
Refinement of antisense oligonucleotide mediated exon
skipping as therapy for Duchenne muscular dystrophy
Heemskerk, J.A.

Citation
Heemskerk, J. A. (2011, October 26). Refinement of antisense
oligonucleotide mediated exon skipping as therapy for Duchenne muscular
dystrophy. Retrieved from https://hdl.handle.net/1887/17986
 
Version: Corrected Publisher’s Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/17986
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/17986


Chapter 5

Accurate quantification of dystrophin
mRNA and exon skipping levels in

Duchenne muscular dystrophy

Spitali P1,2, Heemskerk H1, Vossen RHAM1, Ferlini A2, den Dunnen JCT1,
’t Hoen PAC1 and Aartsma-Rus A1

1Human Genetics, Leiden University Medical Center, the Netherlands
2Experimental and Diagnostic Medicine, Section of Medical Genetics,

University of Ferrara, Italy

Laboratory Investigation (2010) 90(9), 1396-402





6RRdaPcT `dP]cXUXRPcX^] ^U Shbca^_WX] \HD6 P]S Tg^]
bZX__X]V [TeT[b X] 9dRWT]]T CdbRd[Pa 9hbca^_Wh
EWSa_] G^WaOZW+&,& ?O\` ?SS[`YS_Y+& F]ZT ?7C J]``S\+& 7ZS``O\R_O =S_ZW\W,& A]VO\ H RS\ ;b\\S\+& ESaS_ 79 ha ?]S\+

O\R 7\\S[WSYS 7O_a`[O'Fb`+

6]cXbT]bT ^[XV^]dR[T^cXST #6ED$&\TSXPcTS Tg^] bZX__X]V PX\TS Pc aTbc^aX]V cWT aTPSX]V UaP\T Xb P _a^\XbX]V cWTaP_TdcXR

P__a^PRW U^a 9dRWT]]T \dbRd[Pa Shbca^_Wh cWPc Xb RdaaT]c[h cTbcTS X] R[X]XRP[ caXP[b' Dd\Ta^db 6EDb WPeT QTT] cTbcTS X]

#_PcXT]c&STaXeTS$ Rd[cdaTS \dbR[T RT[[b P]S cWT ,'3 \^dbT \^ST[' JWT \PX] ^dcR^\T c^ \TPbdaT 6ED TUUXRXT]Rh Xb
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\dbR[T&STaXeTS \HD6 R^]cPX]b !**)) Shbca^_WX] caP]bRaX_cb P]S cWPc //. caP]bRaX_cb PaT bdUUXRXT]c c^ STcTa\X]T

Tg^]&bZX__X]V [TeT[b' GdP]cXUXRPcX^] dbX]V QX^P]P[hiTa ^a ST]bXc^\TcaXR P]P[hbXb ^U _aX\Pah F8H _a^SdRcb aTbd[cTS X]

eP[dTb R[^bT c^ cW^bT ^QcPX]TS fXcW SXVXcP[ PaaPh' JWT dbT ^U cWT bP\T cTRW]X`dT P[[^fb R^\_PaXb^] QTcfTT] SXUUTaT]c

Va^d_b f^aZX]V ^] Tg^] bZX__X]V X] cWT ,'3 \^dbT \^ST['
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5X^S]OX]O YVSQYX_MVOY^SNO #5BA$ ^\OK^WOX^ S] YXO YP ^RO

WY]^ Z\YWS]SXQ ^RO\KZO_^SM KZZ\YKMRO] PY\ 8_MROXXO W_]&
M_VK\ Nc]^\YZRc #8@8$ KXN SX`YV`O] ^RO _]O YP MROWSMKVVc

WYNSPSON EA5 WYVOM_VO] MYWZVOWOX^K\c ^Y Z\O&WEA5 ^Y

RSNO ObYX] P\YW ^RO ]ZVSMSXQ WKMRSXO\c KXN \O]^Y\O ^RO NS]&

\_Z^ON YZOX \OKNSXQ P\KWO% KVVYaSXQ ^RO QOXO\K^SYX YP ZK\^Vc
P_XM^SYXKV SX]^OKN YP XYX P_XM^SYXKV Nc]^\YZRSX'* FSXQVO Y\

NY_LVO ObYX ]USZZSXQ MKX LO _]ON ^Y e\OP\KWOf Y_^&YP&P\KWO

NOVO^SYX]% N_ZVSMK^SYX] KXN ]WKVV W_^K^SYX]'+ A_WO\Y_]

Q\Y_Z] K\O aY\USXQ YX ^RS] ^RO\KZO_^SM KZZ\YKMR _]SXQ KX&

^S]OX]O YVSQYX_MVOY^SNO] #5BA]$ MK\\cSXQ NSPPO\OX^ MROWSMKV
WYNSPSMK^SYX]' GRO +#&"&WO^RcV ZRY]ZRY\Y^RSYK^O #+B@OCF$

KXN WY\ZRYVSXY ZRY]ZRY\YNSKWSXK^O YVSQYWO\ MROWS]^\SO]

K\O _]ON WY]^ KXN Z\YYP&YP&MYXMOZ^ RK] LOOX YL^KSXON
PY\ LY^R MROWS]^\SO] SX MVSXSMKV ^\SKV] aRO\O ZK^SOX^]

aO\O VYMKVVc SXTOM^ON SX ^SLSKVS] KX^O\SY\ KXN 986 W_]MVO]%

\O]ZOM^S`OVc',%-

9bYX ]USZZSXQ S] K ZO\]YXKVSdON&WONSMSXO ^cZO KZZ\YKMR3

ZK^SOX^] aS^R NSPPO\OX^ W_^K^SYX] XOON ]USZZSXQ YP NSPPO\OX^

ObYX] ^Y e\OP\KWOf ^ROS\ Y_^&YP&P\KWO Nc]^\YZRSX ^\KX]M\SZ^'

5V^RY_QR ]USZZSXQ YP MO\^KSX ObYX] aY_VN LO KZZVSMKLVO ^Y
VK\QO\ MYRY\^] YP ZK^SOX^]hOQ% ]USZZSXQ YP ObYX .* MKX LO

_]ON ^Y e\OP\KWOf ^RO ^\KX]M\SZ^ SX *," YP 8_MROXXO @_]&

M_VK\ 8c]^\YZRc #8@8$ ZK^SOX^]+h^RO XOON ^Y ]USZ NSPPO\OX^

ObYX] ^Y ^\OK^ VK\QO\ Q\Y_Z] YP ZK^SOX^]% \O[_S\O] K \OVSKLVO KXN
MYWZK\KLVO Y_^MYWO ^Y K]]O]] ^RO OPPSMKMc YP NSPPO\OX^ EA5

KX^S]OX]O WYVOM_VO]' GRO WY]^ MYWWYXVc _]ON ZK\KWO^O\

aROX MYWZK\SXQ 5BA] S] ^RO ObYX&]USZZSXQ ZO\MOX^KQO'

GRS] S] NOPSXON K] ^RO ZO\MOX^KQO YP ^\KX]M\SZ^] SX aRSMR

^RO ^K\QO^ON ObYX S] ]USZZON \OVK^S`O ^Y ^RO ^Y^KV X_WLO\
YP Nc]^\YZRSX ^\KX]M\SZ^] #]USZZON KXN XYX ]USZZON$' 5]

KX^SMSZK^ON% ^RO\O KZZOK\] ^Y LO K MY\\OVK^SYX LO^aOOX

ObYX&]USZZSXQ ZO\MOX^KQO] KXN Nc]^\YZRSX \O]^Y\K^SYX SX ^RK^
5BA] ^RK^ SXN_MO RSQR VO`OV] YP ObYX ]USZZSXQ KV]Y VOKN ^Y

RSQRO\ Nc]^\YZRSX VO`OV] ^RKX 5BA] ^RK^ K\O VO]] OPPSMSOX^'.

