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(40-2*0#'%6'$,*46#*+,*#,#M4(3#2"?#40*(,6'"2#$"%$4%*(,*'"%#B/C7/D#<F#?,0#,824#*"#-1(45-2,*4#

!../# 4@1(400'"%# '%# *+4# $3*"12,0);# ?+'$+# '0# '%# 2'%4# ?'*+# 1(4M'"-0# (41"(*0# BJ'"# ,%6#

=+,)8"%;#/RRCX#\4&48M(4#4*#,2I;#/RRPFI#]4#,20"#0+"?46#*+,*#'%#*+4#-%*(4,*46#$4220;#9J #

?,0# ),'%23# 4@1(40046# '%# *+4# %-$24'# B.'5IRFI# S"?4M4(;# ,&*4(# *(4,*'%5# ?'*+# 6'&&4(4%*#

$"%$4%*(,*'"%0#"&#40*(,6'"2;#*+4#%-)84(#"&#9J #1"0'*'M4#$4220#64$(4,046I#.-(*+4()"(4;#*+4#

'%*4%0'*3#"&#*+4#2,842'%5#"&#9J #'%#*+4#%-$24'#0'5%'&'$,%*23#64$(4,046#?+4%#$")1,(46#?'*+#

$"%*("2#$4220#B.'5I#RF;#0-5540*'%5#*+4#9J #4@1(400'"%#'%#*+4#%-$24'#?,0#64$(4,046I##

G=G#/E:#>EC#+,6#*+4#0,)4#4&&4$*#,0#40*(,6'"2#"%#*+4#9J #4@1(400'"%I#!(4,*'%5#*+4#$4220#

?'*+# G=G#/E:#>EC# 246# *"#,#64$(4,04# '%#9J #1"0'*'M4#$4220#,%6# (46-$46# '%*4%0'*3#"&# *+4#

2,842'%5#9J #'%#%-$24'I#S"?4M4(;#*(4,*'%5#*+4#$4220#?'*+#*,)"@'&4%#(40-2*46#'%#,%#'%$(4,04#

"&#9J #1"0'*'M4#$422#%-)84(#,%6#'%$(4,046#'%*4%0'*3#"&#*+4#2,842'%5#"&#9J #'%#%-$24'#B.'5I#

RF;#%,)423;#*+4#'%$(4,046#9J #4@1(400'"%#'%#*+4#%-$24'I##

N22# *+404# (40-2*0# 0-5540*46# *+,*# 40*(,6'"2# ,%6# G=G# /E:# >EC# 4@4(*# *+4'(# *(,%0$('1*'"%#

(45-2,*'%5#&-%$*'"%#"%#!../#*+("-5+#*(,%02"$,*'"%#"&#9J #*"#*+4#%-$24-0#?+4(4#*+4#9J #

?,0#645(,646#83#*+4#1("*4"0")4#'%#%-$24'I#S"?4M4(;#*,)"@'&4%#,114,(46#*"#*('554(#*+4#

*(,%02"$,*'"%#"&#9J #*"#%-$24'#?+4(4#*+4#9J #?,0#%"*#645(,646I##

).(/.(R.(%>>/(1475[17:M(7C:(&G41MC:052(608E87:0(52(7C:(60:3:24:(8=(:3701M589(

!"#'%M40*'5,*4#?+4*+4(#!../#$,%#'%*4(,$*#?'*+#*+4#97$,6+4('%#1(")"*4(;#(41"(*4(#,00,3#

?,0# 14(&"()46I# ."(# *+'0# 1-(1"04;# <=.7># $4220# ?4(4# *(,%0'4%*23# $"7*(,%0&4$*46# ?'*+#

97$,6+4('%# 1(")"*4(# 12,0)'6;# !../74@1(400'%5# 12,0)'6;# ,%6# 9J 74@1(400'%5# M4$*"(I#

!+4# (41"(*4(# ,00,3# (4M4,246# *+,*# 9J #?,0# ,824# *"# ,$*'M,*4# *+4#97$,6+4('%# 1(")"*4(;#

?+4(4,0# !../# ,2"%4# 64$(4,046# *+4# 97$,6+4('%# 1(")"*4(# ,$*'M'*3I# S"?4M4(;# '%# *+4#

1(404%$4#"&#9J ;#!../#?,0#,824#*"#,$*'M,*4#*+4#97$,6+4('%#1(")"*4(#B.'5I#/CFI#

#
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(

>JO.( T.( !82=8419( E54083486@( 1219@353( 8=( 7C:( 984195\17582( 8=( %>>/( 12M( &' ( 52( F!>GH( 4:993(

70:17:M(B57C(M5==:0:27(4824:270175823(8=(:3701M589I(J!J(/KA(HKL(12M(71E8N5=:2(

90*(,6'"2;#,%6#G=G#/E:#>EC#6"?%(45-2,*46#9J #4@1(400'"%#'%#*+4#%-$24-0;#8-*#*,)"@'&4%#-1(45-2,*46#

9J #4@1(400'"%# '%# %-$24-0#"&#<=.7># $4220I#N&*4((<=.7># $4220#?4(4# *(4,*46# &"(# :A#+#?'*+# 6'&&4(4%*#

$"%$4%*(,*'"%0#"&#40*(,6'"2#B/C7/D;#/C7E;#/C7D#<F;#G=G#/E:#>EC#B/C7>#<F#,%6#!,)"@'&4%#B/C7H#<F;#*+4#$4220#

?4(4#&'@46#?'*+#1S#>IA#1,(,&"(),264+364#,%6#'%$-8,*46#?'*+#:ID #)"-04#04(-)I#Q4@*;#*+4#1('),(3#

,%*'8"6'40#)"-04#,%*'7+-),%#!../#,%6#(,88'*#,%*'7+-),%#9J #?4(4#,6646#,%6#'%$-8,*46#,*#A =#

"M4(%'5+*I# !+4# 8'%6'%5# "&# 1('),(3# ,%*'8"6'40# ?,0# 64*4$*46# ?'*+# .G!=7$"%^-5,*46# 1"23$2"%,2# 5",*#

,%*'7)"-04#,%*'8"63#,%6#!J7$"%^-5,*46#5",*#,%*'7(,88'*#,%*'8"63I#=4220#?4(4#?,0+46#,%6#02'640#?4(4#

)"-%*46#'%#M4$*,0+'426#,%6#?4(4#M'4?46#*+("-5+#,#$"%&"$,2#)'$("0$"14I#

!827089 J!J(/LGH %1E8N5=:2 /LGS
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>JO./L.(%C:(:==:47(8=(%>>/(82(7C:(&G41MC:052(608E87:0(1475[57@(52(7C:(60:3:24:(8=(&' (

!(,%0'4%*#*(,%0&4$*'"%#,00,3#(4M4,246#*+4#,$*'M,*'"%#"&#97$,6+4('%#1(")"*4(#83#!../#'%#*+4#1(404%$4#

"&#9J I <=.7># $4220#?4(4# $"7*(,%0&4$*46#?'*+# *+4#97$,6+4('%# 1(")"*4(# 12,0)'6;#!../74@1(400'%5#

12,0)'6#,%6#,%#9J 74@1(400'%5#M4$*"(I#N#1Y_# #5,2,$*"0'6,04#12,0)'6#?,0#$"7*(,%0&4$*46#,0#,%#

'%*4(%,2#$"%*("2I#\-$'&4(,04#,$*'M'*3#?,0#)4,0-(46#,%6#%"(),2'T46#,5,'%0*#*+4# 75,2,$*"0'6,04#,$*'M'*3I#

`7*40*#?,0#-046#&"(#0*,*'0*'$,2#,%,230'0I#aa#'%6'$,*40#1bCIC/#$")1,(46#?'*+#)"$U#5("-1I#

).(A.(In vivo(:N6:05E:273(J(

).(A./.(O:2:017582(12M(5M:275=5417582(8=(hTFF1-luc(70123;:254(0173#

).(A././.(&371?953CE:27(8=(7C:(C%>>/G6O-)(482370<47(#

!"#54%4(,*4#,%#hTFF1-luc#*(,%054%'$#(,*#2'%4;#*+4#+-),%#!../#1(")"*4(#B/CCC#81#&(")#

*+4#Dc#&2,%U'%5#(45'"%F#?,0#&'(0*#$2"%46#-10*(4,)#"&#*+4#2-$'&4(,04#$VQN#'%*"#*+4#1W\7P#

12,0)'6I# !"# 4@,)'%4# ?+4*+4(# *+4# %4?# )"6'&'46# +!../71W\P# 12,0)'6# ?,0# ,824# *"#

(401"%6# *"#40*(,6'"2;# *+4#+!../71W\P#12,0)'6#?,0# *(,%0'4%*23# *(,%0&4$*46# '%*"#<=.7>#

$4220#,0#640$('846#'%#*+4#),*4(',20#,%6#)4*+"60#04$*'"%I#In vitro#2-$'&4(,04#,$*'M'*3#,00,3#
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(4M4,246#*+,*#40*(,6'"2#B&(")#/C7/C#*"#/C7>#<F#?,0#,824#*"#,$*'M,*4#*+4#+!../#1(")"*4(#B.'5I#

//F;#0-5540*'%5#*+,*#*+4#+!../71W\7P#M4$*"(#?,0#0-$$400&-223#40*,82'0+46I(

(

>JO.//.(%01234056758219(0:;<917582(8=(C%>>/(608E87:0(52(C%>>/G6O-)(482370<47(?@(:3701M589(

!(,%0'4%*#*(,%0&4$*'"%#,00,3#(4M4,246#*+,*#*+4#%4?#)"6'&'46#+!../71W\P#$"%0*(-$*#$"-26#84#,$*'M,*46#

83#40*(,6'"2I#N&*4(#<=.7>#$4220#?4(4#$-2*-(46#'%#40*("54%764124*46#)46'-)#&"(#P#6,30;#*+4#12,0)'6#"&#

+!../71W\P#?,0#*(,%0&4$*46#?'*+#$"%*("2#12,0)'6#1Y_# 75,2,$*"0'6,04#,0#640$('846#'%#*+4#),*4(',20#

,%6#)4*+"60#04$*'"%I#!+4#6,3#&"22"?'%5#*+4#*(,%0&4$*'"%;#*+4#*(,%0'4%*7*(,%0&4$*46#$4220#?4(4#*(4,*46#

&"(#:A#+#?'*+#,#04(',2#$"%$4%*(,*'"%#"&#40*(,6'"2I#\-$'&4(,04#,%6# 75,2,$*"0'6,04#,$*'M'*3#,00,30#?4(4#

14(&"()46;#,%6#*+4#2-$'&4(,04#,$*'M'*'40#?4(4#%"(),2'T46#*"# 75,2,$*"0'6,04#,$*'M'*'40I#`7*40*#?,0#-046#
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).((A.(/.(A.(hTFF1-luc(70123;:254(017(952:3(#

!+(44#*(,%054%'$#&"-%64(#(,*0#B2'%4#>;#2'%4#:/#,%6#2'%4#>:/F#?4(4#"8*,'%46#B.'5I#/:F;#,%6#,22#

2'%40# ?4(4# &4(*'24I# !+4# "&&01('%5# &(")# 4,$+# 2'%4# ?4(4# 0$(44%46# &"(# 1(404%$4# "&# *+4#

*(,%054%4# 83# K=J# ,%,230'0# -0'%5# 2-$'&4(,047014$'&'$# 1(')4(0I# !+4# +4*4("T35"-0#

BhTFF1-luc F#*(,%054%'$#(,*0#,%6#+")"T35"-0#(,*0#BhTFF1-luc F#&(")#4,$+#2'%4#?4(4#

54%4(,*46#,0#640$('846#'%#*+4#),*4(',20#,%6#)4*+"60#04$*'"%I#Y'%$4#*+4#"*+4(#*(,%054%'$#

(,*#2'%4#:/#,%6#2'%4#>:/#6'012,346#,2)"0*#*+4#0,)4#4@1(400'"%#(40-2*0#"&#*+4#*(,%054%4#,0#

2'%4#>;#*+4#*(,%054%'$#(,*0#"&#2'%4#>#?4(4#-046#&"(#*+4#&"22"?'%5#4@14(')4%*0I#

#

>JO./A.(+40::252;(8=(hTFF1-luc(70123;:254(017(=8<2M:03(?@($!'.##

W4%")'$#VQN#?,0#'0"2,*46#&(")#*+4#*,'20#"&#*(,%054%'$#(,*#&"-%64(0#&"(#K=J#,%,230'0#*"#64*4$*#*+4#

1(404%$4# "&# *+4# 2-$'&4(,04# *(,%054%4I# !+4# K=J# (4,$*'"%# 54%4(,*46# ,# :DC# 81# K=J# 1("6-$*I# !+4#

+!../71W\P# 12,0)'6# 04M4(46# ,0# 1"0'*'M4# $"%*("2I# N2'L-"*0# "&# K=J# 1("6-$*0# ?4(4# ,%,23T46# 83#

424$*("1+"(40'0#'%#: #,5,("04#542#,%6#M'0-,2'T46#83#0*,'%'%5#?'*+#4*+'6'-)#8(")'64I#!+(44#*(,%054%'$#

&"-%64(#(,*0#B2'%4#>;#2'%4#:/#,%6#2'%4#>:/F#?4(4#40*,82'0+46I#

).(A.( /.( ).( In vivo(?589<E52:34:24:( 5E1;52;(8=( 7C:(hTFF1-luc( 70123;:2:( 52( 95[52;(

125E193(

!+4#hTFF1-luc *(,%054%'$#&4),24#(,*0#"&#2'%4#>#?4(4#&-(*+4(#,%,23T46#&"(#*+4#2-$'&4(,04#

*(,%054%4# 4@1(400'"%# &,0+'"%# '%# "(5,%0# 83# in vivo# 8'"2-)'%40$4%$4# '),5'%5# ,&*4(#

'%*(,14('*"%4,223#'%^4$*'%5#2-$'&4('%I#Y4(',2#'),540#?4(4#"8*,'%46#&(")#*+4#(,*0#,*#6'&&4(4%*#
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*')40#,&*4(#'%^4$*'%5#*+4#2-$'&4('%;#,%6#*+4#)4,%#1+"*"%#&2-@#(42,*'M4#*"#*+4#14,U#0'5%,2#?,0#

64*4()'%46I# !+4# 8'"2-)'%40$4%$4# (4&24$*46# *+4# 2-$'&4(,04# ,$*'M'*3I# 9,$+# (40-2*# ?,0# ,#

104-6"$"2"(#'22-0*(,*'"%#"M4(2,'%#"%#,#5(,370$,24#(4&4(4%$4#'),54#"&#*+4#?+"24#(,*I##

.'5I#/P#0+"?0#*+4#8'"2-)'%40$4%$4#'),540#"&#,#(41(404%*,*'M4#hTFF1-luc *(,%054%'$#

&4),24#(,*#"&#2'%4#>#"M4(#,#*')4#14('"6I#In vivo#8'"2-)'%40$4%$4#'),5'%5#(4M4,246#*+,*#%"#

"(# 2'**24#8'"2-)'%40$4%$4#?,0#64*4$*46#D#)'%#,&*4(# '%^4$*'%5# 2-$'&4('%I#S"?4M4(;#/C#)'%#

,&*4(#'%^4$*'"%#"&#2-$'&4('%;#)"(4#8'"2-)'%40$4%$4#?,0#64*4$*46#'%#*+4#M,5'%,#(45'"%;#,%6#

%"#8'"2-)'%40$4%$4#?,0#64*4$*46#'%#*+4#+4,(*#,%6#0*"),$+#(45'"%0I#.(")#/C#*"#D:#)'%;#

*+4# 8'"2-)'%40$4%$4# '%$(4,046# 5(,6-,223;# ,%6# 8'"2-)'%40$4%$4#?,0# 64*4$*46# '%# 8(,'%#

,%6#+4,(*I#.(")#D:#*"#/C>#)'%;#*+4#8'"2-)'%40$4%$4#?,0#4M4%*-,223#64*4$*46#'%#0*"),$+#

,%6#-*4(-0;#?'*+#0*("%540*#8'"2-)'%40$4%$4#'%#M,5'%,I#N22#*+404#6,*,#0-5540*46#*+,*#*+4#

hTFF1-luc#*(,%054%4#?,0#4@1(40046#'%#*+4#M,5'%,;#8(,'%;#+4,(*;#-*4(-0#,%6#0*"),$+#"&#

*+4#hTFF1-luc *(,%054%'$#(,*0I#!+4#+'5+40*# 2-$'&4(,04#,$*'M'*3#?,0# '%# *+4#M,5'%,;#,%6#

0")4#2-$'&4(,04#,$*'M'*3#'%#+4,(*#,%6#8(,'%;#,%6#2"?#2-$'&4(,04#,$*'M'*3#'%#*+4#-*4(-0#,%6#

0*"),$+#B.'5I#/PFI##
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>JO./).( JM:275=5417582( 8=( 7C:( hTFF1-luc( 70123;:2:( :N60:33582( ?@( in vivo ?589<E52:34:24:(

5E1;52;(

In vivo#8'"2-)'%40$4%$4#'),5'%5#(4M4,246#*+,*#*+4#2-$'&4(,04#*(,%054%4#?,0#),'%23#4@1(40046#'%#*+4#

8(,'%;#+4,(*;#0*"),$+;#-*4(-0#,%6#M,5'%,I#!+4#+'5+40*#2-$'&4(,04#,$*'M'*3#?,0#'%#*+4#M,5'%,;#,%6#0")4#

2-$'&4(,04# ,$*'M'*3# '%# +4,(*# ,%6# 8(,'%;# ,%6# 2"?# 2-$'&4(,04# ,$*'M'*3# '%# *+4# -*4(-0# ,%6# 0*"),$+I# !+4#

hTFF1-luc # *(,%054%'$# &4),24# (,*0# "&# 2'%4# ># ?4(4# &-(*+4(# ,%,23T46# &"(# *+4# 2-$'&4(,04# *(,%054%4#

4@1(400'"%#,&*4(# '%*(,14('*"%4,2# '%^4$*'"%#"&# 2-$'&4('%I# In vivo#8'"2-)'%40$4%$4# '),5'%5#"&# *+4#6"(0,2#

,(4,# "&# &4),24# hTFF1-luc # *(,%054%'$# (,*0# ?,0# 14(&"()46# 6-('%5# *+4# *')4# $"-(04# ,&*4(# '%^4$*'%5#

2-$'&4('%I#\-$'&4(,04#,$*'M'*3#?,0#64*4$*46#-0'%5# in vivo# 8'"2-)'%40$4%$4# '),5'%5#,%6#4M,2-,*46# '%#

6'&&4(4%*#"(5,%0# '%# *+4# *(,%054%'$# (,*0#,*#D;#/C;#DP#,%6#/C>#)'%#,&*4(# '%*(,14('*"%4,223# '%^4$*'%5# *+4#

4%T3)4#0-80*(,*4;# 2-$'&4('%I# In vivo# *(,%054%'$# 2-$'&4(,04#4@1(400'"%#?,0#,0040046#-0'%5# 2"?# 2'5+*#

