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Syndrome de Détresse Respiratoire Aigué

Doit subvenir dans les 7 jours suivant un traumatisme clinique

encore par des nodules.

Temps nouveau ou préexistant ou aprés la dégradation des conditions
respiratoires du patient.
Infiltrats bilatéraux, ne pouvant étre expliqués seulement par des
Imagerie épanchements, un effondrement pulmonaire ou d'un lob, ou

Origine de I'cedéme

Ne peut pas étre uniquement d'origine cardiogénique ou di a
une hyper volémie. L'échocardiographie permet d'exclure
I',edéme hydrostatique des causes possibles.

SDRA Faible

SDRA Modéré

SDRA Sévere

Infiltrats bilatéraux

Infiltrats bilatéraux

Infiltrats 2 % poumon

200 <Pa0,/Fi02< 300mm Hg

100 <Pa0,/Fi0,< 200mm Hg

Pa0,/Fi0,< 100mm Hg

PEEP =5 cm H,0

PEEP =5 cm H,0

PEEP =5 cm H,0
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Normal Alveolus Injured Alveolus during the Acute Phase

Alveolar air space 1 2 protein-rich edema fluid

Sloughing of bronchial epithelium

Necrotic or apoptotic type | cell

Type | cell

Epithelial ’ .‘ \
basement | G 2 tvatad WA Redcell
membrane

Interstitium

Alveolar
macrophage
Denuded
basement membrane

Widened,
edematous
interstitium

Endothelial
cell

Endothelial -
basement kY — iy Platelets
membrane ; )

Neutrophil

Red cell Swollen, injured

endothelial cells

Fibroblast ! Fibroblast ~ Neutrophil |
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Resultant Plateau Airway Pressure

as Tidal Volume is Changed
(Ideal) |
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A Glycocalyx bush 100 nm
| structure - 20nm = = d 20 nm
150~400
nm :
Ry —

b i / / Cortical
_~ Integrins / o—actinin //’ cytoskeleton

| J
Junctional | Actin stress / Extracellular

complex | fibers /  matrix

B

Periodic bush
structure

P VAVAVA AVAVAY. Y,
TAVAS VAV, VAV, LT
T AVAN 27 AVAVAY,
TAVAVAY. < v VAV AVA)
WAL 7AYA) AVAS AVAY
Core protein / |/
S VAVAYAVAVAVAY, <
TAVAS VAV, VAV, 7aVA
WAVAVAN 7> 7aVAVAV/

Actin filaments

Cytoskeletal foci
Spacing 100 nm

Spacing 20 nm

Dia. 10-12 nm <

!
\&O5$ =1 7*W, /148&)-(&, */"*4-*) ($5%(5$"*/5+04 AMBTH-4
PCQ* +0b;1#-(&)-(&,™ I"* AV"):-0%"#"(* "($"* 4")* :$,(18* /"* ), 5(&"R* 4")* 0$-'%;")* /")* hCh* "(*
AV-'06$-9" [-')* 4" $1)"-5* [5* UA(,)<5"4"(("*),5)* % &Yo-AT* P[Q* +%6; 1#-(8&)- (& 'R*""* 25* /"* ")) 5)R* /"*
AV, $9-'&)-(&, "™ I")* "):-U6"#" ()% "(* ")* )($5%(5$")* :$ ,(1&<5")* -2"%6* 4" $1)"-5* 0, $(&Y%-4* /V-%(&"T*
BV-:$F)*Pa"& 0-5#R*n;-'9*"(*-47*EHHIQ*
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&ES$/ 8AD&Y6=911J*9%*/.\eeiC!7=8%U.) */'IF%<.d+X-I"mm"_C!%&1%/8$)U%$/8!"/+!8$+1%6/83)’
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*US:1=/1%) ) HSO$/81+<D:%:%2=$I'$+1<). 8D%/$+1$8!'S+! (5(1"*/+1&*19$9L )*/$!]U.%)!6%H=)$\OM
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66 7*EANV-($&%6""2($-*%"4454-8$"*" (*M,'%o(&,)*%" AABE" {#-($&

66 7*E7I75H-($&% " ?($-*%"4454-&$"*
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H&-:.<).8D%/$+! $8! '$! H&-:.+*9%/.H&-:*/$+C! DU$/8=$&&$9$/8! +.=+M8$/'=! <*)! =/I \D+$*=! '$!
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+8)=:8=)$! 9*8)%:%$&&$! $8! .u! %&! +N*UR)$! '%;;%:%&$! '$! 9.'%;%3)! &$+! <).<)%D8D+! '$! &
8.=:A$)1*=Y1<).<)%D8D+!: A%I%U?SHIRRI& $+!<).<)%DBD+!9*8)%: % $&ES+!+./8! +=+:$<8% L &$+!"
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06/8$)9D'%*%)$+|! F*! ODBA.'$! &*1 <&=+1 )D<*/'=$! *=B.=)'NA=%! :./+%+8$! >! =8%&%+$)! =/! H$:
<.&*)-&*9%'$! <.=)! 9.'%;%3)! +./! 9.'=&3$! 'ND&*+8%:%8D! 8.=8! $/! 9*%/8%/*/8! :./+8*/8!
&N$/U%)./1$9$/8! :A%9%2=3! [KS&A*Q! */'l }¥/H! \eed |l S$88$! 8$:A/%7?=$! *I D8D! )D:$99$/8!
=8%68%+D$! *=1&*L.)*8.9%0)$! <.=)! D8='06$)! &*1 ) D<./+$! '$+1 9%:) <A*H$+ *&UD.&*%)$+! $8!'$+! :$&&
D<%8AD&Y%*&$+ *&UD.&*%)$+! *=Y!<).<)%D8D+! 9D:*/%2=$+!'$! &N$/U%).//$9$/8!]6D)D.&C! 6.
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"mm1C! q$=/HC! ($.)HS$+! $8! *&I' "mm2_I! S.9<*)D! >! =/l +=L.+8)*8! )%H%'$C! =/! +=L+8)*8! +.=<&$
$/8)*W/$)!=/19.9%/")$! D8*&$9$/8! : $&&=E*%6)$C! *=HI$/8$)! &* U%8$++$!'$! 9%H)*8%./C! $8!)D'=%)
9./8*/81'$! <A.+<A.8-).+%/$! *=1 [%US$*=! '$+! +068+! 'N*AD+%./I! 51/.8$)! 2=$! '*/+1 &$! <)D+$/8!
8)*U*%&C! &$+!:$&E&=&$+! +./819%+$+! $/! <)D+$/:$!'N=/!".=L&$! +-+8R9$!'$! 9*8)%:$!"./8! KE=/$! $-
:.9<.+D!'$19%:).9%8)%:$+! *<+L&S+'$I8)*/+9$88)$I'S+1$;;.)8+!:-:&%2=$+1*=!:-8.+ P7=$&$88$!$8!
&N*=8)$!+-+BRISCI<*++%:C1<$)9$8!'$!:./8)0&$)!&*1<$)ID*L%&%BD!'N=/$!9./...=:A$!: $&&=8&*%)$
8%++=1<=89./*%)$! $+81 2=*/8!>1&=%! +.=+ &N$;;$8! <$)9*/$/8! 'N=/$! 8$/+%./1%/8$)/$! %/'=%8$! <*)
<)$++90./18)*/+<=&9./*%)$! 2=0%! :A*H$! 'N=/$! ;*,./1 -:&%?=$! $8! %)) DH=&%R)$! “US$:! &*1)$+<%)*89
JP=L9%)I"mm" |1 S$88$!8%$/+%./1%/8$)/$!)$++$/8%$! */+ &$+! <*). %+ *&UD.&*%)$+! $+8! 8)*/+9%-+
&*17QS!'$+!:$&&=&$+!D<%BAD&Y%*&S+!$8!$/'.BAD&Yo*&S$+!+$&./I'$+!19D:*/%+9$+!'D:)%8+!<&=+!
%/8%)*:8%./+! 9D:*/%?=%+! $/8)$! :$+! :$&&=&$+! $8! &*! 9*8)%:$! +./8! :.//=$+! <.=)! 9.'=&%)! &*!
:.18)*:8%8&%8D!:$&&=&*%)$!$8!&*I<A.+<A.)-&*8%./"'$+!:A*%/$+|&DHR)$+!'$19-.+%/$!|K.&8$C! Q¥
*&I1"mm1_C!&*1)AD.& H%$! :$88&=8&*%)$!|V.+$/L&*88C! P=1$81*&II"mm1_C!$8! &N*++$9L&*H$!'$
'‘N*AD+%./! |]SA$/C! 5&./+.! $8! *&I! "mmO0 _! ?=%! +./8! :)%8%?=%+! */+! &$+! <).:$++=+! :$&&=&*?
. [*9$/8*=Y!!

! T=)1&$!I<&*/1'BI+*1:.9<.+%8%./1 <A-+%6:.M:A%9%?=$C! &*1 &*9! L *+*&$! +=)! &*?=$&&$!)$<.+
&P+!:$&&=8&F+!$/.8AD&Y*&S+!;*%8!$/U%)./12m!/9VED<*%++$=)!$8!$+8!:./+8%8=D$!'$!:.&&*HR/
:%6L)./$:8%/$C!'$! &*9%/%I$C!'$! :A.I").S8%/$+! +=&;*8%+C!'EAD<*)*/$+! +=&;*8$+C!'$! <$)&D:*/+!
'$1+-/' D+ W*&&=)%!"mMmO_|1F*19%8)%:$!$Y 8)*!:$&&=8*%)$!$+8!+-/8AD8%+D$!&.)+!"$I &E*/H%.|
'$1&*IU*+:=& . HS/R+$!|G/HLS)*/'16.&X9*/\eiiC![&.*U+X-C!7%:A*$&%!$8!*&INeiiC!6.&X*/1*/']
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JN59.)$!\ee3C! 5XA8*C! S*)&+.! $8! *&I! "'mm\C! W*&&=)%! "mmO0_! $8! $+8! :./8%/=$&&$9%$/8! )$C
*[+1 &$+! U*%++$*=Y!19*8=)$+!]K)*88C! 6.)9! $8! *&I! \ei2C! [&."*U+X-C! 6.&X9*/! $8! *&I! \ei4C! q*/C
7.+$+1$8*&I"mmmCIW*&&=)%!"mmO0_I'F*I7QS!:./8%%/8!*=++%!'E*=8)$+!<).8D%/$+!*++.:%D$-
'$H1%:85=)+'$1:). Yo+ +*/:SIIF*1<)$9%R) S DB*<$!'$1+-/BAR+$!I'$I&*1 7QSI$+81&*!+D:)D8%. /I <*)! &$-
SQ!I'$! &*1&*9%/%/$!"./8! &$+!9.8%;+!'E*:%'$+!*9%/D+!U./8!<)%/:%<*&$9$/8! &%$)! &$+!%/8DH
|5&L$&*C! J*06+$1$8!*&IN\eieC! F*/H=%/.C! ($A&+$/!$8!*&l!\eie_[!U.%)!&*1+$:8%./!GGI!"I0I":%M'
<.2)1<&=+1"$1)$/+$%H/$O$/8+! +=)1 &*1 &%o*%o+./1 :$&&=&$! 9*8)%:$! $8! &*1 +U6H/*&%+*8%./! %/8)
69<&%?=D$I' F$!:.&&*HR/$! G[! $+8! $/+=%8$! <).'=%8! <*)1 &$+ SQ! $8! %/8$)*H%68! *U$:1 &*! &*C
1)9%)! =/1 8*<%+! +=)1 &$?=$&! <$=U$/8! +$! :%Y$)! 'E*=8)$+! 9*:).9.&D:=&S$+! *;%/1 '$! ;.)9$)! =/$!
&*9$IL*+*&$!)D+%+8*/8$!|W*&&=)%!"mmO_|!

! J$+BY<D)%$/:$45)(185!)$9. $&*HS$!'$! &*19*8)%:$! $Y8)*!: $&&=&*%0)$!./8!9./8)D!=/!

" =L&$9$/8!'$! &*1 <$)9ID*L%&%8D!'E=/18*<%+! : $&&=&*%)$! > RE*&L=9%/$! &.)+?=$! &*!;%L)./$:
'DH)*'D$! |K*)8)%'H$C! P.)U*BA! $8! *&I1 \ee"C! V$+/%X.;;C! 0)%$/! $8! *&l! \eee_I! I$! 9p9$C! '
$Y<D)%$/:9¥$5)585!)$9.'$&*HS!'$! &*1 7QS! > &E*%%'$! '$! 8)-<+%/$!]S.A&S)CI THL*1$8!*&I\ei2 !
=I'$18A).9L%/$!]I*="%CIT*L*I$8!*&I\eie_!$/8)*%/*/8!=/$"'DH)**8%./!"$!&*!;%L)./$:8%/$!./8!
9./8)D! =/$! 9=&8%<&%:*8%./! <*)! 0! '$! &*! <$)9D*L%&%8D! '$! &E$/'.8AD&%=9! <=&9./*%)$I!
$Y<D)%$/:$+!./8IDH*&$9$/8!9./8)DI&E%9<.)8*/:$!'=19*0%/8% /' $! &*1 7QS!"*/+1&*!1<$)9D*L % &% 8
'$1&ES/ . 8BAD&Y=9!<=&9./*00)$I! J*/+1:$)8*00/+] :*+C1%&! $+8! <. ++%L&S$!'$ ) DS*L&EY)! =/$! <$)9D'
L*++&$! $/1)D%/:.)<.)*/81'$1 &*1 ;%L )./$:8%/$! */+1 &* TQSI JA$*8&$-C! 7:W$.d/MF./H.! $8! *&l!
\ee0C!IA$*8&$-C![%/:$/8!$8!*&I1\ee0C! S=)8%+C! 7:W$.d/MF./H.!$8!*&I\ee2CI V$+/%X.::C10)%
*&IM\eee |! F*I'DH)*'*8%./!'$! :$)8*%/+! (5(! */+! &*! 7QS! $8! '$! &E*:%'S! A-*&=)./%?=$! <*)! &*!
A-*&=)./%"*+$!1*=HI$/8%! &*!<$)ID*L%&%BD!'$! KE$/'.BADE&Y%=9!*=Y!;&=%"$+!$8! > & E*&L=9%)/.
P/H!I$8!*&INee2C1I*/$CIU*I'$/1O$)HIS8I*&I"m\0_|!

! F$+19D8*&&.<).8D*+$+!9*8)%:%$&&$+!]/.8D! 77K _!<$=U$/8!'DH)*'$)! &$+! D&DI$/8+!'$
7QS!:.99$!&$!:.&&*HR/$C! &$+K(C!&*1;%L)./$:8%/$!|! &$+! S VEEHNABKS)IB) %' HSC! @3;;)$-!
$8!*&l1\ee0_! $8% 5)58K*++0%C! #$H)%/%! $8! &l \eee_!./81'DI./8)D! =/$! *=HO$/8*8%./! '$! &*!
<$)9D*L%&%8D!+=%8%$!>1=/18)*%8$9%$/8!*=Y!77KM"1$8! 77KMe!/.8*99%/8I' F$!)$9.' $&*HS! '$! &*
7QS!$/8)*w/$!=/1)$9.'$&*HS!'$! &ES$/.BAD&Y%=9!>I &E*%'$!'$+! 77K!$8!'$+!<).8D%/$+!+D:)D8D$+
*:06'$+1$81)%:A$+!$/!:-+8D%/$+!]/.8DI TKEVS_1]G)=$&*M5)%+<$C!I%H&Y%.! $8!*&I!\ee\C!\W*8.(
*&I"mm\_IIF$![Q(6!$8!&S$! #6M~1]<.=)!"1,=9.)1#$:).+%+16%:8.)la_! +8%9=8$/8! &*1<).'=:8%./!"$!
77TKM"C!77KMe!$8!'$! TK5VS!?=%!U./8!'D/="$)! &*1 &*9$! L *+*&$! $/'.8AD&Y%*&$! $/'DH)*"*/8! &$+!
D&D9%/8+! '$! &*I 7QS! 1h=:X$)C! 7%)b*! $8! *&I! \eeiC! W*8.C! F$d*&&$! $8! *&I! "mm\_I! F$+! :$
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$/8.=)*/8!&*1&*9$! L*+*&$!'D/='"D$!<)D+$/8%/8!>1&$=)!+=);*:$!'$+!%/8DH)%/$+! +<D:%;%?=$+!&
&$+!D&DI$/8+19*8)%:%$&+! &%L)S+! [W*&&=)%!"MmmO_C!:$! 2=%! U**:8%US$)! F*165W!]<.=)! 16
W%/*+$+la_Cl&$+! 75KWI]<.=)!"17%8.HS/M5:8%U*8$' K).85%/I W%/*+$+ 1*06/+9%! 2=$! &$+! VA
JVA.5CIV*:CIS" 1" [IFE*:8%U*8%./1'$!:$+!:.9<&$Y$+!;*:%8&%8$! &*19%H)*8%./1$8!&*1<).&%;D)*!
SQ!J#.L$+!*/'1P*&&N\ee2C!I$! 7*88%%+!*/'17.)).d!"mmmC!V%'&$-C! T:Ad*)8b!$8!*&I!"mmO0_|'S$8
<).&%;D)*8%./! :$&&=&*%)$! $/8)*W/$! &*! +-/8BAR+S$! '$! /.U.!'$+! D&D9$/8+! '$! &*! 7QS! $8!"./:! +*
< ++9%L&S$!)D<*)*8%./!|F%CIhA*HI$BI*&II"MmMO_[1S$<$/*/8C!8.=81: A*[H$I$/8!"*/+1&*1:.9<.+%8Y
9*8)%:%$&&$!+.9%68!$/!)*%0+./I'$! &N*88$%/8%$!<=&9./*%)$C!+.%8!$/!)*%+./I'=1)$9.'$&*HP! : $ &&=
$/8)*W/$)!=/1:A*/H$9$/8!'$+1<).<)%D8D+9D:*/% ?2=$+1"$!&*19*8)%:$!$8!'$+! <*).%+1*&UD.&*%) $+
J$! . =US&&S+! :./'%8%./+! 'ND?=%&%L)$! U./8! '$U.%)! p8)$! 8).=UD$+! *=! +$%/! '$+! 8%$))%:
*&UD.&*%)$+!+.=+18%/+%./19.'%;%*/8! &*1 +%H/*&%+*8%./1 $8! =/1)$9*/%$9$/8! +8)=:8=)$&!$/!) D
*=Y1.=U$&&S+!:./'%8%./+19D:*/%?=$+! %/'=%8$+! <*)1 &$+!:./'%8%./+! <*8A.& H%?=$+! | T=X%C
*&M"'mm2_1!

66 7*E7I/&&),")*%"4454" f#-($&%"*

! F$+! :$8&8&=8&$+! '$+! 8%++=+!+./8! *88*: AD$+! *=1 )\ D+$*=! 9*8)%:%$&! U%*! '$+! H).=<$9$
)D:$<8%=)+! [:&=+8%) ! *<<$&D+! :.9<&$YS+! 'N*'AD+%./! ;.:*&$! ]'16.:*&! S.9<&$Y!a! .=! "16.:*&!
5'A$+%./la_Cl*&.)+1?2=$I&N*88* A$9$/8I*=Y1:$&&=&S+!*'B*:$/85+!$+8!)D*&%+D!<*)I&$+!:.9<&$
B./:8%./1%/8$):$&&=8%)$!<)D:D'$99$/8!'D:)%8+IF$+!:.9<&SYS+I'N*AD+%./!;.*&$!:./8%$//$/8!
'$+1 %/8DH)%/$+! $8! =/ H)*/'1 /. 9L)$! '$! <).8D%/$+! <&=+! .=19.%/+! '%)$:859%$/8! *++.:%D$+! *=!
:-8.+?7=$&$88%! 8$&&S$+! ?=3! &*! 8*&%/$C! &*! U%/:=&%/$C! &N~M*:8%/%/$C! &*! <*Y%&&%0/d
FAS+%0./! X%/ +$+_! 2=0%! <*)8%:%<$/8! $8! U%$//$/8!)$/;.):$)! &*1:.//$Y%./! $/8)$! &*! 83)9%/*%+
%/8)*:-8.<&*+9%?=$!'$+!1%/8DH)%/$+!$8! &$!:-8.+?2=$&$88$!]0=))%'H$C! 6*8A! $8!*&l!\eii_|!S$-
9.8D:=&*%)$+!<$)9$88$/8! &*18)*/+9%++%./I'$+1:.):$+1OD:*/%?2=$+1$/8)$! &$+1+8)=:8=)$+1%/8)*
$Y8)*:$&&=&*%)$+! ]7*/%.8%+C! O.B*/.d+X%! $8! *&I! \eed C! *++=)*/8! =/$! :..)'%/*8¢
9D:*/.:A%9%?=$!9=&8%MD:A$&&$!$/8)$!&*I 7TQSC!&$!:-8.+?7=$&$88$! $8! &$!/.-*=1:.9<&DI$/8*C
&*1'%:;;=+%./":A%9%?=$!|P=CISAS$/!$8!*&I""mmO_|!



GGI'"IOI"\F$+!9%/8DH)%/$+!

! F*I &%*%+./! '$+! :$&&=&$+! $/'.8AD&W*&S+! *US:! &*! 7QS! <*++3$! <)%/:%<*&$9$/8! <*
<).8D%/$! '$! 9$IL)*/$! :$&&=E*%)$! *<<$&DS$! %/8DH)%/$! )$:.//=$! :.99$! =/$! :.9<.+*/8$!
$++$/8%P&&ES! */+! &*! 8)*/+9%++%./! '$+! ;.):$+! $/8)$! &$! :-8.+7=$&$88$! $8! &*! 9*8)%:$! <
9*06/8%$/%)! &N%/8DH)%8D! +8)=:8=)*&$!'=18%++=!$8! +8*L%&%+$)! +./1*): A%8%$:8=)$!]7*/%.8%
$8!*&I1\ee4C! G/HL$)! "mmOC! P-/$+! "mm1C! G/HL$)! "mm3_Il FN*)8%:&$! <)%/:$<+!'$! }*/HC! O:
G/HLS)!JP/HC!O=8&$)!$8!*&I\ee0_!?=%!'D9./8)$!&$!)0&$!9D:*/.8)*/'=:8%=)!'"$! &N%/8DH)%/$!$
'D;%/%++*/8!<.=)1 &*1<)$9%R)$!;.%+! &*19*H/D8.:-8.9D8)%$! | ?=$!/.=+!=8%&%+./+! &*)H$I$/8! "
&$!<)D+$/8!8)*U*%&_C!*IB.=D!=/1)0&$!'D8$)9%/*/8!"*/+!:$88%!)$:./[*%++*/:$!'$! &*|+<D:%0;%:%E
&N%/8DH)%/$! JO*X$)! */'I h*9*/! "m\m_I! S$88%! +<D:%;%:%8D! '$! &N%/8DH)%/$! 'N
9D:*/.8)*/+'=:8%=)! <*)| $Y:$&&S$/:$! $+8! 9*%0/8%/*/8! 8)R+! &*)H$9$/8!)$:.//=$! |K*+b$X! */']

1$*U$)! "mm1C! SA$/! "mmiC! K=X&%/M6*=:A3)! */'!l TA$$S8b! "mme_I! F$+! %/8DH)%/$+! +./€
AD8D).'%9R)$+!:.9<.+D$+!'$!'$=Y! +.=+M=/%8D+Z! ~! $8! f! &% D$+!'$! ;*./1[./1:.U*&$/8%I! F$+!
AFW/S+H~1$8! fI+E*++$9L&P/B! $/1"1!1%/8DH)%/$+!+<D:%;%?=$+!>1 =/l =1<&=+%$=)+!8-<$+! :$¢
\i:A*W/$+1~1$8li1:A*w/$+! f1./8!D8D!'D:)%8%+!>!:$!B.=) Il F$+! : $&&=&$+! $/'.8AD&Y* &S+ $Y <)%
=/$! U*)%D8D! 'E%/8DH)%/$+! [5&L$&*C! J*%+$! $8! *&I1 \eieC! SAS/H! */'1 W)*9$)! \eieC! ,*)./d
T8%;*/=8.1 $8! *&I!' \eem_[! F$+! %/8DH)%/$+! &$+! <&=+!:.99=/D9$/8! )$8).=UDS$+! *=! /%US*=! ¢
$8&=8$+! $/'.BAD&Y*&S$+! +./81Z! ~<f<Cl ~Zf<C! ~E f<C! ~sf<Cl ~Zf<C! ~sfEC! ~+f ! $8! ~f eIl K
&N%/8DH)%/$!~f E!B.=$!=/1)0&$! 8)R+!%09<.)8*/8!<.=)!%/%8%3$)! &$+!%/8%)*:8%./+! . $&&=&$!
8).=U$! &*)H$9$/8! $Y<)%IDS$! */+! &$! <AD/.8-<$! U*+:=8*%)$! <).8&%;D)*8%;C! -1 :.9<)%+! */+!.
*<%&&*%0)$+!1<=&9./%%)$+!]0).. X+C!S&*)X!$8!*&IN\ee1C! T%/HAC!6=!$8!*&I!"mmm_|!

! F*1<&=<*)8!'$+1%6/8DH)%/$+1<.++R'$/8!=/IH)*/'".9*06/$1$Y 8)* $&&=8&*%)$!:.9<.+DI'N=/$!
8p8$l*<*L&S!'$!)S:./FW8)$!'$+!&YoH*/'+19*8)%:%$&+C!$&&S!I9p9SB!:.//$:8DS!>I'$=Y!L)*+CL: A*:=/!
D8*/8! :.//$:8D! *=! :-8.+7=$&%$88$! <*)! =/$! :.=)8%! :A*wW/$! %/8)*:$&&=8&*%)$! [V=.+&*A8%! \ee\(
P-/$+C!O*$)! $81*&l\eee ! F$+! %/8DH)%/$+! %/8$)*H%b++$/8! *U$:1 =/1".9*0%/$! +<D:%; % ?=$! *-
V(3! ]<.2)! 5)H%/%/SM(&-:%/$M5:%'$! *+<*)8%2=$_! 2=$! &E./1 )$8).=U$! */+! &$+! +D?2=$/:$+! '
L &&*HR/$C! '$! &*1 :9%L)./$:8%/$C! '$! &*! U%8)./$:8%/$! $8! '=! :%L)%/.HR/$! [K%$)+:AL*:AS)!
V=.+&*A8%! \eilC! F*d&$)! */'! P-/$+! \eieC! T9%B8A! */'! SA$)$+A! \eem_|! FE=8%&%+*8%./!
1.9<.+%/8+19%8)%:%$&+! +-/8AD8%?=$+! */+! &$! 9%&%$=! <).U.?=$! &KE*88*:A$9$/8! '$+! %/8DH
*=Y1 <$<8%'$+! +.&=L&SP+! $/! 'D<%8! '$! &*!1 9*8)%:$! $YB)*! :$&&=&*%0)$! |P*"$/! */' P$/X$! "mmr
FE*B./:8%./! */+! &$! 9%&%%$=! '$! <$<8%'$+! <)D+$/8+! */+! &*1 7QS! U*l <).U.?=$)! =/$!



