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:N:NH" M51(,C25A'"5$="'(+*2(,9/5)*)"1, O1>/*>('"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GJ"

:N:NK" !$2%9%*%,$",-"%)/5$=)"%$*'(51*%,$)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"G:"

:N:NL" E+*,)C%$)"C('C5(5*%,$"5$=")*5%$%$A"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"G: "

:N\" E,$-,15/"3%1(,)1,C+"5$="D/,?"1+*,3'*(+ "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"G:"

:N\NJ" D/,?"1+*,3'*(+ "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"G\"

:N\N:" Z'1,39%$5$*"C(,*'%$"9%$=%$A"-/,?"1+*,3'*(+"5))5+"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"G\"

:N\N\" !33>$,-/>,(')1'$1' "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GG"

:NG" !$1>1+*'"%35A%$A"5$="%35A'"5$5/+)%)"C%C'/%$'"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GG"

:NGNJ" !$1>E+*'p"%35A'"51@>%)%*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GG"

:NGN:" !35A'"5$5/+)%)"C%C'/%$'"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GX"

:NGN\" q>5$*%-%15*%,$",-"1'//"3,*%/%*+"5$="%$*'(51*%,$)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"Gn"

:NX" B(,*'%$"9%,12'3%)*(+"3'*2,=) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"Gn"

:NXNJ" 4')*'($"9/,**%$A "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"Gn"

:NXN:" UMU"/59'//%$A"5$="2%A2"Ce"('&'()'=OC25)'"12(,35*,A(5C2+ "NNNNNNNNNNNNNNNNN"GH"

:NXN\" [5$, OhE"M5))"0C'1*(,3'*(+ "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GK"

:NXNG" B(,*',3%1"85*5"<$5/+)%)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"GL"

:Nn" <$5/+)%)",-"('51*%&'",R+A'$")C'1%')"C(,=>1*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"X; "

:NH" h'$*%&%(5/"C/5)3%=)"5$="*(5$)=>1*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"X; "

:NHNJ" .51*'(%5/"U(5$)-,(35*%,$"?%*2"8[<"1,$)*(>1*)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"X; "

:NHN:" M5R%C('C"8[<"%),/5*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"X; "

:NHN\" U(5$)-'1*%,$",-"eS7:L\U"1'//) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"XJ"

:NHNG" h'$*%&%(5/"*(5$)=>1*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"XJ"

:NHNX" EZ!0BZ OE5)L"3'=%5*'="$>1/',-'1*%,$ "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"XJ"

:NK" 0*5*%)*%15/"5$5/+)%)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"X: "

!"#$%&'(7* " !"#'#0%&'15#%1-,(-8(%"&($-4#'15#%1-,(0-,%1,//6(-8("/6#,(0/4%/'&.(

6#0'-$"#9&5 !"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!&' "
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\NJ" !$*(,=>1*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"X\ "

\NJNJ" E,$*(%9>*%,$)"*,"*2'"?,(6"C(')'$*'="%$"*2%)"125C*'("NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"XG"

\N:" Z')>/*) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"XG"

\N:NJ" E25(51*'(%)5*%,$",-"2>35$"1>/*>('="351(,C25A'")>9*+C') "NNNNNNNNNNNNNNNNNNNN"XG"

\N:NJNJ" 8%--'('$*%5*%,$",-"351(,C25A')"-(,3"E8JG! "3,$,1+*') "NNNNNNNNNNNNNNNNNN"XX"

\N:NJN:" E'//")>(-51'"('1'C*,("'RC('))%,$"5$="3,(C2,/,A+",-"2>35$"1>/*>('="

351(,C25A') "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"Xn"

\N:NJN\" B(,*',3%1"/5$=)15C'",-"2>35$"1>/*>('="351(,C25A') "NNNNNNNNNNNNNNNNNNN"n; "

\N:NJNG" q>5$*%*5*%&'"r)>(-51',3's"5$5/+)%)"->(*2'("=%)*%$A>%)2')"9'*?''$"

)C'1%-%1"351(,C25A'")>9*+C')"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"nH"

\N:N:" U2'"C/5)*%1%*+",-"351(,C25A')N"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"K; "

\N:N:NJ" 8%)*%$1*"351(,C25A'")>9*+C')"35%$*5%$"5"1,('"C(,*',3'"?%*2"MV"

1,$*(,/"1'//) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"K; "

\N:N:N:" Z'C,/5(%)5*%,$",-"MJ"C(,O%$-/5335*,(+"351(,C25A') "NNNNNNNNNNNNNNNNNNNNN"KG"

\N:N:N\" M%1(,Z[< O95)'="(' OC(,A(533%$A",-"351(,C25A'"C2'$,*+C') "NNNNNN"L; "

\N\" 8%)1>))%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"Ln"

\N\NJ" 8%--'('$*%5*%,$",-"=%)*%$1*"2>35$"351(,C25A'")*5*')"%$"1>/*>('"NNNNNNNNNNNNNNN"LH"

\N\NJNJ" h%3%*5*%,$)",-"E8JG! "3,$,1+*'"='(%&'="1>/*>('="351(,C25A') "NNNNNN"LH"

\N\NJN:" U2'"C(,=>1*%,$",-"-,>("=%)*%$1*"2>35$"1>/*>('="351(,C25A'")*5*')"LL"

\N\N:" E25(51*'(%)%$A"*2'"C(,*',3%1"/5$=)15C'",-"C,/5(%)'="351(,C25A')"NNNN"J;; "

\N\N:NJ" U2'"C(,*',3%1"/5$=)15C'",-"C,/5(%)'="351(,C25A')"->(*2'("

1,((,9,(5*')"*2'"-,(35*%,$",-"=%)*%$1*"C2'$,*+C') "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;; "

\N\N:N:" B(,*',3%1"5$5/+)%)"('&'5/)"M:5"5$="M:1"5('"*2'"3,)*"=%)*%$1*"

)>9)'*) " J;: "

\N\N:N\" U2'"C(,*',3%1"/5$=)15C'",-"M:1"351(,C25A')")>AA')*)"*2'"1'//"

