;6:7>E(

>59(FB;D>5<;>E(;D>7>;6B7<`>6<85(8R(D:F>5(6<??:B(>6(>59(>9W>;B56(68(C7B??:7B(

:E;B7?O(S'2&".;#'C#&(3.E!;!%.%!'"#&(/(.&43#.">#>($(;'-1("%(X\lY[XJY\MO(
YZO( e78:?S8CP(%O(#OP(%O(.O(4DBBEB7P(2O(e>EEBEP(HO(*O(,>77>P(>59(%O(">EEO(M^^]O(&E>?6<;(

F89:E<(8R(@7B>?6(>59(C78?6>6B(6<??:B?(:59B7(;8FC7B??<85O(*;%&./'"#01.?!"?(
V_lV[_JV\YO(

Y[O( *>F>5<P(#OP(xO(p:@8=<6?P(>59(-O($EBTB?O(V__\O(&E>?6<;(F89:E<(8R(587F>E(>59(

C>6D8E8K<;>E(D:F>5(@7B>?6(6<??:B?l(>5(<5=B7?<85J6B;D5<k:BJ@>?B9(

<5=B?6<K>6<85(8R(M[^(?>FCEB?O(G35/#,(>#+!';(ZVlMZ[ZJMZ\[O(
Y\O( 3>5("8:6B5P(&O(&O(4OP(.O(.O(-8AEBAP(2O(&O(eB55B9AP(xO(HO(4B>=B7P(>59(eO(-O(

$>:E?B5O(V__XO()5<6<>E(<5(=<=8(BQCB7<B5;B(T<6D(?6B>9AJ?6>6B(?:@`85BJ@>?B9(.'(



 64 

BE>?68K7>CDA(8R(6DB(D:F>5(@7B>?6O(S'2&".;#'C#,.?"(%!4#H(/'"."4(#01.?!"?(
M\l\VJ]ZO(

Y]O( 4BEE<5KP(1O(4OP(.O(%O(p:CS>P(>59(-O(xO(4BEE<5KO(M^^ZO(.B;D>5<;>EJ$78CB76<B?(8R(

H>?BFB56J.BF@7>5BO(O(A/#!"#G35/!';'?!4.;#@4!("4(/(M_lX_JXZO(
Y^O( ,B<KB7P(HOP(xO($O(*C>6`P(>59(#O(-O(HB7?D>9?SAO(V__^O(&5=<785FB56>E(?B5?<5K(

6D78:KD(R8;>E(>9DB?<85?O(O.%2&(#&($!(A/(M_lVMJXXO(
Z_O( H7>@BSP(xOP(!O(%O(.<B7SBP(-O('8?BEP($O(3B?BEAP(>59(HO(2>@7AO(%DB(78EB(8R(6DB(6<??:B(

F<;78B5=<785FB56(<5(6DB(7BK:E>6<85(8R(;>5;B7(;BEE(F86<E<6A(>59(<5=>?<85O(8(;;#
8'112"#@!?".;(]lVVO(

ZMO( &5KEB7P(#O(xOP(.O(#O(,7<RR<5P(*O(*B5P(!O(,O(H855BF>55P("O(1O(*TBB5BAP(>59(-O(&O(

-<?;DB7O(V__YO(.A86:@B?(9<RRB7B56<>6B(8C6<F>EEA(85(?:@?67>6B?(T<6D(6<??:BJ

E<SB(?6<RR5B??l(C>6D8E8K<;>E(<FCE<;>6<85?(R87(?8R6(87(?6<RR(F<;78B5=<785FB56?O(

N3(#S'2&".;#'C#4(;;#E!';'?5(M[[l]\\J]]\O(
ZVO( 1<:P(*OP("O(m>F>?D<6>P(HO(4B<98TP(#O(.O(4B>=B7P(>59(3O(j:>7>56>O(1>F<5<5J

XXVJ@B6>M(<56BK7<5(<56B7>;6<85?(5BK>6<=BEA(7BK:E>6B(<5=>98C89<>O(S'2&".;#'C#
4(;;2;.&#-35/!';'?5(VVXlMXYJMYVO(

ZXO( 4BEE<5KP(1O(4OP(.O(%O(p:CS>P(>59(-O(xO(4BEE<5KO(M^^ZO(.B;D>5<;>E(C78CB76<B?(8R(

@>?BFB56(FBF@7>5BO(O(A/#G35/!';#@4!(M_lX_JXZO(
ZYO( +AF>5P(xO(*OP("O(1B5KP(oO(+B<E(-85KP(>59(oO(4>5KO(V__^O(-<RRB7B5;B?(<5(6DB(

FB;D>5<;>E(@BD>=<87(8R(;876<;>E(@85B(@B6TBB5(;8FC7B??<85(>59(6B5?<85(

TDB5(?:@WB;6B9(68(C78K7B??<=B(E8>9<5KO(S'2&".;#'C#%3(#1(43."!4.;#E(3.$!'&#'C#
E!'1(>!4.;#1.%(&!.;/(Vl[MXJ[M^O(

ZZO( eD>6<T>E>P(!O(HOP(*O('O($BA685P(.O(.B6`SBP(>59(#O(xO($:65>FO(V__\O(%DB(

7BK:E>6<85(8R(8?6B8KB5B?<?(@A(&!.(7<K<9<6A(<5(.!X%XJ&M(;BEE?(7Bk:<7B?(.#$e(

>;6<=>6<85O(S'2&".;#'C#4(;;2;.&#-35/!';'?5(VMMl[[MJ[\VO(
Z[O( *F<6DP(eO(&OP(*O(1O("A`AP(.O(*:5T88P(eO(#O(,>EEP(pO(*;DT>76`P(>59(HO(-O(H8A>5O(%DB(

9BCB59B5;B(8R(.,[X(8?6B8@E>?6(7B?C85?B?(68(GFB6DI>;7AE>6BJ@>?B9(5B6T87S?(

85(;DBF<;>E(?67:;6:7B(>59(?6<RR5B??O(+!'1.%(&!.;/(XMl[MXMJ[MYMO(
Z\O( !DB=>E<B7P(mOP(-O($>D7P("O(#EEFB7P(.O(!D>7EB@8<?P(>59($O(pA??B6O(V__\O(3>E<9>6<85(

8R(>(=8QBEJ@>?B9(2&(FB6D89(R87(C7B9<;6<85(8R(6DB(:5<>Q<>E(>CC>7B56(F89:E:?(

8R(D:F>5(67>@B;:E>7(@85B(:?<5K(F>;78?;8C<;(FB;D>5<;>E(6B?6?(>59(

5>58<59B56>6<85O(S#+!'1(43(Y_lXXXXJXXY_O(
(

(



! "#!

$%&'()*!+++!

!

,&(*+-!*+.+/+(0!+1/2$)3!43()450(+$!.)1)!)-'*)33+41!46!,)(&3(&(+$!

7*)&3(!$&1$)*!$)553!

!

+89:;<=>9?;8!

1@A:BC! DEF! ;G! H:@AI9! >A8>@:! JA9?@89I! K?9L! A<MA8>@<! <?I@AI@! K?BB! <@M@B;J!

H;8@! N@9AI9AI@I! 9LA9! A:@! >;NN;8BC! AII;>?A9@<! K?9L! JA?8O! LCJ@:>AB>@N?AO! A8<!

JA9L;B;P?>! G:A>9=:@! QRST! 48>@! @I9AHB?IL@<! ?8! H;8@O! 9=N;:! >@BBI! H@P?8! 9;! J:;<=>@!

GA>9;:I!9LA9!>A=I@!>LA8P@I!?8!8;:NAB!H;8@!:@N;<@B?8PT!!(L@!H@I9U<@I>:?H@<!@VANJB@!

?I! 9L@! @VJ:@II?;8! ;G! JA:A9LC:;?<! L;:N;8@U:@BA9@<! J:;9@?8! W'(%:'XO! KL?>L! ?I!

@VJ:@II@<! A9! L?PL@:! B@M@BI! ?8! H;8@! N@9AI9AI@I! G:;N! H:@AI9! >A8>@:I! 9LA8! ?9! ?I! ?8!

?I;BA9@<! J:?NA:C! 9=N;:I! ;:! I;G9! 9?II=@! N@9AI9AI@I! QYOZST! +8! 9L@! H;8@!

N?>:;@8M?:;8N@89O!@8LA8>@<!@VJ:@II?;8!;G!'(%:'!I9?N=BA9@I!;I9@;>BAI9I!9;!:@I;:H!

H;8@! Q[ST! &I! 9L@! H;8@! ?I! :@I;:H@<O! 9L@! :@B@AI@! ;G! 9:A8IG;:N?8P! P:;K9L! GA>9;:! H@9A!

W(.6U\X!G:;N!9L@!H;8@!NA9:?V!>;89:?H=9@I!9;!G=:9L@:!?8>:@AI@!'(%:'!@VJ:@II?;8!Q#ST!

(L=IO!KL?B@!(.6U!!:@B@AI@<!G:;N!9L@!H;8@!NA9:?V!I=I9A?8I!9L@!]M?>?;=I!>C>B@^!;G!H;8@!

:@I;:J9?;8! ?8! 9L@! BA9@:! I9AP@I! ;G! H;8@! <?I@AI@O! 9L@! @8M?:;8N@89AB! GA>9;:I! <:?M?8P!

9=N;:!>@BBI!9;!@VJ:@II!'(%:'!?8!9L@!@A:BC!I9AP@I!;G!<@M@B;JN@89!;G!N@9AI9A9?>!H;8@!

<?I@AI@!J:?;:!9;!H;8@!:@I;:J9?;8!A:@!=8_8;K8T!

+8! A<<?9?;8! 9;! ?9I! ;I9@;BC?>! G=8>9?;8! ?8!N@9AI9A9?>! H;8@!<?I@AI@O! '(%:'! ABI;!

J@:G;:NI! A! 8=NH@:! ;G! 8;:NAB! JLCI?;B;P?>AB! G=8>9?;8IO! ?8>B=<?8P! 9L@! :@P=BA9?;8! ;G!

IN;;9L!N=I>B@!9;8@T!,@>LA8?>ABBC!9:A8I<=>@<!I?P8ABI!LAM@!H@@8!IL;K8!9;!:@P=BA9@!



! ""!

'(%:'!@VJ:@II?;8!A8<!I@>:@9?;8!?8!A!MA:?@9C!;G!IN;;9L!N=I>B@!H@<I!Q"ST!!,@>LA8?>AB!

<?I9@8I?;8! ;G! 9L@! AH<;N?8AB! A;:9A! QDSO! 9L@! =9@:=IO! A8<! 9L@! HBA<<@:! Q`S! ?8! :A9I!

?8>:@AI@<!'(%:'!@VJ:@II?;8!HC!A!GA>9;:!;G!9K;!;:!N;:@T!7@>A=I@!;G!9L@!<:ANA9?>ABBC!

WaRE"X!L?PL@:!:?P?<?9C!;G!N?8@:AB?b@<!H;8@!9?II=@!>;NJA:@<!9;!H:@AI9!9?II=@O!9=N;:!

>@BBI! A:@! B?_@BC! 9;! P@8@:A9@! L?PL@:! >C9;I_@B@9;8U<@J@8<@89! G;:>@I! ?8! 9L@! H;8@!

N?>:;@8M?:;8N@89T! !(L@:@G;:@O!K@!LCJ;9L@I?b@<!9LA9!9L@!<?GG@:@89?AB!:?P?<?9C!;G!9L@!

H;8@!N?>:;@8M?:;8N@89!N?PL9! ?8GB=@8>@!'(%:'!@VJ:@II?;8!HC!9=N;:!>@BBI! 9L:;=PL!

N@>LA8?>ABBC!9:A8I<=>@<!I?P8ABIT!!

':@M?;=I! I9=<?@I! LAM@! IL;K8! 9LA9!NA9:?V! :?P?<?9C! :@P=BA9@I! ?8MAI?M@8@II! A9!

9L@!J:?NA:C!I?9@!QcOREST!dL@8!>@BBI!@8>;=89@:!A!N@>LA8?>ABBC!:?P?<!NA9:?VO!?89@P:?8I!

H@>;N@!A>9?MA9@<O!KL?>L!I9?N=BA9@I!*L;.('AI@U<@J@8<@89!A>9;NC;I?8!>;89:A>9?B?9CT!

%;K@M@:O!KL?B@!8;:NAB!>@BBI! 9=8@!9L@?:!>;89:A>9?B?9C! ?8!:@IJ;8I@!9;!NA9:?V!:?P?<?9CO!

9=N;:! >@BBI! @VL?H?9! AB9@:@<! 9@8I?;8AB! L;N@;I9AI?IO! AI! @M?<@8>@<! HC! 9L@?:! L?PL@:!

>;89:A>9?B?9C! A8<! IJ:@A<?8P! :@BA9?M@! 9;!8;8UNAB?P8A89!NANNA:C!@J?9L@B?AB! >@BBI! ;8!

>;NJB?A89! NA9:?>@I! QRRST! +8L?H?9?;8! ;G! *L;.('AI@! I?P8AB?8P! ?8! 9=N;:! >@BBI! HC!

9:@A9?8P! K?9L! *L;UAII;>?A9@<! _?8AI@! W*4$eX! ?8L?H?9;:I! :@<=>@I! 9=N;:! >@BB!

>;89:A>9?B?9C! A8<! IJ:@A<?8P! QRRST! &<<?9?;8ABBCO! *4$e! @VJ:@II?;8! ?I! L?PL@:! ?8!

N@9AI9A9?>! L=NA8! NANNA:C! 9=N;:I! :@BA9?M@! 9;! 8;8UN@9AI9A9?>! 9=N;:IO! A8<!

?8L?H?9?;8!;G!*4$e!I?P8AB?8P!<@>:@AI@I! >@BB!J:;B?G@:A9?;8! !"# $!%&'! A8<!N@9AI9AI?I! 9;!

H;8@!!"#$!$'!QRYST!!

(;! 9@I9! ;=:! LCJ;9L@I?I! 9LA9! >C9;I_@B@9;8U<@J@8<@89! G;:>@I! :@P=BA9@! '(%:'!

@VJ:@II?;8! ?8! 9=N;:! >@BBIO! K@! <@I?P8@<! A! Y/! 9=N;:! >@BB! N;8;U>=B9=:@! ICI9@NT!

':@M?;=I! I9=<?@I! ?8M@I9?PA9?8P! 9L@! @GG@>9I! ;G! NA9:?V! :?P?<?9C! ;8! >@BB! N?P:A9?;8O!



! "D!

<?GG@:@89?A9?;8O! A8<! ?8MAI?;8! LAM@! =9?B?b@<! !"# $!%&'! >@BB! >=B9=:@! ;8! Y/! N;<@B!

I=HI9:A9@IO! I=>L! AI! ,A9:?P@B"QRZOR[SO! >:;IIB?8_@<! P@BA9?8! QR#SO! A8<! IC89L@9?>!

LC<:;P@BI! QR"ORDST! %;K@M@:O! 9L@! AJJB?>AH?B?9C! ;G! 9L@I@! I=HI9:A9@I! 9;! 9L@! H;8@!

N?>:;@8M?:;8N@89!?I!B?N?9@<O!<=@!9;!9L@!?8AH?B?9C!9;!A>L?@M@!A!I=GG?>?@89BC!L?PL!@BAI9?>!

N;<=B=I! 9LA9! ?I! :@B@MA89! 9;! N?8@:AB?b@<! H;8@! 9?II=@T! +8! 9L?I! I9=<CO! K@! J:@JA:@<!

J;BCA>:CBAN?<@! W'&&X! LC<:;P@BI! AI! A! N;<@B! G;:! H:@AI9! 9?II=@! A8<! J;BCW@I9@:!

=:@9LA8@X!G?BNI!QR`ORcS!AI!A!N;<@B!G;:!9?II=@I!:A8P?8P!G:;N!9L@!HAI@N@89!N@NH:A8@!

9;! H;8@T! d@! N@AI=:@<! >LA8P@I! ?8! P@8@! @VJ:@II?;8! HC! N@9AI9A9?>! 9=N;:! >@BBI! ?8!

:@IJ;8I@!9;!9L@!:?P?<?9C!;G! 9L@!I=HI9:A9@T! +8!A<<?9?;8O!K@! ?8M@I9?PA9@<!9L@!@GG@>9I!;G!

*4$e! A8<! (.6U!! ?8L?H?9?;8! A8<! I9?N=BA9?;8! =I?8P! JLA:NA>;B;P?>AB! AP@89I! A8<!

P@8@9?>ABBC!N;<?G?@<!>@BBI!9;!?<@89?GC!9L@!I?P8AB?8P!JA9LKACI!9L:;=PL!KL?>L!:?P?<?9C!

:@P=BA9@I!P@8@!@VJ:@II?;8T!

