
This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

Safety evaluation of allogeneic umbilical cord blood mononuclear cell therapy
for degenerative conditions

Journal of Translational Medicine 2010, 8:75 doi:10.1186/1479-5876-8-75

Wan-Zhang Yang (ywz565@sina.com)
Yun Zhang (zhangyun@beike.cc)
Fang Wu (xiaofang9988@sina.com)
Wei-Ping Min (weiping.min@uwo.ca)
Boris Minev (bminev@ucsd.edu)
Min Zhang (szdaisymin@126.com)
Xiao-Ling Luo (xiaoling@beike.cc)

Famela Ramos (famelaramos@yahoo.com)
Thomas E Ichim (thomas.ichim@gmail.com)
Neil H Riordan (riordan@medisteminc.com)
Xiang Hu (publication@beikebiotech.com)

ISSN 1479-5876

Article type Research

Submission date 2 April 2010

Acceptance date 3 August 2010

Publication date 3 August 2010

Article URL http://www.translational-medicine.com/content/8/1/75

This peer-reviewed article was published immediately upon acceptance. It can be downloaded,
printed and distributed freely for any purposes (see copyright notice below).

Articles in JTM are listed in PubMed and archived at PubMed Central.

For information about publishing your research in JTM or any BioMed Central journal, go to

http://www.translational-medicine.com/info/instructions/

For information about other BioMed Central publications go to

Journal of Translational
Medicine

© 2010 Yang et al. , licensee BioMed Central Ltd.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:ywz565@sina.com
mailto:zhangyun@beike.cc
mailto:xiaofang9988@sina.com
mailto:weiping.min@uwo.ca
mailto:bminev@ucsd.edu
mailto:szdaisymin@126.com
mailto:xiaoling@beike.cc
mailto:famelaramos@yahoo.com
mailto:thomas.ichim@gmail.com
mailto:riordan@medisteminc.com
mailto:publication@beikebiotech.com
http://www.translational-medicine.com/content/8/1/75
http://www.translational-medicine.com/info/instructions/
http://creativecommons.org/licenses/by/2.0


http://www.biomedcentral.com/

Journal of Translational
Medicine

© 2010 Yang et al. , licensee BioMed Central Ltd.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.biomedcentral.com/
http://creativecommons.org/licenses/by/2.0


!"

"

!"#$%&'$(")*"%+,-',#'")),.$-$+/'*01+)+/")'/,23'1),,3'0,-,-*/)$"2'/$))'
%4$2"5&'#,2'3$.$-$2"%+($'/,-3+%+,-6'

"

#$%&'($%)"*$%)!+"*,%"'($%)-+".$%)"#,!+"#/0&10%)"20%3+"45607"20%/89+"20%"'($%)!+":0$5&;0%)";,5-+"

.$</=$">$<57?+"@(5<$7"A"BC(0<?+"D/0="E">056F$%G?"$%F":0$%)"E,G-""

"

!D$%7($%"HII0=0$J/F"E57K0J$="5I"L,$%)F5%)"2/F0C$="M5==/)/+"N(/%O(/%+"M(0%$"

-N(/%O(/%"4/0P/"M/=="A%)0%//60%)">/7/$6C("B%7J0J,J/+"N(/%O(/%+"M(0%$"

3Q/K$6J</%J"5I"N,6)/6R+"S%08/670JR"5I"#/7J/6%"T%J$605+";5%F5%+"T%J$605+"M$%$F$"

9Q/K$6J</%J"5I"2/F0C0%/+"Q080705%"5I"D/,657,6)/6R+"S%08/670JR"5I"M$=0I56%0$"N$%"Q0/)5+"N$%"Q0/)5+"

MH+"SNH"

?2/F07J/<"B%C+"N$%"Q0/)5+"MH+"SNH""

"

A<$0=U" #$%&'($%)" *$%)" &" RVO?W?X70%$YC5<Z" *,%" '($%)" &" O($%)R,%X[/0P/YCCZ" .$%)" #," &"

\0$5I$%)]]^^X70%$YC5<Z"#/0&10%)"20%"&"V/0K0%)Y<0%X,V5YC$Z"45607"20%/8"&"[<0%/8X,C7FY/,FZ"

20%" '($%)" &" 7OF$07R<0%X!-WYC5<Z" :0$5&;0%)" ;,5" &" \0$5=0%)X[/0P/YCCZ" @(5<$7" A" BC(0<" &"

J(5<$7Y0C(0<X)<$0=YC5<Z" D/0=" E" >056F$%" &" 6056F$%X</F07J/<0%CYC5<Z" " :0$%)" E," &"

(,\0$%)X[/0P/YCC"

GM5&C566/7K5%F0%)"$,J(567"_C566/7K5%F0%)"/<$0=U"K,[=0C$J05%X[/0P/[05J/C(YC5<`"""

"

"

 

aCorresponding author: Xiang Hu  

Shenzhen Beike Cell Engineering Research Institute 
 

9/F, Zhongke Building+"#1 Hi-Tech SJ6//J"

South Area, Hi-Tech Industrial Park 

Shenzhen, Guangdong Province, 518057, China  

 



-"

"

716%2"/%'

4$CP)65,%FU" @(/" C,66/%J" K$6$F0)<" I56" C56F" [=55F" J6$%7K=$%J$J05%" 07" J($J" E;H" <$JC(0%)" $%F"

0<<,%/" 7,KK6/7705%" $6/" 7J60CJ=R" 6/b,06/F" J5" K6/8/%J" )6$IJ" 8/67,7" (57J" F07/$7/" _LcEQ`Y""

B<<,%5=5)0C$="$6),</%J7"$%F"(07J560C$="/\$<K=/7"($8/"[//%"<$F/"J($J"J(/",7/"5I"C56F"[=55F"I56"

%5%&(/<$J5K50/J0C"$CJ080J0/7"7,C("$7")65VJ("I$CJ56"K65F,CJ05%+"7J0<,=$J05%"5I"$%)05)/%/707+"$%F"

0<<,%/"<5F,=$J05%"<$R"%5J"6/b,06/"<$JC(0%)"56"0<<,%/"7,KK6/7705%Y""

2/J(5F7U" "!!9"K$J0/%J7"7,II/60%)"I65<"%5%&(/<$J5K50/J0C"F/)/%/6$J08/"C5%F0J05%7"V/6/"J6/$J/F"

V0J("%5%&<$JC(/F+"$==5)/%/0C"C56F"[=55FY" "Q57/7"5I"!&3"\"!de"C56F"[=55F"<5%5%,C=/$6"C/==7"K/6"

J6/$J</%J+" V0J(" 9&?" J6/$J</%J7" [5J(" 0%J6$J(/C$=" $%F" 0%J6$8/%5,7=R" V/6/" K/6I56</FY" HF8/67/"

/8/%J7"$%F"(/<$J5=5)0C$=+"0<<,%5=5)0C$=+"$%F"[05C(/<0C$="K$6$</J/67"V/6/"$%$=RO/F"I56"7$I/JR"

/8$=,$J05%Y""

>/7,=J7U" D5" 7/605,7" $F8/67/" /II/CJ7" V/6/" 6/K56J/FY" E/<$J5=5)0C$=+" 0<<,%5=5)0C$=+" $%F"

[05C(/<0C$="K$6$</J/67"F0F"%5J"F/80$J/"I65<"%56<$="6$%)/7"$7"$"6/7,=J"5I"J(/6$KRY""