35+"9'"C(%3'="-,("C(, O%$-/5335*,(+"51*%&%*+"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;\ "

\N\N:NG" <$">$C5(5//'/'="C(,*',3%1"%$&')*%A5*%,$",-"2>35$"1>/*>('="

351(,C25A'")>9*+C') "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;\ "

\N\N:NX" U2'"C,/5(%)'="351(,C25A'"C(,*',3'"%)"C('=%1*%&'",-"->$1*%,$5/"

125(51*'(%)*%1)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;G"

\N\N\" M5$%C>/5*%$A"*2'"C,/5(%)5*%,$",-"2>35$"1>/*>('="351(,C25A')N"NNNNNNNNNNN"J;n "

\N\N\NJ" M51(,C25A'"('C,/5(%)5*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;n "
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\N\N\N:" B,/5(%)'="351(,C25A')"35%$*5%$"5"1,('")'*",-"1,33,$/+"'RC('))'="

C(,*'%$)"J;H "

\N\N\N\" M51(,C25A'"(' OC(,A(533%$A"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;H "

\N\NG" 0>335(+ "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J;K "

!"#$%&'(:* " ;&<&4-$6&,%(-8(#("/6#,(&'=%"'->4#5%10(154#,.(6-.&4(8-'(%"&(

9&,&%10(6#,1$/4#%1-,(-8(6#0'-$"#9&5(#,.(&?$4-'#%1-,(-8( 154#,.(.=,#6105 !""!##( "

GNJ" !$*(,=>1*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JJ; "

GNJNJ" E,$*(%9>*%,$)"*,"*2'"?,(6"C(')'$*'="%$"*2%)"125C*'("NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JJJ "

GN:" Z')>/*) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JJ: "

GN:NJ" D,(35*%,$",-"2>35$"1>/*>('="S.!) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JJ: "

GN:NJNJ" !),/5*%,$"5$="A'$'(5*%,$",-"%)/5$="351(,C25A')"NNNNNNNNNNNNNNNNNNNNNNNNNNN"JJ: "

GN:NJN:" 8%--'('$*%5*%,$",-"2>35$"'(+*2(,9/5)*)"-,(">)'"%$"'(+*2(,9/5)*"%)/5$="

1, O1>/*>(') "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JJG"

GN:NJN\" !$"&%*(,"1,O1>/*>('="2>35$"E8JG ! "='(%&'="351(,C25A')"-,(3"%)/5$= O

/%6'")*(>1*>(')"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JJK"

GN:NJNG" <>*,35*'="%35A'"5$5/+)%)"-,("*2'" @>5$*%-%15*%,$",-"351(,C25A'"5$="

'(+*2(,9/5)*"=+$53%1)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J:; "

GN:NJNX" bC*%3%)%$A"*2'"1>/*>('",-"2>35$"351(,C25A')"-,("*2'"-,(35*%,$",-"

S.!) " J:\ "

GN:NJNn" <))'))%$A"*2'"='*'1*%,$" 15C59%/%*%')",-"*2'"%35A%$A"C%C'/%$'"5$="

5$5/+)%)N"J:X "

GN:NJNH" bC*%3%)5*%,$",-"1>/*>('"1,$=%*%,$)"-,("%$"&%*(,"S.!"-,(35*%,$"NNNNNNNNNN"J:H "

GN:N:" ("#$!%&'#=%--'('$*%5*%,$",-"%)/5$=O-,(3%$A"351(,C25A')"-(,3"2>35$"

25'35*,C,%'*%1"C(,A'$%*,("1'//)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J\; "

GN:N:NJ" SRC/,(%$A"*2'">)'",-"E8\G! "C(,A'$%*,("1'//)"5)"5"),>(1'"*,"='(%&'"

A'$'*%15//+"35$%C>/5*'="351(,C25A')N"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J\; "

GN:N:N:" k'$'*%1 "35$%C>/5*%,$",-"E8\G! "5$="E8JG!#='(%&'="351(,C25A') "J\: "

GN:N:N\" E,3C5(%),$",-"*2'"351(,C25A')"='(%&'="-(,3"E8\G ! "C(,A'$%*,()"

5$="E8JG! "3,$,1+*') "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"J\G"

GN:N:NG" EZ!0BZ OE5)L"3'=%5*'="6$,16,>*)"%$"%)/5$=O-,(3%$A"351(,C25A')

" J\H "

GN\" 8%)1>))%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JG;"
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GN\NJ" S.!"-,(35*%,$"5$="%$*'(51*%,$"5$5/+)%)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JG;"

GN\NJNJ" U2'"=%--'('$*%5*%,$",-"2>35$"%)/5$=O-,(3%$A"351(,C25A') "NNNNNNNNNNNN"JG;"

GN\NJN:" U2'"9'$'-%*)",-"E8\G ! "C(,A'$%*,()"5)"5$",(%A%$5*%$A"),>(1'",-"%)/5$="

351(,C25A') "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JG:"

GN\NJN\" 8%--'('$*%5*%,$",-"2>35$"'5(/+"'(+*2(,9/5)*)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JG\"

GN\NJNG" ^%)>5/%)%$A"%)/5$="-,(35*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JGG"

GN\NJNX" D>(*2'("='&'/,C3'$*"5$=",C*%3%)5*%,$",-"5$"%35A%$A"C%C'/%$'"-,("*2'"

@>5$*%-%15*%,$",-"%)/5$="=+$53%1)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JGG"

GN\NJNn" bC*%3%)5*%,$",-"1>/*>('"1,$=%*%,$)"-,("%35A%$A"351(,C25A'O

'(+*2(,9/5)*"%$*'(51*%,$)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JGn"

GN\N:" k'$'*%15//+"35$%C>/5*%$A"%)/5$="351(,C25A')"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JGH"

GN\N:NJ" E,3C5(%$A"*2'"53'$59%/%*+",-"E8\G!#5$="E8JG! "='(%&'="

351(,C25A')"*,"A'$'*%1"35$%C>/5*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JGH"

GN\N:N:" E8JG! "='(%&'="351(,C25A')"15$"9'"A'$'*%15//+"'=%*'="*,"C(,=>1'"