!

,A9@:?ABI!A8<!,@9L;<I!

()%*&!)+,#

()%*&!)+,# ,-"%.*,!,T! ,@9LCB! YO"U<??I;>CA8A9;L@VA8@! WBCI?8@! N@9LCB! @I9@:!

<??I;>CA8A9@O! 5/+X! KAI! J=:>LAI@<! G:;N! eC;KA! %A__;! 23&! W1@K! 0;:_O! 10XT! (L@!

I9:=>9=:@I! ;G! 9L@I@! J;BC?I;>CA8A9@I! A:@! IL;K8! ?8! 6?P=:@! ZTRT! ! $;I>A9! `ZO! A8!

;:PA8;H?IN=9L!=:@9LA8@!>A9ABCI9O!KAI!I=JJB?@<!HC!$LAI$L@NO!+8>T!W*=9L@:G;:<O!1fXT!!

39A88;=I!;>9;A9@O!PBC>@:;BO!J;BCW@U>AJ:;BA>9;8@X!9:?;B!WZEE!/AXO!A8<!@U>AJ:;BA>9;8@!

K@:@! J=:>LAI@<! G:;N! &B<:?>L! W39T! 5;=?IO! ,4XO! A8<! PBC>;B?<@! KAI! J=:>LAI@<! G:;N!

';BCI>?@8>@I!WdA::?8P9;8O!'&XT!!.BC>@:;B!KAI!<:?@<!A9!RE!NN!%P!G;:!Z!L;=:I!A9!`E;$!

A8<!@U>AJ:;BA>9;8@!KAI!<:?@<!;M@:!A8LC<:;=I!NAP8@I?=N!I=BGA9@!J:?;:!9;!=I@T! !&BB!



! "`!

;9L@:!NA9@:?ABI!K@:@!=I@<!AI!:@>@?M@<T!!(K;U>;NJ;8@89!>AI9!J;BCW@I9@:!=:@9LA8@XI!

K@:@! N?V@<! =I?8P! A! %A=I>L?B<! 3J@@<,?V@:#! /&$! R#E! 6ghUe! W6BA>_(@_! +8>TO!

5A8<:=NO!3$XT!

/*++#01+%1&*T!/=BH@>>;iI!N;<?G?>A9?;8!;G!)APB@iI!N@<?=N!W/,),X!A8<!,>$;CiI!

#&!K@:@!J=:>LAI@<!G:;N!+8M?9:;P@8!W$A:BIHA<O!$&XT! !6@9AB!H;M?8@!I@:=N!W673X!KAI!

J=:>LAI@<! G:;N! %C>B;8@! 5AH;:A9;:?@I! W5;PA8O! 2(XT! ! '@8?>?BB?8O! I9:@J9;NC>?8O! 5U

PB=9AN?8@O! 9:CJI?8O!I;<?=N!JC:=MA9@O!@II@89?AB!A8<!8;8U@II@89?AB!AN?8;!A>?<I!K@:@!

ABB!A>j=?:@<!G:;N!,@<?A9@>L!W,A8AIIAIO!g&XT!!,/&U,7UYZRO!*d.(Y!A8<!,$6UD!>@BBI!

K@:@!J=:>LAI@<! G:;N!&($$!W,A8AIIAIO!g&XT! !,/&U,7UYZR!A8<!*d.(Y!>@BBI!K@:@!

9L@8!I@B@>9@<!G;:!AH?B?9C!9;!N@9AI9AI?b@!9;!H;8@!QYEST!!!

2"%!3'4!*,5#6&!7*&,#)"4#8*)9*"%,:!!(L@!*1@AIC"!N?8?!_?9!KAI!J=:>LAI@<!G:;N!

k?AP@8! WgAB@8>?AO! $&XT! ! 3=J@:I>:?J9! +++! >/1&! IC89L@I?I! _?9I! K@:@! J=:>LAI@<! G:;N!

+8M?9:;P@8!W$A:BIHA<O!$&XT!!j'$*!J:?N@:I!G;:!'(%:'O!.B?YO!(.6U!!A8<!R`3!W(Aj,A8X!

K@:@! ;H9A?8@<! G:;N! &JJB?@<! 7?;I>?@8>@I! W$A:BIHA<O! $&XO! KL?B@! J:?N@:I! G;:! 4'1O!

+5RRO!$-$*[O!,,'c!A8<!R`3!W307*X!K@:@!J=:>LAI@<!G:;N!4J@:;8!W%=89IM?BB@O!&5X!

QYRST!!(L@!'(%:'!?NN=8;:A<?;N@9:?>!AIIAC!KAI!J=:>LAI@<!G:;N!/?AP8;I9?>!3CI9@NI!

5AHI!W7:@AO!$&XT!!&89?H;<?@I!G;:!JL;JL;UNC;I?8!B?PL9!>LA?8!Y!W3@:RcO!3@:Rcl(L:R`X!

A8<!A89?U*AHH?9!+P.!K@:@!J:;>=:@<!G:;N!$@BB!3?P8AB?8P!(@>L8;B;P?@I!W/A8M@:IO!,&XO!

KL?B@! !UA>9?8! A8<! 6?H:;8@>9?8! A89?H;<?@I! >AN@! G:;N! 3?PNA! W39T! 5;=?IO! ,4X! A8<!

,?BB?J;:@! W7?BB@:?>AO! ,&XO! :@IJ@>9?M@BCT! ! (L@! )$5! >L@N?B=N?8@I>@8>@! _?9! KAI!

J=:>LAI@<! G:;N! &N@:ILAN! W'?I>A9AKACO! 1fX! KL?B@! 9L@! &7(3! I=HI9:A9@! _?9! KAI!

J:;<=>@<! HC! g@>9;:! 5AH;:A9;:?@I! W7=:B?8PAN@O! $&XT! ! (L@! N@>LA8;9:A8I<=>9?;8!

?8L?H?9;:I!7B@HH?I9A9?8!A8<!0YD"ZY!K@:@!H;9L!J:;>=:@<!G:;N!3?PNA!W39T!5;=?IO!,4XT!!!



! "c!

(*%.'4,#

;-"%.*,!,# '<# ,13,%&)%*,# <'&# !"# $!%&'# ,%14!*,T! ';BC=:@9LA8@! W'2*X! G?BNI! A8<!

J;BCA>:CBAN?<@! W'&&X! LC<:;P@BI! K@:@! IC89L@I?b@<! 9;! J:;M?<@! Y/! I=HI9:A9@I! K?9L!

@BAI9?>! N;<=B?! :A8P?8P! G:;N! aR_'A! 9;! m! R! .'A! G;:! !"# $!%&'! I9=<?@I! ;G!

N@>LA8;I@8I?9?M?9CT!'2*!I=HI9:A9@I!K@:@!IC89L@I?b@<!HC!:@A>9?M@!B?j=?<!N;B<?8P!;G!

A! BCI?8@!N@9LCB! @I9@:! <??I;>CA8A9@! W5/+X! j=AI?UJ:@J;BCN@:O! A! J;BCW@U>AJ:;BA>9;8@U

0'UPBC>;B?<@X!9:?;BO!A8<!$43$&(!`Z!H?IN=9L!>A9ABCI9!=I?8P!J=HB?IL@<!9@>L8?j=@ITQR`S!

7:?@GBCO! 9L@! j=AI?UJ:@J;BCN@:! KAI! IC89L@I?b@<! HC! >LA:P?8P! J;BCW@U>AJ:;BA>9;8@X!

W'$5O!ZEE!P!N;BURX!9;!A!GBAI_!G?99@<!K?9L!A!:@GB=V!>;8<@8I@:!A8<!L@A9@<!9;!"E;$!?8!A8!

;?B!HA9LT!5CI?8@!<??I;>CA8A9@!N@9LCB!@I9@:!W5/+O!eC;KA!%A__;X!KAI!9L@8!>LA:P@<O!9L@!

:@A>9;:!?NN@:I@<!?8!A8!;?B!HA9L!NA?89A?8@<!A9!cE;$O!A8<!$;I>A9!`Z!KAI!A<<@<!KL?B@!

I9?::?8P!=8<@:!<:C!A:P;8T!(L@!:@A>9?;8!KAI!ABB;K@<!9;!J:;>@@<!G;:!9L:@@!L;=:I!=8<@:!

MA>==N!A9!cE;$O!A9!KL?>L!9?N@!9L@!:@A>9;:!KAI!J=:P@<!K?9L!<:C!A:P;8!A8<!9L@!j=AI?U

J:@J;BCN@:! KAI! J;=:@<! ?89;! A! M@II@B! I9;:@<! A9! [;$T! 39:=>9=:@! KAI! M@:?G?@<! HC!

8=>B@A:! NAP8@9?>! :@I;8A8>@! IJ@>9:;I>;JC! W1,*O! 7:=_@:O! ZEE! ,%bXO! N;B@>=BA:!

K@?PL9!KAI!N@AI=:@<!HC!.'$O!A8<!F!G:@@!1$4!KAI!N@AI=:@<!HC!9?9:A9?;8T!!

';BC@I9@:!9:?;BI!:A8P?8P! G:;N!ZEE!9;!ZEEE!P!N;BUR!WREE!n!REEE!P!@jURX!K@:@!

IC89L@I?b@<! G:;N! A! PBC>@:;B! I9A:9@:O! DEF! @U>AJ:;BA>9;8@! A8<! ZEF! PBC>;B?<@!

N;8;N@:IO! A8<! I9A88;=I!;>9;A9@! >A9ABCI9! AI!<@I>:?H@<!J:@M?;=IBCTQYYS!7:?@GBCO! 9L@!

AJJ:;J:?A9@!AN;=89I!;G!<:?@<!PBC>@:;BO!<:?@<!@U>AJ:;BA>9;8@O!PBC>;B?<@O!A8<!I9A88;=I!

;>9;A9@! WETR! K9UFX! K@:@! N?V@<! ?8! A! REEUNB! GBAI_! A8<! L@A9@<! =8<@:! A8! A:P;8!

A9N;IJL@:@!K?9L!N@>LA8?>AB!I9?::?8P!9;!RZ#;$T!!(L@!N?V9=:@!KAI!ABB;K@<!9;!:@A>9!G;:!

aZE!L! A8<! I=HI@j=@89BC! :@N;M@<! G:;N! 9L@!;?B! HA9LT! !1,*!KAI!=I@<! 9;! M@:?GC! 9L@!



! DE!

I9:=>9=:@! ;G! 9L@! J;BC@I9@:! 9:?;BIO! K?9L! <@=9@:A9@<! <?>LB;:;N@9LA8@! W/$,X! AI! A!

I;BM@89T!!(L@!LC<:;VCB!W4%X!8=NH@:!KAI!N@AI=:@<!HC!9?9:A9?;8!W,@9:;LN!Dc`!,'(!

(?9:?8;X! A>>;:<?8P! 9;! &3(,! /U[""YUcZ! AI! <@I>:?H@<TQR`S! 3=HI9:A9@I! K@:@!

IC89L@I?b@<!HC!N?V?8P!A8!AJJ:;J:?A9@!AN;=89!;G!J;BCW@U>AJ:;BA>9;8@U0'UPBC>;B?<@X!

9:?;B! K?9L! 5/+! j=AI?UJ:@J;BCN@:O! A8<! $43$&(! `Z! >A9ABCI9! Wg@:9@BB=IX! G;:! YEI! ?8! A!

%A=I>L?B<!3J@@<,?V@:(,!/&$!R#E!6ghUe!M;:9@V!N?V@:!W6BA>_(@_O!+8>O!5A8<:=NO!3$XT!!

(L@! 9A:P@9@<! ?8<@V! W:A9?;! ;G! 1$4! 9;! 4%! @j=?MAB@89I! 9?N@I! REEX! KAI! RE#T! ! (L@!

:@I=B9A89!N?V9=:@!KAI!J;=:@<!?89;!9L@!K@BBI!;G!A!9?II=@!>=B9=:@!JBA9@!A8<!ABB;K@<!9;!

>=:@! G;:! Y[L! A9! "E°$T! ! (;! GA>?B?9A9@! >@BB! A<L@I?;8! A8<! @8I=:@! 9LA9! 9L@! I=:GA>@!

>L@N?I9:C!KAI!>;8I9A89! G;:!ABB! I=HI9:A9@I! 9@I9@<O! G?H:;8@>9?8! W68X!KAI!A<I;:H@<! 9;!

9L@!I=:GA>@!;G!9L@!I=HI9:A9@I!HC!?8>=HA9?8P!9L@N!?8!A![µPlN5!I;B=9?;8!;G!68!?8!'73!

A9![°$!;M@:8?PL9T!!!

';BCA>:CBAN?<@!W'&&X!LC<:;P@BI!K@:@!IC89L@I?b@<!HC!>;J;BCN@:?b?8P!A!REF!

I;B=9?;8!;G!A>:CBAN?<@!A8<!H?IUA>:CBAN?<@! ?8!KA9@:!M?A! G:@@U:A<?>AB!J;BCN@:?bA9?;8!

=I?8P! A! :@<;V! JA?:! ;G! ?8?9?A9;:I! W9@9:AN@9LCB! @9LCB@8@! <?AN?8@! W(),)/X! A8<! REF!

ANN;8?=N! J@:I=BJLA9@! W&'3X! ?8! KA9@:XT! &<<?9?;8ABBCO! A>:CB?>! A>?<! 1U

LC<:;I=>>?8?N?<@! W1%3X! @I9@:!KAI! >;J;BCN@:?b@<! 9;! 9L@! I=:GA>@! ;G! 9L@! P@BIT! ! (L@!

1%3UA>:CBA9@! BAC@:!KAI! 9L@8! ABB;K@<! 9;! :@A>9!K?9L! A! I;B=9?;8! ;G! 68! ?8! %)')3T! (;!

N@AI=:@! 9L@! I=:GA>@! >;8>@89:A9?;8! ;G! 68O! >;A9@<! I=HI9:A9@I! K@:@! ?8>=HA9@<! ?8! A!

I;B=9?;8! ;G! 68! A89?H;<C! WRoREEEX! G;BB;K@<! HC! ?8>=HA9?;8! K?9L! A! I@>;8<A:C! %*'U

>;8p=PA9@<!A89?H;<CT!!(L@!:@BA9?M@!AN;=89!;G!A<I;:H@<!A89?H;<C!KAI!9L@8!j=A89?G?@<!

HC! :@A>9?;8! K?9L! YqUAb?8;UH?IWZU@9LCBH@8b9L?Ab;B?8@U"UI=BJL;8?>! A>?<X! W&7(3X! A8<!

I=HI@j=@89! ;J9?>AB! <@8I?9C! :@A<?8P! A9! [E#8NT! ! &BB! '2*! A8<! '&&! I=HI9:A9@I!K@:@!



! DR!

J:@JA:@<!A9!9L@!IAN@!I=:GA>@!>;8>@89:A9?;8!;G!68!9LA9!C?@B<@<!A8!;J9?>AB!<@8I?9C!;G!

ETRY!AHI;:HA8>@!=8?9I!>NUYT!!!

=-")7!0#7*0.)"!0)+#>&'>*&%!*,#'<#,13,%&)%*,T!(@8I?B@!N;<=B=I!A8<!I9:@8P9L!;G!

9L@!'2*!G?BNI!K@:@!N@AI=:@<!A9!ZD;$!G;:!Z$R#$RNN!G?BNI!=I?8P!A!(&!+8I9:=N@89I!

k`EE! /,&! W>;89:;BB@<! G;:>@! <?IJBA>@N@89! :ANJO! R! 1! N?8UR! 9;! R`! 1! N?8URX! QYYST!

39;:AP@! A8<! B;II!N;<=B?! G;:! 9L@! J;BCA>:CBAN?<@! P@BI! =8<@:! IL@A:! >;8<?9?;8I!K@:@!

N@AI=:@<!=I?8P!A!(&!+8I9:=N@89I!&*U.Y!*L@;N@9@:!W(&!+8I9:=N@89IO!1@K!$AI9B@O!

/)X!A9!ZD;$O!=I?8P!A!YEUNN!>?:>=BA:!L@A<!AI!<@I>:?H@<!J:@M?;=IBCTQR#OYZS!.@BI!K@:@!

>;NJ:@II@<!H@9K@@8!A!L@A9@<!'@B9?@:!JBA9@!A8<!A!YEUNN!=JJ@:!JBA9@!A8<!I=Hp@>9@<!

9;! A8! ;I>?BBA9?8P! WETR! n! RE!%bX! IL@A:! I9:A?8! 9LA9!KAI! MAB?<A9@<! 9;! H@! ?8! 9L@! B?8@A:!

:A8P@!HC!I9:A?8!IK@@J!9@I9IT!