M5%C=,705%U" @(/" C,66/%J" (/<$J5=5)R&[$7/F" K$6$F0)<" 5I" %//F" I56" <$JC(0%)" $%F" 0<<,%/"

7,KK6/7705%"%//F7" J5"[/" 6/8070J/F"V(/%"C56F"[=55F" 07",7/F" I56"%5%&(/<$J5K50/J0C" 6/)/%/6$J08/"

K,6K57/7"0%"0<<,%/"C5<K/J/%J"6/C0K0/%J7Y""""

8"/9.2,*-3'

M56F"[=55F"<5%5%,C=/$6"C/==7"$6/"C5<K607/F"5I"$"(/J/65)/%5,7"K5K,=$J05%"5I"(/<$J5K50/J0C"$%F"

</7/%C(R<$=" 7J/<"C/==7+"/%F5J(/=0$=" K65)/%0J56" C/==7+" $%F" 0<<$J,6/" 0<<,%5=5)0C$=" C/==7" f!+"-gY""

@(/"C5%8/%J05%$="</F0C$=",7/"5I"C56F"[=55F" 07" =0<0J/F"J5"(/<$J5K50/J0C" 6/C5%7J0J,J05%" f3g+"V0J("

C=0%0C$=" J60$=7" 5%)50%)" 0%" JRK/" B" F0$[/J/7" f9g+" $%F" C/6/[6$=" K$=7R" f?gY" " 16/C=0%0C$=" 7J,F0/7" ($8/"

F/<5%7J6$J/F" /II0C$CR" 5I" C56F" [=55F" 0%" F08/67/" C5%F0J05%7" 6$%)0%)" I65<" (/$J" 7J65P/" fW+" eg+" J5"

$<R5J65K(0C"=$J/6$="7C=/65707"f^g+"J5"K57J"0%I$6CJ"6/)/%/6$J05%"f]g+"J5"=08/6"I$0=,6/"f!dgY""

B%"(/<$J5K50/J0C"7J/<"C/==" J6$%7K=$%J7"$[=$J05%"5I" 6/C0K0/%J"<$665V"07"6/b,06/F"J5"/6$F0C$J/"J(/"

/%F5)/%5,7"7J/<"C/=="C5<K$6J</%J+"$%F"E;H"<$JC(0%)"V0J("K57J"J6$%7K=$%J"0<<,%/"7,KK6/7705%"

07" ,7/F" J5" K6/8/%J" LcEQ" f3gY" .56" %5%&(/<$J5K50/J0C" $KK=0C$J05%7" 7,C(" $7" C$6F058$7C,=$6" 56"

%/,65=5)0C$="0%F0C$J05%7+"J(/"J(/6$K/,J0C"$CJ080J0/7"5I"J(/"C56F"[=55F"$6/"[/=0/8/F"J5"[/"</F0$J/F"

0%" <$%R" C$7/7" [R" )65VJ(" I$CJ56" 7/C6/J05%" f!!+" !-g+" J(/6/I56/" K/6<$%/%J" )6$IJ" 7,6808$=" 07" %5J"

/77/%J0$=Y" " B%" J(/7/" 70J,$J05%7" J(/",7/"5I"%5%&<$JC(/F+" $==5)/%/0C" C/==7"<$R"[/"$CC/KJ$[=/Y" @(/"

<$h56"[$660/6"J5"J(07"$KK65$C("07"J(/"J(/56/J0C$="I/$6"5I"0%F,C0%)"LcEQY"""""""""

.65<" K6$CJ0C$=" /\K/60/%C/" J(/6/" 07" 75</" /80F/%C/" J($J" 0%" 0<<,%/" C5<K/J/%J" 6/C0K0/%J7+" %5%&

<$JC(/F"$==5)/%/0C"C56F"[=55F"C/==7"F5"%5J"/=0C0J"LcEQY""NK/C0I0C$==RU"$`">/C0K0/%J7"5I"C56F"[=55F"0%"

J(/" J6$%7I,705%" 7C/%$605+" 0%" 75</" C$7/7" ,K" J5" 3e" ,%0J7+" ($8/" %5J" 6/K56J/F" LcEQZ" [`" @" C/==7"

C5<K607/"J(/"LcEQ&C$,70%)"C5<K5%/%J"5I"C56F"[=55FY"HF<0%07J6$J05%"5I"$==5)/%/0C"=R<K(5CRJ/7"

I56" K6/8/%J05%" 5I" 6/C,66/%J" 7K5%J$%/5,7" $[56J05%" ($7" %5J" =/F" J5" LcEQ+" F/7K0J/" (0)(/6" @" C/=="



3"

"

F57/7"J($%"I5,%F"0%"C56F"[=55F"J6$%7K=$%J7Z"$%F"C`" "Q/7K0J/"K6/7/%C/"5I"I/J$="@"C/==7" 0%"<5J(/67+"

LcEQ"$775C0$J/F"V0J("K6/)%$%CR"($7"%5J"[//%"6/K56J/F"f!3gY""""

S%F/6"J(/"K6$CJ0C/"5I"</F0C0%/+"7/8/6$="J6/$J</%J"I$C0=0J0/7"($8/"[//%",70%)"C56F"[=55F"7J/<"C/==7"

V0J(5,J"<$JC(0%)" 56" 0<<,%/" 7,KK6/7705%" f!9&!egY" " Q/7K0J/" 0F/%J0I0C$J05%" 5I" $" iC=0%0C$=" 70)%$=j+"

7J,F0/7"($8/"[//%"/\J6/</=R"=0<0J/F"0%"K$J0/%J"%,<[/67Y""B%"J(/"C,66/%J"6/K56J"V/"$%$=RO/F"7$I/JR"

K$6$</J/67"5I"!!9"K$J0/%J7"J6/$J/F"V0J("%5%&<$JC(/F+"$==5)/%/0C"C56F"[=55F"<5%5%,C=/$6"C/==7Y"

@6/$J</%J7" 0%C=,F/F" 0%J6$8/%5,7" $%F" 0%J6$J(/C$=" $F<0%07J6$J05%Y" D5" 0<<,%5=5)0C$=" 6/$CJ05%7+"

LcEQ+"56"7/605,7"$F8/67/"/II/CJ7"V/6/"5[7/68/FY"E/<$J5=5)0C$=+"[05C(/<0C$=+"$%F"0<<,%5=5)0C$="

K$6$</J/67"6/<$0%/F"V0J(0%"%56<$="6$%)/Y"""

:$%4,36'

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

Q$J$" 6/K56J/F" V$7" C5==/CJ/F" I65<" K$J0/%J7" J6/$J/F" F,60%)" H,),7J" -dd?&k,=R" -dde" $7" K$6J" 5I"

</F0C$=" K6$CJ0C/" $J" J(/"D$%7($%"HII0=0$J/F"E57K0J$=" 5I"L,$%)F5%)"2/F0C$="M5==/)/Y" H==" K$J0/%J7"

V/6/"I6//"5IU"!`"K6056"(07J56R"5I"7/8/6/"$==/6)0C"6/$CJ05%7Z"-`"(07J56R"5I+"56"$CJ08/+"<$=0)%$%CRZ"3`"

$CJ08/" 7R7J/<0C" 56" 7/8/6/" I5C$=" 0%I/CJ05%7" _0%C=,F0%)" EBc" $%F" 7RK(0=07`Z" 9`" $CJ08/" C$6F0$C+"