6$,16,>*)">)%$A"5"EZ!0BZOE5)L"(%9,$>1/',C(,*'%$"5CC(,512"NNNNNNNNNNNNNNNNNNNN"JGL"

)*+*+" 0>335(+ "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JXJ"

!"#$%&'(@*" +,<&5%19#%1,9(%"&(0-,%'1>/%1-,(-8(6#0'-$"#9& A5$&01810(0&44(5/'8#0&(

$'-%&1,5(%-(&'=%"'->4#5%10(154#,.5!"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""!#&' "

XNJ" !$*(, =>1*%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JX\ "

XNJNJ" E,$*(%9>*%,$)"*,"*2'"?,(6"C(')'$*'="%$"*2%)"125C*'("NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JXG"

XN:" Z')>/*) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JXX"

XN:NJ" !$&')*%A5*%,$)"%$*,"*2'"%$*'A(%$"%$*'(51*%,$)"?%*2%$"S.!)N"NNNNNNNNNNNNNNNNNNNNNNN"JXX"

XN:NJNJ" U2'"%$*'A(%$"'RC('))%,$"C(,-%/'",-"%)/5$="351(,C25A')"5$="C(,O

'(+*2(,9/5)*)N "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JXX"

XN:NJN:" U2'"5=2')%,$",-"351(,C25A')"*,"!E<M OG"D1"%$"&%*(,"NNNNNNNNNNNNNNNNNNNNN"JXH"

XN:NJN\" !$*'A(%$"]^"5)"5"C,*'$*%5/"3'=%5*,(",-"%$*'(51*%,$)"9'*?''$"!E<MOG"

5$="351(,C25A')"?%*2%$"S.!)N"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JXL"

XN:NJNG" h,))",-")>(-51'"%$*'A(%$"]^"=%)(>C*)"S.!"%$*'(51*%,$)"NNNNNNNNNNNNNNNNNNNNN"Jn\ "

XN:NJNX" !$*'A(%$"_:"5)"5"C,*'$*%5/"3'=%5*,(",-"%$*'(51*%,$)"?%*2%$"S.!)N"NNNNN"JH; "

XN:NJNn" h,))",-")>(-51'"%$*'A(%$"_:"='1('5)')"351(,C25A'"3,*%/%*+ "NNNNNNNNNN"JHJ"

XN:N:" !$&')*%A5*%,$)"%$*,"*2'"(,/'",-"B:`"-53%/+"3'125$,('1'C*,()"?%*2%$"S.!)N

" JHG"

XN:N:NJ" SRC('))%,$",-"B:`"3'125$,('1'C*,()"%$"351(,C25A')N "NNNNNNNNNNNNNNN"JHG"
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XN:N:N:" U2'"(,/'",-"351(,C25A'"B:`"('1'C*,()"?%*2%$"'(+*2(,9/5)*"%)/5$= "N"JHH"

XN\" 8%)1>))%,$"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JKJ"

XN\NJ" U2'"(,/'",-"%$*'A(%$)"?%*2%$"S.!)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JK: "

XN\NJNJ" U2'"'RC('))%,$",-"%$*'A(%$)"%$"S.!)"NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JK: "

XN\NJN:" !$*'(51*%,$)"9'*?''$"351(,C25A'"%$*'A(%$)"5$="!E<M OG"NNNNNNNNNNNNNN"JK\ "

XN\NJN\" !$&,/&'3'$*",-"!E<M OG"5$="%$*'A(%$"]^"%$"S.!"%$*'(51*%,$)"NNNNNNNNNNN"JKG"

XN\NJNG" h,))",-"%$*'A(%$"]^"%$"351(,C25A')"=%)(>C*)"S.!"%$*'(51*%,$)"NNNNNNN"JKX"

XN\NJNX" !$*'A(%$"1,3C'$)5*%,$"(')>/*%$A"-(,3"6$,16,>*",-"%$*'A(%$"]^"NNNNNNN"JKn"

XN\NJNn" h,))",-"%$*'A(%$"_:"='1('5)')"351(,C25A'"3,*%/%*+ "NNNNNNNNNNNNNNNNNNNNNNN"JKK"

XN\N:" U2'"(,/'",-"B:`"('1'C*,()"%$"S.!) "NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN"JKL"
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Figure 1-1 Production of blood cells through haematopoiesis.  
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Figure 1-2 Differentiation of macrophages from monocytes.  
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Figure 1-3 Summary of the functional processes exerted by macrophages. 
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Figure 1-4 The polarisation of macrophages. 
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Table 1-1 Summary of the functions and phenotypes of macrophage subtypes.  
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Figure 1-5 The bone marrow niche in haematopoiesis. 
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Figure 1-6 Erythroblast development.  
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Figure 1-7 The erythroblast island structure and erythroblast maturation. 
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Figure 1-8 Macrophage-erythroblast interactions within EBIs. 

9*"#76+,*$,00)1+&6+,-5$+"#$C#;$C-'2-$ 76*&'%"65#$%&'+#,-1$,-='0=#($,-$O3J$,-+#&6*+,'-1>$+"#$C-'2-$'&$

%'+#-+,60$*'&&#1%'-(,-5$&#*#%+'&1$#L%&#11#($'-$#&;+"&'/061+1$)+,0,1#($.'&$+"#1#$,-+#&6*+,'-1>$6-($1#*&#+#($

*;+'C,-#1$6-($.6*+'&1$,-='0=#($,-$,-+#&6*+,'-1$/#+2##-$76*&'%"65#1$6-($#&;+"&'/061+1$2,+",-$,106-($

1+&)*+)&#1<$:&#6+#($2,+"$3,'&#-(#&<*'7<$

"

JNXNJ" 0,/>9/'"-51*,()" "

"

0,/>9/'" -51*,()" )'1('*'=" 9+" 9,*2" 351(,C25A')" 5$=" '(+*2(,9/5)*) "51*" 5)" C5(51(%$'"

3,=>/5*,()"?%*2%$"S.!) "5//,?%$A"1(,))*5/6"9'*?''$"*2')'"1'//) N"S(+*2(,9/5)*)")'1('*'"