;?*++!"9# *@>*&!7*"%,# )"4# 0)+01+)%!'"# '<# "*%?'&A# 7*,.# ,!B*T! (;! <@9@:N?8@! 9L@!

N@IL!I?b@!;G!9L@!J;BCN@:!8@9K;:_O!'2*!I=HI9:A9@I!K@:@!IK;BB@8!?8!<?>LB;:;N@9LA8@!

G;:! Y[L! A9! :;;N! 9@NJ@:A9=:@O! KL?B@! '&&! P@BI! K@:@! IK;BB@8! ?8! KA9@:! A8<!

I=HI@j=@89BC! BC;JL?B?b@<! 9;! <@9@:N?8@! IK@BB?8P! :A9?;IT! ! (L@! N;B@>=BA:! K@?PL9!

H@9K@@8!>:;IIB?8_IO!

! 

Mc !O!KAI!9L@8!<@9@:N?8@<!K?9L!9L@!6B;:CU*@L8@:!@j=A9?;8QY[SO!!

! 

" ln 1" v2( ) + v2 + #1v2
2[ ] =V1n v2

1
3 "

v2
2

$ 

% 
& 

' 

( 
) 
! ! ! ! ! ! WZTRX

!

KL@:@!

! 

v2 !?I!9L@!M;B=N@!G:A>9?;8!;G!9L@!J;BCN@:!?8!9L@!IK;BB@8!NAIIO!

! 

"1!?I!9L@!6B;:CU

%=PP?8I! ?89@:A>9?;8! JA:AN@9@:O!

! 

V1! ?I! 9L@! N;BA:! M;B=N@! ;G! 9L@! I;BM@89O! A8<! "!

:@J:@I@89I! 9L@! 8=NH@:! ;G! A>9?M@! 8@9K;:_! >LA?8! I@PN@89I! J@:! =8?9! M;B=N@T! ! (L@!

N;B@>=BA:!K@?PL9!H@9K@@8!>:;IIB?8_I!?I!9L@8!P?M@8!HC!



! DY!

! 

Mc =
"
n
! ! ! ! ! ! ! ! ! WZTYX! !

KL@:@!%! ?I! 9L@!<@8I?9C!;G! 9L@!J;BCN@:!8@9K;:_!A8<!"! ?I! 9L@!>:;IIB?8_!<@8I?9C!WN;B!

>NUZXT!!,@IL!I?b@O!

! 

xiO!KAI!9L@8!@I9?NA9@<!HC!QY#S!

! 

xi = 2.24l " 2
#
1
3 2Mc

Mr

$ 

% 
& 

' 

( 
) 
! ! ! ! ! ! ! ! WZTZX

!

KL@:@!,:!?I!9L@!N;B@>=BA:!K@?PL9!;G!9L@!:@J@A9!=8?9!A8<!

! 

l!?I!9L@!>A:H;8U>A:H;8!H;8<!

B@8P9LT! !&II=N?8P!9L@!NA9@:?ABI!K@:@!J@:G@>9BC!@BAI9?>!W';?II;8iI!:A9?;!8!r!ET#XO!9L@!

@BAI9?>!A8<!IL@A:!N;<=B?!WC5#DE!A:@!:@BA9@<!9;!9L@!>:;IIB?8_!<@8I?9Co!

! 

E = 3nRT !! ! ! ! ! ! ! ! ! WZT[X!

E = 3G ! ! ! ! ! ! ! ! ! ! WZT#X!

/*++#01+%1&*T!,/&U,7UYZR!A8<!*d.(Y!>@BBI!K@:@!NA?89A?8@<!A8<!>=B9=:@<!A9!

ZD°$! =8<@:! #F! $4Y! ?8! RV! /,),! JB=I! REF! L@A9! ?8A>9?MA9@<! 673! A8<! RF!

J@8?>?BB?8lI9:@J9;NC>?8T! !,$6D! >@BBI!K@:@!NA?89A?8@<! A8<! >=B9=:@<! A9! ZD°$!=8<@:!

#F! $4Y! ?8! RV! ,>$;CiI! #&! JB=I! REF! L@A9! ?8A>9?MA9@<! 673O! A8<! RF!

J@8?>?BB?8lI9:@J9;NC>?8N!5UPB=9AN?8@O!AN?8;!A>?<IO!8;8U@II@89?AB!AN?8;!A>?<I!A8<!

I;<?=N!JC:=MA9@!@A>LT!!$@BBI!K@:@!LA:M@I9@<!K?9L!9:CJI?8!G:;N!I=HI9:A9@I!AG9@:!Y[L!

?8! >=B9=:@! G;:! N*1&! @V9:A>9?;8! Wk?AP@8! *1@AIC! _?9XT! ! $;8<?9?;8@<! N@<?A! KAI!

>;BB@>9@<! AG9@:! [`L! ?8! 9L@! J:@I@8>@! ;G! J:;9@AI@! ?8L?H?9;:! G;:! I@>:@9@<! J:;9@?8!

A8ABCI?IT! !(;! ?NAP@!>@BB!N;:JL;B;PC!AI!A! G=8>9?;8!;G! I=HI9:A9@!:?P?<?9CO! >@BBI! I9AHBC!

@VJ:@II?8P!.6'!K@:@!>=B9=:@<!;8!ET[#_'A!W/XO!ZTZ,'A!W)X!A8<!RTD.'A!W6X!I=HI9:A9@I!

A8<!M?I=AB?b@<!A9!Y[!L;=:I!=I?8P!JLAI@!>;89:AI9O!.6'!A8<!/&'+T!



! DZ!

F1)"%!%)%!$*# &*)+G%!7*# 6/8:#(;!N@AI=:@! >LA8P@I! ?8! P@8@! @VJ:@II?;8O!N*1&!

:@M@:I@! 9:A8I>:?J9?;8! KAI! >A::?@<! ;=9! =I?8P! 9L@! 3=J@:3>:?J9! +++! _?9! J@:!

NA8=GA>9=:@:iI!?8I9:=>9?;8IT!7:?@GBCO!9;9AB!*1&!KAI!@V9:A>9@<!=I?8P!9L@!*1@AIC!,?8?!

e?9T! (L@! 3=J@:3>:?J9! +++! 6?:I9! 39:A8<! 3C89L@I?I! 3CI9@N! G;:! j=A89?9A9?M@! *(U'$*!

J:?N@<!K?9L!:A8<;N!L@VAN@:I!KAI!=I@<!9;!IC89L@I?b@!>/1&!=I?8P!H@9K@@8!R!A8<!

#µP! 9;9AB! *1&T! (L@! @VJ:@II?;8! ;G! '(%:'O! .B?YO! A8<! (.6U!! KAI! N@AI=:@<! HC!

j=A89?9A9?M@!*(U'$*!=I?8P!MAB?<A9@<!(Aj,A8!J:?N@:I!K?9L!9L@!DZEE!*@ABU(?N@!'$*!

3CI9@N!W&JJB?@<!7?;I>?@8>@IXT!&IIACI!K@:@!J@:G;:N@<!?8!9:?JB?>A9@!;8!9L@!*@AB'B@V!

,A>L?8@!W)JJ@8<;:GX!=8<@:!9L@!G;BB;K?8P!>C>B?8P!>;8<?9?;8Io! !c#;$!G;:!R#!I@>;8<IO!

#`;$!G;:!ZE!I@>;8<IO!A8<!"`;$!G;:!ZE!I@>;8<IT!k=A89?G?>A9?;8!KAI!J@:G;:N@<!=I?8P!

9L@!AHI;B=9@!j=A89?9A9?M@! G;:!L=NA8!>@BBI!N@9L;<!=I?8P!R`3!AI!A8! ?89@:8AB!>;89:;BT!!

(L@! @VJ:@II?;8! ;G! ;I9@;J;89?8! W4'1XO! ?89@:B@=_?8! RR! W+5URRXO! $-$*[O! >;88@>9?M@!

9?II=@! P:;K9L! GA>9;:! W$(.6XO! A8<! NA9:?V! N@9ABB;J:;9@?8AI@U! c! W,,'UcX! K@:@!

<@9@:N?8@<!=I?8P!307*!P:@@8!J:?N@:I!AI!<@I>:?H@<!J:@M?;=IBC!QYRST!!

H771"'&)4!'7*%&!0# ),,)-,:# '(%:'! J:;9@?8! I@>:@9?;8! KAI! N@AI=:@<! ?8!

>;8<?9?;8@<! N@<?=N! =I?8P! A! 9K;UI?9@! ?NN=8;:A<?;N@9:?>! AIIAC! W+*,&X! J@:!

NA8=GA>9=:@:iI! ?8I9:=>9?;8IT! ! &BB! I@>:@9@<! J:;9@?8! MAB=@I!K@:@! 8;:NAB?b@<! G;:! >@BB!

8=NH@:T!!!

IDJG!#,!9")+!"9#),,)-T! !,/&U,7UYZR!>@BBI!K@:@!9:A8I?@89BC!9:A8IG@>9@<!K?9L!

RµP!Z('5=VO! A!(.6U!! :@IJ;8I?M@! :@J;:9@:! >;8I9:=>9! QY"SO! =I?8P! B?J;G@>9AN?8@!JB=I!

W+8M?9:;P@8XT! J*5(e!8*"!++)!KAI! >;9:A8IG@>9@<! AI! A! >;89:;B! :@J;:9@:! M@>9;:T! ! &G9@:!

Y[L!?8!I@:=NUG:@@!>=B9=:@!;8!I=HI9:A9@I!:A8P?8P!G:;N!RTD.'A!9;!ET[#_'AO!>@BBI!K@:@!

BCI@<!?8!'AII?M@!5CI?I!7=GG@:!W':;N@PAX!!A8<!9L@!;V?<A9?;8!;G!B=>?G@:?8!KAI!N@AI=:@<!



! D[!

=I?8P!A!B=N?8;N@9@:!W(/!YElYEO!(=:8@:!/@I?P8IX!=I?8P!A!/=AB!5=>?G@:AI@!&IIAC!e?9!

W':;N@PAX! J@:! NA8=GA>9=:@:iI! ?8I9:=>9?;8ITT! ! 5=>?G@:AI@! A>9?M?9C! KAI! 9L@8!

8;:NAB?b@<!HC!9L@!8*"!++)#>;89:;BT!!!

K*,%*&"# L+'%%!"9:! $@BBI! >=B9=:@<! AI! <@I>:?H@<! AH;M@! K@:@! LA:M@I9@<! ?89;! A!

:A<?;U?NN=8;J:@>?J?9A9?;8! AIIAC! BCI?I! H=GG@:! >;89A?8?8P! A! >;>_9A?B! ;G! J:;9@AI@!

?8L?H?9;:I!W*;>L@O!7AI@BO!3K?9b@:BA8<XT!!)j=AB!J:;9@?8!>;8>@89:A9?;8I!K@:@!J:@JA:@<!

G;:! B;A<?8P!K?9L!1='&.)! IANJB@! H=GG@:! W+8M?9:;P@8X! A8<! I@JA:A9@<! ;8! A! P:A<?@89!

W[FUYEFX!3/3U'&.)!P@B!W7?;:A<XT! !&G9@:!9:A8IG@::?8P!9;!A!'g/6O!N@NH:A8@I!K@:@!

HB;>_@<! K?9L! #F! 73&! ?8! (73! >;89A?8?8P! ETRF! (K@@8UYE! G;:! RL! A9! :;;N!

9@NJ@:A9=:@O! G;BB;K@<! HC! ?8>=HA9?;8! K?9L! @?9L@:! JL;IJL;UNC;I?8! B?PL9! >LA?8! Y!

W3@:RcX! ;:! JL;IJL;UNC;I?8! B?PL9! >LA?8! Y! W(L:R`l3@:RcX! WRoREEEX! A89?H;<?@I!

;M@:8?PL9! A9! [s$T! ! &G9@:! KAIL?8PO! N@NH:A8@I! K@:@! HB;99@<! K?9L! A89?U:AHH?9! +P.!

WRo#EEEXO! A8<!HA8<I!K@:@!<@9@>9@<!HC!@8LA8>@<! >L@N?B=N?8@I>@8>@T! !,@NH:A8@I!

K@:@!9L@8!I9:?JJ@<!A8<!:@J:;H@<!=I?8P!A8!A89?H;<C!G;:!!UA>9?8!WRo#EEEX!AI!A!B;A<?8P!

>;89:;BT!!!

!! H".!3!%!'"#'<#7*0.)"'%&)",410%!'"T!$@BBI!K@:@!JBA9@<!AI!<@I>:?H@<!AH;M@!A8<!

ABB;K@<! 9;! A<L@:@! G;:! [LO! A9! KL?>L! J;?89! 9L@C! K@:@! 9:@A9@<! K?9L! @?9L@:! 0YD"ZY!

WYEµ,X!;:!7B@HH?I9A9?8!W#Eµ,XT!!$@BBI!K@:@!LA:M@I9@<!Y[L!;:![`L!J;I9U9:@A9N@89!G;:!

N*1&! A8<! I@>:@9@<! J:;9@?8! A8<! A8ABCb@<! AI! <@I>:?H@<! AH;M@T! ! ,/&U,7UYZRO!

*d.(Y! A8<!,$6UD! >@BBI!K@:@! 9:A8IG@>9@<!K?9L! @?9L@:! >/1&! @8>;<?8P! A! <;N?8A89!

A>9?M@!W&[X!;:!<;N?8A89!8@PA9?M@!We/&[X!N=9A89!;G!*4$e!QYDOY`S!WA!P@8@:;=I!P?G9!;G!

/:T! eAb=C=_?! +9;LO! 4IA_A!,@<?>AB! $@89@:! G;:! $A8>@:! A8<! $A:<?;MAI>=BA:! /?I@AI@IO!

4IA_AO!fAJA8X!=I?8P!B?J;G@>9AN?8@!JB=I!W+8M?9:;P@8X!J@:!NA8=GA>9=:@:iI!?8I9:=>9?;8IT!!!



! D#!

H".!3!%!'"#'<#8M/N#!"#%.*#>&*,*"0*#'<#*@'9*"'1,#IDJG3T!$@BBI!K@:@!JBA9@<!A8<!

9:@A9@<!K?9L!@?9L@:!0YD"ZY!;:!7B@HH?I9A9?8!AI!<@I>:?H@<!J:@M?;=IBCT!!$@BBI!K@:@!9L@8!

@?9L@:!>;U9:@A9@<!K?9L!#!8PlN5!(.6U!!;:!(.6U!!M@L?>B@!W#F!73&U%$BX!A8<!LA:M@I9@<!

G;:!N*1&!AG9@:!Y[L!G;:!j'$*!A8ABCI?IT!

!

*@I=B9I!

/.)&)0%*&!B)%!'"#'<#6O8#)"4#622#,13,%&)%*,!

(L@!>LA:A>9@:?bA9?;8!;G!9L@!I=HI9:A9@I!?I!I=NNA:?b@<!?8!6?P=:@!ZTRT!&I!IL;K8!

?8!6?P=:@!ZTR&!A8<!7O!9L@!'2*!G?BNI!K@:@!>:;IIB?8_@<!8@9K;:_IT!(L@!@BAI9?>!N;<=B=I!

;G! 9L@! G?BNI! ?8>:@AI@<!K?9L!<@>:@AI?8P!@j=?MAB@89!K@?PL9O!<@G?8@<!AI!9L@!N;B@>=BA:!

K@?PL9!<?M?<@<!HC!9L@!G=8>9?;8AB?9C!WG!r!Z!G;:!A!9:?;BXT!(L@!N@IL!I?b@!;G!9L@!'2*!G?BNI!

:A8P@<!G:;N!`TD!n!Y[!8NO!KL?>L!?I!A9! B@AI9!Y!;:<@:I!;G!NAP8?9=<@!INABB@:!9LA8!9L@!

I?b@! ;G! 9L@! >@BBIT! (L@:@G;:@O! 9L@! >@BBI! N?P:A9@! ;8! 9L@! I=:GA>@! I?8>@! 9L@C! >A88;9!

J@8@9:A9@!9L@!G?BNIT!(L@!N@IL!I?b@!;G!9L@!'&&!P@BI!KAI!ZTZ!µNO!KL?>L!?I!ABI;!INABB@:!

9LA8! 9L@! I?b@! ;G! 9L@! >@BBIT! &I! IL;K8! ?8! 6?P=:@! ZTR$O! K@! ;H9A?8@<! :@AI;8AHB@!

AP:@@N@89!WK?9L?8!A!GA>9;:!;G!YX!H@9K@@8!9L@!N@AI=:@<!N;<=B=I!A8<!9LA9!>AB>=BA9@<!

G:;N!9L@!IK@BB?8P!@VJ@:?N@89I!=I?8P!@j!W[XT!'2*!I=HI9:A9@I!K@:@!>;A9@<!K?9L!68!HC!