K,=<5%$6R+" 6/%$=+" (/K$J0C" 56" )$7J650%J/7J0%$=" F07/$7/Z" ?`" C5$),=5K$J(R" 56" $%R" 5J(/6"

C5%J6$0%F0C$J05%" I56" =,<[$6" K,%CJ,6/Z" W`" )$7J657J5<R+" J6$C(/57J5<R"56" %5%0%8$708/" 8/%J0=$J56R"

7,KK56J" &" $7" J(/7/" C5,=F" 0%I=,/%C/" J(/" K65)%5707" $%F" /%F&K50%J"</$7,6/</%J7Z" e`" $%R" 7/8/6/"

K7RC(0$J60C"F0756F/6"$%F"^`"$%R"0<<,%5F/I0C0/%CR"F07/$7/"56"C5%F0J05%Y"""

H)/"6$%)/"V$7"!?"J5"W^"$%F"J(/"<$=/UI/<$=/"6$J05"V$7"!YWU!"_ed"<$=/7+"99"I/<$=/7`Y"B%"J/6<7"5I"

F0$)%5707+" 9" K$J0/%J7" ($F"<,=J0K=/" 7R7J/<" $J65K(R" _2NH`+" -3" K$J0/%J7" ($F" $J$\0$7+" 9-" K$J0/%J7"

V/6/"K$6$K=/)0C+"!]"K$J0/%J7"($F"<,=J0K=/"7C=/65707+"!-"K$J0/%J7"($F"H<R5J65K(0C";$J/6$="NC=/65707"

_H;N`"$%F"!9"K$J0/%J7"($F"5J(/6"F0$)%57/7"_@$[=/"!`Y""@(/"=5C$=" 0%7J0J,J05%$="6/80/V"[5$6F"5I"J(/"

D$%7($%" HII0=0$J/F"E57K0J$=" 5I" L,$%)F5%)"2/F0C$=" M5==/)/+" ,%F/6" J(/" $,7K0C/7" 5I" J(/"D$J05%$="

20%07J6R"5I"E/$J(+"$KK658/F"$KK=0C$J05%"5I"J(/"J/C(%0b,/"$%F"C5%7/%J"I56<7"V/6/"5[J$0%/F"I65<"

/$C("K$J0/%J"[/I56/"0%0J0$J05%"5I"J6/$J</%JY"

,%--'.*/(%++$&0'

S<[0=0C$=" M56F" 4=55F" _!ddl!?d<;`" V$7" C5==/CJ/F" I65<" (/$=J(R" ,%6/=$J/F" F5%567" _70)%/F" $%"

0%I56</F"C5%7/%J`" 0%"$CC56F$%C/"V0J("J(/"7J/60=/"K65C,6/</%J"),0F/=0%/7"I56"C56F"[=55F"0%"/$C("

(57K0J$=Y"HIJ/6"C5==/CJ05%+"/$C("[=55F"7$<K=/"V$7"J/7J/F"I56"C5<<,%0C$[=/"F07/$7/7"7,C("$7"E4c+"

EMc+"EBc+"H;@+"$%F"NRK(0=07Y""M56F"[=55F"V$7"F0=,J/F"V0J("7$=0%/"0%"J(/"6$J05"-U!"$%F"3d<=7"5I"J(/"

F0=,J/F" [=55F" V$7" J(/%" $FF/F" J5" !?<=7" 5I" .0C5==" 0%" /8/6R" ?d<=" C/%J60I,)/" J,[/" $%F" J(/%"

C/%J60I,)/F" _e?d)"\"--"<0%,J/7`Y"25%5%,C=/$6" C/==7"V/6/"C5==/CJ/F"$%F"V$7(/F" JV0C/" 0%" 7$=0%/Y""

M5%J$<0%$J0%)"/6RJ(65CRJ/7"V/6/"=RO/F"V0J("=R707"[,II/6"C5<K6070%)"5I"0%h/CJ05%")6$F/"V$J/6Y""

M/=="F/%70JR"V$7"$Fh,7J/F"J5"- W"m"!dWn<="$%F"7//F/F"0%"Q2A2n.!-"C,=J,6/"</F0,<"V0J("[.L."

$%F"AL."$J" $" C5%C/%J6$J05%"5I" -d"%)n<=Y" M,=J,6/"</F0$"V$7"<0\/F"V0J("-o"8n8"B-27 Stem Cell 



9"

"

Culture SupplementsY" " M/==7" V/6/" C,=J,6/F" $J" 3epM" V0J(" 7$J,6$J/F" (,<0F0JR" $%F" ?o" MT-" [R"

85=,</Y" HJ" J(07" 7J$)/+" $==" 6/=/8$%J" 0%I56<$J05%" $[5,J" J(/" 0%0J0$=" C,=J,6/" 07" /%J/6/F" 0%" J(/" [$JC("

0%I56<$J05%" 6/C56F" 0%C=,F0%)" J/7J" 6/7,=J7" I56" 7J/60=0JR+"<RC5K=$7<$" $%F" /%F5J5\0%Y" " M/==" )65VJ("

V$7"6/),=$6=R"<5%0J56/F"$%F"J(/"0%7K/CJ05%"6/C56F7",KF$J/F"$CC56F0%)=RY"M/==7"V/6/"($68/7J/F"I56"

C=0%0C$="$KK=0C$J05%"$IJ/6"5%/"V//P"5I"C,=J08$J05%"V0J("C/=="b,$%J0JR" ! !de"$%F"80$[0=0JR" ]?oY""

@5" /%7,6/" J(/" b,$=0JR" 5I" J(/" SM4&F/608/F" <5%5%,C=/$6" C/==7+" $" %,<[/6" 5I" K$6$</J/67" $6/"

C5%I06</F"[/I56/",7/Y"@(/7/"$6/"$7" I5==5V7U"!`">$V"<$J/60$="C5%J65=U"@/7J7" _E4c+"EMc+"EBc+"H;@"

$%F" NRK(0=07`" I56" C5<<,%0C$[=/" F07/$7/7" I56"SM4" " " ,%0J7" $6/" C$660/F" 5,J" [/I56/" $%R" K65C/770%)"

[/)0%7Y" @/7J0%)" V$7" K/6I56</F" [R" J(06F" K$6JR" =$[56$J56R" ,%F/6" =5C$=" )58/6%</%J&<5%0J56/F"

C5%F0J05%7Y""

-`" B%&K65C/77" C5%J65=U" D5%&b,$=0IR0%)" C/==7" V/6/" /=0<0%$J/F" 0%" $CC56F$%C/" V0J(" 4/0P/q7" C/=="

C5,%J0%)" $%F" <56K(5=5)R" 7J$%F$6F7" V(0C(" 0%C=,F/" C/==" b,$%J0JR" ! !de" $%F" J(/" (0)(=R"

(5<5)/%/5,7"C/==7"K577/770%)"$"65,%F"7($K/"$%F"%5%&$F(/6/%C/"J5"J(/"C,=J,6/"I=$7PY"

3`"M,=J,6/"C5%J65=U"H%R"C5%J$<0%$J/F"C/==" 7,7K/%705%7"56",%(/$=J(R"C/==7"V/6/"/=0<0%$J/F",K5%"

F07C58/6RY"D5%&C5%J$<0%$J05%"V$7"F/J/6<0%/F"$7"=$CP"5I"7J/60=0JR+"<RC5K=$7<$+"$%F"=$CP"5I"8070[=/"