5$A%,A'$%1"-51*,()")>12"5)"̂ SkD"5$="B!kD "5*"%$1('5)%$A"/'&'/)"*2(,>A2,>*"35*>(5*%,$"
%+'I" 5$=" ?2%/)*" '(+*2(,9/5)*)" =," $,*" 'RC('))" ('1'C*,()" -,(" *2')'" -51*,()" 1'$*(5/"

351(,C25A') " 25&'" 9'' $" ,9)'(&'=" *,N" D>(*2'(I" *2')'" -51*,() " %$=>1'" 3%A(5*%,$" ,-"

351(,C25A') "%+'I"C,*'$*%5//+"3'=%5*%$A"*2'"5**(51*%,$",-"351(,C25A')"*,"'(+*2(,9/5)*)N "

M51(,C25A')" ?%*2%$" %)/5$=)" 'RC('))"*2'" '(+*2(,C,%')%)OC(,3,*%$A"-51*,(" !kD OJ"%+(I"

5$=" 35+" 1,$*(%9>*'" *," *2'" C(')'$1'" ,-" *2'" 1+*,6%$'"9>()*OC(,3,*%$A" 51*%&%*+"P.B<Q"



:: "
"

?%*2%$"*2'".M"$%12'"?2%12"C(,3,*')"'(+*2(,9/5)*"A(,?*2"%+)N M51(,C25A')"5/),"('1+1/'"

%(,$"-(,3"Z.E0"5$="('/'5)'"*2%)"*,"'(+*2(,9/5)*)" -$ N"UkD_"('/'5)'="9+"351(,C25A')"

%)"6$,?$"*,"9/,16" '(+*2(,9/5)*"C(,/%-'(5*%,$" '$25$1%$A"'(+*2(,%="=%--'('$*%5*%,$"%+-N !*"

S(+*2(,C,%'*%$" PSBbQ" %)"6$,?$" *," 9'" 5" 35a,(" )*%3>/>)" %$" *2'" =%--'('$*%5*%,$" ,-"

'(+*2(,9/5)*)"-(,3"e0E)I" 5$="351(,C25A')"25&'"9''$",9)'(&'="*,"'RC('))"*2'"SBb"

('1'C*,( " %+.,%%+I" 2,?'&'(I" 351(,C25A')" 5('" 15C59/'" ,-" )>CC,(*%$A" '(+*2(,9/5)*"

=%--'('$*%5*%,$" %$" 5$" SBbO%$='C'$='$*" 35$$'( "%%%N" E(>1%5//+"*2,>A2I"=%('1*" 1'//O1'//"

1,$*51*"511,>$*) "-,(" HX"Y",-" *2'" )>CC,(*%&'"(,/'"351(,C25A')"C(,&%='"?%*2%$"S.!)"-" I"

>$='(/%$%$A"*2'"%3C,(*5$1'",-"%)/5$="%$*'A(%*+"*2(,>A2,>*"'(+*2(,C,%')%)N""

"

JNXN:" E8JnL"5$="E8Jn\ "

"

0%5/,5=2')%$I"6$,?$" 9+"*2'"E8"35(6'(" E8JnL I"%)"5")%5/%1"51%=O9%$=%$A"/'1*%$"%$&,/&'="

%$"1'//"5=2')%,$ "?2%12"25)"9''$"%='$*%-%'=",$"*2'")>(-51'",-"%)/5$="351(,C25A')" ") N"

8'C/'*%,$",-"E8JnL"351(,C25A')"=%)(>C*)"%)/5$="-,(35*%,$"). "5$="E8JnL"25)"9''$"

,9)'(&'="*,"/,15/%)'"5*"*2'")%*'",-"351(,C25A'"1,$*51*"?%*2"'(+*2(,9/5)*)"?%*2%$"S.!)"
%%$N"E8Jn\" %)" 5" 25'3,A/,9%$" )15&'$A'(" C(,*'%$" ?2%12" 25)" 9''$" ,9)'(&'=" *," 9%$="

'(+*2(,9/5)*)"C(,3,*%$A"'RC5$)%,$",-"*2'"'(+*2(,9/5)*"C,C>/5*%,$"%%&N"""

"

JNXN\" SMB"

"

SMBI" 5/)," 6$,?$" 5)" 3 51(,C25A'" ' (+*2(,9/5)*" 5**5123'$*" C(,*'%$" PM<S<QI" %)" 5"

)>(-51'"C(,*'%$"C(')'$*",$"9,*2" 2>35$"1>/*>('="351(,C25A')"5$="'(+*2(,9/5)*)"?2%12"

3'=%5*')"1,$*51*"9'*?''$"*2')'"*?,"1'//"*+C')" -( N"U2'"=%)(>C*%,$",-"SMB"!"#$!$'"(')>/*)"

%$" 5$5'3%5I" 5$=" 5" ('=>1*%,$" %$" '(+*2(,%=" 1,/,$+" $>39'()"%%"N" U2%)" SMBO3'=%5*'="

9%$=%$A"?5)",9)'(&'="*,")>CC('))"5C,C*,)%)",-"'(+ *2(,9/5)* ) I"-51%/%*5*%$A"'(+*2(,9/5)*"

35*>(5*%,$"%%'I"5$="25)"9''$",9)'(&'="*,"9'"('@>%('="-,("'$>1/'5*%,$",-"'(+*2(,9/5)*)"
%%(""%$"3>(%$'"3,='/)N"<==%*%,$5//+I"*2'"/,15/%)5*%,$",-"SMB"25)"9''$",9)'(&'="*,"5/*'("

*2(,>A2,>*"351(,C25A'"35*>(5*%,$I"?%*2"5$"%$1('5)'"%$")>(-51'"'RC('))%,$"%$"35*>('"

351(,C25A')"?2%12"9%$="'(+*2(,9/5)*)"1,3C5('="*,"%335*>('"351(,C25A')"?2%12"=,"

$,*" %%)N" " D>(*2'(" ?,(6"?%*2" 2>35$" 351(,C25A')" 25)" '/>1%=5*'=" 5" (,/'" -,(" SMB" %$"