A<I;:J9?;8O!KL?B@!68!KAI!P:AG9@<!9;!'&&!P@BI!W6?P=:@!ZTR/XT!(L@!>;8>@89:A9?;8!;G!68!

;8! ABB! I=:GA>@I! KAI! NA?89A?8@<! A9! ETRY! AHI;:HA8>@! =8?9I! >NUY! HC! >;89:;BB?8P! 9L@!

>;8>@89:A9?;8!;G!68!?8!9L@!I;B=9?;8T!!

!

!

#



! D"!

#

#

#

#

#

#

#

#

#

#

#

#

#

L'"*G+!A*#7*0.)"!0)+#>&'>*&%!*,#,%!71+)%*#*@>&*,,!'"#'<#6IP&6!

(;!?8M@I9?PA9@!9L@!@GG@>9I!;G!I=HI9:A9@!N;<=B=I!;8!P@8@!@VJ:@II?;8!;G!>A8>@:!

>@BBI!!"#$!%&'O!K@!IC89L@I?b@<!Y/!I=HI9:A9@I!K?9L!9=8AHB@!@BAI9?>!N;<=B?!:A8P?8P!G:;N!

ET[#! _'A! 9;! "D! .'A! G;:! >=B9=:@! K?9L! I@M@:AB! >@BB! B?8@IO! 8AN@BC! ,/&U,7UYZR!

W;I9@;BC9?>! N@9AI9A9?>! NANNA:C! A<@8;>A:>?8;NAXO! *d.(Y! W;I9@;BC9?>! N@9AI9A9?>!

B=8P! Ij=AN;=I! >@BB! >A:>?8;NAXO! A8<! ,$6UD! W8;8U;I9@;BC9?>! <=>9AB! NANNA:C!

>A:>?8;NAXT!!,/&U,7UYZR!A8<!*d.(Y!>@BBI!IL;K@<!YT#UG;B<!A8<!YUG;B<!?8>:@AI@I!?8!

'(%:'! N*1&! @VJ:@II?;8! :@IJ@>9?M@BC! ?8! :@IJ;8I@! 9;! I=HI9:A9@I! K?9L! N;<=B?!

@V>@@<?8P!R!.'A!>;NJA:@<!9;!I=HI9:A9@I!K?9L!N;<=B?!t!REE!_'A!W6?P=:@!ZTY&!A8<!7XT!!

+8!>;89:AI9O!,$6UD!>@BBIO!KL?>L!A:@!_8;K8!8;9!9;!>A=I@!;I9@;BC9?>!B@I?;8I!IL;K@<!8;!

!
!"#$%&'()*)'+,-&./0",'12'./0&%"/34'4560-&4"4'/67',-/%/,0&%"8/0"16)'W&X!3C89L@I?I!;G!'2*!
8@9K;:_I! G:;N!A8!5/+!j=AI?UJ:@J;BCN@:!W:@<X!A8<!A!J;BCWuU>AJ:;BA>9;8@U>;UPBC>;B?<@X!9:?;B!

K?9L!N;B@>=BA:!K@?PL9!,8!r!Z?O!KL@:@!?!?I!9L@!@j=?MAB@89!K@?PL9!WP!@jURXT!W7X!)VJ@:?N@89AB!
MAB=@I! ;G! 9L@! @BAI9?>!N;<=B=I!C! ;G! '2*!8@9K;:_I! AI! A! G=8>9?;8!;G! @j=?MAB@89!K@?PL9!?T! W$X!
'LCI?>AB!>LA:A>9@:?I9?>I!;G!J;BCN@:!8@9K;:_I!AI!>AB>=BA9@<!G:;N!:=HH@:!@BAI9?>?9C!9L@;:CT!!)N!

A8<!.N! :@J:@I@89I!N@AI=:@<! @BAI9?>! A8<! IL@A:!N;<=B?O! vY! ?I! 9L@! G:A>9?;8! ;G! J;BCN@:! ?8! 9L@!

IK;BB@8!NAIIO!,>! ?I! 9L@!>AB>=BA9@<!N;B@>=BA:!K@?PL9!H@9K@@8!>:;IIUB?8_I!A8<!)>!A8<!.>!A:@!

9L@! >AB>=BA9@<! @BAI9?>! A8<! IL@A:! N;<=B?T! W/X! 3>L@N@I! G;:! J:;M?<?8P! A! =8?G;:N! I=:GA>@!

>;8>@89:A9?;8!;G!G?H:;8@>9?8!W68X!G;:!J;BC=:@9LA8@!8@9K;:_I!A8<!J;BCA>:CBAN?<@!P@BIT!

!



! DD!

<?GG@:@8>@!?8!'(%:'!@VJ:@II?;8!?8!:@IJ;8I@!9;!I=HI9:A9@!I9?GG8@II!W6?P=:@!ZTY$XT!!(L@!

@GG@>9I! ;G! I=HI9:A9@!N;<=B=I! ;8! '(%:'! P@8@! @VJ:@II?;8! G;BB;K@<! A! I?PN;?<! >=:M@!

9LA9!IA9=:A9@I!H@9K@@8!RTD!A8<!"D.'AO!KL?>L!;M@:BAJI!K?9L!9L@!@BAI9?>!N;<=B=I!;G!

H;8@T! ! '(%:'! I@>:@9?;8!<A9A!N@AI=:@<!HC! +*,&!A8<! >LA8P@<! I?N?BA:BC! G;:! ABB! >@BB!

B?8@I!W6?P=:@!ZTY&U$XT! !&<<?9?;8ABBCO! 9L@!N;:JL;B;PC!;G!,/&U,7UYZR!>@BBI!>LA8P@<!

K?9L!I=HI9:A9@!:?P?<?9C!W6?P=:@!ZTY/U6XO!KL@:@!.6'!WP:@@8X!?I!@VJ:@II@<!9L:;=PL;=9!

9L@!>@BB!A8<!9L@!/&'+!WHB=@X!I9A?8!H?8<I!9;!9L@!/1&!?8!9L@!8=>B@=IT!!!!3?N?BA:!@GG@>9I!

K@:@!;HI@:M@<!K?9L!*d.(Y!>@BBIO!A8<!8;!@GG@>9I!K@:@!;H9A?8@<!K?9L!,$6D!>@BBIT!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!"#$%&'()9)':;<%&44"16'/67'4&,%&0"16'12'=>?%='@5'140&1350",A'.&0/40/0",'0$.1%'
,&334'"6,%&/4&4'B"0-'"6,%&/4"6#'4$@40%/0&'.17$3$4T! !'(%:'!N*1&!8;:NAB?b@<!HC!
R`3!AI!N@AI=:@<!HC!j'$*!A8<!I@>:@9@<!'(%:'!AI!N@AI=:@<!HC! +*,&!G;:! W&X!,/&U

,7UYZR! O! W7X! *d.(YO! A8<! W$X! ,$6UD! >@BBI! ;8! I=HI9:A9@I! ;G! ?8>:@AI?8P! @BAI9?>!

N;<=B=IT!wOx!r!JtTE#y!wwOxxr!JtTERy!wwwOxxxrJtTEE#!>;NJA:@<!9;!ETEEE[#,'A!MAB=@T!!

$LA8P@I!?8!,$6UD!>@BBI!K@:@!8;9!I?P8?G?>A89T! !W/X!n!W6X!,;:JL;B;PC!;G!,/&U,7UYZR!

>@BBI! >=B9=:@<! ;8! I=HI9:A9@I! ;G! MA:C?8P! @BAI9?>! N;<=B=I! [! L;=:I! J;I9UA99A>LN@89T!!

1=>B@?! K@:@! I9A?8@<! =I?8P! /&'+! WHB=@X! A8<! >@BBI! K@:@! M?I=AB?b@<!K?9L! H;9L! M?I?HB@!

B?PL9! A8<! .6'! WP:@@8XT! 3?N?BA:! @GG@>9I! ;G! 9L@! N;<=B=I! ;8! >@BB! N;:JL;B;PC! K@:@!
;HI@:M@<!G;:!*d.(Y!>@BBIO!KL?B@!8;!@GG@>9I!K@:@!;HI@:M@<!G;:!,$6UD!>@BBIT!

!



! D`!

! )VJ:@II?;8!;G!.B?YO!A! 9:A8I>:?J9?;8! GA>9;:!_8;K8!9;!:@P=BA9@!'(%:'!Q[SO!ABI;!

IL;K@<! A! #UG;B<! ?8>:@AI@! ;8! LA:<! I=HI9:A9@I! ?8! H;9L! ,/&U,7UYZR! A8<! *d.(Y!

W6?P=:@!ZTZX!H=9!8;9!?8!,$6UDT!!!

! (;!M@:?GC!9LA9!9L@I@!<A9A!K@:@!8;9!9L@!:@I=B9!;G!A8!;M@:ABB!<;K8U:@P=BA9?;8!;G!

P@8@! @VJ:@II?;8! ;8! I;G9! I=HI9:A9@IO! I@M@:AB! ;9L@:! GA>9;:I! ;G! _8;K8! ?NJ;:9A8>@! ?8!

H;8@!N@9AI9AI@I!QYcS!K@:@!@VAN?8@<!AI!I=NNA:?b@<!?8!(AHB@!ZTRT!)VJ:@II?;8!;G!9L@!

;I9@;BC9?>! GA>9;:! +5URR!KAI! :@BA9?M@BC! ?8I@8I?9?M@! 9;! I=HI9:A9@! :?P?<?9C! G;:! ABB! 9L:@@!

>@BB! B?8@I! 9@I9@<T! ! ! 6A>9;:I! IL;K?8P! 9L@! N;I9! <:ANA9?>! >LA8P@! ?8! @VJ:@II?;8! AI! A!

G=8>9?;8! ;G! :?P?<?9C! ?8>B=<@! ;I9@;J;89?8! W4'1X! A8<! ,,'UcT! )VJ:@II?;8! ;G! 4'1O!

KL?>L!?I!?8>?<@89ABBC!AII;>?A9@<!K?9L!J:?NA:C!I?9@!?8MAI?;8O!KAI!#!n!R`!9?N@I!L?PL@:!

KL@8!,/&U,7UYZR!;:!*d.(Y!>@BBI!K@:@! I@@<@<!;8! I;G9! I=HI9:A9@IT! +89@:@I9?8PBCO!

@VJ:@II?;8!;G!4'1!HC!,$6UD!>@BBI!KAI!:@BA9?M@BC!?8<@J@8<@89!;G!:?P?<?9CT!)VJ:@II?;8!

;G!,,'Uc!KAI! RE! n! ZE! 9?N@I! L?PL@:! ;8! I;G9! I=HI9:A9@I! G;:!,/&U,7UYZRO! H=9! 9L@!

!
!"#$%&' ()()' :;<%&44"16' 12' C3"9' /67' @5' DEFGDHG9(*' /67' IJC>9' ,&334' "6,%&/4&4' B"0-'
"6,%&/4"6#' 4$@40%/0&'.17$3$4T! )VJ:@II?;8! ;G! .B?Y!N*1&! 8;:NAB?b@<! HC! R`3! AI!N@AI=:@<! HC!
j'$*! G;:! W&X!,/&U,7UYZR!A8<! W7X!*d.(Y! >@BBI! ;8! I=HI9:A9@I!;G! MA:C?8P! @BAI9?>!N;<=B=IT!.B?Y!
I?P8AB?8P!?8>:@AI@<!Y#UG;B<!AI!9L@!N;<=B=I!?8>:@AI@<!G:;N!ZTZ!9;!RDEE!,'A!W<A9A!8;9!IL;K8XT!wOx!

r!JtTE#y!wwOxxr!JtTERy!wwwOxxxrJtTEE#!>;NJA:@<!9;!ETEEE[#,'A!MAB=@T!!

!



! Dc!

@GG@>9I!;G!:?P?<?9C!;8!,,'Uc!@VJ:@II?;8!;HI@:M@<!G;:!*d.(Y!A8<!,$6UD!>@BBI!K@:@!

I=HI9A89?ABBC!INABB@:T!!

!

;13,%&)%*G7*4!)%*4#9*"*#*@>&*,,!'"#0.)"9*,#!"#3'"*G7*%),%)%!0#0)"0*&,#)&*#&*91+)%*4#

3-#8M/NGH#

*4$e! I?P8AB?8P! :@P=BA9@I! A>9;NC;I?8! >;89:A>9?B?9C! A8<! >C9;I_@B@9;8U

<@J@8<@89! G;:>@I!HC!JL;IJL;:CBA9?8P!N;9;:!J:;9@?8IO! I=>L!AI! 9L@! :@P=BA9;:C!,5$O!

5+,eRlY!A8<!,0'(R!WNC;I?8UH?8<?8P!I=H=8?9!;G!,5$X!QRYST!(L=IO!*4$e!A>9?MA9?;8!

B@A<I! 9;! ?8>:@AI@<! A>9;NC;I?8! >;89:A>9?B?9CO!KL?>L! B@<! =I! 9;! j=@I9?;8!KL@9L@:! 9L@!

@GG@>9I! ;G! I=HI9:A9@! :?P?<?9C! ;8! '(%:'! @VJ:@II?;8! A:@! N@<?A9@<! HC! *4$eT! ! (;!

<@9@:N?8@!KL@9L@:! 9L@! ;HI@:M@<! >LA8P@I! ?8!N@>LA8;9:A8I<=>9?;8!K@:@! B?8_@<! 9;!

@VJ:@II?;8!;G!;I9@;>BAI9;P@8?>! GA>9;:IO!K@! G?:I9!>=B9=:@<!,/&U,7UYZR!>@BBI!;8!I;G9!

WZTZ!,'AX!A8<!LA:<!WRDEE!,'AX!'2*!I=HI9:A9@I!A8<!N@AI=:@<!*4$e!A>9?M?9C!AG9@:!

Y[L! HC! d@I9@:8! HB;99?8PT! &I! IL;K8! ?8! 6?P=:@! ZT[&O! >@BBI! I@@<@<! ;8! N;:@! :?P?<!

I=HI9:A9@I! @VJ:@II@<! L?PL@:! B@M@BI! ;G! JL;IJL;:CBA9@<!,5$! WJ,5$XO! ?NJBC?8P! 9LA9!

*4$e! A>9?M?9C! ?8>:@AI@<! ;8!N;:@! :?P?<! I=HI9:A9@IT! ! (;! G=:9L@:! 9@I9! 9L@! LCJ;9L@I?I!

>/@3&'()*)'':;<%&44"16'12'/'4&3&,0&7'</6&3'12'#&6&4'/441,"/0&7'B"0-'140&1350",'@16&'7"4&/4&'
/4'/'2$6,0"16'12'4$@40%/0&'%"#"7"05'

!



! `E!

9LA9! N;<=B=I! @GG@>9I! ;8! '(%:'! @VJ:@II?;8! K@:@! N@<?A9@<! HC! *4$eO! K@!

JLA:NA>;B;P?>ABBC! ?8L?H?9@<! N@>LA8;9:A8I<=>9?;8! ?8! ,/&U,7UYZR! A8<! *d.(Y!

>@BBI! ;8!Y.'A! 9?II=@! >=B9=:@!J;BCI9C:@8@! I=HI9:A9@I!K?9L!HB@HH?I9A9?8!;:! 9L@!*4$e!

?8L?H?9;:O!0YD"ZYT!!!

!
!"#$%&'()K)''D&,-/610%/647$,0"16'4"#6/34'/%&'%&#$3/0&7'@5'L/3$&4'12'0-&'4$@40%/0&'.17$3$4'
"6'0-&'D=/'%/6#&)!!W&X!d@I9@:8!HB;9!A8ABCI?I!;G!NC;I?8!B?PL9!>LA?8!JL;IJL;:CBA9?;8!IL;KI!L?PL@:!
J,5$!@VJ:@II?;8!HC!,/&U,7UYZR!>@BBI!I@@<@<!;8!N;:@!:?P?<!WRDEE!,'AX!:@BA9?M@!9;!I;G9@:!WZTZ!

,'AX!'2*! I=HI9:A9@IT! ! W7X! 'LA:NA>;B;P?>AB! ?8L?H?9?;8! ;G! A>9;NC;I?8! >;89:A>9?B?9C! WHB@HH?I9A9?8X!

A8<! *4$e! W0UYD"ZYX! <@>:@AI@I! '(%:'! P@8@! @VJ:@II?;8! A8<! J:;9@?8! I@>:@9?;8! ?8!,/&U,7UYZR!