GR_]% aROX YZ^SWSdSXQ 5BA]% K]]O]]WOX^ YP ObYX ]USZZSXQ

ZO\MOX^KQO] S] K \OVK^S`OVc ]^\KSQR^PY\aK\N aKc ^Y MYWZK\O ^RO

OPPSMSOXMSO] YP NSPPO\OX^ 5BA]' =YaO`O\% NSPPO\OX^ aKc] ^Y

HTRTXeTS +, 9TRT\QTa +))24 aTeXbTS +. CPaRW +)*)4 PRRT_cTS ,* CPaRW +)*)
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[_KX^SPc ObYX&]USZZSXQ VO`OV] K\O _]ON Lc NSPPO\OX^ Q\Y_Z]%

WKUSXQ S^ NSPPSM_V^ ^Y MYWZK\O \O]_V^] LO^aOOX VKL]'.g**

5] Nc]^\YZRSX ObZ\O]]SYX S] \K^RO\ VYa% M8A5 ]cX^RO]S]

PYVVYaON Lc ^aY \Y_XN] YP C7E KWZVSPSMK^SYX #Z\SWK\c

KXN XO]^ON C7E$ S] ^RO WO^RYN _]ON WY]^ ^Y NO^OM^ KXN
[_KX^SPc ^RO ObYX&]USZZSXQ ZO\MOX^KQO% L_^ Z\Y^YMYV] Q\OK^Vc

NSPPO\ KXN ^RO ^Y^KV X_WLO\ YP KWZVSPSMK^SYX McMVO] MKX

`K\c P\YW !.) ^Y 0)'.%0g** BXVc YXO Q\Y_Z RK] \OMOX^Vc
_]ON K ]SXQVO \Y_XN KWZVSPSMK^SYX*+ ^Y K]]O]] ObYX +, ]USZ&

ZSXQ SX ^RO )%. WY_]O% aRSMR S] K Nc]^\YZRSX&XOQK^S`O

WY_]O WYNOV aS^R K ZYSX^ W_^K^SYX SX ^RO SX&P\KWO ObYX

+, KXN aRSMR RK] LOOX SX]^\_WOX^KV ^Y YZ^SWSdO ^RO

ObYX&]USZZSXQ KZZ\YKMR '* -'-+' 5V^RY_QR EG&C7E&LK]ON
WO^RYN] K\O SXObZOX]S`O KXN KVVYa RSQR ^R\Y_QRZ_^% ^RO\O S]

K ZY]]SLSVS^c ^RK^ ^RO ]RY\^O\ ]USZZON P\KQWOX^ S] KWZVSPSON

WY\O OPPSMSOX^Vc ^RKX ^RO VK\QO\ _X]USZZON P\KQWOX^% ^R_]

VOKNSXQ ^Y KX Y`O\O]^SWK^SYX YP ObYX&]USZZSXQ ZO\MOX^KQO]'
EOVK^S`O [_KX^SPSMK^SYX YP EG&C7E Z\YN_M^] MKX LO ZO\&

PY\WON _]SXQ LSYKXKVcdO\ ^OMRXYVYQc ^Y K]]O]] ObYX&]USZZSXQ

ZO\MOX^KQO]'.%/ 5V^O\XK^S`OVc% NOX]S^YWO^\SM KXKVc]S] ^Y K]]O]]

^RO SX^OX]S^c YP P\KQWOX^] SX ^RO KQK\Y]O QOV RK] LOOX
_]ON'*) GRS] MY_VN% RYaO`O\% VOKN ^Y K LSK] ]SXMO ^RO VYXQO\

_X]USZZON P\KQWOX^] LSXN WY\O SX^O\MKVK^SXQ O^RSNS_W

L\YWSNO ^RKX ^RO ]RY\^O\ ]USZZON P\KQWOX^]% VOKNSXQ ^Y

K L\SQR^O\ ]SQXKV KXN _XNO\O]^SWK^SYX YP ObYX&]USZZSXQ

ZO\MOX^KQO]'
JO SX^\YN_MO RO\O K] XOa WO^RYN] ^Y WOK]_\O ObYX +,

]USZZSXQ SX ^RO )%. WY_]O WYNOV K WOV^SXQ M_\`O KXKVc]S]

#@75$ KXN K NSQS^KV K\\Kc Lc ;V_SNSQW' @75 KVVYa] NS]&

M\SWSXK^SYX KXN \OVK^S`O [_KX^SPSMK^SYX YP NSPPO\OX^ C7E
Z\YN_M^]'*,%*- 5WZVSMYX] K\O ROK^ON Q\KN_KVVc ^Y WOV^ Y_^ ^RO

P\KQWOX^]% \O]_V^SXQ SX ^RO \OVOK]O YP ^RO SX^O\MKVK^SXQ NcO'

GRS] M\OK^O] K WOV^SXQ M_\`O ^RK^ S] K P_XM^SYX YP ^RO

KWZVSMYX ]O[_OXMO' <OXO\KVVc K ]SXQVO LK]O ZKS\ NSPPO\OXMO

LO^aOOX KWZVSMYX] VOKN] ^Y KX KV^O\ON WOV^SXQ M_\`O' GRO
K\OK _XNO\ ^RO M_\`O MKX LO _]ON PY\ \OVK^S`O [_KX^SPSMK^SYX

KXN @75 MKX LO _]ON ^Y KXKVc]O W_V^SZVO ]KWZVO] K^ ^RO

]KWO ^SWO' D_KX^SPSMK^SYX S] PV_Y\O]MOXMO LK]ON KXN ^RS]

WO^RYN S] VO]] ObZOX]S`O ^RKX GK[@KX ^OMRXYVYQc PV_Y\O]&
MOXMO&LK]ON WO^RYN] LOMK_]O KX SX^O\MKVK^SXQ NcO #OQ% ?7&

Q\OOX$ S] _]ON' =YaO`O\% ^RS] MYWO] K^ ^RO MY]^ YP \ON_MON

]ZOMSPSMS^c aROX MYWZK\ON aS^R GK[@KX Z\YLO]'

GRO NSQS^KV K\\Kc KZZ\YKMR*. S] LK]ON YX GK[@KX Z\YLO]

KXN KVVYa] KX KL]YV_^O [_KX^SPSMK^SYX YP ^aY EA5 ]ZOMSO]
_XNO\VSXSXQ ^aY WKSX Y_^MYWO]3 #S$ ^RO NO^O\WSXK^SYX YP ^RO

KWY_X^ YP Nc]^\YZRSX ^\KX]M\SZ^] ZO\ XQ YP EA5 #^Y^KV KXN(

Y\ WEA5$ KVVYaSXQ PY\ MKVM_VK^SYX YP ^RO X_WLO\ YP
^OWZVK^O] Z\O]OX^ aROX ZO\PY\WSXQ ^RO EG&C7E KXN #SS$ ^RO

SNOX^SPSMK^SYX YP ^aY EA5 ]ZOMSO] #]USZZON KXN _X]USZZON$

^Y NO^O\WSXO ^RO KL]YV_^O ObYX&]USZZSXQ ZO\MOX^KQO]' >X ^RS]

aKc% YXO MKX MYWZK\O \O]_V^] LO^aOOX VKL] KXN(Y\ LO^aOOX

ObZO\SWOX^] ZO\PY\WON K^ NSPPO\OX^ ^SWO ZYSX^]' 5V^RY_QR KX

KL]YV_^O [_KX^SPSMK^SYX WO^RYN% ]_MR K] ^RO NSQS^KV K\\Kc%
\OZ\O]OX^] ^RO QYVNOX ]^KXNK\N% S^ S] WY\O ObZOX]S`O ^RKX ^RO

Y^RO\ WO^RYN]'

JO RO\O MYWZK\ON ]Sb NSPPO\OX^ WO^RYN] ^Y K]]O]] ObYX&

]USZZSXQ ZO\MOX^KQO]% SXMV_NSXQ K NSQS^KV K\\Kc% aRSMR aK]

_]ON K] K QYVNOX ]^KXNK\N LOMK_]O S^ KVVYa] KL]YV_^O [_KX&

^SPSMK^SYX% ^Y SNOX^SPc ^RO WY]^ KMM_\K^O% KPPY\NKLVO KXN

]^\KSQR^PY\aK\N WO^RYN'

;/B3@7/9A /<2 ;3B6=2A

@</ 7WSPFXNSR FRI H2</ A]RXMJWNW

FKWZVO] _]ON SX ^RS] ]^_Nc RK`O LOOX NO]M\SLON Z\O`SY_]Vc'.