351(,C25A'" ->$1*%,$5/%*+" 9'+,$=" C(,3,*%$A" '(+*2(,9/5)*" 35*>(5*%,$I" ?%*2" 5" /,))" ,-"

SMB"%$"351(,C25A')"(')>/*%$A"%$"%3C5%('="1'//"3,*%/%*+"%%-N""

"



:\ "
"

JNXNG" SC2(%$)"

"

S(+*2(,9/5)*" SBe" ('1'C*,()" 51*" 5)" /%A5$=)" *," 351(,C25A' " 'C2(%$c)" 5//,?%$A" 9%O

=%('1*%,$5/" )%A$5//%$A"9'*?''$" 1'//)I" ?2'('" *2'" 9%$=%$A" ,-" *2')'" C5(*$'(" ('1'C*,()"

51*%&5*')"9,*2")%3>/*5$',>)/+N"SBe) mSC2(%$)"5('" ,9)'(&'="*,"('A>/5*'"1'//"3 %A(5*%,$I"

5$="*2'"('C>/)%,$",("5=2')%,$",-"1'//) "%%.N"B(,A'$%*,("1'//)"'RC('))%$A"*2'"SBe" *+C'O"_"

('1'C*,("G" PSBe "_GQ"?'('",9)'(&'="*," =%--'('$*%5*'"*,?5(=)"*2'"'(+*2(,9/5)*"/%$'5A'"%$"

*2'" C(')'$1'" ,-" 'C2(%$O"_: "%$+N" D>(*2'(I" %$2%9%*%,$" ,-"*2'" '(+*2(,9/5)*" SBe "_G"?%*2"

)C'1%-%1"%$2%9%*,(+" C'C*%=')" ,(" )2Z[<" 3'=%5*'=" 6$,16=,?$" =%)(>C*)" %$*'(51*%,$)"

9'*?''$" 351(,C25A')" 5$=" '(+*2(,9/5)*) "?%*2%$" %)/5$=)"-) N"U2%)" %$*'(51*%,$" 35+" 9'"

%$&,/&'=" %$" *2'" %$%*%5*%,$" C25)'" ,-" %)/5$=" -,(35*%,$I" =(%&%$A" 5**(51*%,$" 9'*?''$"

'(+*2(,9/5)*)"5$="351(,C25A' "-) N"

"

JNXNX" !$*'A(%$)""

"

!$*'A(%$)"5('"1'//")>(-51'"('1'C*,()"?2%12"%$*'A(5*'"*2'"%$*(51'//>/5("5$="'R*(51'//>/5("

'$&%(,$3'$*)"9+"-51%/%*5*%$A"1(,))*5/6"9'*?''$"1+*,)6'/'*5/"1,3C,$'$*)"5$=")%A$5//%$A"

3,/'1>/')"?%*2%$"*2'"1'//)I"5$="/%A5$=)",>*)%='",-"*2'"1'//"%$%N""!$*'A(%$)"1,$)%)*",-"5"

2'*'(,=%3'("1,3C(%)%$A"5$"] "5$="5"_")>9>$%*I"?2%12"5('"51*%&5*'="-,//,?%$A"9%$=%$A"*,"

5" 1, O('1'C*,(" =>(%$A" 1'//O1'//" %$*'(51*%,$)" ,(" *," %$),/>9/'" 3,/'1>/')" )>12" 5)" *2,)'"

?%*2%$" *2'" SEMN" !$*'A(%$)" ->$1*%,$" 5)" ,>*)%='O%$" )%A$5//'()" ?%*2" 3>/*%C/'" ('1'C*,()"

1/>)*'(%$A"*,A'*2'("*,"-,(3"-,15/"5=2')%,$)N"<==%*%,$5//+I"*2'"9%$=%$A"5--%$%*+",-"*2')'"

5=2')%,$"3,/'1>/')"*,"*2'%("/%A5$=)"15$"9'"5/*'('="9+"*2'"C(')'$1'",-"'R*'($5/"-51*,()I"

'$59/%$A"*2'%("5**'$>5*'="->$1*%,$"?%*2%$"*2'"9,=+N"!$*'A(%$)"25&'"9''$",9)'(&'="*,"

C/5+" 5" (,/'" *2(,>A2,>*" '(+*2(,C,%')%)" C5(*%1>/5(/+" *2,)'" C(')'$*" %$" '(+*2(,9/5)*"

C,C>/5*%,$)I" ?%*2"='-%$'=" 'RC('))%,$" ,-" %$*'A(%$)" ,9)'(&'=" 5*" )C'1%-%1" )*5A')" ,-"

'(+*2(,9/5)*"='&'/,C3'$*" %$$N"<"/,))",-"*2')'"6'+"%$*'A(%$)"%$1/>=%$A"%$*'A(%$"] X"5$="

] G"('=>1' ) "'(+*2(,%="35*>(5*%,$"5$="('*'$*%,$",-"'(+*2(,9/5)*)"?%*2%$"*2'".M"%$$N"b*2'("

)*>=%')"25&'"5/),"2%A2/%A2*'="*2'"%3C,(*5$1'" ,-"%$*'A(%$"] G_JI"?%*2"%$2%9%*%,$",-"*2%)"

%$*'A(%$"!"# $!%&'"=%)(>C*%$A" %)/5$=" -,(35*%,$"%$&I" 5$=" 9%$=%$A" ,-"] G_J" )C'1%-%15//+" *,"

-%9(,$'1*%$" ,9)'(&'=" *," 9'" ('@>%('=" -,(" '(+*2(,9/5)*" 35*>(5*%,$"%$"N"D>(*2'("

] G_J'RC('))%,$"25)"9''$",9)'(&'="%$"351(,C25A')"?2'('"%*"3'=%5*')" 351(,C25A'"

3%A(5*%,$" %$'N"U2%)" 2'*'(,=%3'(" 9%$=)"95)5/" 1'//" 5=2')%,$" 3,/'1>/'" P.E<MQI" 5/),"