>@BBIT! 3?N?BA:! JA99@:8I!K@:@! ;HI@:M@<! G;:! *d.(Y! >@BBI! W<A9A! 8;9! IL;K8XT! (L@! ;J9?NAB! <;I@I! ;G!
HB@HH?I9A9?8! A8<!0UYD"ZY!K@:@! ?<@89?G?@<! 9;! H@! #E!N,!A8<!YE!N,O! :@IJ@>9?M@BC! 9L:;=PL!<;I@U

:@IJ;8I@!@VJ@:?N@89I!W<A9A!8;9!IL;K8XT!W$X!'(%:'!?I!;M@:U@VJ:@II@<!A8<!<;@I!8;9!?8>:@AI@!K?9L!

:?P?<?9C!?8!,/&U,7UYZR!>@BBI!P@8@9?>ABBC!N;<?G?@<!9;!@VJ:@II!A!>;8I9?9=9?M@BC!A>9?M@!G;:N!;G!*4$e!

W,/&U/[!>@BBIXT!3?N?BA:BCO!'(%:'!@VJ:@II?;8!<;@I!8;9!?8>:@AI@!K?9L!:?P?<?9C!?8!,/&U,7UYZR!>@BBI!

P@8@9?>ABBC!N;<?G?@<!9;!@VJ:@II!A!<;N?8A89!8@PA9?M@!G;:N!;G!*4$e!W,/&Ue/&[!>@BBIXT!,/&!>@BBI!
9:A8IG@>9@<!K?9L!A!JBAIN?<!>;89:;B!W,/&UJ>X!IL;K!I?P8?G?>A89!?8>:@AI@I!?8!'(%:'!@VJ:@II?;8!K?9L!

:?P?<?9CT!

!



! `R!

+8L?H?9?;8!;G!A>9;NC;I?8!>;89:A>9?B?9C!HC!HB@HH?I9A9?8!A8<!?8L?H?9?;8!;G!*4$eU+!HC!0U

YD"ZY!?8<=>@<!A!I?P8?G?>A89!<@>:@AI@!?8!'(%:'!N*1&!@VJ:@II?;8!?8!H;9L!,/&U,7U

YZR!A8<!*d.(Y!>@BBI! W6?P=:@!ZT[7XO! I=PP@I9?8P! 9LA9! 9L@!=J:@P=BA9?;8!;G!'(%:'!;8!

:?P?<! I=HI9:A9@I! ?I! N@<?A9@<! HC! *4$eT! ! $;8M@:I@BCO! JLA:NA>;B;P?>ABBC! ?8L?H?9?8P!

N@>LA8;9:A8I<=>9?;8!K?9L!@?9L@:!HB@HH?I9A9?8!;:!0YD"ZY!:@I=B9@<!?8!A8!?8>:@AI@!;G!

4'1! N*1&! @VJ:@II?;8! ?8! H;9L! ,/&YZR! A8<! *d.(YT! ! 1@?9L@:! HB@HH?I9A9?8! 8;:!

0YD"ZY!LA<!A8!@GG@>9!;8!+5URR!N*1&!@VJ:@II?;8!?8!@?9L@:!>@BB! 9CJ@T! !,/&U,7UYZR!

>@BBI!K@:@!ABI;!P@8@9?>ABBC!N;<?G?@<!9;!J:;<=>@!>;8I9?9=9?M@BC!A>9?M@!W,/&U&[X!A8<!

<;N?8A89! 8@PA9?M@! W,/&Ue/&[X! G;:NI! ;G! *4$eT! &I! IL;K8! ?8! 6?P=:@! ZT[$O!

@VJ:@II?;8!;G!'(%:'!HC!,/&U&[!>@BBI!I@@<@<!;8!Y.'A!I=HI9:A9@I!KAI!=J:@P=BA9@<!

:@BA9?M@!9;!JBAIN?<!>;89:;B!WJ>X!>@BBI!A8<!<?<!8;9!?8>:@AI@!K?9L!?8>:@AI?8P!N;<=B=IT!

)VJ:@II?;8!;G!'(%:'!HC!,/&Ue/&[!>@BBI!I@@<@<!;8!9L@!IAN@!I=HI9:A9@I!KAI!<;K8U

:@P=BA9@<! A8<! <?<! 8;9! ?8>:@AI@!K?9L! ?8>:@AI?8P! I=HI9:A9@! :?P?<?9CT! (A_@8! 9;P@9L@:O!

9L@!<A9A!?8!6?P=:@!ZT[!?8<?>A9@!9LA9!9L@!@GG@>9I!;G!I=HI9:A9@!N;<=B=I!;8!'(%:'!P@8@!

@VJ:@II?;8!A:@!N@<?A9@<!HC!*4$eT!

!

IDJG!#7*4!)%*,#%.*#*<<*0%,#'<#,13,%&)%*#&!9!4!%-#'"#D+!Q#)"4#6IP&6##%.&'19.#8M/N!

dL?B@!6?P=:@!ZT[!IL;KI!9LA9!*4$e!:@P=BA9@I!'(%:'!@VJ:@II?;8O!(.6U!!?I!ABI;!

_8;K8! 9;! I9?N=BA9@! '(%:'! J:;<=>9?;8! Q#ST! (L@:@G;:@O! K@! ?8M@I9?PA9@<! ?9I! :;B@! ?8!

:@P=BA9?8P!9L@!:@IJ;8I@!;G!9L@!9=N;:!>@BBI!9;!:?P?<?9CT!&I!IL;K8!?8!6?P=:@!ZT#&O!,/&U

,7UYZR!>@BBI!9:A8IG@>9@<!9;!@VJ:@II!A!<;N?8A89!8@PA9?M@!G;:N!;G!9L@!(.6U!!(CJ@!++!

:@>@J9;:! W,/&U(!*++/>C9! >@BBIX! IL;K@<! ;8BC! A! 'RT"UG;B<! ?8>:@AI@! ?8! '(%:'!

@VJ:@II?;8! AI! I=HI9:A9@! :?P?<?9C! ?8>:@AI@<! G:;N! ET[#! _'A! 9;! RDEE! ,'AT! 3?N?BA:BCO!



! `Y!

,$6UD!>@BBIO!KL?>L!<;!8;9!@VJ:@II!9L@!(.6U!!(CJ@!++!:@>@J9;:O!ABI;!IL;K@<!'RTRUG;B<!

?8>:@AI@!?8!'(%:'!P@8@!@VJ:@II?;8!K?9L!I=HI9:A9@!:?P?<?9C!W6?P=:@!ZT#&XT!(L=IO!>@BBI!

9LA9! A:@! 8;8U:@IJ;8I?M@! 9;! (.6U!! <?<! 8;9! :@IJ;8<! 9;! I=HI9:A9@! N;<=B=IT!

+89@:@I9?8PBCO! ?89:A>@BB=BA:! (.6U!! I?P8AB?8PO! AI! N@AI=:@<! HC! 9L@! Z('5=V! AIIACO!

?8>:@AI@<!K?9L!I=HI9:A9@! :?P?<?9CO! AI! IL;K8! ?8!6?P=:@!ZT#7T! !(L?I! ?I!A9! B@AI9! ?8!JA:9!

<=@! 9;!A8! ?8>:@AI@! ?8!(.6U\R!@VJ:@II?;8!HC!>@BBI!;8!N;:@!:?P?<!I=HI9:A9@I! W6?P=:@!

ZT#$XT!

d@! 8@V9! ?8M@I9?PA9@<! KL@9L@:! HB;>_?8P! *4$e! ?8L?H?9I! 9L@! @GG@>9I! ;G!

@V;P@8;=I!(.6U!!;8!9L@!I9?N=BA9?;8!;G!.B?Y!A8<!'(%:'!@VJ:@II?;8!HC!9:@A9?8P!>@BBI!

K?9L!(.6U\!A8<!?8L?H?9?8P!N@>LA8;9:A8I<=>9?;8!K?9L!HB@HH?I9A9?8!W6?P=:@!ZT"&!A8<!

7X!;:!0YD"ZY!W6?P=:@!ZT"$!A8<!/XT!d@!G;=8<!9LA9!HB@HH?I9A9?8!HB;>_@<!9L@!AH?B?9C!;G!

(.6U\! 9;! I9?N=BA9@! .B?Y! A8<! '(%:'! @VJ:@II?;8T! ! 3?N?BA:! :@I=B9I! K@:@! I@@8! K?9L!

0YD"ZY! 9:@A9N@89IT! ! 2I?8P! A!N;B@>=BA:! AJJ:;A>LO!K@! 9:@A9@<! 9L@!e/&[! >@BBI!K?9L!

(.6U\!A8<!G;=8<!9LA9!(.6U\!>;=B<!8;!B;8P@:!I9?N=BA9@!.B?Y!W6?P=:@!ZT")X!;:!'(%:'!

!
!"#$%&' ()M)' ' >C!GN'.&7"/0&4' 0-&' %&4<164&' 12'DEFGDHG9(*' ,&334' 01' 4$@40%/0&' %"#"7"05T! W&X!
'(%:'!P@8@!@VJ:@II?;8!?8>:@AI@I!I?P8?G?>A89BC!G;:!,/&U,7UYZR!>@BBI!9:A8IG@>9@<!K?9L!9L@!JBAIN?<!

>;89:;B! W,/&UJ>XO!KL?B@!,/&U,7UYZR!>@BBI! 9:A8IG@>9@<! 9;!@VJ:@II!A!<;N?8A89!8@PA9?M@! G;:N!;G!

9L@!(.6U!!(CJ@!++!:@>@J9;:!W,/&U(!*++/>C9!X!A8<!,$6UD!>@BBI!9LA9!<;!8;9!@VJ:@II!9L@!(.6U!!(CJ@!
++! :@>@J9;:! IL;K! 8;! ?8>:@AI@! ?8! @VJ:@II?;8!K?9L! :?P?<?9CT! W7X! (.6U\! I?P8AB?8P!KAI!N@AI=:@<! ?8!

,/&U,7UYZR! >@BBI! 9:A8IG@>9@<! K?9L! 9L@! Z('U5=V! (.6U\! :@J;:9@:! >;8I9:=>9T! ! (L?I! IL;K@<! A8!

?8>:@AI@! ?8! (.6U\! I?P8AB?8P! KL@8! >@BBI! A:@! P:;K8! ;8! :?P?<! I=HI9:A9@IT! ! W$X! (.6U\R! N*1&!

@VJ:@II?;8!HC!,/&U,7UYZR!>@BBI!?8>:@AI@<!;8!N;:@!:?P?<!I=HI9:A9@IT!!



! `Z!

W6?P=:@!ZT"6XO!9L=I!I=PP@I9?8P!9LA9!*4$e!?I!:@j=?:@<!G;:!(.6U\!9;!I9?N=BA9@!.B?Y!A8<!

'(%:'T!

!

!
!"#$%&' ()O)' ' P6-"@"0"16' 12'.&,-/610%/647$,0"16' /67' IQRS' 4$<<%&44&4' =>?%=' &;<%&44"16'
"67$,&7'@5'&;1#&61$4'>C!G! )!(:@A9N@89!K?9L!HB@HH?I9A9?8! ?8L?H?9I!@VJ:@II?;8!;G! W&X!.B?Y!A8<!
W7X! '(%:'! HC!,/&U,7UYZR! >@BBI! >=B9=:@<! ;8! ($'3T! (:@A9N@89!K?9L! #! 8PlNB! @V;P@8;=I! (.6U!!
?8>:@AI@I! '(%:'! A8<!.B?Y! @VJ:@II?;8O! A8<! 9:@A9N@89!K?9L! H;9L!(.6U!! A8<! HB@HH?I9A9?8! :@<=>@I!
@VJ:@II?;8! 9;! B@M@BI! ;HI@:M@<! G;:! HB@HH?I9A9?8! AB;8@T! 3?N?BA:BCO! 9:@A9N@89! ;G!,/&U,7UYZR! >@BBI!

K?9L!9L@!*4$e!?8L?H?9;:!0UYD"ZY!?8L?H?9I!W$X!.B?Y!A8<!W/X!'(%:'!@VJ:@II?;8T!+8!9L@!J:@I@8>@!;G!

H;9L!@V;P@8;=I!(.6U!! A8<!0UYD"ZYO!H;9L!'(%:'!A8<!.B?Y! @VJ:@II?;8!A:@! I?P8?G?>A89BC! :@<=>@<O!
H=9! '(%:'! @VJ:@II?;8! ?I! ;8BC! JA:9?ABBC! ?8L?H?9@<! :@BA9?M@! 9;! 9:@A9N@89! K?9L! 0UYD"ZY! AB;8@T!

)VJ:@II?;8! ;G! W)X! .B?Y! A8<! W6X! '(%:'! ?8! ,/&U,7UYZR! >@BBI! P@8@9?>ABBC! N;<?G?@<! 9;! @VJ:@II! A!

<;N?8A89!8@PA9?M@!G;:N!;G!*4$e!W,/&U,7UYZR!e/&[X!?I!I?P8?G?>A89BC!B;K@:!9LA8!9LA9!N@AI=:@<!
G;:!JBAIN?<! >;89:;B!,/&U,7UYZR! >@BBIT!(:@A9N@89!K?9L! @V;P@8;=I!(.6U!! <;@I!8;9! I?P8?G?>A89BC!
?8>:@AI@!.B?Y!;:!'(%:'!@VJ:@II?;8!?8!e/&[!>@BBIT!

!

to 424 and 14 kPa hydrogels [16]. A recent review has reported
that actomyosin appeared diffuse for cells cultured on soft gels, in
contrast to the stress fibers and strong focal adhesions that
predominate when cells were cultured on rigid (e.g., 30–100 kPa)
gels or glass (67 GPa) [37]. Based on these observations, it has
been suggested that cells cultured on substrates having a modulus
equal to or greater than that of stiff gels are in a state of isometric
contraction. However, our data show that tumor cells respond to

substrate rigidity in the MPa range. While other genes may also
increase in addition to Gli2 and PTHrP, we found minimal
changes in many of the genes identified previously to be
associated with metastasis to bone [29]. Two genes that did
change were OPN and MMP-9, which were expressed at a
greater amount on softer substrates. This is consistent with
clinical data correlating high expression of OPN in metastatic
tumor cells [38].

Figure 6. Inhibition of mechanotransduction and ROCK suppresses PTHrP expression induced by exogenous TGF-ß. Treatment with
blebbistatin inhibits expression of (A) Gli2 and (B) PTHrP by MDA-MB-231 cells cultured on TCPS. Treatment with 5 ng/ml exogenous TGF-ß increases
PTHrP and Gli2 expression, and treatment with both TGF-ß and blebbistatin reduces expression to levels observed for blebbistatin alone. Similarly,
treatment of MDA-MB-231 cells with the ROCK inhibitor Y-27632 inhibits (C) Gli2 and (D) PTHrP expression. In the presence of both exogenous TGF-ß
and Y-27632, both PTHrP and Gli2 expression are significantly reduced, but PTHrP expression is only partially inhibited relative to treatment with Y-
27632 alone. Expression of (E) Gli2 and (F) PTHrP in MDA-MB-231 cells genetically modified to express a dominant negative form of ROCK (MDA-MB-
231 KDD4) is significantly lower than that measured for plasmid control MDA-MB-231 cells. Treatment with exogenous TGF-ß does not significantly
increase Gli2 or PTHrP expression in KDD4 cells. *,#=p,0.05; **,##=p,0.01; ***,###=p,0.005.
doi:10.1371/journal.pone.0015451.g006
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HIIC;FHBGD!KFBL!BEQC:>FADE;GD!TCAG!DFIGHIG!FI!ACB!KGOO!EADG:IBCCDZ!!!

$HA;G:!;GOOI!H:G!JACKA!BC!:GINCAD!BC!QG;LHAF;HO!;EGI!FA!ICPB!BFIIEG!Xb>cY9!HAD!KG!

LHMG! :G;GABO[! DGQCAIB:HBGD! BLHB! BLG! :FSFD! QFAG:HOFRGD! TCAG! QHB:F]9! KLF;L! FI! IF]!

C:DG:I!CP!QHSAFBEDG!IBFPPG:!BLHA!ICPB!BFIIEG9!FI!CAG!CP!BLG!PH;BC:I!D:FMFAS!FAFBFHBFCA!CP!

'(%:'!G]N:GIIFCA!MFH!*LC!JFAHIG!^*.$<_!HAD!(2=>"*++!FA!CIBGCO[BF;!;HA;G:!;GOOI!X"YZ!!

$GOOI! IGAIG! QHB:F]! :FSFDFB[! T[! FABGS:FA! HDLGIFCA! IFBGI! X@VY9! KLF;L! :GIEOBI! FA! BLG!

H;BFMHBFCA!CP! PC;HO! HDLGIFCA!JFAHIG! ^=&<_! HAD! 5:;! PHQFO[! JFAHIGI! ^5=<I_! BC! :G;:EFB!



! "b!

DCKAIB:GHQ! GPPG;BC:I! CP! ;[BCIJGOGBHO! BGAIFCA! IE;L! HI! *LC&! HAD! *.$<! X@@9! @?YZ!!!