'D+8*L%&%+*8%./! '$! &ED?=%&%L)$! B./:8%.//$&! *=! 8)*US)+! '$+! %/8DH)%/$+C! :$! 2=
. J+D?=$/:$! '$! 'D+8*L%&%+$)! &$+! B./:8%./+! %/8%$):$&8&=8*%)$+! $8! 'E*=HI$/8%$)! &*! <$)9D*|
$/' 8BAD&Y*&$! TT8%: X$&! */'1 F/H\eiiC1}=C! c+8%/.U* $81 &I "mm\_|! F$+!$Y<D)%$/:$+19./8)$/8|
2=ES$/! =8%&%+*/8] &$! <$<8%'$! +/8AD8%?=$! (VIT! 1<.2)! (&-:%/SM5)HY%/%/$M(&-:%/!
*4<¥)8%?=$MTD)%/$_CL./1*=HI$/8$!&*1<$)ID*L%&I68D!'$+!:$8&=8$+!$/.BAD&I6*&$+C!:$8&S
&$=)+1:./8%:8+! *US$:! &*1 TQSC! +E*))./'%++$/8! $8! ;%/%++$/8! <¥)! +$1'D8*AS)! [T8%:X$&! */' 1/t
\eiiCI19%*.Clq*/1$8!*&IN\ee2CIK.&%CI7*+./1$8I+&I"mm1_IIF*16%H=)$N\119./8)$!?=$!&E%/B$:8%./!
&S+ US%/=8$+1%+.&D+!"$1<.):Cl'$I <$<8%'$+! 06/ A%6L*/8! &*1 &%6*Uo+./1'$+1%/SDH)%6/$+!>1 &*1; %
&*1U%8)./$:8%/$1%/'=%8!'$!:.)8$+*=HO$/8*8%./+I'$1&*1<$)ID*L%&%SD!]}=Clc+8%/. UHI$8I*&II"r
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\&O5$"™ =T7* +06;1#-* $":$1)"(-'(* 4")* &'(19$&™)* "(*5B)* ),5)f5'&(1)* g* "(* p* P"* $-'9"Q* -&')&* <5"* 4"5$*
&' ("$-%(&,)*-2"%*4")*I&ZZ1$™ (")*:$, (L&")*/"*A&E&*%A(,)<5"4" (("*IV-%o(&"*P"*$,59"Z ‘% 1QT*
SYEB($YS, (L&) *($-)H HOS--&$")*"(5)), %&1")  FL*A-*#-($&%""2($-*%"4454-8&$"), (*P"*$,59"Q*@*
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! F*l <*Y%&&%/$! KXY | +$)8! '$! :$/8)$! 'E%/8$)*:8%./! *U$:! '$! /.9L)$=+$+! <).8D%/$+
)DH=&*8)%:$+!*=18)*U$)+! '$! +$+!".9%%/$+!)%:AS+! $/! &$=:%/$! $8!'$! +$+!'.9*%/S+! $/!".%H8!'¢
b%/: 1! F*1 K*Y!;.)9%! '$+! 1. 9<&$YS+! *=! [%US*=! '$+! <.%/8+! 'E¥AD+%./! *US$:! &*! 9*8)%:$! $8!
06/8%)*H%8! *U$:!'$!/.9L)$=+$+! %/8DH)%/$+|! K*)9%! :$+! <).8D%/$+! ) DH=&*8)%:$+!./1)$8).=U$
J<=)I<"\M*:8%U*8%' X%/*+$la_! $8! KGW!]<.=)!"IKEWM%/83$)*:8%/H! $Y:A*/H$!;*:8.)!a_C!5L&!
I5L&S$+./1<).8.M./:. HB/$la_1$8!<\"m(5K!]<.=)!"I<\"m! (,K*+$!*:8%U*8%/H!<).8%$%/ C!?=%!U./8!
<.=U.%)19.'=&%$)! &E*:8%U%8D!'$+! &%6*%+./+! %/8DH)%/$+M7QS! $8! %/8DH)%/$+MSTW!]O).C
"mm21C! I$*X%/! */' ) =)/$)! "mmi_I! F*!;%&*9%/$! ?=%! &%$! &$+! %/8DH)%/$+! *=! STW! 'E*:8%:
9*00/8%3%/! :$&=%M:%! +.=+1;.)9%! ) D8%:=&D3$C! +3$! &%$! >! <&=+%%$=)+! (,K*+$+! [VA.5C! V*.C!.
X%/*+$1 VESW! <.=)! IVA BM*++.:96*8$'| X%/*+$la_| *%/+%6! 2=E>! &*! *UD.&%/$I! S$+! <).8D%/$
)DH=&$)! &E*:8%U%8D! '$! &*! ;%&*9%/$! *=! 8)*U$)+! '$! <A.+<A.)-&*8%./+g'D<A.+<A.)-&*8%./+
T=b=X%!$8!*&I\eeeC! T8*A&A=8!*/"1U*/1J$=)+!"mmmC!c$*C!fA8*!I$8!*&I'""mmO0_I'"FE~M*:8%/%/
~M5:8_1+$1&%$!>1&*1b%Y-/$!]/.8D$IN-Y_12=061U*I>1+./18.=)l+E*++.:%$)!> [FTKI$8I>18*1<).:%&
K)._1<.=)19.'=&3)!&* &%*%+./!I'$! &E~M*:8%/%/$! *U$:! &E%/8DH)%/$! $8! &E*:8%/$!]S)*d;.)'C! 7%
$8!*&l\ee"CIV$%/A*)'C!@.=U$/*&!$8!*&INee2_IIF*18%/+%/$!]/.8D!,$/_!:./8%$B/8!'$+!".9*%/S+! TP"!
*=1 8)*U$)+!'$+7=38&+! $&&S! %6/8$)*HY%8! *U$:! <&=+06$=)+1 8-).+06/$+! X%/*+$+! 8$&&S$+! 2=$! T)
"mml_[! F*1 9=&8%8="$! 'E%/8%$)*:8%./+! $8!'$! \DH=&*8%./+! <.++%L&S$+! *=! 8)*U$)+! '$+!/.9L)$
<).8D%/$+!'=1:.9<&$YSI'EXAD+%./1$/8)$! &*! :$&&=8&$! $8! &*1 7QS! <$)9$88%$/8! &EY%/8DH)*8%./!"
9=&8%8="$!"$! +%H/*=Y!)DH=&*/8! &$! :-8.+?=$&$88$! 'E*:8%/$! *=!:.=)+!'$! &*I U%S! :$&&=&*%)
<).:$++=+1:.99%!&*19.8%&%8D!$8!&*!<$)9D*L %&%8DI!

! F*1+8)=:8=)$! '$+! %/8DH)%/$+! &$=)! <$)9$8! 'N*++=)$)! =/$! 8)*/+'=:8%./! L%'%)$:8%.//$&
'$+! +%H/*=Y!1$/8)$! &$!:-8.+?7=$&$88%$! 'E*:8%/$! $8! 9*8)%: $I! F$+! +%H/*=Y!%/8)*: $&&=&*%)$+
9.'=&%$)! &N*;:%/%8D! '$+! %/8DH)%/$+! <.=)! &$+! &IoH*/'+ $Y8)*: $&&=&*%6)$! [+%H/*&%6+*8%./!
*&.)+! ?7=8! &$+! +8%9=8&%! $Y 8)*:$&&=&*%)$+! $/8)*W/$/8! =/$! :*+:*'$! '$! +%H/*&%+*8%./! %/8)*:
U%*!1 &N*:8%U*8%./!"$+!%/8DH)%/$+!|T:Ad*)8bC! T:A*&&$)! $8!*&I\ee2 I'FND8="$!'$+!%/8DH)
~ef<19./8)$! ?7=3! &$=)! &%*%+./' *US$:! &*1 7QS! <).U.?=$! &*I <A.+<A.)-&*8%./!'$! 65WC! K*YC!'$! ¢
:.)8%:8%/$! $8!'$! KESb)%/$ JOA*88*: A%)-*C16=I$8!*&ll\ee2_C!=/1%/;&=Y!'$!S* «||OA*88*:A*)-*Clq
$8!I*&I'"mmm_C!&E*:8%U*8%./!"$!KF5"!]<.=)I<A.+<A.&%<*+$!5" 1JOA*88*:A*)-*C!K*8$&! $8!*&
&E*:8%U*8%./! '$! V*:I (K*+$+! [6=B%d*)*C! (=! $8! *&I! "mm1_C! $8! =/$! *=H9$/8*8%./! '$!
<$)9D*L%&%8D!'$+!:*<%&&*%0)$+!"*/+! &P$+!<.=9./+!'$!)*8+!8)*%8D+!>! &* U%8)./$:8%/$!)S$:.//=
:$+1%/8DH)%/$+!],+=X**Clq%/H!$8!*&I\ee2_|!S$+!%/8DH)%/$+!B.=$/8!<.8%/8%$&&$9$/8!=/")
%69<.)8*/8! "*/+! &*1 \DH=&*8%./!'$! &* <$)9D*L%&%8D! $/'.8AD&Y*&S! :*)! =/$! H)*/'$! <*)8%$! '$!
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)DH=&*8%./! '=! :.9<&$Y$! 'E*AD+%./! +$! ;*0%8! *=1 8)*U$)+! '$! 65W! 2=%! &=%M9Ip9$! )DH=&S!
B./:8%./+1%/8%):$&&=8&*%)$+!

! 65W!$+8!=/$!8-).+%/$! X%/*+$! +$! &%*/8! > &*1 +.=+M=/%8D! f1'$+!%/8DH)%/$+! | T:A&*$<;!
7%8)*I"mm1_|IF*1+8)=:8=)$!'$!65W!$+8!+:AD9*8%+D$!"*/+16%H=)$\3I! F*1<*)8%$!#P"18$)9%/*&$!
B5W!:.9<)$/'1=/!".9%%/$! 6QV7! 2=%! &%S$! &* $b)%/$C!*' %Y %/$C!,)%.1]7$'&$-C! O=:AL%/'$)! $8!*&
"mmO_Cl'$=Y!".9%%/$+! (Q6!]<.2)I IH=*/%/$!/=:&$.8%'$! SY:A*/HS$! ;*:8.)1a_1&%*/8IVA.5!$8!1\V/*:!
*00/+%! ?=E=/!+%8%!'$! &%*%0+./! <.=)I }5TK! ?=%! %/'=%8! &*! <.&-9D)%+*8%./! '$! &E*:8%/$! $/! +$!
5)<"g0!]7%&&*)'C! TA*)<!$81*&II"mm1C!}=C! T=$8+=H=!$8!*&I! "mm1_I!f/1 +*%68! 2=$! 5)<"g0! %/8$
*U$: &E*:8%/$!|U.%)! &*! +$:8%./! GGII ON\I :%M'$++.=+ | $8!1 2=E%&! $Y%+8%! =/!'%6*& H=$!).%+|
*AD)%/$+ [ T=*)%! "m\"_I1 J$! <&=+15)<"g0! %/8$)*H%8! *US$:! &*!:.)8*:8%/$C! &*1 U%/:=&%/$! $8! &
*'AD)%/$!|! <*)!:$!L%*%+!65W!B.=$!=/1)0&$! :)=:%*&! */+! &*1 &%0*%o+./''$+! SQ! > &*1 7QS! $8!*/+!1 &
8%6*%+./+]:$8&=E&SM:$&&=&$!*=18)*U$)+!'$!S":1"1]T=*)%!"m\"_|165W!:.9<.)8%$!0)DHY%./+!)%:A$+
<).&%I/$! $8! <.=U*/8!%/8%$)*H%)! *U$:! T):C! 5T5K\C! <\OMC! 5);!]<.=)! "I5IK!)%L.+-&*8%./! ;*:8.)!a_(
(VO"I]<.=)!"1H).d8A! ;*:8.)1)$:$<8.)ML.=/'1 <).85%/M"la_! |#.B%9*C! 7.)%/.! $8! *&I!\ee2C! F%=C!
F.%BS$/+! $8!*&I1 "mm" _I! F$!'.9%%/$! SM8$)9%&*&! '$! 65W! :./8%$/8! =/$! )DH%./! 65, ]<.=)! *1;.:*&!
© A$+00./18*)H$8%/H! 65W _IT:A&*$<:$)!1*/'17%8)*1"mm1_1?=0%!U*!<$)9$88)$! > 65W!'Ep8)$!*)$++
US$)+!&S$!:.9<&SYSI'EXAD+%./!;. *&$II F$!'.9%%/$! 65,1 &%$!K*YC! *&Cl\emVA.(Q6!$8! (V56!]<.=)!
1 K*+$! VEH=&*8.)! 5++.:%*8%$" d%8A! 65W!a_I! 65W! <.++R'$! <&=+%%$=)+! 8-).+%/$+! <.=U*/8! p8)
<A.+<A.)-&D$+C!/.8+99$/81q0e4!2=%!=/$!;. %o+1*=8 <A +<A.)-&D$!$+8!=/1+%8$!'$! A*=8$!*;:%6/%8L
<.2)IT)1IS$&=%M:%!U*I>1+./18.=)1<).9.=U.%)! &E*=H9I$/8*8%./!'$!<$)ID*L %&%8D!'"$| &ES/.8BAD&Y
*=18)*U$)+'$I&E*=HO$/8*8%./I'$IS* +106/8)*: $&&=8&*%)$!
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\&O5$" = 7*+9%; 1#-(&)-(&,"*/"*4-*)($5%(5$"*/"*4*\CLI*)")¥)&(")*/V-)), %&-(&,')*-52*-5($")*:$, (1&") 7*
] & F(BH A% \_IWE ) (X &, $(-'(* 1,58 AV&'( 19$-(&, /")* )&9'-52* [")* Z-%("5$)* /"
%$,8))-'%"* _h\*"(*tBh\7*\_IW*4&"* 4")* :$,(1&")* "J9R $-/&2&"R* 33&, R* M+Ct=R*aC+t7* -* :-$(&"* >f
("SHE!-A" ")(* Yo, 1) 1" -$F 4™ [ #-&™F \C3* <B&* "$H" (% AV-I$"))-9"F ["* \Cu* -5* % #:4"2"*
IV-1;1)&, R*#-8)*-5))&*["* A& "$* 4-*:-2&AAK " REAMAP1: *N3t-)")*-5%($-2"$)* /" =XH*1:; h_\7*")*
1 #-8")$&Y%;") <" *:$, 48 ") Pt$, F=R*S$, ER*t$, fIQ*A4-\Cu*:"52" (*4&"$*4")*:$,(1&")*%, ' ("'-' (*/")*
1 #-&™Y* +{1* % ##"* 35&, R* NIC\R* :=IH>-)* "(* C+Ct=7*\Cu* "5 (*y($"* :;,): SA4L* -5+ '€ 2"-5 [")*
(A$,)&")* IXbR* BASfTheR* BASFThbR* 3ASFY e=* "P*3ASFYEFAL-(&, ™ /" \Cu* "* :,)&(&, ™ IXb*
%$1"5*)&("*/"* Z,$("*-ZZ& &(1%:, 5S*+$%*-4, B <B A BAL-(&, %1, ) &(&, *XET*2-*:$,#,52,&$*
4-*4&-&),"*-2"%*hI[ETH\BIEHH*)"*4&-'(*-5*/ #-&" Y&/ \CU*2-*&";&0"$* @*4V-%(&28&(1*%o-(-4A(&<5"*/"*
\CU*"(¥4-%1;) SAL-(&, "% 1 )&(&, ™ X=H*O* 5% ($-2'$)* "= 4-*tu>* 5% ["* _IUE* %" <5&* 2-* &tt:-Vo("$*
"19-(82"#" (*)5$*4-*%-1- Y& (1*/"*4-*1-2&AAE& | &) 42" %M\ CIT*BV-1$F)*P+%6;4-":2"$*- [*WE&($-*EHHIQ7*
|

! F$+! ./8)*%/8$+! '$! :%+*%8&$9$/8! *:8%US$/8! &$+! %/8DH)%/$+! '$+! :$&&=&$+! $/'.8A
. 99$! &35! 9./8)$/8! &$! 'DUS&.<<$9$/8! '$+! :&=+8%)+! 'NY/BDH)%/$+! [I/HC! 7%*.1 $8! *&I "mm"_C
&N*++.:96*8%./1*US:1 &*1<).8D%/$! TA: ]SAS/C! F%! $81*&I\eee ! $8!&*&%6*%6+./1*US:1 HIM\I2=%
*/8%:.)<+12=9%1)$:.//%8! +<D:%;%?=$9$/8! &NY%/8DH)%/$! ~ f E!*:8%UD$!],b%9*C!'$&!K.b.!$8!
&*)DH=&*8%./!'$|&NSY <)$++%./I HD/%?2=$!<*)!&*1:./8)*%/8$!JF%CI P*H*1$8!*&I1"mm2_|IFN*:89
06/8DH)%/$+1%/ =%8$I<*)1&$+!:./8)*%6/85+!'$!:%6+*06&&$IF/8I'DY*))$I*<)R+N\I90%/=8$!$8!'=)$!<&
31 AS=)$+H! 0&.2=3)! &$+! %6/8DH)%/$+! “US:! '$+! */8%:.)<+! */8%M%/8DH)%/S+! .=! '$+! %/A%LE
<$<8%'$+! V(J! U *88D/=$)! &*! +06H/*E&Y%+*8%./! %/'=%8$! <*)! &$! :%+*0&ESIS/B! $8! &$+! :A’
1 [:8%.1/$&+1%/'=%8+1](%)*)'1*/'1#$)$9N\ee2CIOA=&&*)CIF%!$8!*&IN\eeiCIF%=CISA$/I$8!*&I"mm



667* G,&")*&'($-%"4454-&$")*"*AV"'[,(;14&5#* 544, - & B#-4*"(*
-9$")1*"(*)")*%,")1<5"%")*)5$*4-*:"$#1-0&4& (1 7*

667*17=A(,)<5"4"(("**

! F$! :-8.+7=3&$88%! +$! :.9<.+$! '$! O! 8-<$+! 'ND&D9$/8+! ;./:8%.//*/8! $/! )D+$*=Y!
%/8%):.//$:8D+2!9%:).;%&*9%$/8+!'E*:8%/$C! ;%&*9%$/8+!%/8%$)9D'%*%)$+!$8!9%:).8=L=&$+I! T%
)%8%?=$! '=! :-8.+?2=$&$88$! 'N*:8%/$! +=)! &*1 <$)9D*L%&%8D! $+8! 'D9./8)D! <*)! '$! /.9L)$=+
D8="$+C! $/! )$U*/:A$C! &$! )o&$! '$+! 9%:).8=L=&$+! $8! '$+! ;%&*9$/8+! %/8$)9D'%*%)$+! */4
)DH=&*8%./! '$! &* L*))%R)$! $/'.8AD&Y*&$! $+8! 9.%/+! :&*%%)! [J="$X! */' (*):%*! "mm\_[! F$+! 8)
)D+$*=Y!D8*/8!%/8%)*:8%;+!;./:8%.//$&&$9$/8!$8!%/8%) D<$/*/8+!;./:8%.//$&&$9$/8C!&$+!$;;$8
+<D:%;%2=$+!"$I &N=/1.=I'$I &N*=8)$!'S! :$+1)D+$*=Y/./1*:8%/%?=$+1)$+8$/8!'%::%:%6&$+!>1:$)
L)+ SHH) Y +IK) S+ +=+1"-/*9% ?7=$+|W&-9X.d+X-\eeeC!(.."$C!J)=L%/!1$8*&I"mmm_I!

6671 7=F$5%(5$"*/")*Z&A-#" ()*IV-%6(&"*

! IF$+! :%&*9$/8+! 'N*:8%/$! B.=$/8! =/! Jo&$! :)%8%?=$! <.=)! & <$)9D*L%&%8D! $/'.8Al
1.99%! &$! 9./8)$/8! &NS$;;$8! '$! &*! :-8.:A*&*+%/$! JC! ?2=%! $/! $/8)*%/*/8! '$+! )=<8=)$+! '$+!
;208*9$/8+! 'N*:8%/$C! $/8)*w/$! *=HI$/8*8%./! '$! <$)9D*L%&%8D! */+! &$+! :$&&=&F+! $/! :=¢
JTA*+L-CITA*+L-1$8!*&IN\ei" 1*&.)+! ?2=3! &*| <A*&&*:%'%/$! 7=%! +8*L%&%+$! &$! ) D+$*=!$/! L&
'D<.&-9D)%+*8%./1$9<p: ASI&S+!"-+:./:8%./+'SI&*IL*¥)) %R)$!%/'=%8$+!<*)1=/1*H ./%+8$!:.99$!1&*!
8A).9L%/$!|KA%&&Y%<+C!F=9!$8!*&I!\eie_I!F$+!;%8&*9$/8+!'N*:8%/$!+$!;..:*&%+$/8!+=)1&$+!/.9
<).8D%/$+! '$! &* 9$9L)*/$! 'D:)%8%$+! <)D:D'$99$/8Z! *'AD)%/$+C! H&-:.:*&-YC! <).8D%/$+!
1&=+%US$+! $8!1 'N*AD+%./! ;.:*&$I! F*1 +8)=:8=)$! '$+! 9%:).;%8&*9$/8+! 'N*:8%/$! B.=$! =/! )o&
. [*9%/8*&! */+! &*1 HD/D)*8%./! '$! &*! 8%/+%./! %/8%)/$! $8! &*! :./8)*:8%./! *:8.M9-.+%/$!
18)*%8D$+!:%M*<)R+ _|!

! F$+19%:).;%&*9$/8+!'E*:8%/$! ]*:8%/$M6! .=!*:8%/$! :%L)%&&*%)$_!'E=/!'%*9R8)$!'ES/U
/9! +./8 '$+! <.&-9R)$+! AD&Y:.S*=Y! :./[+8%8=D+! <*)! &E*++$9L&*HS$! '$! 9./.9R)$+! 'E*:8%/$!
H&.L=8%)$!]*:8%/$M(_C!U.%)!6%H=)$!\4l! FE*:8%/$SM(I1$+81=/$!<).8D%/$!L%MHE.L=&*%)$!'S
'06*OR8)$! $8!'$! 1" XJI*I! FE*:8%/$! $+8! =L%?=%8*%)$! $8! )$<)D+$/8$! B=+?=E>! \2k! '$! &*! 9
<).8D%7?=$! :$&&=8*%)$! 8.8*&$I! F*! <.&-9D)%+*8%./1 '$! &E*:8%/$M(! $/! ;%8&*9$/8+! 'D<$/'! '
:.1:$/8)*8%./! 'E*:8%/SM(! */+! &*! +.&=8%./C! '$! &*! :./:$/8)*8%./! 'E5,K! ]<.=)! 5'$/.+%/$M2NM
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8)%<A.+<A*8$_1$81'$1&*!:./:$/8)*8%./!'$! *8%./+!'%U*&$/AHGSFH |l F*1<.&-9D)%+*8%./!
1.99%/:$1<*)I=/$ID8*<$!'$!/=:&D*8%./1*=1:. =) +I'$I&*?=$&&$!8).%+!9.&D:=&$+I'E*:8%/$!". % U$/8!
+E*++$9L&$)C! :$88%! D8*<$! $+8! &$/8$! *)! 'D;*U.)*L&S! 8A$)9.'-/*9%?=$9%/8I! FE*"%8%./! '$!
1.=U$*=Y19./.9R)$+1+=)1&$!8)%IR)$!"$!'D<*)8!$+81)*<%'$! ¥)| &E*:8%/$M(1&.)+?=ES&ES! $+8! &Y
&E5,K! *=HI$/8$! +./1 *;:9%/%8D! <.=)! &E*:8%/$! ;%L)%&&*%)$I! F*! :./:$/8)*8%./! &.7*&$! '$! &KE*:8
'%9%/=$!*&.)+!1B=+?=E>!:$!?7=$!&*IU%8$++$!'$! <.&-9D)%+*8%./1$8!'$!'D<.&-9D)%+*8%./!+ED"
$8&S$!$+81*<<$&DS!:./:$/8)*8%./!:)%8%?=$!|K.&&*)'\eem_IIF*1:-8.:A*&*+%/$!J! L &.?2=$!&$!:08L
'$1&*1<.8-9D)%+*8%./1'$+!;96&*9$/8+! 'N*:8%/$! *&.)+1 2=$! &*1 <A*&&.% ' %/$! L&.?=$! &$! :08D! |V
6%H=)$N\4_|!

|

— A. Actin

Associates Dissociates
more easily more easily
| - ATP ADP
{ RO e S N
—
E Depolymerization
F-actin
. : —_—
hellcalf||30|ymerd | G-Actin i Slow i
microfilament (detai monomers i
( ) 42 kDa hydrolysis
Phalloidin ===y & _J
(-) End: dissociation (+) End: polymerization
favored avored
|

\&O5$"*=h7*+9%; 1#-*/")*:$,%"))5)*/"*: AA#1$&)-(&, T/ 1:, AAH1$&)- (&, */"*4V-%%(&" T*

")*-%(&,") & &0&($&Y6") " AU A(,%;-4-)& HAHEAL, [&"F),' (*$":$1)" (1")*) 5S4 < 2($1#&(1) *

I5*Z&4-#" (*IV-%(&" T*BV-:$F)*Pu,, 4#- R*E€#*" (*FEHHTQT7*
|
! F*I <.&-9D)%+*8%./! $8! &E.)H*/%+*8%./! '$+! 9%:).;%&*9%$/8+! +./8! ) DH=&D$+! <*)! &$+!
]<.2)! "15:8%/! L%/'%/H! <).8%%/+!a_! "./8! %&! $Y%+8$! $/U%)./! =/$! :$/8*%/$! '$! 9$OL)$+! 2=
<$=U3$/8!+$!&%3$)!>I1&E*:8%/$M(!.=!&E*:8%/$M6I!'F$+!50K!+./8!: &*++D$+!$/!:*8DH.) % $+! 21 &S+
'$1<.&-9D)%+*8%./g'D<.&-9D)%+*8%./C!&$+1)DH=&*8$=)+!"$! +8)=:8=)$+!*:8%/%2=$+! +$:./'*0%)
&3$+1<).8D%/$+!=8%&%+*/8!&E*:8%/$!:.99%!: A*)<$/8%!]}%/'$)!*/'15-+:.=HA!"mm2_I!
! F*1 <.&-9D)%+*8%./! '$! &E*:8%/$! $+8! %/%8%D$! <*)! &$! :.9<&$Y$! 5)<"g0! $8! &$+! ;.)
]7=8&%/+C! P$=+$)!$8!*&l!\eei_|!F$!:.9<&$Y$!5)<"g0C! *=Y!$Y8)D9%8D+!]"_!'$! &E*:8%/$! [*<
*=4+405!L*)L$&D$+! . =IL¥*)LD$+ C!<$)9$8!&*!<.&-9D)%+*8%./1'S!"$=Y!L)%/+!;%&&S+!>!=/1*/H&S
1U.%)! 6%H=)$!\i_I! I$! 9p9$! &SB! :.9<&SYS! <$=8! +$! ;%Y$)! +=)! =/I <.%/8! &$! &./H! 'E=/! ;%&*9¢
'E*:80%0/$! <*)! &E%/8$)9D'%*%)$! '$! I5T<! ]<.=)! "1%+X.88M5&)%:A! +-/').9$! <).8$%/la_! $8!
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T:¥)gI*US!&%D+1>1=/19./.9R)$!'E*:8%/$!$8!*:806UD+<*)1 &$+! (,K*+$+ F$!:.9<&SY$1*%/+%!;.)9D!
<$)9$8! &* <.&-9D)%+*8%./! 'E=/! L)%/! :%&&S$! > 4m‘'l '=! L)%/! 9R)$! |K.&&*)'! "mm4_|! F*
'D<.&-9D)%+*8%./1+<./8*/D$!'SI&ESYS)DI%S8D!IM_1$+8!*::D&D)D$S!<*)1&$!:. 9<&S$Y$!5I67:.:%& %/
0%/'=%8! =/$! 8.)+%./! '=! :%&*9$/8! |O*9L=)H! \eee_|! F$! :.%:*H$! '$! &KESY8)DI%S8D! " ! <*)! S*<h
*=H9$/8%!&*IU%8$++$!'$!)*::.=):%++$9$/8!'=!;%&*9$/8!$/!$9<p:A*/8I&E*B.=8!'$!9./.9R)$+!>!
$88$! $Y8)D9%SDI! F*! H$&..+9%/$! $9<p:AS! &*! <.&-9D)%+*8%./!1'$! &E*:8%/$! ]()$99! */'1 }$H/$)!
"mmm_C!9*%+!$/!;.)9*/8! =/1:.9<&$Y$! *U$:! 5)<"g0! $&&S! <$)9$8! &*! /=:&D*8%./! '$+! ;%&*9$/8+!
'E*:8%/$Il F$+! +.=)%+! WIMHS$&.+%/$! ./8! =/$! 9.8%&%8D! :$&&=8&*%)$C! =/$! U%8$++$! '$! )D
:$&&=&*%)$! )D'=%8%+! *%/+%! ?=E=/$! <$)9D*L%&%8D! *=! <*++*H$! &$=:.:-8*%)$! ;.)8$9%$/8! '%C
[}%8X$CITA*)<$!$8!*&INee2 'FS+!+.=)%+!+=)$Y<)%9*/8! &* I H$&.+%/$!U.%$/8!&$=)!9.8%&%8D!
A*=8$9$/8! *:D&D)D$! |S=//%/HA*IC! T8.++$&! $8! *&l! \ee\ |l S$+! <).8D%/$+! )DH=&*8)%:$+! +.
)$+<./+*L&S+! '=! <AD/.OR/$!'$! 8*<0%+! ).=&*/8!].=! "I8A)$*'9%&%/H1a_! 2=%! ;*:%8%8$! &*1 9.8%&
:$&8&=&*%)$!]S*)&%$)C!F*=)$/8!$8!*&I\eed _|!