6\SOPVc% 0 )%. WSMO aO\O _]ON ^RK^ aO\O SXTOM^ON SX ^RO QK]&

^\YMXOWS_] W_]MVO YX + MYX]OM_^S`O NKc] aS^R +'2 XWYV YP

OS^RO\ WY\ZRYVSXY Y\ +&B@OCF 5BA #KZZ\YbSWK^OVc +) !Q$
K^ -g. aOOU] YP KQO' GROc aO\O USVVON Lc MO\`SMKV NS]VYMK^SYX

*) NKc] KP^O\ ^RO VK]^ SXTOM^SYX' G\OK^ON W_]MVO] aO\O S]YVK^ON

KXN WSXMON SX EA5&6OO #7KWZ\Y FMSOX^SM% IOOXOXNKKV%

GRO AO^RO\VKXN]$ _]SXQ @KQAK ?c]O\ Q\OOX LOKN] #EYMRO

8SKQXY]^SM]% @KXXROSW% <O\WKXc$ KXN ^RO @KQAK ?c]O\

#EYMRO 8SKQXY]^SM]$ KMMY\NSXQ ^Y ^RO WKX_PKM^_\O\f]
SX]^\_M^SYX]' M8A5 aK] QOXO\K^ON _]SXQ -)) XQ ^Y^KV EA5

aS^R \KXNYW RObKWO\ Z\SWO\] _]SXQ G\KX]M\SZ^Y\ \O`O\]O

^\KX]M\SZ^K]O #EG$ #EYMRO 8SKQXY]^SM]$ KMMY\NSXQ ^Y ^RO
WKX_PKM^_\O\f] SX]^\_M^SYX]'

2NLNXFP /VVF]

M8A5 P\YW *+ ]KWZVO] aK] VYKNON YX^Y ^RO NSQS^KV K\\Kc

#;V_SNSQW% 6SYUOk% ?OSNOX% GRO AO^RO\VKXN]$' 9KMR ]KWZVO aK]

ZK\^S^SYXON SX 0/. \OKM^SYX MRKWLO\] YP / XV OKMR% SX aRSMR

^RO C7E WSb aK] KV\OKNc Z\O]OX^' C\SWO\] SX ObYX ++ KXN
ObYX +- #9_\YQOX^OM% ?SOQO% 6OVQS_W$ KWZVSPSON LY^R ]USZZON

KXN _X]USZZON WYVOM_VO]% KXN ^aY NSPPO\OX^ GK[@KX @<6

Z\YLO] #5ZZVSON 6SY]c]^OW]% 5ZZVO\K >^KVSK% @YXdK% >^KVc$
\OMYQXSdON OS^RO\ ObYX +, #;5@&VKLOVON$ Y\ ^RO ObYX++&

ObYX+- T_XM^SYX #I>7&VKLOVON$ #Z\SWO\ KXN Z\YLO ]O[_OXMO]

K`KSVKLVO SX F_ZZVOWOX^K\c >XPY\WK^SYX$' FKWZVO] aO\O

NSV_^ON ]Y ^RK^ ) Y\ * WYVOM_VO YP M8A5 ^OWZVK^O aK] Z\O]OX^

SX K ]SXQVO KWZVSPSMK^SYX MRKWLO\' GR_]% ^RO ZO\MOX^KQO YP

ObYX ]USZZSXQ MKX LO MKVM_VK^ON Lc MY_X^SXQ ^RO X_WLO\ YP
;5@ KXN I>7&ZY]S^S`O ]ZY^]' ;Y\ OKMR ]KWZVO VYKNON aO

_]ON M8A5 NO\S`ON P\YW !0'. XQ ^Y^KV EA5 ^OWZVK^O' GRO

PSXKV MYXMOX^\K^SYX YP Z\SWO\] KXN Z\YLO] aO\O *'*+. !@ KXN
)'+. !@% \O]ZOM^S`OVc'

>VNQFV] FRI <JWXJI >1@W

C7E] aO\O ZO\PY\WON Lc ,) McMVO] YP 2-!7 PY\ ,) ]% /)!7 PY\

,) ] KXN 0+!7 PY\ ,) ] SX K .) !V \OKM^SYX _]SXQ *'. !V M8A5 K]

^OWZVK^O' C7E Z\YN_M^] aO\O `S]_KVSdON YX +" KQK\Y]O QOV]
KXN [_KX^SPSON OS^RO\ aS^R NOX]S^YWO^\SM KXKVc]S] #D_KX^S^c&

BXO&6SY\KN$ Y\ ^RO 5QSVOX^ +*)) 6SYKXKVcdO\ #5QSVOX^% FKX^K

7VK\K% 75% HF5$'

;Y\ XO]^ON C7E]% K Z\SWK\c C7E aK] ZO\PY\WON PY\

*2 McMVO] YP 2-!7 PY\ -) ]% /)!7 PY\ -) ] KXN 0+!7 PY\ *+) ]

SX K +. !V \OKM^SYX _]SXQ , !V YP M8A5 K] ^OWZVK^O'
GRO KWZVSPSON P\KQWOX^] aO\O ^ROX NSV_^ON *) ^SWO] KXN * !V

aK] \O&KWZVSPSON SX K XO]^ON C7E _]SXQ SX^O\XKV Z\SWO\]

?YFRXNKNHFXNSR SK Q@</ FRI J\SR WONTTNRL NR 2;2

E G^WaOZW #% "$
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#]OO F_ZZVOWOX^K\c SXPY\WK^SYX$ PY\ ,+ McMVO] YP 2-!7 PY\

-) ]% /)!7 PY\ -) ] KXN 0+!7 PY\ *)) ]'

C7E Z\YN_M^] aO\O `S]_KVSdON KXN KXKVcdON K] NO]M\SLON

PY\ ^RO Z\SWK\c C7E]'

;JPXNRL 1YVZJ /RFP]WNW

FUSZZON KXN _X]USZZON P\KQWOX^] aO\O S]YVK^ON P\YW

KQK\Y]O QOV% [_KX^SPSON _]SXQ ^RO AKXYN\YZ A8*))) ]ZOM&

^\YZRY^YWO^O\ #>]YQOX% NO @OO\X% ^RO AO^RO\VKXN]$ KXN
_]ON K] ^OWZVK^O PY\ ]_L]O[_OX^ KWZVSPSMK^SYX KXN WOV^SXQ

M_\`O KXKVc]S]' FUSZZON KXN _X]USZZON WYVOM_VO] aO\O

WSbON SX UXYaX \K^SY]% \KXQSXQ P\YW ) ^Y *))" ]USZZSXQ
LK]ON YX ^RO X_WLO\ YP WYVOM_VO]% KXN _]ON K] ^OWZVK^O

SX K ,) McMVO KWZVSPSMK^SYX #]OO EA5 S]YVK^SYX KXN

M8A5 ]cX^RO]S]$% _]SXQ ?7&Q\OOX #6SYUOk % ?OSNOX% ^RO

AO^RO\VKXN]$ K] SX^O\MKVK^SXQ NcO' @OV^SXQ M_\`O] aO\O

QOXO\K^ON aS^R ^RO ?SQR^]MKXXO\ #EYMRO 8SKQXY]^SM]%

5VWO\O% ^RO AO^RO\VKXN]$'

/QTPNKNHFXNSR SK AONTTJI FRI CRWONTTJI ;SPJHYPJW NR

8RS[R ;SPJHYPFV @FXNSW

FUSZZON KXN _X]USZZON ^OWZVK^O] aO\O S]YVK^ON KXN WSbON SX

UXYaX WYVOM_VK\ \K^SY] _]SXQ +)g+. XQ YP ^OWZVK^O' C7E]

aO\O ZO\PY\WON aS^R +)% +. Y\ ,) McMVO] YP 2-!7 PY\ ,) ]%

/)!7 PY\ ,) ] KXN 0+!7 PY\ ,) ] SX +. !V \OKM^SYX aS^R . !V YP
^OWZVK^O'

AXFXNWXNHFP /RFP]WNW

F^K^K ]YP^aK\O aK] _]ON PY\ ]^K^S]^SMKV KXKVc]S]' GRO ;\SONWKX
^O]^ aK] _]ON ^Y NO^OM^ NSPPO\OXMO] LO^aOOX KVV Q\Y_Z] KXN ^RO

JSVMYbYXf] ]SQXON \KXU ]_W ^O]^ aK] _]ON ^Y MYWZK\O ^RO

NSPPO\OX^ Q\Y_Z] P\YW ^RO NSQS^KV K\\Kc Q\Y_Z'

@3AC9BA

=O\O% aO MYWZK\ON ]Sb NSPPO\OX^ WO^RYNYVYQSO] #NSQS^KV K\\Kc%

NOX]S^YWO^\c KXN LSYKXKVcdO\ YP Z\SWK\c KXN XO]^ON EG&C7E

Z\YN_M^] KXN @75$ ^Y [_KX^SPc ObYX&]USZZSXQ ZO\MOX^KQO]'
@Y]^ Nc]^\YZRSX ObYX ]USZZSXQ ObZO\SWOX^] K\O ZO\PY\WON SX

^RO )%. WY_]O ^Y YZ^SWSdO ]c]^OWSM NY]SXQ \OQSWO] _]SXQ

5BA] ^K\QO^SXQ WY_]O ObYX +,' GR_]% aO [_KX^SPSON W_\SXO

ObYX +, ]USZZSXQ YX EA5 YL^KSXON P\YW 5BA&^\OK^ON )%.