+ALFTFBFCA!CP!*.$<!TOC;JI!BLG!HTFOFB[!CP!BLG!;GOO!BC!:GINCAD!BC!QG;LHAF;HO!IBFQEOF!XbY!

HI!KGOO! HI! BEQC:!QGBHIBHIFI! BC!TCAG! X@8YZ! ! 5FQFOH:O[9! FALFTFBFCA!CP! 5=<I9!KLF;L!H:G!

:G`EF:GD! BC! :GSEOHBG! FABGS:FA>;[BCIJGOGBCA! FABG:H;BFCAI! PC:! QG;LHACB:HAIDE;BFCA9!

HOIC! N:GMGABI! QGBHIBHIFI! BC! TCAG! X@aYZ! ! &;BFMG! 5:;! FI! JACKA! BC! ;C>OC;HOFRG! KFBL!

FABGS:FAI!HB!PC;HO!HDLGIFCA!IFBGI!X@#Y9!HAD!BLG!:GOC;HBFCA!CP!H;BFMG!5:;!BC!BLGIG!PC;HO!

HDLGIFCAI! LHI! TGGA! ILCKA! BC! TG! *LC&>! HAD! *.$<>DGNGADGAB! X@#YZ! =&<! FI! HOIC!

JACKA! BC! ;C>OC;HOFRG! KFBL! FABGS:FAI! HB! PC;HO! HDLGIFCAI9! KLG:G! FBI! B[:CIFAG!

NLCINLC:[OHBFCA!HAD!H;BFMFB[!H:G!IBFQEOHBGD!T[! FABGS:FA!TFADFAS!HAD! BLCESLB! BC!TG!

:GSEOHBGD!T[!5=<I!X@#YZ!!!

$:CII>BHOJ! TGBKGGA! FABGS:FAI! HAD! S:CKBL! PH;BC:! :G;GNBC:I! FI! CP! JACKA!

FQNC:BHA;G!FA!N:GDF;BFAS!BEQC:!QHOFSAHA;[!HAD!FAMHIFMGAGII!X@bYZ!!(2=>"!:G;GNBC:!

B[NG!++!^(2="*++_!FABG:H;BI!NL[IF;HOO[!KFBL!!M"8!FABGS:FA!BC!GALHA;G!(2=>">QGDFHBGD!

IBFQEOHBFCA!CP!0&'>JFAHIGI!^0&'<I_!HAD!5QHD?d8!QGDFHBGD!SGAG!B:HAI;:FNBFCA!FA!

QHQQH:[! GNFBLGOFHO! ;GOOI! ^0)$I_! DE:FAS! GNFBLGOFHO>QGIGA;L[QHO! B:HAIFBFCA!

^)0(_X@@YZ!(2="*++!IFSAHOFAS!FI!HOIC!FQNOF;HBGD!FA!CIBGC;OHIBCSGAF;!SGAG!G]N:GIIFCA!

FA! T:GHIB! ;HA;G:! X@UYZ! +ABGS:FA! !M"8! FA! BEQC:! ;GOOI! :GSEOHBGI! BLG! GH:O[! IBHSGI! CP!

IJGOGBHO!QGBHIBHIFI! FA! TCBL! T:GHIB! HAD! N:CIBHBG! ;HA;G:9!KLG:G! FB! DF:G;BO[! FABG:H;BI!

KFBL! PFT:CAG;BFA! ^=A_! FA! BLG! TCAG!QHB:F]! X@cYZ! =E:BLG:QC:G9! FALFTFBFCA! CP!!M"8! FA!

CIBGC;OHIBI! :GDE;GI! TCAG! OCII! FA! QCDGOI! CP! CIBGCO[BF;! IJGOGBHO! QGBHIBHIGI9! KLG:G!

!M"8!FABGS:FA!FI!:G`EF:GD!T[!CIBGC;OHIBI!BC!:GIC:T!BLG!TCAG!QHB:F]!X@"YZ!!!

\G!L[NCBLGIFRG!BLHB!BLG!:FSFD!QFAG:HOFRGD!TCAG!QHB:F]!:GIEOBI! FA!BLG! FA;:GHIGD!

;OEIBG:FAS!CP!!M"8!FABGS:FA!HAD!(2="*++!BC!FAFBFHBG!IFSAHOFAS!T[!5=<I9!:GIEOBFAS!FA!BLG!



! "U!

G]N:GIIFCA! CP! CIBGCO[BF;! SGAGI! FA! T:GHIB! MFH! *.$<Z! ! (C! BGIB! CE:! L[NCBLGIFI9! KG!

DGIFSAGD! L[D:CSGO9! NCO[E:GBLHAG! ^'6*_! HAD! N[:G]!QCAC;EOBE:G! I[IBGQI! BC!QFQF;!

BLG! MFI;CGOHIBF;! N:CNG:BFGI! CP! T:GHIB! BFIIEG9! BLG! THIGQGAB! QGQT:HAG9! HAD!

QFAG:HOFRGD! TCAG! !"# $!%&'Z! ! \G! BLGA! QGHIE:GD! ;LHASGI! FA! CIBGC;OHIBCSGAF;! HAD!

FABGS:FA! SGAG! G]N:GIIFCA! FA! BEQC:! ;GOOI! FA! :GINCAIG! BC! BLG! :FSFDFB[! CP! BLGIG!

IETIB:HBGIZ! !(C!TGBBG:!EADG:IBHAD!BLG!:GOHBFMG!;CAB:FTEBFCAI!CP!5:;!HAD!FABGS:FAI! FA!

BLG!N:GMFCEIO[!:GNC:BGD!:GINCAIG!CP!BEQC:!;GOOI!BC!BLG!:FSFD!TCAG!QHB:F]!X"Y9!KG!HOIC!

GQNOC[GD!NLH:QH;COCSF;HO!HAD!SGAGBF;!HNN:CH;LGI!BC!IGOG;BFMGO[!IBFQEOHBG!5:;!HAD!

FALFTFB!JACKA!FABGS:FA!HIIC;FHBGD!GPPG;BC:I9!IE;L!HI!*LC&d*.$<!HAD!(2="Z!

!

0HBG:FHOI!HAD!0GBLCDI!

()"%*+,!,#'-#FA!MFB:C#,./,%&0%+,!!

! -FC;CQNHBFTOG!NCO[GIBG:!NCO[E:GBLHAG!^'6*_!IETIB:HBGI!KG:G!I[ABLGIFRGD!HAD!

;LH:H;BG:FRGD!HI!DGI;:FTGD!N:GMFCEIO[!X"YZ!!-:FGPO[9!HA!HNN:CN:FHBG!HQCEAB!CP!NCO[^ #>

;HN:COH;BCAG>1'>SO[;COFDG_! B:FCO! ^2"# 3# 8VV! C:! 8VVV! 3H_! KHI! QF]GD! KFBL! HA! 73+!

N:GNCO[QG:!HAD!$.5$&(!c8!;HBHO[IB!^,G:BGOOEI_!PC:!?VI!FA!H!%HEI;LFOD!5NGGD0F]G:(0!

3&$! @#V! =,e><! MC:BG]! QF]G:! ^=OH;J(GJ9! +A;9! 7HAD:EQ9! 5$_Z! ! (LG! BH:SGBGD! FADG]!

^:HBFC! CP! /$.! BC!.%! G`EFMHOGABI! BFQGI! @VV_!KHI! @V#Z! ! (LG! :GIEOBHAB!QF]BE:G!KHI!

NCE:GD!FABC!BLG!KGOOI!CP!H!BFIIEG!;EOBE:G!NOHBG!HAD!HOOCKGD!BC!;E:G!PC:!?aL!HB!bVf$Z!!

'[:G]! ^bU!2'H_!KHI!EIGD! HI! H! LH:D! BFIIEG! ;CAB:COZ! ! (C! PH;FOFBHBG! ;GOO! HDLGIFCA! HAD!

GAIE:G!BLHB!BLG!IE:PH;G!;LGQFIB:[!KHI!;CAIBHAB!PC:!HOO!IETIB:HBGI!BGIBGD9!PFT:CAG;BFA!

^=A_! KHI! HDIC:TGD! BC! BLG! IE:PH;G! CP! BLG! IETIB:HBGI! T[! FA;ETHBFCA! FA! H! a! µSdQ7!

ICOEBFCA! CP! =A! FA! '-5! HB! aC$! CMG:AFSLBZ! 'CO[H;:[OHQFDG! ^'&&_! L[D:CSGOI! KG:G!



! "c!

I[ABLGIFRGD!T[!;CNCO[QG:FRFAS!H!@VW!ICOEBFCA!CP!H;:[OHQFDG!HAD!TFI>H;:[OHQFDG!FA!

KHBG:! MFH! P:GG>:HDF;HO! NCO[QG:FRHBFCA!EIFAS! H! :GDC]!NHF:! CP! FAFBFHBC:I! ^BGB:HQGBL[O!

GBL[OGAG!DFHQFAG! ^()0)3_!HAD!@VW!HQQCAFEQ!NG:IEONLHBG! ^&'5_! FA!KHBG:_! HAD!

;CAgESHBGD!KFBL!=A!HI!DGI;:FTGD!N:GMFCEIO[!X"YZ!!

!

4!/&'"+1%!"#5*0&01%+&!60%!'"!

! (C!QGHIE:G! BLG! IE:PH;G! ;CA;GAB:HBFCA! CP! =A9! ;CHBGD! IETIB:HBGI! HAD! I;HPPCODI!

KG:G!FA;ETHBGD!FA!H!ICOEBFCA!CP!=A!HABFTCD[!^@h@VVV_!PCOOCKGD!T[!FA;ETHBFCA!KFBL!H!

IG;CADH:[! %*'>;CAgESHBGD! HABFTCD[Z! ! (LG! :GOHBFMG! HQCEAB! CP! HDIC:TGD! HABFTCD[!

KHI! BLGA! `EHABFPFGD! T[! :GH;BFCA! KFBL! ?i>! HRFAC>TFI^8>GBL[OTGARBLFHRCOFAG>b>

IEONLCAF;!H;FD_!^&-(5_!HAD!IETIG`EGAB!CNBF;HO!DGAIFB[!:GHDFAS!HB!aV#AQZ! !&OO!'6*!

HAD!'&&!HAD!KG:G!N:GNH:GD!HB!BLG!IHQG!IE:PH;G!;CA;GAB:HBFCA!CP!=A!^@Z"!µS!;Q>?_Z!!

&OO!83!I;HPPCODI!KG:G!N:GNH:GD!HB!H!IE:PH;G!;CA;GAB:HBFCA!CP!VZ#!µS!;Q>?Z!

!

5+77#7!"+,!

! 03&>0->?8@! ;GOOI! KG:G! NE:;LHIGD! P:CQ! &($$! ^0HAHIIHI9! ,&_! HAD! IGOG;BGD!

PC:! BLG! HTFOFB[! BC! QGBHIBHIFRG! BC! TCAG! X?VYZ! ! 03&>0->?8@! ;GOOI! IBHTO[! G]N:GIIFAS!

GFBLG:!H!;CAIBFBEBFMGO[!H;BFMG!^03&>$a_!C:!DCQFAHAB!AGSHBFMG!^03&><3$a_!PC:Q!CP!

*.$<!KG:G!B:HAIPG;BGD!HAD!QHFABHFAGD!HI!DGI;:FTGD!N:GMFCEIO[!X"YZ!!03&>?8@!;GOOI!

IBHTO[! G]N:GIIFAS! H! DCQFAHAB! AGSHBFMG! PC:Q! CP! BLG! (2="! B[NG! ?! :G;GNBC:! ^03&>

("*++$;[B_!KG:G!B:HAIPG;BGD!HAD!QHFABHFAGD!HI!DGI;:FTGD!N:GMFCEIO[!X@UYZ!

!

!



! ""!

5+77#5.7%.&+##!!!

! $GOOI!KG:G!QHFABHFAGD!HAD!;EOBE:GD!HB!8UC$!EADG:!#W!$.?! FA!@]!30)0!NOEI!

@VW! LGHB! FAH;BFMHBGD! =-5! HAD! @W! NGAF;FOOFAdIB:GNBCQ[;FAZ! ! $GOOI! KG:G! LH:MGIBGD!

KFBL! B:[NIFA! P:CQ! IETIB:HBGI! HPBG:! ?aL! FA! ;EOBE:G! PC:! Q*/&! G]B:H;BFCA! ^jFHSGA!

*/GHI[!JFB_Z!!!

!

8.0"%!%0%!$+#&+079%!:+#;5<!!!

! (C! QGHIE:G! ;LHASGI! FA! SGAG! G]N:GIIFCA9! Q*/&! :GMG:IG! B:HAI;:FNBFCA! KHI!

;H::FGD! CEB! EIFAS! BLG! 5ENG:5;:FNB! +++! JFB! ^+AMFB:CSGA_! NG:! QHAEPH;BE:G:kI!

FAIB:E;BFCAIZ! !-:FGPO[9! BCBHO!*/&!KHI!G]B:H;BGD!EIFAS! BLG!*/GHI[!0FAF!<FB! ^jFHSGA_Z!!

(LG! 5ENG:I;:FNB! +++! =F:IB! 5B:HAD! 5[ABLGIFI! 5[IBGQ! PC:! `EHABFBHBFMG!*(>'$*!N:FQGD!

KFBL!:HADCQ!LG]HQG:I!KHI!EIGD!BC!I[ABLGIFRG!;3/&!EIFAS!TGBKGGA!@!HAD!#µS!BCBHO!

*/&Z! ! (LG! G]N:GIIFCA! CP! '(%:'9! 2OF?9! FABGS:FA! "8! HAD! FABGS:FA! "#! IETEAFB! KHI!

QGHIE:GD!FA!B:FNOF;HBG!T[!`EHABFBHBFMG!*(>'$*!EIFAS!MHOFDHBGD!(H`0HA!N:FQG:I!KFBL!

BLG!U8VV!*GHO>(FQG!'$*!5[IBGQ! ^&NNOFGD!-FCI;FGA;GI_!EIFAS! BLG! PCOOCKFAS! ;[;OFAS!

;CADFBFCAIh! ! "#°$! PC:! @#! IG;CADI! HAD! bV°$! PC:! @! QFAEBG9! N:G;GDGD! T[! HA! FAFBFHO!

FA;ETHBFCA!NG:FCD!CP!"#°$!PC:!@V!QFAEBGIZ! !jEHABFPF;HBFCA!KHI!NG:PC:QGD!EIFAS!BLG!

HTICOEBG!`EHABFBHBFMG!PC:!LEQHA!;GOOI!QGBLCD!EIFAS!@c5!HI!HA!FABG:AHO!;CAB:COZ!!(LG!

G]N:GIIFCA! CP! CIBGCNCABFA! ^.'/_9! FABG:OGEJFA>@@! ^+7@@9! $1$*a9! ;CAAG;BFMG! BFIIEG!

S:CKBL! PH;BC:! ^$(2=_9! HAD!QHB:F]!QGBHOOCN:CBGFAHIGI!?! HAD!"! ^00'?!HAD!00'"_!

KHI!DGBG:QFAGD!EIFAS!54-*!S:GGA!N:FQG:I!HI!DGI;:FTGD!N:GMFCEIO[!X?@YZ!!!

!

!



! @VV!

,!<=>#%&0",-+1%!'",##

# 03&>0->?8@! ;GOOI! KG:G! B:HAIFGABO[! B:HAIPG;BGD! KFBL! #! µ0! CP! GFBLG:! ./>

(&*2)(NOEI! 50&*(NCCO! ! IF*/&! PC:! LEQHA! FABGS:FA!"8! IETEAFB9! ! ;[;OCNLFOFA!-9! C:!

ACA>BH:SGBFAS!IG`EGA;GI!^3LH:QH;CA_!EIFAS!3LH:QH=)$(a!^3LH:QH;CA_!H;;C:DFAS!

BC!QHAEPH;BE:G:kI!FAIB:E;BFCAIZ!!$GOOI!KG:G!LH:MGIBGD!KFBL!B:[NIFA!HPBG:!?aL!PC:!*/&!

G]B:H;BFCA!HAD!`'$*!HAHO[IFIZ!!!

#

?+,%+&"#@7'%%!"A#0"B#C::."'D&+1!D!%0%!'"#

$GOOI! ;EOBE:GD! HI! DGI;:FTGD! HTCMG! KG:G! LH:MGIBGD! FABC! H! :HDFC>

FQQEACN:G;FNFBHBFCA!HIIH[!O[IFI!TEPPG:!C:!@W!/CAFDGB!'>aV!;CABHFAFAS!H!;C;JBHFO!CP!

N:CBGHIG!FALFTFBC:I!^*C;LG9!-HIGO9!5KFBRG:OHAD_Z!!)`EHO!N:CBGFA!;CA;GAB:HBFCAI!KG:G!