'),5'%5#030*4)0#*"#)4,0-(4#1+"*"%0#*+,*#?4(4#4)'**46#,&*4(#*+4#2-$'&4('%#'%^4$*'"%I#!+4#(42,*'M4#24M42#"&#

8'"2-)'%40$4%$4#?,0#0+"?%#,0#,#104-6"$"2"(#6'012,3;#?'*+# (46# (41(404%*'%5# *+4#0*("%540*#1+"*"%#

&2-@40;#,%6#M'"24*#(41(404%*'%5#*+4#?4,U40*#1+"*"%#&2-@40I##

#*#2-$'&4(,04#,$*'M'*3#,*#D#)'%#,&*4(#'%*(,14('*"%4,2#'%^4$*'"%#"&#2-$'&4('%I##

V*#2-$'&4(,04#,$*'M'*3#,*#/C#)'%#,&*4(#'%*(,14('*"%4,2#'%^4$*'"%#"&#2-$'&4('%;#2'5+*#4)'00'"%#?,0#(40*('$*46#*"#

M,5'%,#(45'"%I##

!*(2-$'&4(,04#,$*'M'*3#,*#D:#)'%#,&*4(#'%*(,14('*"%4,2#'%^4$*'"%#"&#2-$'&4('%X#2'5+*#4)'00'"%#?,0#(40*('$*46#*"#

8(,'%;#+4,(*#,%6#0*"),$+#(45'"%0I##

Z*#2-$'&4(,04#,$*'M'*3#,*#/C>#)'%#,&*4(#'%*(,14('*"%4,2#'%^4$*'"%#"&#2-$'&4('%X#2'5+*#4)'00'"%#?,0#(40*('$*46#

*"#-*4(-0#,%6#M,5'%,#(45'"%0I##

VV##

!! ZZ

VV##

!! ZZ
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).(A.(A.(%533<:(:N60:33582(=13C582(8=(9<45=:013:(70123;:2:(

).(A.(A.(/.(-<45=:013:(70123;:2:(B13(C5;C9@(:N60:33:M(52(?0152I(=8998B:M(?@(C:107I(

378E14CI(48982I(<7:0<3I([1;521(12M(8[10@.#

!"# 1(4$'0423# 4@,)'%4# ?+4*+4(# *+'0# +!../# 1(")"*4(# ?,0# $,1,824# "&# 6'(4$*'%5#

*'00-47014$'&'$#4@1(400'"%#"&#2-$'&4(,04#*(,%054%4;#,#M,('4*3#"&#*'00-40#&(")#A7)"%*+7"26#

&4),24# hTFF1-luc # *(,%054%'$# (,*0# ,*# 40*("-0# 0*,54# &(")# 2'%4# ># ?4(4# ,%,23T46# &"(#

2-$'&4(,04#4@1(400'"%I#J!7K=J#,%,230'0;#-0'%5#2-$'&4(,047014$'&'$#1(')4(0;#(4M4,246#*+,*#

*+4# 2-$'&4(,04# *(,%054%4#?,0# 64*4$*46# '%# *+4# *'00-40# "&# 8(,'%;# +4,(*;# 0*"),$+;# $"2"%;#

-*4(-0;# M,5'%,# ,%6# "M,(3# B.'5I# /AFI# !+'0# '%6'$,*46# *+,*# *+4# +!../# 1(")"*4(# '%# *+404#

*'00-40# ?,0# ,$*'M,*46;# 8-*# '*# ?,0# %"*# ,$*'M,*46# '%# *+4# *'00-40# "&# 2-%5;# *(,$+4,;# 2'M4(;#

^4^-%-)#,%6#U'6%43I#!+4#*'00-4#4@1(400'"%#"&#2-$'&4(,04#?,0#L-'*4#0')'2,(#*"#*+,*#"&#*+4#

4%6"54%"-0# !../# *'00-4# 4@1(400'"%# &,0+'"%# BS'("*,# 4*# ,2I;# /RRAX#<,0-'# 4*# ,2I;# :CCHX#

]'464#4*#,2I;#:CC/FI#!+404#(40-2*0#0-5540*46#*+4#'%*45(,*'"%#"&#*+4#2-$'&4(,04#54%4#'%*"#

*+4#(,*#54%")4;#,%6#*+4#4@1(400'"%#"&#2-$'&4(,04#*(,%054%4#$,%#84#6'(4$*46#83#*+4#+-),%#

!../#1(")"*4(#'%#,#*'00-47014$'&'$#&,0+'"%I##

N)"%5# *+4# 2-$'&4(,04# 4@1(400'%5# "(5,%0;# *+4# 2-$'&4(,04# )JQN# 4@1(400'"%# 24M42# ?,0#

+'5+40*#'%#*+4#8(,'%;#0-5540*'%5#*+4#+!../#1(")"*4(#?,0#+'5+23#,$*'M,*46#?'*+'%#*+4#8(,'%#

"&# *+4#hTFF1-luc # *(,%054%'$# (,*# ,*# 40*("-0# 0*,54I# !+4# +'5+# 8,0,2# 24M42# "&# 2-$'&4(,04#

,$*'M'*3# '%# 8(,'%# )'5+*# (40-2*# &(")# *+4# 4@1"0-(4# "&# +!../# 1(")"*4(# *"# 8(,'%7014$'&'$#

1("*4'%0#*+,*#04(M4#,0#*(,%0$('1*'"%,2#&,$*"(0#"&#*+4#+!../#1(")"*4(I##

!+404#(40-2*0#,5(446#?'*+#*+4#6,*,#"8*,'%46#83#in vivo#8'"2-)'%40$4%$4#'),5'%5#"&#*+4#

2-$'&4(,04#4@1(400'"%I#O"*+#)4*+"60#64*4$*46#2-$'&4(,04#4@1(400'"%#'%#*+4#8(,'%;#+4,(*;#

0*"),$+;#-*4(-0#,%6#M,5'%,I##
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>JO.( /D.('%G$!'(1219@353( 8=( 7C:(hTFF1-luc( 7533<:( :N60:33582(6177:02( 52( =:E19:(hTFF1-luc (

70123;:254(0173(17(:3708<3(371;:#

J!7K=J#(4M4,246#*+,*#*+4#2-$'&4(,04#*(,%054%4#?,0#4@1(40046#'%#*+4#*'00-40#"&#8(,'%;#+4,(*;#0*"),$+;#

$"2"%;# -*4(-0;# M,5'%,# ,%6# "M,(3;#?'*+# +'5+40*# 4@1(400'"%# '%# *+4# 8(,'%I!"*,2#JQN#?,0# '0"2,*46# ,%6#

1-('&'46# &(")# M,('"-0# *'00-40# "&# hTFF1-luc # &4),24# (,*0I# J!7K=J# 64*4$*'"%# "&# 2-$'&4(,04# ?,0#

14(&"()46#?'*+#2-$'&4(,047014$'&'$#1(')4(0#,0#640$('846#'%#*+4#),*4(',20#,%6#)4*+"60#04$*'"%I#K=J#

1("6-$*0#?4(4#,%,23T46#83#424$*("1+"(40'0#"%#,%#: #,5,("04#542#,%6#M'0-,2'T46#83#0*,'%'%5#?'*+#

4*+'6'-)#8(")'64I#!+4#4@14$*46#0'T4#"&#2-$'&4(,04764('M46#K=J#1("6-$*#'0#,8"-*#:DC#81I#

).(A.(A.(A.(In vitro 9<45=:013:(1475[57@(1331@(482=50E:M(7C:(C5;C:37(9<45=:013:(1475[57@(

52(?0152I(287(52([1;521.#

N%,230'0#"&#in vitro#2-$'&4(,04#,$*'M'*3#'%#6'&&4(4%*#*'00-40#'0#$"%0'64(46#,0#,#5""6#'%6'$,*"(#

"&#*+4#'%*45(,*'"%#"&#hTFF1-luc#54%4;#,%6#"&#*+4#,$*'"%0#"&#2'5,%6#*"?,(6#,$*'M,*'"%#"&#*+4#

+!../# 1(")"*4(I# .-(*+4()"(4;# *"# 1(4$'0423# '64%*'&3# *+4# +'5+40*# 2-$'&4(,0474@1(400'%5#

"(5,%#'%#*+4#*(,%054%'$#(,*0;#2-$'&4(,04#,$*'M'*3#,00,3#in vitro#?,0#14(&"()46I##

Y'%$4#*+4#*'00-47014$'&'$#4@1(400'"%#&,0+'"%#"&#*+4#hTFF1-luc#54%4#+,6#844%#'64%*'&'46#83#

J!7K=J;# "%23# *+4# *'00-40# *+,*# '%*4(40*46# -0# ?4(4# 0424$*46# ,5,'%# &"(# *+4# ,%,230'0# "&#

2-$'&4(,04#,$*'M'*3#in vitroI#]4#0424$*46#*+4#*'00-40#&"(#,#&-(*+4( in vitro 2-$'&4(,04#,$*'M'*3#
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,00,3#8,046#"%#*+4#&"22"?'%5#(4,0"%0I#.'(0*;#40*("54%#'0#0+"?%#*"#84#,824#*"#(45-2,*4#*+4#

4@1(400'"%#"&#!../#54%4#Bf,U"?24?#4*#,2I;#/REAF;#,%6#9J# '0#,8-%6,%*23#4@1(40046# '%#

+4,(*#BQ'200"%#4*#,2I;#:CC/FI#!+4(4&"(4;#+4,(*#?,0#0424$*46#&"(#,%,230'0#"&#*+4#2-$'&4(,04#

,$*'M'*3I# .-(*+4()"(4;# "%4# "&# *+4# 1-(1"040# &"(# *+4# 40*,82'0+)4%*# "&# *+4# *(,%054%'$# (,*#

)"642#?,0#*"#'%M40*'5,*4#*+4#*(,%0$('1*'"%,2#(45-2,*'"%#,%6#&-%$*'"%#"&#*+4#!../#'%#&4),24#

(41("6-$*'M4# 030*4)I# !+-0;# *+4# -*4(-0# ,%6# M,5'%,# ?4(4# 0424$*46# *"# 4@,)'%4# *+4#

2-$'&4(,04#,$*'M'*3 in vitroI#!+4#8(,'%#,%6#M,5'%,#?4(4#0424$*46#&"(#2-$'&4(,04#,$*'M'*3#,00,3#

*"# &-(*+4(#$"%&'()#?+'$+#"(5,%#4@1(40046# *+4#+'5+40*# 2-$'&4(,04#,$*'M'*3I#Y*"),$+#?,0#

0424$*46#84$,-04#4%6"54%"-0#!../#'0#),'%23#4@1(40046#'%#0*"),$+#*'00-4I#!+4(4&"(4;#

*+4# *'00-40# "&# 8(,'%;# +4,(*;# 0*"),$+;# -*4(-0# ,%6# M,5'%,#?4(4# 0424$*46# &"(# ,%,230'0# "&#

2-$'&4(,04#,$*'M'*3 in vitro#,%6#&"(#&-(*+4(#'%M40*'5,*'"%#"&#'*0#*(,%0$('1*'"%,2#(45-2,*'"%#83#

40*("54%I##

A7)"%*+7"26#hTFF1-luc *(,%054%'$#(,*0;#&(")#2'%4#>#,*#40*("-0#0*,54;#$")8'%46#?'*+#*+4#

?'26# *314# BhTFF1-luc F# (,*0# B04(M46#,0#$"%*("2F;#?4(4#0,$('&'$46;#,%6# *+4#"(5,%0#?4(4#

+,(M40*46#&"(#2-$'&4(,04#,$*'M'*3#)4,0-(4)4%*#,0#640$('846#'%#*+4#),*4(',20#,%6#)4*+"60#

04$*'"%I#N0#?4#4@14$*46;#*+4#8,0,2#24M42#"&#2-$'&4(,04#,$*'M'*3#'%#*+4#*'00-40#"&#0*"),$+;#

+4,(*;#-*4(-0;#M,5'%,#,%6#8(,'%#&(")#*+4#?'26#*314#(,*0#?,0#M4(3#2"?;#8-*#*+4#2-$'&4(,04#

,$*'M'*3#'%#*+4#0,)4#*'00-40#&(")#*+4#hTFF1-luc *(,%054%'$#(,*0#?,0#0'5%'&'$,%*23#+'5+4(#

*+,%# *+,*# &(")# *+4#?'26# *314# (,*0# B.'5I#/DFI#!+4# 2-$'&4(,04#,$*'M'*3# '%#8(,'%#?,0#/:7&"26#

+'5+4(#*+,%#'%#+4,(*#,%6#-*4(-0;#,%6#:D7&"26#+'5+4(#*+,%#*+,*#'%#0*"),$+#,%6#M,5'%,#&(")#

*+4#hTFF1-luc #*(,%054%'$#(,*0#,*#40*("-0#0*,54I#!+404#(40-2*0#&-(*+4(#$"%&'()46#*+,*#*+4#

+'5+40*#2-$'&4(,0474@1(400'%5#*'00-4#'%#*+4#*(,%054%'$#(,*0#?,0#8(,'%;#%"*#M,5'%,I##
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#

>JO.(/R.(In vitro(9<45=:013:(1475[57@(1219@353(8=(7C:(7533<:3(=08E(7C:(=:E19:(hTFF1-lucUWG(0173(17(

:3708<3(371;:(

In vitro# 2-$'&4(,04#,$*'M'*3#,%,230'0# (4M4,246# *+,*# 2-$'&4(,04#?,0#4@1(40046# '%#8(,'%;#-*4(-0;#M,5'%,;#

+4,(*;#,%6#0*"),$+#*'00-4;#?'*+#*+4#+'5+40*#2-$'&4(,04#,$*'M'*3#'%#8(,'%I#N&*4(#*'00-40#?4(4#+,(M40*46#

,%6#+")"54%'T46;#*+4#1("*4'%#0-14(%,*,%*#?,0#4@*(,$*46#,0#640$('846#'%#*+4#),*4(',20#,%6#)4*+"60#

04$*'"%I#:C# 2#"&#*+4#4@*(,$*46#0-14(%,*,%*#?,0#-046#&"(#*+4#)4,0-(4)4%*#"&#(42,*'M4#2'5+*#-%'*0#BJ\`F#

&"(#:C#04$#-0'%5#,#2-)'%")4*4(I#!+4#J\`#?4(4#%"(),2'T46#*"#*+4#1("*4'%#$"%*4%*I#9,$+#8,(#?,0#,%#

,M4(,54#"&#2-$'&4(,04#,$*'M'*3#&(")#*+(44#6'&&4(4%*#hTFF1-luc#*(,%054%'$#(,*0#B%dPFI#!7*40*#?,0#-046#&"(#

0*,*'0*'$,2# ,%,230'0I# # a'%6'$,*40# 1bCICD;# aa'%6'$,*40# 1bCIC/# $")1,(46# ?'*+# *+,*# '%# *+4# *'00-40# &(")#

hTFF1-luc #(,*0I#

).(A.().(%C:(9<45=:013:(70123;:2:(B13(984195\:M(52(7C:([:33:9(8=(7C:(?0152(7533<:.(

Y'%$4#*+4#8(,'%#4@+'8'*46#)-$+#+'5+4(#2-$'&4(,04#,$*'M'*3#$")1,(46#*"#*+4#"*+4(#"(5,%0;#

*+4#8(,'%# *'00-4#?,0#-046# *"# '%M40*'5,*4# *+4#$422-2,(# 2"$,2'T,*'"%#"&# *+4# 2-$'&4(,04#54%4#

4@1(400'"%#'%#*+4#&4),24#hTFF1-luc #*(,%054%'$#(,*0#&(")#2'%4#>#,*#40*("-0#0*,54I#.'5I#/H#

'22-0*(,*40#(41(404%*,*'M4#2-$'&4(,04#'))-%"0*,'%'%5#12-0#%45,*'M4#$"%*("2#?'*+'%#*+4#8(,'%#

*'00-4#&(")#*+4 &4),24#hTFF1-luc #*(,%054%'$#(,*0I#!+4#5(44%#$"2"(;#?+'$+#'%6'$,*40#*+4#
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DLL
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2-$'&4(,04#'))-%"0*,'%'%5;#?,0#64*4$*46#'%#,#M40042#&(")#*+4#8(,'%;#8-*#%"*#'%#"*+4(#,(4,0#

"&#*+4#8(,'%I#

#

>JO./S.(JEE<28=9<80:34:24:(1219@353(8=(9<45=:013:(984195\17582(52(7C:(?0152(=08E(hTFF1-luc(UWG(

0173(17(:3708<3(371;:.((

G))-%"&2-"(40$4%$4#,%,230'0#(4M4,246#*+,*#*+4#2"$,2'T,*'"%#"&#2-$'&4(,04#?,0#64*4$*46#'%#*+4#M40042#"&#

*+4#8(,'%#&(")#hTFF1-luceg7#(,*0#?'*+#,%#'%*4%04#0*,'%'%5#'%#5(44%#B!#,%6#ZFI#!+4#%45,*'M4#$"%*("20#'%#

*+4#8(,'%#&(")#hTFF1-luceg7#(,*0#0+"?46#%"#014$'&'$#2-$'&4(,04#0*,'%'%5#B#(,%6#VFI##

).(A.(D.(%C:(C%>>/(608E87:0(B13(1475[17:M(?@(7C:(3:0<E(:3708;:2(M<052;(217<019(

:3708<3(4@49:(52(hTFF1-lucUWU(70123;:254(0173.(

).(A.(D.(/.(O:2:017582(12M(5M:275=5417582(8=(7C:(hTFF1-luc+/+(70123;:254(0173(

!+4#hTFF1-luc#*(,%054%'$#(,*0#?4(4#8(46#?'*+#?'26#*314#YV#(,*0#*"#54%4(,*4#hTFF1-luc#eg7#

B+4*4("T35"-0F# *(,%054%'$# (,*0I# !+4# hTFF1-luceg7# *(,%054%'$# (,*0# ?4(4# *+4%# '%8(46# *"#

1("6-$4#*+4#hTFF1-luc+/+#B+")"T35"-0F#(,*0I#]4#'64%*'&'46#hTFF1-luc#e/+##*(,%054%'$#(,*0#

-0'%5# *+4# $2,00'$# <4%642c0# 9L-,2# Y45(45,*'"%# \,?# ,&*4(# 8,$U$("00'%5# 4,$+# "&# *+4#

*(,%054%'$# (,*0# "%*"# ?'26# *314# YV# (,*0I# !+4# "&&01('%5# &(")# '%6'M'6-,2# ),*'%50# ?4(4#

VV##

!! ZZ

VV##

!! ZZ
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,%,23T46# 83# K=J# &"(# *+4# 1(404%$4# "&# *+4# 2-$'&4(,04# 54%4I# G&# ,22# *+4# "&&01('%5# ?4(4#