W_]MVO ^S]]_O]'.

>X KVV% -)) XQ YP ^Y^KV EA5 S]YVK^ON P\YW 5BA&^\OK^ON

W_]MVO] aS^R `K\cSXQ ]USZZSXQ VO`OV] aK] _]ON ^Y ]cX^RO]SdO

M8A5% aRSMR aK] ]_L]O[_OX^Vc _]ON K] SXZ_^ PY\ ^RO NSPPO\OX^
KXKVc]O]'

2NLNXFP /VVF]

GRO NSQS^KV K\\Kc KVVYa] KL]YV_^O [_KX^SPSMK^SYX YP ObYX

]USZZON KXN aSVN ^cZO ^\KX]M\SZ^]'

GRO Y_^Z_^ YP ^RS] ObZO\SWOX^KV KZZ\YKMR KVVYa] ^RO NO&
^O\WSXK^SYX YP ^RO X_WLO\ YP ^\KX]M\SZ^] ZO\ XQ YP EA5 K]

aOVV K] ^RO ObYX&]USZZSXQ ZO\MOX^KQO'

;S\]^% KWZVSPSMK^SYX aK] ZO\PY\WON YX ^RO -1) EYMRO

?SQR^ 7cMVO\ _]SXQ OS^RO\ ]USZZON Y\ _X]USZZON ^OWZVK^O]'

GRS] MYXPS\WON ^RO ]ZOMSPSMS^c YP ^RO NO]SQXON \OKV&^SWO

Z\YLO] #NK^K XY^ ]RYaX$'

;V_Y\O]MOX^ ]SQXKV] YP ]USZZON KXN _X]USZZON ^\KX]M\SZ^]
K\O `S]SLVO _]SXQ ^RO ;V_NSQW NSQS^KV K\\Kc WKMRSXO SX ^RO

;5@ KXN I>7 MRKXXOV]% \O]ZOM^S`OVc #;SQ_\O *$' AY\WKV

#_X]USZZON$ KXN ]USZZON SNOX^SPcSXQ Z\YLO] aO\O _]ON%
KXN ]YWO VYa VO`OV I>7 ^Y ;5@ LVOONSXQ aK] YL]O\`ON

#F_ZZVOWOX^K\c ;SQ_\O *K$' GRO\OPY\O% K ^R\O]RYVN ^Y MY\\OM^

PY\ ^RS] aK] KZZVSON' 5_^YWK^ON MY_X^SXQ YP ^RO KL]YV_^O

X_WLO\ YP ;5@& KXN I>7&ZY]S^S`O KWZVSPSMK^SYX MRKWLO\]

KVVYaON _] ^Y MKVM_VK^O ^RO ObYX&]USZZSXQ ZO\MOX^KQO]
VS]^ON SX GKLVO * KXN Q\KZRON SX ;SQ_\O +' 9bYX ]USZZSXQ

VO`OV] `K\SON LO^aOOX -" KXN ,+" PY\ ^RO NSPPO\OX^ ]KWZVO]'

GRO KL]YV_^O [_KX^SPSMK^SYX KVVYaON _]% PY\ ^RO PS\]^ ^SWO%

^Y MKVM_VK^O ^RO X_WLO\ YP Nc]^\YZRSX ^\KX]M\SZ^] Z\O]OX^ SX
W_]MVO' GRO K`O\KQO X_WLO\ YP ^\KX]M\SZ^] #]USZZON KXN

_X]USZZON$ ZO\ XQ YP ^Y^KV EA5 SXZ_^ PY\ ^RO ]O`OX ]KWZVO]

aK] ++'*. ##,',)$' 7YX]SNO\SXQ WEA5 S] O]^SWK^ON ^Y LO

!+" YP ^Y^KV EA5 #R^^Z3((aaa'KWLSYX'MYW(^OMRVSL(LK]SM](
\XKS]YV(SXNOb'R^WV$% ^RO X_WLO\ YP Nc]^\YZRSX ^\KX]M\SZ^]

ZO\ XQ YP WEA5 S] **)1 #.) ! ++'*.$' H]SXQ ^RS] X_WLO\ aO

NO^O\WSXON ^RO X_WLO\ YP ^\KX]M\SZ^] _]ON K] ^OWZVK^O Lc

NSPPO\OX^ Q\Y_Z] ^RK^ ]^_NSON ObYX +, ]USZZSXQ SX ^RO )%.

WY_]O WYNOV #GKLVO +$' GRS] X_WLO\ `K\SON P\YW **))*/ ^Y
*00))'1

@B#>1@ FRI 2JRWNXSQJXV]

5 ^Y^KV YP //. ^OWZVK^O WYVOM_VO] aO\O _]ON PY\ YXO \Y_XN YP
KWZVSPSMK^SYX KXN ]KWZVO] aO\O KXKVcdON aS^R O^RSNS_W&

L\YWSNO ]^KSXON KQK\Y]O QOV] #;SQ_\O ,K$' 9bYX ]USZZSXQ

ZO\MOX^KQO] aO\O K]]O]]ON aS^R K NOX]S^YWO^O\ #GKLVO *%

;SQ_\O +$' GROc aO\O `O\c MVY]O ^Y ^RY]O YL^KSXON _]SXQ
NSQS^KV K\\Kc PY\ KVV KXKVcdON ]KWZVO] KXN PY\ PY_\ Y_^ YP ]O`OX

]KWZVO] ^RO ]USZZSXQ ZO\MOX^KQO] aO\O PKVVSXQ SX K +."

SX^O\`KV \OVK^S`O ^Y ^RO NSQS^KV K\\Kc Y_^Z_^' JO ^ROX ZO\&

PY\WON K ^aY&\Y_XN KWZVSPSMK^SYX #XO]^ON C7E$ KXN K]]O]]ON

ObYX ]USZZSXQ ZO\MOX^KQO] #;SQ_\O ,L$' AYa% ObYX ]USZZSXQ
VO`OV] aO\O *'-& ^Y 0'/&PYVN RSQRO\ ^RKX ^RO NSQS^KV K\\Kc

\OPO\OXMO `KV_O] KXN ^RO NOX]S^YWO^\SM KXKVc]S] YP K ]SXQVO

\Y_XN YP KWZVSPSMK^SYX #;SQ_\O + KXN GKLVO *$'

@B#>1@ FRI 0NSFRFP]^JV /RFP]WNW

GRO ]KWO P\KQWOX^] YL^KSXON KP^O\ ^RO Z\SWK\c KXN XO]^ON

C7E] #;SQ_\O ,K KXN L$ aO\O _]ON ^Y [_KX^SPc ObYX ]USZZSXQ
VO`OV] _]SXQ ^RO 5QSVOX^ 6SYKXKVcdO\ #;SQ_\O + KXN GKLVO *$' 5]

aS^R NOX]S^YWO^\c% ObYX ]USZZSXQ VO`OV] KP^O\ K ]SXQVO \Y_XN

YP KWZVSPSMK^SYX aO\O `O\c ]SWSVK\ ^Y ^RY]O YL^KSXON aS^R ^RO

NSQS^KV K\\Kc KXN PY\ PS`O Y_^ YP ]O`OX ]KWZVO] ^RO ]USZZSXQ

ZO\MOX^KQO] aO\O PKVVSXQ SX K +." SX^O\`KV \OVK^S`O ^Y ^RO

NSQS^KV K\\Kc Y_^Z_^' ;Y\ XO]^ON C7E ^RO ObYX ]USZZSXQ VO`OV]
aO\O *'/& ^Y .'1&PYVN RSQRO\ MYWZK\ON aS^R NSQS^KV K\\Kc

Y_^MYWO] KXN ^Y Z\SWK\c C7E `KV_O]'

?YFRXNKNHFXNSR SK Q@</ FRI J\SR WONTTNRL NR 2;2
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;JPXNRL 1YVZJ /RFP]WNW

FUSZZON KXN _X]USZZON ^OWZVK^O] WSbON K^ UXYaX WYVK\S^SO]

aO\O KWZVSPSON _]SXQ K ]K^_\K^SXQ SX^O\MKVK^SXQ NcO
#?7&Q\OOX$ KXN C7E Z\YN_M^] aO\O WOV^ON Y_^' GRS] \O]_V^ON

SX ]ZOMSPSM KWZVSPSMK^SYX M_\`O] PY\ LY^R _X]USZZON KXN

]USZZON ^OWZVK^O] #F_ZZVOWOX^K\c ;SQ_\O +$' =YaO`O\% aROX

^OWZVK^O] aO\O WSbON aO aO\O _XKLVO ^Y NS]M\SWSXK^O
LO^aOOX *) KXN +)" ]USZZSXQ% LO^aOOX ,) KXN -)" ]USZZSXQ

Y\ LO^aOOX M_\`O] \KXQSXQ P\YW /) ^Y *))" ]USZZSXQ

#F_ZZVOWOX^K\c ;SQ_\O +$' JO NS]MK\NON ^RS] WO^RYN LOMK_]O

YP ^RO VYa ]OX]S^S`S^c'