! F$+1:968*9%/8+!:.2)8+1'E*:8%/$! &%D$+*=YI50K! :./[+8%8=$/81=/1)D+$*=!+.=+9$9L)*/*%)$
*<<$&D!:.)88Y!:$&&=8&*%)$! $8!'D;%/%8! &*!;.)9$! : $&&=&*%)$! *=!8)*US)+!'$! &*1 8%/+%./!:.)8%:*&
5OK! '$! :$! )D+$*=! +./81 &$+! <).8D%/S+ &%*/8! &E*:8%/$! *=Y! '%::D)$/8$+! <).8D%I
8)*/+9$9L)*/*%)$+!'D:)%8%+!"*/+1&$+1+$:8%./+GGI!"N$8IGGI!"|0!$8!?7=%!)*88*: A$/8!&*|: $&&=&$!>
$/U%).//$9$/81! S$!)D+$*=1<$)9$8!>! &*1:$8&=&$!'$! +E**<8%)! 8)R+1)*<%'$9$/8C!%&! <*)8%:%o<$! *
9.=U$9$/8+! :$8&&=&*U0)$+! [T=$8+=H=! */'I *X$/*d*! "mmO_C! *=! 9*%/8%$/! '$+! <).8DY%/$+!
8)*/+9%$9L)*/*%)$+! >! &$=)! $9<&*:$9$/8! :.99%! &$+! <).8D%/$+! '$+! 5@! $8! ,@C! *%/+%! ?=E*=Y
<AD/.9R/$+I'"E$/".:-8.+3l!



\&OS$ =Y 7*I1)5H1*/")*Z,'%o(&, ") /5% %%, #:4" 2" *CS:E]IM(*/"*5%41-(&,*-$*4")*Z $H&") T*
W, /FA"™:$,: )1%: 5$*4-*'5%41-(&, " (*AV14,'9-(&,*/")* Z&A-#" ()*IV-%6(&"T*.")* Z-%("5$)* Z-% &A&(-'(*4-*
'5%41-(&, "%, ##" *aC+*"(*+%-$]aCG_*4&" (*CH:E]I*B*:$"#&"$*#, #F$"*IV-%(&"*)5$*5*0$&™*
$& V& -A%-Z & ["*%$1"$*5"*0$-'%; * Z &AL L *DHIEH0-$01 "+ 2-*y($"*-44,'91"*MBE) <5V L*0p"*<5"*/")*
B, (L&Y% ™% %, &ZZ"™* 2&"™"™ (* 4-* ) (-0&4&)"$7* . V&)"$0-)* L* 9-5%;"* $":$1)"("* 4-* '5%41-(&,"* "(*
AV14,'9-(&," :-$* 4-* Z $H&"™ -5* '&2"-5* ["* AV"2(S1ERQO-$OL"™* IV5'* Z&A-#"(* '™ "HO$-'%6; 1 7* .-*
Z, SH& ") ("*-((-%0;1"*-5*Z&A-H#" (*:"[-'(*4%14,'9  -(&,'T*BV-:$F)*Pt,44-$/*EHHbQ7*

667*17=FES5%(5$"*/")*Z&4-#" ()*&' ("$H#1/8-&$")*

! F$+! :%&*9$/8+! %/83)9D'%*%)$+! 16G_! +./8! '$+! ;:%L)$+! <).8D%?=$+! 8)R+! +8*L&
| O< +¥/8+I'$+I6G!+./8!/.9L)$=Y!$8106&++E*++:%$/8I$/1:. ) *HS+1] 1:.%6&$']:.%&la_'E$/U%)./\m!
19!'$!'%*9R8)$! U.%)! 6%H=)$! \el! F$+! 6G! +./8! '%+8)%L=D+! *=8.=)! '=1 /. -*=1 *U$:! =/$! H)*/'$!

'%US$)+%8D! 'N.)H*/%+*8%./! ?7=%! 'D<$/'! '=! 8-<$! :$&&=8&*%)$! $8! +ED8$/'$/8! B=+?=E>! &*! <L
$8&=8&*%)$!.UI%&+U./81+E*/)$)!>I&*I19$OL)*/$1<&*+9%?=$!]T8)$&X.UC!P$))9*//1$81*&I"mmO _



\&O5S *=XT*+9%; 1#-*/")*:$,%"))5)*/"*: AA#1$&)-(&, "V Z&4-#"()* &' ("$#1/&-&$") T*

BV-:$F)*Pu,,4#-'R*E#*" (*-47T*EHHTQT*
|
! F$+19./.9R)$+1:./+8%8=*/8+1&$+6G!/$1+$1)$8) =U$/8! 2=*+069%/81<*+ > REDS*BI &% L) $!"
&5+ :$&8=8$+|T.$&&I$)C! T=9%/8*/1 $81*&IN\ei2_|! F$+ 6G! +./8! +8)=:8=)$8&$9$/8! 8)R+! +8*L&
.. [+8%8=D%$+! <*)1'%;;D)$/8%+! <).8D%/$+! *-*/8! =/$! +8)=:8=)$! $/! 8% HS$! *US$:! $/! &$=)! :$/8)$! =/¢
+=<$)| AD&Y:$! ~1*&& . /HD$! $81%6/83$)).9<=$!<*)18).%-+! +$HO$/8+!/./I AD&%:. S*=Y12=0%1+./81<) <
>A*?=$19.&D:=&$! $8! <*)! :.[+D?=3$/8! >! :A*?=$! 8-<$! '$! 6GI! I$=Y!"'%IR)$+! +E*++.:%%$/8! '$!
1 5/8%<*)*&&R&S$! <.=)! ;.)9%)! =/ 8D8)*9R)$I! F$+! 8D8)*IR)$+! +./8! *))*/HD+! '$! 9%/%R)$!
D:A$&.//D$! $8! ;.)9%/8! =/! <).8.;%&*9%/8! 8)R+! +8*L&SI! FE*++.:%*8%./! '$! i! <).8.;%&*9%/8+!
: J+8%8=$!1*&.)+1 =/! :9%&*9$/8! %/8$)9D'%*%0)$I! F*1 <)D'.9%/*/:$! 'Sl :$+1 +8)=:8=)$+! +8*L&S+! "*/+!
&$+1+%83+!'$!'D;.)9*8%./19D:*/%?=$!+=HHR)$!=/$!;./:8%./!'$!) D+%+8*/:$!9D:*/%?=$I!!
! FE$/'.8AD&%=9!$Y<)%9%$! <)%/:%<*&$9$/8! &*1U%9$/8%/$! $8! &*!:-8.XD)*8%/$!|K*88./C
$8! *&lI!' \eemC! 5&$Y*/'$)C! K*88./! $8! *&l! \ee\ |I! FE=8%&%+*8%./! '$! 8A).9L%/$! *L.=8%8!
<A.+<A)-&*8%./! '$! &*! U%9$/8%/$! <*)! &*! KWSC! :$! ?=%! '%9%/=$! +./' *;;%/%8D! *=Y! <).8I
B./:8%.//$&&$+!]10.)9*//CIP=*/H!$8!*&I"\ei3_IIF*I<A.+<A.)-&*8%./!'$+!9.&D:=&$+!'$!B./:8%./+!
:.99%! &* [QOM:*'AD)%/$! <*)! &E=8%&%+*8%./! 'EA%+8*9%/$! $9<p:A$! REDB*L&%++$9$/8!'$! &
$/8)$! &*1 U%9$/8%/$! $8! &* [QM:*AD)%/$! TTA*+L-C! T8SUS/+! $8! *&I1\eed 1 J$+! +.=)%+ Wil <.
U%9%$/8%/$!./8!=/1<AD/.8-<$!/.)9*&!$8!/$!<)D+$/8%/8!<*+I'E*&8D)*8%./!'$! &$=)!:-8.+?7=$&$88$!
'E*:8%/$! .=! '$+! 9%:).8=L=&$+! Q&&S$+! /$! +$9L&P/8! <*+! <)D+$/8%)! '$! :A*/H$O$/8+! '$! &*!
<$)9D*L%&%8D! $/'. BAD&Y*&$!|S.&=::%M(=-./C! K.)8%$)! $8! *&Il\eel_|! S$:%! +=HHR)$! 7=$!']
'$1:.9<$/+*8%./1 <$=U$/8! +N.<D)$)! $/1 )*%o+./'$+1)$"./*/:$+! +8)=:8=)*&$+! *<<.)8D$+! <*)!
&N ++.:96*8%./1'$+1'%::D)$/8+ ) D+$*=Y!'$! :%6&*9%/8+| F$+ 6G1)$/;.):$/8! $8! +8*L %&%+$/8! DH*



&$+! B./:8%./+! %/83):$8&=8&*U)$+! $8! <$)9$88$/8! *=! +$%/! '$+! D<%BADE&%=9+! &$! 8)*/
- 18)*06/8$+19D:*/%6?=$+'E=/$!B./:8%./1%/8%$): $8&=8&*%)$!>| &E*=8)$|!

667+ 7=H($5%(5$"*/") #8%$,(5054")*

! F$+19%:).8=L=&$+! +./8!'$+! 8=L$+! )$=Y!'$! "21/91'$! '%*9R8)$! <.&-9D)%+D+! > <*)8%)!
'EADSD).'%9R)$! '$! 8=L=8%/$! :./[+8%8=D! '$+! +.=+M=/%8D~+! ~1 $8! f1]20! $8! 22! XJ* I }*$! */
P-9*/\eed 1IS$+!AD8D).'%9R)$+!+E*++$9L&$/8!<.=)!:.)9%)!'$+!<).8.;%8&*9$/8+C!&E*++.:%*8%./
'$1\0I<).8.;%8&*9$/8+!:.)9$I&*IL*+$I'=19%).8=L=8&$!U.%)!6%H=)$!"ml!

\&O5S *EHT7*+9%; 1#-*/")*:$,%"))5)*/"*:, AA#1 $&)-(&, t11: 4A#1$&)- (&, *")*#&%S,(5054") 7*
V-%(&,*/"*1&ZZ1$" (")*/$,95")*)5$*4"*:$,%"))5) (A8 1&<51"T*BV-:$F)*Pu, ,4#- R*IE€#*" (*-4T*EHHTQ7*
|
! F$+19%:).8=L=8$+!+./8!'$+1+8)=:8=)$+!'-/*0%6?=$+1*U$:!=/$I$Y8)DI%8D!]"_I$8!$Y8)DI%
=/$!$Y8)D9I%8D! |M_I! FE$Y8)D9%SD!M_! $+8!+8*L%&%+D$! <*)! =/$!:.%;;$! &%6D$! >! =/! :$/8)$
*<<$&D! :$/8).+.93I! FE$Y8)DI%8D! |* | &%L)$! */+! &$! -8.<&*+9$! <)D+$/8$! =/$! %/+8*L%
[¥9062=$C! *)! &*1 & [H=$=)!'=19%:).8=L=&$! $+8!'D<$/*/8$! '$! &*1 & /H=$=)!"$! &*! :. %::$! '$!
(KI]<.2)! (=% +%/SM2NMB)%<A. +<A*8$_IIF* (,KI$+81*++.:96D!*=19%:).8=L=&$! $8! $+8! &$/8$9
A-).&-+D$! $/! (IK! ]<.2)! (=*/.+%/$SM2NM'%<A. +<A*8$_I! F*! +8+L%&%8D! '$! &ESYS)DI%S
0%/, &=$/:D$! <*)1 &*1:./:$/8)*8%./1'$! 8=L=8&%/$! &%6L)$C!'$! 8=L=&%/$! <.&-9D)%+D$! *%/+%! 2=$
L [:$/8)*8%./! *&:%?=$! %/8)*:$&&=8&*%)$! ?=0C! &)+?=ES&ES! $+8! %9<.)8*/8%! U ;*U.)9
'D<.&-9D)%+*8%./!I'$I&E$Y8)DI%SD!]"_IIF*)=<8=)$!'$+19%:).8=L=&$+*US:I'$+*H$/8+!:.99$!&
1.:.%0.&$! 7=%! L&.?=$! &$! 1.8D! "1 '$+! :%&*9$/8+! $/8)*W/$! =/1)$/;.):$9$/8! '$! &*1 +8)=:8=)$!



'‘N*:8%/$!$8!'$+!*' AD+%./+!;.:*&$+1]0$)+A*'+X-CISA*=+.U+X-1$8!*&I\ee3C![$)%/C! O%)=X.U*'$
"mm\_C!=/$!*=H9$/8*8%./!'$!&*!:./8)*:8%./!%+.9D8)%?=3!1J*/.d+X%!\eie_C!&N*=H9$/8*8%./!'$!
&*1 <$)9D*L%&%8D! '$! &*! :.=:A$! $/'.8AD&W*&S! W%S&L*++*C! T:A9%8hb! $8! *&I! \eei_|! F$!)o
+8)=:8=)$! '$+1 9%:).8=L=&$+! )$+8$! '%;;%:%&$! >! DU*&=3)! $/! )*%+./1'$! &N%/8)%:*8%./! '$+!
+8)=:8=)*=Y!'=1:-8.+7=$&$88$!!!!

! F$+!<).8D%/$+! +E*++.:%*/8! *=Y19%:).8=L=&$+! +./8! *<<$&D$+! '17%:).8=L=&$! *++.:%*
<).8%%/+!all F$+!"-/D%/$+! $8! X%/D+%/$+! *++.:%D$+! *=Y19%:).8=L=&$+! <$)9$88%$/8!'ESY$):$
;.):$+! $/8)*%/*/8! =/! 9.=U$9$/8! '$+! .YH*/$&&S+! ]<*)! $Y$I<&S! '$+! 9%8.:A.[)%$+_C! &$!
9.=U$9%/8! :%&%*%)$! */+! &$+! D<%BAD&E&Y%=9+C! &$! L*88%$9%/8! ;&*H$&&*%)$C! &$! 9.=U:
:A).9.+.98+! '=)*/8! &$! :-:&P! :$&&=&*%)SB! .=! $/:.)$! &*1 9.8%8&%8D! :$&&=&*%)$! |7*/'$&X.d! */'!
7*'$&X.d! \ee2_|! I$! <*)! &$=)! 8*00&&SP! $8! &$=)! +8)=:8=)$C! &$+! 9%:).8=L=&$+! *++=)$/8!
)D+%+8*/:$ *=Y1;.):$+!1 "Bl 1.9<)$++%0./1 $/! 1.9<&DI$/8%)%8D! *U$:! &$+! D&DIS/B+! :.9<)$++%;+!
<)D+$/8+!"/+I&N$/U%).//$9$/8!$Y 8)*: $&&=8&*%0)$!|T8*9$/.U%: */'|G/HLS)!"mm"_!

667*I7TES%") & ($-%"4454-&$")*" (*%A(,)<5"4"(("**

! IB<=9%+! <&=+!"$! OM! */+C! /! :.[+%'R)$! 2=$! &$! :-8.+7=$8$88%! :$&&=&*%)$! B.=$! =/1)
069<.)8*/8! "*/+1 &$! :./8)0&S$! '$! &*1 <$)9D*L%&I68D! $/'.BADEY*ES! $/! )*%o+./1 '$! +*| *<*:%8D!
HD/D)$)! $8! 8)*/+0$88)$! &$+!;.):$+! *=1 +$%/! '$! &*1 :$&&=ESC! $/8)$! <&=+%$=)+! :$&8=&$+! $8!
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alveolo-capillary barrier, (iii) leukocyte recruitmentéplatelet segregation [7]. Noteworthy, the injured
alveolus typical to ARDS is characterized by a marked ditemanf the endothelial cell function, e.g., the
permeability, which depbnitely implies both remodelingtwd tytoskeleton (CSK) structure and a change
in adhesion system required for leukocyte adhesion [8]uland tissular lesions dramatically modify
the tiny force equilibrium responsible for endotheliumeigtity. As earlier proposed by Dudek and
Garcia [9], endothelium integrity critically depends oe ttalance between competing forces, namely (i)
contractile forces responsible for centripetal intradali tension and (ii) adhesion forces which control
the preservation of both cellbcell and cellbmatrix jumstiorhese two types of forces are intimately
linked to the CSK and notably to the actin CSK structure whigfulates cell shape and intracellular
tension [10,11] and transduces signals within and betwedatbelial cells [12,13]. Although the role of
cellbcell junctions in the cell barrier integrity has besmyély studied [14D17], the role the cellPmatrix
junctions in the alteration of integrity of the stressed@helium has been more rarely considered [18].

We presently propose a cellular model in which a conf3uent monolayer of human pulmonary microvas-
cular endothelial cells (HPMVECS) is exposed to sustain@ticmechanical stress directly addressed
to the CSK. We measure permeability after 1 and 2 h of strgsiécagon. In this model, we also char-
acterize the role of cyclic stress on the remodeling of aC®iK as well as on the redistribution of a key
transmembrane adhesion molecule for adhesion site aotivae., the! " ; integrins. Upon chemical
activation,! " 3 integrins form a receptor-ligand complex acting as a priageaf focal complex during
cell migration [19,20]. Moreovet,," 3 integrin is a very important molecular link in regulatingiethe-
lial cells permeability during chemical stresses [21]. A kemaining question is the role of mechanical
stress in thig " 3 regulation.

Consistently with earlier works [22], present results shibat rigidity of extracellular matrix favors
strengthening of integrin-cytoskeleton linkages evidshby the marked clustering of," 3 integrins
in the stressed endothelium. Moreover, consistently withppeviously published theoretical approach
on the regulation of adhesion sites by both environmentadtien forces and intracellular forces [23],
we Pnd that the higher rigidity of the matrix compared to tb#es adjacent endothelial cells, could
be responsible for latero-basal differences in envirortaldorces, and therefore, latero-basal hetero-
geneities in adhesion site reinforcement. In our celluladet, enhanced traction forces would result in
reinforcing cellbmatrix junctions more than cellbcellctions, consistently with the reported increase
in permeability of the stressed endothelium.

2. Methods

The cellular model is made of primary HPMVEC grown at configeim specibPc medium. Cyclic
stretch is specibcally directed toward the actin CSK by medifierromagnetic beads (4.5 um in diame-
ter), coated with a synthetic peptide RGD which is recoghlaetransmembrane integrin receptors. This
method has been efpciently used to study the long term cgibreses (several hours) to CSK-specibc
cyclic homogeneous loading over a whole cell culture [24lva$i as the short term cell response (less
than a second) to a local stress imposed via integrins [@Frdsent experiments, the HPMVEC culture
is placed in a magnetic twisting stimulator providing ondveo hours of mechanical stimulation in sta-
ble controlled conditions since the system is located aaidincubator. It allows generating a sustained
mechanical stretch induced by a cyclic stress signal of lxeglitude and frequency (presently of the
order of 10 Pa and 3 Hz, respectively) which is exactly theesawer the culture. Barrier function was
detected with FITC-dextran Bux in transwell model using danale of low molecular weight (3 kDa).
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Noteworthy, present results also reveal that the increasadothelial permeability could be due to
discrepancies in latero-basal reinforcement in respamsgternal mechanical stress and an associated
increase in CSK stiffness and centripetal intracellulacdés. Such a mechanism can be understood based
on our recent theoretical considerations on the force atigu of adhesion sites by extra and intracellular
properties [23]. In response to higher centripetal foredisadhesion sites would be exposed to higher
traction forces. However, since rigidity of adjacent emmadial cells is still smaller than the rigidity of
the matrix (even though partially increased by the celltdsponse to external stress), one can expect a
stronger reinforcement for basal adhesion sites whiledhtellbcell adhesion site reinforcement would
be less. We call this concept: differential latero-basaifoecement of cell adhesion in response to
mechanical stress. Weaker reinforcement of the laterldcell junctions could advantageously explain
why Pltration is found to increase in the stressed endatimeli

The physiopathological relevance of the present resuégptained below. The endothelial cell (EC)
lining of the pulmonary vasculature forms a semi-permeableier between the blood and the inter-
stitium of the lung whose bltration properties [17,26] aresently represented by control conditions
in Fig. 2 (zero stress added). Disruption of this barrieruws@uring mechanical ventilation and/or in-
Bammatory state and results in higher movement of Buid armton®lecules into the interstitium and
pulmonary air spaces. Present model shows that mechatimalation by itself B presently induced by
twisted RGD-coated microbeads b is susceptible to incthasendothelial permeability (Fig. 2). A po-
tential mechanism is then proposed to explain the undeylgiechanism: because of the competition
between contractile and adhesive forces which develogeicaohntext of latero-basal polarity in adhesion
site reinforcement, adhesive cellbcell forces fail to tedoalance the increase in contractile forces and
let the endothelial permeability increase. By contradtesile cellDmatrix forces are strongly reinforced
as presently suggested by the formation of clustets,b§ integrins near the basal cell face of stressed
endothelium.

To which extent the endothelial barrier exhiliitsvivo such a rigidity-dependent latero-basal polarity
in response to an increase in intracellular stress is betlemdcope of the present paper. What can be
said is that any heterogeneity in mechanical propertiesdssi cells and extracellular matrix would
result in latero-basal differential reinforcement with @sgibility of losing endothelial integrity. Note
also that the multiple forms of mechanical stresses exartetling cells are susceptible to generate
heterogeneities especially in diseased lungs. For instdne OshearO stress is reinforced at the alveolar
level when edema Ruid Roods the airspace. Moreover, Or@rstasses which oppose elastic recoil
during lung inRation, lead to tension in the alveolar septad subsequent cell deformation. The latter
could be considerably increased during acute lung injucabse elastic recoil is increased by the disease
[30]. Moreover, considering the marked heterogeneitienéthanical properties of the constituents of
the deep lung structure (e.g., collagen/elastin bbefferdiit cell types. .) [31], there are some reasons
to consider that structural/mechanical heterogeneit&iaforced in pathophysiological conditions as
suggested above, lead to an unequal reinforcement atarejluictions in response to the increase in
intracellular tension. Beyond, additional work is neededssess the real amount of this differential
reinforcement in the pathological lungs.

4. Conclusion

Taken together, present results reveal a critical role offrarical forces in the regulation of pul-
monary endothelial cell permeability. They strongly sudggessidering, as a potential mechanism, the
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heterogeneities in adhesion site activation between Wasal(i.e., through " 5 integrin clustering)
and lateral faces (i.e., through cellbcell junctions).sEheeterogeneities would occur in response to the
global increase in intracellular centripetal forces inelliby acto-myosin contraction while being poten-
tialized by mechanical or chemical activation. One possibErapeutic approach would be to examine
the effect of an antagonist of," 3 integrin, considering that limiting cellbmatrix reinfernent might
positively affect the strength of cellbcell junctions aadtier preserve the integrity of the pulmonary
microvascular endothelium. However this requires furtterbrmation studies.
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We show herein how mechanical forces at macro or micro scales may affect the biological response at
the nanoscale. The reason resides in the intimate link between chemistry and mechanics at the
molecular level. These interactions occur under dynamic conditions such as the shear stress induced by
Bowing blood or the intracellular tension. Thus, resisting removal by mechanical forces, e.g., shear
stresses, is a general property of cells provided by cellular adhesion. Using classical models issued from
theoretical physics, we review the force regulation phenomena of the single bond. However, to
understand the force regulation of cellular adhesion sites, we need to consider the collective behavior of
receptorbligand bonds. We discuss the applicability of single bond theories to describe collective bond
behavior. Depending on bond conbguration, e.g., presently OOparallel®0 and 0Ozipper®O, the number of bonds

and dissociation forces variably affect the kinetics of multiple bonds. We reveal a marked efpciency of
the collective organization to stabilize multiple bonds by sharply increasing bond lifetime compared to
single bond. These theoretical predictions are then compared to experimental results of the literature
concerning the kinetic parameters of bonds measured by atomic force microscopy and by shear Row.
These comparisons reveal that the force-control of bonds strongly depends on whether the force
distribution on multiple bonds is homogeneous, e.g., in AFM experiments, or heterogeneous, e.g., in
shear Bow experiments. This reinforces the need of calculating the stress/strain belds exerted on living
tissues or cells at various scales and certainly down to the molecular scale.

& 2012 Elsevier Ltd. All rights reserved.

1. Introduction

It is widely accepted that mechanical forces control normal
biological processes and their pathological alterations through
cellbenvironment interactions ( Discher et al., 2005). These inter-
actions occur under dynamic conditions, e.g., the Bowing blood;
the internal tension, through adhesion sites which are protein
assemblies through clusters which link the cytoskeleton to

the extracellular environment ( Geiger and Bershadsky, 2001).

In particular, receptorbligand bond anchoring cells in the pre-
sence of Bowing liquids are stretched by tensile mechanical forces
that balance the drag force on the bound cell. Therefore, stabiliza-
tion under force and resisting removal to shear stresses B and to
intra/extracellular stretching forcesbare fundamental properties
of cellular adhesion. Moreover, weakening or strengthening

" Correspondence to: Inserm UMR 955, Equipe Biome«anique Cellulaire et
Respiratoire, Faculte<de Medecine, 8, rue du General Sarrail, 94010 Creteil Cedex,
France. Tel.:! 33149813700; fax: ! 331489817 77.
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adhesion by mechanical force remains an opened question if
one wants to understand Row-controlled key cellular interactions
such as: macrophagebepithelium , leukocyteBendothelium or
bacteriabhost cell ( Thomas, 2008; Thomas et al., 2008).