2-$'&4(,04# 1"0'*'M4;# "%4# "&# *+4# 1,(4%*# &(")# *+4# *(,%054%'$# (,*# ?,0# '64%*'&'46# *"# 84# ,#

hTFF1-luc+/+ (,*I##

]4#&-(*+4(#$"%&'()46#0")4#hTFF1-luc+/+#(,*0#83#$")1,('%5#*+4#2-$'&4(,04#,$*'M'*3#'%#*+4#

*'00-40#?'*+#*+,*#"&#*+4#hTFF1-luceg7;#,%6#?'26#*314#BhTFF1-luc7g7F#(,*0I#.'5I/>#0+"?0#*+,*#

*+4#2-$'&4(,04#,$*'M'*3#'%#*+4#8(,'%#*'00-4#&(")#*+4#hTFF1-lucege#(,*0#?,0#)-$+#+'5+4(#*+,%#

*+,*# &(")#hTFF1-luceg7# ,%6#hTFF1-luc7g7# (,*0I# In vitro# 2-$'&4(,04#,$*'M'*3# (4M4,246# *+,*# '%#

hTFF1-lucege# (,*0;# *+4# 2-$'&4(,04#,$*'M'*3# '%# *+4#+4,(*# B:DIP PIDF;#0*"),$+# B:HIA DI/F;#
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40*("-0#0*,54;#*+4(4&"(4;#'*#'0#6'&&'$-2*#*"#64*4()'%4#*+4#')1,$*#"&#2"00#"&#!../#"%#*+4#9J #

4@1(400'"%#,*# *+4#40*("-0#0*,54I#S"?4M4(;#,*# *+4#6'40*("-0#0*,54;# *+4#9J #4@1(400'"%#

?,0#0'5%'&'$,%*23#'%$(4,046#'%#*+4#M,5'%,#&(")#!../#U%"$U#"-*#)'$4;#?+4%#$")1,(46#*"#

*+4#?'26#*314#)'$4#B.'5I#PD=F;#?+'$+#?,0#$"%0'0*4%*#?'*+#*+4#'%$(4,046#9J #4@1(400'"%#'%#

*+4#-*4(-0#&(")#!../#U%"$U#"-*#)'$4I#

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

)121(%34567389:8;54<(3=>?<4:8;5(;@(%AA2(BC(=6:34D8;<(in vitro(

)12121(%E=(=@@=7:(;@(=6:34D8;<F(,!,(2GH(IGJ(45D(:4K;L@8=5(;5(:E=(%AA2(:34567389:8;5(

45D(:3456<4:8;5((

!"#$%&'()* '"* $+,($#+&* #(* $+-.)%#+* #/+* #$%0"1$',#'(0*(2*3445* 67%8(9)+9*+#*%):;* 5<=>?:*3(*

'0@+"#'-%#+*#/+*A+1/%0'"A"*.0&+$)B'0-*3445*#$%0"1$',#'(0%)*$+-.)%#'(0*CB*+"#$%&'();*%0&*

#(*+"#%C)'"/*#/+*1(0#$'C.#'(0*(2*0.1)+%$*!D"*#(*3445*-+0+*#$%0"1$',#'(0*%0&*+E,$+""'(0;*

FGF*5=H*I=J*%0&*#%A(E'2+0;*#/+*%0#%-(0'"#"*(2*+"#$(-+0;*%$+*."+&*#(*K80(18*(.#K*#/+*!D*

+22+1#":* * L+* /%@+* "/(90* #/%#* 5JM5N* O* %0&* 5JMN* O* +"#$%&'()* 9+$+* %C)+* #(* '0&.1+* #/+*

#$%0"1$',#'(0*(2*3445*'0*(.$*+E,+$'A+0#"*64'-:*=P*%0&*Q?:*4.$#/+$A($+;*9+*%)"(*,$(@'&+&*

+@'&+01+*#/%#*#%A(E'2+0*/%"*#/+*%C')'#B*#(*'0&.1+*#/+*#$%0"1$',#'(0*(2*3445*64'-:*=*P%0&*Q?;*

9/'1/* '"*1(0"'"#+0#*9'#/*#/+*$+,($#"*#/%#*#%A(E'2+0*/%"*C(#/*%-(0'"#'1*%0&*%0#%-(0'"#'1*

%1#'(0"* 6L%8+)'0-;*5<<RS*Q$.00+$*+#*%):;*5<<R?*%0&* #/%#* '#*A(&+$%#+)B*+0/%01+"*3445*

ADTP*)+@+)"*'0*OG4MI*1+))"*6L+%@+$*+#*%):;*5<==S*Q+$$B*+#*%):;*5<=<?:*F0*1(0#$%"#;*L+"#)+B*

+#*%):* 6L+"#)+B*+#*%):;*5<=>?*/%@+*$+,($#+&*#/%#* #%A(E'2+0*1(.)&*0(#* '0&.1+*3445*-+0+*

+E,$+""'(0* '0* OG4MI* 1+))":* F0* * #/+'$* "#.&B;* 9+* ",+1.)%#+* #/%#* #/+* '0&.1#'(0* (2*

#$%0"1$',#'(0%)*$+-.)%#'(0*(2*3445*CB*#%A(E'2+0*A%B*/%@+*C++0*A%"8+&*CB*#/+*."+*(2*%*

1.)#.$+*A+&'.A*1(0#%'0'0-*,/+0()* $+&;*9/'1/*/%"*%0*+"#$(-+0M)'8+*+22+1#*(0* #/+*3445*

#$%0"1$',#'(0* 6Q+$#/('"* +#* %):;* 5<=U?:* FGF* 5=H* I=J* '"* 1)%""'2'+&* %"* %* ,.$+* %0#'+"#$(-+0*

6L%8+)'0-* +#* %):;* 5<<5?;* 9/'1/* 1%0V#* +0/%01+* #/+* 3445* #$%0"1$',#'(0* '0* OG4MI* 1+))"*

6W"C($0+*+#*%):;*5<<N?:*X(9+@+$;*'0*(.$*+E,+$'A+0#";*FGF*5=H*I=J*'"*%C)+*#(*+0/%01+*#/+*

3445*ADTP*)+@+):*3/'"*'"*#/+*2'$"#*"#.&B*#(*$+,($#*#/+*%-(0'"#'1*%1#'@'#B*(2*FGF*5=H*I=J*'0*

3445*#$%0"1$',#'(0%)*$+-.)%#'(0:*W.$*$+".)#*1(0#$%"#"*9'#/*#/+*1(0@+0#'(0%)*1)%""'2'1%#'(0*(2*

FGF*5=H*I=J*%"*%*K,.$+*+"#$(-+0*%0#%-(0'"#K;*#(*C)(18*#/+*+22+1#"*(2*+"#$%&'()*%0&*"(A+*

,%$#'%)* %-(0'"#"* )'8+* #%A(E'2+0:* FGF*5=H*I=J*+E/'C'#"*0(*&+#+1#+&*%-(0'"#'1*%1#'@'#'+"* '0*

"+@+$%)* in vivo* %0&* in vitro*A(&+)"*(2* +"#$(-+0*%1#'(0* '0*&'22+$+0#*A%AA%)'%0*",+1'+"*

6W"C($0+*+#*%):;*HJJ>?:*X(9+@+$;*(.$*(C"+$@%#'(0*'"*1(0"'"#+0#*9'#/*$+1+0#*in vitro*"#.&'+"*
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#/%#* * $+,($#+&*%-(0'"#'1*($*,%$#'%)*%-(0'"#'1*%1#'@'#'+"* 2($* FGF*5=H*I=J* 6L.*+#*%):;*HJJNS*

D(C+$#"(0*+#*%):;*HJJ5S*7(0+"*+#*%):;*5<<<S*L.*+#*%):;*HJJ>S*Y/%(*+#*%):;*HJJU?:*F0*%&&'#'(0;*

'#* '"* %)"(* $+,($#+&* #/%#* '0* 2'"/;* FGF* 5=H* I=J*A'A'18+&* "(A+* +"#$%&'()* %1#'(0"* '0* -+0+*

+E,$+""'(0*'0*"+%*C$+%A*)'@+$*.,M$+-.)%#'0-*!D ;*@'#+))(-+0'0*FF;*%0&*1/($'(-+0'0*Z*6['0#(*

+#*%):;*HJJU?:**

3/+*A+1/%0'"A"* 2($* #/+* %-(0'"#'1* +22+1#"* (2* FGF* 5=H* I=J* (0* #/+* 3445* #$%0"1$',#'(0%)*

$+-.)%#'(0*$+A%'0*.080(90*%"*B+#:*O("#*%0#'+"#$(-+0"*%1#*#/$(.-/*1(A,+#'#'@+*C'0&'0-*#(*

!D";* %2#+$9%$&"* #/+B* '0&.1+* %0* '0%1#'@+* 1(02($A%#'(0* (2* #/+* )'-%0&M&+,+0&+0#* P4MH*

2.01#'(0*(2*!D":*3/+'$*1(0#+E#M",+1'2'1*%-(0'"#'1*%1#'@'#'+"*/%@+*C++0*A%'0)B*%##$'C.#+&*#(*

%1#'@%#'(0*(2*#/+*)'-%0&M'0&+,+0&+0#*P4M5*2.01#'(0*($*#(*#/+*'0&.1#'(0*(2*%*,%$#'%))B*%1#'@+*

P4MH*1(02($A%#'(0*6T+##)+"*%0&*\$++0+;*HJJN?:*[(""'C)+*+E,)%0%#'(0"*2($*#/+*,%$#'%)*FGF*

5=H*I=J*%-(0'"A*%$+]*5?*!D*%1#'@%#'(0*@'%*0(0M1)%""'1%)*A+1/%0'"A"*6+:-:*0(0M-+0(A'1*

%1#'(0"*%0&*'0&'$+1#*%1#'@%#'(0*%#*P[M5*,$(A(#+$"?S*H?*FGF*5=H*I=J*%1#'@%#'(0*(2*(#/+$*!D*

".C#B,+"* 60.1)+%$* !D * ($* A+AC$%0+* !D"?* ($* !D* @%$'%0#* ,$(#+'0"* 9/("+* $+)%#'@+*

+E,$+""'(0*&+,+0&"*(0*#/+*1+))*#B,+*($*",+1'+"*6L.*+#*%):;*HJJNS*L.*+#*%):;*HJJ>S*Y/%(*+#*

%):;*HJJU?:**3/'"*9%"*2.$#/+$*1(02'$A+&*CB*#/+*$+,($#*#/%#*FGF*5=H*I=J**'"*%C)+*#(*,$(A(#+*

/.A%0*!D * '0#+$%1#'(0*9'#/* #/+*GQ[^,RJJ* '0*X+Z%* 1+))"* 67%C+$* +#* %):;* HJJU?:* R?* 3/+*

%-(0'"#'1* +22+1#"* (2* FGF* 5=H* I=J* %,,+%$+&* #(* C+* A+&'%#+&* CB* '0#+$%1#'(0* 9'#/*

A+AC$%0+MC(.0&*$+1+,#($"*6Z((A'"*%0&*3/(A%";*HJJJS*3/(A%"*+#*%):;*HJJU?:*

FGF*5=H*I=J*%0&*#%A(E2'+0*1%0*C(#/*%0#%-(0'_+*#/+*#$%0"1$',#'(0%)*+22+1#*(2*+"#$%&'()*'0*

(.$*+E,+$'A+0#";*9/'1/*2.$#/+$*1(02'$A"*#/%#* '0*A%AA%$B*1+))";* #/+*+22+1#"*(2*+"#$%&'()*

1(.)&*C+*%0#%-(0'_+&*CB* FGF*5=H*I=J*%0&* #%A(E'2+0:*X(9+@+$;* '0*(.$*+E,+$'A+0#;*9+*

"/(9+&*#/%#*5JM=*O*+"#$%&'()*1%0*A%E'A%))B*+0/%01+*#/+*3445*+E,$+""'(0*%#*,$(#+'0*)+@+);*

9/+$+%"*/'-/*1(01+0#$%#'(0*(2*+"#$%&'()*65JMN*O?*'"*"/(90*#(*"'-0'2'1%0#)B*&(90$+-.)%#+*

#/+*3445*+E,$+""'(0:*3%A(E'2+0*'"*"/(90*#(*.,$+-.)%#+*#/+*+E,$+""'(0*(2*3445*#(*%)A("#*

#/+* "%A+* +E#+0#* %"* +"#$%&'():* F0* 1(0#$%"#;* FGF* 5=H* I=J* '"* %C)+* #(* +0/%01+* #/+* 3445*

#$%0"1$',#'(0*%#*ADTP*)+@+);*C.#*&(90$+-.)%#+*'#"*+E,$+""'(0*%#*,$(#+'0*)+@+)*'0*1B#("():*

3/'"* (C"+$@%#'(0* A'-/#* $+".)#* 2$(A* #/+* #$%0")(1%#'(0* (2* "(A+* 3445* ,$(#+'0"* 2$(A*
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1B#(,)%"A*#(*0.1)+."*($*C)(18'0-*#/+*0+9*"B0#/+"'_+&*3445*'0*#/+*0.1)+.":*3/+*&'"#'01#*

+22+1#"* (2* FGF* 5=H* I=J* (0* #/+* 3445* #$%0"1$',#'(0* %0&* #$%0")%#'(0* %$+* `.'#+* "'A')%$* #(*

+"#$(-+0";*9/'1/*%$+*80(90*#(*$%,'&)B*+0/%01+*#/+*!D *%0&*!D *#$%0"1$',#'(0*%#*ADTP*

)+@+);* C.#* #(* &(90$+-.)%#+* #/+* !D * %0&* !D * +E,$+""'(0* %#* ,$(#+'0* )+@+)* '0* "+@+$%)*

A%AA%)'%0*1+))*#B,+"*6['0_(0+*+#*%):;*HJJ>?:*3/'"*'0&'1%#+"*#/%#*FGF*5=H*I=J*%0&*+"#$(-+0*

"/%$+*"(A+*1/%$%1#+$'_%#'(0"*(0*#$%0"1$',#'(0*%0&*#$%0")%#'(0:*a'01+*'0*(.$*+E,+$'A+0#;*

/'-/*+"#$%&'()*1(01+0#$%#'(0*65JMN*O?*&(90$+-.)%#+"*#/+*3445*+E,$+""'(0;*9/+$+%"*'0*#/+*

,$+"+01+* (2* FGF* 5=H* I=J* %0&* #%A(E'2+0;* #/+* &(90$+-.)%#'(0%)* +22+1#* (2* +"#$%&'()* '"*

%0#%-(0'_+&;*)+%&'0-*#(*.,$+-.)%#'(0*(2*3445*+E,$+""'(0:*P))*#/+"+*&%#%*'0&'1%#+*#/%#*FGF*

5=H*I=J*%0&*#%A(E'2+0*A'-/#*1(A,+#+*!D*9'#/*+"#$%&'(): 

)121H1(%E=(=@@=7:(;@(&HF(,!,(2GH(IGJ(45D(:4K;L@8=5(;5(:E=(&' (=L93=668;5(

!H* $+-.)%#+"* #%$-+#* 1+))* ,$()'2+$%#'(0* %0&* -+0+* #$%0"1$',#'(0* #/$(.-/* %* ,%#/9%B* (2*

A()+1.)%$*+@+0#"*'0'#'%#+&*CB*#/+*C'0&'0-*(2*#/+*!D */($A(0+*1(A,)+E*#(*'#"*1(-0%#+*bTP*

#%$-+#:* !D * C+)(0-"* #(* #/+* 2%A')B* (2* 0.1)+%$* $+1+,#($"* #/%#* %$+* )'-%0&M&+,+0&+0#*

#$%0"1$',#'(0%)* #$%0"%1#'@%#($":* 3/+* 1)%""'1%)* A(&+)* 2($* +"#$%&'()* %1#'(0* ,$(,("+"* #/%#*

)'-%0&* C'0&'0-* '0&.1+"* $+1+,#($* "#$.1#.$%)* 1/%0-+"* $+".)#'0-* '0* '#"* C'0&'0-* #(* bTP;*

2())(9+&*CB*#/+*'0#+$%1#'(0*(2*#/+*+"#$%&'()c!D *1(A,)+E*9'#/*#$%0"1$',#'(0%)*'0#+$A+&'%$B*

2%1#($"*%0&*2($A%#'(0*(2*"#%C)+*,$+'0'#'%#'(0*1(A,)+E+";*9/'1/*)+%&*#(*#/+*'0'#'%#'(0*(2*#/+*

#$%0"1$',#'(0*(2* #/+* #%$-+#*-+0+:*3/+$+2($+;*!H;* FGF*5=H*I=J*%0&* #%A(E2'+0*A'-/#*/%@+*

&'22+$+0#* +22+1#"* (0* #/+* !D * +E,$+""'(0* &.$'0-* #/+* 3445* #$%0"1$',#'(0* C%"+&* (0* #/+'$*

&'22+$+0#* "#$.1#.$+"* %0&* (.$* (C"+$@%#'(0"* 2$(A* (.$* +E,+$'A+0#":*L+* /%@+* "/(90* #/%#*

#$+%#A+0#*(2*#/+*1+))"*9'#/*+"#$%&'()*%0&*FGF*5=H*I=J*1%."+&*%*&+1$+%"+*(2*!D *'0*#/+*

1B#(,)%"A*%0&*0.1)+."*64'-:*=GS*4'-:*<?;*9/'1/*9+*#/'08;*$+".)#"* 2$(A*#/+*$+)(1%#'(0*(2*

!D * 2$(A* 1B#(,)%"A* #(* 0.1)+'* 9/+$+* !D * '"* &+-$%&+&* '0* %* +"#$%&'()M* ($* FGF* 5=H*

I=JM&+,+0&+0#* 2%"/'(0:*W.$* $+".)#"*%$+*%)"(* '0* )'0+*9'#/* #/+* $+,($#* #/%#* #$+%#A+0#*9'#/*

+"#$%&'()*%0&*FGF*5=H*I=J*-$+%#)B*$+&.1+"*#/+*$+1+,#($*)+@+)"*6L'd%B%$%#0+*+#*%):;*5<<<?:*

3/+* $+&.1+&* !D* A'-/#* $+".)#* 2$(A* %* $%,'&* &+-$%&%#'(0* (2* #/+* !D ;* "'01+* '#* '"*

&+A(0"#$%#+&* #/%#* #/+* $+1+,#($* '"* $%,'&)B* &+-$%&+&* '0* %0*+"#$%&'()M&+,+0&+0#*A%00+$*

#/$(.-/* #/+* .C'`.'#'0c,$(#+%"(A+* ,%#/9%B* ."'0-* 1+))"* #$%0"'+0#)B* #$%0"2+1#+&* 9'#/* %0*
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!D M+E,$+""'0-* @+1#($* 6T%9%_*+#* %):;* 5<<<?:*4.$#/+$A($+;* '#* '"* $+,($#+&* #/%#* #/+*,.$+*

%0#'+"#$(-+0* FGF* 5=H* I=J* $+&.1+"* #/+* "#+%&BM"#%#+* )+@+)"* (2* #/+* !D * CB* $+&.1'0-* '#"*

/%)2M)'2+*%0&*'01$+%"'0-*#/+*#.$0*(@+$*(2*#/+*!D *6b%.@('"*+#*%):;*5<<H?;*9'#/(.#*%22+1#'0-*