N:GNH:GD! PC:! OCHDFAS!KFBL!/E'&2)!IHQNOG!TEPPG:! ^+AMFB:CSGA_!HAD!IGNH:HBGD!CA!H!

S:HDFGAB! ^aW>?VW_! 535>'&2)! SGO! ^-FC:HD_Z! ! &PBG:! B:HAIPG::FAS! BC! H! ',3=9!

QGQT:HAGI!KG:G!TOC;JGD!KFBL!#W!-5&!FA!(-5!;CABHFAFAS!VZ@W!(KGGA>?V!PC:!@L!HB!

:CCQ!BGQNG:HBE:G9!PCOOCKGD!T[!FA;ETHBFCA!KFBL!GFBLG:!NLCINLC>N8c0&'<!^@h@VVV9!

$GOO! 5FSAHOFAS_! C:! N8c0&'<! ^@h@VVV9! $GOO! 5FSAHOFAS_! HABFTCDFGI! CMG:AFSLB! HB! af$Z!!

&PBG:! KHILFAS9! QGQT:HAGI! KG:G! TOCBBGD! KFBL! HABF>:HTTFB! C:! HABF>QCEIG! +S2!

^@h#VVV_9! HAD!THADI!KG:G!DGBG;BGD!T[!GALHA;GD! ;LGQFOEQFAGI;GA;GZ! !0GQT:HAGI!

KG:G!BLGA!IB:FNNGD!HAD!:GN:CTGD!EIFAS!HA!HABFTCD[!PC:!">H;BFA!^@h#VVV_!HI!H!OCHDFAS!

;CAB:COZ!!(C!FAMGIBFSHBG!HIIC;FHBFCA!CP!QGQT:HAG!N:CBGFAI9!aVVµS!BCBHO!N:CBGFA!O[IHBG!

NG:! BETG! KHI! FA;ETHBGD! CMG:AFSLB! HB! a°$! EADG:! SGABOG! GAD>CMG:>GAD!QF]FAS! KFBL!

HABF>(2="*++!^@!µS9!5HABH!$:ER_Z! !5ETIG`EGABO[9!BLG!FQQEAG!;CQNOG]!KHI!;HNBE:GD!

KFBL!N:CBGFA!&d2!HSH:CIG!:GIFA9!BLC:CESLO[!KHILGD!KFBL!O[IFI!TEPPG:!HAD!GOEBGD!KFBL!



! @V@!

ACA>:GDE;FAS! IHQNOG! TEPPG:Z! ! ':CBGFAI! KG:G! BLGA! IGNH:HBGD! CA! HA! 535>'&2)! SGO!

^UZ#W9!-FC:HD_!HAD!B:HAIPG::GD!BC!H!',3=!QGQT:HAGZ! !=COOCKFAS!TOC;JFAS!KFBL!#W!

QFOJ9!QGQT:HAGI!KG:G!FA;ETHBGD!KFBL!GFBLG:!HABF>FABGS:FA!"8!C:!"#!HABFTCD[!^5HABH!

$:ER9!@h@VVV_!HB!a°$!CMG:AFSLBZ!!&PBG:!KHILFAS9!QGQT:HAGI!KG:G!TOCBBGD!KFBL!HABF>

:HTTFB! C:! HABF>QCEIG! +S2! ^@h#VVV_9! HAD! THADI! KG:G! DGBG;BGD! T[! GALHA;GD!

;LGQFOEQFAGI;GA;GZ!!!

!

E&.A#F&+0%:+"%,!

! $GOOI! KG:G! B:GHBGD! KFBL! BLG! 5:;>B[:CIFAG! JFAHIG! FALFTFBC:! ''?! ^$HOTFC;LGQ9!

?Vµ0_!C:!BLG!Q&-!;OCAG!70bV"!HSHFAIB!!M"8! FABGS:FA!^0FOOFNC:G9!@VµSdQ7_!PC:!?a!

LCE:I! TGPC:G! LH:MGIBFAS! KFBL! B:[NIFA! PC:! Q*/&! G]B:H;BFCAZ! ! (C! IBFQEOHBG! (2=>"!

IFSAHOFAS9!;GOOI!KG:G!B:GHBGD!KFBL!GFBLG:!#!ASdQ7!(2=>"!C:!(2=>"!MGLF;OG!^#W!-5&>

%$7_! FA! IG:EQ>P:GG! QGDFH! PC:! ?a! L! N:FC:! BC! LH:MGIBFASZ! ! (C! IBFQEOHBG! I:;!

NLCINLC:[OHBFCA9! ;GOOI!KG:G! B:GHBGD!KFBL!-CQTGIFA! ^5FSQH9! ?VAQ_! PC:! ?aL! TGPC:G!

LH:MGIBFAS!KFBL!B:[NIFA!PC:!Q*/&!G]B:H;BFCA!X??YZ!

#

*GIEOBI!

GHD&+,,!'"#'-#;FI&;#0"B#J7!K#0&+#:+B!0%+B#/)#!"%+A&!"#0"B#(&19L!"0,+#01%!$!%)#

! \G! N:GMFCEIO[! :GNC:BGD! BLHB! '(%:'! HAD! 2OF?! G]N:GIIFCA! H:G! :GSEOHBGD! T[!

*.$<! X"YZ! ! &I! *.$<! FI! H! JACKA! DCKAIB:GHQ! GPPG;BC:! CP! FABGS:FA! IFSAHOFAS! HAD! H!

NLCINLC:[OHBFCA! BH:SGB! PC:! 5:;! X?89! ?aY9! KG! ICESLB! BC! DGBG:QFAG! BLG! :GOHBFCAILFN!

TGBKGGA! '(%:'d2OF?! G]N:GIIFCA! HAD! FABGS:FA! IFSAHOFAS! H;BFMFB[Z! !\G! FALFTFBGD! 5:;!

JFAHIGI! C:!!M"8! FABGS:FA! FA! 03&>0->?8@! ?3! ;EOBE:G! !"# $!%&'! EIFAS! GFBLG:! H! IQHOO!



! @V?!

QCOG;EOG! FALFTFBC:! ^''?_! C:! H! QCAC;OCAHO! HABFTCD[! ^70bV"_9! :GING;BFMGO[Z! ! +A!

:GINCAIG! BC! 5:;! JFAHIG! FALFTFBFCA9!03&>0->?8@! ;GOOI! ILCKGD! H! 8>PCOD! DG;:GHIG! FA!

'(%:'!G]N:GIIFCA! ^=FS!aZ@&_! HAD!H!@#>PCOD!DG;:GHIG! FA!2OF?! G]N:GIIFCA! ^=FS!aZ@$_Z!!

7FJGKFIG9!!M"8! FABGS:FA! FALFTFBFCA!N:CDE;GD!H!8>PCOD!DG;:GHIG! FA!'(%:'!Q*/&!^=FS!

aZ@-_!HAD!H!?a>PCOD!DG;:GHIG!FA!2OF?!Q*/&!^=FS!aZ@3_Z!!+ABG:GIBFASO[9!JAC;JDCKA!CP!

"8! FABGS:FA! IETEAFB! T[! IF*/&! DFD! ACB! HOBG:! G]N:GIIFCA! CP! '(%:'! C:! 2OF?! ^DHBH! ACB!

ILCKA_9!IESSGIBFAS!H!;CQNGAIHBC:[!QG;LHAFIQ!PC:!'(%:'!G]N:GIIFCAZ!!!

!

!

!

!

!

!

!

!

!

!

!

!

!

(C! GAIE:G! BLHB! BLGIG! ;LHASGI! FA! SGAG! G]N:GIIFCA! FA! :GINCAIG! BC! ''?! C:! 70bV"!

B:GHBQGAB! KG:G! ING;FPF;! HAD! ACB! BLG! :GIEOB! CP! HA! CMG:HOO! DCKA>:GSEOHBFCA9! KG!

QGHIE:GD!;LHASGI! FA!H!AEQTG:!CP!CBLG:! PH;BC:I!CP!JACKA!FQNC:BHA;G! FA!CIBGCO[BF;!

!
"#$%&'!()*)!+&,!-#./0'!/.1!#.2'$&#.!3456!#.7#8#2#9.!&'1%,'!':;&'00#9.!9<!=>?&=!/.1!@A#B!
!"#$!%&'!&_!)]N:GIIFCA!CP!'(%:'!FA!03&?8@!;GOOI!FA!:GINCAIG!BC!5:;!FALFTFBFCA!KFBL!''?!-_!FA!
:GINCAIG!BC!lMm8!FALFTFBFCA!KFBL!70bV"!$_!2OF?!G]N:GIIFCA!FA!:GINCAIG!BC!''?!3_!FA!:GINCAIG!
BC!70bV"Z!no!NpVZV#q!nn!o!NpVZV@q!nnn!o!NpVZVV#!;CQNH:GD!BC!MGLF;OG!;CAB:CO!
!



! @V8!

QGBHIBHIGI! X?@Y! FA! :GINCAIG! BC!70bV"!HAD!''?! B:GHBQGABZ! ! (HTOG!aZ@! IEQQH:FRGI!

BLG! PCOD! ;LHASGI! CMG:! MGLF;OG! ;CAB:CO! PC:! BLGIG! SGAGI! FA! 03&>0->?8@! ;GOOIZ! ! \G!

PCEAD!AC!IFSAFPF;HAB!;LHASGI!FA!CBLG:!SGAGI!FA!:GINCAIG!BC!70bV"!B:GHBQGAB9!KLFOG!

''?! B:GHBQGAB! :GIEOBGD! FA! H! IFSAFPF;HAB! FA;:GHIG! FA! CAO[! FABG:OGEJFA! @@! ^+7@@_!

G]N:GIIFCA!HAD!H!DG;:GHIG!FA!;CAAG;BFMG!BFIIEG!S:CKBL!PH;BC:!^$(2=_!G]N:GIIFCAZ!!!

#

!M#!"%+A&!"#+HD&+,,!'"#0"B#0,,'1!0%!'"#N!%*#FJ4!<CC#0&+#&+A.70%+B#/)#&!A!B!%)!

! 5FA;G!G]N:GIIFCA!CP!'(%:'!HAD!2OF?!HNNGH:! BC!TG!QGDFHBGD!T[!5:;!HAD!!M"8!

FABGS:FA! HI! KGOO! HI! IETIB:HBG! :FSFDFB[9! KG! ICESLB! BC! DGBG:QFAG! KLGBLG:! FABGS:FA!

G]N:GIIFCA!C:!H;BFMFB[!FI!:GSEOHBGD!T[!BLG!:FSFDFB[!CP!BLG!G]B:H;GOOEOH:!QHB:F]Z!!\LGA!

;EOBE:GD!CA!QHBG:FHOI!HNN:C]FQHBFAS!BLG!:FSFDFB[!CP!TCAG9!03&>0->?8@!;GOOI!ILCKGD!

H!aZ#>PCOD!FA;:GHIG!FA!Q*/&!G]N:GIIFCA!CP!"8!FABGS:FA!IETEAFB!HI!;CQNH:GD!BC!;GOOI!

S:CKA! FA! H! ICPB! QHB:F]! ^=FS! aZ?&_Z! ! +B! LHI! N:GMFCEIO[! TGGA! :GNC:BGD! BLHB! 5:;!

NLCINLC:[OHBGI!(2="*++!PCOOCKFAS!;OEIBG:FAS!KFBL!"8!FABGS:FA!IETEAFB!X@@Yq!BLEI!KG!

ING;FPF;HOO[! G]HQFAGD!;OEIBG:FAS!CP!QGQT:HAG!N:CBGFAI!T[! FQQEACN:G;FNFBHBFCA! FA!

:GINCAIG!BC!IETIB:HBG!:FSFDFB[Z!!\G!PCEAD!BLHB!(2="*++!:GHDFO[!TCEAD!BC!"8!FABGS:FA!

IETEAFB!FA!03&>0->?8@!;GOOI!;EOBE:GD!CA!:FSFD9!TCAG!OFJG!IETIB:HBGI9!TEB!ACB!CA!ICPB!

>/8A'!()*)!C:;&'00#9.!9<!/!0'A',2'1!;/.'A!9<!902'9AD2#,!$'.'0!#.!&'0;9.0'!29!+&,!-#./0'!/.1!
#.2'$&#.!3456!#.7#8#2#9.)!!,HOEGI!H:G!PCOD!;LHASG!CMG:!;CAB:CO!KFBL!NpVZV#Z!

!
!



! @Va!

IETIB:HBGI!HNN:C]FQHBFAS!BLG!GOHIBF;FB[!CP!QHQQH:[!BFIIEG!^=FS!aZ?-_Z!!5E:N:FIFASO[9!

KG! DFD! ACB! CTIG:MG! H! IFSAFPF;HAB! DG;:GHIG! FA! '(%:'! G]N:GIIFCA! FA! :GINCAIG! BC!"8!

IF*/&!JAC;JDCKA!^=FS!aZ?$_Z!

!

!

!

!

!

!

!

!

!

!

!

#

!O#!"%+A&!"#,./."!%#1':D+",0%+,#-'&#!M#!"%+A&!"#,./."!%#B.&!"A#,!<=>#L"'1L'.%!

! 5FA;G! 70bV"! FI! JACKA! BC! FALFTFB! TCBL!!M"8! HAD!!M"#! FABGS:FA! HAD! :GDE;GI!

'(%:'! G]N:GIIFCA! ^=FS! aZ@_9! KG! NCIBEOHBGD! BLHB! G]N:GIIFCA! CP! "#! FABGS:FA! IETEAFB!

;CQNGAIHBGI! PC:! "8! DE:FAS! IF*/&! JAC;JDCKA! BC! :GI;EG! '(%:'! G]N:GIIFCAZ! ! \G!

G]HQFAGD!Q*/&!G]N:GIIFCA!T[!`EHABFBHBFMG!:GHO>BFQG!'$*!CP!"#! FABGS:FA!IETEAFB!FA!

03&>0->?8@!;GOOI!B:HAIPG;BGD!KFBL!IF*/&!HSHFAIB!"8! FABGS:FA!IETEAFB9!HAD!PCEAD!H!

?>PCOD! FA;:GHIG! FA! "#! G]N:GIIFCA! FA! :GINCAIG! BC! "8! JAC;JDCKA! ^=FS! aZ?3_Z!!

+ABG:GIBFASO[9!BLFI!;CQNGAIHBFCA!FI!ACB!BL:CESL!DF:G;B!HIIC;FHBFCA!CP!BLG!"#! FABGS:FA!

!
"#$%&'!()B)!!C:;&'00#9.!9<!#.2'$&#.!56!0%8%.#2!/.1!#20!,A%02'&#.$!29!>@""EFF!/&'!/!
<%.,2#9.!9<!&#$#1#2D)!!^&_!03&?8@!ILCK!FA;:GHIGD!G]N:GIIFCA!CP!m8!IETEAFB!FA!:GINCAIG!BC!
:FSFDFB[!!"#$!%&'Z!^-_!03&>0->?8@!;GOOI!ILCK!FA;:GHIGD!NL[IF;HO!FABG:H;BFCA!TGBKGGA!FABGS:FA!
m8!IETEAFB!HAD!(2="*++!KLGA!;EOBE:GD!CA!:FSFD!QHB:F;GIZ!!/CAING;FPF;!TFADFAS!BC!+S2!ILCKGD!
AC!DFPPG:GA;GI!FA!OCHDFAS!^$_!JAC;JCEB!CP!m8!IETEAFB!DCGI!ACB!IFSAFPF;HABO[!HOBG:!'(%:'!
G]N:GIIFCA!^3_!JAC;JCEB!CP!m8!IETEAFB!FA;:GHIGI!G]N:GIIFCA!CP!m#!Q*/&!!!no!NpVZV#q!nn!o!
NpVZV@q!nnn!o!NpVZVV#!;CQNH:GD!BC!;CAB:CO!
!



! @V#!

IETEAFB! KFBL! (2="*++9! HI! BLG! BKC! ILCKGD! AC! DGBG;BHTOG! TFADFAS! T[!

FQQEACN:G;FNFBHBFCA!^DHBH!ACB!ILCKA_Z!!!

#

GH'A+"'.,# FJ4!# ,%!:.70%!'"# '-# ;FI&;# 0"B# J7!K# 0&+# !,# (&1# L!"0,+# 0"B#"$!M# !"%+A&!"#

B+D+"B+"%#

+B!FI!KGOO!JACKA!BLHB!B:GHBQGAB!KFBL!G]CSGACEI!(2="#IBFQEOHBGI!G]N:GIIFCA!

CP! '(%:'! HAD! FBI! HIIC;FHBGD! B:HAI;:FNBFCA! PH;BC:9! 2OF?! XaYZ! ! (C! BGIB! KLGBLG:! BLFI!