<0C6556)$%07<7"[R"<0C657C5KRY"".,6J(/6<56/"7$<K=/7"($F"J5"($8/"$%"/%F5J5\0%"=/8/= dY?"ASn<="

$%F"[/"%/)$J08/"I56"I6//"QDHY"

9`" .0%07(/F" K65F,CJ" C5%J65=U" @(07" 0%C56K56$J/7" $" I0%$=" C/==" C5,%J" _ !" \!de+" C5%J$0%0%)" !Yd&-Ydo"

MQ39r"C/==7"$7"F/J/6<0%/F"[R"I=5V"CRJ5</J6R`+"C/=="80$[0=0JR"_ ]?o`"$%F"7J/60=0JR"J/7JY"

,%--'"12$&$+#*"#$/&'

B%J6$J(/C$=" 0%h/CJ05%"[R" =,<[$6"K,%CJ,6/"V$7"C5<[0%/F"V0J(" 0%J6$8/%5,7" 0%I,705%"$%F"6/K/$J/F"

I5,6" 56" I08/" J0</7" &" F/K/%F0%)" 5%" J(/" K$J0/%Jq7" C5%F0J05%Y" @6/$J</%J7"V/6/" 7/K$6$J/F" [R" 5%/"

V//P" 0%J/68$=7Y" ;,<[$6"K,%CJ,6/"V$7"K/6I56</F" 0%" J(/" =$J/6$="F/C,[0J,7"K570J05%+"K6/KK/F"$%F"

F6$K/F"0%"7J/60=/"I$7(05%+"$%F"J(/"%//F=/"K=$C/F"0%"J(/"=,<[$6"C07J/6%Y"@V5"<=7"5I"M/6/[65&NK0%$="

.=,0F"_MN.`"V$7"6/<58/F"$%F"6/K=$C/F"[R"-"<=7"5I"C/=="7,7K/%705%"C5%J$0%0%)"!&3"\"!de"C/==7Y"H"3d"

<=" 0%J6$8/%5,7" 0%I,705%"5I" C/==" 7,7K/%705%"V$7" )08/%" J(65,)(" $%" 0%J6$8/%5,7" C$J(/J/6" 0%"!?&-d"

<0%,J/7Y""

3#"#$+#$(+'

HF8/67/" /8/%J7" V/6/" $%$=RO/F" I56" $==" !!9" C$7/7+" $%F" $6/" K6/7/%J/F" $7" K/6C/%J$)/" 8$=,/7Y" .56"

$%$=R707"5I" =$[56$J56R"K$6$</J/67+"J(/"C5%J0%,5,7"8$60$[=/7"V/6/"C5<K$6/F",70%)"NJ,F/%J"J&J/7J"

V0J("$=K($"7/J"$J"dYd?"[R")65,KY"#(/%"J(/"F$J$"7/J"F0F"%5J"C5%I56<"J5"J(/"%56<$="F07J60[,J05%+"

=5)$60J(<0C"J6$%7I56<$J05%"V$7",7/FY" B%J/6&b,$6J0=/&6$%)/"_Bs>`"C5<K,J$J05%"$%F"[5\K=5J7"V/6/"

,7/F"J5"F/J/CJ"5,J=0/67Y"@(/"5,J=0/67"V/6/" I06<=R"[/=0/8/F"J5"[/"F$J$"/66567"56"F$J$"/%J6R"/66567"

$%F" V/6/" 6/<58/F" I65<" J(/" F$J$" $%$=R707Y" @(/" N1NN" !3Yd" 7J$J07J0C$=" K$CP$)/" V$7" $KK=0/F" I56"

7J$J07J0C$="$%$=R707Y""



?"

"

;$6*)%6'

HF<0%07J6$J05%"5I"C56F"[=55F"<5%5%,C=/$6"C/==7"80$" 0%J6$J(/C$="$%F" 0%J6$8/%5,7"65,J/7"V$7"V/=="

J5=/6$J/FY" "D5"$==/6)0C"56" 0<<,%5=5)0C$=" 6/$CJ05%7"V/6/"%5J/F"$J" J(/" J0</"5I" 0%h/CJ05%"56"V(0=/"

,%F/6" 5[7/68$J05%Y" " H%$=R707" 5I" 58/6$==" $F8/67/"/8/%J7" _@$[=/" -`" I56" $"9&?"V//P" I5==5V&,K" J0</"

K/605F"0%F0C$J/F"(/$F$C(/"$7"J(/"<57J"C5<<5%"_3Y-!o`Y""B%"$=="C$7/7"(/$F$C(/7"V/6/"J6$%70/%J"0%"

%$J,6/Y" D5" F/80$J05%" 5,J70F/" 5I" 6/I/6/%C/" 6$%)/7" V$7" 5[7/68/F" I56" (/<$J5=5)0C$=" _@$[=/" 3`+"

[05C(/<0C$=" _@$[=/" 9`+" 56" 0<<,%5=5)0C$=" _@$[=/" ?`" </$7,6/</%J7Y" H8/6$)/" I5==5V&,K" J0</" I56"

K57J&J6/$J</%J"$%$=R707"V$7"3d"F$R7Y"N5</"K6/"$%F"K57J"J6/$J</%J"F0II/6/%C/7"6/$C(0%)"7J$J07J0C$="

70)%0I0C$%C/"V/6/"(5V/8/6"5[7/68/FY"""

N=0)(J"[,J"7J$J07J0C$==R"70)%0I0C$%J"$=J/6$J05%7"0%"</$%"(/<$J5=5)0C$="8$=,/7"V/6/"%5J/FY"@6/$J</%J"

V$7"$775C0$J/F"V0J("0%C6/$7/F"J5J$=" =/,P5CRJ/"WY]9"t!Y?e"87"eY^?"t-Y-?+"%/,J65K(0="?]Yed"t!dY3]"

87"W?Yd3"t!3YdW+"$%F"K=$J/=/J"!]3Y]9"t9eYW9" 87"-dWY-!"t?9Y?-"C5,%J7Y">/F,CJ05%" 0%" =R<K(5CRJ/"

3dY-3t]Y-d" 87" -WYd3" t!dY3-+" >4M9YW!" tdY?!" 87" 9Y9e" tdY9W+" $%F"2ME" !3eYd-" t!9Y?9" 87" !3-Y^^"

t!3Y]^"V$7"5[7/68/F"_@$[=/"3`Y""

@5J$="[0=06,[0%"!Y!3tdY!9"87"!Yd]tdY!?+" J5J$="K65J/0%"W?Yd3t?Y-e"87"W3Y-dtWY-e+"L1@!Y3etdY--"87"

!Y33tdY-d+" LT@" -3YWdt!-Y9?" 87" -!Yd!t^Y?W+" $%F" C6/$J0%0%/" !Y^!tdY!W" 87" !Y^!tdY!W" V(/6/"

70)%0I0C$%J=R"F/C6/$7/F"$IJ/6"J6/$J</%J+"V(/6/$7"4SD"$%F",60C"$C0F"V/6/"%5J"$=J/6/F"_@$[=/"9`Y"

MQ3"@"C/==7"e]Y]!"tWYe^"87"eeYWe"t^Y!^+"MQ9"@"C/==7"9^Y^9"t]Yd3"87"9?Y99"t!dYW?+"$%F"J(/"MQ9nMQ^"