#/+* !D *ADTP* )+@+)* 6W"C($0+* +#* %):;* HJJ>?:* W#/+$* (C"+$@%#'(0"* '0&'1%#+* #/%#* '0* #/+*

,$+"+01+* (2* FGF* 5=H* I=J;* !D * A(C')'_+"* $%,'&)B* #(* %0* '0"().C)+* 0.1)+%$* 2$%1#'(0*

6\'%A%$1/'*+#*%):;*HJJH?;*)+%&'0-*#(*%*&+1$+%"+*(2*1B#(,)%"A'1*!D *%0&*"().C)+*0.1)+%$*

!D :*F0*1(0#$%"#;*9+*2(.0&*#/%#*#%A(E'2+0*'01$+%"+&*!D *'0*#/+*0.1)+'*'0*(.$*+E,+$'A+0#;*

%11(A,%0'+&* CB* %* &+1$+%"+* (2* !D * '0* #/+* 1B#("();* '0&'1%#'0-* #/%#* #%A(E'2+0* A'-/#*

,$(@(8+*$+)(1%)'_%#'(0*(2*#/+*!D *2$(A*1B#("()*#(*0.1)+.";*9/'1/*'"*&'22+$+0#*2$(A*#/+*!D *

&+-$%&%#'(0*#$'--+$+&*CB*FGF*5=H*I=J:**

)121M1(N;<=7?<43(K=7E4586K6(?5D=3<C85>(:E=(%AA2(:34567389:8;54<(3=>?<4:8;5(BC(&HF(

,!,(2GH(IGJ(45D(:4K;L8@=5((

3/+*A()+1.)%$*A+1/%0'"A"*.0&+$)B'0-*#/+*&'"#'01#*+22+1#"*(0*#$%0"1$',#'(0%)*$+-.)%#'(0*(2*

3445*CB*+"#$%&'();*#%A(E'2+0*%0&*FGF*5=H*I=J*$+A%'0*.01)+%$:*L+*/%@+*"/(90*#/%#*#/+$+*

%$+*0(*($*@+$B*2+9*1(A,+#+0#*!D *'0*#/+*0.1)+."*(2*OG4MI*1+))"*#$+%#+&*CB*FGF*5=H*I=J:*F#*

'"*&+A(0"#$%#+&*#/%#*FGF*5=H*I=J*%,,+%$"*#(*%1#*%#*"+@+$%)*)+@+)"*#(*1(A,)+#+)B*C)(18*!D*

A+&'%#+&* %1#'(0";* '01).&'0-* #/+* 1(A,+#'#'@+* '0/'C'#'(0* (2* %-(0'"#* C'0&'0-* #(* !D ;* #/+*

'0/'C'#'(0*(2*!D*&'A+$'_%#'(0;*0.1)+%$* #$%0")(1%#'(0*%0&* #$%0"1$',#'(0*%1#'@%#'(0* #/$(.-/*

C(#/*P4M5*%0&*P4MH;*%0&* '01$+%"+&*!D*,$(#+'0*&+-$%&%#'(0* 6W"C($0+*+#*%):;*HJJ>?:* F0*

1(0#$%"#;* '0*#/+*,$+"+01+*(2*#%A(E'2+0;*!D *'"*%11.A.)%#+&*'0*#/+*0.1)+';*%))(9'0-*'#* #(*

C'0&*#(*'#"*#%$-+#:*3/'"*%11.A.)%#'(0*(2*!D M#%A(E'2+0*1(A,)+E*'0*#/+*0.1)+'*9(.)&*)+%&*#(*

#/+*$+1$.'#A+0#*(2*#/+*1/$(A%#'0*$+A(&+)'0-*A%1/'0+$B*#(*'0&.1+*#/+*3445*#$%0"1$',#'(0%)*

$+-.)%#'(0:*3/+$+2($+;*9+*",+1.)%#+&*#/%#*#/+*%-(0'"#'1*+22+1#*(2*#%A(E'2+0*(0*#/+*3445*

#$%0"1$',#'(0*A'-/#*C+*%*&'$+1#* 1(0"+`.+01+*(2* #/+*0.1)+%$*,(()"*(2*!D *%@%')%C)+* 2($*

C'0&'0-*#(*'#"*bTP*#%$-+#:*

4.$#/+$A($+;* '#* '"*&+A(0"#$%#+&* #/%#* #%A(E'2+0*%0&* FGF*5=H*I=J*1(.)&* '0&.1+*&'22+$+0#*

1(02($A%#'(0%)*1/%0-+"*(2*#/+*!D MZQb:*P*0.AC+$*(2*"#.&'+"*/%@+*,$(@'&+&*+@'&+01+*

#/%#* '0&'@'&.%)* )'-%0&"*A%B* '0&.1+*",+1'2'1*1/%0-+"* '0*!D*1(02($A%#'(0*64$'#"1/*+#*%):;*
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5<<HS* Q++8A%0* +#* %):;* 5<<R?:* D+1+0#* eM$%B* 1$B"#%))(-$%,/'1* "#.&'+"* &+A(0"#$%#+* #/%#*

#/+$+* %$+* &$%A%#'1* &'22+$+01+"* '0* #/+* ($'+0#%#'(0* (2* /+)'E* 5H* %2#+$* #/+* )'-%0&MC'0&'0-*

&(A%'0*'"*(11.,'+&*CB*+"#$%&'()*($*$%)(E'2+0+*6Q$_(_(9"8'*+#*%):;*5<<I?:*a.1/*1/%0-+"*'0*

$+1+,#($*1(02($A%#'(0*1(.)&*$+".)#*'0*#/+*,$+"+0#%#'(0*(2*&'22+$+0#*2.01#'(0%)*!D*".$2%1+"*

#(*2($A*#/+*C%"'"*2($*#/+*$+1$.'#A+0#*(2*",+1'2'1*"+#"*(2*#$%0"1$',#'(0*2%1#($"*#(*#/+*,$(A(#+$:*

3/'"* 2%1#* ".--+"#"* #/%#* &'22+$+0#* !D M)'-%0&* 1(A,)+E+"* A%B* '0#+$%1#* 9'#/* &'22+$+0#*

1(%1#'@%#($^1($+,$+""($* ,$(#+'0"* 9'#/'0* #/+* 1+))* #(* '0&.1+* ($* '0/'C'#* #/+* #$%0"1$',#'(0%)*

$+-.)%#'(0* (2* #%$-+#* -+0+* 6L'd%B%$%#0+* +#* %):;* 5<<<?;* 9/'1/*A'-/#* +E,)%'0* #/+* &'22+$+0#*

#$%0"1$',#'(0%)*$+-.)%#'(0*(2*3445*CB*!H;*#%A(E'2+0*%0&*FGF*5=H*I=J:*

F0*%&&'#'(0;*C(#/*!D *%0&*!D *1%0*'0#+$%1#*9'#/*#/+*2("^d.0*#$%0"1$',#'(0*2%1#($*1(A,)+E*

(0*P[5*"'#+"*#(*"#'A.)%#+*3445*-+0+*+E,$+""'(0:*X(9+@+$;*#/+"+*/%@+*(,,("'#+*+22+1#"*'0*

#/+* ,$+"+01+* (2* +"#$%&'()* 6[%+1/* +#* %):;* 5<<I?:* 3/+$+2($+;* #B,'1%)* %-(0'"#"* ".1/* %"*

+"#$(-+0;* %0&* #/+* %0#'+"#$(-+0* #%A(E'2+0;* 2.01#'(0* %"* %-(0'"#"* '0* #/+* P[5* ,%#/9%B*

#/$(.-/*!D :*3/'"*A'-/#*C+*(0+*(2*#/+*A+1/%0'"A"*.0&+$)B'0-*#/+*%-(0'"#'1*%1#'@'#B*(2*

#%A(E'2+0*#(*#$%0"1$',#'(0%))B*$+-.)%#+*#/+*3445*-+0+*+E,$+""'(0:*

a(A+* 2'0&'0-"* ".--+"#* #/%#* #/+* %-(0'"#^%0#%-(0'"#* %1#'@'#B* (2* %* -'@+0* 1(A,(.0&* '"*

'02).+01+&* CB* #/+* 1+)).)%$* +E,$+""'(0* )+@+)* (2* #/+"+* $+1+,#($M%""(1'%#+&* ,$(#+'0":* 4($*

+E%A,)+;*(@+$+E,$+""'(0*(2*aDGM5*1(0@+$#"*#%A(E'2+0*2$(A*%*,.$+*%0#%-(0'"#*#(*%*,%$#'%)*

%-(0'"#;*9/+$+%"*#/+*(@+$+E,$+""'(0*(2*aDGM5*/%"*0(*+22+1#*(0*#/+*,/%$A%1()(-B*(2*FGF*

5=H*I=J*6aA'#/*+#*%):;*5<<I?;*9/'1/*A'-/#*+E,)%'0*#/+*&'"#'01#*+22+1#"*(2*#%A(E'2+0*%0&*FGF*

5=H*I=J*(0*3445*#$%0"1$',#'(0%)*$+-.)%#'(0*%"*9+)):*

4.$#/+$A($+;*#%A(E'2+0*%0&*FGF*5=H*I=J*/%@+*@+$B*&'22+$+0#*+22+1#"*(0*#/+*'0#+$%1#'(0*(2*

,$(#+'0"*9'#/'0*#/+*3445*Nf*2)%08'0-*$+-'(0:*F#*'"*$+,($#+&*#/%#*2+9*,$(#+'0"*%$+*$+1$.'#+&*

#(* #/+* 3445* Nf* 2)%08'0-* $+-'(0* %2#+$* #%A(E'2+0* #$+%#A+0#* (2* OG4MI* 1+))";* 9/+$+%"*

A.)#',)+* ,$(#+'0"* %$+* $+1$.'#+&* %2#+$* #$+%#A+0#* (2* OG4MI* 1+))"* 9'#/* FGF* 5=H* I=J:* 3/+*

&'22+$+0#* ,%##+$0"* (2* ,$(#+'0MbTP* '0#+$%1#'(0* (C"+$@+&* %2#+$* #$+%#A+0#* (2* 1+))"* 9'#/*

#%A(E'2+0*%0&*FGF*5=H*I=J*A%B*.0&+$)'+*#/+*&'"#'01#*#$%0"1$',#'(0%)*A+1/%0'"A"*(2*3445*

CB**#%A(E'2+0*%0&*FGF*5=H*I=J*6\'%A%$1/'*+#*%):;*5<<<?:**
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W.$*&%#%*".,,($#*#/+*/B,(#/+"'"*#/%#*#/+*0%#.$+*(2*#/+*C(.0&*)'-%0&M)'8+*+"#$%&'();*FGF*5=H*

I=J;* %0&* #%A(E'2+0;* %22+1#"* #/+* "#%C')'#B* %0&^($* #/+* +E,$+""'(0* )+@+)* (2* !D ;* %0&* '#"*

1(02($A%#'(0:* 3/'"* A'-/#* )+%&* #(* &'22+$+0#* %1#'@%#'(0"* 9'#/* 1(%1#'@%#($"* %0&* &'"#'01#*

1/$(A%#'0*$+A(&+)'0-*(2*3445:**

)1(21()1(N=7E4586K6(?5D=3<C85>(:E=(7E3;K4:85(3=K;D=<85>(;@(%AA2(BC(=6:34D8;<(

F#*'"*$+,($#+&*#/%#*"#+$('&*/($A(0+"*%$+*%C)+*#(*'0&.1+*/B,+$%1+#B)%#'(0*(2*/'"#(0+"*%#*#/+*

,$(A(#+$"*(2*#%$-+#*-+0+"*in vivo:*!@'&+01+*"/(9"*#/%#*/B,+$%1+#B)%#'(0*'"*A+&'%#+&*CB*

$+1+,#($"*%0&*#/+'$*%""(1'%#+&*1(%1#'@%#($"*6G/+0*+#*%):;*5<<<?:* F#* '"*&+2'0+&*1/$(A%#'0*

/'"#(0+* %1+#B)%#'(0* %"* %* 1$'#'1%)* "#+,* '0* 0.1)+%$* $+1+,#($MA+&'%#+&* /($A(0%)* "'-0%)'0-*

C+1%."+*/'"#(0+*%1+#B)%#'(0*6%0&*&+%1+#B)%#'(0?*,)%B"*%*1$'#'1%)*$()+*'0*/($A(0+*'0&.1#'(0*

(2* -+0+* +E,$+""'(0:* g,(0* /($A(0+* C'0&'0-;* 0.1)+%$* $+1+,#($"* $+1$.'#* #/+* ,5UJ*

1(%1#'@%#($"* %0&* ,RJJ^GQ[* #(* #/+* #%$-+#* -+0+:* 3/+* %1+#B)#$%0"2+$%"+* %1#'@'#B* (2*

,RJJ^GQ[*9'))*%1+#B)%#+*/'"#(0+"*#(*$+A(&+)*1/$(A%#'0*%0&*%)"(*C+-'0*#(*A(&'2B*(#/+$*

#%$-+#*,$(#+'0"*".1/*%"*#/+*,5UJ*1(%1#'@%#($"*.,(0*/($A(0+*'0&.1#'(0*6G/+0*+#*%):;*5<<<?:*

In vivo /'"#(0+* %1+#B)%#'(0* )+@+)"* (2* !D* %0&* 3445* #%$-+#* -+0+"* %$+* %))* "'-0'2'1%0#)B*

'01$+%"+&*.,(0*+"#$%&'()*'0&.1#'(0:*

P2#+$*C+'0-*%1#'@%#+&*CB*+"#$%&'();*#/+*3445*-+0+*,$(A(#+$*'"*,%18%-+&*'0#(*1/$(A%#'0*

9/+$+* #9(*,("'#'(0+&*0.1)+("(A+"*($-%0'_+* #/+*bTP* '0* #/+*$+-'(0*",%00'0-* 2$(A*#/+*

GP[*"'#+*#(*%,,$(E'A%#+)B*M>HJ*6a+9%18*%0&*X%0"+0;*5<<I?:*P0&*#/+*)(1%)*1/%0-+"*'0*

1/$(A%#'0*"#$.1#.$+*1%0*C+*@'".%)'_+&*CB*#/+*'0&.1#'(0*(2*/($A(0+M&+,+0&+0#*bT%"+*F*

/B,+$"+0"'#'@+*"'#+*63445MXa5?*6\'%A%$1/'*+#*%):;*HJJH?;*9/'1/*+01(A,%""+"*#/+*!D!*

6\'%A%$1/'*+#*%):;*5<<<?:*3$+%#A+0#*(2*#/+*1+))"*9'#/*+"#$%&'()*2($*HJ*A'0*'"*".22'1'+0#*#(*

#$'--+$*1/$(A%#'0*$+A(&+)'0-*(@+$*#/%#*$+-'(0*6\'%A%$1/'*+#*%):;*HJJH?:*3$+%#A+0#*(2*1+))"*

9'#/*FGF*5=H*I=J*2($*H*/*$+".)#"*'0*%*"'-0'2'1%0#*&+1$+%"+*'0*bT%"+*F*/B,+$"+0"'#'@'#B*9/+0*

1(A,%$+&*#(*%0*.0#$+%#+&*1(0#$()*6a.0*+#*%):;*HJJN?:*F0*1(0#$%"#;*#$+%#A+0#*(2*#/+*1+))"*9'#/*

#%A(E'2+0*,$(@(8+"*%0*'01$+%"+*'0*#/+*'0#+0"'#B*(2*#/+*bT%"+*F*/B,+$"+0"'#'@'#B*6a.0*+#*%):;*

HJJN?;*9/'1/* '0&'1%#+"* #/%#* +"#$%&'();* #%A(E'2+0* %0&* FGF* 5=H*I=J*%$+* %C)+* #(* ,$(A(#+*

&'22+$+0#* 1/$(A%#'0* $+A(&+)'0-";* %0&* #/+$+2($+* )+%&"* #(* &'22+$+0#* +22+1#"* (0* 3445*
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#$%0"1$',#'(0:*

)1(H1(%34567389:8;54<(3=>?<4:8;5(;@(%AA2(BC(=6:34D8;<(in vivo (

g"'0-*#$%0"-+0'1*$%#*A(&+)"*#(*"#.&B*#/+*#$%0"1$',#'(0%)*$+-.)%#'(0*(2*3445*CB*+"#$(-+0*

/%"* 0(#* C++0* $+,($#+&* ,$+@'(.")B:* F0* #/'"* "#.&B;* 9+* /%@+* ".11+""2.))B* -+0+$%#+&* #/+*

hTFF1-luc* #$%0"-+0'1* $%#*A(&+)* '0*9/'1/* #/+*+E,$+""'(0*(2* ).1'2+$%"+* $+,($#+$*-+0+* '"*

".11+""2.))B*&'$+1#+&*CB*#/+*/.A%0*3445*,$(A(#+$*'0*%*#'"".+*",+1'2'1*2%"/'(0:*3/+*3445*

,$(A(#+$*'"*%1#'@%#+&*CB*#/+*"+$.A*+"#$%&'()*&.$'0-*#/+*0%#.$%)*+"#$(."*1B1)+:*

)1( H1( 21( !;K94386;5( ;@( :E=( 4DO45:4>=6( 45D( D864DO45:4>=6( B=:P==5( QA$( 45D(

<?78@=346=(3=9;3:=3(>=5=6(85(:3456>=587(K;D=<(

3(*+"#%C)'"/*#/+*/3445*#$%0"-+0'1*$%#*A(&+);*9+*9+$+*%C)+*#(*1/(("+*C+#9++0*&'22+$+0#*

$+,($#+$*-+0+";*'01).&'0-*-$++0*2).($+"1+0#*,$(#+'0*6\4[?*%0&*).1'2+$%"+:*3/+$+2($+;*9+*

1(A,%$+&* #/+*%&@%0#%-+"*%0&*&'"%&@%0#%-+"*C+#9++0* #/+* $+,($#+$*-+0+*(2*\4[*%0&*

).1'2+$%"+*'0*#/+*+"#%C)'"/A+0#*(2*#/+*#$%0"-+0'1*$%#*A(&+):*

\4[;* %* HIM8b%* A(0(A+$'1* ,$(#+'0* 2$(A* #/+* d+))B2'"/* P+`.($+%* h'1#($'%;* /%"* C+1(A+*