IBFQEOHBFCA!KHI!QGDFHBGD!T[!FABGS:FA!H;BFMFB[9!KG!IGOG;BFMGO[!FALFTFBGD!5:;!C:!!M"8!FA!

BLG! N:GIGA;G! CP! G]CSGACEI! (2="! FA! 03&>0->?8@! ;GOOIZ! ! \LFOG! (2="! B:GHBQGAB!

FADE;GD!b>!HAD!a>!PCOD!FA;:GHIGI!FA!'(%:'!HAD!2OF?9!:GING;BFMGO[9!FB!:GQHFAGD!HB!THIHO!

OGMGOI!PC:!'(%:'!HAD!KHI!:GDE;GD!8>PCOD!PC:!2OF?!KLGA!;C>B:GHBGD!KFBL!''?!^=FS!aZ8!

&9!$_Z!!5FQFOH:O[9!(2="!B:GHBQGAB!KHI!ACB!HTOG!BC!:GI;EG!'(%:'!C:!2OF?!G]N:GIIFCA!FA!

03&>0->?8@!;GOOI!B:GHBGD!KFBL!70bV"!^=FS!aZ8!-9!3_Z!



! @Vb!

!
!
"#$%&'!()6)!+&,!-#./0'!/.1!#.2'$&#.!3456!#.7#8#2#9.!0%;;&'00'0!=>?&=!':;&'00#9.!8D!
':9$'.9%0!>@"G5!2&'/2H'.2)!!(:GHBQGAB!KFBL!''?!FALFTFBI!G]N:GIIFCA!CP!'(%:'!^&_!HAD!2OF?!^-_Z!!
(:GHBQGAB!KFBL!#ASdQ7!G]CSGACEI!(2=>m!FA;:GHIGI!G]N:GIIFCA!CP!'(%:'!HAD!2OF?9!TEB!BLFI!
FA;:GHIG!FI!N:GMGABGD!KLGA!;GOOI!H:G!;C>B:GHBGD!KFBL!''?Z!!5FQFOH:O[9!B:GHBQGAB!KFBL!70bV"!
FALFTFBI!'(%:'!^-_!HAD!2OF?!^3_!HAD!;HAACB!TG!:GI;EGD!T[!;C>B:GHBQGAB!CP!(2=>mZ!!
!



! @VU!

(&1#!"B.1+B#',%+'170,%'A+"!1#A+"+#+HD&+,,!'"#!,#:+B!0%+B#/)#<P5Q!

! \G! N:GMFCEIO[! :GNC:BGD! BLHB! *.$<! QGDFHBGI! (2=">FADE;GD! '(%:'!

G]N:GIIFCA!X"Y9!HAD!PFAD!LG:G!BLHB!5:;!FADE;GD!"8!FABGS:FA!H;BFMFB[!FI!HOIC!GIIGABFHO!PC:!

(2=">D:FMGA!'(%:'!G]N:GIIFCA!^=FS!aZ8_Z!!(C!BGIB!KLGBLG:!5:;!GPPG;BI!CA!'(%:'!H:G!

PH;FOFBHBGD!T[!*.$<9!KG!IBFQEOHBGD!5:;!JFAHIG!NLCINLC:[OHBFCA!EIFAS!-CQTGIFA!X??Y!

FA!03&>0->?8@!;GOOI!G]N:GIIFAS!H!DCQFAHAB!AGSHBFMG!PC:Q!CP!*.$<!^03&><3$a_!C:!

BLG!(2="!B[NG!++!:G;GNBC:!^03&>("*++$;[B_Z!!\LFOG!-CQTGIFA!B:GHBQGAB!FADE;GD!@U>!

HAD!8>PCOD!FA;:GHIGI!FA!'(%:'!HAD!2OF?!G]N:GIIFCA!FA!03&>0->?8@!;GOOI!B:HAIPG;BGD!

KFBL!HA!GQNB[!MG;BC:!;CAB:CO9!TCQTGIFA!B:GHBQGAB!DFD!ACB!IBFQEOHBG!G]N:GIIFCA!CP!

GFBLG:!SGAG!FA!03&><3$a!C:!03&>("*++$;[B!;GOOI!^=FS!aZa_Z!!!

!
"#$%&'!()()!EIJK!/.1!>@""EFF!/&'!&'L%#&'1!<9&!+&,!02#H%A/2#9.!9<!=>?&=!/.1!@A#B)!!
(:GHBQGAB!KFBL!?VA0!-CQTGIFA!FADE;GD!IFSAFPF;HAB!FA;:GHIGI!FA!'(%:'!^&_!HAD!2OF!^-_!
G]N:GIIFCA!FA!03&>0->?8@!;GOOI!B:HAIPG;BGD!KFBL!HA!GQNB[!MG;BC:!;CAB:CO!^N;3/&_Z!!
$GOOI!G]N:GIIFAS!H!DCQFAHAB!AGSHBFMG!PC:Q!CP!*.$<!^<33a_!C:!OH;JFAS!BLG!(2="!B[NG!?!
:G;GNBC:!^(2="*++3;[B_!DFD!ACB!:GINCAD!BC!TCQTGIFA!B:GHBQGABZno!NpVZV#q!nn!o!NpVZV@q!
nnn!o!NpVZVV#!;CQNH:GD!BC!MGLF;OG!;CAB:CO!
!



! @Vc!

3FI;EIIFCA!

(LG! :FSFDFB[! CP! BLG! G]B:H;GOOEOH:! QHB:F]! FI! CP! FA;:GHIFAS! FABG:GIB! FA! BLG!

DGMGOCNQGAB! CP! AGK! HAD! GPPG;BFMG! BLG:HNFGI! BC! N:GMGAB!QGBHIBHIFI9! HI! :FSFDFB[! LHI!

TGGA! ILCKA! BC! IBFQEOHBG!*LC>QGDFHBGD! ;GOO! ;CAB:H;BFOFB[! BC! FAPOEGA;G! H! AEQTG:! CP!

;GOOEOH:!CEB;CQGI9! FA;OEDFAS!QCBFOFB[9!QC:NLCOCS[!HAD!DFPPG:GABFHBFCA! X?a>8aYZ! !\G!

LHMG! :G;GABO[! DGQCAIB:HBGD! BLHB! *LC>QGDFHBGD! ;CAB:H;BFOFB[! FA! :GINCAIG! BC! TCAG>

OFJG! QG;LHAF;HO! N:CNG:BFGI! HOIC! ;CAB:FTEBGI! BC! BLG! G]N:GIIFCA! CP! CIBGC;OHIBCSGAF;!

PH;BC:I! FA! T:GHIB! ;HA;G:9! NH:BF;EOH:O[! '(%:'! HAD! FBI! B:HAI;:FNBFCA! PH;BC:! 2OF?! X"YZ!!

':FC:! BC! BLG! SGAG:HBFCA! CP! ;[BCIJGOGBHO! BGAIFCA9! ;GOOI! AGGD! BC! TFAD! BC! H! ICOFD!

IETIB:HBEQ! MFH! FABGS:FA! ;OEIBG:I9! PCOOCKGD! T[! BLG! H;BFMHBFCA! CP! 5:;! HAD! 5=<I! BC!

NLCINLC:[OHBG! DCKAIB:GHQ! GPPG;BC:I! CP! ;[BCIJGOGBHO! BGAIFCA9! IE;L! HI! *LCd*.$<!

X?aYZ!!+ABGS:FA!!!M"8!HAD!5:;>QGDFHBGD!NLCNLC:[OHBFCA!CP!(2="*++!LHMG!TGGA!ILCKA!

BC!TG!CP!NH:BF;EOH:!FABG:GIB!FA!T:GHIB!;HA;G:9!KLG:G!BLG[!H:G!FQNOF;HBGD!FA!)0(!X@@Y9!

HAD!BLGF:!FALFTFBFCA!:GDE;GI!BEQC:!TE:DGA!HAD!FA;FDGA;G!!"#$!$'!X@"9!8#YZ!!%CKGMG:9!

BLG! OFAJ! TGBKGGA! FABGS:FA! HAD! 5:;! H;BFMFB[! HAD! *LCd*.$<! DGNGADGAB! ;[BCIJGOGBHO!

BGAIFCA!FA!:GINCAIG!BC!IETIB:HBG!:FSFDFB[!LHI!ACB!TGGA!FAMGIBFSHBGDZ!!+A!BLFI!IBED[!KG!

ILCK!BLHB!ACB!CAO[!H:G!G]N:GIIFCA!CP!'(%:'!HAD!2OF?!QGDFHBGD!T[!FABGS:FA!TFADFAS!

HAD!5:;!H;BFMFB[9!TEB!BLHB!BLFI!H;BFMFB[!FI!H!PEA;BFCA!CP!QHB:F]!QG;LHAF;HO!N:CNG:BFGI!

BLHB!IBFQEOHBG!*LC>QGDFHBGD!;CAB:H;BFOFB[Z!!!

5:;!NLCINLC:[OHBFCA!CP!(2="*++!FA!:GINCAIG!BC!(2="*++!HAD!!M"8!;OEIBG:FAS!FI!

JACKA! BC! H;BFMHBG!0&'<! IFSAHOFAS! X@@Y9! HA! FQNC:BHAB! ENIB:GHQ!GPPG;BC:! CP! '(%:'!

X8bYZ!!5NG;FPF;!FALFTFBC:I!BC!TCBL!5:;!B[:CIFAG!JFAHIGI!HAD!!M"8!LHMG!ILCKA!N:CQFIG!

FA!N:G;OFAF;HO!IBEDFGI9! :GDE;FAS!TCBL! BEQC:!TE:DGA!HAD! FA;FDGA;G! FA!TCAG!X@"9!8#YZ!!



! @V"!

\G! ILCK! LG:G! BLHB! FALFTFBFCA! CP! TCBL! 5:;! B[:CIFAG! JFAHIGI! HAD! FABGS:FA! !M"8!

ING;FPF;HOO[! :GDE;G! BLG! G]N:GIIFCA! CP! '(%:'! HAD! FBI! B:HAI;:FNBFCA! PH;BC:! 2OF?! T[!

03&>0->?8@! BEQC:! ;GOOIZ! ! -:GHIB! ;HA;G:! ;GOOI! :G`EF:G! G]N:GIIFCA! CP! '(%:'! BC!

:G;:EFB! CIBGC;OHIBI! FA! C:DG:! BC! :GIC:T! HAD! GIBHTOFIL! BLGQIGOMGI! FA! TCAG9! KLF;L!

:GOGHIGI! (2=>"! P:CQ! BLG! TCAG! QHB:F]! HAD! IG:MGI! BC! PE:BLG:! IBFQEOHBG! '(%:'!

G]N:GIIFCA!T[!BEQC:!;GOOI! X@9!8UYZ! !(LFI!N:C;GII! FI!CPBGA!:GPG::GD!BC!HI!BLG!rMF;FCEI!

;[;OGs! CP! ;HA;G:! FADE;GD! TCAG! DFIGHIG9! HAD! FI! CAG! CP! BLG! QHFA! ;LHOOGASGI! FA! BLG!

GPPG;BFMG!B:GHBQGAB!CP!CIBGCO[BF;!QGBHIBHIGIZ! !.E:!PFADFAS!IESSGIBI!BLHB!5:;!B[:CIFAG!

JFAHIG!HAD!FABGS:FA!!M"8!FALFTFBFCA!ING;FPF;HOO[!PEA;BFCA!BC!FABG::ENB!BLG!MF;FCEI!;[;OG!

HAD!BLEI!N:GMGAB!BLG!GIBHTOFILQGAB!CP!BEQC:!;GOOI!FA!TCAGZ!!!

+ABG:H;BFCA!TGBKGGA!(2="*++!HAD!!M"8!LHI!HOIC!TGGA!HIIC;FHBGD!KFBL!)0(9!H!

N:C;GII!FAPOEGA;GD!T[!BFIIEG!:FSFDFB[!XU9!cYZ!!!':GMFCEI!IBEDFGI9!LCKGMG:9!LHMG!PC;EIGD!

CAO[!CA!BLG!GPPG;BI!CP!ICPB!BFIIEG!^P^@V8!'H__Z!!5FA;G!KG!IGG!BLHB!!M"8!FABGS:FA!H;BFMFB[!

FI!FQNC:BHAB!FA!TCAG!QGBHIBHIGI9!KG!KHABGD!BC!DGBG:QFAG!KLGBLG:!BLG!QFAG:HOFRGD!

BFIIEG! :FSFDFB[! GPPG;BI! CA! CIBGC;OHIBCSGAF;! SGAG! G]N:GIIFCA! KG! LHMG! CTIG:MGD! X"YZ!!

\G! PFAD! BLHB!TCBL!G]N:GIIFCA!"8! FABGS:FA! IETEAFB!HAD! FBI!HIIC;FHBFCA!KFBL!(2="*++!

FA;:GHIG!CA!IETIB:HBGI!KFBL!TCAG>OFJG!QG;LHAF;HO!N:CNG:BFGIZ!!(LGIG!DHBH!FQNO[!BLHB!

T:GHIB! ;HA;G:! ;GOOI! ING;FPF;HOO[! ;LHASG! BLGF:! G]N:GIIFCA! CP! "8! FABGS:FA! IETEAFB! FA!

:GINCAIG! BC! TCAG>OFJG! QG;LHAF;HO! N:CNG:BFGIZ! ! =E:BLG:QC:G9! BLG! FA;:GHIGD!

HIIC;FHBFCA!CP!"8! FABGS:FA!IETEAFB!KFBL!(2="*++!IESSGIBI!BLHB!TCAG>OFJG!QG;LHAF;HO!

N:CNG:BFGI! H;BFMHBG! 0&'<! IFSAHOFAS! FA! 03&>0->?8@! ;GOOI! X@@YZ! ! +ABG:GIBFASO[9!

JAC;JDCKA! CP! "8! FABGS:FA! IETEAFB! DCGI! ACB! HT:CSHBG! '(%:'! G]N:GIIFCA9! KLFOG!

B:GHBQGAB!KFBL!BLG!HABFTCD[!70bV"!DCGI!:GDE;G!'(%:'!G]N:GIIFCAZ!!+B!FI!FQNC:BHAB!



! @@V!

BC!ACBG!BLHB!70bV"!ACB!CAO[!FALFTFBI!!M"89!TEB!HOIC!!M"#9!IESSGIBFAS!H!;CQNGAIHBC:[!

QG;LHAFIQ!TGBKGGA!"8! HAD!"#! IETEAFBZ! ! +ADGGD9!KG! PFAD! BLHB! FA! BLG! HTIGA;G!CP!"8!

FABGS:FA!IETEAFB9!G]N:GIIFCA!CP!"#!IETEAFB!FI!FA;:GHIGDZ!!%CKGMG:9!BLG!;CQNGAIHBFCA!

FA!'(%:'!G]N:GIIFCA!DCGI!ACB!HNNGH:!BC!TG!QGDFHBGD!T[!DF:G;B!TFADFAS!TGBKGGA!"#!

IETEAFB!HAD!(2="*++Z!!+B!FI!FQNC:BHAB!BC!ACBG!HB!BLFI!NCFAB!BLHB!5:;>JFAHIG!H;BFMFB[!LHI!

TGGA! ILCKA! BC! PH;FOFBHBG! IFSAHOFAS! T[!!M"#! X8c9! 8"YZ! ! 5NG;FPF;HOO[9! 5:;! FI! JACKA! BC!

NLCINLC:[OHBG! =&<9!KLF;L! FI! FQNC:BHAB! FA!QG;LHACB:HAIDE;BFCA! X@?Y9! BC! PH;FOFBHBG!

IFSAHOFAS!BL:CESL!BLG!=&<d!M"#!;CQNOG]!X8cYZ!&I!IE;L9!FB!FI!OFJGO[!BLHB!BLG!HTIGA;G!CP!

"8! FABGS:FA! IETEAFB! FADE;GI! H! ;CQNGAIHBC:[! QG;LHAFIQ! PC:! '(%:'! G]N:GIIFCA!
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scaffolds were incubated in a solution of MDA-MB-231 cells (1x106 cells/mL) on a shaker 

for 1h.  Scaffolds were then transferred into a tissue culture plate and maintained at 37oC 

under 5% CO2 in 1x DMEM plus 10% heat inactivated FBS and 1% penicillin/streptomycin.  
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Cells were harvested with trypsin and centrifugation from scaffolds after 24h in culture for 

mRNA extraction (Qiagen RNeasy kit).  Cells were embedded in the 3D collagen gels by 

addition of 10% by volume of a 3x105 cells/mL solution prior to polymerization.  The gels 

were then maintained for 24h at the conditions mentioned above.  Cells were harvested by 

incubating the gels in a solution of collagenase in PBS (1000 u/mL) for 30 min. 
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