6$J05"dY3dt"dY-d"87"dY-9"tdY-3"V/6/"F/C6/$7/F+"V(/6/$7" $%" 0%C6/$7/" 0%"MQ^" C/==7"V$7"5[7/68/F"

V0J("J6/$J</%J"-?Y3^"teY!^"87"-WY^]"t"^Y!dY""TI"75=,[=/"0<<,%/"K$6$</J/67+"M3"$%F"M9"V/6/"%5J"

$II/CJ/F"[R" J6/$J</%J+"V(/6/$7" B)L"dY]W"tdY!-"87"dY]!"tdY!9"$%F" B)H"-Y!?t"dYe]"87"-Yd!"tdYe-"

=/8/=7" V/6/" F/C6/$7/FY" H%" 0%C6/$7/" 0%" B)2" =/8/=7" !Y!3" tdYW-" 87" !Y3-" tdYe-" V$7" %5J/F" K57J"

J6/$J</%J"_@$[=/"?`Y"" "

<+6/*66+,-'

@(/" K5770[0=0JR" 5I" ,70%)" %5%&<$JC(/F+" $==5)/%/0C" C56F" [=55F" C/==7" I56" 6/)/%/6$J08/" </F0C0%/"

$KK=0C$J05%7" 0%" $[7/%C/" 5I" 0<<,%/" 7,KK6/7705%" V5,=F" 58/6C5</" 7/8/6$=" 7,[7J$%J0$=" (,6F=/7"

/\07J0%)" J5F$R" 0%" 7J/<" C/==" J(/6$KRY" " H=J(5,)(" C56F" [=55F" F/608/F" C/==7" $6/" 7,K/6056" J5" [5%/"

<$665V" 0%" J/6<7" 5I" )65VJ(" I$CJ56" K65F,CJ05%" $[0=0JR+" K=,60K5J/%CR+" $%F" 0<<,%/" <5F,=$J0%)"

$CJ080JR"f!^+"!]g+"J(/06",7/"($7"[//%" =0<0J/F"J5"$,J5=5)5,7"75,6C/7"I56"6/)/%/6$J08/"$KK=0C$J05%7Y"

@(/"6/$75%"I56"J(07"07"($7"[//%"J(/"$6),</%J"J($J"J(/"K5J/%J0$="$F8/67/"/II/CJ7"5I"<R/=5$[=$J08/"

J(/6$KR" 5,JV/0)(" K5770[=/" 6/)/%/6$J08/" $CJ080J0/7Y" @(/" C,66/%J" 7J,FR" 0%8/7J0)$J/F" J(/" 7$I/JR" 5I"

$==5)/%/0C"C56F"[=55F"C/==7"I56",7/"0%"6/)/%/6$J08/"$KK=0C$J05%7"0%"$[7/%C/"5I"0<<,%/"7,KK6/7705%Y"

D5" 7/605,7" $F8/67/" /II/CJ7"V/6/" 5[7/68/FY" " @(/"<57J" C5<<5%" $F8/67/" 6/$CJ05%" 6/K56J/F"V$7"

(/$F$C(/"_3Y-!o`+"75</"5I"V(0C("V$7"[/=0/8/F"J5"[/"C$,7/F"[R"K57J,6$="(RK5J/%708/"(/$F$C(/7+"

V(0C("07"$"P%5V%"C5<K=0C$J05%"5I"=,<[$6"K,%CJ,6/"K65C/F,6/7Y"@(/7/"7R<KJ5<7"C(65%5=5)0C$==R"

I5==5V/F" J(/" J6/$J</%J+" $%F" 6/75=8/F" 7K5%J$%/5,7=R" V0J(5,J" $))6/7708/" 0%J/68/%J05%Y" @(/7/"

I0%F0%)7"$6/"C5%707J/%J"V0J("$"457J5%"M(0=F6/%u7"E57K0J$=q7"7J,FR"J($J"6/C56F/F"$"70<0=$6"$F8/67/"



W"

"

6/$CJ05%"K65I0=/"J5"C6R5K6/7/68/F"_MQ39"r`"(/<$J5K50/J0C"7J/<"C/==7"0%"J(/"J6/$J</%J"5I"C(0=F6/%"

f-dgY" @(/7/" 0%C0F/%C/" 6$J/7" $6/" $=75" 70<0=$6" J5" J(57/" 5I" J(/" K,[=07(/F" 141M" $%F" .0C5==" )65,K7"

_)65,K/F"[R"075=$J05%"</J(5F`Y"

TI" J(/" I,==" 6$%)/" 5I" =$[56$J56R" K$6$</J/67" 0%" J(/" $%$=R707+" 5%=R" J(/" C($%)/7" 5I" =R<K(5CRJ/"

_F/C6/$7/F`"$%F"%/,J65K(0=" _0%C6/$7/F`" C5,%J"C5,=F"[/"F/7C60[/F"$7"</F0C$==R"70)%0I0C$%JY"H"P/R"

C5%J60[,J0%)" I$CJ56" J5" J(/7/" C($%)/7" 07" K5770[=R" J(/" I$CJ" J($J" <57J" K$J0/%J7" 6/C/08/F" $%"

0%J6$8/%5,7"0%h/CJ05%"5I"F/\$</J($75%/"_?<)+"5%C/`"K6056"J5"/$C("7J/<"C/=="0%h/CJ05%+"J5"7,KK6/77"

K5770[=/"$F8/67/" 6/$CJ05%7Y" BJ" ($7"[//%" 6/K56J/F" J($J"F/\$</J($75%/"$II/CJ7"V(0J/"[=55F" C/==7+"

7/)</%J/F"%/,J65K(0=7"$%F"=R<K(5CRJ/7"f-!g+"$%F"J($J"F/\$</J($75%/"$J"J(/6$K/,J0C"F57/7"C$%"

($8/"$"7,KK6/7708/"/II/CJ"5%"J(/"=R<K(5CRJ/"K65=0I/6$J08/"6/7K5%7/Y""

=,-/)*6+,-'

B%"7,<<$6R+"J(/7/"F$J$"7,KK56J"J(/"7$I/JR"$%F"I6//F5<"I65<"0<<,%5=5)0C$==R&</F0$J/F"$F8/67/"

/II/CJ7"5I"$==5)/%/0C"C56F"[=55F"J(/6$KR" 0%"$[7/%C/"5I" 0<<,%/"7,KK6/7705%n<R/=5$[=$J05%Y"@(07"

7J,FR"K6/7/%J7"I56"J(/"I067J"J0</"$"F/J$0=/F"7$I/JR"$%$=R707"5I",70%)"%5%&<$JC(/F+"$==5)/%/0C"C56F"

[=55F"C/==7"J5" J6/$J"%5%&(/<$J5K50/J0C"F/)/%/6$J08/"C5%F0J05%7Y"@(/" =5%)/7J" I5==5V&,K"V0J("J(07"

K65J5C5="V$7"9"R/$67"V0J("%5"/80F/%C/"5I"0<<,%/"6/$CJ080JR"56"LcEQY"A8$=,$J05%"5I"J(/6$K/,J0C"

[/%/I0J"07"C,66/%J=R"0%"K65)6/77Y""

=,05$%+-.'+-%$2$6%6'

:0$%)"E,"07"$"7($6/(5=F/6"5I"4/0P/"405J/C(%5=5)RY"D5"5J(/6"$,J(567"F/C=$6/"$%R"C5<K/J0%)"

0%J/6/7J7Y""

7*%4,26>'/,-%2+1*%+,-6'