#$+A+0&(.")B*,(,.)%$*%"*%*$+,($#+$*'0*2'E+&*%0&*)'@+*#'"".+*"'01+*#/+*1)(0'0-*(2*'#"*-+0+:*

!\4[*6X%%"*+#*%):;*5<<U?;*'"*%*@%$'%0#*(2*\4[;*'0*9/'1/*1+$#%'0*%A'0(*%1'&"*'0*#/+*\4[*

A()+1.)+*/%@+*C++0*%)#+$+&*#(*"/'2#*#/+*+E1'#%#'(0*",+1#$.A*(2*\4[*#(*)(0-+$*9%@+)+0-#/"*

%0&*'01$+%"+*#/+*C$'-/#0+"":*3/+*A%'0*%&@%0#%-+"*(2*\4[*%$+*#/%#*'#*1%0*C+*+%"')B*."+&*

%"*%* $+,($#+$* '0*C(#/* )'@+*%0&* 2'E+&* #'"".+;*%0&*0(*+E(-+0(."*".C"#$%#+* '"* $+`.'$+&* #(*

+E,$+""*'#"*2).($+"1+01+:*

X(9+@+$;* \4[* %)"(* ,$+"+0#"* "(A+* )'A'#%#'(0"* %0&* ,(#+0#'%)* &'"%&@%0#%-+":* 3/+*

&'"%&@%0#%-+"* (2* #/+* \4[* "B"#+A* %$+* #/%#* \4[* A'-/#* '0#+$2+$+* 9'#/* C%18-$(.0&* ($*

0(0",+1'2'1* 2).($+"1+01+* 6%.#(2).($+"1+01+?;* %0&* #/%#* \4[M,("'#'@+* 1+))"* ,(#+0#'%))B*

'0&.1+* 'AA.0+* $+",(0"+"* 6a#$',+18+* +#* %):;* 5<<<?:* F0* %&&'#'(0;* #/+* '0#+0"'#B* (2*

2).($+"1+01+*&+1$+%"+"*(@+$*#'A+;*#/$(.-/*1+))*&'@'"'(0*%0&*&'22+$+0#'%#'(0:*4.$#/+$A($+;*

'#*'"*$+,($#+&*#/%#*#/+$+*'"*".C"#%0#'%)*@%$'%C')'#B*'0*#/+*,%##+$0*(2*\4[*+E,$+""'(0*%A(0-*
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A'1+*-+0+$%#+&*2$(A*#/+*"%A+*1(0"#$.1#*6a9+0"(0*+#*%):;*HJJI?:*W#/+$*$+,($#"*'0&'1%#+*

#/%#* %11.A.)%#'(0* (2* "#%C)+* \4[* '0&.1+"* 1+))* &%A%-+* ($* &+%#/* 6i%0-* +#* %):;* HJJN?:*

4.$#/+$A($+;*\4[*'"*0(#*".'#%C)+*2($*."+*'0*",+1'2'1%))B*"#.&B'0-*"'-0%)'0-*in vivo;*C+1%."+*

'#"* +A'""'(0* ",+1#$.A* '"* 0(#* '0* #/+* )(0-+$*9%@+)+0-#/* ,%$#* (2* #/+* ",+1#$.A:*W0)B* $+&*

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

6Z(0-*+#*%):;*HJJN?:*3/+*A%'0*&'"%&@%0#%-+*2($*#/+*\4[*'"*#/%#*'#*'"*&'22'1.)#*#(*`.%0#'2B*#/+*

$+,($#+$*-+0+*+E,$+""'(0:*X(9+@+$;*#/'"*'"*$+`.'$+&*'0*(.$*+E,+$'A+0#";*C+1%."+*9+*/%@+*

#(* 1(A,%$+* #/+* $+,($#+$* -+0+* %1#'@'#B* #(* '0@+"#'-%#+* #/+* #$%0"1$',#'(0%)* $+-.)%#'(0* (2*

/3445:*

Z.1'2+$%"+*'"*%*UHM8b%*2'$+2)B*6[/(#'0."*,B$%)'"?*+0_BA+*#/%#*1%#%)B_+"*#/+*$+%1#'(0*(2*#/+*

1(A,(.0&* bM6 ?MHM6U M/B&$(EBMH MC+0_(#/'%_()B)?* #/'%_()'0+M>M1%$C(EB)'1* %1'&;* %)"(*

80(90*%"*).1'2+$'0;*#(*(EB).1'2+$'0*'0*#/+*,$+"+01+*(2*P3[;*WH;*%0&*O-Hj;*%0&*,$(&.1+"*

B+))(9*6NUJ*0A?*)'-/#*%"*%*$+".)#:*4'$+2)B*).1'2+$%"+*'"*+01(&+&*CB*#/+*luc*-+0+:*3/+*A%'0*

%&@%0#%-+*(2*).1'2+$%"+*'"*#/%#*'#*1%0*C+*."+&*#(*&+#+1#*@+$B*)(9*)+@+)"*(2*-+0+*+E,$+""'(0;*

C+1%."+;* .0)'8+* #/+* 2).($+"1+01+* '0* #/+* (#/+$* $+,($#+$;* #/+* C'().A'0+"1+01+* 2$(A* #/+*

$+%1#'(0*'#*1%#%)B_+"*'"*@'$#.%))B*C%18-$(.0&M2$++:*4.$#/+$A($+;*).1'2+$%"+*+E,$+""'(0*1%0*

C+*+%"')B*`.%0#'2'+&*%0&*A+%".$+&*CB*%&&'0-*).1'2+$'0*%0&*P3[*#(*1+))*)B"%#+"*%0&*#/+0*

%0%)B_'0-* #/+*+A'##+&* )'-/#*9'#/*%* ).A'0(A+#+$:*3/'"*+E%1#)B*"%#'"2'+"*(.$*+E,+$'A+0#%)*

$+`.'$+A+0#"* 2($* `.%0#'2'1%#'(0* (2* #/+* $+,($#+$* -+0+* +E,$+""'(0* #(* '0@+"#'-%#+* #/+*

#$%0"1$',#'(0%)*$+-.)%#'(0*(2*/3445*'0*(.$*#$%0"-+0'1*$%#":**

*

3/+*A%'0*&'"%&@%0#%-+*(2*#/+*).1'2+$%"+*$+,($#+$*'"*#/%#*'#*'"*&'22'1.)#*#(*&+)'@+$*).1'2+$'0*#(*

)'@'0-* %0'A%)"* #(* &+#+1#* #/+* ).1'2+$%"+* +E,$+""'(0:* X(9+@+$;* #/'"* )'A'#%#'(0* 1(.)&* C+*

(@+$1(A+*CB*#/+*'0@+0#'(0*(2*in vivo*C'().A'0+"1+01+*'A%-'0-:*3/+$+2($+;*9+*"+)+1#*#/+*

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

)1( H1( H1( %866?=( 69=78@87( =L93=668;5( @46E8;5( ;@( <?78@=346=( D83=7:=D( BC( E%AA2(

93;K;:=3(

3/+*N 2)%08'0-*$+-'(0*(2*/3445*1(0#%'0"*"+@+$%)*1(0#$()*+)+A+0#";*9/'1/*%$+*'01).&+&*
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9'#/'0*5JJJ*C,:*3/+"+*+)+A+0#"*%$+*$+",(0"'@+*#(*+"#$(-+0";*,/($C()*+"#+$";*1MX%M$%";*

1Md.0;* %0&* "+@+$%)* -$(9#/* 2%1#($"* '0*OG4MI* 1+))"* 6T.0+_* +#* %):;* 5<=<?:* 3/+$+2($+;* 9+*

-+0+$%#+&* %* 1(0"#$.1#* 9'#/* %* 5JJJ* C,* /.A%0* 3445* ,$(A(#+$* )'08+&* .,"#$+%A* #(* #/+*

).1'2+$%"+*$+,($#+$*-+0+*'0*#/+*,\ZMR*@+1#($"*#(*+"#%C)'"/*#/+*#$%0"-+0'1*$%#:**

L+* /%@+* %0%)B_+&* #/+* #'"".+* ",+1'2'1* +E,$+""'(0* 2%"/'(0* (2* #/+* hTFF1-luc* -+0+* #(*

+E%A'0+* 9/+#/+$* #/+* 5JJJMC,* /3445* ,$(A(#+$* '"* %C)+* #(* &'$+1#* #/+* +E,$+""'(0* (2*

).1'2+$%"+* %A(0-* #/+* ($-%0":* L+* /%@+* &+A(0"#$%#+&* #/+* ).1'2+$%"+* #'"".+* ",+1'2'1*

+E,$+""'(0* CB in vivo* C'().A'0+"1+01+* 'A%-'0-;* 9/'1/* $+@+%)"* #/%#* #/+* ).1'2+$%"+*

#$%0"-+0+*'"*/'-/)B*+E,$+""+&*'0*@%-'0%;*2())(9+&*CB*/+%$#;*C$%'0;*.#+$."*%0&*"#(A%1/:*

3/+*A+#/(&*(2*in vivo*C'().A'0+"1+01+*'A%-'0-*,$(@'&+"*"(A+*%&@%0#%-+"*".1/*%"*)(9*

'AA.0(-+0'1'#B;* 0+-)'-'C)+* #(E'1'#B;* %0&* #/+* %C')'#B* #(* &+#+1#* #/+* ).1'2+$%"+* %1#'@'#B* '0* %*

)'@'0-* $%#:* F#* %)"(*A%8+"* '#* ,(""'C)+* #(* 1(A,%$+* #/+* ).1'2+$%"+* %1#'@'#B* %A(0-* &'22+$+0#*

($-%0"*'0*#/+*"%A+*)'@'0-*$%#:*3/+$+2($+;*#/'"*A+#/(&*'"*+A,)(B+&*'0*(.$*"#.&B*#(*"1$++0*

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

hTFF1-luc*#$%0"-+0+*'0*#/+*2+A%)+*#$%0"-+0'1*$%#":*3/+*in vivo*C'().A'0+"1+01+*'A%-'0-*

".11+""2.))B*&+#+1#+&*#/+*).1'2+$%"+*,("'#'@+*#$%0"-+0'1*$%#"*%0&*#/+*).1'2+$%"+*+E,$+""'0-*

($-%0"*'0*#/+*#$%0"-+0'1*$%#:**

X(9+@+$;* #/+ in vivo* C'().A'0+"1+01+* 'A%-'0-* /%"* "(A+* )'A'#%#'(0":* 4'$"#;* )'-/#*

#$%0"A'""'(0*'"*%##+0.%#+&*%,,$(E'A%#+)B*5JM2()&*2($*+@+$B*1+0#'A+#+$*(2*#'"".+*#/$(.-/*

9/'1/*'#*,%""+"*6G(0#%-*%0&*Q%1/A%00;*HJJH?:**3/'"*2%1#*A'-/#*+E,)%'0*9/B*#/+*/'-/+"#*

).1'2+$%"+*%1#'@'#B*#'"".+*'0*#/+*#$%0"-+0'1*$%#*$+@+%)+&*CB in vivo C'().A'0+"1+01+*'A%-'0-*

'"*#/+*@%-'0%;*0(#*#/+*C$%'0:*Q+1%."+*#/+*)'-/#*+A'""'(0*'"*%##+0.%#+&*9/+0*'#*,%""+"*#/+*

/+%&*C(0+*&.$'0-*#/+ in vivo*C'().A'0+"1+01+*'A%-'0-:*P1#.%))B;*#/+*).1'2+$%"+*%1#'@'#B*'0*

C$%'0*#'"".+*'"*#/+*/'-/+"#;*9/'1/*9%"*2.$#/+$*1(02'$A+&*CB*in vitro*).1'2+$%"+*%1#'@'#B*%""%B;*

D3M[GD*%0&*9+"#+$0C)(#:*4($*#/+*"%A+*$+%"(0;*,/(#(0*2).E*2$(A*%*".,+$2'1'%)*($-%0*'"*

-$+%#+$*#/%0*#/%#*2($*#/+*"%A+*,/(#(0*2).E*%A(.0#*2$(A*%0*'0#+$0%)*($-%0*6G(0#%-*%0&*

Q%1/A%00;*HJJH?;*9/'1/*A'-/#*+E,)%'0*9/B*#/+*).1'2+$%"+*%1#'@'#B*'0*#/+*@%-'0%*2$(A*(.$*

#$%0"-+0'1*$%#;*$+@+%)+&*CB in vivo*C'().A'0+"1+01+*'A%-'0-;*'"*A.1/*/'-/+$*#/%0*#/%#*'0*
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C$%'0*%0&*(#/+$*($-%0":*a+1(0&)B;*).1'2+$%"+*$+`.'$+"*P3[*#(*,$(&.1+*C'().A'0+"1+01+*

2$(A*).1'2+$'0*6L')"(0*%0&*X%"#'0-";*5<<=?;*"(*#/+*).1'2+$'0*'0*#/+*@+""+);*@+'0;*/+%$#*%0&*

+E#$%1+)).)%$*).1'2+$'0*1%0V#*C+*&+#+1#+&:*4'0%))B;*#/+*)'-/#*,$(&.1+&*CB in vivo 'A%-'0-*'0*

($-%0"*C+#9++0*%&d%1+0#*%0%#(A'1%)*"'#+"*1(.)&*0(#*C+*,$(,+$)B*&'"#'0-.'"/+&:**

X(9+@+$;* #/+"+* )'A'#%#'(0"*1%0*C+*(@+$1(A+*CB*."'0-*D3M*[GD*%0& in vitro ).1'2+$%"+*

%1#'@'#B*%""%B:*3/.";*1(AC'0%#'(0%)*."+*(2*#/+"+*#/$++*#+1/0'`.+"*1(.)&*-$+%#)B*2%1')'#%#+*

#/+* %11.$%#+* #'"".+* ",+1'2'1* +E,$+""'(0* 2%"/'(0* (2* #/+ hTFF1-luc* #$%0"-+0+* '0* #/+*

hTFF1-luc* #$%0"-+0'1* $%#":*D3M[GD*$+@+%)+&* #/%#* #/+*hTFF1-luc*-+0+*%,,+%$+&* #(*C+*

+E,$+""+&* (0)B* '0* #/+* C$%'0;* "#(A%1/;* 1()(0;* .#+$."* %0&* @%-'0%;* 9'#/* #/+* /'-/+"#*

+E,$+""'(0*C+'0-*'0*#/+*C$%'0:*3/'"*9%"*1(02'$A+&*CB in vitro*).1'2+$%"+*%1#'@'#B*%""%B*'0*

#/+*2+A%)+*#$%0"-+0'1*$%#";*".--+"#'0-*#/%#*#/+*5JJJ*C,*/3445*,$(A(#+$*'"*%C)+*#(*&'$+1#*

).1'2+$%"+*+E,$+""'(0*#(*",+1'2'1*($-%0":*F#*%)"(*'0&'1%#+"*#/%#*#/+*0+1+""%$B*+)+A+0#"*'0*

#/+* /3445* ,$(A(#+$* #(* #%$-+#* #/+* ).1'2+$%"+* #$%0"-+0+* '0* %* #'"".+M",+1'2'1* +E,$+""'(0*

2%"/'(0*%$+*)(1%#+&*9'#/'0*5JJJ*C,*(2*NV*2)%08'0-*"+`.+01+*'0*#/+*3445*,$(A(#+$:**

)1(H1(M1($;668B<=(K=7E4586K6(?5D=3<C85>(:E=(<?78@=346=(:866?=(69=78@87(=L93=668;5(

D83=7:=D(BC(E%AA2(93;K;:=3(

3/+*#'"".+*+E,$+""'(0*2%"/'(0*(2*hTFF1-luc*#$%0"-+0+*'0*#/+*C$%'0;*"#(A%1/;*/+%$#;*1()(0;*

.#+$."*%0&*@%-'0%*"++A"*#(*C+*`.'#+*"'A')%$*#(*#/+*$(&+0#*+0&(-+0(."*3445*+E,$+""'(0*

2%"/'(0;*C+1%."+*#/+*$(&+0#*+0&(-+0(."*3445*'"*$+,($#+&*#(*C+*+E,$+""+&*'0*#/+*C$%'0;*

"#(A%1/;*/+%$#;*.#+$."*%0&*@%-'0%*%"*9+))*6X'$(#%*+#*%):;*5<<>S*L'+&+*+#*%):;*HJJ5S*O%".'*

+#*%):;*HJJU?:*3/+*(C"+$@%#'(0*".--+"#"*#/%#*/3445*,$(A(#+$*'"*$+-.)%#+&*'0*#/+*"%A+*9%B*

%"*#/+*$(&+0#*+0&(-+0(."*3445*-+0+:*X(9+@+$;*#/+*hTFF1-luc*#$%0"-+0+*+E,$+""'(0*'"*

&'22+$+0#* '0* #/+* /'-/+"#* +0&(-+0(."* 3445* +E,$+""'0-* #'"".+"* '0* A(."+* %0&* /.A%0:*

Q+1%."+;*.0&+$*,/B"'()(-'1%)*1(0&'#'(0";*#/+*+0&(-+0(."*3445*'0*A(."+*%0&*/.A%0*'"*

/'-/)B*+E,$+""+&* '0* #/+*"#(A%1/;*0(#* '0* #/+*C$%'0;*".--+"#"* #/%#* #/+*3445*,$(A(#+$* '"*

/'-/)B*%1#'@%#+&*'0*#/+*"#(A%1/:*X(9+@+$;*'0*(.$*hTFF1-luc*#$%0"-+0'1*$%#;*#/+*hTFF1-luc 

#$%0"-+0+*'"*0(#*/'-/)B*+E,$+""+&*'0*#/+*"#(A%1/:*3/'"*A'-/#*C+*+E,)%'0+&*CB*#/+*2%1#*#/%#*

#/+* #$%0"1$',#'(0%)* 2%1#($"*%0&*$+-.)%#($B*,$(#+'0"* '0* #/+*$(&+0#*"#(A%1/*%$+*.0%C)+* #(*
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$+1(-0'_+* %0&* C'0&* #(* #/+* 5JJJ* C,* /3445* ,$(A(#+$* #(* /'-/)B* %1#'@%#+* #/+* ).1'2+$%"+*

+E,$+""'(0* &.+* #(* #/+* &'22+$+01+"* C+#9++0* #/+* /.A%0* %0&* $(&+0#* 3445* ,$(A(#+$:*

P)#+$0%#'@+)B;* #/+* 5JJJ* C,* /3445* ,$(A(#+$* )%18"* (#/+$* 'A,($#%0#* bTPMC'0&'0-* %0&*

$+-.)%#($B* +)+A+0#";* 9/'1/* %$+* )(1%#+&* .,M"#$+%A* '0* #/+* ,$(A(#+$;* %0&* 1(0#$'C.#+* #(*

/'-/)B*,("'#'@+*$+-.)%#'(0*(2*#/+*luc*#$%0"-+0+*'0*#/+ "#(A%1/*#'"".+*in vivo:*

P)"(;*.0&+$*,/B"'()(-'1%)*1(0&'#'(0";*#/+*$(&+0#*+0&(-+0(."*3445*'"*"B0#/+"'_+&*'0*#/+*

1+0#$%)*0+$@(."*"B"#+A*%"*9+));*C.#*#(*%*A.1/*)+""+$*+E#+0#*#/%0*'0*#/+*A.1(."*+,'#/+)'%*

'0*#/+*"#(A%1/*6X(22A%00*+#*%):;*HJJ5?;*".--+"#'0-*#/%#*#/+*$(&+0#*3445*,$(A(#+$*'"*0(#*

/'-/)B* %1#'@%#+&* CB* #/+* #$%0"1$',#'(0%)* 2%1#($"* '0* #/+* C$%'0:* X(9+@+$;* '0* (.$* 2+A%)+*

hTFF1-luc*#$%0"-+0'1*$%#";*9+*&+A(0"#$%#+&*#/%#*#/+*5JJJ*C,*/3445*,$(A(#+$*'"*/'-/)B*