A fundamental aspect to consider is the stochastic nature of
molecular adhesion and the subsequent bond detachment under
force which are extensively described in the literature ( Bongrand
and Golstein, 1983 ; Evans, 1998). A less considered aspect deals
with the complexity of adhesion structures since cellular adhe-
sion involves not only one but several bonds, which stabilize and
resist mechanical forces through different strategies of associa-
tion and reinforcement ( Evans, 2001, Evans and Ritchie, 1994;
Leckband et al., 1992). These strategies are most likely inBuenced
by forces generated through the intracellular structure or transit-
ing through the extracellular environment (  Fereol et al., 2009)
and a number of biochemical and biomechanical processes
implicating many signaling pathways ( Vogel and Sheetz, 2009).
From initial adhesion to focal complex and beyond the mature
focal adhesion, the adhesion site conbguration changes and the
maximal force supported by adhesion sites varies by six orders of
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magnitude (pN- NMN) (Bruinsma, 2005). Although these adhesion
sites are made of similar weak bond units B i .e., a non covalent
molecular link given to support forces up to the pN b their collec-
tive organization allows them supporting a huge range of stress
(Geiger and Bershadsky, 2001). The structural changes associated
to stabilization and strengthening include: (i) increase in
cellbsubstrate contact area (spreading) ( Capo et al.,, 1981),
(ii) recruitment of receptors to anchoring sites including their
lateral association (clustering) ( Andre et al., 1990; Bell et al.,
1984; Cluzel et al.,, 2005), (iii) interaction with cytoskeleton
elements that lead to enhanced force distribution among bound
receptors via local cytoskeleton stiffening (focal adhesion assem-
bly) (Pasternak and Elson, 1985). These mechanisms of adhesion
strengthening are supported by numerous observations from
various cellular systems ( Balaban et al., 2001; Choquet et al.,
1997; Galbraith et al., 2002 ; Giannone et al., 2003; Zhu et al.,
2008). Trying to understand these mechanisms of adhesion
stabilization or reinforcement, and how they are regulated by
force, remains challenging questions which require new theore-
tical knowledge and pertinent analysis of data.

Recognizing the need to expose actions at the submicroscopic
level, many research groups have employed ultrasensitive force
technigues to probe extremely small regions of adhesive contact
between surfaces functionalized by biological molecules (  Evans
and Ritchie, 1994 ; Leckband et al., 1992). Most direct measure-
ments of single bond strength have been performed with three
types of ultrasensitive probes: the Atomic Force Microscope
(AFM) where force is sensed by def3ection of a thin silicon nitride
cantilever ( Binnig et al., 1986 ), the Biomembrane Force Probe
(BFP) where force is sensed by a glass microsphere glued to the
pole of a micropipette-pressurized membrane capsule ( Evans
et al., 1995; Simson et al., 1998); and the laser optical tweezers
where force is sensed by displacement of a microsphere trapped
in a narrowly focused beam of laser light ( Ashkin, 1992 ; Ashkin
et al., 1990). Common limitations associated with these techni-
ques deal with thermal Buctuations, hydrodynamic interactions,
and noteworthy the difbculty of controlling the number and the
conpbguration of bonds implicated.

Since most of adhesive interactions are initiated and then
sustained under Row conditions (in priority blood but not only),
cell resistance to removing by Ruid shear stress using a OOlaminar
Row chamber®O has become a relevant method to measure the
kinetics of receptor-ligand adhesion ( Bongrand and Golstein,
1983; Pierres et al., 1996a, 1996b). Basically, particles or circulat-
ing cells covered by receptors are 3owing near a surface coated by
a ligand and arrested by the formation of limited number of
adhesion bonds, e.g., one per cell in many experiments, as far as
hydrodynamic forces do not exceed a few pNs ( Kaplanski et al.,
1993; Pierres et al., 1996a; Smith et al., 1999 ). The relationship
between the number of arrested particles and the duration of
their arrest allows (i) determining detachment curves whose
initial slope provides the dissociation rate ( Chang and Hammer,
1999; Smith et al.,, 1999 ; Tissot et al., 1992) and moreover
(i) studying the mechanisms of Row-enhanced cell adhesion
(Zhu et al., 2008).

The present paper concerns some under considered aspects of
the regulation by mechanical force of collective bond organization
implicated in the structuration of different adhesion sites.
We purposely apply theories of bond dissociation B issued from
stochastic approaches b to different types of bond conbgurations,
e.g., parallel or zipper bonds, on which dissociation forces are
exerted. The experimental data purposely used are issued from
two different methods: the atomic force microscopy (AFM) and
the laminar (viscous) shear RBow. It appears that force-control of
multiple bonds strongly depends on whether the force distribu-
tion on multiple bonds is homogeneous, such as during certain

! !
!

AFM experiments, or heterogeneous, such as during shear Row
experiments. Thus, to understand the cell adhesion response to
stretch, the knowledge of force distribution is needed down to the
smallest scale possible. This reinforces the need of calculating the
stress/strain belds exerted on living tissues or cells at various
scales and certainly down to the molecular scale.

2. Methods
2.1. Kinetic theory of bond dissociation

2.1.1. Single bond

Weak noncovalent interactions between large molecules mediate many of
lifeOs functions in cells (Evans, 2001). The strength of interaction is the level of
force to disrupt a bond on a particular time scale, knowing that these molecular
interactions have limited lifetimes and thus fail under any level of force if pulled
on for modest period of time ( Evans, 1998). For instance, an isolated bond has no
strength on times scales longer than its natural lifetime for spontaneous dissocia-
tion (entropy-driven):  t%, . On the other hand, when a bond is pulled apart faster
than needed for diffusive relaxation, it is classically thought, to resist,to detach-
ment by a force given by the maximum gradient, fy,.q! @XE@ max » Where is
the interaction potential or energy contour debned along the distance of separa-
tion. Thus, from the slow limit set by spontaneous transition, tg”, to the ultrafast
limit for diffusive relaxation, tp , (E 10°'°p10®°s, i.e., the Brownian time),
strength of non covalent bonds is governed by thermally activated kinetics under
external force and depends on how force is applied over time. To describe bond
kinetics, the simplest model of chemical binding is a single-sharp barrier model
which takes into account the major impact of force on thermally activated kinetics
that is an exponential amplipcation of the forward rate for dissociation character-
ized by a small force scale:

| |
Korr T#! exp $ B,"f#keT "1#

E,"f# %EQ$ fxp "2

In this model, the energy barrier of a single bond is characterized in its
simplest form by its height at zero force, Eg, and the distance xy, in the direction of
force (in nanometer or a fraction of nm) at which this energy barrier is located .
The impact of a force depends on how the energy landscape is deformed by the
force (given by Eq. (2)). For sharp energy barriers, the shape and location of
transition state are insensitive to force and barrier is lowered by force in
proportion to the thermally averaged projection of the barrier Xp (Egs. (1) and
(2)). Thus, thermal activation sets a small force scale, kgT=x, given by:

fp % keT "3
Xb
f, (unit: picoNewton, pN) provides a reference force scale that remains rather

small since the thermal energy per molecule is only: keT & 4pN "' nm, (with
kg%1.381" 10% 22 J/K , Boltzman constant in Joule/Kelvin and T absolute room
temperature in Kelvin), and x,E 0.1D1 nm, (e.g.,foE 13 pN for integrin-VCAM linkage
(Evans and Kinoshita, 2007); fpE 3D9 pN for adhesion between platelets and
subendothelial matrix ( Arya et al., 2005)). Using this scale, the rate of dissociation
increases exponentially with force as proposed in the pioneering work by Bell (1978) :

# $
Kopr"f#1 Kocexp $f=fy "4t

Eq. (4) provides the dissociation rate of a single bond on which a force  fis
exerted. It describes a stochastic phenomena analog to the disintegration of
radioactive substance. The dissociation rate k¢ "f#is linked to the probability — P(t)
that the bond survives by a simple differential equation which provides the
expression of P't#

. % Z, &
:{j% $kosr FUt##t or equivalently P't# %exp $ . Kop f 1t %it° "S#

The prefactor of the dissociation rate given by the Bell model (Eq. (4))
corresponds to the zero-force dissociation rate which classically depends on
initial barrier height ~EJ.

o 1 # $ "
Kot % exp $ E)=ksT 6#
D

kgff is the dissociation frequency for spontaneous escape in the absence
of force already debned above . Note that due to the exponential dependence
shown by Eq. (6), bond lifetime tg” %'kg,,#?l is considerably higher than tp.
For instance, an integrin-VCAM bond with an energy barrier of around 20 kgT
(Evans and Kinoshita, 2007 ) has a bond lifetime t% ! 1 s. Bond lifetimes would
reach a few hours for energy barriers of 30 kgT. Due to the enormous gap in time
scale between ultrafast Brownian diffusion and characteristic times of laboratory

\2"
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Fig. 1. The two main conbgurations considered in the present study of the kinetics
of multiple bonds are the parallel conbguration (upper schema) and the zipper
conbguration (lower schema). In the parallel conbguration, the dissociation force,

f, is uniformly distributed amongst identical bonds. After breaking, force is
redistributed amongst the remaining bonds. In the zipper conbguration, the
leading bond experiences the entire force until breaking while it is passed on to
the next. In both cases, it is assumed that bonds break at random times from
brst to last, (i.e., described by a Markovian sequence) because the lack of
mechanical linkage between bonds ensures a sufpcient independence between
bonds.

experiments (between ! 10" * s-min), applied forces are essentially stationary on
the Brownian scale.

2.1.2. Multiple bonds
Three assumptions are made to describe the dynamics of the failure of
multiple uncorrelated bonds ( Fig. 1):

(i) The response to mechanical force of an assembly of bonds obeys to the
principle issued from the single bond theory which states that the response
to force depends on the deformation of energy landscape which thereby
resembles a mountainous terrain made of multiple energy barriers ( Evans,
2001; Tsukasaki et al., 2007).

(i) Associated bonds behave independently (non cooperative bonds). This
supposes sufpcient linkage for assembly but insufpcient linkage to force
the bonds to behave identically to reach simultaneous dissociation (coopera-
tive bonds). Indeed, preserving the stochastic nature of a given bond
assembly is probably the most pertinent assumption for the weak non
covalent interactions that characterize interfacial biological bonds.

(i) Different bond conbgurations (e.g., parallel or zipper) result in different force
regulations ( Fig. 1). In parallel bonds, the load is redistributed among the
surviving bonds ( Evans, 2001). In OOzipperOO bond, only the leading bond
experiences the entire loading force ( Evans, 2001).

Whatever the predominant bond structure, multiple bonds can break at
random times from Prst to last. Thus the global dissociation rate is a function of
the instantaneous force and the distribution of rupture times can merely be
described by a brst order Markov process with time-dependent rate constants
(Evans, 2001; Williams, 2003 ). Hence, far from thermal equilibrium, it is still
possible to generalize the single-dynamic barrier model (Egs.  (1)B(4)) to more
complex barriers. This model predicts that the transition rate |f1°r escapei past a

" 1
ki " '#$  needed

Evans, 1998, 2001):

cascade of N sharp barriers is governed by the sum of times

to transit individual barriers, starting from the bound state (

1
N- 0 .
Ko” # $°/ n%N n- n"1 "1 ﬂ$
no%1 koff #$
According to this approach, each individual bond acts as the barrier of a more

complex bond made of N identical bonds. kg " Lif $represents the transition rate

! \20!
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through each barrier of a multivalent bond. It depends on bond conbguration as
shown below.

Equal sharing of the force between parallel bonds has the effect of multiplying
the force scale for these bonds ( Williams, 2003 ). Moreover, at each failure event,
there are less and less possibilities of rebinding and therefore, the time scale for
event is decreased and the dissociation rate is increased ( Evans, 2001):

1
KD ™ L S 9k exp ni—b 8%

For zipper bonds, the transition rate is constant at given force:
!

- f
o " S kg exp N 0%

Combining Egs. (7) and (8) leads to following expressions of the overall
dissociation rates across N bonds in parallel:

" L #.,

oN
- 1 f
KN O S ooy, Sexp - #0$
now1 b
And a pure analytical expression for zipper bonds (combining Egs.
!
- 1 f
Kot o# $%gﬂ NeXP i
b

(7)and (9) ):
#1$

The series appearing in Eg. (10) has no analytical expression. However, we
presently propose an approximated expression:
] ]

m 05

ptt
KN O SaKdy 2 #2$

N, O Nfy

Egs. (11) and (12) show that the global dissociation rate (noted with capital
letters: Kyi(f)) for multiple bonds working uncooperatively can be written in the
form of a generalized BellOs model:

v#

f
Kot #f $ KO # Sexp —

#3
Fy $

The global dissociation rate, K#$ its prefactor, Kgff#$ which may also be a
function of f depending on bond organization, and the global force scale, F,, shows
the kinetics of failure of multiple bonds with a necessarily composite energy
barrier. Eq. (13) can be linked to an expression of probability P4 $of bond survival
having the form of Eq. (5). The new prefactor K # $characterizes how the width
of the overall chemical energy barrier is modibed by force (Evans and Ritchie,
1997). The exponential term is a damping factor which takes into account the
higher likelihood of reaching the top of the new energy barrier lowered by force in
proportion to the global thermal force scale, F.

R
pur ¢ os
For parallel bonds : K& # $&k%; 2 £ and Ry %Nf, 43
b
For zipper bonds : K% & k=N and Fy %f, #5%

Egs. (14) and (15) which relate collective bond properties to properties of
single bond show explicitly how the collective bond organization modibes the
kinetic adhesion parameters in the case of parallel and zipper conbgurations
respectively.

In many experimental cases, the force experienced by an attachment is not
constant but increases with time. Bonds under slow loading rates have long
lifetimes but only withstand small forces, whereas bonds under fast loading have
shorter lifetimes and withstand larger forces ( Evans, 2001; Evans and Calderwood,
2007; Thomas et al., 2008). Hence, a classical way to explore the chemical energy
landscape traversed in force-driven dissociation is to use adjustable force-ramp
representing many loading rates from very slow to extremely fast. An alternative
method has been recently proposed by Evans and Kinoshita (2007) in which a
force-clamp method is applied to a single bond. The force-clamp method can be
seen as the easiest method to establish the lifetime proble as a constant
dissociation force is applied. Depending on the contours of energy function with
the distance of separation (one or more chemical energy barriers), some bonds
weaken as force increases (as predicted by Bell model, Eq. (4)) while some other
bonds strengthen as force increases ( Sokurenko et al., 2008; Thomas, 2008;
Thomas et al., 2008).

3. Results and discussion
3.1. Theoretical aspects
Fig. 2 summarizes the theoretical predictions for lifetimes

of multiple uncooperative bonds dissociating randomly
(Egs. (10)D(12)). The lifetime of multiple bond (  n%N) normalized
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Fig. 2. The kinetics of uncorrelated multiple indepgpdent gzlnq; is cog\ulpared to
the kinetics of an individual bond. The quantity Kot "f# 7 = Kog¢ "f# ~ represents
the ratio between two lifetimes: the multiple bonds to single bond lifetimes at a
given force f. The lifetime ratio of multiple to single bonds is plotted on a
logarithmic scale as a function of the bond number N for different values of the
separation force given by the ratio f=f, (presently in the range: 2D30). Lifetime
being by depPnition the inverse of the dissociation rate, this ratio provides
equivalently the evolution of the kinetic rate constant, (or dissociation rate), of

the single bond comparatively to the collective bond on which the same force is
exerted. In parallel bonds, the force amplibes B by orders of magnitude b the  N-
dependent increase in relative lifetime. In zipper bonds, the ratio of multiple to
single bond lifetimes also increases, but remains proportional to N. The zipper-
bond relationship can be superimposed to the parallel-bond relationship obtained

for f=f,! 2 . Diamond symbols represent the relationships predicted by the
stochastic theory of uncorrelated multiple parallel bonds (see Eq. (10) and
Williams (2003) ). Empty squares represent the relationships predicted by the
theory of uncorrelated multiple zipper bonds (see Eq. (11) and Williams (2003)
and Evans (2001)). The continuous curves correspond to the proposed adjustment
of the stochastic theory using the explicit form given in Eq. (12) to describe the
kinetics of uncorrelated parallel bonds.

by the bond lifetime of a single and isolated bond ( n! 1) is plotted
versus the number N of identical bonds constituting the parallel

and 00zipperOO conbgurations. The main message is that although

the lifetime of the collective bonds still decreases with increasing
force (as shown by Egs. (11) and (12) ), bonds organized collec-
tively have a much higher capacity to stabilize the adhesive
structure compared to isolated bonds. This stabilization effect
increases with increasing the bond number for both parallel and
zipper conbgurations. Note that by contrast, a series of uncorre-
lated bonds would dissociate faster than single bonds ( Evans,
1998). In parallel and zipper bonds, this effect is particularly
marked at the beginning of bond association: n! 2, 3y . Thus, the
theory predicts that the early phase of lateral bond association is
particularly efbcient for stabilizing adhesion.

If both zipper and parallel conbgurations stabilize adhesion,
the parallel conbguration, where the dissociation force is equally
divided between bonds, reveals a marked effect of the force
in the reduction of the global dissociation rate. This is basically
due to the associated reduction in the exponential amplibcation
classically described by Egs. (1) and (4) for single bonds, and
generalized to collective bonds by Eqgs. (11)D(13). However, at
brst glance, the force-dependent reduction in the dissocia-
tion rate of bonds characterized by a collective organiza-
tion may be seen as a counter intuitive result if we forget to
consider that both single and collective bonds still dissociate
more under a force increase (Egs. (4), (11) and (12) ). Indeed, the
force-induced exponential decrease in bond lifetime is cut down
by the collective bond organization, most remarkably in the
parallel case. We underline here that the effect of increasing
bond stabilization caused by a homogeneous force distribution
has been under-considered before. This is nevertheless a funda-
mental mechanism for the control of cellular adhesion by force,
including the force-dependence of dissociation or stabilization

! !
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rates as well as the force-dependence of weakening or strength-
ening processes. In other words, lateral bond association
(or clustering) is capable to promote an efbcient reduction in
the force-dependent increase in the dissociation rate of adhesion
sites in a context where both collective and individual bonds all
tend to fail at higher force.

By contrast, the zipper conbguration provides a relevant
example of the effect of a heterogeneous distribution of force on
the global failure rate. For N uncorrelated bonds in the zipper
conbguration, the global failure rate is divided by N, meaning
that the stabilization mechanism directly depends on the bond
number but, contrary to the parallel conbguration, not on the
force applied. It is equivalent to say that a heterogeneous force
distribution limits the benepcial effect b in terms of stabilization B
of dividing the force through several bonds.

Another important message brought by the theoretical resul ts
plotted in Fig. 2 is that the analytical equation given by Eq. (10)
provides a satisfactorily curve btting while we noticed tha t pre-
viously proposed gnalytical forms such as in ( Evans, 2001):

Kot "f # $ K NLfbexp NLfb , fail to provide a satisfactorily curve btting.

Note however that the form presently proposed (in Eq.  (12)) to bt
the multiple bond lifetime (Eg. (10)) remains consistent with the

general form previously proposed to describe dissociation  rates of
bonds with necessarily complex,energy barriers ( Evans and Ritchie,

1997): Koy "f#$ ko g"f#exp -, considering that:  kgr g'f#! Koy "f#

. Present results (Fig. 2) bring a new conbrmation of the initial
intuitions of Evans ( Evans, 2001; Evans and Ritchie, 1997) about the
relevance of the Bell type model (Eq. (13)) to describe dissociation
rates of multiple parallel and zipper bonds which are indivi dually in
agreement with the Bell type model (Eq. (11)). Advantageously,
these analytical expressions allow delineating the specib c effects of
bond number and dissociation force on the kinetic adhesion p  ara-
meters in various bond conbgurations ( Fig. 2).

3.2. Comparison with experimental results

3.3. Parallel bonds (bonds equally stretched by AFM tip)

We attempted to analyze the feature of the parallel conbgura-
tion described by the multiple bond theory above. The most
straightforward example is provided by the reference data
obtained by the group of A. Noy ( Friddle et al., 2007 ; Sulchek
et al.,, 2005) who used dynamic force spectroscopy via AFM to
characterize binding of several individual single-chain variable
fragments (scFv) antibody to the Mucinl (MUC1) peptide
(MUC1DBPADb). This interaction is the main targeting mechanism
for a family of experimental radio-immunotherapics for cancer
treatment ( Albrecht et al., 2004 ). Indeed, clinical researchers have
used multivalency of protein adhesion as an afpnity-enhancing
approach in a variety of immunotherapies and imaging techni-
ques to target specibc tissues ( Souriau and Hudson, 2003).
Noteworthy, authors ( Friddle et al., 2007 ; Sulchek et al., 2005)
found a direct experimental veribcation of the uncorrelated
multiple bond rupture model because they were able to impose
a uniform force distribution through a few parallel bonds and
compared with the single bond. A remarkable conbrmation of the
theoretical predictions presented above was brought by these
authors because the dissociation rate found for two (respectively
three) bonds in parallel drop precipitously compared to the single
(respectively two) bond. The present theoretical approach
revealed that in addition to the bond number effect, the effect
of the force magnitude above the reference force scale, was also a
critical parameter. Indeed, in these AFM experiments, force
increased sharply in parallel to the bond number (e.g., f=fy$ 10
for NI 1, f=f,$ 20 for N! 2, f=f;$ 30 for N! 3). Theoretical

\21!
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results shown in Fig. 2 reveal that as force increases, the bond
number effect on dissociation rate is dramatically increased in
uncorrelated parallel bonds with homogeneous force distribution.
Present data demonstrate that the main benepcial effect of
multivalent interactions compared to single bond is the reduction

on the kinetic off-rate and the corresponding increase in lifetime

to the extent that the force distribution remains homogeneous.
Such a parallel conbguration would certainly be desired to
improve the binding efpciency of receptor-targeted immu-
notherapic treatment ( Souriau and Hudson, 2003 ).

3.4. Zipper bonds (bonds unequally stretched by shear Row)

The viscous shear Row allows studying the motion of receptor -
coated cells or particles along a Rat ligand-coated surface . At low
hydrodynamic force (e.g., ! a few picoNewton) and for low ligand
concentrations (e.g., from 9 to 170 ligands/ NMm? in Smith et al.
(1999)), detectable cell/particle arrests reveal single molecul ar bond
formation ( Kaplanski et al., 1993 ; Pierres et al., 1996a; Smith et al.,
1999). Neglecting rebinding if receptor density is low, the diss  ocia-
tion rate could be deduced from the slope of the natural log of
number of cellbsurface interactions versus the duration of  each
event (Kaplanski et al., 1993 ; Pierres et al., 1996b ; Smith et al., 1999 ;
Tissot et al., 1992). In Smith et al. (1999) , the measured unstressed
dissociation rates kgff of single bond remained in a close range of
values: 2.4D3.8s" !, in spite of the wide variety of ligand tested
(i.e., P-selectin, E-selectin, L-selectin and PNAd). This is consistent
with data obtained by other authors on the same cells ( Alon et al.,
1998, 1995; Kaplanski et al., 1993 ; Smith et al., 1999 ). The shear
stressBdependence on dissociation rates, kq(f) , was affected by the
change in receptorbligand afbnity to take values in a higher  range:
536 s ' as expected from Bell model (Eq. (4)) (Smith et al., 1999 ).
Beyond, this type of experiment is important as it allows to s tudy
the Bow-enhanced cell adhesion mechanisms ( Zhu et al., 2008).
Concerning the limits of the single bond assumption in shear ed
cells, it has been suspected that, as ligand density or shear stress
increases, an increased number of multiple bond events is in  volved
in cell adhesion. However, their effect was not thought to de  eply
affect the estimated values of dissociation rate Ky #$ (Smith et al.,
1999).

In single bond models of cell arrest under shear, an oblique
direction of the bond force reacting to the shear force is assumed
(Chang and Hammer, 1999 ; Smith et al., 1999 ; Zhu et al., 2008).
Hydrodynamic theory predicts that once a bond is created with
the substrate, it tends to re-equilibrate the translational and
rotational velocity components at the cell wall, thus canceling
out the slip velocity ( Chang and Hammer, 1999 ; Hammer and
Apte, 1992). This suggests that the direction of bond traction
during shear Row is necessarily oblique, i.e., resulting from
tangential and normal tensile (or compressive) force components
at an adhesive interface ( Gallant et al., 2005 ). Based on previous
analysis (Evans, 1985; Ward and Hammer, 1993 ), detachment of a
sheared cell is expected to occur via peeling of the leading edge of
the cell. Accordingly, bond loading is highly non uniform along
the contact area since bond forces are maximal at the periphery
and decay rapidly toward the center of the cell ( Zhu et al., 2008).
Thus, in shear Bow experiments where independent bonds start
to respond collectively, i.e., at increasing shear ( Zhu et al., 2008)
or at increasing ligand/receptor concentrations ( Gallant et al.,
2005), the zipper conbguration appears to be a satisfactorily
model because force distribution on bonds is highly non-uniform.

It means that the huge effects on lifetimes of multiple parallel

bonds (Fig. 2) such as those reported from AFM experiments

(Sulchek et al., 2006) could not be expected in shear Row

experiments. Accordingly, studying cell adhesion strengthening

in sheared Pbbroblasts, Gallant et al. (2005) were surprised to
| |
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observe that parallel association of integrins by focal adhesion
(respectively clustering) accounts for only 30% (respectively 60%)
of the strengthening response to shear. We presently postulate
that this result is linked to the highly unequal distribution of the
resultant force during shear. These mechanical factors would
clearly favor the zipper conbguration which exhibits the lowest
sensitivity to the bond number and no force-dependence for
the prefactor of the dissociation rate. We conclude that the
homogeneous or heterogeneous character of the force distribu-
tion, which is indeed associated to the resulting direction of the
force applied on interfacial bonds, is a determinant factor of the
kinetics of adhesion.

3.5. Signibcance of present results

Theoretical approach and experimental results consistently
show that the distribution of force amongst bonds organized
collectively and working stochastically fundamentally affects the
kinetics of adhesion. Depending on the size of adhesion site, the
scale at which these mechanisms operate cover a wide range of
scales: from the nanometer scale for the weak initial adhesion
sites constituted by only a few molecules (e.g., integrins and
talins) to 10 mm for the mature focal adhesion which contains
more than pfty adhesion proteins ( Zamir and Geiger, 2001 ). The
list of adhesion molecules continue to grow and key mechanisms
that regulate signal transduction pathways and modulate adhe-
sion assembly still need to be identiped ( Lo, 2006). Future
challenges include the determination of how these molecules
work together as a physico-chemical complex and how their
coupling contributes to an adapted biological response. This
reinforces the need of calculating stress/strain pPelds exerted on
living tissues at various scales and certainly up to the smallest
molecular scales, e.g., in the lung ( Suki and Bates, 2008). In this
perspective, computational Buid/solid mechanics appears for the
future as an indispensible tool to get mechanical parameters at
various scales, in various living structures and functional condi-
tions, e.g., in the lung ( Elad et al., 2008). More particularly, we
bnd that, if the force exerted on a given adhesion site is
distributed homogeneously amongst the bonds, one may expect
a force-dependent stabilization process which dramatically
depends on bond number. Noteworthy, the stochastic theory of
parallel bonds stretched uniformly predicts a drastic reduction in
the dissociation rate compared to single bonds. Unexpectedly, the
relative decay in dissociation rate, (i.e., increase in lifetime),
of collective bonds compared to single bond is enhanced by
increasing stretching forces.