/QTPNKNHFXNSR SK AONTTJI FRI CRWONTTJI ;SPJHYPJW NR

8RS[R ;SPJHYPFV @FXNSW

;SXKVVc% ^Y MYXPS\W ^RO\O aK] XY Z\OPO\OX^SKV KWZVSPSMK^SYX YP

]RY\^O\ #]USZZON$ P\KQWOX^] SX K ,) McMVO C7E% ]USZZON KXN

BFGPJ & 3\SR WONTTNRL TJVHJRXFLJW YWNRL XMJ INKKJVJRX UYFRXNKNHFXNSR QJXMSIW

IP\_[Tb 9XVXcP[ PaaPh 9T]bXc^\TcTa _aX\Pah BPQ&RWX_ _aX\Pah 9T]bXc^\TcTa ]TbcTS BPQ&RWX_ ]TbcTS

+ -*(2#-(2 ,.(2#*(/ ,3(,#*(0 .,(*#+(3 .2(-#+(/

, -,(*#.(+ -+(-#*(1 -2(1#*(2 ./(-#.(* /1(-#-(3

- .(-#+(* 2(.#*(, 1(+#*(+ -,(2#+(/ ,.(3#+(-

. .(0#+(+ -(-#*(+ .(+#*(+ -,(/#,(/ +3(3#1(.

/ 3(3#+(/ 0(+#*(+ 0(-#*(+ -+(3#+(/ ,*(3#+(2

0 ,2(0#-(/ ,2(-#*(0 --(2#*(1 ..(/#*(/ .3(3#*(2

1 ,1(3#-(0 -*(-#*(0 -.(1#*(1 .*(+#+(+ .3(3#*(/

FTaRT]cPVTb UP[[X]V fXcWX] P +." X]cTaeP[ #aT[PcXeT c^ cWT SXVXcP[ PaaPh eP[dTb$ PaT WXVW[XVWcTS X] VaPh' ;g_TaX\T]cb fTaT _TaU^a\TS X] Sd_[XRPcT'

4NLYVJ & 9XVXcP[ PaaPh ^dc_dc U^a bP\_[Tb +% ,% / P]S 0' HTS RWP\QTab PaT <6C _^bXcXeT% Q[dT ^]Tb PaT L?8 _^bXcXeT P]S VaPh ^]Tb PaT ]TVPcXeT

U^a Q^cW' MWT] P bT[TRcTS PaTP Xb P]P[hiTS #TV% VaTT] PaTP X] cWT Q^cc^\ [TUc _P]T[$ cWT U[d^aTbRT]c bXV]P[b PaT bW^f] X] cWT <6C P]S L?8 RWP]]T[b'

6\_[XUXRPcX^] RdaeTb PaT TPbX[h aTR^V]XiPQ[T ^eTa cWT QPRZVa^d]S bXV]P[b U^a Q^cW <6C P]S L?8 bXV]P[b'
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_X]USZZON ^OWZVK^O] aO\O WSbON SX UXYaX \K^SY] LK]ON

YX ^RO WYVOM_VO X_WLO\] KXN KWZVSPSON PY\ +) Y\ +. Y\ ,)

McMVO]' 6SYKXKVcdO\ WOK]_\ON ]USZZSXQ `KV_O] #F_ZZVOWOX^K\c
;SQ_\O ,$ aO\O MYWZK\KLVO aS^R ^RO ObZOM^ON YXO] SX

^RO \KXQO YP )g.)" ]USZ' GRO WOK]_\ON ]USZ ZO\MOX^KQO]

aO\O K ]VSQR^ _XNO\O]^SWK^SYX MYWZK\ON aS^R ^RO ObMOZ^ON

ZO\MOX^KQO] #;SQ_\O -$% ]_QQO]^SXQ ^RO\O S] XY Z\OPO\OX^SKV

KWZVSPSMK^SYX YP ^RO ]RY\^O\ Z\YN_M^]'

AXFXNWXNHFP /RFP]WNW

9bYX ]USZZSXQ `KV_O] YL^KSXON aS^R OKMR ^OMRXS[_O aO\O PS\]^

KXKVcdON Lc Q\Y_ZSXQ ^RO ]USZZSXQ `KV_O] YP KVV ^RO WSMO

4NLYVJ ' =aP_WXR aT_aTbT]cPcX^] ^U cWT \^dbT Tg^] +, bZX__X]V _TaRT]cPVTb PbbTbbTS dbX]V cWT SXUUTaT]c cTRW]X`dTb' 9T]bXc^\Tcah P]S QX^P]P[hiTa

aT[PcXeT `dP]cXUXRPcX^] ^dc_dc fPb R[^bTbc c^ cWT SXVXcP[ PaaPh aTbd[cb' ;g_TaX\T]cb fTaT _TaU^a\TS X] Sd_[XRPcT'

BFGPJ ' 1SQTFVNWSR SK YWJI FQTPNKNHFXNSR TVSXSHSPW XS IJXJHX J\SR '( WONTTNRL NR XMJ #"$ QSYWJ QSIJP

JWXb
_P_Ta

Md%
+))2

NX]%
+))1

?eP]^eP%
+))1

>TT\bZTaZ%
+))2

Bd%
+)).

LXcXT[[^%
+))1

9^aP]%
+))2

9T]cX%
+))1

D]( ]T QfQZS` -* .* #,/%,/$ #,/%,/$ #+3%-,$O #-*%,/$ #-*%-*$O #-/%-*$ #.*%-*$P

FD7 aS[^ZOaS \U W\ FH _SOQaW]\ .** +** ,** 2** .** ,** /** +** ,**

FD7 aS[^ZOaS \U W\ E9F -* +** ,** 2** 0* ,** /* +** ,**

D]( ]T a_O\`Q_W^a` 00/ ,,+/ ..-* +11,+ +-,3 ..-* ++*2 ,,+/ ..-*

9][^O_SR dWaV -* QfQZS` + +*,. +(<%*0 +(<%*0 ,(<%*0 -(<%*1 +(<%*3 -(<%+* +(<%+,

DP]^VaP\b ^U c^cP[ HD6 cT\_[PcT dbTS U^a HJ aTPRcX^] P]S _aX\Pah F8H #fWT] SXUUTaT]c$ PaT bW^f]' JWT ]d\QTa ^U caP]bRaX_cb dbTS Pb cT\_[PcTb U^a cWT _aX\Pah

F8H Pb cT\_[PcT Xb P[b^ bW^f]' JWT [Pbc a^f bW^fb cWT PSSXcX^]P[ P\^d]c ^U P\_[XUXRPcX^] R^\_PaTS fXcW cWT ,) RhR[Tb _a^c^R^[ dbTS X] cWXb aT_^ac'
K
7TU^aT ]TbcTS P\_[XUXRPcX^] 9D6 cT\_[PcT fPb SX[dcTS *) cX\Tb'

L
- ![ ^U 9D6 cT\_[PcT fTaT dbTS X] ]TbcTS F8H'

4NLYVJ ( HJ&F8H P]P[hbXb ^U Shbca^_WX] \HD6 UaPV\T]cb ^U ,'3 \^dbT \dbR[Tb caTPcTS fXcW SXUUTaT]c +ECTFI P]S \^a_W^[X]^ 6EDb cPaVTcX]V

Tg^] +,' #F$ <aPV\T]cb ^QcPX]TS PUcTa * a^d]S ^U P\_[XUXRPcX^]' #G$ <aPV\T]cb ^QcPX]TS PUcTa + a^d]Sb ^U P\_[XUXRPcX^]'

?YFRXNKNHFXNSR SK Q@</ FRI J\SR WONTTNRL NR 2;2
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YL^KSXON' JO PY_XN K ]SQXSPSMKX^ NSPPO\OXMO LO^aOOX KVV ^RO

Q\Y_Z] ##&`KV_O )')))+% ;\SONWKXf] ^O]^$' JROX ]SXQVO Q\Y_Z]

aO\O MYWZK\ON aS^R ^RO NSQS^KV K\\Kc Q\Y_Z aO PY_XN ^RK^ ^RO

Y_^Z_^ YP ^RO ^aY XO]^ON&C7E [_KX^SPSMK^SYX Q\Y_Z] aK]