6$,?$"5)" h>*2'(5 $I"5"9/,,="5$*%A'$"C(')'$*" /5*'"%$"2>35$" '(+*2(,%="=%--'('$*%5*%,$"



:G"
"

?2%12" 51*)" 5)"5$" 5=2')%,$" 3,/'1>/' " %$(I" 5$=" 35+" 3'=%5*'" %$*'(51*%,$)" 9'*?''$"

351(,C25A')"5$="'(+*2(,9/5)*)N "

"

42%/)*"*2'"%$*'A(%$"C(,-%/'",-"'(+*2(,9/5)*)"%$"*2'"1,$*'R*",-"%)/5$=)"%)"?'//"'RC/,('="%$)I"

*2'"'RC('))%,$"5$="1,$*(%9>*%,$",-"%$*'A(%$)",-"*2'"1'$*(5/"351(,C25A'"?%*2%$"%)/5$=)"

%)"('/5*%&'/+">$='()*>=%'=N"M51(,C25A')"?%*2%$"%)/5$=)"25&'"9''$",9)'(&'="* ,"?'56/+"

'RC('))" %$*'A(%$"]M " %$-" ?2%/)*" 3,('" ('1'$*" %35A%$AO-/,? " 1+*,3'*(+" 5))5+)" 25&'"

=%)C>*'="*2'"'RC('))%,$",-"]M "%$*'A(%$",$"1'$*(5/"351(,C25A')" )) N"4,(6"9+"*2'"<$)*''"

5$="E25))%)"/59)"('&'5/'="*25*"!E<M OGI"5"A/+1,C(,*'%$"'RC('))'="9+" '(+*2(,9/5)*) I"

9%$=)"$,*",$/+"] G_J"9>*"5/),"*2'"%$*'A(%$"] ^ I"5$"%$*'A(%$"'RC('))'="9+"351(,C25A')""
%$.N"D>(*2'("?,(6"2%A2/%A2*'=" *25*"] ^ "%$*'A(%$"9%$=)"*,"!E<MOG"&%5"9%$=%$A")%*')"=%)*%$1*"

-(,3" *2,)'" ?2%12" -51%/%*5*'" *2'" 5=2')%,$" ,-" ]h_:" 5$=" ]M_:" *," !E<M OG"%&+N" U2'"

6$,16,>*",-"!E<M OG"%$"3%1'"=%)(>C*'="%)/5$=)I"?2%/)*"%$"('1,$)*%*>*'="3%1'"S.!)"*2'"

9/,16%$A",-"!E<MOG"O"] ^ "%$*'A(%$"%$*'(51*%,$)")%A$%-%15$*/+"('=>1'="%)/5$="-,(35*%,$"%&%N"

b*2'(")*>=%')"25&'"'&%='$1'="*25*"*2'"2'*'(,=%3'(" ] ^ _\ "9%$=)"!E<MOG"%$"2>35$)"%&$"

5$="/,))" ,-" _\ "%$"3%1'"('1>')"*2'"$>39'(" ,-" '(+*2(,9/5)*)"?%*2%$"%)/5$=)"5$=")*5//)"

'(+*2(,9/5)*"35*>(5*%,$"%&&N"U56'$"*,A'*2'(I" *2%)"=5*5" )>CC,(*)" *2'" '))'$*%5/" (,/'" ,-"

!E<MOG" ?%*2%$" S.!)" 5$=" %$=%15*')" 5" (,/'" ,-"] ^ " %$*'A(%$I" C,*'$*%5//+" 5)" 5$"] ^ _\ "

2'*'(,=%3'( I"%$"-51%/%*5*%$A"'(+*2(,9/5)*O351(,C25A'"%$*'(51*%,$)N""

"

JNXNn" B5//5=%$"

"

B5//5=%$I"5"1+*,)6'/'*5/"C(,*'%$"?2%12"('A>/5*')"51*%$",(A5$%)5*%,$I"25)"9''$"%3C/%15*'="

%$"*2'" 351(,C25A' O'(+*2(,9/5)*"1,$$'1*%,$N"8%)(>C*%,$" ,-"3>(%$'"C5//5=%$"25)"9''$"

,9)'(&'="*,"15>)'")'&'('"5$5'3%5"(')>/*%$A"-(,3"=%)(>C*'="'(+*2(,C,%')%)" %&"N"4%*2%$"

*2'"-,'*5/"/%&'("S.!)"?'('"=%)C'()'="5$ ="5C,C*,)%)",-"'(+*2(,9/5)*"?5)",9)'(&'="*,"9'"

%$1('5)'=N" !3C,(*5$*/+I" ('1,$)*%*>*%,$" 5))5+)" 2%A2/%A2*'=" *25*" ?2%/)*" C5//5=%$1m1#

'(+*2(,9/5)*"?'('"59/'"*,"-,(3"%)/5$=)I"9>*"C5//5=%$ 1m1#351(,C25A')"?'('"$,*" %&"N"42%/)*"

*2'"3,/'1>/5("3'125$%)3">$='(/+%$A" *2' "(,/' ",-"C5//5=%$"%$"%)/5$="-,(35*%,$"%)"1>(('$*/+"

>$6$,?$" %*" %)" /%6'/+" 5" (')>/*" ,-" =,?$)*('53" '--'1*)" ,$" *2'" 51*%$" 1+*,)6'/'*,$ N"

<==%*%,$5//+I" C5//5=%$" 35+" -51%/%*5*'" S.!" %$*'(51*%,$)" *2(,>A2" 3,=>/5*%,$" ,-" %$*'A(%$"

'RC('))%,$ "5*"*2'")>(-51'",-"1'//) I"-,("'R53C/'"*2(,>A2"%*)",9)'(&'="'--'1*",$ "%$*'A(%$"

_J"'RC('))%,$ "%&'N""" "

"



:X "
"

JNXNH" ^E<M OJ"

"

^E<M OJ"25)"9''$",9)'(&'="*,"51*"5)"5"/%A5$="-,("*2'"%$*'A(%$"2'*'(,=%3'( "]G_J"P^'(+"

/5*'"5$*%A'$"G"P^h<OGQQ"%&(I"?2%12"%)",9)'(&'="*,"9'"'RC('))'=",$"'(+*2(,9/5)*) "?2'(' "