%1#'@%#+&*'0*#/+*C$%'0*%0&*1+$+C+)).A;*".--+"#'0-*#/+*#$%0"1$',#'(0%)*2%1#($"*'0*#/+*C$%'0*

%0&*1+$+C+)).A*%$+*1%,%C)+*(2*/'-/)B*%1#'@%#'0-*#/+*5JJJ*C,*/3445*,$(A(#+$*&.+*#(*#/+*

&'22+$+01+"*C+#9++0*#/+*/.A%0*%0&*$(&+0#*3445*,$(A(#+$:*G(A,%$'"(0*(2* #/+*/.A%0*

%0&*A(."+*3445*-+0+*,$(A(#+$*$+@+%)"*#/%#*#/+*A(."+*3445*,$(A(#+$*)%18"*O(#'2*F*%0&*

O(#'2* FF;*9/'1/*%$+* ,$+"+0#+&* '0* 5JJJ*C,*/3445*,$(A(#+$* %0&*,)%B* 'A,($#%0#* $()+"* '0*

/.A%0*3445* $+-.)%#'(0* 63+$%&%*+#*%):;*HJJ5?:*3/+*5JJJ*C,*/3445*,$(A(#+$*A'-/#*C+*

/'-/)B*%1#'@%#+&*CB*#/+*$(&+0#*C$%'0M*%0&*1+$+C+)).AM",+1'2'1*#$%0"1$',#'(0%)*2%1#($"*&.+*#(*

#/+*,$+"+01+*(2*O(#'2*F;*%0&*O(#'2*FF;*#/."*)+%&'0-*#(*%*/'-/*).1'2+$%"+*+E,$+""'(0*'0*C$%'0*

%0&*1+$+C+)).A*(2*#/+ hTFF1-luc*#$%0"-+0'1*$%#":*

3/+*A+1/%0'"A"* .0&+$)B'0-* #/+* #'"".+M",+1'2'1* %1#'@%#'(0* (2*hTFF1-luc* #$%0"-+0+* %$+*

.01)+%$:*\+0+$%))B;*#/+*#$%0"-+0+*'0#+-$%#'(0*(11.$"*$%0&(A)B;*"(*C(#/*#/+*,("'#'(0*%0&*

"#$.1#.$+*(2* #/+* #$%0"-+0'1* )(1."* '"*@%$'%C)+:*[("'#'(0*+22+1#"*%$+*C$(.-/#*%C(.#*CB* #/+*

'02).+01+*(2*)(1%)*$+-.)%#($B*+)+A+0#"*%0&*1/$(A%#'0*"#$.1#.$+:*3/+*($-%0'_%#'(0*(2*#/+*

1/$(A%#'0*%$(.0&*#/+*hTFF1-luc*#$%0"-+0'1*"+`.+01+"*'0*#/+*).1'2+$%"+M0+-%#'@+*#'"".+"*

2$(A*hTFF1-luc*#$%0"-+0'1*$%#*%,,+%$"*0(#*#(*%1#'@%#+*#/+*).1'2+$%"+*#$%0"-+0+;*($*"(A+*

1/$(A%#'0* %&d%1+0#* #(* #/+* '0#+-$%#'(0* "'#+*A%B* "')+01+* #/+* #$%0"-+0+;* %* ,/+0(A+0(0*

#+$A+&*,("'#'@+*+22+1#*@%$'+-%#'(0:*P0(#/+$*,(""'C')'#B*A%B*C+* #/%#* #/+*5JJJ*C,*/3445*

,$(A(#+$* )%18"* (#/+$* bTPMC'0&'0-* %0&* $+-.)%#($B* +)+A+0#"* 2.$#/+$* .,M"#$+%A* '0* #/+*
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,$(A(#+$* #/%#*1(0#$'C.#+* #(*,("'#'@+* $+-.)%#'(0*(2* #/+* luc* #$%0"-+0+* '0* #/+ lucM0+-%#'@+*

#'"".+"* in vivo:* a'01+* #/+* /3445* ,$(A(#+$* '"* .,"#$+%A* )'08+&* #(* #/+* ).1'2+$%"+* -+0+;*

).1'2+$%"+*+E,$+""'(0*A'-/#*C+*A%'0)B*$+-.)%#+&*CB*#/+*/3445*,$(A(#+$;*'0&'1%#'0-*#/%#*

#'"".+M",+1'2'1* $+-.)%#($B* 2%1#($"* %$+* %C)+* #(* %1#'@%#+* #/+* /3445* ,$(A(#+$* '0* (.$*

hTFF1-luc* #$%0"-+0'1* $%#";* C+1%."+* #$%0"1$',#'(0* 2%1#($"* '0* &'22+$+0#* 1+))* #B,+"* A%B*

$+1(-0'_+* #/+*hTFF1-luc* #$%0"-+0+*&'22+$+0#)B:* F0*(.$*+E,+$'A+0#";* '#*"++A"*#/%#* #/+"+*

$+-.)%#($B*2%1#($"*%$+*(0)B*%@%')%C)+*'0*#/+*C$%'0;*"#(A%1/;*/+%$#;*.#+$."*%0&*@%-'0%:**

4.$#/+$A($+;*'#*'"*$+,($#+&*#/%#*#/+$+*%$+*"(A+*"/($#*"+`.+01+*A(#'2";*60%A+)B;*A(#'2*FMFh?*

'0* #/+* /.A%0* 344* -+0+* ,$(A(#+$* 6\(##* +#* %):;* 5<<U?:* 3/+* A.#%-+0+"'"* "#.&B*

&+A(0"#$%#+"* #/%#* #/+* A(#'2"* FFF* %0&* * 1(0#$'C.#+* ,("'#'@+)B* #(* #/+* #$%0"1$',#'(0%)*

$+-.)%#'(0*(2*/.A%0*3445*-+0+*6Q+18*+#*%):;*5<<=?:*F0*%&&'#'(0;*#/+*,$+"+01+*(2*A(#'2* *'0*

/.A%0* * 3445* ,$(A(#+$* "/(9"* "#$'8'0-* "'A')%$'#B* #(* #/+* 1)%""'1%)* C'0&'0-* "'#+* (2* #/+*

/+,%#(1B#+*0.1)+%$*2%1#($*R^2($8/+%&*6XT4R*^4kX?*,$(#+'0"*6Q+18*+#*%):;*5<<<?;*9/'1/*%$+*

#$%0"1$',#'(0%)* 2%1#($"* 2($* $+-.)%#'(0* (2* #'"".+M",+1'2'1* -+0+* +E,$+""'(0* 6Z+/A%00* %0&*

k($-+;* 5<<U?:* 3/.";* '#* '"* ",+1.)%#+&* #(* &+A(0"#$%#+* #/%#* #/+* XT4MR^4kX* 2%1#($"* 1%0*

$+1(-0'_+* /.A%0*A(#'2* * '0* 3445*,$(A(#+$;* #$'--+$* #/+* #$%0"1$',#'(0* (2* /.A%0*3445*

-+0+;*%0&*1(0#$'C.#+*#(*#'"".+M",+1'2'1*$+-.)%#'(0*(2*3445*-+0+*6Q+18*+#*%):;*5<<<?:*3/'"*

A'-/#*C+*%0(#/+$*A+1/%0'"A*.0&+$)B'0-*#/+*#'"".+M",+1'2'1*+E,$+""'(0*2%"/'(0*&'$+1#+&*

CB*/3445*,$(A(#+$:**

X(9+@+$;*bTP*A+#/B)%#'(0*(2*#/+*3445*,$(A(#+$*'"*$+,($#+&*#(*C+*%0(#/+$*A+1/%0'"A*

.0&+$)B'0-*#/+*#'"".+M",+1'2'1*3445*+E,$+""'(0*64.d'A(#(*+#*%):;*HJJJ?:*4($*+E%A,)+;*'0*

#/+*@%-'0%;*A+#/B)%#+&*[GD*,$(&.1#"*%$+*(C#%'0+&*2$(A*#/+*X%,FFM$+"'"#%0#*A+#/B)%#+&*

bTP* 2$(A* #/+*@%-'0%)*+,'#/+)'.A;*".--+"#'0-* #/%#*%*A+#/B)%#'(0*(2* #/+*3445*,$(A(#+$*

(11.$$+&* '0* #/+* @%-'0%)* #'"".+:* 3/+* %A(.0#";* /(9+@+$;* %$+* "A%))+$* #/%0* #/("+* '0* #/+*

-%"#$'1*#'"".+*6O%".'*+#*%):;*HJJU?:*\%"#$'1*#'"".+*'"*$+,($#+&*#(*C+*#/+*)+%"#*A+#/B)%#+&*

#'"".+*9'#/*%*/'-/* )+@+)*(2*3445*+E,$+""'(0;*9/+0*1(A,%$+&* #(* #/+*/'-/)B*A+#/B)%#+&*

#'"".+"*".1/*%"*#/+*",)++0:**

*
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)1(H1()1(%E=(47:8O4:8;5(;@(:E=(E%AA2(93;K;:=3(85(B3485(45D(:E=(3;<=(;@(%AA2(85(:E=(

O=66=<*

Q+1%."+*#/+*C$%'0*+E/'C'#"*#/+*/'-/+"#*).1'2+$%"+*+E,$+""'(0*'0*(.$*hTFF1-luc*#$%0"-+0'1*

$%#*A(&+);*#/+*C$%'0*'"*."+&*#(*'0@+"#'-%#+*#/+*)(1%#'(0*(2*).1'2+$%"+*#$%0"-+0+*'0*#/+*C$%'0:*

FAA.0(2).($+"1+01+* %0%)B"'"* $+@+%)+&* #/%#* #/+* ).1'2+$%"+* '"* +E,$+""+&* '0* #/+* C$%'0*

@+""+)*2$(A*hTFF1-luc*j^M*$%#"*%#*#/+*+"#$(."*"#%-+;*".--+"#'0-*#/%#*#/+*/3445*,$(A(#+$*'"*

%1#'@%#+&* '0* #/+* @+""+)* 9%))* (2* #/+* C$%'0:* X(9+@+$;* #/+* $(&+0#* +0&(-+0(."* 3445* '"*

$+,($#+&*#(*C+*9'&+)B*+E,$+""+&*#/$(.-/(.#*#/+*%&.)#*C$%'0*%"*9+));*9'#/*/'-/*)+@+)"*'0*#/+*

/',,(1%A,.";*2$(0#%)*1($#+E;*%0&*1+$+C+)).A*6X'$(#%*+#*%):;*5<<N?:* F0*$%#*C$%'0;*3445*'"*

&+#+1#+&* '0* %"#$(1B#+"* 6X'$(#%* +#* %):;* 5<<>?:* F#* '"* 0(#* ".$,$'"'0-* #(* 2'0&* #/+* ).1'2+$%"+*

+E,$+""'(0* 6/3445*,$(A(#+$* '"* %1#'@%#+&?* '0* #/+* $%#* C$%'0:*Q.#* '#* '"* ".$,$'"'0-* #/%#* #/+*

).1'2+$%"+*'"*0(#*2(.0&*'0*#/+*%"#$(1B#+";*%)#/(.-/*'#*'"*2(.0&*'0*#/+*@+""+)*(2*C$%'0;*9/'1/*

".--+"#"*#/%#*'0*$%#*C$%'0;*#/+*/3445*,$(A(#+$*'"*0(#*%1#'@%#+&*'0*#/+*%"#$(1B#+";*C.#*'0*#/+*

@+""+):*3/'"*(C"+$@%#'(0*A'-/#* $+".)#* 2$(A*#/+*-+0+#'1*&'22+$+01+"*C+#9++0* #/+*/.A%0*

3445*,$(A(#+$*%0&*A(."+*3445*,$(A(#+$:**

P)#/(.-/*9+*&'&*0(#*'&+0#'2B*#/+*",+1'2'1*1+))*#B,+"*'0*9/'1/*#/+*).1'2+$%"+*'"*+E,$+""+&*

9'#/'0* #/+*@+""+)*9%));*9+*/%@+*2(.0&*#/%#*3445*'"*+E,$+""+&* '0*/.A%0*A'1$(@%"1.)%$*

+0&(#/+)'%)*1+))"* 6&%#%*0(#*"/(90?:*G(0"'"#+0#*9'#/*(.$*(C"+$@%#'(0;* '#* * '"* $+,($#+&* #/%#*

344H* %0&* 344R* 1(.)&* C+* +E,$+""+&* '0* /.A%0* @%"1.)%$* +0&(#/+)'%)* 1+))"* %"* 9+));*

+",+1'%))B*'0**@%"1.)%$'_+&*#.A($*%$+%"*%0&*C)((&*@+""+)"*%&d%1+0#*#(*#/+*,$'A%$B*#.A($*

",+1'A+0*6b/%$*+#*%):;*HJJN?:*3/+$+;*#/+B*%$+*)'8+)B*&'$+1#)B*'0@()@+&*'0*#/+*2($A%#'(0*(2*

0+9* C)((&* @+""+)"* 9'#/* 'A,)'1%#'(0* (2* 1B1)((EB-+0%"+MH* %0&* !\4* $+1+,#($* "'-0%)'0-*

&.$'0-*0($A%)*%0&*,%#/(,/B"'()(-'1%)*,$(1+""+"*)'08+&*#(*9(.0&*/+%)'0-;*'02)%AA%#'(0;*

%0&*1%01+$*,$(-$+""'(0* 6D(&$'-.+"*+#*%):;*HJJR?:*3/'"*".--+"#"* #/%#*344"*%$+*%C)+* #(*

2.01#'(0* %"* ,$(%0-'(-+0'1* 2%1#($":* F0* %&&'#'(0;* '#* '"* "/(90* #/%#* 3445* '"* $+-.)%#+&* CB*

+"#$(-+0*%0&*+E+$#"*%0*%0#'M%,(,#(#'1*+22+1#*6!A%A'*+#*%):;*HJJ>?:*4.$#/+$A($+;*+"#$%&'()*

#$+%#A+0#*$+".)#+"*'0*%*&("+M&+,+0&+0#;*!DMA+&'%#+&*'0/'C'#'(0*(2*3T4 c'0&.1+&*/.A%0*

+0&(#/+)'%)*1+))*%,(,#("'"*6a,B$'&(,(.)("*+#*%):;*5<<I?:*3/+$+2($+;*9+*",+1.)%#+*#/%#*3445*
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A'-/#*+E+$#*%0*%0#'M%,(,#(#'1*+22+1#*'0*#/+*@+""+)*#/$(.-/*!D:*

)1(H1(R1(%E=(47:8O4:8;5(;@(:E=(E%AA2(93;K;:=3(BC(9EC68;<;>874<(=6:3;>=5(D?385>(:E=(

7;?36=(;@(:E=(=6:3;?6(7C7<=*

F0*in vitro*+E,+$'A+0#";*9+*/%@+*"/(90*#/%#*+"#$%&'()*'"*%C)+*#(*$+-.)%#+*#/+*#$%0"1$',#'(0*

(2* 3445* '0* OG4MI* 1+))":* 3(* 2.$#/+$* 1(02'$A* #/+* #$%0"1$',#'(0%)* $+-.)%#'(0* (2* 3445* CB*

+"#$%&'()*in vivo;*9+*A+%".$+&*#/+*).1'2+$%"+*)+@+)*2$(A*#/+*hTFF1-luc*#$%0"-+0'1*$%#"*%#*

&'22+$+0#*+"#$(."*"#%-+":*3/+*).1'2+$%"+*+E,$+""'(0*&+A(0"#$%#+&*#/%#*).1'2+$%"+*)+@+)"*'0*

#/+*C$%'0*%0&*1+$+C+)).A* 2).1#.%#+* '0*%11($&%01+*9'#/*,/B"'()(-'1%)*+"#$(-+0*1/%0-+"*

&.$'0-* #/+*1(.$"+*(2*+"#$(."*1B1)+;*9'#/*%*"'-0'2'1%0#)B*/'-/+"#* ).1'2+$%"+*%1#'@'#B* '0* #/+*

C$%'0*%0&* 1+$+C+)).A*%#* #/+*,$(+"#$(."* "#%-+* %0&* #/+* )(9+"#* ).1'2+$%"+*%1#'@'#B* %#* #/+*

&'+"#$(."*"#%-+:*3/'"*A'-/#*C+*+E,)%'0+&*CB*#/+*2%1#*#/%#*#/+*/3445*,$(A(#+$*'"*$+-.)%#+&*

CB*+"#$(-+0*6!A%A'*+#*%):;*HJJ>?:*P#*#/+*,$(+"#$(."*"#%-+;*9+*2(.0&*#/%#*#/+*1'$1.)%#'0-*

+"#$(-+0*)+@+)*'0*2+A%)+*$%#"*'"*/'-/+"#*9'#/*%*1(01+0#$%#'(0*(2*%,,$(E'A%#+)B*==:I I:5*

,-^A)*%0&*&+1$+%"+&*"'-0'2'1%0#)B*#(*#/+*)(9+"#*)+@+)*%#*&'+"#$(."*9'#/*%*1(01+0#$%#'(0*(2*

R>:= R:H*,-^A);*%)A("#*RM2()&* )(9+$* #/%0*#/%#*%#* #/+*,$(+"#$(."*"#%-+:*3/+*2).1#.%#'0-*

+"#$(-+0* )+@+)* $+".)#"* '0* %* A%E'A%)* %1#'@%#'(0* (2* /3445* ,$(A(#+$* %#* ,$(+"#$(."* %0&*

A'0'A%)*%1#'@%#'(0*(2*/3445*,$(A(#+$*%#*&'+"#$(.":*X(9+@+$;*0(*"'-0'2'1%0#*+)+@%#'(0*(2*

).1'2+$%"+*)+@+)*'"*(C"+$@+&*%#*#/+*+"#$(."*"#%-+*9/+0*1(A,%$+&*#(*#/+*&'+"#$(."*"#%-+:*

3/'"*A'-/#*C+*&.+*#(*#/+*2%1#*#/%#*#/+$+*'"*0(*"'-0'2'1%0#*&'22+$+01+*'0*#/+*+"#$(-+0*)+@+)*%#*

#/+*+"#$(."*%0&*&'+"#$(."*"#%-+";*C+1%."+*9+*2'0&*#/%#*#/+*+"#$(-+0*)+@+)*'"*R>:< H:U*

,-^A)*%#*#/+*+"#$(."*"#%-+;*%)A("#*%#*#/+*"%A+*)+@+)*%"*R>:= R:H*,-^A)*%#*#/+*&'+"#$(."*

"#%-+:**

3(*2.$#/+$*1(02'$A*#/%#*#/+*'01$+%"+&*).1'2+$%"+*'0*#/+*C$%'0*%0&*1+$+C+)).A*$+".)#+&*2$(A*

#/+* %1#'@%#+&* /3445* ,$(A(#+$* CB* #/+* 2).1#.%#'0-* "+$.A* +"#$(-+0;* 9+* +"#%C)'"/+&* %*

1($$+)%#'(0*C+#9++0*).1'2+$%"+*%1#'@'#B* '0*#/+*C$%'0*%0&*#/+*"+$.A*+"#$(-+0*)+@+)*%#* #/+*

,$(+"#$(."*%0&*&'+"#$(."*"#%-+":*F0&++&;*9+*%$+*%C)+*#(*&+A(0"#$%#+*#/%#*#/+*).1'2+$%"+*

%1#'@'#B* '"*/'-/)B*1($$+)%#+&*9'#/*"+$.A*+"#$(-+0*9'#/*%*1($$+)%#'(0*1(+22'1'+0#*(2*J:<=J;*

9/'1/*%)"(*2.$#/+$*1(02'$A+&*#/%#*#/+*hTFF1-luc*-+0+*'"*'0#+-$%)*%0&*1%0*C+*%1#'@%#+&*CB*
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#/+*"+$.A*+"#$(-+0:*