In the absence of precise knowledge about the force distribu-
tion in living tissues down to the nanoscale, it is easier to consider
that the heterogeneous force distribution better bts the standard
biological conditions. However, this is not necessarily true. We
can say that the parallel organization of bonds constitutes an
impressive means to cut down the straightforward process of
force-induced reduction in lifetime. This remarkable property of
parallel bonds B and to a lesser extent of zipper bonds B has not
been so clearly pointed out before. Experiments by AFM consti-
tute the most ideal conditions in which multiple parallel bonds
can be stretched uniformly and indeed these AFM results seem
consistent with the theory ( Sulchek et al., 2005). As soon as force
distribution on multiple bonds is heterogeneous, the stabilization
process will still be effective but much less marked than in the
case of uniform distribution. This is because the totality of the
force is exerted on the leading bond(s), i.e., the proper of the
zipper conbguration, and thereby the rupture force of the leading
bond, is rapidly attained. We point out here that the force
distribution applied on adhesion sites of sheared cells is likely
highly heterogeneous. This situation most likely corresponds to
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many biological situations including the frequent case of cells
sheared by the Rowing blood and also the pathological cases in
general. Taking again the example of the deep lung, the highly
elevated stress sites found in diseased emphysematous lungs
suggests that heterogeneous stress distribution could weaken
adhesion sites in the deep lung and thereby contribute to the
disease (Gefen et al., 1999). Finally, another consequence of the
present approach is to show that, as soon as bonds are multiple,
with the same bond number, but stretched by different force/
stress Pelds, one can expect very different data in terms of bond
kinetics. Indeed, specibc bond kinetics experiments performed
with tightly controlled homogeneous and heterogeneous force
distributions have to be designed to further test the presently
developed concept.
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9)! P=(()-4a! P#! >#! ='5! D#! 6# P&22&m! d1CCCe#!'TaHF@4! ='5! 8)4F! -'l (F)! W-&47'(F)(-+!
<=(FM=7#fID!%),,|8FM&]&ZS&TVARASIIAKAH!

5)172&4(al g#al D#! 9#! ;-+=25a! T# 6=/8&'! ='5! 9#! AZYBAUCSSe#! fH)'(-,=(&2J-'5/+)5! /'?1 'R/27i!
F-4(&2-+=,1<)24<)+(-B)41="51+,-'~+= 1-8< -+=(-&4#"()'4-B)1%=2)! 7dS$eil 1U#!

9)=c-'alg#In#="51%#!1#1[/2")2!d1CCUe#!f =*-, - B)&I&V!=?)#f!D1%),,!6:87 d (I$Leil IKALI1KKK#!

9)R="=al I#! d1CCKe#! fI'5&(F),-=,1+),,J+),,| R/'"+(-BR=<<7! (&?)(F)2#f g=(!,)B! P&,! %), ! j-& L dKei!
1Y$J10CH!

! "\3!



9)R="=al I#a! T#!j=NN&'-| ='51 P#! T#! G=8</?'="-| dSEEEE#+/,=2!)'5&(F),-=,! dHIeJ+=5F)2-'il &', 7!
='1-'()24),,/,=212,/)sfl1*<19%),,1:)4]  8L8 d$eil SAISEH!

9)R="=al I#al X# n24)'-2&! ='5! P# T#! G=8</?'=-1 d1CAU[E)! 2&,)! &V =5F)2)'4I R/'+(-&'41 ='5! HIJ
+=5F)2-'1-'1(F)1+&'(2&,1&VB=4+/,=21<)28)=W- - (Dith), |6 787 d (I$Aeil 1$SLI1$1 1#!

9)R="=all#all#[&/2'-)2IG=44)2B)!="5lj#P#]_)-'4()!d1CCEe#![F)+&'(2&,1&VIB=4+/,=21-'()?2-(7'W7!
)5&(F),-=,14),IR/'+(-&'4i18&,) +/,=2\W=4-41="5I<=F & &?-+= 1-8<,-+=(-&'4#f19)B1%]Yd1ei!
1CEJ11$#!

9-4+F)2al9#!1#al M D='8)7!="5!k#!G#!_='?1d1CCLeA+), 41V)),1='512)4<&'5! (&! (F)!4(-VV') 441 &V/!
(F)-214/WA(2=()#f16+-)+M7WLOL$eil $SSAEISSK A#!

9&4! 6="(&4a! %#! %#! ='5! ># 6#1 6,/(4c7! d1CCCeH 2YB-Jini! 8)+F="-4841 &V! B)'(-,=(&2J-'5/+)5!
'21RI27i1=1<)24<)+(-B)#fID!><<,"F74-RAdKeil$ YKLISY LL#!

92)7V/44al 9#al T#! j=44)(al ! 6&,)2! ='5! TH#! 6=/8& UUBE! "()28-(()'(! <&4-(-B)J<2)44/2)!
F7<)2B)'(-,=(-&'m-(FIF-?F1-'V,=(-&'1<2)44/2)41<2&%)41</,8&'=2718-+2&B=4+/,=2!-'R/27!
~12=(4#f1>81;)B!;)4<-219-41 7TM8dKeilUUCIUUK#H!

92)7V/44al 9# ='51 T# 6=/8&'| ASEEUe# fH)' (-, =(&2J455! /'?1-'RI27i!,)44&' 41V 2&81)*<)2-8) (=,!
4(/5-)A#f1>81D1;)4<-21%2-(1%=2)!IP)AI0 d$eil LEKJALAH!

9/5)cal 6# P# ='5! D# T# T=2+-=! d1CC$e# %7 (&4R)W=(-&" &V! </,8&'=27! B=4+/=2!
<)28)=W-,-(7T#{IDI><< I"NF74&ZHKeil $KUOJ$LCCH!

IW')(a! b#a! %#! h#! 6+F/,Na! P#! b# P)7)2! p/! j2-+cmi)BB)a#! A)'5,! ='51 9#1 H)4(m)W)2! d1CCCe#!
fD/'+(-&'=,1 =5F)4-&'18&,)+/,)! - ()2=+(4m-(F! (F)!1 "9 p!5&8=-"J+&'(=-"-"?1 <2&()-'41 >XJY!
='51pnJ$#IDYj-&,1%F)BOL dAYeil LOEOEJ10EUUH!

l-+F=+c)2al #g#al #IMIT) 24() W) 2?) 281 64 P#Ijst%e-1="51%#1g=(='4&1d 1CC 1e#!fP) (=J="=,74-41& V!
=+/()! /'?) ~RI27! ='5] =+/()! 2)4<-2=(&27! 5-4(2)44! 4B2&8)! (2-=,41 ()4(-'?! ,&m! (-5=,!
B&,/8)4#f1>81D!;)4<-21%2-(1%=2)!P)BY Yd$$ei! $LSCISLSK#!

'2,)2al >#! D#al 641 6)'al l#! G# 6m))") 7! ='5! 9#! D) B4 1CCY e#! fP=(2-*1),=4(-+-(715-2)+(414()8! +), !
-)=2)14<)+-V-+=(-&'#1%) 7BY dKei! YOOI Y UE#!

1258="al [#='5!h#! 6# 6+Fm=2N!d1CCOe#! "8<=+(! &A@ 2J,-7='515-4(='+)! &' =5F)4-&'1 + /4()2!
A(=W-,-(TH#{/2IF741D!I6&V (IP=@R1 1ei!$1AISA0H!

144)2a! 6#al P# T# G=8</?'="-al P#! %&2=5=a! I# 9)RE'# =4=/| ASEEUe#! fH=4+/,=2! )'5&(F),-=,!
22&M(FIV=+(&2!-'5/+)4 HIJ+=5F)2-'1 (728&4-)| <F&4<R&Z-&'|-'1)'5&(F),-=,! +), 4#f! D! %), !
6+-V778]&Z$&AMYULAISUYLH

144,)2a! P#al P# >8='&al [#! D# b2/4)al b#! b=-W/+Be&! ~W)2! ='51 P#! >)<V) W=+F)2! d$EEUe#!
f[F2&8W-"I-'=+(-B=()4187&4-,-?F (I +F=-"1<F&A4<F=(34B-=!;F&!='51-(41(=27?)(!;F&! c-'=4)!
“IF/8=")'5&(F),-=,1+), 4#fID!j-&.,1%F)8! 80MdAKei!1$UY0J1$UOK#!

IB="4a! I# d1CCS$e#! 2&W-'2! (F)! 2),=(-&' W)(m))'! ¥§I3,-V)(-8)JJ='5! +F)8-4(27! -'l 4-'?))!
8&,)+/,=2IW&'54#1>"/1))Blj-&<F741j-&8&,!6(2/+(1 MUISCLI$1U#!

IB="4a! I#! ='5! b#! b-'&4F-(=! d1CCOe#! fhd-'?1 V&2+X2&W)! 4-'2,)J8&,)+/,)! 2)+)<(&2J+7(&4C),)(=,!
="+F&2-'2IW))=(F!(F)!4/2V=+)I&VI=] -B-'"21+), #{{P8541%),.!j-& RMIAOAJAE Y#!

IB="4a! I# ='5! D# P# _-,-=841d1CCle#! "#! P/,(- &)XV "F74-+41 &V! |-&IP&,)+/,)4! ='51 %), 4#! [#!
X,7BWR)2?2al X#!Dt,-+F)2al 28841 ='5! X#! 9= BABYDPAE 6<2-'2)21='51 19N 6+-)'+) 4#DL @&
$UOJ1CA#!

IB="4a! I# ='5! >#1 K)/'?! ASEUEe#! f><<=2) (| B-4+8&4-€T5) +&2(-+=,1 ()'4-&'1 &VIW,&&5! 22="/ &+7()4!
5)()28-")5!W718-+28<-<)(1=4<-2=(-& #flj-&<F74IDYd$ei! $L$I$Y C#!

IB="4all#! >#!='5! 9#1>#1%=,5)2m&&5!d1CCOe#! X ERWAIS!57'=8-+41-'1+), | =5F)4-&'#f16+-)'+)!
M7YILU1Ueil$$SKUISSLA#!

X=W27alj#tal T# g# P=c478al D#"\#j/(,)2al P# TI@AgABaR=41="5|D#D#X2)5W)2?1d1CC$e#!fd+=,-'?!(F)
8-+282F)&,&?71&V!,-B-'214), 4#{INF741)BIRUISKeilSKUSC 1#!

X=W27al jttal T#! g# P=cA78al ;#! 9#! /W8=72a! D#RHHB(#! D#! X2)5W)2?! dSEEEe#! f'8<,-+=(-&'4! &V/!
F)()2&7)")&/4! W)=5! W)F=B-&2! &'l +),,1 8)+F="-+=,! <282(-)4! 8)=4/2)5! m-(F! 8=7")(-+!
(M-4(-'21+7(&8)(27#fID&/2'=,1&VIP=?")(-481='5!P=?") (-+IP=()2-=, A 4Nd$JAei!$1CI$1L#!

X:2:&,al 6#al ;# X&5-,al j#H G=W=(a! 6#! T=,-=+Z2{# PAGR/-4al 9#! "4=W) 7! ='5! [#1 A ='/41 d1CCYe#!
16)'4-(-B-(7!&V!=,B)&,=2! 8=+28&<F=?)4! (&! 4/\W4(23OF&"-+=,1='5| =5F)4-B)! <2&<) 2(-)4#!
%),,P&(-,1%7(&4C),)(&YMIYeil ALSIJAKCH!

! "\41



X:2:&al6#al; #1X&5-,al H# P#G=/2)'(al P#j=, HGaljAal TH M), )al 6#1 & al [#1, ='/41='51 941 "4=\\) 7
d1CCEe#! 42)4(2)44! ='5! =5F)4-&'1 4-()! 57'=8-+41 +&&2 +),,1 4)'4-(-B-(7! (&! )*(2=+),,/,=2!
4(-VV')44#flj-&<F74BHLeil LCCEJLC11#!

X)2)&,al 6#al j#! X&5-,al H# P#! G=/2)'(al I#1", =Gl TH#I ), )| ='51 9#1"4=W) 7! d1CCUe# fP)+F="-+=,!
='514(2/+(/2=,1=44)448) (1&V!+&2(-+=,1='515))<I+7 @&),)(&'12)B)=,414/W4(2=()J5)<)'5) (!
=,B)&,=218=+2&<F=7)12)8&5),-"?#lj-&8)5!P=()2!I'?! 7Rd$!6/<<,eil6$CLISSU#H!

X)2)&,al6#al #!X&5-,al THIN),,)al j#! G&/-4! ='S\GHTIEE CCUe#! f%),,18)+F="-+41&V!=,B)&,=2!)<-(F),-=,!
+),,41d>1%4e1="58=+28&<F=?)41d>P4e#fl;)4<- 2" F 71 R2&W-& TY MISIAeil AJS Y #!

X,&2-="al D#>#al D#! #b&4cTalb#! >-'4,-)al g HEDa)l="5! D#! P#![=2W),,| d1ICCAe#! fl)<=2="1 4 V=(
<28&()&?,7+="1-41=18)+F='84) 4&21&") 5&(F),-=,1+), 4#f1%-2+1;)AMI$Ceil ) $AY ISK 1#!
X&,c8="al D#I='51"#I>#19\>8&2) | dSEEY e#!fj,&&5! BIM&R8=(-&'i'mF=(1-41-(4!8&,)+/,=2\W=4-4sf1%), !

ROAOeil$SLAISSLLH!

X2="cal 9# D#a! ;#! 1&<8="a! P#! G)'=2(&m4c=! ='5! b#PTHR! d1CCYe#! f0b=<<-'?1 <2&()-'1 ='5! (F)!
>2<IMAI+&8<,)*12)?/,=()'&W/'5,) =+(-'1V-,=8)(1=4 4)8W,7!(&!-'5-2)+(,7!+&'(2&,!=+(-"
W/'5,)! <&4-(-&'-'215/2-'219284&<F-,=18),='&?=4()21\2-4(,)! 5)B),&<8)' (#f! P&, j-&.,1%).,!
70dEeil AEACJAEAE#!

X2-(Na! D#al >#! T#! b=(&<&5-4al X#! b& W-'2)2! IR0 dSEEUe#! fX&2+)J8)5-=()5! c-)(-+4! &V!
4-'2,)1 NJ4),)+(-'M,-2='5! +&8<,)*)4! &W4)2B)5! W7! =(&8-! V&2+)! 8-+284+&<T#fl 728+ g=(,!
>+=516+-1h16141 d1$eil$11UAI$11UUH!

X/al p#al P# G# %&4(),, &al b#! [4/c-8&(&al ;#1 " 2B (8 1,,-&((a! n#! P=(F-)/1J%&4(),,&! ='5! D#!j#H_)4(
dSEELe#! fl-2F! ,/'?! B&,/8)! -'+2)=4)4! 4(2)44! V=-[2)'] </ ,8&'=27! +=<-, =2-)4#fl D! ><< |
NF74-&,1dSEULGVHSEil$1AISAAH!

X/R-m=2=al [#al D#! T/! ='5! b#! 6)c-2/+F-! d1CCKe#F=02 -'()?2-'38)5-=()5! )'5&(F),-=,! +),,!
=5F)4-&'1='5!8-22=(-&'1&'1,=8--' JU#fII*<1%),,1:)4! 848 d$ei!YOJOO#!

X/R-m=2=al b# d1CCAe#! fP)+F="-+=,14(2)44)4! c))(FB&, ! +),,4! F)=,(F7il W)')V-+-=, 1 )VV)+(41 &V! =!
<F74-8,&72-+=,1)B),| &V +7+ -+ 4(2)(+F! &' ) 5&(F)W=22-)2! V/'+(-& #f! >8! DI \F74-&,! G/'?!
%),,]P&,"F74-&3RLdKei!GOU1JOUK#!

X/2/4)al P#all#!6=4=c-al b#! X/R-8&(&!='5! 6#! [4/SEED e#! f>14-'2,)1?)")1<2&5/+(al +,=/5-'I$! &2 J1a!
2)+&'4(-(I04 (-?F(! RI'+(-&') 4(2="54! ='5! 2)+2/-(4! &+ /5-'1 'l V-W28&W,=4(4#f! D! %),! j-&,!
7NMILeil AE$IKC$#!

T=&al! [#fa! D#! g-='"1 ='5! j#! %F)'l d1C$$e#! fA2&W-"?! SHHER <2-'+-<,)41 &VI V&+=,! +&'(=+(41 -1 +),,
8=(2-*1 =5F)4-&'! m-(F! =! +&/<,)5! 4(&+F=4(-+J),=4(-+&%8),-'?! V2=8)m&2c#f! D! ;! 6&+!
"()2V=+)RdY1eil$1$0I$1A1#!

T=B=25a! D#! ='5! D#! 6#! T/(c-'5! d1CCYe#! fHITX! +ZF&EN-=,J+),,! <)28)=W-,-(7! W7! <2&8&(-'?!
(F)! W)(23=22)4(-35)<)'5)'(! )'5&+7(&4-4! &V HIJ+=5F3-#f! g=(! %)..! j-& 'Rd$$ei! $11AJ
$1AK#H!

T)-?)2al j#tal >#! j)24F=54c7a! ;# ~='c&B! ='5! b#! P# KE8Ed1CC$e#! f[2='48)8W2=")! +2&44(=,c!
W)(m))'! (F)N*(2=+),,/,=21 8=(2-*JJ+7(&4c),)(& +2&4(=,c#f g=(1;)B! P&, %),,!|-&,Bd$$ei!
OEAJUCL#!

T-8&'5al%#al>#1B="19)21X,-)2a!6#!B="19),V(a!jljR=Ea! "#b/-c8="al D#I T#%&, =25al ;#1X=44,}81='5!>
6&")'W)2?! ASEEEe#! f5/+(-&'1 &V! +),,! 4+=(()2-"?! W}*<2)44-&'1 &V! W)(=$! -'()?2-'4! -'
W)(=$I5)V-+-)'(1 )<-(F),-=,! +),,4! 2)./-2)4! =+(-B=(1&V! 8)8W)24! &V! (F)! 2F&! V=8-,7! &V!
T['=4)4!="5158m'2)?/,=(-&1&VI+=5F)2-1='51+=()"-" V/'+(-&#f1D!%),,!j-&INOdYeil$A1LJ
$AKCH!

T-2=25al M #1='51:#1 P#1 9)2)8! dSEELe#! f6F)=21 4(BRB/,=()4!) 5&(F),-=,! +),,| 8&2<F &,&?7!='5!
XJ=+(-1&27="-N=(-&'| (F2&/?F!(F)12)?/,=(-&'| &VIV&=5F)4-& J=44&+-=()5! <2&()-'4#| D1%), !
NE74-& TYMISeilSOEISEA#!

T&)+C),)2al p#! P#al :# >#! P=4=2=++F-=a! q#! p) Pab@h@# #! T=, =?F)2! ='51 :# j#| 74&,8)24c-!
d1CCCe#! INF&A<F&27,=(-&'1&\V187&4-"1 -2F(1+F=-41W 7! <1$J=+(-B=()5! c-'=4)! A>h 1 #fI D!
j-&,19%F)8! 80L d1Keil$UAY Y ISUAOK#H!

T&)+c),)2alpH# PH#I="51:#j#!_74&,8)24c-1dSEELe#!fA7&-?F(1+F=-"1c-'=4)J2)?/,=()5!)'5&(F),-=,!
+),,1+&'(2=+(-&'i! (F)! 2),=(-&'4F-<I W)(m))'! -4&8)(2-+! ()'4-&'al =+(-' <&,78)2-N=(-&'a! ='5!
878&4-'1<F&A<F&27 =(-&'#11D!%), |- BMWAeil Y SAIY 10#!

! "\



T&N=,)NIP=2-4+=,al G#al >#!])(='N&4! ='5! >#! >B2HAIMBC CCe#! fP>Thb! <2&()-'4il 4(2/+(/2)! ='5!
28&)1-'1(F)I(-2F(IR/'+(-&'#f16)8-'1%),,19)Blj-&,! 77 dKeil ASLIALK#!

T&&5)al j# G#al 9#! T# 92/W-'l ='51 T#! j=2)4! d1CCTefEDE,! +&&<)2=(-&' W)(m))'! (F)!
8-+2&(/W/,)1="51=+(-'1+7(&4cC),) (& 4#1%/22In<-"1%)1j-&.! 78 d$eil Y AJOS#!

T2)88al 9#! ='51 >#! )?")2! d1CCCe#! fT),4&,-" =4! =! +=82)?/,=()5! =+(-'! V-,=8)'(J+=<<-'?!
<2&()-'#f11/21DYj-&+F)8! 8Y0d$Keil KAAEJKAKL#!

T2-VV-'al P#! >#al 6#! 6)'a! [#! G# 6m))") 7! ='5! 9#! KFRUI1CCKe#! f>5F)4-&' J+&'(2=+(-,) W=,="+)! -
878&+7()15-VV)2)'(-=(-&#f!D!%),,|70 d (11KeilLULLILUY A#!

T2&(()a! T#! dSELYe#! fA=44=7?)! &V! 5)*(2="1 8&,)+/,)28=H4! (F)! W,&&5J,78<F! W=22-)2#fl >+(=! %F-2!
6+='5!6/<<,1877iI$IUKH!

T/+calD#al6#16+F-'c-'?)2alj# G-'+&,'al X#!_&((BHHPHR(a! P#!;&8)7c)al 9#!G)' Nall# P#12-+c4&'al;#!
>'='(F=c2-4F'="al 9#!P-(+F),,a| D#!b=4a! 6# h,B-+t96#8j- W7!d1CCLe# fn<(-+=,!5)V&28=W-,-(7!
=41 =" “F)2)(! +),,! 8=2¢)2! V&2! (J4(-'?! 8=,-2'=(! (2 ='4V&28=(-&'! ='5! 8)(=4(=(-+!
+&8<)()'+)#fj-&<F74IDRRILei!AYUEJAYEU#!

I=55)"al I[#! G#! ='5! %#! >#! [)'c)! d1CCCe#! "5/+(-&' &\/'?! V-W28&W,=4(! =<&<(&4-4! WT! 4&,/W,)!
V-W28&')+(-'1<)<(-5)4#f1>81D!;)4<-21%2-(1%=2) | B8dK " (1$eil SLLAISLY C#!

|=22-4al>#b#al!_- 51="519#16(&<=C!dSEUCESNR/MAN)2!4/W4(2=(=i!="")mIm2-'c,)I-'|(F)14(/57!
&V14), !, &+&B&(-&'#116+-) +JURIKKK Ceil$00I$0EH!

|=22-4al j#l p#! ='5]_#1>#1G-81d1CCSe#! fP)+F="-48!28!)! &V Op! 5&8=-'41-'14-7'= -'?1 +&8< )*]
=44)8W, 7#fID!%),,|6FNd N (1$UeilALSEJALASH!

|=2(a! P# D#a! P#! T#! %=, &malj#! 6&/N=! =51 HHEEEXd#! " T>"$a! =1 +=,8&5/,- JIW-'5-"21 <2&()-'!
m-(F1=12=4T>7J2),=()5!5&8=-"al-41=1<&()'(-=,))V\Q2[V&2!+5+K 114#f!IPjn! DI d$ 1eil LEEOJ
ACCL#

al k#! ='51 X#1 T2-"),,| ASEEKe#! f6(2)44! 2), =*=(-&VEV/-W2&W,=4(4! =+(-B=()4! =! + 7+ -+ PN 4-2'=, -2
<=(FM=7#fID!%),,!j-88Yd1ei KLOIJKYK#!

)-,al M ='51 D# A 6<=(N! d1C$Ce#! fG=()2=,! 4F)Ba! ¥&2,-)5! (&! +),,4! m-(F! 4-'2,)! ),=4(-+!
8-+28<-,,=24! (& -'V,/)'+)! V&+=,! =5F)4-&'! 57'=8-+4#D! "F74! %&'5)'4! P=(()288d$Eei!
$EK$CU#!

1),8C)alj#intal>#j#!:&4) 1="SINHX# 9=B-)41d 1 CCe#<<-'?18)+F="-+= 14(2=-"1&V!="1)'5&7)'&/4!
+7(&4¢),)(=,1)(M&2c!-'1,-B-"21)5&(F),-=, 1+),,4#1j-&<F 74! IRNIKeil 1Y E$I LY EE#!

I-'()25&2V)2al Mal_#1j=/82=2(")2al l#! D# T2/W)28BR, +F)2! ='5! [#1 6+F-'5,) 21 ASEE Y e#! f9) () +(-&'!
='51 &+=,-N=(-&'! &V! -'5-B-5/=,] ='(-W&57J="(-?)'! 282'-(-&'! )B)'(4! W7! =(&8-+! V&2+)!
8-+284+&<TH{IN2&+1q=(,I>+=516+-IMBIBHUeil AKOOJAKUS#!

l-2=4)al [#al 6#! b=m=4F-8=al! [#!k#! _&"?al[#!h)7=8Eatk#c)a! 6#! [4/c-(=a! P#!k&c&7=8=!='5! D#! P#!
6(=55&'1d1CC$e#!f:)?/,=(-&1&V! (-?F(IR/'+(-&'1<) 285 W- -(71='51&++,/5-1<F&4<F &27,=(-&'!
W7!;F&=J<$YC;n%hJI5)<)'5) (! ='5! J-'5)<)'5)'(1 8)+F="-  484#fI D!|-&,! %F)880Yd$Aei!
$CKIAISCKAS#!

I-2=4)al [#a! D#! P#!6(=55& al P#! 6=-(&/al k#! >'5&/E=we R¥! "(&Fa! P#! X/2/4)al b# XIR-88&(&a! 6#! [4/c-(=!
='5IGH#IGH!;/W-"TdSEEOe#!fin++,/5-1=41=1<&44-W)P8YE'(1&V!(-?F IR/ +(-&'1<) 28)=W- (7!
“1)5&(F),-=,1+),,4411D1%), 16 #TU&]&Z$&TRY CAISY $AH!

I&VV8="al j#! 9#! ='5! D#! %#! %2&+C)2! dLCCEe#! {96 +8)4F44)+(-'?! (F)! <F74-+=,12)4<&'4)41 &V
+),,41(&IV&2+)#1>"/1:)Blj-&8)5!I'?!  77il1LEJ1UU#!

I&V8="alh#! T#al%#!;&(4+Fal_#!D# =2=c!="5!P#!:=HREISEE0e#! {"B)4(-?=(-"?1(F)!+7(&4c),) (&'
&VI+F-+C)' 14+=25-&+7()AIm-(F!(F)!=(&8-+1V&2+)!8-+HQ&MfID!6(2/+(1j-&T 4 d1eil UK JES#!
1&25-Rcal M G#al I#! >'(F&'7al X# M P/,al j#! -) (ABH#EV6H n&8)' ='51 9#! :8&&4 ASEEEe#! fH=4+/,=2]
)'5&(F),-=,J+=5F)2-'18&5/,=()41)'5&(F),-=,18&'&,=7)  2!<)28)=W-,-(7#f!D!%),,|678&]& Z$&

78NISESLISELAH!

l/al6#al D#I%F) aljt X=W27alk#lg/8="/+F-al >#IZ 84 41" ?W) 2a! D#ID#IX2)5W) 2 2a! DI g2 ='5
=21 d1CCAe#! f"(2=+),,/,=2! 4(2)44! (&8&7?2=<F7! 2)B)EA(2)44! V&+/4-"2! ='5! 4(2/+(/2=,!
=" 48(2&<T!-1+7(&4C),)(&1&V!,-B-"21+), 4#{1>8!DTP4-&,1%),,I"F74-8RLdLeil%$CULISCECH!

l/al 6#al G#! IW)2F=25a! D#! %F)'al D#! %# G& BRIV BHK2)5W)27al T# P#_F-()4-5)4!='5lg#!_='?|
d1CCKe#! fP)+F="-+=, ="-4&(2&<7! &V! =5F)2)'(! +), B&W}5! W7! =! (F2))J5-8)'4-&'=,!
8=7")(-+1(M-4(-'?15)B-+)#f1>8IDI"F74-&,1%),,I"F748R0dL ei! % $SUK ISSES#!
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l/al 6# =51 g#!_='?1 d1CCYe#! f%&'(2&,! &V! 4(2)44] <2&<E&! -'l (F)! +7(&<,=481 W7! <2)4(2)44! ='5!
&=5-"21V2)./)'+T#f{IP&,1%),,!j-&8)+F! Mi1eilKEJYC#!