#*"C5%C/08/F"5I"J(/"7J,FR+"K$6J0C0K$J/F"0%"0J7"F/70)%"$%F"C556F0%$J05%"$%F"C$660/F"5,J"J(/"C=0%0C$="

J6/$J</%JY" *'" $%$=RO/F" $%F" 0%J/6K6/J/F" F$J$" $%F" F6$IJ/F" J(/"<$%,7C60KJY" .#" C$660/F" 5,J" J(/"

C=0%0C$="J6/$J</%J"$%F"C5==/CJ/F"F$J$Y"#2"$%$=RO/F"F$J$"$%F"(/=K/F"J5"F6$IJ"J(/"<$%,7C60KJY"42"

K$6J0C0K$J/F"0%"J(/"F$J$"$%$=R707"$%F"(/=K/F"J5"F6$IJ"J(/"<$%,7C60KJY"2'"K$6J0C0K$J/F"0%"J(/"F/70)%"

5I" J(/" 7J,FR" $%F" C$660/F" 5,J" J(/" C=0%0C$=" J6/$J</%JY" :;" C$660/F" 5,J" J(/" C=0%0C$=" J6/$J</%J" $%F"

K/6I56</F"J(/"7J$J07J0C$="$%$=R707Y"@B"(/=K/F"J5"F6$IJ"J(/"<$%,7C60KJY".>+"@AB"$%F"D>"$%$=RO/F"$%F"

0%J/6K6/J/F" F$J$+" K/6I56</F" J(/" 7J$J07J0C$=" $%$=R707" $%F" (/=K/F" J5" F6$IJ" J(/" <$%,7C60KJY" :E"

C5%C/08/F" 5I" J(/" 7J,FR+" K$6J0C0K$J/F" 0%" 0J7" F/70)%" $%F" C556F0%$J05%" $%F" (/=K/F" J5" F6$IJ" J(/"

<$%,7C60KJY""H=="$,J(567"6/$F"$%F"$KK658/F"J(/"I0%$="<$%,7C60KJY""

"



e"

"

?"1)$6'

?"1)$'@A'B"%+$-%6'%2$"%$3'1&'/,-3+%+,-"

M5%F0J05%" D,<[/6"5I"K$J0/%J7"

1$6$K=/)0$""
HJ$\0$" "
2,=J0K=/"NC=/65707" " " "
H<R5J65K(0C";$J/6$="NC=/65707" " " "
N/b,/=$/"5I"M/6/[658$7C,=$6"Q07/$7/7""
2,=J0K=/"NR7J/<"HJ65K(R" " "
25J56"D/,65%"Q07/$7/" "
M/6/[6$="1$=7R" " " " " "
D/68/"B%h,6R"_46$C(0$="K=/\,7`" " " "
@6$,<$J0C"46$0%"B%h,6R"N/b,/=$/"" " "
ERK5\0C&07C(/<0C"A%C/K($=5K$J(R"N/b,/=$/" "
M/680C$="NK5%FR=5J0C"2R/=5K$J(R" " "
TKJ0C"D/68/"ERK5K=$70$"" " " "

9-"
-3"
!]"
!-"
W"
9"
-"
!"
!"
!"
!"
!"
!"

'

'

'

?"1)$'CA''7-")&6+6',#'"3($26$'$($-%6'D7EF'

HA"
@5J$="0%h/CJ05%7"0%"

K/675%"J0</"

D,<[/6"5I"HA"[R"JRK/"

_K/675%&J0</`"
B%C0F/%C/"5I"HA"

E/$F$C(/" ?]-" !]" 3Y-!o"

./8/6" ?]-" e" !Y!^o"

#$07J"K$0%" ?]-" ?" dY^9o"

N(08/60%)" ?]-" 3" dY?!o"

c5<0J0%)" ?]-" -" dY39o"

;5V/6"=0<["K$0%" ?]-" -" dY39o"

@5J$=" ?]-" 3^" WY9-"

"

"



^"

"

?"1)$'GA'H$0"%,),.&'

1$6$</J/6"

D,<[/6"

5I"

K$J0/%J7"

4/I56/"

J6/$J</%J"

HIJ/6"

J6/$J</%J"

>/I/6/%C/"

6$%)/"

1"

8$=,/"
N0)%0I0C$%C/"

;/,P5CRJ/7"

_\!d]n;`"
!!9"

WY]9"""

_!Y?e`"

eY^?""""""

_-Y-?`"
9Yd&!dYd" vdYdd!"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

/=/8$J/F"$IJ/6"

J6/$J</%J"

D/,J65K(0=0C"

=/,P5CRJ/7"o"

5I"J5J$="

=/,P5CRJ/7"

!!9"
?]Yed""

_!dY3]`"

W?Yd3""

_!3YdW`"
?dYd&edYd" dYdd!"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

/=/8$J/F"$IJ/6"

J6/$J</%J"

;R<K(5CRJ/7"

o"5I"J5J$="

=/,P5CRJ/7"

!!9"
3dY-3"

_]Y-d`"

-WYd3""

_!dY3-`"
-dYd&9dYd" vdYdd!"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

>4M"_\!d!-n;`" !!3"
9YW!"""

_dY?!`"

9Y9e""""""

_dY9W`"
3Y?&?Yd" vdYdd!"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

2/$%"C/=="

(/<5)=5[0%"

_)n;`"

!!3"
!3eYd-"

_!9Y?9`"

!3-Y^^"

_!3Y]^`"

!!dYd&

!?dYd"
vdYdd!"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

1=$J/=/J7"

_\!d]n;`"
!!3"

!]3Y]9"

_9eYW9`"

-dWY-!"

_?9Y?-`"

!ddYd&

3ddYd"
dYdd?"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

/=/8$J/F"$IJ/6"

J6/$J</%J"

"

"

"



]"

"

?"1)$'IA'!$2*0'/4$0+6%2&"

1$6$</J/6"

D,<[/6"

5I"

K$J0/%J7"

4/I56/"

J6/$J</%J"

HIJ/6"

J6/$J</%J"

>/I/6/%C/"

6$%)/"

1"

8$=,/"
N0)%0I0C$%C/"

@5J$="[0=06,[0%"

_w<5=n;`"
!!3"

!Y!3"""""""

_dY!9`"

!Yd]"""""""

_dY!?`"
dY-3&!Y3?" dYdd-"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

@5J$="K65J/0%"

_)n;`"
!!9"

W?Yd3"""""

_?Y-e`"

W3Y-d"""""

_WY-e`"
WdYd&^?Yd" dYdd-"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

L=,J$<0C&

KR6,80C"

J6$%7$<0%$7/+"

_L1@`"_Sn;`"

!!9"
!Y3e"""""""

_dY--`"

!Y33"""""""

_dY-d`"
dYe&!YW?" dYd3e"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

L=,J$<0C&

5\$=5$C/J0C"

J6$%7$<0%$7/"

_LT@`"_Sn;`"

!!9"
-3YWd""""

_!-Y9?`"

-!Yd!"""""

_^Y?W`"
?Yd&9?Yd" dYdd?"

B%"%56<$="6$%)/"

[,J"70)%0I0C$%J=R"

F/C6/$7/F"$IJ/6"

J6/$J</%J"

N/6,<",6/$"

%0J65)/%"_4SD`"

_w<5=n;`"

!!9"
9YW3"""""""

_!Y?^`"

9Y?^"""""""

_!Y^^`"
-Yd&eY!" dYe?d"

B%"%56<$="6$%)/+"

%5"70)%0I0C$%J"

F0II/6/%C/"

N/6,<"

C6/$J0%0%/"

_NM>`""_w<5=n;`"

!!9"
!Y^!"""""""