]SQXSPSMKX^Vc NSPPO\OX^ P\YW ^RO NSQS^KV K\\Kc Y_^Z_^ ##&`KV_O
!)')+ JSVMYbYXf] ^O]^$% aRO\OK] ^RO ]USZZSXQ `KV_O] YL^KSXON

_]SXQ ^RO Z\SWK\c C7E aO\O XY^ NSPPO\OX^ ^Y ^RO NSQS^KV K\\Kc'

27A1CAA7=<

5BA&WONSK^ON ObYX ]USZZSXQ S] M_\\OX^Vc ^O]^ON SX MVSXSMKV

^\SKV],%- KXN RK] Z\Y`OX ^Y LO YXO YP ^RO WY]^ Z\YWS]SXQ

^RO\KZO_^SM ]^\K^OQSO] ^Y ^\OK^ 8@8'*0 JROX YZ^SWSdSXQ

5BA MROWS]^\SO]% MOVV ZOXO^\K^SXQ ZOZ^SNO&MYXT_QK^O]0 Y\

5BA NOVS`O\c MYWZY_XN]% ^RO WKSX Y_^MYWO ^Y O`KV_K^O ^RO
^\OK^WOX^ OPPSMSOXMc S] QOXO\KVVc ^RO ObYX&]USZZSXQ ZO\MOX^KQO'

GRS] MKX KXN RK] LOOX WOK]_\ON _]SXQ NSPPO\OX^ ^OMRXS[_O]

N_\SXQ ^RO ZK]^ NOMKNO'.%2%**%*1%*2 GRO WY]^ MYWWYXVc _]ON

WO^RYN S] K ^aY&\Y_XN KWZVSPSMK^SYX #XO]^ON C7E$ YP M8A5
YL^KSXON P\YW KX EG \OKM^SYX _]SXQ NSPPO\OX^ KWY_X^]

YP ^Y^KV EA5 #*)) ^Y 1)) XQ1%**$ K] ^OWZVK^O' GY K]]O]] ^RO

YZ^SWKV WO^RYN ^Y NO^O\WSXO ObYX&]USZZSXQ ZO\MOX^KQO]% aO

\O`SOaON ^RO WY]^ _]ON WO^RYN] KXN MYWZK\ON ^ROW _]SXQ

5BA&^\OK^ON WY_]O W_]MVO&NO\S`ON EA5 K] SXZ_^ WK^O\SKV'
8SQS^KV K\\Kc KVVYaON _] ^Y [_KX^SPc ^RO KL]YV_^O ObYX&

]USZZSXQ ZO\MOX^KQO] #+XN MYV_WX SX GKLVO *$ KXN aK] _]ON

K] ^RO QYVNOX ]^KXNK\N PY\ ^RO Y^RO\ PS`O WO^RYN]'
GRO NSQS^KV K\\Kc Y_^Z_^ KV]Y KVVYaON _] ^Y NO^O\WSXO ^RK^

!**)) Nc]^\YZRSX ^\KX]M\SZ^] K\O Z\O]OX^ SX * XQ YP WEA5

KXN ^RK^ //. ^\KX]M\SZ^] K\O ]_PPSMSOX^ ^Y MY\\OM^Vc NO^O\WSXO

^RO ObYX&]USZZSXQ ZO\MOX^KQO _]SXQ YXVc ,) McMVO] YP KWZVS&

PSMK^SYX' GRO]O NK^K WK^MR aS^R ^RO NK^K Z_LVS]RON Lc

@Y\^KdK`S &, $(%+) SX aRSMR KX EA5&FO[ ObZO\SWOX^ aK]
ZO\PY\WON SX #KWYXQ Y^RO\]$ ]UOVO^KV W_]MVO ^S]]_O YP K

aSVN&^cZO WY_]O' GRS] \O]_V^ON SX Nc]^\YZRSX ObZ\O]]SYX YP

*'., \OKN] ZO\ USVYLK]O ZO\ WSVVSYX% aRSMR MY\\O]ZYXN]

^Y *2,. ^\KX]M\SZ^] ZO\ XQ YP WEA5 #K]]_WSXQ *'- UL S]

^RO K`O\KQO ]SdO YP KX WEA5 WYVOM_VO+*$' GRO ^aY \O]_V^]%

KV^RY_QR ]VSQR^Vc NSPPO\OX^% K\O SX ^RO ]KWO Y\NO\ YP WKQXS&

^_NO KXN ^RO NSPPO\OXMO MY_VN LO MK_]ON Lc PY\ ObKWZVO%
\ON_MON ^\KX]M\SZ^ VO`OV] N_O ^Y XYX]OX]O&WONSK^ON

WEA5&NOMKc SX ^RO )%. WY_]O' 5 /)g1)" \ON_M^SYX YP ^RO

Nc]^\YZRSX ^\KX]M\SZ^ RK] LOOX \OZY\^ON PY\ ^RO )%. WY_]O
MYWZK\ON aS^R aSVN&^cZO KXSWKV]'++

;_\^RO\WY\O% KL]YV_^O [_KX^SPSMK^SYX KVVYaON _] ^Y MYW&

ZK\O ^RO WYVOM_VK\ KZZ\YKMRO] YP ]O`O\KV \OZY\^] ^RK^ K]]O]]ON

ObYX ]USZZSXQ SX )%. WSMO' 5] GKLVO + ]RYa]% ^RO X_WLO\ YP

Nc]^\YZRSX EA5 WYVOM_VO] _]ON K] ^OWZVK^O Q\OK^Vc NSPPO\]
P\YW \OZY\^ ^Y \OZY\^ \KXQSXQ P\YW **)) ^Y *00)) ^\KX]M\SZ^]'

GRO ObMO]]S`O X_WLO\ YP KWZVSPSMK^SYX McMVO] #VK]^ ^aY \Ya]

YP GKLVO +$ VOKN] ^Y K ]SQXSPSMKX^ NO`SK^SYX P\YW Y_\ NSQS^KV

K\\Kc QYVNOX ]^KXNK\N \O]_V^] ##&`KV_O !)')+$ #;SQ_\O +$' JO
LOVSO`O ]^KXNK\NSdK^SYX ^Y NO^O\WSXO ^RO ObYX ]USZZSXQ VO`OV]

S] XOONON ^Y LO^^O\ _XNO\]^KXN ^RO Y_^MYWO YP NSPPO\OX^

^\OK^WOX^] SXN_MSXQ ObYX ]USZZSXQ'

>^ RK] LOOX ]_QQO]^ON ^RK^ ObYX ]USZZSXQ VO`OV] K]]O]]ON Lc
EG&C7E QS`O KX Y`O\O]^SWK^SYX% LOMK_]O ^RO ]WKVVO\ ]USZZON

Z\YN_M^] KWZVSPc WY\O OPPSMSOX^Vc ^RKX ^RO LSQQO\ XYX&]USZ&

ZON P\KQWOX^]' =YaO`O\% aO ]RYa RO\O ^RK^ PY\ ,) KWZVSPS&

MK^SYX McMVO] _]SXQ K ]SXQVO \Y_XN KWZVSPSMK^SYX% ^RO\O S] XY

Z\OPO\OX^SKV KWZVSPSMK^SYX YP ^RO ]RY\^O\ Z\YN_M^' JROX
MYWZK\SXQ ]USZZSXQ `KV_O] YL^KSXON aS^R KL]YV_^O KXN

\OVK^S`O [_KX^SPSMK^SYX `SK NOX]S^YWO^\c KXN LSYKXKVcdO\

KXKVc]S] PY\ K ]SXQVO \Y_XN C7E% aO PY_XN ^RK^ ]USZZSXQ

`KV_O] aO\O `O\c ]SWSVK\' GR_]% KZZK\OX^Vc ]^YMRK]^SM OPPOM^]
NY XY^ SX^O\PO\O aS^R ^RO WOK]_\OWOX^]' GKLVO * ]RYa] ^RK^

WY]^ `KV_O] ^RK^ PKVV SX K +." O\\Y\ WK\QSX \OVK^S`O ^Y ^RO

KL]YV_^O [_KX^SPSMK^SYX \O]_V^] P\YW ^RO NSQS^KV K\\Kc aO\O

YL^KSXON _]SXQ OS^RO\ LSYKXKVcdO\ Y\ NOX]S^YWO^O\' AYX&

Y`O\O]^SWK^SYX S] KV]Y _XNO\VSXON Lc ^RO PSXNSXQ ^RK^ K YXO
\Y_XN KWZVSPSMK^SYX #+)(+.(,) McMVO]$ YP S]YVK^ON ]USZZON

KXN _X]USZZON WYVOM_VO] SX UXYaX ]USZZSXQ ZO\MOX^KQO] VON

^Y K ]VSQR^ _XNO\O]^SWK^SYX YP \OKV ]USZZSXQ ZO\MOX^KQO]
\K^RO\ ^RKX KX Y`O\O]^SWK^SYX #;SQ_\O -$' =YaO`O\% aROX

^aY \Y_XN] YP KWZVSPSMK^SYX aO\O _]ON% ]USZZSXQ VO`OV] aO\O

QOXO\KVVc Y`O\O]^SWK^ON' AO`O\^ROVO]]% ]SXMO Nc]^\YZRSX S] K

VYaVc ObZ\O]]ON QOXO% YXO \Y_XN YP KWZVSPSMK^SYX WSQR^ XY^

LO ]_PPSMSOX^ aROX KXKVcdSXQ ObYX ]USZZSXQ SX M_V^_\ON MOVV]