I/W)2al >#al M 6="5)2al P# j=F')21 =51 :#1 7=/, 4)'| ASEBe# f[F)! ;N %=1r1 +F="),1=44)8W,)5! 'l =|
4-7'=,-'21 +&8<,)*I W7! (F)! "9p! 5&8=-"1 <2&()-" "g>9! -4 | <F&4<F&27,=()5! (F2&/?F! (F)!
“()2=+(-&'Im-(F1<2&()-"lc-'=4)19%!d) b%e#fIX1j6!G)(INSLd 1eil ASOJA L 1#!

I/W)2al >#! [#a) 9#! j#H 6()m=2(a! 9% H#! G=/2)'(4algfARIHE'S! #"# )-41d1CCSe#! f[F)! +=5F)2-'
+7(8&<,=48-+! 5&8=-"1 -41 ['4(2/+(/2)5! - (F)! =W4)+)! & V! W)(=J+=()-'#! > <&44-W,)!
8)+F="-481V&212)?/,=(-'?1+=5F)2-'1(/2'&B)2#f!D!j-&1%F)8!80Yd$Lei!'$1ACS$I$1ACEH!

IIW8=72al ;#! 9# d1CCle#! fA)24<)+(-B)! &' ,/'?! "R/2ZI5! 2)+2/-(8) (il =! 4c)<(-+=,! ,&&c! =(! (F)!
&<)'-'21="51+&,,=<4)14(&27#{1>8ID!;)4<-21%2-(1%FDB! 7YLd$1eil$YKOISYLAH!

I8<F2)7al 9#ta! %#! 9/27="al 9# 6=F=al 9#! 68-(F! ='5EHB#IACCle#! f>+(-B)! V,/-5-N=(-&' &V! <&, 78)2!
Y(M&2CA!(F28&/?F18&,)+/,=218&(&24#fig=(/2)N7YdYUOEEilK$AIKSY#!

1% ) TalH##1="510#1>#]_ - -=841d1CCCe#!f;&,)| 8N F+&+= T+ & 1+&28'=271=2()2-&,)!<)28)=W-,-(7!
(&1<2&()-'4i1)B-5)'+)IV2&8!1)'N78)!(2)=(8) (4#!>81D I"F74-&,!1)=2(1%-2+1"F74-&JRdKei!
[$$00ISSULHA!

/7'Fal D#al g#! g-4F-8/2=al b#! ;='=al D#! P# ), &. HEMD %=,-V="8a! %#! ;#! P& (=?/)a! P#! ;#! b-'"2al %6#! j#!
6+F=VV)2! ='51 %#! >#! ;)-'F=2(Jb-'?! d1C$$e#! £>2)IB),=(-8=,! 4(-VV)-'?! )F="+)4!
)5&(F),-=,! <)28)=W-,-(7! ='51 )/c&+7()! (2='48-22=(- &'#f! 6+-1 [2='4,! P)5! Mi$$1eil
$$12=$11#!

17")4al:# n# d1CCKe#!f[F)1)8)27)'+)1&VI-'()?2-'4il =1 <) 24&'= |1 ='5I F-4(&2-+=, 1<) 24<)+(-B)#f! P=(2-*!
j-&,1 8MY il AAAJAKCH!

7)) 4l :#In#alj#| G#j=5)21="5b#!1&5-B=,=J9-,c) | dBEe#! " ()22-'4]-'1B=4+/,=215)B),&<8)'(#f!j2=N!
DIP)51j-&,!;)4! M&dLeilLC$IL$CH!

"+=25J>2+-N)(a! 9#al n#! %=258&4&a! >#! ;-+F)2(! 2&! 62T CUe#! [%),,! 4(-VV)'-'2! -1 2)4<&'4)! (&!
)*(02'=,14(2)441-414&22),=()5!(&!=+(-'12)+2/-(8) ' (#j-&<F 74! DINdOei! LECY JLE$AH!

"2W)2a! 9#! ='51 D#! X&,c8="l ASEUUe#! f"F-W-(-&'1 2D 4-4! (F2&/?F! 885/,=(-&'| &V! +&,,=7)'!
8)(=W&,-48#{IG=W!"B)4@ d$eil KKIL$#!

"2W)2al 9% I#H dSEEAe#!f%),,/,=21()'4)?2-(7i!5)\PIYm! 2/,) 41 &VIW-&,&?-+=,15)4-2'1 (F=(17&B) 2| (F)!
+7(&4C),)(&'#ID&/2'=,INV1%), 16+-) +JUN&]&ZSBXBAJTY 10#!

"2W)2al9#! I#1d1CCCe#lfn<<&4-'?1B-)mAl&' ()'4) A24T=14(2/+(/2=,1V2=8)m&2c!V&2!/'5)24(='5-"?!
+),,18)+F="-+4#fIDI><< I"F74-& |d$ER4EIKei!$Y YAISYOCH!

"2W)2al 9#! 1# d1CCAe#! f[)'4)22-(7! "#1 %),,! 4(2/4€B) F-)2=2+F-+=,1 474()84! W-&,&?7#fI D! %),,! 6+-!
77YdN(10€il$$LOISSOAH!

"2W)2a! 9#! 1# d1CCYe#! %),,/,=2! 8)+F="&(2="45/+{-&I((-'?! =,,! (F)! <-)+)4! (&?)(F)2! =?=-"#f!
X>61j!D!8Ud0ei!U$$IUL0#!

mAW)2al 9! I#al O A2/4(7al p#! 6/'al [#! [)()'4cT! =5y ='?) ASEELe#! f%),,! 4F=<)al +7(&4c),)(=,!
8)+F="-+4al='5!+), 1+7+)1+&'(2&,!-1='?-&7))4-4#1D)j-&8)+F BRA$1ei!SKOSISK UK #!

"2[),=J>2-4<)al P#! G#al %#! ># 9-7,-&! ='5! I#! [#I SERYed! fP&5/,=(-&'| &V!)*(2=+),,/,=2! 8=(2-*]
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77dKeilUCLIUSL#
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8/,(-<,)! W&'54! +&'(2&,4! (F)! c-')(-+4! &V! =5F)4-&' -1 4(2)(+F)5! +),,4#f! D! j-&8)+M Yd Lei!
ACOJASAH!

"(&FalP#al>#1g=7=V/+F-al6#1k&")8/2=al[#!b-(='-Bkallé#![4/c-(=!="516#![4/c-(=| dSEEAe#![F)! 11CJ
CO1<2&()-"1+&,&+=,-N-"2Im-(F1+=5F)2-"41-1'&'J)<-(F,-=,1+),,41-41-5)'(-+=,1(& pnJ$a! =! (-?F(!
R/'+(-&J=448+-=()5! <2&()-" -1 )<-(F),-=,! +), 4il +@>! +&-'?! ='5! -88/'&),)+(2&"!
8-+284+&<T#fID!%), \j7BT dAeilKE$SILC1#!

D='8)7al ~#! ># d$EEUe#! f[F)! +7(&4c),)(&! ='5! +),,P%,-"2il +&8<&)'(! ,&+=,-N=(-&' ='5!
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-&,! 7dLeilI$1$ISLAH!
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b&2'=/al l#! %#al G#! [#! 6+F)'c)2al P#! j# b)")57! ='51M#! 6))W/2?! dSEELe#! f9&8=-"-'()2=+(-&'!
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8Y4dL1A$ei!$0A0ISOKCH!

G=5&/*alj#al l#1>'&'al P# G=8W)2(a! >#!;=W&5N) 724Y¥Al>#!j/?/-'al M16- W) 2N="1='5! :#! P#I P)?)!
d1C$Ce#!6(2)'2(F!5)<)'5)'+)! &V! +=5F)2-'J8)5-=()5! =5F)4-&'4#fl j-&<F74! BRdKei! LAKJ
LK1#!

G='?/-'&a! G#! ;#al b#! :#! T)F,4)al I# _=7"2al _# T#20ea! I#! I'?B=,,! ='5! I#! ;/&4,=F(-! dASEUEe#!
fI'5&(F),-=,14),,41/4)! = <F=11I1W) (=1 $!-'()22-"1=41= ,=8-"-'12)+)<(&2#{! D! %),,!j-& YU4dLei!
1KLLI1KY1#!

G=/VV)'W/27?)2al 9#!>#1='5>#I X#11&2m-(N! dSEE YEH#AEY-&'I!=I<F74-+=,,71-'()?2=()5!8&,)+/,=2!
<2&+)44#1%RNIALEJAYE#!

G=/2)'(al H#! P#al " %=v=5=4a! :#! X&5-,a! I#! N £¥4sds&4al 6# )'5,-'21='51 9#! "4=W)7! d1CCle#!
f[)'4)?2-(7!W)F=B-&/2!&V!+&2(-+=,1='5!+7(8&4&,-84T),) (=,! +&8<&')'(4!-'|(m-4()5! ,-B-'?!
=5F)2)'(I14+), 4#f1>+(=1j-&(F)&21L UdKeil AASIAL Y #!

G=/2)'(a! H#! P#al ;#! X&5-,al M %='=5=4al 6#! X12@aU# 1# " ='/41 ='5! 9#1 "A=W)7! d1CCAe#!
fA=2(-(-&'-' 21 &V +&2(-+=,1='515))<I+7(&4c),)(&'1 2)4&'4) 41 V2&8! (2="4-)'(18=2")(-+! W)=5!
(M-4(-"2#f1>"1]-&8)5!I'?!  M7d$Ceil$1YAI$S10U#!

G=/2)'(al H#! P#al 6#! I)'&'al I#! A ='/4al ;#! X&5-,al P#lF'5al 9#! "4=W)7! ='5! X#! T=,)(! d1CCle#!
£>44)448)'(1 &V! 8)+F='-+=,| <2&<)2(-)4! &V! =5F)2)(! B-"?! +),41 W7! W)=5!
8-+288="-</,=(-&'l! +&8<=2-4&'I &V! 8=?")(-+! (M-4(-'?! +7(&8)(27! B4! &<(-+=,! (M))N)24#f!
D&/2'=,1&V1j-&8)+F="-+=11'2-"))2-'?21  78NdKeilK CUIK1$#!

G=/2)'(al H#! P#al I#! N =/4al #! X&5-,! ='5! 9#l "4=W)CChe#! fP)+F="-+=,1 =44)448)'(! W7!
8=7")(&+7(&8)(27! &V! (F)! +7(&4&,-+! ='5! +&2(-+=,1 ¥R(8) (=,! +&8<=2(8)'(4! -1 =5F)2) (!
)<-(F),-=,1+),,4#{1-8&2F) &, & ?NW$IAeil IALI LK C#!

G=m,)2alD#!="5!;#In#!7")4|dSEUEe#! f>'I-'()22-'1234&2!&'1'&28=,!='5! (F2&8W=4(F)'-+!<,=(),) (4!
(F=('W-'54!(F2&8W&4<&'5-'#f1],8&8&6NdYei!1C11J1C10#!

G))al%#!b#alk#t! P#!_="2alG#6#!1/='21="5!6#G-0a# DI &8-+1V&2+)!8-+284+&<7il5)()28-'=(-&'1&V!
['W-'5-"21 V&2+)al &VV! 2=()! ='51))227! W=22-)2! V&()<2,-?="5! -'()2=+(-&'#f! P-+2&'!
MRILeilKKYJIKYS$#!
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G)?2="5al #al6#j-W)2(a! P#! D=./-' &5al%6#! \W)jaalX# H-'+)'(al %6# H="W),,)al I#1%& +&25a! [#1H) 2')(
='519#1T/,-'& d1CC$e#!f6),VI=44)8W,71&V! (F)! B=2H/5&(F),-=,| +=5F)2-'1)+(&5&8=-"1-'
=1%=1rJ5)<)'5)'(IF)*=8)2-+14(2/+(/2)#fID!j-&,1%F)8! 80YdLei! ALUSJALUU#!

G),)al[# #al D#! 1#16)2&al j# 9# P=((F)m4a! 6#6#8=2al P# P&'(&7=Jp=B=,=al [#!"&,()al 9#!nB)2W7a! g#!
_="21="519#1I#1" ?W)2!d 1CCOe#If[&&, 4! (&I4(/571+B) ¥ F="-+41="518)+ F='&(2="45/+(-&'#f!
P)(F&541%),,1j-& RMIKKAJKO1#!

G)B)'(=,alb#!:#all# k/al G# b=44a! D#! g# G=c? AL RBH! D#![#12,)2a! 64! X# X&' ?al b# %64-4N=2a b#] T-=
_#1)-'?2)2al P# k=8=/+F-al 9#! G# T=44)2! ='5| H# P#EB)2! d1CCEe#! fP=(2-* +2&44,-'c-'?!
V&2+)41(/8821<28722)44-&' \WT1) F="+-'21-'()22-"14-7=, - 2#f1%), TM4dLeilUESIJECY#!

G-a! D#al ki MH pF="21 ='51 :#! 6#1 b-24')2! d1CCA&P)H24! -'| m&/'5! 2)<=-2i1 ='?-&?)'-+1 22&m(F!
V=+(&241="51(F))*(2=+),,/,=218=(2-*#{IP-+2&4+1])4F! Y Ud$eil $COISSKH!

G-al G#! X#al 6#! b#! G-=&al %! %#! /="2a! P# DB#IA g d1CCUe#! 16)2-)M(F2)&'-)! c-'=4)J
<2&()-'1 c-'=4)1 | ='51)*(2=+),,/,=21 4-2'=,32)?/,=()5 ! c-'=4)! 2)2/,=()! B)'(-,=(&2J-'5/+)5!
</,8&'=27IV-W28&4-41=V/()2!W,)&87+-'J-'5/+)5! =+/()171-'R/27i1 =1 <2&4<)+(-B)a! +&'(2&,,)5!
='-8= 1*<)2-8)' (#f1%2-(1%=2)!78 dKeil; $CA#!

G-alk#!6#al D#I#11=7=1="516#1%F-) | d1CCLe# HRR\Y=4-41&V! (F))VV)+(41&V14F)=214(2)441&' | B=4+/,=2
)5&(F),-=,1+),,4#f1D!j-&8)+FMRI$Ceil SEKEISE0S#!

G-="2al[#!_#al:# ># 9)P=2+&al ;#! D#! P24'7al >#IAILHTT 2=7a! D#! 1&&,)7a! [#! G# >=2&'al >#! |/="2al [#!
b,=44)'al 9#! j#! [/8=4] ='5! 6#! X&'?! d1CCCe#! f%F=2=Na2-&"! &V! F/D>Pi! )B-5)'+)! V&2!
“B&,B)8)'(1-14),,J4),, |1 +& (=+(1='5! (-?F(IR/+(-&' 12)?/,=(-&#{1>8!DI"F74-&,1%), | "F74-&,!
804 dYeil%$0AAISOKAH!

G-,-)'a! D#! ='5! D#! j=,4=8&! d1CCLe#! f[F)! 2)?/,=(-&1-8=5F)2-'J8)5-=()5! =5F)4-&'| W7! (72&4-")!
<F&A4<F&27,=(-&M5)<F&4<F&27,=(-&'| &V! W)(=J+=(P6##2! n<-' %),,! j-&,170dLei! KLEJ
KYL#

G-/alP#al>#Ib#![='4m),,|="5IP# &4 (IdSEEEe#! P} #ESIV&2+)-'5/+)514-2'= 1(2="45/+(-&'1-'1 /'?!
+),,4#f1>8IDI"F74-800 dK!"(1$ei!GY YOJY UA#!

G-/alk#al j# MH %F)'al P#! Glal kit pF/al P#!j# 6()8328#! %F-)'| ='51 D# k# 6F 771 d1CCle#! f6F)=214(2)44!
=+(-B=(-&'|&V!6;[j"$!-'1)'5&(F),-=,1+),,41-418)5-=( )5IW7!-'()22-'4#f1>2()2-&4+,) 2! [F2&8W!
H=4+1j-& 88d$eil0YIJUSH!

G-/al k#ta! D#! %#! G&-R)'4al b#! 1# P=2(-'al >#! BFHBITHAGH! A=24&'4! d1CCle#! f[F)! =44&+-=(-&'1 &V!
>6>$al='1>9M2-W&A7, =(-&'IV=+(&2JT['=4)1=+(-B+&ZR()-'a! m-(F!V&+=,1=5F)4-&'lc-'=4)!
+&'(2-W/()4)(&!(F)!<28+)441&VV&+=1=5F)4-& | =4A}BANE., |[-&.!1%), IMIY el ISKOJ 1 $L Y #!

G&al6#I#d1CCKe# ) 4-#1" (ID)j-&+F)8!%), | HYISeil ASIAKH!

G&+cal D#l THalj#_)F2,)JI=,,)21='5!6#! 6(2&8W, =38 #0%), J8=(2-*| =5F)4-&'| +&8<,)*)4i! 8=4()2!
+&/(2&,18=+F-)271&V!+),,18-22=(-& #16)8-1%="+)J}&,! 7TRd$ei!YLIOY#!

P=+b-'(&4Fal X#! %#al D#! b=41 ='5! "¢l >#! D='8)7! dSEBLe#(7! &V! 4)8-V,)*-W,)! W-&<&,78)2!
"Y(M&2C4A#fINF741;)BIG)((DLd1Keil KK1LIKK1U#!

P=c478al T#!g#alj# X=W27al DH#Hj/(,) 2a! 9% GHE-REMER/8<)2,-'al D# 9# G=<&2()!='5! D#! D#PX2) 5 W) 2
d1CCCe#!fP)+F="-+=,1<2&<)2(-)41&V!+/,(/2)5!F/8="Bm=7148&&(F!8/4+,)1+), 41V 2&8IC#CL!
(&ICHKIINH#IID&/2'=,1&V!><<, )51 F74-& RATEY SEJSY AL#!

P=88&(&a! >#a! 6#! I/="?! ='51 9#! I#! "?W)2! d1CCOe#!48-1 ,-'c4! +),,! 4F=<)! ='51 +7(&4c),)(=,!
A(21+(/2)!(&);F&I2) 2/, =(-&'\WT!+&'(2&, -2 =++/8/,= (-&'| &VI <$EC:F&T>NI-'l -<-512=V/(4#fI D!
%),,16+78Ud"(|AeilKLYIKYO#!

P=88&(&a! >#al [#! P=88&(&! ='5! 9#! I# "?W)2! d1CCUER&L4-?'=,-'?1 ='51 8)+F="-+=,1 +&'(2&, &V/!
B=4+/,=215)B),&<8)'(#{1%/22!n<-"1)8=(&,! 7LdAei'11UJ1AK#!

P=88&(&a! >#al[#! P=88&(&a! P# b='=<=(F-<-,,=-al %@ k#' ?a! [#| D-='?al >#! D-="2al b#! G&V?2)'al I# "#!
T))! ='51 9# I#! "2W)2! d1CSAeH#! f%&'(2&,! &V! ,/'?! B4R <)28)=W-,-(7! ='5! )'5&(&*-']
“'5/4)51</,8&'=271&)5)8=IW7I+F="2)41-"1)*(2=+), /,=  218=(2-*18)+F="-+4#flg=(1%&88/"!
Nil$OLE#!

P=88&(&a! [#a! >#! P=88&(&! ='5! 9#! I#! "?W)2! d1C$AeHHIP='&W-&,&?7! ='5! 5)B),&<8)'(=,!
+&'(2&,#1>"/1))B1%),,19)B!j-&,! 84i110JY$#!

P='5),c&ma! I#! ='5! [#! P# P='5),c&m! d$EELe#! fP-+2&(\M! ='5! 8-+2&(/W/,)I=448&+-=()5!
<2&()-'4#1%/22!n<-1%),.,1j-& Dd$eil 01 IUSH!




P="-&(-4a! >#! D#al b#! j&R="&m4c-! ='5! 9#! |#! "?WED@HEP)+F="-+= | +&'(-/-(7! ='5! 2)B)24-W,)!
+F2&8&4&8)! 5-4=44)8W,7! m-(F-" -'(=+(! ?)'&8)4! 2)8&B)5! V2&8! ,-B-'?! +),,4#fl D! %), !
-&+F)8! YLd$eil$SKISACH!

P=245)al P#! ='5! 9#! _#! 9)6-8&)! d1CCAe#! f"()?2-J19R! -'()2=+(-&'4! 2)?/,=()! +=5F)2-'J
5)<)'5)'(! +),,! =5F)4-&'1 ='5! =2)1 2)./-2)5! V&2! +&'B)2  ?)'(1)*()'4-&'! -1 0)'&</4#f1 %/22]
j-&,) TMH$Keil$SULISSESH!

P=((F=7a! P#! >#! ='5! T# >#! p-88)28="1 d1CCLe#! f>+/(}?,-'R/27! ='5! (F)! =+/()! 2)4<-2=(&27!
5-4(2)44147'528&8)ilV&/2!5)+=5)41&V1-'[-271-'(&I<FH&?))4-41="512=(-&'=,18='=7)8)(#!
>81D!;)4<-21%), IP&.!j-& MMKeil ASEJAL0#!

P=7al%¢#al D# X# 9&&57al ;#! >W5/, =Fal ! j= &)@ 0#! %F) 'l p#! pF/al G# 6F=<-2&al M b/#4-)al 9#! D
l-+c,-'al X#! G-=&! ='5! M j&F,)'! d1CCLe#! f'5)'(-V-&2( &V! =! (2="4-)'(,7! )*<&4)5! HIJ
+=5F)2-1 )<-(&<)! (F=(! =,,&mM4! V&2! 4<)+-V-+! (=22)@V! ="l ='(-W&57! (& (F)! (/8&2!
N&B=4+/,=(/2)#f1],&&5! 7TULd$$eil KAAOIKAKKH!

P)5,)7al g#! TH#a! I#! T#! jl+FW-'5)2al b#! [=+F-W='=aPBALP6#! 6)22=J"=?)4! ='5 P#! 6(2)/,-! d1CCAe#!
£6-2'=,-'2IW)(m))'IV&+=,1=5F)4-&'lc-'=4)1="5!(2-&#1D!j-&, 1%F)880Rd$Leil SA1Y LISAL0CH!

P)?)al ;#! P#al D# T=B=25! ='5! P# G=8W)2(! d1CCYe(f§2/&V! +),,J+),! RI'+(-&'41 W7! (F)!
+7(&4cC),)(&'#1%/22!n<-"1%),.lj-& YRdLeil LK$ILKU#!

P)F(=al 9#a! %#! [-2/<<=(F-a! ;# 6='5&B=,a! ;#! 9#! PadIP#! 1&, -'4(=(! ='5! >#! j#! P=,-c! d1CCle#!
fP&5/,=(&27! 2&,)! &V! V&+=,1 =5F)4-&'l c-'=4)! -'| 2)2(2?! F/8="1 </,8&'=27! =2()2-=,!
)'5&(F),-=,IW=22-)2IV//'+(-& #{IDI"F 7 448\14d"(! Aeil00E JOUE#!

P-+F),al%#1%#1="5IX#!#1%6/227d$SEEEe#!fP-+ 2BIBY2BYEW -, -(T#{IAF74-&, 1)) B4 dAeil OCAJOY $#!

P-R=-,&B-+Fa! 6#! P#a! P# b&R-+a! P#! p-Bc&B-+alH#DREDE K2)5W) 272! d1CCle#! ! V--()1),)8) (!
8&5),1&V1+),,|5)V&28=(-&'15/2-'218=2")(-+1W)=5! (-4 2#f D! ><< 1 \F74-&,! dSE UL K ei!
$KI1EJSKAY#!

P-,,=25al[#!1#a! 64! D# 6F=2<1="5|G#! P#! P=+F) MBS =,,-'?! (& =+(-1=44)8W, 7!B-=!(F)!_>6"!
d_-4c&((J>,52-+F147'5288)!<2&()-'eIV=8-,7!<2&()-'415! (F)! >2<1MAI +&8<, ) *#f!j-&+F)8!
DVIRUA(1$eil$I$0#!

P-7&4F-alD#!='5!k# [=c=-1d1CCLe#P&,)+/,=21 <\2BXR (-?2F (JR/'+(-&1=44)8W, 7!="51)<-(F),-=,!
<&,=2-(7#f1>5B192/?19),-B!;)RI0dYeilUSLIULL#!

P&2),al g#! PHal M A1 ~) (2/INN&a! 1#j# ) +F(8="1 ='BIBF) <2&! dSEECe#! "V, =88=(827! =2&'-4(4! (F=(!
-'42)=4)18-+2&B=4+/,=21<)28)=W- -(7!-'| B-B&! 4(-8()}t+/,(/2)5! </,8&'=27!8-+2&B)44),!
)5&(F),-=,14),,1+& (2=+(-&'#fI"V,=88=(-&'! 7NdLei!lLO$ILUA#!

P&2-(=al b#ta! P#! X/2/4)a! b#! X/R-8&(&! ='5! 6#! [4/GEEBe#! {%,=/5-18/,(-?))! V=8-,7!)'+&5-'?!
V&/2J(2='48)8W2=")! 5&8=-"1 <2&()-' +&8<&")'(4! &V (-? F(I R/'+(-&'1 4(2="54#f1 "28&+] g=(,!
>+=516+-11614Yd1eilL$$SILSY#!

P&malH#%#al %ot %#!_='21="51%#1[#I/'?| dSEEERYMER), /, =218=(2-*al-'()24(-(-=,1V,/-5!='5!-&'4!
=41 =1 8)+F="-+=1 4-7'=,1 (2='45/+)2! -'| =2(-+/,=21 +=2=?)#fl n4()&=2(F2-(-4! %=2(-, Se}ei!
K$ILU#!

P&7al>#j#alb#lj,=+cm), |1='5!>#1b=8=(FId1CC1e¥)B)\¢=,)VV)+(41&V!IF-4(=8-)!='"5! (F2&8W-"1&']
)'5&(F),-=,! W=22-)2! V/'+(-&'! (F2&/?F! =+(-'J87&4-"1 \4-&'#fl >8! D! "F74-&,1 )=2(! %-2+!
NF74-& BR8d$eill1$I1EH!

P&7al ># j#al D#I H="11'?),)'F&B)'al D#! j&58)2a! D#! BES96#! b))4)al "# T-=)B)2a! 6#! 6F=4W7! ='5! 9# P#!
6F=4W7!dSEEYe#! fl-4(=8-")! ='5! (F2&8W-"1 8&5/,=()!)'5&(F),-=,! V&+=,! =5F)4-&'l (F2&/?F!
+)'(2-<)(=,1='514)'(2-V/?=,IV&2+)4#f1D1%,-1"'B)4(dKei!$C1CI$C 10#!

P/,-B&2al ># _#1 ='5! l[#l I# G-<&mA4c7! d1CCle#! ;&, )P @¥&+=,7* -1 )/c&+7()J)'5&(F),-=,! +),,!
=5F)4-&'#{1>8IDINF74-&,)=2(1%-2+"F748RMIKeill$1U LIS LES#!

P/,,-4al ;#! Otal D# >#11)/4)21 ='51 [#! 9#1 A&, =25! dBEE! f[F)! -'()2=+(-&'1 &V! >2<1MA! +&8<,)*I m-(F!
=+(-il '/+,)=(-&4a! F-?F! =VV--(7! <&'()5! )'5! +=<<-'?al ='5! V&28=(-&' &V! W2="+F-"2!
"Y(M&2CAI&VIV-,=8) (4#f1"28+1g=(,1>+=5!6+-1h1BLd$$eil YSUSIYSUY#!