X(9+@+$;*0(*'01$+%"+&*).1'2+$%"+*,$(#+'0*'"*&+#+1#+&*%#*#/+*,$(+"#$(."*"#%-+*'0*#/+*.#+$.";*

@%-'0%;*/+%$#;*%0&*"#(A%1/;*9/+0*1(A,%$+&*#(* #/%#*%#* #/+*&'+"#$(."*"#%-+:*3/'"*A'-/#*

$+".)#* 2$(A*#/+*2%1#* #/%#* #/+*C%"%)*/3445*,$(A(#+$*%1#'@'#B* '"* )(9*%A(0-*#/+"+*#'"".+"*

%11($&'0-*#(*#/+*$+".)#"*(C#%'0+&*CB*D3M[GD*%0&*).1'2+$%"+*+0_BA+*%1#'@'#B*%""%B:*3/.";*

#/+*%C')'#B*(2* #/+*/3445*,$(A(#+$* #(* $+",(0&* #(*+"#$(-+0* '"* $+)%#'@+)B* )(9*%0&* )'A'#+&:*

3/+$+2($+;*'#*A'-/#*#%8+*)(0-+$*2($*#/+ luc*ADTP*#(*C+*#$%0")%#+&*'0#(*,$(#+'0:*3/%#*A'-/#*

+E,)%'0*9/B*0(*.,$+-.)%#+&* ).1'2+$%"+*,$(#+'0* '"*(C"+$@+&* '0* #/+*.#+$.";*@%-'0%;*/+%$#;*

%0&*"#(A%1/*%#*#/+*,$(+"#$(."*"#%-+:**

L+* 2'0&* #/%#* #/+* /3445* ,$(A(#+$* '"* %1#'@%#+&* CB* +"#$(-+0* '0* #/+* @%-'0%* %#* #/+*

#$%0"1$',#'(0%)* )+@+);*9/'1/* '"*1(0"'"#+0#*9'#/*O%".'*+#*%):* $+,($#* #/%#*3445*,$(A(#+$* '"*

%1#'@%#+&*'0*#/+*@%-'0%*CB*+"#$(-+0*6O%".'*+#*%):;*HJJU?:*3/+B*"/(9*#/%#*#/+*3445*ADTP*

'0*#/+*@%-'0%*'"*$+A%$8%C)B*'01$+%"+&*CB*+"#$(-+0*'0*0+(0%#%)*A'1+;*%0&*,$(0(.01+&)B*

'0#+0"'2'+&* +E,$+""'(0* (2* #/+* 3445* -+0+* '"* (C"+$@+&* '0* #/+* @%-'0%* (2* 0+(0%#%))B*

+"#$(-+0'_+&* A'1+* +@+0* %#* %&.)#/((&;* ".--+"#'0-* #/%#* 3445* A'-/#* C+* $+-.)%#+&* CB*

+"#$(-+0*'0*#/+*@%-'0%: 4.$#/+$A($+;* in vitro*1.)#.$+*(2*#/+*$+1(AC'0%0#*+,'#/+)'.A*%0&*

"#$(A%*(2*0+(0%#%))B*+"#$(-+0M*%0&*(')M#$+%#+&*A(."+*@%-'0%*"/(9"*@%-'0%)*/B,+$,)%"'%*

$+-%$&)+""*(2*#/+*/'"#($B*(2*#/+*"#$(A%;*1(01(A'#%0#*9'#/*%0*'01$+%"+&*3445*+E,$+""'(0;*

".--+"#'0-* #/%#* +"#$(-+0* %1#"* &'$+1#)B* (0* #/+* &+@+)(,'0-* @%-'0%* 9'#/* #/+* ,+$A%0+0#*

'0&.1#'(0*(2*3445*-+0+*+E,$+""'(0:*F#*'"*"/(90*#/%#*-+0+*'0&.1#'(0*&(+"*0(#*%,,+%$*#(*C+*

$+)%#+&*#(*/B,+$A+#/B)%#'(0*(2*#/+*1'"M,$(A(#+$*(2*#/+*3445*-+0+*6O%".'*+#*%):;*HJJU?:*

)1( H1( S1( %E=( K=7E4586K6( ?5D=3<C85>( :E=( :34567389:8;54<( 3=>?<4:8;5( ;@( %AA2( BC(

=6:3;>=5((

3/+*A+1/%0'"A"*.0&+$)B'0-*#/+*#$%0"1$',#'(0%)*$+-.)%#'(0*(2*3445*CB*+"#$(-+0*%$+*0(#*

1(A,)+#+)B* 1/%$%1#+$'_+&:* L+* /%@+* %)$+%&B* "/(90* #/%# in vitro,* #/+* %A(.0#* (2* !D *

,$+"+0#+&*'0*#/+*0.1)+'*'"*'A,($#%0#*2($*#/+*#$%0"1$',#'(0*(2*3445*(0*#/+*C%"'"*(2*'#"*%C')'#B*

#(*'0#+$%1#*9'#/*!D!*'0*#/+*3445*,$(A(#+$;*".--+"#'0-*#/%#*$+-.)%#'0-*#/+*%A(.0#*(2*!D *
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'0* #/+*0.1)+."* '"*%*A%d($*%1#'(0*(2*+"#$(-+0*9'#/*$+",+1#* #(*1/$(A%#'0*$+A(&+)'0-*%0&*

#$%0"1$',#'(0%)*1(0#$():*g,(0*+"#$(-+0* '0&.1#'(0;* '#* '"*"/(90* #/%#* #/+*!D!* '0* #/+*3445**

,$(A(#+$*%0&*$+-'(0"*2)%08'0-*#/'"*"+`.+01+*'"*+E#+0"'@+)B*,$(#+1#+&;*9/'1/*'"*$+@+%)+&*

CB*bT%"+*F %0&*&'A+#/B)*".)2%#+*6bOa?* in vivo*2((#,$'0#'0-*%0%)B"'"*6k'A*+#*%):;*HJJJ?:*

bT%"+*F*2((#,$'0#'0-*2.$#/+$*$+@+%)"*#/%#*#/+*1(0"+0"."*!D!*/%)2*"'#+*'"*,$(#+1#+&*'0*#/+*

%C"+01+*(2*+"#$%&'()*%0&*#/%#*C(#/*!D!*/%)2*"'#+"*%0&*%&d%1+0#*2)%08'0-*"+`.+01+"*%$+*

,$(#+1#+&*%2#+$*+"#$(-+0*#$+%#A+0#:*3/'"*'"*1(0"'"#+0#*9'#/*#/+*2%1#*#/%#*.0(11.,'+&*!D*'"*

C(.0&* #(* #/+* 1(0"+0"."* !D!* /%)2* "'#+* '0* #/+* %C"+01+* (2* +"#$%&'()* %0&* #/%#* %0*

+"#$%&'()M(11.,'+&*!D*'"*C(.0&*#(*C(#/*!D!*/%)2*"'#+"*'0*#/+*,$+"+01+*(2*+"#$(-+0:*a'01+*

,$(#+1#'(0*(2*0.1)+(#'&+*"+`.+01+*%&d%1+0#*#(*#/+*1(0"+0"."*!D!*/%)2*"'#+*'0*#/+*%C"+01+*

(2*/($A(0+* '"*(C"+$@+&;* '#* '"*,(""'C)+* #/%#*!D*C'0&'0-* #(* #/+*1(0"+0"."*!D!*/%)2*"'#+*

1(.)&*C+*"#%C')'_+&*CB*'0#+$%1#'(0*9'#/*%*,$(#+'0*C(.0&*#(*%&d%1+0#*0.1)+(#'&+*"+`.+01+:*

3/+* %C')'#B* (2* #/+* $+1+,#($* #(* C'0&* #(* #/+* 1(0"+0"."* !D!* /%)2* "'#+* '0* #/+* %C"+01+* (2*

+"#$(-+0*1(.)&*%)"(*C+*2("#+$+&*CB*%*$%#/+$*)(("+*%""(1'%#'(0*(2*#/+*!D!M1(0#%'0'0-*bTP*

9'#/*/'"#(0+"*6a+9%18*%0&*X%0"+0;*5<<I?:**

4.$#/+$A($+;*'#*'"*$+,($#+&*#/%#*%*a,5*C'0&'0-*"'#+*,("'#'(0+&*0+E#*#(*#/+*!D!*'0*/3445*

,$(A(#+$*'"*%)"(*'A,($#%0#*2($*'#"*#$%0"1$',#'(0%)*$+-.)%#'(0*CB*+"#$(-+0:*3/'"*'"*C+1%."+*'#*

'"*".--+"#+&* #/%#*a,5^a,R*1(0#$'C.#+* #(* #/+*+"#$(-+0M$+-.)%#+&* $+",(0"+*(2* #/+*3445*

-+0+:*F0*#/+*%C"+01+*(2*+"#$%&'();*a,5;*a,R;*/'"#(0+*&+%1+#B)%"+*5*6XbPG?;*%0&*XbPGH;*

)(9* )+@+)"* (2* %1+#B)%#+&*XR* %0&*X>* %$+* %""(1'%#+&*9'#/* #/+* 0%#'@+* ,$(A(#+$;* %0&* #/+*

/'"#(0+"* %$+* +0-%-+&* '0* &B0%A'1* $+@+$"'C)+* %1+#B)%#'(0:* 4())(9'0-* +"#$%&'()* %&&'#'(0;*

)+@+)"*(2*!D*%0&*#/+*"#+%&B*"#%#+*)+@+)"*(2*%1+#B)%#+&*XR*%0&*X>*/'"#(0+"*C(.0&*#(*#/+*

0%#'@+*/3445*,$(A(#+$*'01$+%"+*6a.0*+#*%):;*HJJN?:*P))*#/+"+*(C"+$@%#'(0"*".--+"#+&*#/%#*

&'22+$+0#'%)*(11.,%#'(0*(2* #/+*!D!*CB*!D*A%B*C+* '0@()@+&* '0*"')+01'0-;*%1#'@%#'(0;*%0&*

A%'0#+0%01+*(2*#/+*3445*-+0+*+E,$+""'(0*6k'A*+#*%):;*HJJJ?:*3/+$+2($+;*#/+*&'22+$+01+"*

'0* 1/$(A%#'0* $+A(&+)'0-* '0&.1+&*CB* +"#$%&'()* %0&* '#"* %0#%-(0'"#* 1(.)&* $+".)#* 2$(A* #/+*

&'22+$+01+"*(2*%1#'@+*!D *'0*#/+*0.1)+%$*,(():**

X(9+@+$;*#/+*)(%&'0-*(2*!D*(0#(*+"#$(-+0M$+",(0"'@+*,$(A(#+$"*A%B*C+*&'$+1#*($*'0&'$+1#:*
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F#* '"*&+A(0"#$%#+&*#/%#*#/+*C%"%)*+E,$+""'(0*(2*3445*ADTP*'0*#/+*OM!D&R^-=*1+))";*%*

@%$'%0#*(2*OG4MI*1+))*)'0+*9'#/*%*A.#%0#*!D*)%18'0-*#/+*"+1(0&*_'01*2'0-+$*(2*!D;*9/'1/*'"*

$+`.'$+&* 2($* &'$+1#* bTP* '0#+$%1#'(0;* 2%))"* NJM2()&* 1(A,%$+&* 9'#/* #/%#* '0* OG4MI* 1+))"*

6[+0#+1("#*+#*%):;*HJJN?:*3/'"*".--+"#"*#/%#*!D*'"*)'8+)B*#(*&'$+1#)B*C'0&*#(*!D!*#(*%1#'@%#+*

#/+*3445*,$(A(#+$:**

4.$#/+$A($+;* '#* '"* $+,($#+&* #/%#* +"#$(-+0* '"* %C)+* #(* '0&'$+1#)B* $+-.)%#+* #/+* 3445*

#$%0"1$',#'(0;*"'01+*+"#$(-+0M'0&.1+&*"+1$+#'(0*(2*-$(9#/*2%1#($"*A%B*,)%B*%0*'A,($#%0#*

$()+* '0* #/+*A(."+* 3445* #$%0"1$',#'(0%)* $+-.)%#'(0* CB* +"#$(-+0:* F#* '"* $+,($#+&* #/%#* #/+*

#$%0"1$',#'(0%)* $+-.)%#'(0* (2* 3445* CB* +"#$(-+0*A%B* '0@()@+* %0* +"#$(-+0M'0&.1+&*!\4*

"+1$+#'(0*6O%".'*+#*%):;*HJJU?:*!\4*'"*(0+*,(""'C)+*A+&'%#($*(2*+"#$(-+0M'0&.1+&*3445*

+E,$+""'(0* '0* #/+* ,$()'2+$%#'@+* +,'#/+)'.A:* !\4* $+-.)%#+"* #/+* #$%0"1$',#'(0* (2* 3445*

C+1%."+*%0*!\4M$+",(0"'@+* +0/%01+$* $+-'(0* '"* &+A(0"#$%#+&* #(* C+* 1(0#%'0+&* '0* #/+*

NVM2)%08'0-*$+-'(0*(2*3445*,$(A(#+$*63+$%&%*+#*%):;*HJJ5?:*

F0*%&&'#'(0;*+"#$(-+0"*A%B*%)"(*'0&.1+*#/+*+E,$+""'(0*(2*#/+*1M2("*,$(#(M(01(-+0+;*9/'1/*

'"* 80(90* #(* 1((,+$%#+* 9'#/* #/+* P[5^1d.0* ,$(#+'0* '0* +0/%01'0-* #$%0"1$',#'(0* (2* 3445*

6a%""(0+MG($"'*+#*%):;*5<==?:*3/.";*'0*%&&'#'(0*#(*'#"*,$'A%$B*$+",(0"+*#(*+"#$(-+0";*#/+*

$+",(0"+*(2*3445*+0/%01+$*$+-'(0*#(*"+@+$%)*,$(#+'0*2%1#($";*9/'1/*%$+*80(90*#(*A+&'%#+*

#/+*A'#(-+0'1*%1#'@'#B*(2*+"#$(-+0"*6T.0+_*+#*%):;*5<=<?;*A'-/#*%)"(*,)%B*%0*'A,($#%0#*$()+*

'0* #/+* A+1/%0'"A"* .0&+$)B'0-* #/+* #$%0"1$',#'(0%)* $+-.)%#'(0* (2* A(."+* 3445:* F#* '"*

0+1+""%$B*#(*/%@+*#$%0"-+0'1*$%#"*(@%$'+1#(A'_+&*#(*-+#*$'&*(2*#/+*+22+1#*(2*+0&(-+0(."*

+"#$(-+0;* %0&* %&A'0'"#$%#'(0* (2* +"#$%&'()* #(* '0@+"#'-%#+* #/+* &'22+$+0#* A+1/%0'"A"*

.0&+$)B'0-*#/+*#$%0"1$',#'(0%)*$+-.)%#'(0*(2*/3445*%0&*+0&(-+0(."*3445*CB*+"#$(-+0 in 

vivo:*

3%8+0*#(-+#/+$;*(.$*&%#%*'0&'1%#+*#/%#*#/+*hTFF1-luc*#$%0"-+0'1*$%#*A(&+)*'"*".11+""2.))B*

+"#%C)'"/+&* %0&* #/+* ,/B"'()(-'1%)* 1/%0-+"* '0* 1'$1.)%#'0-* -(0%&%)* "#+$('&"* ".1/* %"*

+"#$(-+0*1%0*"'-0'2'1%0#)B*$+-.)%#+*/3445*,$(A(#+$;*%0&*#/."*1%0*%22+1#*#/+*$+)%#'@+*)+@+)*

(2* ).1'2+$%"+:* 3/+* hTFF1-luc* $%#* A(&+)* 9'#/* #/+* #'"".+M",+1'2'1* +E,$+""'(0* (2* #/+*

hTFF1-luc*#$%0"-+0+;*(22+$"*%*-$+%#*(,,($#.0'#B*#(*'0@+"#'-%#+*#/+*/3445*#$%0"1$',#'(0%)*
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$+-.)%#'(0*%0&*'#"*,(""'C)+*A+1/%0'"A"*CB*+"#$(-+0*%0&*(#/+$*$+-.)%#($B*2%1#($" in vivo:**

a'01+* 3445* '"* %0* +"#$(-+0M$+",(0"'@+* -+0+;* #/'"* #$%0"-+0'1* $%#* A(&+)* '"* ."+2.)* '0*