Y\ SX W_]MVO] P\YW ]O`O\OVc KPPOM^ON ZK^SOX^]' GRS] aSVV \O[_S\O
P_\^RO\ SX`O]^SQK^SYX'

JO NS]MK\NON @75 KXKVc]S] LOMK_]O S^ aK] XY^ ]_PPSMSOX^Vc

]OX]S^S`O4 ^RS] MY_VN LO N_O ^Y K MYX^KWSXK^SYX aRSVO Z_\&
SPcSXQ ^RO ]USZZON KXN _X]USZZON ^OWZVK^O] P\YW ^RO KQK\Y]O

QOV' =YaO`O\% 1) C7E McMVO] aO\O ZO\PY\WON YX ^RO S]YVK^ON

^OWZVK^O] KXN YXVc ]ZOMSPSM KWZVSPSMK^SYX Z\YN_M^ aK]

YL]O\`ON #F_ZZVOWOX^K\c ;SQ_\O *L$% WKUSXQ ^RS] Z\YLKLVc

XYX&]ZOMSPSM LKMUQ\Y_XN'

5V^RY_QR NSQS^KV K\\Kc \OZ\O]OX^] ^RO QYVNOX ]^KXNK\N
aO aY_VN VSUO ^Y _XNO\VSXO ^RK^ ^RO\O K\O ]YWO VSWS^K&

^SYX]3 ]YWO I>7 ^Y ;5@ MRKXXOV LVOONSXQ aK] YL]O\`ON

4NLYVJ ) =aP_WXR aT_aTbT]cPcX^] ^U cWT QX^P]P[hiTa aTbd[cb U^a +)(+.(,)

RhR[Tb ^U P\_[XUXRPcX^] ^U bZX__TS P]S d]bZX__TS UaPV\T]cb \XgTS X]

SXUUTaT]c aPcX^b aP]VX]V Ua^\ ) c^ *))" bZX_' CTPbdaTS bZX_ _TaRT]cPVTb

fTaT ]TeTa PQ^eT cWT Tg_TRcTS ^]Tb'
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#F_ZZVOWOX^K\c ;SQ_\O *K$ aS^R LY^R ^RO ]USZZON Y\

_X]USZZON NO^OM^SXQ Z\YLO]' >^ S] ZY]]SLVO ^Y MY\\OM^ PY\ ^RS]

Lc KZZVcSXQ K ^R\O]RYVN SX ^RS] WO^RYNYVYQc' =YaO`O\% SX

\OKV&^SWO [_KX^S^K^S`O C7E KXKVc]S]% aROX LY^R ]USZZON KXN

_X]USZZON ^\KX]M\SZ^] K\O Z\O]OX^ SX K ]SXQVO \OKM^SYX% ^RS]
LVOONSXQ aSVV SXPV_OXMO [_KX^SPSMK^SYX' @Y\O SWZY\^KX^Vc% ^RO

MY]^] YP ^RO NSQS^KV K\\Kc KXKVc]S] K\O W_MR RSQRO\ MYWZK\ON

aS^R K XY\WKV C7E% O]ZOMSKVVc aROX KXKVcdSXQ WKXc ]KWZVO]%
KV^RY_QR XOa NSQS^KV K\\Kc] SX aRSMR -1 ]KWZVO] MKX LO

KXKVcdON SX K ]SXQVO \_X K\O XYa K`KSVKLVO' ;_\^RO\WY\O%

^RO KXKVc]S] YP ^RO M_\`O] MKXXY^ LO ]^KXNK\NSdON KXN S]

ObZO\SWOX^ ]ZOMSPSM' AO`O\^ROVO]]% \O]_V^] YL^KSXON P\YW

^aY NSPPO\OX^ ObZO\SWOX^] MKX LO MYWZK\ON LOMK_]O ^RO
[_KX^SPSMK^SYX S] KL]YV_^O'

9bYX ]USZZSXQ MKX LO [_KX^SPSON _]SXQ NSPPO\OX^ ^OMRXS&

[_O]' =YaO`O\% [_KX^SPSMK^SYX _]SXQ K LSYKXKVcdO\ Y\ K NOX&

]S^YWO^O\ KP^O\ Z\SWK\c KWZVSPSMK^SYX ]OOW] ^RO Z\OPO\\ON
WO^RYN PY\ )%. W_]MVO ^S]]_O NO\S`ON ]KWZVO]% LOMK_]O ^RO

`KV_O] YL^KSXON PY\ VYa KXN RSQR ObYX ]USZZSXQ VO`OV] K\O

MVY]O ^Y ^RO KM^_KV `KV_O]' GRO]O WO^RYN] K\O WY\O

]^\KSQR^PY\aK\N KXN ]SQXSPSMKX^Vc VO]] ObZOX]S`O ^RKX NSQS^KV
K\\Kc KXKVc]S]% aRSMR ]O\`O] K] K QYVNOX ]^KXNK\N' >^ S]

RYaO`O\ ZY]]SLVO ^RK^ ^RO YZ^SWKV WO^RYN#]$ aSVV NSPPO\ PY\

Y^RO\ ObYX] KXN ^RO\OPY\O WO^RYN] ^Y [_KX^SPc ^RO ]USZZSXQ

YP Y^RO\ #R_WKX$ ObYX] ]RY_VN LO K]]O]]ON SXNS`SN_KVVc%

KV^RY_QR K] K WY\O QOXO\KV \_VO ObYX&]USZZSXQ VO`OV] ]RY_VN
XY^ LO [_KX^SPSON _]SXQ XO]^ON C7E'

Gb^^ZS[S\aO_f @\T]_[OaW]\ OQQ][^O\WS` aVS ^O^S_ ]\ aVS BOP]_Oa]_f

@\cS`aWUOaW]\ dSP`WaS #Vaa^4))ddd(ZOP]_Oa]_fW\cS`aWUOaW]\(]_U$

/18<=D93253;3<BA

KS aVO\Y <[[SZWS\ 7aS\ #BIC9$& >W]cO\\W ES_W\W #I\WcS_`Waf ]T 8]Z]U\O$

O\R CO_W\O =OP_W` #I\WcS_`Waf ]T =S__O_O$ T]_ VSZ^TbZ `bUUS`aW]\`( HVS BIC9
O\R aVS I\WcS_`Waf ]T =S__O_O O_S ^O_a\S_` ]T aVS HF<7H'DC; DSad]_Y ]T

SeQSZZS\QS( HVW` d]_Y dO` `b^^]_aSR Pf ;baQV ;bQVS\\S EO_S\a E_]XSQa a]
M7( 7'F(N5 L]\Cd a] M7( 7'F(N5 HSZSaV]\ @aOZf M>_O\a \b[PS_ >>EI1*++ a] 7=N5

O\R aVS HF<7H'DC; \Sad]_Y ]T SeQSZZS\QS(

27A19=AC@3$1=<4971B =4 7<B3@3AB

HVS ObaV]_` RSQZO_S \] Q]\TZWQa ]T W\aS_S`a(

*' eP] E\\T] =@% eP] 9TdcTZ^\ @% 6Pacb\P&Hdb 6' JWT cWTaP_TdcXR
_^cT]cXP[ ^U P]cXbT]bT&\TSXPcTS Tg^] bZX__X]V' 8daa E_X] C^[ JWTa
+))14*)3*-)j*-2' HTeXTf'

+' 6Pacb\P&Hdb 6% <^ZZT\P ?% LTabRWddaT] @% (1 %+" JWT^aTcXR P__[XRPQX[Xch
^U P]cXbT]bT&\TSXPcTS Tg^] bZX__X]V U^a 9dRWT]]T \dbRd[Pa
Shbca^_Wh \dcPcX^]b' >d\ CdcPc +))24,)3+2,j+22' HTeXTf'