P/22=7alD# X#alP#I>#IP=((F=7al D# P#IG/+)X/GHPHISBUUe#!f>")*<='5)515)V-"-(-&'1&V! (F)!=5/,(!
2)4<-2=(8&2715-4(2)44147'5288)#f1>8!:)B!:)4<-219-ZMRIAei!01CIOLA!

g=al 6#al X# %F&MS5F/27al j#! [=7al P#! n/7="2al P#ITka)?&22al T#! _-+F)! ='5!g#! _="?! d1CCEe#!
fA)+(-1 +&'(2-W/()4! (&! 8)+F="-+=,1 <28&<)2(-)4! &VIB-'"?1 +), 4#fl >81 DI \F74-&,1%), .| "F74-&,!
84YdKeil%UYUJUOO#!

! "0l



g=al 6#al n#! %&, ,-'al X# %F&M5F/27al j#! [=7a! PAK#T =221 ='51g#]_='21d1CCUe#!f;=<-5!4-7'= |
(2="45/+(-&'1-'1,-B-"214),,41-41=1/- )IV)=(/2)1 &V 18)+F="&(2="45/+(-&' #{1"2&+!g=(,>+=5!
6+-1h!6!STULA$UeIlYY1YJIY YASH!

g=?7a! D# >#al G#!j)'R=8-'al I#! p)'?a! >#! P# OB&2H#! XB 9B&2=c! d1CCUe#! fH=4+/,=2!<)28)=W-,-(7a!
B=4+/,=2IF7<)2<)28)=W- -(7!='5!="2-&?))4-4#f1>'?-8)")4-4! 77 d1ei\$CEISSEH!

g=m2&(Fal;#al THI"&), al>#!;='V(a! 6#! b,&)<al h&1B=@al T# X=+F-'?)2al P#! T&,5-'?al 9#! [#! 6F-8=a! h#!
9)/(4+F! ='5! 9#1 H)4(m)W)2! d1CCle# fHIIAM ='5! HIJ+$52-'1 )+(&5&8=-'41 -'()2=+(! (&!
V=t--(=()12)?/,=(-&1&VI<F&4<F&27,=(-&'1="51+§. (=+(4#f!IPjn!D!87 d$Ueil KUULJIKUEL#!

g)(mé&2cal [#! >#! :# 9# 6# d1CCCe#! fH)'(-,=(-&' r&HR} (-5=,! B&,/8)4! =41 +&8<=2)5! m-(F!
(2=5-(-&'=,! (-5=,! B&,/8)4! V&2! =+/()! ,/'?! ~R/27! ='5 (F)! =+/()! 2)4<-2=(&27! 5-4(2)44!
47'528&8)#[F)1>+/()!)4<-2=(&2719-4(2)44167'52&8)! g )(m&2c#f! g!'?,! D!P)5!MN&I$Uei!
$ACSISACU#!

g-)44)'al %#! P#al 9#! G)+CcW='5 ='51 >#! 6#! k=<! d1 CLLEFE2?7="-N=(-&'| W7! +=5F)2-'l =5F)4-&'!
8&,)+/,)4i 57'=8-+18&,)+/,=21 ='51 4), /,=218)+F="-48  41&V!8&2<F&?)")(-+! 2)?/,=(-&'#f!
AF74-&,1)BU7d1eil YESIOASH!

g-((=al[#a!P#!|I=(=a!6#! T&(&Falk#!6)&all#! 6= BEHE&al PHIX/2/4)1="516#1[4/c-(='d1CCAe#[6-N)J
4),)+(-B)! ,&8&4)-'?1 &V! (F)! W, &&5IW2=-"1 W=22-)25/5+ILI5)V-+-)'(! 8-+)#fl D! %), ,! j-&,!
7Y7dAeilYLAJYYC#!

g&W)4al%# 9#='51>#!|=, |dSEELe#!f;F&al 2=+ ="BIFB=K)4i1 2)?/,=(&241&\V1=+(-14(2/+(/2)4a! +),,!
=5F)4-&'1="5!8&(-,-(7#flj-&+F)816&+![2="4! 8MJAeil KLY JKLE#!

g&R-8=al k#a! g#! P&2-'&al [#! P-8/2=al b#! |=8=4=c-dP¥F=a! ;# 6=c=-a! [#! 6=(&a! b#! [=+F-W="=a! %#!
P&2-8&(&a! k# k=N=c-! ='51 )(! =,#! d$EELe#! "()22-38))5! +),,! =5F)4-&'! <2&8&()4!
(7284-)! <F&4<F&27,=(-&'! &V! <$AC%=4a! =! 62+! F&IBRI&&T=-"-'?! 8&,)+/,)! F=B-'?!
8/,(-<,)162+!F&8&,&?7!1IW-'5-'"218&(-V4#f!Dj-&,1BF30Ud 1L eil SLAEUISLKC 1#!

NF=7&'al D# ='5! M1 [2=+./-1d1CCLe# {%&8</(=(-&'1BR)R' (1 +),,!),=4(-+-(7! V&2! +2-(-+=,1 +), JW)=5!
2)&8)(27!-'18=7")(-+1(M-4(-'?))*<)2-8) (4#f1>"j-&  8)5!I'?! MM1eil$ASISKSH!

NF=7&'al D#al M [2=+./-al;#1X&5-,al 6#1X)2) & @HARN RitI# A ='/ 41 ='519#1"4=\W)71d1CCKe#!f>'=, 74-4!
V'8 -)=212)4<&'4)41 &V =5F)2)'(1)<-(F),-=,!1+),,4<2&W)5 W71 8=2") -+ W)=5! (m-4(-'?i!>!
V--()1),)8)(18&5),1W=4)5181=IF&8&?) -N=(-&'|=<<2 &=+F#fID!j-&8)+F!I'?78YdYeilYULJ
YEU#!

NF(=al k#al g#! 6/N/c-al 6# g=c=8/2=al D#! I#!|=2(m-PI2%8 6(&44),| dSEEEe#! f[F)148=, | T[*=4)!;=,>!
(=27)(41V-,=8-"1(&!-'5/+) V- &<&5-=#f1"2&+1g=(,1546=-1!6!> YdLeil1$11J1$1U#!

n,-B)2a! [#a! P#! 9)8W&! ='5! b# D=+&W4&'| dSEEE e (@4 &Y/! <2&</,4-B)! ='5! =5F)4-B)! (2=+(-&'!
4(2)44)41-'1 &+&B&(-'?1C) 2=(&+7()4#fIDI%), . lj-BLdAeilLUEJY CK#!

n2V='&4al 6#! I#al "#! P=B2&88=(-a! "# b&2&B)4-! LHLEHAd1CCKe#! /,88&'=27!)'5&(F),-/8! -1
=+/()1,/'?1-'RI27iIV2&8IW=4-+14-+-) ) (&(F)1+2-E+471-, #1" ()'4-B)!%=2)!P)5MWEei!$0C1J
$OSK#!

n22al>#_#al:# 6(&+c(&'al P# j#! 6-88)24a! D#! P&l D#! 6=2)8W&+cal j#! ;#j,=+c8="1 ='5! P#! >#!
6+Fm=2(N! d1CCOe#! fP=(2-*J4<)+-V-+ <1$J=+(-B=(4! 5+ (-B=(-&'! 2)?/,=()4! B=4+/,=2!
<)28)=W-,-(7!-'1=(F)2&?)")4-4#f1D1%),,!j-&0Y dLeil0$EJOLO#!

nB)2W7a! 9#! ;#al j# 9#! P=((F)m4a! I#! > 4W)27?! ='BIQ§V)2! d1CCLe#! fg&B),! 57'=8-+! 2F)&,&?-+=,!
W)F=B-&2! &V! -'5-B-5/=,! V&+=,! =5F)4-&4! 8)=4/2)5! Fk(4-'2,)! +),,41 /4-2!
),)+(288=7")(-+1</, -~ 2147 (&8)(27#f1>+(=1j-8&8=()2! 7dAeil IELIACA#!

A=<<)'F)-8)2al D#! #al l#! P#!;)'c-'1='5! G#! P#1&22) AMSEL$e#! fX-,(2=(-&'a! 5-VV/4-&'1='518&.,)+/,=2!
4-)B-'2! (F2&/7F! <)2-<F)2=,! +=<-,, =271 8)8W2=")4w! & @-W/(-&'! (&! (F)! <&2)! (F)&27! &V/!
+=<-,,=271<)28)=W-,-(7T#/1>8IDI"F7 47 &0d$eil SAIK Y#

A=2c)2al D# Y#al I# %#1j2))'| ='5! D# j#)4(! ASERBEBHA+/, =21 ='5] =-2m=71<2)44/2)4! -'+2)=4)!
()24(-(-=,1<2&()-18;0>1)*<2)44-&'1-1-4&,=()5!2= (I,/'?4#fIDI><< I"F74-&,!dSEURMILei!
$YE0J$OCLH!

A=2c)2al D#! %#al P# "#! [&m'4,)7al j#! -<<)al >#! &9 [='B) D#! [F-2<)'! d$SEUKe#! f"'+2)=4)5!
8-+28B=4+/,=21 <)28)=W-,-(7! -'| 5&?! ,/'?41 5/)! (& F-?F<)=c! =-2m=7! <2)44/2)4#fl D! ><<,!
NF74-&,1:)4<-211'B-2&'11%)2+1"F74-&,1L0dYei'$UCEJISUSY#!

! "1l



A=2(2-57)al%6#! >H#al Y6t D#1&2B=(Fal ! D# DY AF-8a 4! ='5! >#1j# P= -cldSEELe#!f"V, /) &Y!
Y¥(2=+),,/,=2! 8=(2-*1 -1 (/8&2! ")+2&4-4! V=+(&2J-'5/45! -'+2)=4)! -'I Y5&(F),-=,!
<)28)=W-,-(7T#{1>8IDI"F74-8¥YMIY " (I$ei!GY 10JYAAH!

A=2(2-57)al %#! >#al D#! D# D)VV2)7!='51 >#! B Re#HEHER JcO=! ?),=(-'=4)! -'5/+)51 W7! [gXJ=,<F=!
+&'(2-W/()41(&)-'+2)=4)5!8-+2&B=4+/,=21)'5&(F),-=)28)=W-,-(7#/1>8! DI"F 74-&YLdL!(!
$eil GKAUJKKO#!

A=44-al>#alOHIg)?2--al:#1> W) 2(--al T#IP-4) 2851FR19)!G/+=IdSEEEe#!f[F)!14)'4-(-B-(71&V!B) 24t +='
V2&8! 2=WW-(! /'?! (&! ?),=(-'=4)! > dPP J1e! ='5! || dPPJEe! ='5! -(4! -'B&,B)8)'(! -l (F)!
5)B),&<8)'(I&VIF752=/,-+1,/'?1)5)8=#f1X1j6!G)((! NLYd$eilEAJEY#!

A=4N)ca! P# D# ='5!H#! P#!_)=B)2! d1CCKe#! f[F)! (J8&&(4i! 8)+F='"-+4!8))(4! 8&2<F&?))4-4!
='518=,-2'="+7#{IDIP=88=27!T,='5!j-&,!9)&<,=4-=! 4dKeil ALLIJAK1#!

A=4N)cal P#! D#al g#! p=F-2alb#!;# D&F'4& al DIGHIGHCEN) W)22al ># T)V) 'al %6#! >#1;)-' F=2 (8B ?a!
6#1P=27/,-)4a! P#19)8W&a!9#1j&)((-?)2al 90#>#|=88)BIH#!P#!_)=B)2!d1CCLe#!f[)'4-&'=,!
F&8)&4(=4-41="51(F)18=,-7'="(1<F)'&(7<)#f1%="+)21%) ,/RdAeil IK$J1LK#!

A=(),al 6# 9ftal Y6#! %o-=((&al Yor M1 %F) al X# j=RPAFRA =, )al g#! >2c/4al "# 6+F-)2)'al [#! P# DY4), alj
&'-2al 6#! ;#! A2-+)! ='5] G#! 6F=<-2&! d1CCYe#! f[7<HEBF)2-"1 )+(&5&8=-"1 4(2/+(/2)4i!
-8<,-+=(-&'4IV&21+ =44-+= 1+=5F)2-'14<) +-V-+ (77BN Y eil$1LLISTY U#!

A=((&'al_#IX#al PH#Ih#IK&& al DH#I6#!> )*='5)2al g% F/Fal l#!j#11)+F(8="1="5! 9# 6F)<2&! d$EECe#!
fl*<2)44-8&"1 &V 4-8<)! )<-(F),-=,! +7(&c)2=(-'4! -1 WB-)! </,8&'=27! 8-+2&B=4+/,=2!
)'5&(F),-=,1+),,4#f1D1%),,I"F74-BNMISeil $K CISKE#!

A),F=8al ;#! D#al D2# ='51 k# _='?1 dSEEOe#! %),,! 8&&8B! V&+=,! =5F)4-&'4! =2)! 2)?/,=()5! W7!
AIWA2=()IV,)*-W- -(T#{1N28&+1g=(,1>+=5!6+-IANH2LeilSAY Y SISAY Y L#!

A)(2=+F)al "#al >#! j-2/c&B=al 6#! "#! ;=8-2)Na! D#F¥EBESH! 9# H)2-'1 d1CCAe# f[F)! 2&,)! &V! (F)!
8-+2&(/W/,)41-'1(/88&2!")+28&4-4IV=+(&2J=,<F=J-'5/+)F5&(F),-=,1+),,1<)28)=W-,-(7#f!>8!D!
)4<-21%),,1P&.1j-&,18RALeilLOKILUS#!

AF-, -<4alMI THal I G/8al># j# P=,-cl='5I PH# X#SEUEe#!fAF=, =+-5-'1<2)B)' (4! (F2&8W-'J-'5/+)5!
-42)=4)41-'1)'5&(F),-=,1<)28)=W-,-(7!(&!=,W/8-'#{! >8IDI"F 74-8&8L0 dAI(1$eil%L Y LILY O#!

A)24+FW=+F)2al P# O#!="511#:/&4,=F (- dSEUKe#H{HERV! (F)!+),,12)+&?'-(-&'14-() | &VIV-W28&') +(-'
(F=(12)(=-"1=((=+F8)'(J<2&8&(-"?1=+(-B-(7#{1"2&+!d#>+=56+-1n!6 'R 7d$EeiLEULILEUU#!

A ='Aall#al6#1 T=,-=+7al6#1X)2)&, al;#I X&5- @A R P#I M #15\n2(F&!='5!9#1"4=W)7!d 1CCLe#!fb<-+=
2-2-5-(71&VI="1)<-(F),-=,!4),,18&'&,=7)2)B=,/=()BN7!8=2")(-+!(m-4(-'?! +7(&8) (27i!"%>PJ
$1B)24/41-'()22-"1 ,-'c=?)4! (&! XI=+(-'14(2/+(/2)#1 %' |)8&2F)&,! P-+2&+-2+MMAei! 100J
1E$#!

A ='/4al I#al 6# T=,-=+7al P#! P=((F=7a! H#! G=/2)£8D&B-+a! T# P/2<F7al %#! %,:2-+-al 9# "4=W)7a! %}
G=V/8=!='51 P#! M# 5\n2(F&! dSEEEe#! f:&,)! &V! +&, 4R)4 8)5-=(-'?! -'| B-(2&! =,B)&,=2!
)<-(F),-=,IMm&/'512)<=-2#f1D&/2'=,InVI1%), 16+-)' +]78&] & Z$GBKAI 1L 1#!

A&W)2a! D# 6#1='51_#1%#16)44=1d1CCOe#!fIB&, BE&MAW!) 5&(F),-=,1+),,41-'1-'V/,=88=(-& #flg=(!
)BI"88/'&,! 0d$CeilUCAIUSLH

n&,-al >#al # P#l P=4&" ='5] D#! ;#! G)B-+c! d1CCIKe@ YW >22JT,7J>4<! 4)./)'+)! <)<(-5)! ='5!
F7<)28488&,=2-(71&"1 (F)! <)28)=W-,-(7! &V!-'()24(-(-8=(2-*1 ='51V)")4(2=()5! ) '5&(F),-/8!
VIR& (A#IP-+28&+-2+],=(-&T dYeil KY AJKOY#!

A&, =25al[#1O#IdSEECe#t!f>+(-#f1%/22!n<-'1%) 18&eil AAJK C#!

A&, =25al [#! 9# d1CCOe#! f;)2/,=(-&'1 &V =+(-'1 V-, £8344)8W, 7! W7 >2<1MA! +&8< )*I ='5! V& 28-'4#f]
>"/1))Blj-&<F74!j-&8&.,16(2/+(1 MYKL$IKOO#!

A&, (al[# #al THI6H#-+F,)2alg#!_="21="519#! [#)2ML CCKe#!fl*(2=+),,/,=2!8=(2-*1+&'(2&,4187&4-"
-?F(1+F=-"1<F&4<F&27,=(-&'1='51+), 1 +&'(2=+(- (FR&I?F! 8&5/,=(-&'| &V +),,| 4F =<)! ='5]
+7(&4¢C),)(=,1<2)4(2)44#11>8IDINF74-&.,1%),,"F78RYHAi1 %L $UILLUH!

r&(()2a! P# Ofal 6#1 j=2W)2&! ='5! 9#! >#1 %F)2)4F! HITZBLH! <F&I<F&27,=(-&' &V! HIJ+=5F)2-'
<2)B)'(4! W-'5-"21 &V <$1CJ! ='51 W)(=J+=()'-"1 ='5! 8=-' (=-'4! (F)! +),,/,=2! 8)4)'+F78=,!
A(=()#ID)j-&.!1%F)BRUAY el ASECYJASES1#!

A2=((alj# P#al O#1 X&28!='5! D#! ># P=52-1d$SEULER)IS&+), J)*(2=+),,/,=218=(2-*1-'()2=+(-& 4#f!
>"IglkI>+=5!6+-1 NYUI10KJI1UU#!

! 21



A2&B)'N="&al M M ='51 M D#! b)),7! d1C$$e#! fP)+Ex'4-?'= -'?21 (F2&/2F! (F)! +7(&4c),)(&'!
2)2/,=()41+),,1 <2&,-V)2=(-&' W7! +&&25-'=()5! V&BE)4 &' ='5 ;F&I T[*=4)1 4-?'=,-'2#f! D!
%),,16+78Nd (\Uei!$SELI$1CL#H!

Alc,-'IX=/+F)2al l#!="5! P#1°#16F)) (N!d1CCEe# f[F)I8F ='-+=,1-/()22-'1+ 7+ )#{1D!%),,16788 d~(! Lei!
$OEJSUY#!

g-='alD#!="5II#I T=&!d1C$Ce#!f6&V(18=(2-+)4!4/d<R)E4)2=(-B)IW)F=B-8&241=8&'?12)+)<(&2J,-?='5!
W&'541-'1+),,1=5F)4-& #11"G&6!n")LdUeil) $1AK 1#!

g-='alD#al D#!_="2!="5![#1 T=&!d1CCUe#! fG-V)(-8)(2)B(F! &V!=5F)4-B)!8&,)+/,=2! W&'5! +,/4()24!
W)(m))'l),=4(-+18)5-=#{IG="28/-2! 8NdKei!$1Y1I$10CH!

g-=&al;#!G#all#6#_="?al_#!k='al G# I#!n5)cEAAD)HHD)++F-&a![#! D# 68-(F!='5!>#!j# P=,-c|dSEELe#!
fl*(2=4),,/,=2! 8=(2-*! F7=,/2&'=" -41 =1 5)()28-'='(! & V! (F)! )'5&(F),-=,! W=22-)2#f! >8! D!
NE74-& 8Y 4d$1N(1$eil%SCAISCEH!

q-=&al :# G#al_#k="al [#! G/8!='5! >#! j#| P=,-c! d$EE 228 T,7J>4<! <)<(-5)! -'+2)=4)4! )'5&(F),-=,!
F752=/,-+1+&'5/+(-B-(7il +&8<=2-4&'!m-(F! (F2&8W-' V& 4)#f! >8I DI "F 74-88YY 4d$! (! $eil
%$SCISS0#!

q/=52-al6#!b#d1C$1e#!%2844! (=,cIW)(M))'IVEM=ELBF=4)1="51+=5F)2-'4i12&,)!-'12) 2/, =(-'?!
)'5&(F),-=,IW=22-)2IV//'+(-& #IP-+2&B=4+1; RIMIS il AJS$#!

='Bal;#INH="51>#196#1j/2(& |dSE Y Ke# TP1%I>g"%>G I [16InX![111;191%IGGIPIPj;>gl#!
"#IPIPj;>gl16["XXgl66!>g9!"g[;>%IGGhG>;1";166h; #1! -&<F74IINI$SLISALH!

)-'F=25a! P#al b#! D&/B)'=,al 9#! [2-<-)2! ='5! h#l _=JBEELe#! '5) (-V-+=(-&'al </2-V-+=(-&'a! ='5!
+F=2=+()2-N=(-&" &V! =! N7*-32),=()5! <2&()-1 (F=(BAN{F)! V&+=,! =5F)4-&' ='5!
8-+2&V-,=8)'(1 <2&()-'! H>6" dB=4&5-,=(&2J4(-8/,=()SIF&A<F&<2&()-'e#fl ~28&+! g=(,! >+=5!
6+-1h!6!>48 d$0ei!0ELYJOEY C#!

V4'-c&VValP#al[#1j2-) al M >HIH-'+) (@l # X#!: &&al I#1G)m-4al " D# P +b)&m' JG &' 2&!="5![# P#16=W=!
dSEEE#!fG/'?18=(2-*1-'+82<8&2=(-&'1 &<, =48=IV-)JMRE2)5/+)41 B=4+/,=21<)28)=W- (7!
1<&A(4127-+=,IW=+()2)8-=#f1>8IDI"F748R0 dK!"(!$ei! GOKEJOL E#!

-+=25al D#! 9#al O#1 92)7V/44! ='51 T# 6=/8&'| d1CORe#(&RJ-'5/+)5! /71 -'RI27#f! /2! ;)4<-21 D!
6/<<,INSII14JE4#!

-5,)7al># D#al P#!>#16+Fm=2(Nalb#j/22-5? )@ REIH T-' 4W)22al THj&2-47al DHI [#1A=248#1='5
#118&2m-(N! d1CCAe#! %),,! 8-22=(-&'il -'()?2=(-'?! =2 V2&8! V2&'(! (& W=+C#f! 6+-)'+)!
MUBILYL$eil$0CKJI$OCE#!

-88al9#I GHall# :#1b&4,&Bal M b)W2-=)-al Yo# LOHBIBHIGH P&22&mI dSEELe#!f> <F=1$dleJ+=()'-1-4!
="l =+(-~"JW-'5-'?1 ='51 JW/'5,-'21 <2&()-'! 8)5-=(-"?! (F  )! =((=+F8)'(! &V! XJI=+(-" (&! (F)!
8)8W2=")I=5F)4-&'1+&8<,)*#I"2&+1g=(,!>+=5!6+-1h!61148 d$Eeil UUSAIUUSO#!

:&4)'W,=((a! g#a! 6#! I/al D# %F)'al g#! _='?! ='51 9#! §i&B-+! d1CCKe#! f9-4()'5-'2! 4(2)44! &V! (F)!
+7(8&4C),) (&' -41 =1 €)715)()28-'='(1 &V! +),,| 2F)&,&?-+,! W)F=B-&2#f! |-&+F)8! -&<F 74! ;)4!
%&88/'! M87dAeilY$0JY11#!

:&(()2a! b#al >#! I=,,! ='5! D# H#! 68=,,! dASEEEe#€12 W)(m))' ;=+! ='5! ;F&! - (F)! +&'(2&,1 &V!
4IWA(2=()1+&' (=+(157'=8-+4#f1%/22)j-8d$1ei YKCIYKU#!

‘&N=2-&a! [# ='5! 9# #! 9)6-8&')! d1C$Ce#! f[F)! )*(2=4),=2! 8=(2-*! -'l 5)B),&<8)'(! ='5!
8&2<F&?))4-4il=157'=8-+IB-)m#f19)B!j-& MN TU$eil$1Y ISKC#!

/&4, =F(-all#ldSEESe#!f"()22-'4#ID!%,-'" BROUSei$IL#

:1&4,=F(-al I#! ='51 P#! 9#! A-)24+FW=+F)2! dSEUOe#! fgrK)+(-B)4! -'l +),,! =5F)4-&'il ;T9! ='5!
~()?2-'4#16+-)'+)! SMRIKU1YeilKE$SIKEO#!

6=c=8&(&alk#a!l#!n?-(=a!l#!b&8/2=!="5!k#![=c=-| dUEE{"B&,B)8) (I &V!')+(-'1-1-'=+(-B=(-&'| &V!
~()?2-'1 =,<F=dBeW)(=dAe! =V()2! (F)! )4(=W,-4F8)'(1 &Y.J+),,! =5F)4-&'#fl D! j-&,! %F)8!
8RMIS$eI!KEYJILCL#!

6=c-4=c=al [#fal _#! "c)5=al # n?-(=a! g#! X/R-(=! I5tk#d1CCOe#! f[F)! 2&,)4! &V )+(-'4! -'1 +), !
=5F)4-&'4il+&&<)2=(-&'Im-(F1&(F)2!+),,|=5F)4-&'18%4/, ) 41="5122&m(FIV=+(&212)+)< (&24#!
9%/22In<-'1%), j-&, 74 dLei LEAJYC1#!

6=(+F-IX=-'=2&al:#al:#P=8 /calG#!_='7a!6#!PH#BB&R(#!g=27al9#!X) ?al>#! P#9B&2=call# X#!9B&2=ca!
P#17/5)2al 9#!P/CF&<=5F7=71="5|D#!X&,c8="ld1CCLEHW-(-&'1&V!B)44),1<)28)=W-,-(7IW7!
[gPIKOC!="51-(41<&,78)21+& RI?=()al+=<,&4(=(- #{1%)21%),,I0dAeil LL$ILY $!

! "3l



6=(&a!P#algH#INFAF-8=1="51:#P#1g)2)8IdSEEY e#! I =AH &1 <2&<)2(-) 41 &V!+/,(/2)5!<&2+-) | =&2(-+!
)'5&(F),-=,14),,41)*<&4)5!(&I4F)=214(2)44#11D!j-&8F B4 dKeil KY $IKY O#!

6=(&al! P#al _#!I1# 6+Fm=2N!="5![# 9#!"&, =25! d$BYQEHH)! &V! (F)! 8)+F="-+=,1<2&<)2(-)4! &V!
=+(-'M=,<F=J=+(-"17),41&'15)V&28=(-&'12=()#f!g=@)!M8LIY $COeilULUJUACH!

6+F,=)<V)2a! 9#! 9#! ='5! 6#! b#! P-(2=! d1CCKe#! fPA&HI(-&'4! -'c! X>b! (&! +),,! 8&(-,~(7! ='5!
-'B=4-&#f1%/22In<-'IT))(19)B! 7Nd$eilE1I$CH#!

6+F'-((,)2a! I#! D#al j#! N4+F),1 ='51 9# 92)'+cF=F'| diiBe#! f;&,)! &V +=5F)2-'41 ='51 <,=c&?,&W-"1 -'
~()2)'5&(F),-=,!=5F)4-&'1/'5)212)4(-"?1+&'5-(-&'4!  ='514F)=214(2)44#f1>81DI"F74-8MdL!
A(11eillLAEYJLKCL#!