_dY!W`"

!Y^!""""""""

_dY!W`"
!YW9&-Y!-" dY^]^"

B%"%56<$="6$%)/+"

%5"70)%0I0C$%J"

F0II/6/%C/"

S60C"$C0F"_SH`"

_w<5=n;`"
!!9"

3d^Y-e"""

_^dY^^`"

3d]Y-^""

_^]YW9`"
]dYd&99dYd" dY^e!"

B%"%56<$="6$%)/+"

%5"70)%0I0C$%J"

F0II/6/%C/"

"

"

"



!d"

"

?"1)$'JA''K00*-,),.+/")'5"2"0$%$26"

1$6$</J/6"

D,<[/6"

5I"

K$J0/%J7"

4/I56/"

J6/$J</%J"

HIJ/6"

J6/$J</%J"

>/I/6/%C/"

6$%)/"

1"

8$=,/"
N0)%0I0C$%C/"

@&C/==7"_MQ3`"

o"5I"J5J$="@"

C/==7"

!!3"
e]Y]!""""

_WYe^`"

eeYWe"

_^Y!^`"
W!&^?" dYdd!"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"F/C6/$7/F"

$IJ/6"J6/$J</%J"

E/=K/6"@&C/=="

_@("C/=="

nMQ9`"o"5I"

J5J$="@"C/==7"

!!9"
9^Y^9""""

_]Yd3`"

9?Y99"

_!dYW?`"
-^&?^" vdYdd!"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"F/C6/$7/F"

$IJ/6"J6/$J</%J"

@7"C/=="_MQ^`"

o"5I"J5J$="@"

C/==7"

!!9"
-?Y3^"

_eY!^`"

-WY^]"

_^Y!d`"
!]&9^" dYdd?"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"0%C6/$7/F"

$IJ/6"J6/$J</%J"

MQ9nMQ^" !!9"
dY3d"""

_dY-d`"

dY-9""

_dY-3`"
&dYd?&dY3d" vdYdd!"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"F/C6/$7/F"

$IJ/6"J6/$J</%J"

B)L"_)n;`" !!9"
dY]W"""

_dY!-`"

dY]!""

_dY!9`"
dY^W&!Y-3" vdYdd!"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"F/C6/$7/F"

$IJ/6"J6/$J</%J"

B)H"_)n;`" !!9"
-Y!?"""

_dYe]`"

-Yd!""

_dYe-`"
dYW^&3Y^3" vdYdd!"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"F/C6/$7/F"

$IJ/6"J6/$J</%J"

B)2"_)n;`" !!9"
!Y!3"""

_dYW-`"

!Y3-""

_dYe-`"
dYW3&-Yee" vdYdd!"

B%"%56<$="6$%)/"[,J"

70)%0I0C$%J=R"0%C6/$7/F"

$IJ/6"J6/$J</%J"

M5<K=/</%J"

M3"_)n;`"
!!9"

!Y!]"""

_dY-3`"

!Y-!""

_dY-?`"
dY^?&!Y]3" dY!d3"

B%"%56<$="6$%)/"[,J"%5"

70)%0I0C$%J"C($%)/7"

$IJ/6"J6/$J</%J"

M5<K=/</%J"

M9"_)n;`"
!!9"

&dYW-"

_dY!e`"

&dYW3"""""""

_&dY!W`"

&dY]-"&""""""

&dY99"
dY-^3"

B%"%56<$="6$%)/"[,J"%5"

70)%0I0C$%J"C($%)/7"

$IJ/6"J6/$J</%J"

'



!!"

"

;$#$2$-/$6'

!Y" k$8/F" 2k+" 2/$F" ;A+" 16$J/6" Q+" 4/77=/6" #x+" .57J/6" Q+" M$7/" k+" L5/[/=" #N+" *5F/6" 2M+"
E$%/=0%/";N+" B%)6$<"QHU"E-3,%4$)+")' /,),-&' #,20+-.' /$))6' "-3'0$6$-/4&0")' 6%$0'/$))6'
"2$' $-2+/4$3' "%' 3+##$2$-%' .$6%"%+,-")' ".$6' +-' 4*0"-'*01+)+/")' /,23'1),,3L"!%1$"#*'4%+'
-dd^+"MIAW^&e3Y"

-Y" E,JJ5%"k.+"L$6)/JJ"@+"N$F=5%"@k+"46/7$JO"N+"465V%"M*+"'5=$"E+"N($%%5%"2.+"QuH%F6/$">k+"
4$66R" NMU" <$($),50$-%' ,#' =<IN=<CJNO,PBGN' 2$.*)"%,2&' ?' /$))6' #2,0' /,23' 1),,3'
4$0"%,5,+$%+/'52,.$-+%,2'/$))6L"5'6%78/('9$/-'-dd]+"QJA99?&9?!Y"

3Y" L6$JV5(="H+"4$=F5</65"EU"?2$-36',#'4$0"%,5,+$%+/'6%$0'/$))'%2"-65)"-%"%+,-'+-'%4$'%4+23'
0+))$--+*0L",7**':.$&';%2"#/-'-dd]+"@MA9-d&9-WY"

9Y" E$==/6" 2k+" #$77/6I$==" ME+" 2CL6$0=" x2+" M0%J65%" 2+" 46,7P5" @2+" #0%)$6F" k>+" x/==R" NN+"
N(,7J/6"kk+"HJP0%75%"2H+"NC($JO"QHU"7*%,),.,*6'*01+)+/")'/,23'1),,3'%2"-6#*6+,-'+-'($2&'
&,*-.'/4+)32$-'R+%4'%&5$'@'3+"1$%$6L"<$"=%#%+',"*%'-dd]+"GCA-d9!&-d9WY"

?Y" E$6607" Q@U" S,-T4"$0"%,),.+/")' *6$6' ,#' /,23' 1),,3' 6%$0' /$))6L" 9*' 5' ;"%2"#/-' -dd]+"
@IUA!ee&!^9Y"

WY" ;0,"#N+"M(/%"M@+".55"DE+"E,$%)"E>+"#$%)"kk+"M(/%"NE+"M(/%"@kU"H*0"-'*01+)+/")'/,23'
1),,3'/$))6'52,%$/%'"."+-6%'4&5,%4")"0+/'"5,5%,6+6'"-3'6&6%$0+/'+-#)"00"%+,-'2$65,-6$'
3*2+-.'4$"%6%2,9$'+-'2"%6L"!%1$"#*'>%/&"#/-'-dd]+"JVA-d^&-!WY"

eY" EV$%)"#N+"M(/%"NE+";0%"ME+"M($%)"Ex+"M(/%"#M+";0%"2@U"H*0"-'*01+)+/")'/,23'1),,3T
3$2+($3'=<GIN'/$))6'/"-'1$'*6$3'"6'"'52,54&)"/%+/'".$-%'#,2'$P5$2+0$-%")'4$"%6%2,9$L"5'
!)"*2"(/-'3($'-dd^+"@VMA9W&??Y"