51*%&5*%,$",-"*2'"^h< OG"C(,3,*')"'(+*2(,9/5)*"35*>(5*%,$"5$="C('&'$*)"5C,C*,)%) "%$"N""

U2'" -,(35*%,$" ,-" 3%1'"S.!)"?5)"=%)(>C*'="9+" *2'"5CC/%15*%,$" ,-"5$*%9,=%')"5A5%$)*"

^E<M OJI"'RC('))'=",$"%)/5$="351(,C25')"5$="%*)"1, O('1'C*,(" ]G_J "P^'(+"/5*'"5$*%A'$"

G" P^h<OGQQ"%$*'A(%$"'RC('))'=" 9+" '(+*2(,9/5)*) "%$&,%&)I" )>AA')*%$A" ^E<MOJ" O"]G_J"

%$*'A(%$)" -51%/%*5*'" 351(,C25A'"O'(+*2(,9/5)*" %$*'(51*%,$)" ?%*2%$" %)/5$=)N"D>(*2'( I"

^E<M OJ"C,)%*%&'"351(,C25A')"25&'"5"(,/'"%$"*2'"A>%=5$1'"5$="('*'$*%,$",-"e0E)"5$="

C(,A'$%*,("1'//)"?%*2%$".M "$%12')"%&-I"-51%/%*5*%$A"'(+*2(,C,%')%)"%&.N""E,$&'()'/+I"2>35$"

S.!)"25&'"9''$"C(,=>1'=" !"#$!%&'">*%/%)%$A"M:" 351(,C25A')"?2%12"?'('")2,?$" $,*"*,"
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Figure 1-9 The function of P2 receptors in macrophages. 
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)>(-51'" ,-"351(,C25A')"35+"C/5+"%$"*2'" -,(35*%,$" ,-"S.!)N"0*>=%')">*%/%)%$A"C,*'$*"

C>(%$'(A%1"('1'C*,("5$*5A,$%)*)"%$1/>=%$A"*2'"C2'$+/">('5 ".`G\;I"5$="*2'"1,3C,>$="

d[d "OGHLnXXnH"25&'"9''$"C('&%,>)/+",9)'(&'="*,"C('&'$*"<UB O3'=%5*'="%,$"-/>R"%$"



:H"
"

351(,C25A')"*2(,>A2"%$2%9%*%,$",-"*2'"B:`" "%")"5$="B:` ) "%"-"('1'C*,()"(')C'1*%&'/+ I"

C(,&%=%$A"5"3'*2,="-,("*2'"%$2%9%*%,$",-"*2')'"('1'C*,()"?%*2%$"S.!"3,='/)N""

"

!"@#:-A,6./+%./-+#/-.,'%&./(-6#/-#BC:6 #

"

JNHNJ" M'*2,=,/,A+"-,("% $&')*%A5*%$A"%)/5$="%$*'(51*%,$)""

"

U2'" )>11'))->/" /?# $!$' " ('1,$)* %*>*%,$"5$=" !"# $!%&'" -,(35*%,$" ,-" S.!)" 25&'" 9''$"

-51%/%*5*'="9+"&5(%,>)"3'*2,=,/,A%')N"D,("'R53C/'I "/?#$!$' "%)/5$=)"25&'"35%$*5%$'="

*2'%(")*(>1*>('"%$"1>/*>('"?2'$"%),/5*'="%$*51*"-(,3"9,*2"(5*" %". "5$="3%1'"%&%N"D>(*2'(I"

S.!)" 25&'" 9''$" ('1,$)*%*>*'=" !"# $!%&'"*2(,>A2" *2'" 1, O1>/*>('" ,-" 351(,C25A')" 5$="

'(+*2(,9/5)*)" >*%/%) %$A" C(%35(+" 1'//)" %),/5*'=" -(,3" 3%1'" %'+,%'%" ,(" >*%/%)%$A" 2>35$"

3,$,$>1/'5(" 1'//)" -(,%%'N" .'+,$=" *2'" >)'" ,-" 3%1'" 6$,16,>*" 3,='/)" *, "%$*'((,A5*'"

C(,*'%$)"?%*2%$"%)/5$=)"%%(,%'$I"!"#$!%&'"3,='/)"25&'"5/) ,"9''$">)'="%$"*2'"%$&')*%A5*%,$"

,-" *2'" C(,*'%$)" %$&,/&'=" %$" S.!" %$*'(51*%,$)N"0*>=%')" 25&'" >)'= " C(,*'%$O)C'1%-%1"

%$2%9%*,()"5$="%$2%9%*,(+"5$*%9,=%')"*," '/>1%=5*'"*2'"->$1*%,$",-"*2'" )>(-51'"('1'C*,() "

^E<M OJ"%$&"5$="SMB"%%'N"D>(*2'(I"%$2%9%*,(+"C'C*%=')"25&'"9''$">*%/%)'="*,"5))')) "

%$*'(51*%,$)"9'*?''$ "351(,C25A' ) "*, "'(+*2(,9/5)*) "%$"2>35$"3,='/)"%='$*%-+%$A"(,/')"

-,( " !E<MOG" %&+" 5$=" SBe_G" -) N"42%/)*" *2'" >)'" ,-" %$2%9%*,()" 25)" 9''$" '--'1*%&'" %$"

%='$*%-+%$A" *2'" ->$1*%,$" ,-" C(,*'%$)" ?%*2%$" %)/5$=)I" /%3%*5*%,$)" %$" *2'" >)'" %$2%9%*,()"

%$1/>='F"*2'"/516",-")C'1%-%1%*+"%$"*5(A'*"1'//"?2'$">)'="%$"1,O1>/*>(')I"%$*'($5/%)5*%,$",-"

%$2%9%*,(+"5$*%9,=%')"9+"351(,C25A')"%'&I"*2'"='A(5=5*%,$",-"%$2%9%*,()",&'("*%3'I"5$="

&5(%5*%,$" %$" 9%$=%$A" )C'1%-%1%*+N"U2'" 6$,16 O,>*" ,(" 6$,16 O=,?$" ,-" A'$')" ?%*2%$"