#(E'1()(-B* #(* +22'1'+0#)B* %0&* %11.$%#+)B* "1$++0* "(A+* E+0(C'(#'1* ".C"#$%#+"* ($* "(A+*
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[/B"'()*D+@*81;*5NRNM5NUN:*
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-$(9#/*2%1#($;*%*#.A(.$*,$(A(#+$*63[P?;*#/+*1MX%M$%"*(01(,$(#+'0*%0&*#/+*1Md.0*,$(#+'0:*
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6P45?*%0&*P4H*&(A%'0"*(2*"#+$('&*$+1+,#($":*7*Q'()*G/+A*273;*5H5J5M5H5J=:*
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O1G)+))%0&;D:P:;*O%00'0-;b:Z:;*%0&*T'1/()"(0;D:F:*65<<N?:*G(A,%$'"(0*(2*#/+*+22+1#"*(2*%*
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"#'A.)%#+"*A'-$%#'(0*(2*/.A%0*C$+%"#*1%01+$*1+))":*4Pa!Q*7*16;*N<HMN<>:*
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65<<<?:* FAA.0+* $+",(0"+* #(* -$++0* 2).($+"1+0#* ,$(#+'0]* 'A,)'1%#'(0"* 2($* -+0+* #/+$%,B:*
\+0+*3/+$:*6;*5RJNc5R5H*

a.+A($';a:;* ZB01/Mb+@%0+B;k:;* %0&* [(&()"8B;b:k:* 65<<5?:* F&+0#'2'1%#'(0* %0&*
1/%$%1#+$'_%#'(0* (2* $%#* '0#+"#'0%)* #$+2(')* 2%1#($]* #'"".+M* %0&* 1+))M",+1'2'1* A+AC+$* (2* #/+*
#$+2(')*,$(#+'0*2%A')B:*[$(1*T%#)*P1%&*a1'*g*a*P*88;*55J5IM55JH5:*

a.0;\:;*[($#+$;L:;*%0&*a%2+;a:*65<<=?:*!"#$(-+0M'0&.1+&*$+#'0('1*%1'&*$+1+,#($*%),/%*5*
-+0+*+E,$+""'(0]*$()+*(2*+"#$(-+0*$+1+,#($Ma,5*1(A,)+E:*O()*!0&(1$'0()*12;*==HM=<J:*

a.0;7:O:;*a,+01+$;h:P:;*Z';Z:;*i.;G:X:;*i.;7:;*%0&*b%@'+;7:D:*6HJJN?:*!"#$(-+0*$+-.)%#'(0*
(2*#$+2(')*2%1#($*5*+E,$+""'(0*CB*+"#$(-+0*$+1+,#($*%),/%*%0&*a,*,$(#+'0":*!E,:*G+))*D+":*
302;*<UM5JI:*

a.$(9'%8;[:;* b_'+-'+);[:;* Y%C+);O:;* O%#8(9"8';D:;* %0&* k($0%2+);7:* 6HJJ5?:* P0%)B"'"* (2*
+"#$(-+0* $+1+,#($* 6!D?* %0&* +"#$(-+0M&+,+0&+0#* ,aH* ,$(#+'0* +E,$+""'(0* '0* 1+))"* (2*
A%AA%$B*&.1#%)*1%$1'0(A%:*4()'%*X'"#(1/+A*GB#(C'():*39;*5>5M5>H:*

a9+0"(0;!:a:;* [$'1+;* 7:\:;* Q$%_+)#(0;* 3:;* k$%."+;* b:a:6HJJI?:Z'A'#%#'(0"* (2* -$++0*
2).($+"1+0#*,$(#+'0*%"*%*1+))*)'0+%-+*A%$8+$:a#+A*G+))":HN;*HN<RMHUJJ:**

3%8+'1/';O:* 65<<5?:* G%&/+$'0* 1+))* %&/+"'(0* $+1+,#($"* %"* %* A($,/(-+0+#'1* $+-.)%#($:*
a1'+01+:*251;*5>N5M5>NN:*

3%.,'0;b:* %0&* [(&()"8B;b:k:* 65<<<?:* O'#(-+0M%1#'@%#+&* ,$(#+'0* 8'0%"+* %1#'@%#'(0*
$+-.)%#+"*'0#+"#'0%)*+,'#/+)'%)*&'22+$+0#'%#'(0:*\%"#$(+0#+$()(-B*116;*5JIHM5J=J:*

3%.,'0;b:;*L.;b:G:;*7+(0;L:k:;*b+@%0+B;k:;*L%0-;3:G:;*%0&*[(&()"8B;b:k:*65<<<?:*3/+*
#$+2(')*-+0+*2%A')B*%$+*1(($&'0%#+)B*+E,$+""+&*'AA+&'%#+M+%$)B*-+0+"]*!\4*$+1+,#($M*%0&*
OP[*8'0%"+M&+,+0&+0#*'0#+$$+-.)%#'(0:*7*G)'0*F0@+"#*103;*DR5MDR=:*

3%.,'0;b:D:;* k'0("/'#%;k:;* %0&* [(&()"8B;b:k:* 6HJJJ?:* F0#+"#'0%)* #$+2(')* 2%1#($* 1(02+$"*
1()(0'1*+,'#/+)'%)*$+"'"#%01+*#(*%,(,#("'":*[$(1*T%#)*P1%&*a1'*g*a*P*97;*I<<M=J>:*

3+CC.##;T:G:;* \'$%.&;P:a:;* F0-)+"+;O:;* 7+08'0";Q:;* L%$'0-;[:;* G)%B;4:7:;* O%)8';a:;*
P)&+$A%0;Q:O:;* \$%');b:;* X())%0&+;4:;* X+%#/;7:k:;* %0&* !$0"#;O:* 6HJJH?:* D+1',$(1%)*
$+-.)%#'(0* (2* -%"#$('0#+"#'0%)* /(A+("#%"'"* CB* aX[H* %0&* a3P3MA+&'%#+&* #$+2(')* -+0+*
%1#'@%#'(0*'0*-,5RJ*A.#%0#*A'1+:*T%#*O+&*8;*5J=<M5J<I:*

3+$%&%;3:;* a%8%-%A';D:;* 3%C.1/';i:;* %0&* O%+&%;O:* 6HJJ5?:* G/%$%1#+$'_%#'(0* (2* #/+*
A(."+*3445*6,aH?*-+0+*,$(A(#+$*$+-'(0:*Q'()*[/%$A*Q.))*24;*5RNM5R<:*



 139

3/(A%";[:;*b$+""'0-;\:;* [%0-;i:;* Q+$-;X:;* 3.CC";G:;* Q+00'0-/(22;P:;* %0&*b(.-/#B;k:*
6HJJU?:*[$(-+"#'0;*+"#$(-+0*%0&*%0&$(-+0*\M,$(#+'0*1(.,)+&*$+1+,#($"* '0* 2'"/*-(0%&":*
a#+$('&"*71;*R5JMR5U:*

3(A%"+##(;G:;* O%""(0;D:;* Z'0%$+";7:Z:;* L+0&)'0-;G:;* Z+2+C@$+;W:;* G/+0%$&;O:[:;* %0&*
D'(;O:G:* 6HJJJ?:* ,aH^3445* '0#+$%1#"* &'$+1#)B*9'#/* #/+*hL4G*1B"#+'0+M$'1/* &(A%'0"* (2*
A.1'0":*\%"#$(+0#+$()(-B*118;*IJM=J:*

3($$+";Z:4:;* k%$%A;a:O:;*L+0&)'0-;G:;*G/+0%$&;O:[:;*k+$"/+0(C'1/;b:;* 3(A%"+##(;G:;*
%0&*D'(;O:G:*6HJJH?:*3$+2(')*2%1#($*5*63445^,aH?*&+2'1'+01B*%1#'@%#+"*#/+*.02()&+&*,$(#+'0*
$+",(0"+:*O()*O+&*8;*HIRMH=H:*

3$%0;G:[:;* 4%A')%$';O:;* [%$8+$;Z:O:;* L/'#+/+%&;D:X:;* %0&* \'$%.&;P:a:* 65<<=?:*
a/($#M1/%'0*2%##B*%1'&"*'0/'C'#*'0#+"#'0%)*#$+2(')*2%1#($*-+0+*+E,$+""'(0*'0*1()(0*1%01+$*1+))":*
PA*7*[/B"'()*275;*\=NM\<>:*

3"%';O:7:*%0&*WlO%))+B;Q:L:*65<<>?:*O()+1.)%$*A+1/%0'"A"*(2*%1#'(0*(2*"#+$('&^#/B$('&*
$+1+,#($*".,+$2%A')B*A+AC+$":*P00.:*D+@*Q'(1/+A*63;*>N5M>=U:*

g1/'0(;X:;*k%#%(8%;X:;*F#(/;X:;*X%A%".0%;D:;*%0&*k((0(;O:*6HJJJ?:*W@+$+E,$+""'(0*(2*
'0#+"#'0%)*#$+2(')*2%1#($*'0*/.A%0*1()(0*1%$1'0(A%*1+))"*$+&.1+"*1+)).)%$*-$(9#/*'0*@'#$(*%0&*
'0*@'@(:*\%"#$(+0#+$()(-B*118;*UJMU<:*

L%8+)'0-;P:!:* 65<<R?:*P$+*C$+%"#* #.A(.$"*$+"'"#%0#* #(* #%A(E'2+0*%)"(*$+"'"#%0#* #(*,.$+*
%0#'(+"#$(-+0"m*7*a#+$('&*Q'(1/+A*O()*Q'()*47;*5JIM55>:*

L%8+)'0-;P:!:;*b.8+";O:;*%0&*Q(9)+$;7:*65<<5?:*P*,(#+0#*",+1'2'1*,.$+*%0#'+"#$(-+0*9'#/*
1)'0'1%)*,(#+0#'%):*G%01+$*D+"*51;*R=UIMR=IR:*

L+%@+$;G:P:;*a,$'0-+$;[:P:;*%0&*k%#_+0+))+0C(-+0;Q:a:*65<==?:*D+-.)%#'(0*(2*,aH*-+0+*
+E,$+""'(0* CB* %22'0'#B* )%C+)'0-* %0&* $+@+$"'C)B* C'0&'0-* +"#$(-+0"* %0&* %0#'+"#$(-+0"]*
1(A,%$'"(0*(2*+22+1#"*(0*#/+*0%#'@+*-+0+*%0&*(0*,aHM1/)($%A,/+0'1()*%1+#B)#$%0"2+$%"+*
2."'(0* -+0+"* #$%0"2+1#+&* '0#(* OG4MI* /.A%0* C$+%"#* 1%01+$* 1+))":* O()* !0&(1$'0()* 2;*
<RUM<>N:*

L+CC;[:;* T-.B+0;[:;* h%)+0#'0+;G:;* Z(,+_;\:T:;* k9(8;\:D:;* O1F0+$0+B;!:;*
k%#_+0+))+0C(-+0;Q:a:;* !0A%$8;!:;* \."#%2""(0;7:P:;* T')""(0;a:;* %0&* k."/0+$;[:7:*
65<<<?:*3/+*+"#$(-+0*$+1+,#($*+0/%01+"*P[M5*%1#'@'#B*CB*#9(*&'"#'01#*A+1/%0'"A"*9'#/*
&'22+$+0#* $+`.'$+A+0#"* 2($* $+1+,#($* #$%0"%1#'@%#'(0* 2.01#'(0":* O()* !0&(1$'0()* 13;*
5UIHM5U=N:*

L+'/.%;Y:;*a%d';a:;*O%8'0+0;a:;*G/+0-;\:;*7+0"+0;!:h:;*L%$0+$;O:;*%0&*\."#%2""(0;7:P:*
6HJJJ?:*!"#$(-+0* $+1+,#($* 6!D?*C+#%;*%*A(&.)%#($*(2*!D%),/%* '0* #/+*.#+$.":*[$(1*T%#)*
P1%&*a1'*g*a*P*97;*N<RUMN<>5:*



 140

L+"#)+B;Q:;* O%B;4:!:;* Q$(90;P:O:;* k$."#;P:;* G/%AC(0;[:;* Z',,A%0;O:!:;* %0&*
D(1/+2($#;X:*65<=>?:*!22+1#"*(2*%0#'+"#$(-+0"*(0*#/+*+"#$(-+0M$+-.)%#+&*,aH*DTP*%0&*#/+*
NHM*%0&*5UJM8')(&%)#(0*,$(#+'0"*'0*OG4I*1+))"*%0&*#9(*#%A(E'2+0M$+"'"#%0#*".C)'0+":*7*Q'()*
G/+A*259;*5JJRJM5JJRN:*

L'+&+;P:;* X'0_;O:;* G%0_)+$;!:;* 4$%08+;k:;* p.+&0(9;G:;* %0&* X(22A%00;L:* 6HJJ5?:*
aB0#/+"'"*%0&* )(1%)'_%#'(0*(2* #/+*A.1'0M%""(1'%#+&*344M,+,#'&+"* '0* #/+*/.A%0*.#+$.":*
G+))*3'"".+*D+":*303;*5J<M55N:*

L'd%B%$%#0+;P:Z:;* T%-+);a:G:;* [%'-+;Z:P:;* G/$'"#+0"+0;b:7:;* T($$'";7:b:;* 4(9)8+";b:O:;*
%0&*O1b(00+));b:[:* 65<<<?:* G(A,%$%#'@+* %0%)B"+"* (2*A+1/%0'"#'1* &'22+$+01+"* %A(0-*
%0#'+"#$(-+0":*!0&(1$'0()(-B*140;*N=H=MN=>J:*

L')"(0;3:* %0&* X%"#'0-";7:L:* 65<<=?:* Q'().A'0+"1+01+:* P00.:* D+@* G+))* b+@* Q'():*
14:197-230.;*5<IMHRJ:*

L((&;7:D:;*Z'8/'#+;h:a:;*Z(@+0;O:P:;*%0&*T%$&.))';P:O:*6HJJ5?:*P))("#+$'1*A(&.)%#'(0*(2*
+"#$(-+0*$+1+,#($*1(02($A%#'(0*CB*&'22+$+0#*+"#$(-+0*$+",(0"+*+)+A+0#":*O()*!0&(1$'0()*
15;*555>M55HU:*

L$'-/#;T:P:;*X(22A%00;L:;*W##(;L:D:;*D'(;O:G:;*%0&*3/'A;Z:*65<<I?:*D())'0-*'0*#/+*1)(@+$]*
#$+2(')* 2%1#($* 2%A')B* 6344?M&(A%'0*,+,#'&+";* 1+))*A'-$%#'(0*%0&*1%01+$:*4!Qa*Z+##*408;*
5H5M5HR:*

L$'-/#;T:P:;*[(.)"(A;D:;*a#%A,;\:L:;*X%));[:P:;*7+22+$B;D:!:;*Z(0-1$(2#;7:O:;*D'(;O:G:;*
3(A%"+##(;G:;* %0&* G/%AC(0;[:* 65<<J?:* !,'&+$A%)* -$(9#/* 2%1#($* 6!\4^gDW?* '0&.1+"*
+E,$+""'(0*(2*$+-.)%#($B*,+,#'&+"*'0*&%A%-+&*/.A%0*-%"#$('0#+"#'0%)*#'"".+":*7*[%#/()*
162;*HI<MH=>:*

L.;7:;*Z'%0-;i:;*T%9%_;Y:;*%0&*XB&+$;a:O:*6HJJN?:*G(A,)+E*%-(0'"#M)'8+*,$(,+$#'+"*(2*FGF*
5=H;I=J* 64%")(&+E?* '0* /.A%0* C$+%"#* 1%01+$* 1+))"* #/%#* ,$+&(A'0%0#)B* +E,$+""*
,$(-+"#+$(0+* $+1+,#($MQ]* 'A,)'1%#'(0"* 2($* #$+%#A+0#* $+"'"#%01+:* F0#* 7* W01():* 27;*
5U>IM5UN<:*

L.;7:;*D'1/+$;7:;*X($9'#_;k:Q:;*%0&*XB&+$;a:O:*6HJJ>?:*[$(-+"#'0M&+,+0&+0#*'0&.1#'(0*(2*
@%"1.)%$*+0&(#/+)'%)*-$(9#/*2%1#($*'0*/.A%0*C$+%"#*1%01+$*1+))"]*,$+2+$+0#'%)*$+-.)%#'(0*CB*
,$(-+"#+$(0+*$+1+,#($*Q:*G%01+$*D+"*64;*HHR=MHH>>:*

LB"(18';a:7:;*X%/0+);!:;*O%"#+$";P:;*aA'#/;h:;*O1G%$#0+B;P:7:;*%0&*X%/0+);D:* 65<<J?:*
b+#+1#'(0*(2*,aH*A+""+0-+$*DTP*'0*-B0+1()(-'1%)*1%01+$":*G%01+$*D+"*50;*5=JJM5=JH:*

i%0-;*La:;*k(;*7:k:;*[%$8;*a:W:;*G/(';*X:i:;*k'A;i:T:;*k'A;G:L:6HJJN?:GM#+$A'0%)*$+-'(0*
(2*Q2)M5*'0&.1+"*1+))*&+%#/*#/%#*%11(A,%0'+"*1%",%"+*%1#'@%#'(0*9/+0*2."+&*9'#/*\4[:7*
G+))*Q'(1/+A:*94;5HR>M>I:*



 141

Y/%0-;L:;* O(($#/B;Q:;* G/+0;O:;* O.#/'%/;k:;* G(22++;D:;* [.$1/'(;P:4:;* %0&* L+"#;b:Q:*
6HJJ>?:* P* GB,5%HM).1'2+$%"+* #$%0"-+0'1* GbM5* A(."+* A(&+)]* $+",(0"+"* #(* %$B)*
/B&$(1%$C(0"*"'A')%$*#(*#/+*/.A%0'_+&*P/D*A'1+:*3(E'1():*a1':*82;*H<IMRJI:*

Y/%(;Z:;*WlT+'));k:;*%0&*Q$'0#(0;D:b:* 6HJJU?:*!"#$(-+0'1*%-(0'"#*%1#'@'#B*(2* FGF*5=H;I=J*
64%")(&+E?* '0* /',,(1%A,%)* 0+.$(0"]* 'A,)'1%#'(0"* 2($* C%"'1* "1'+01+* .0&+$"#%0&'0-* (2*
+"#$(-+0* "'-0%)'0-* %0&* &+@+)(,A+0#* (2* +"#$(-+0* A(&.)%#($"* 9'#/* %* &.%)* #/+$%,+.#'1*
,$(2')+:*7*[/%$A%1()*!E,*3/+$*319;*55H>M55RH:*

*



 142 

7. Abbreviations 

 
AF- activation function 

AP1- activator protein 1 

bFGF - basic fibroblast growth factor 

CMR-complete mini reagent 

COX-cyclooxygenases 

DBD- DNA binding domain  

DEPC-diethypyrocarbonate 

DMS - dimethylsulfate 

E2 - estradiol 

EGF - epidermal growth factor  

EGFP-Enhanced green fluorescent protein 

EGFr - epidermal growth factor receptor 

ER - estrogen receptor 

ERE - estrogen-responsive element 

FGF- fibroblast growth factor  

FKH-forkhead 

GFP-green fluorescent protein 

GPCR-G-protein coupled receptors 

HDAC-histone deacetylase  

h-hour 

HNF3-hepatocyte nuclear factor 3 

HSF- heat shock factor 

IGF-1- insulin-like growth factor Ⅰ 

IL - interleukin 

ITF- intestinal trefoil factor 

LBD - ligand-binding domain 

LBD- ligand-binding domain  
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LEF-lymphoid enhancer binding factor  

MAPK - mitogen activated protein kinase 

mg - milligram 

Min-minute 

ml- milliliter 

mM-millimolar 

M-mole 

NFDM-non fat dry milk 

NFkB-nuclear factor kB 

PCR- polymerase chain reaction 

Pfabp - fatty acid binding protein promoter 

PG-R-prostaglandin receptor  

PKC- protein kinase C 

PSP-porcine spasmolytic polypeptide  

RAR-1- -1) 

RT- reverse transcription 

Sec-second 

SP- spasmolytic polypeptide 

SRC - steroid receptor coactivator 

TBS - tris-buffered saline 

TCF-T cell factor 

TFF1-trefoil factor 1 

TNF - tumor necrosis factor  

TPA - tetradecanoylphorbol-13-acetate 

TTBS-tween 20 tris-buffered saline 

TXA2-R-thromboxane A2 receptor  

ul- microliter 

uM-micromolar 

USF- upstream stimulating factor
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8. CURRICULUM VITAE 

 

Mein Lebenslauf wird aus datenschutzrechtlichen Gründen in der elektronischen 
Version meiner Arbeit nicht veröffentlicht. 
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Version meiner Arbeit nicht veröffentlicht. 
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