^Y" L$6[,O58$&Q$807"N+"#0==0%)"HA+"'0)58$"@+"N$K56J$"N+"k,7J/%"A4+";$%/"kM+"E,F75%"kA+"M(/%"D+"
Q$807"MQ+"N$%[/6)"1>U"K-%2"($-,*6'"30+-+6%2"%+,-',#'4*0"-'*01+)+/")'/,23'1),,3'/$))6'+-'
"' 0,*6$' 0,3$)' ,#' "0&,%2,54+/' )"%$2")' 6/)$2,6+6A' 3+6%2+1*%+,-W' 0+.2"%+,-W' "-3'
3+##$2$-%+"%+,-L"5';%2"#/#)%*'3#%2',%--'4%+'-dd3+"@CA-??&-edY"

]Y" :0%)" *;+" N(/%" ;E+" ;0" E#+" '($%)" *M+" '($5" ;+" '($5" N2+" :," sU"X5%+0")' %+0$' #,2' 4*0"-'
*01+)+/")'/,23'1),,3'/$))'%2"-65)"-%"%+,-'+-'2"%6'R+%4'0&,/"23+")'+-#"2/%+,-L",)$&'?%1'5'
@A&0-B'-dd]+"@CCA-^33&-^3]Y"

!dY" 255%"*k+"*55%"EE+";//"2#+" k$%)" Bx+" ;//"QE+";//" kE+" ;//"Nx+" ;//"xE+"x0<"*k+"A5<"*#U"
:*)%+5,%$-%'52,.$-+%,2'/$))6'3$2+($3'#2,0'4*0"-'*01+)+/")'/,23'1),,3'/"-'3+##$2$-%+"%$'
+-%,' 4$5"%,/&%$T)+9$' /$))6' +-' "' )+($2' +-Y*2&' 2"%' 0,3$)L" C*"&+.-"&#' !*/(' -dd]+" I@A93?e&
93WdY"

!!Y" 4$C(7J/JJ/6" HQ+" 1$[5%"22+" M5=/"2k+" E,F75%" MA+" N$%[/6)" 1>+"#0==0%)" HA+" 40CPI56F" 1M+"
L/<<$"MU"B$2+54$2")'+-Y$/%+,-',#'4*0"-'*01+)+/")'/,23'1),,3'6%+0*)"%$6'-$*2,.$-$6+6'
+-'%4$'".$3'2"%'12"+-L"9?,'>%7*/+($'-dd^+"ZA--Y"

!-Y" :0$5" k+"D$%" '+"25J55P$" *+" ;5V"#MU"?2"-65)"-%"%+,-' ,#' "' -,($)' /$))' )+-$' 5,5*)"%+,-' ,#'
*01+)+/")' /,23' 1),,3' 6%$0' /$))6' "0$)+,2"%$6' -$*2,),.+/")' 3$#+/+%6' "66,/+"%$3' R+%4'
+6/4$0+/'12"+-'+-Y*2&L"3#%2',%--+'<%D'-dd?+"@IAe--&e33Y"

!3Y" >056F$%"DE+"M($%"x+"2$6=/$,"H2+"BC(0<"@AU"=,23'1),,3'+-'2$.$-$2"%+($'0$3+/+-$A'3,'R$'
-$$3'+00*-$'6*552$66+,-["5'C*"&+-'?%1'-dde+"JA^Y"

!9Y" L(/%" 2k+" >57($%" >+" >57($%" >T+" 4=RV/077" Qk+" M5675" D+" x($=0=0" 4+" '/%)$" #@U" B,%$-%+")'
/)+-+/")'"55)+/"%+,-6'*6+-.'6%$0'/$))6'3$2+($3'#2,0'4*0"-'*01+)+/")'/,23'1),,3L"4%.*/1'
9$/2%1':&-$&%'-ddW+"@GA?W-&?e-Y"

!?Y" BC(0<" @A+" N5=$%5" .+" 46/%/7" >+" L=/%%" A+" M($%)" k+" M($%" x+" >056F$%" DEU" B)"/$-%")'
0$6$-/4&0")' "-3' /,23' 1),,3' 6%$0' /$))' %4$2"5&' #,2' 3+)"%$3' /"23+,0&,5"%4&L" 4%.*/1'
9$/2%1':&-$&%'-dd^+"@MA^]^&]d?Y"



!-"

"

!WY" >056F$%"DE+"BC(0<"@A+"20%"#1+"#$%)"E+"N5=$%5".+";$6$".+"H=I$65"2+">5F60),/O"k1+"E$6<$%"
>k+" 1$J/=" HD+" 2,6K(R"21+" ;//" >>+" 20%/8" 4U"S,-T$P5"-3$3' "3+5,6$' 6%2,0")' ("6/*)"2'
#2"/%+,-'/$))'%4$2"5&'#,2'0*)%+5)$'6/)$2,6+6L"5'C*"&+-'?%1'-dd]+"UA-]Y"

!eY" BC(0<"@A+"H=/\$%F6/7C,"Q@+"N5=$%5".+";$6$".+"M$<K05%">F/"D+"1$607"A+"#55F7"Ak+"2,6K(R"
21+"Q$7$%,"MH+"1$J/="HD+"2$6=/$,"H2+";/$="H+">056F$%"DEU":$6$-/4&0")'6%$0'/$))6'"6'
"-%+T+-#)"00"%,2+$6A' +05)+/"%+,-6' #,2' %2$"%0$-%',#'<*/4$--$'0*6/*)"2'3&6%2,54&L",%--'
E227&/-+"CMVAe?&^-Y"

!^Y" *55"xE+"k$%)"Bx+";//"2#+"x0<"EA+"*$%)"2N+"A5<"*+";//"kA+"x0<"*k+"*$%)"Nx+"k,%)"E;+"N,%)"
x#+"x0<"M#+"x55"EEU"=,05"2+6,-',#' +00*-,0,3*)"%,2&' 52,5$2%+$6' ,#'0$6$-/4&0")'
6%$0'/$))6'3$2+($3'#2,0'"3*)%'4*0"-'%+66*$6L",%--'E227&/-'-dd]+"CJZA!?d&!?WY"

!]Y" EV$%)" kE+" N(0<" NN+" N/5P" TN+" ;//" E*+" #55" Nx+" x0<" 4E+" N5%)" E>+" ;//" kx+" 1$6P" *xU"
=,05"2+6,-',#' /&%,9+-$' $P52$66+,-' +-'0$6$-/4&0")' 6%$0'/$))6' #2,0'4*0"-'5)"/$-%"W'
/,23'1),,3W'"-3'1,-$'0"22,RL"5'F/*%"&'?%1'3($'-dd]+"CIA?9e&??9Y"

-dY" k0$%)" M(." #M:+" .," *N(U" 73($26$' 2$"/%+,-6' %,' 1),,3' %2"-6#*6+,-' "-3' %2"-6#*6+,-'
%2"-60+%%$3' 3+6$"6$W' @6%' $3L" L,$%)Q5%)+" MEBDH+" L,$%)F5%)" NC0/%C/" $%F" @/C(%5=5)R"
K6/77+"-dd9+"K$)/"---+--3"

-!Y" 1/%)"M@+";0%"EM+";0%"*k+"@7$0"ME+"*/("@.U"E"2)&'<$P"0$%4"6,-$'?4$2"5&'"-3'8),,3'=$))'
=,*-%'+-'B2$%$20'K-#"-%6L''!%1$"#*$(+"c5=Y"!d9"D5Y"3"N/KJ/<[/6"!]]]"KKY"9eW&9^!Y"

"
"


	Start of article