,' eP] 9TdcTZ^\ @8% @P]b^] 66% =X]YPPa ?7% (1 %+" B^RP[ Shbca^_WX]
aTbc^aPcX^] fXcW P]cXbT]bT ^[XV^]dR[T^cXST FHE).*' D ;]V[ @ CTS
+))04,.03+/00j+/1/'

-' AX]P[X C% 6aTRWPeP[P&=^\TiP L% <T]V B% (1 %+" B^RP[ aTbc^aPcX^] ^U
Shbca^_WX] Tg_aTbbX^] fXcW cWT \^a_W^[X]^ ^[XV^\Ta 6L?&-/.1 X]
9dRWT]]T \dbRd[Pa Shbca^_Wh3 P bX]V[T&Q[X]S% _[PRTQ^&R^]ca^[[TS%
S^bT&TbRP[PcX^]% _a^^U&^U&R^]RT_c bcdSh' BP]RTc DTda^[ +))2413
2*1j2+1'

.' >TT\bZTaZ >6% ST MX]cTa 8B% ST AX\_T I@% (1 %+" #- 2*2. R^\_PaXb^] ^U
+#&E&\TcWh[ _W^b_W^a^cWX^PcT P]S \^a_W^[X]^ P]cXbT]bT
^[XV^]dR[T^cXSTb U^a 9dRWT]]T \dbRd[Pa Shbca^_Wh Tg^] bZX__X]V'
@ =T]T CTS +))24**3+.0j+//'

/' 6aTRWPeP[P&=^\TiP L% =aPWP\ ?H% F^__[TfT[[ B@% (1 %+" 8^\_PaPcXeT
P]P[hbXb ^U P]cXbT]bT ^[XV^]dR[T^cXST bT`dT]RTb U^a cPaVTcTS bZX__X]V
^U Tg^] .* SdaX]V Shbca^_WX] _aT&\HD6 b_[XRX]V X] Wd\P] \dbR[T'
>d\ =T]T JWTa +))04*13021j1*)'

0' NX] >% C^d[c^] >C% IT^f N% (1 %+" 8T[[&_T]TcaPcX]V _T_cXST&R^]YdVPcTS
P]cXbT]bT ^[XV^]dR[T^cXSTb aTbc^aT bhbcT\XR \dbR[T P]S RPaSXPR
Shbca^_WX] Tg_aTbbX^] P]S Ud]RcX^]' >d\ C^[ =T]Tc +))14*03
,2)2j,2*1'

1' ?eP]^eP =9% 6aid\P]^e 6% 6QTb H% (1 %+" ?\_a^eTS RT[[&_T]TcaPcX]V
_T_cXST&FD6 R^]YdVPcTb U^a b_[XRX]V aTSXaTRcX^] X] >TBP RT[[b P]S
Tg^] bZX__X]V X] ,'3 \^dbT \dbR[T' DdR[TXR 6RXSb HTb +))14,/3
/-*1j/-+1'

2' Bd GB% HPQX]^fXci 6% 8WT] N8% (1 %+" IhbcT\XR ST[XeTah ^U P]cXbT]bT
^[XV^aXQ^]dR[T^cXST aTbc^aTb Shbca^_WX] Tg_aTbbX^] X] Q^Sh&fXST
bZT[TcP[ \dbR[Tb' Fa^R DPc[ 6RPS IRX KI6 +)).4*)+3*21j+),'

*)' 9^aP] F% MX[c^] I9% <[TcRWTa I% (1 %+" Fa^cT^\XR _a^UX[X]V ^U P]cXbT]bT&
X]SdRTS Tg^] bZX__X]V aTeTP[b aTeTabP[ ^U _PcW^QX^RWT\XRP[
PQ]^a\P[XcXTb X] Shbca^_WXR ,'3 SXP_WaPV\' Fa^cT^\XRb +))2423
/0*j/1.'

**' 9T]cX C6% ?]RXccX J% IcWP]SXTa E% (1 %+" B^]V&cTa\ QT]TUXc ^U PST]^&
Pbb^RXPcTS eXadb(P]cXbT]bT&\TSXPcTS Tg^] bZX__X]V X] Shbca^_WXR \XRT'
>d\ =T]T JWTa +))14*23/)*j/)1'

*+' Md 7% Bd F% 7T]aPbWXS ;% (1 %+" 9^bT&ST_T]ST]c aTbc^aPcX^] ^U
Shbca^_WX] Tg_aTbbX^] X] RPaSXPR \dbR[T ^U Shbca^_WXR \XRT Qh
bhbcT\XRP[[h ST[XeTaTS \^a_W^[X]^' =T]T JWTaP_h +))24*03
*,+j*-)'

*,' HTTS =>% AT]c @E% MXccfTa 8J' >XVW&aTb^[dcX^] 9D6 \T[cX]V P]P[hbXb
U^a bX\_[T P]S TUUXRXT]c \^[TRd[Pa SXPV]^bcXRb' FWPa\PR^VT]^\XRb
+))0413.20j/)1'

*-' 9T[XVTiTa K% ;bX] 6ZXbXZ ;% 9P[Ph D% (1 %+" 6 ]^eT[ P__[XRPcX^] ^U \T[cX]V
RdaeTb3 dcX[Xch ^U _TPZ PaTP RP[Rd[PcX^] U^a aT[PcXeT \TcWh[PcX^]
`dP]cXUXRPcX^]' 8[X] 8WT\ BPQ CTS +))04-.31/0j10,'

*.' OX\\Ta\P]] 7=% =aX[[ I% >^[iVaTeT M% (1 %+" 9XVXcP[ F8H3 P _^fTaUd[
]Tf c^^[ U^a ]^]X]ePbXeT _aT]PcP[ SXPV]^bXb5 FaT]Pc 9XPV]
+))14+13*)10j*)2,' HTeXTf'

*/' LXcXT[[^ B% 7PbbX D% 8P\_PV]^[^ F% (1 %+" #- 2*2. ST[XeTah ^U ]PZTS
P]cXbT]bT ^[XV^b X] PVTS ,'3 \XRT3 P]P[hbXb ^U Shbca^_WX] aTbc^aPcX^]
X] bZT[TcP[ P]S RPaSXPR \dbR[T' DTda^\dbRd[ 9Xb^aS +))14*13.20j/).'

*0' CdXa B6% 8WP\QTa[PX] @I' ;\TaVX]V bcaPcTVXTb U^a RT[[ P]S VT]T cWTaP_h
^U cWT \dbRd[Pa Shbca^_WXTb' ;g_Tac HTe C^[ CTS +))24**3T*1' HTeXTf'

*1' MX[c^] I9% B[^hS <% 8PaeX[[T A% (1 %+" I_TRXUXR aT\^eP[ ^U cWT ]^]bT]bT
\dcPcX^] Ua^\ cWT ,'3 Shbca^_WX] \HD6 dbX]V P]cXbT]bT
^[XV^]dR[T^cXSTb' DTda^\dbRd[ 9Xb^aS *222423,,)j,,1'

*2' 7aT\\Ta&7^dc C% 6Pacb\P&Hdb 6% ST CTXYTa ;@% (1 %+" JPaVTcTS Tg^]
bZX__X]V X] caP]bVT]XR W9C9 \XRT3 P \^ST[ U^a SXaTRc _aTR[X]XRP[
bRaTT]X]V ^U Wd\P]&b_TRXUXR P]cXbT]bT ^[XV^]dR[T^cXSTb' C^[ JWTa
+))-4*)3+,+j+-)'

+)' C^acPiPeX 6% MX[[XP\b 76% CR8dT A% (1 %+" CP__X]V P]S `dP]cXUhX]V
\P\\P[XP] caP]bRaX_c^\Tb Qh HD6&IT`' DPc CTcW^Sb +))14.3/+*j/+1'

+*' I^\\Ta II% 8^WT] @;' JWT bXiT SXbcaXQdcX^]b ^U _a^cTX]b% \HD6% P]S
]dR[TPa HD6' C^[ ;e^[ *21)4*.3,0j.0'

++' HX\TbbX F% IPQPcT[[X F% <PQaXb C% (1 %+" 8PcX^]XR FCC6 ]P]^_PacXR[Tb
QX]S P]S ST[XeTa P]cXbT]bT ^[XV^aXQ^]dR[T^cXSTb P[[^fX]V aTbc^aPcX^] ^U
Shbca^_WX] Tg_aTbbX^] X] cWT ,'3 \^dbT' C^[ JWTa +))24*031+)j1+0'
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