6+F/8=+c)2al ! [#] d1CCle#! f6(2=-"-"?! (&! /'5)24(="B)+F="&(2="45/+(-&" -'| (F)! ,/'?#fl >8I D! _
NF74-&,1G/'?1%),,IP&,"F74-88R8dLeilGUUSIUUL#!

6+Fm=2(Na!P#I>#I='5IP#I#IT-'4W)2?!d1CCle# fgimBRE2844(= Cil-'()22-'14-7'=,,-'?14<2) =5 4#H!
9=(1%),.!j-& NdKeill YLIY U#!

6+Fm=2(Na! P#! >#a! P# 9#! 6+F=,,)2! ='5! P#! I# T-d$DRRE#H! f"()22-'4i! )8)2?-'2! <=2=5-2841 &V/!
4-7'=)(2="45/+(-&'#11>"/1;)B1%),,19)Blj-&,!  77ilLKEJLEE#!

BF=4W7al 9#! P#al 6#! 6#! 6F=4W7a! D#! P#! 6/, -BB#I=5t FRIlASEULe#! f:&,)! &V! )'5&(F),-=,! +),,!
+7(84C),)(&'1-1+&'(2&,1&V1)'5&(F),-=,1<)28)=W- -(F1%-2+1;)417 dLeil YLOJY Y $#!

BF=4W7al!9#! P#al[#!6()B)'4al 9#!;-)dal ># j#! P&TaHB#(Pal ># P# b=8=(F='5!6#!6#! 6F=4W7!dSEEOe#!
f[F2&8W-' -'F-W-(4! 87&4-"1 -?F(! +F=-" 5)<F&4<F&27(&'! -'1 )5&(F),-=,! +),,4#f! >8! D!
NE74-8808d111(1$€i GASSIASEH!

6F)al g#al P# I# /! ='51 6# kil k/="! d1CCEe#! fI'5&(Fy,! +&'(2=+(-,)! +7(&4c),)(&'! ='5!
8-+28&B=4+/,=21<)28)=W-,-(7#f1%),,!1)=,(F1%7(&4cB)IU4d$eil KAILCH!

6F)<<=25a! 9# d1CCKe#!;&,)41 &V = <F=B!-'()?2 BH4}/,=2| W-&,&?7!='5! </,8&'=27! <=(F&,&? T#f!
%/221n<-'1%),.j-&,7YdLeilLL1ILLO#!

BF-'al 9# ='5! b#! >(F='=4-&/! d$SEEEe#! %7(&'5)'(=({&V/&2! &W(=-"-"?! +),,! W-&8)+F="-+=,!
<28<)2(-)A#IDIN2(F&<!; ¥ dYeil UUCIJUECH!

BF28&VVal6# THal O# :#16=")2!="5!;#1G=,| SEELBMIOTA28&8)+F="-+=,1<2&<)2(-) 41 &V!+/,(/2)5! 2=(!
=(2-=,187&+7()418)=4/2)5!W7!=(&8-+V&2+)!8-+2&4+8BI D! "F74-8Y 4d$!"(1$eil % 1UYJ
1E1#!

6-8-&')4+/al g#al P#! 6-8-&')4+/1 ='51 T#! 1#] "= =5)! d$EBE#! f9-VV)2)'(-=()5! 8-+28&5&8=-'41 &' (F)!
18-'=,14/2V=1)1&V(F) 1 +=<-,,=271)'5&(F),-18#"#1)2)2)'(-=,5-4(2-W/(-&'| &V/! ='-&'-+1 4-() 4#f!
D!%),,!j-&AUdAeilY CLIY $A#!

6-"2Falj#al %#! X/1='51 D#IjF=((=+F=27=1d1CCCe#HM¥4)44-&'1 &V! (F)!=,<F=dBeW)(=dAeJ-'()72-"!
21, /21="51&(F)21&2?="4#f1>8IDI"F74-&,!G/'?1%),,!P&,1"F74-&F0Rd$ei!G1$0J 11 Y#!

6-(c&al D#! %#al I#! P# P=())4+/1='5! [#l T#! |='48=! d&@G)./)'+)J5)<)'5) (! 9g>! +&'5)'4=(-&"!
='51(F)1),)+(2&4(=(-+IN-<<)2#fj-&<F 7 RDH$ei KSEJKA$H!

68=,,al D#H#aIP#I)2N&?!="51b#!>'5)24& Id$EELEH#>=8) (18&22="-N=(-&'I-'|(F)IV-4F!c)2=(&+7()!
=8),,-<&5-/8#f1D1%), 1j-& 784 dLei!$10LISLUY#!

68-(FalD#!_#1="5!9#1>#1%F)2)4Fd$SEECe#!f"()22FEBIW) (= AeJ,-?="5!-"()2=+(-&'#!"5)'(-V-+=(-&'!
&V1=IF)()2&5-8)2-+! : TOIW-'5-'"21 4-()! &'l (F)! B-(2&")-"1 2)+)<(&2#f! D! j-&,! %F)BY LdKei!
1$YUJ1$01#!

6&),,)2altal #I>#1g/- ="1="5]_#_#1X2="C)/dSEULRI"5)' (-V-+=(-&'1&VI=I5-4(-"+(14&,/W,) 1 4/W/'-(1&V/!
='1-'()28)5-=()!V-,=8)'(1<2&()-'i! ) (2=8)2-+!B-8)'(  -'1V2&8!,-B-"?!+), 4#fl"28&+!g=(,|>+=5!
6+-1161>R8d1Aei0ELEJOEAA#!

6&,)2a! P#al 6#!9)4<,=(ID)?&alj# H=+F)2a! G#! "& BEIY2=()2'&a! "#!j&'22="5a) D#! P# P=2(-'1='5! %#!
X&=! d$EEUe#! f>5F)4-&'J2),=()5! ?,7+&+=,7* 4(/57il(#=(-B)! =<<2&=+F! m-(F! -8=7-'2J
4<)+(2/81-1(F)1))2271V-,()2-'21 (2="48-44-&))+(  2&'18-+284+&<)IdIX[IPe#f!X1j6! G)((!
N84d$eil UEJEK#!

6<2-'2al b##!;# ASEEUe#! f;&/()4! ='518)+F="-48! &V \BY(2="4<&2(IW71)<-(F),-=#f1>"/1;))BI"F74-&,!
YUISCLISSE#!

6./-2)a! D#! P#al P#! %F)mal T# g)R-al %#! g)=all B8 jSRB7P-+F),! d1CCS$e#! fq/=4-J<)2-&5-+!
AIWAQ2/+(/2)! -1 (F)! 8-+2&B)44),! Y5&(F),-=,! ?,7+&+T*i! =) <&44-W,)! )*< ='=(-&' V&2!
8&,)+,=2IV-,()2-"2sfID16(2/+(!j-& IMYAeil LAEJ1LL#!

! "4l



6(=F,F/(a! P# ='5!j#B="19)/241d1CCCe#!'5)'(-V-&(&V!V-,=8-1=41=1'&B),! -?='51V&2! +=B)&,-' J$i!
)B-5)")IV&2! (F)! &27="-N=(-&'1 &V! +=B)&,-'I$I=44@5+-8)8W2=") 5&8=-"41 W7! (F)! =+(-']
+7(&4C),)(&#IP&.1j-8.1%),,77 d$eil ALLIAAOH!

6(=8)'&B-+a! 9#! d1CCLe#! fIVV)+(4! &V! +7(&4C),) &K &' +),,! 2F)&,&2-+=,! W)F=B-&2#f! >+(=!
-&8=()2! 7dAeil1LLI1Y1#!

6(=8)'&B-+al 9#! ='5 9#! I#! "?W)2! d1CCle#! fP&S5), MRIG4C),)(=,! 8)+F="-+41 &V! =5F)2)'(1 +), 4#!
-&8)+FIP&5),IP)+F="&W-&,! 7d$ei ELISCU#!

6(=8)'&B-+al9#alj# 6/c-alj#I X=W27alg#!_="?!="BIRZ)BW)2?!d1CCKe#!f;F)&, &?7!1&V!=-2m=7148&&(F!
8/4+,)! +),,41 -41 =448+-=()5! m-(F! +7(&4c),)(=,! +&'(@=,)! 4(2)44#f! D! ><<,! "F74-&, d$SEULe!
4YdLeil$YCCJI$YCL#!

6(=8)'&B-+al 9#! ='5! g#! _="?1 d1CCCe#! f"B-()5! 2)B-)Mi?-))2-'?! =<<2&=+F)4! (&! +7(&4c),)(=,!
8)+F="-+4#fID!><<,I"F74-&4dLeil LCULILCECH

B(-+C),al 6#! b# ='51 k#l G#!_='?1 dSEUUe#! f67'(F)(<H5)) T; T96! -'5/+)4! 5-448&+-=(-&'| &V! =,<F=J
=+(--'1='51B-"+/,-'IV2&8I(F)!14-()41&VIVE&+= 1+& (£4#ID1%) |- &U0dAei!$1A$IS 1 AEH!

6(&44), al[#IM#IdSEEAe#IN'I(F)1+2=m,-'?1&V!I="-B4#16+-)+)1I8Y UdL$$$ei' $SCUY ISCEK#!

6(2),c&Bal 6#! H#a! I# )228="1 ='5! h# >)W-! d1CCAe&!)iH,=2! =2+F-()+(/2)! &V! -'()28)5-=()!
V-,=8)'(4#f1j-8)44=T48L dAei' LKAJLL$#!

6(2&8W)22al 9#19#1="51%#I>#]_-)5)2F-),8!dSEY EeHIH=4(-+15)4+2-<(-&'1&VI=I+&, =?)'&/41 (-44])!
14-8<))1),&'2=(-& #fID!I><<,I"F74-& 8YdYeilULOJUY 1#!

Blal THalP#!I&5')((alg#!_/al>#!>(=C-,-(al%#! b& 4RI T&5N-+Fal o#! p#ll/="2al D# b# b-8al D# P#IX2="cal
>#! P=((F=7al 9#! 6F)<<=25! ='5! D#! X#! A-(()(! d1CCRH £, <F=BW)(=L! 2)2/,=()4! ,/'?!
B=4+/,=21<)28)=W-,-(7!='51</,8&'=271)'5&(F),-=,|W=2-)2!V/'+(-&#{!>81D!;)4<-21%),,! P&,
j-&,) MY4AEi!AOOJAUY#!

6/)(4/2/a! 6#1='5![#![=C)'=m=!d1CCA#! ;) ?/,=(-&'| &\V+&2(-+=,! =+(-'"")(M&2C4! -1 +),,18-72=(-& #!
"(1)B1%7(&,!884 1 IKLILUY#!

B/c-alj#al 6#!"(&al9#!6(=8) &B-+alb#! #!G/(+F) HH5#!"?)'-(&! d1CCLe#! fj-&8)+F="-+41&V! (F)!,/'?!
<=2)'+F78=il +2-(-+=,! 2&,)41 &V! +&,,=?)'1 ='5! 8)+F="=%] V&2+)4#f! D! ><<,| "F74-&,! d$SEULe!
ARdLeil$UELISUEE#!

[=55)-al >#al b#! T-=8<-)(2&a! >#! %&'(-a! X#! n24§1{28B32-&a! H# A-2=NN&,-al P# A&()'()a! %#! 9=,7a! 6#!
9-88),)2!='5!1#19)R="=!d1CCUe#! fI'5&(F),-=,|=5F)2)' 4IR/+(-&'41+&'(2&,!(-?F(!R/'+(-&'4!
W7IHIJ+=5F)2-'38)5-=()5!/<2)?/,=(-&'1&V+,=/5-'IL#y=(1%)..!j-& 7UdUei' ELAJEAK#!

[=c=-al l#a! ;# G="5)4W)2?al ;# _#b=(Nal %#! [#!/5i#! 1# T/& d1CCYe#! f6/W4(2=()! 8&5/,=(-&'1 &V/!
&4()&W,=4(1 =5F)4-&' 4(2)'?(Fal V&+=,! =5F)4-&'l c-1=#)(-B=(-&'al ='5! 2)4<&'4-B))44! (&!
8)+F="-+=,14(-8/,-#11P&,1%), j-&8)+F! Mi$eil$I$1#!

[=c)-+F-a! P#! dSEECe#! f%=5F)2-'4il =1 8&,)+/,=2! VEBR2(='(!-'14),)+(-B)! +),,J+),,! =5F)4-& #!
>"/1)Blj-&+F)8!  L4il1A0J1L1#!

[='a!D#IG#alD#I[-)'al 9% P#I1-2&")al O#16# TE=BaURHR/1="51%#!6#1%F) |d1CCAe#!f%),, 41, 7- B! =!
&V 8-+2&"))5,)4il ="l =<<2&=+F! (&! -4&,=()! 8)+F="-+&2+)#fl "2&+! g=(,! >+=5! 6+-! h! 6! >!
7UWKeil$KUKJI$KUE#!

[=2&)al THal THI6()V="/(&a! ! P=4+=2), &al M QYL )#! >, (2/5=1="51G#16-,)' & ASEECe#!fl*<2)44-&'!
&V12)+)<(&241VE&21)*(2=+),,/,=218=(2-1<2&()-'41BE) 5&(F),-=,!+),,4#f| D! G-<-5! P)5-=(!
8&A3;; 2I6KLILAH!

[F)2)(al9#1 #al P#!D#G)B)4./)al P# 6=(&a!;# P#Ig)R)8#![#_F)),)2!d$SEUUeH [F)!=<<, -+=(-&'|&V!=!
F&8&?))&/4! F=VJ4<=+)! 8&5),! - (F)! ='=74-41 &V! )5&(F),-=,! +),! 8-+2&<-<)(()!
8)=4/2)8)'(4#f!D)j-&8)+F!I'?!  77UdAeil$ECISEE#!

[F&/8-"al n#al P# G=8W)2(a! :#! P# P)?)! ='5! 9# %F&.IA1CCYe#! ;)?/,=(-&" &V! gJ+=5F)2-
57'=8-+41=(1")/2&'=,1+&'(=+(4!W7!,-2="5IW-'5-'"21='5 1+7(&4cC),)(=,|+&/<,- 2#{IP&.1j-&,1%), !
70d1eilUY1JUOL#!

[&NN-a! %! >#al TH#! D#I A&-="-al >#! P#! |=2="2&REBIYBIBHIDH ;- ) 7! ASEUEe#! £°2)44/2)J-'5/+)5!
+&")+(-B)! (-44/)! 4T'(F)4-4! -'l </,8&'=27! =2()27! 4)? 8)'(4! -41 5)<)'5)(I &' -'(=+(!
)'5&(F),-/8#11D1%,-'1"B)4(! RNAeil$CCLISCS1#!

[2=<JD)'4)'alD#I="51g#!>#G=44)'|d$SE0Ce#![%=4<) 2D EW- -(7IV&2148=, ) 2IF 7528 <F- -+!(2=+)24!-
)¥)2+-4-"21 4c),)(=,! 8/4+,)! -'1 '&28=,1 8="1 ='51 1 <=(  -)'(4! m-(F! ,&2J()28! 5-=W)()4!
8),,-(/4#f1d[F)!> V2)5!j)'N&'1678<&4-/8!""e#!




[2-+C)7al_#!:#al [#1 M H=-1='5I X#! T/-, =c! dLCCHOK2E,)! &V! (F)! +7(&4c),) (&' -' (F)! B-4+&),=4(-+!
<28&<)2(-)4&VIF/8="1=2(-+/,=21+F&'52&+7()4#fI DIB(E)4! 88 d$eilSASISAEH!

[4=-a D#! ='5! G#! b=8! d1CCEe#! f;-?-5-(7J5)<)'5)'(! 42&(=,c! W)(m))'! -'()?2-"1 ='5! +=5F)2-'
4-7'= - 2#flj-&<F74IBIYdYei| GAEIK$#!

[4/c=5=all#alo#k-"2al%#! X/al6#!"AF-c=m=al # FI@&agal 641> W), 5=al 6#!jF=((=+F=27=alj# >#j2=7!
='51 D#! jF=((=+F=27=! dSEELe#! fG-?=(-&' &V! )'5&(F3,<F=! Bl W)(=! Al -'()?2-1 -'+2)=4)4!
+=<-,,=27IF752=/,-+1+&'5/+(-B-(71&V12=(!,/"2#1192-00 dKeil YL$IY LE#!

[4/c=4=c-al k#a! b#! b-(=8/2=a! b#! 6F-8-N/a! >#! |# "mhk#)! [=c=-1 ='5! [#! k='=?-5=1 d1CCOe#! f:&,)! &V!
8/,(-<,)! W&'541 W)(m))'! (F)! 4-'2,)! +),,! =5F)4-&'1 8&, )+/,)4al ")+(-! ='5! +=5F)2-'al
2)B)=,)5!W7IF-?F14)'4-(-B)IV&2+)!8)=4/2)8) (4#/D®R.!j-&, MY WKei!EEY J$CCY#!

[4/c-8&(&al b#al n#l P=(F-)/J%&4(), &al :# ~2)5-)((@&! #! |1,-&((! ='5! D# j# )4(! dSEESe#!
fh,(2=4(2/+(/2=,! =<<)=2="+)41 &V </,8&'=27! +=<-, 32 =(| F-?F! (2='48/2=,! <2)44/2) 44! D!
><< INF74-&,1d$SEUI0 d1eilLOAILU1#!

[/2&mac-alal#IP=2(-), -al:#1%2=mV&25a! 95 BARBH#IH#IN=<=?)&2?-&/al PH THI G=8</?'="-al>#1%#!
T=8<a!9#!H)4(m)W)2al "#!>5=84&a! [#! 9)R='=!='5! IHHER.5! d1CCUe# A F&4<F&27,=(-&'!
&V1B=4+/,=21)5&(F),-=,! +=5F)2-'1+&'(2&,4! ,78<F&}J8-72=(-&#fI D! %),,! 64787 d~(! $ei!
1EJAO#!

[N-8=all#al P#!>#15),1"&N&a! 6#! D# 6F=((-, atsHPEF6+Fm=2(N!d1CCS$e#! f>+(-B=(-&'1&V!-'()?2-'4
1 )YB&(F),-=,! +),,4! W7! V,/-5! 4F)=21 4(2)44! 8)5-=()4;F&J5)<)'5)'(! +7(&4c),)(=,!
=,-2'8)'(#lIPjn!D!__ 8Ud$0eilKYAEIKYKO#!

h)5=al b#a! k#! nF(=!='5! [#!1&4&7=1d1CCAe#! f[F)! +=R\J&8-'=,! <,)+c4(2-' F&8&,&? 7! 5&8=-"1&V/!
"N%b!-'()2=+(4Im-(FIV-,=8-'J>#flj-&+F)8!j-&<F741:)41%&88/'! MUTKeilUUYJUECH!

hF,-?al 6# d1CCle#! fH)'(-,=(-&'J-'5/+)5! ,/'?! "RI2A'5! 8)+F='8&(2="45/+(-&'il 4(2)(+F-'?! -(! (&&!
V=2sf1>8IDI"F74-&,1G/'?!%),,P&,"F748R8dLei! GUE 1JUEY#!

H=,W)22al M >#1 ='519#1 X# > W) 2(-'-l ASEUL e#! 9B74&88L-& '4a) 2F) &, &27a! ='51 4(2/+(/2)! <2&W)5!
W7!=I'&B),!18=7")(-+1<=2(-+,)!18)(F&5#1ID!%),.!j-&I 7d$eil SACISK C#!

H=,W)22al M >#! ='51 D# A#1j/(,)2! ASEUOe#! FP=?32¢<)! 8&(-&'4! m-(F-'1 ,-B-'2! +), 4 AF74-+=,]
(F)&27!="51()+F'-./)4#1j-&<F74!DIL8 dKeilLAOJLLC#!

H=,W)27al A#l >#! ='51 [# ># X),58="| dSEUOe#! fP=7")¢=2(-+,)! 8&(-&'4! m-(F-" ,-B-'?! +), 4#!
P)=4/2)8)'(1&\V+7(&<,=48-+B-4+8&4-(71='5!8&(-,)|1=+B-(7#f!j-&<F 74 dKeilLL$IL Y $#!

B='1j//,a! D#! 9#tal X# M B="1> <F)'| ='51 " | G#! I& ABHRECE e#! f[F)! <2)4)'+)! &V =,<F=J+=()'-'-'| (F)!
HIJ+=5F)2-"1+&8<,)*1-412)./-2)51V&2NVV-+-)'(1 2=YB&(F),-=,!8-22=(-&1 &V ,)/c&+T7 () A#!
"(1D!j-&,!6+-Ld0eil YELJOCL#!

B='l1&2+cal X#! Mal P#! ;#! >F8=5-="al G# %#! |=)/4 2l P&&,)'==21 ='5! n#! b2=")'W/2?! d1CC$e#!
fObF=2=+()2-N=(-&'| &V! <$EC;F&TIXa! = ;F&>JA<)+- 417+, )&(-5)! *+F='2)1 V=+(&2!
(F=(1-'()2=+(4!m-(F18-+2&(/W/,)4#f!D)j-&, 1% F Y dOeil KEKUJKEL Y#!

H='5)'W2&/+c)al I#a! 9#! P)F(=al ;#! P-'4F=, | ='5! >#! B -c! d1CCUe#! £;)?/,=(-&"! &V! )'5&(F),-=,!
R/'+(-&'=,1<)28)=W-,-(7#f!>"1gIk!>+=5!6+-F 78 Ml SAKISK L#!

H)'c-()4m=2="a! b#a! b# 0-=&a! 6#! 6/88)24al %#! VABYEHC># H-'+)'(a! b ~/8-2,-=! ='5! >#! A
b&m=,+N7c! d1CCle#! ;)?/,=(-&" &V! )'5&(F),-=,! W=22\)/'+(-&'! ='5! 22&m(F! W7! HIJ
+=5F)2-'al<,=c&?,&W-'al="5!W)(=J+=()'- #{!>8!DI"F&4%),,I"F74-&RMIAeil%U$$IJU1$#!

H)2-'al >#! 9#al >#! j-2/c&B=al " _='?al X#! G-/al Y@g)4u# j-2/c&B! ='5! D#! T# T=2+-=! d1CC$e#!
fP-+2&(/W/,)! 5-4=44)8W, 7! -'+2)=4)4! )5&(F),-=,! +)| W=22-)21 574V/'+(-&'il 2&,)! &V! PG%!
<F&A<F&27 =(-&#f1>8!DI"F74-&,1G/'?1%),,IP&, "F7@8R7dAeil GLYLILOK#!

H)2-'al>#19#al G#I"#1 T- W) 2(JP+%,=-'al Yo#! [HIAS(0RAZH T=2+-=1dSEEUe#! fj-&+F)8-+=,12)?/,=(-&'!
&VI(F)!'&'8/4+,)1878&4-1 -2F (1+F=-"1c-'=4)1-4&V&28- IW&B-")!)'5&(F),-/8#f!>8!D!;)4<-2!
%),,!P&.1j-&,74dLei!l0Y0JOOY#!

H-+)'(0JP='N='=2)4a! P#al %#! b#! %F&-1='5! >#! :# |QRMUCCEe#! f"()22-'41 -1 +),,18-22=(-&'JI(F)!
=+(-'1+&")+(-&'#f1D1%), 16+7188 d" (I 1eil $EEJLCY #!

H,=F=c-4al g#! I#! ='5];#! 9#!1/W8=72! d1CCCe#! " BB mi! <,=48=18)8W2=")! 4(2)44! V=-,/2)! -]
=,B)&,=21)<~(F),-=,!+), 4#fIDI><< INF7REJY eil LIKECI1KEYW5-4+/44-&" 1 1KEO#!

H,=F=c-4alg#!I#!="5!:#19#11/W8=72!d1CCLe#!{%)|4(2M4IV=- /2)I-'1B) (- =(&2J-'R/2)5! /' 24#f!>8!
D!;)4<-21%2-(1%=2)!PY&7 d$1eil$ATUISAK 1#!

! lllle!



H,&5=B4c7al "#al D#! X&,c8="al ;#! 6/,,-B="al ;#! X2:8B4K=-JP-+F=),-a! D# 6=44)! ='5! P#! b,=?4W2/'
dSEUOe#!I'5&(F),-=,1+),,J5)2-B)5IW=4-+1V-W 2 @RRAA(F !V =+(&2il47'(F)4-41="55)<&4-(-&'!
~(&IAIW)'BE&(F),-=,*(2=+),,/,=218=(2-*#{1"2&+1g=(>+=5!6+-h!6RNIUeil 11ELI11EY#!

H,&5=B4c7al"#al ;#!"# P-+F=),-al P# j=2Jg) 2a! ;1 X128%# [&2&m-(Na! p#! X/c4! ='516#1j-2="T d$SEUUe#!
f"B&,B)8)'(1&V!IF)<=2="=4)!-'1(/8&2!8)(=4(=4-41="5! ='?-&?))4-4#f!"421D!P)5!6+8NdEJ
$CeilKYKIKOCH!

_=+F44(&+cal 9#! [#al_#!I1#! 6+Fm=2(N!='5! [#! 9# "&JSPEAe#! f>VV-'"-(71&V! =, <F=J=+(-"-'1V&2! =+(-'
5)()28-)4! (F)! 4(2/+(/2)! ='5! 8)+F="-+=,1<2&<)2(-)4! &V!=+(-'"1V-,=8)(! ?),4#f! j-&<F74! D!
YLd$eil1CLI1$K#!

_=5)al;#l I ='5># >#178="l dSEEOe#! fP-+2&(/W/,)| &+(/2)!='5!57'=8-+4#f1%/22!n<-1%), 1j-&.!
4d$eil$1I$0#!

_=-'m2-?F(a!P#!6#al D#!;&44-a D#!6+F=B&+C TR2GAIBPSNVF&2'a! ># H# H),) (N=a! P# p=4=5Nc-a! H#!
6F-2-'4c7al ki#! D-=a! D#! I=-)+Fa! G# D#! H='"l | 54t P#5! 8(()24&'| d1CCAe#! f22&()-" c-'=4)!
“B&,B)5!-'1 /"2 'R/271 4/4+)<(-W-,-(7i!)B-5)'+)1 V2881 )'N78)! -4&V&28! ?)')(-+! c'&+C&/(!
='51-'1B-B&!-'F-W-(&2!(2)=(8) (#11"2&+!g=(,!>+=5!6h!16!>7ULLS$CeilY LAAJY LAU#!

_=,)Na! k#tal "#! H-,22=-"1 ='51 "#! [/W)2! d1CCYe#! 3))&4il (F)! HIJ+=5F)2-'l 4m-(+F#f! [2)'54!
%=25-&B=4+IP)BYd1eilLLILE#!

_="2alj#al >#1%= [+Fal;# X&5-,al 6#1X)2)&,al @54, )al j# G&/-41='51 9#1"4=W) 7! d1C$Le#! fX&2+)!
+&'(2&,1&\V1)'5&(F),-181<)28)=W-,-(7!-18)+F="-+=, 7 14(2)44)5!</,8&'=27!8-+28&IB=4+/,=2!
)'5&(F),-=,1+), 4#f1j-&8)5!P=()2!'?!  88d$IAei!SYAISOCH!

_="2al g#! ISEEUe#! fP)+F="-+=,1-'()2=+(-&'41 =8&'?1 +&AcC),)(=,! V-,=8) (4#1117<)2()'4-&']  Ma$ei!
$YLISYLH#

_="2alg#al DAIMHI(,)2!1="51 98 1#1 " ?W) 2! ASEEAe#IR)& (2="45/+(-&'| =+28&441 (F)1+), 1 4/2V=+)|='5]
(F2&/2F\(F)1+7(8&4c),) (&' #116+-)'+)BY UL$$$eil $$1KI$SL0#!
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