351(,C25A')" 3%*%A5*')" *2')'" /%3%*5*%,$)" 9+" %$1('5)%$A" *5(A'*" )C'1%-%1%*+" 5$="

)C'1%-%15//+" '--'1*%$A" 351(,C25A'" C(,*'%$)N" D>(*2'(3,('I" *2'" >)'" ,- " A'$'*%1"

35$%C>/5*%,$"1%(1>3&'$*)"%))>')" 'RC'(%'$1'="%$"9%$=%$A"5--%$%*+"5$="='A(5=5*%,$" ,-"

%$2%9%*,()" 9+" 5)" 6$,16O=,?$)m,>*)" 5('" 35%$*5%$'="*2(,>A2,>*" 1>/*>('N"</*2,>A2" *2'"

)>11'))->/" A'$'" '=%*%$A" ,-" C(%35(+" 351(,C25A'" >)%$A" EZ!0BZOE5)L" Z[B"

3'*2,=,/,A+" 25)" 9''$" ('1'$*/+" ('C,(*'= "%'" I"*2%)" 25)" $,*" +'*" 9''$" 5CC/%'=" *," *2'"

'RC/,(5*%,$",-"351(,C25A' O)C'1%-%1"C(,*'%$)"%$"'(+*2(,C,%')%)N"

"

JNHN:" k'$'*%1"35$%C>/5*%,$",-"351(,C25A')""

"



:K "
"

U2'" A'$'*%1"35$%C>/5*%,$" ,-"C(%35(+"351(,C25A')"%)"125//'$A%$A"5)"5"(')>/ *" ,-"*2'"

)2,(*"/%-')C5$",-"351(,C25A')" 5)"?' //"5)"*2'")'$)%*%&%*+",-"3+'/,%="1'//)"*,"'R,A'$,>)"

$>1/'%1"51%=)"5$="&%(5/"&'1*,()I"?2%12"%$=>1'"5"C5*2,A'$"%$&5)%,$"(')C,$)'N"<)")>12"

&5(%59%/%*+" %$" '--%1%'$1+" ,-" A'$'" '=%*%$A" %$" 3+'/,%=" 1'//)" 25)" 9''$" ,9)'(&'=" "%'' ,%'( N"

0*>=%')"25&'"%//>)*(5*'="*2'")> 11'))->/"A'$'*%1"35$%C>/5*%,$",-"351(,C25A')" ='(%&'="

-(,3 " %B0E)" %') I" 5$=" *2'" '--'1*%&'" A'$'*%1" 35$%C>/5*%,$" ,-" *2')'" 351(,C25A')" *,"

C(,=>1'"S.!"-,(3%$A"351(,C25A')"?2%12")>CC,(*"'(+*2(,9/5)*"35*>(5*%,$ ""- N"EZ!0BZ O

E5)L" *'12$,/,A+ " C(,&%=')" 5$"5/*'($5*%&'" 3'*2,=,/,A+" -,(" A'$'*%15//+" 3,=%-+%$A"

C(%35(+"1'//)N"!*"25)"9''$",9)'(&'="*25* "*2%)"5//,?)"-,("A'$'"'RC('))%,$"?%*2%$"3+'/,%="

1'//)" *, "9'"'--%1%'$*/+"=%)(>C*'=I"?%*2,>*"%3C51*%$A"1'//"&%59%/%*+",("->$1*%,$"%'" I"C(,&%=%$A"

5$" 'R1%*%$A"3'*2,=,/,A+"9+"?2%12"2>35$"C(%35(+"351(,C25A')"15$"9'"A'$'*%15//+"

3,=%-%'=N""

"

!"D#E/86##

"

U2'"5%3)",-"*2%)"B28"*2')%)"5('"5)"-,//,?) F"

"

JN" #)'"C(,*',3%1)"*," %='$*%-+"-51*,()"5)),1%5*'="?%*2"C5(*%1>/5(")*5*')",-"2>35$"

C(%35(+" 351(,C25A')" =%--'('$*%5*'=" -(,3" E8JG! "3,$,1+*')" 5 $=" %$=>1'=" *,"

&5(%,>)")*5*')",-"C,/5(%)5*%,$N""""

"

:N" k'$'(5*'"5$" !"#$!%&'"S.!"3,='/"1,$)%)*%$A",-"A'$'*%15//+"*(51*59/'"S.!"

351(,C25A')"5$="'(+*2(,9/5)*)"='(%&'="-(,3"E8JG !#5$="E8\G ! "C(%35(+"1'//)"

(')C'1*%&'/+I"5$="->(*2'(" ,C*%3%)'"5"2%A2O*2(,>A2C>*"%35A%$A"C%C'/%$'"*,"

-51%/%*5*'"*2'"@>5$*%-%15*%,$",-"1'//"=+$53%1)"?%*2%$"*2')'"%)/5$=)N"

"

\N" SRC/,('"*2'"1,$*(%9>*%,$",-"351(,C25A'O)C'1%-%1"('1'C*,(" C(,*'%$)"%$1/>=%$A"

%$*'A(%$)"5$="B:"3'125$,('1'C*,() "*,"351(,C25A' O'(+*2(,9/5)*"%$*'(51*%,$)I"

5$="*2'"-,(35*%,$",-"2>35$"S.!) N! "



:L "
"

"

"

!"#$%&'(+*( +,$-%*,./!,#'!0-$1&'/ !

0# ! #

0"! # $%.,'/%36#

"

:NJNJ" .>--'() "

"

@4A,B4?=<+.,!C-D6+8.7?8E!>-F7+G!0*'3)C5$"3'=%>3"P0*'3E'//"U'12$,/,A%')Q I"J;;"

$Am3h"0*'3" 1'//" -51*,( "P0EDQI"J" wM"8'R53'*25),$'" P8'RQI "G;" $Am3h"!$)>/%$O/%6'"

A(,?*2" -51*,(" J " P!kDOJQI";NX" Y" &m&" 12,/')*'(,/ O(%12" /%C%=)I" J; " #m3h" S(+*2(,C,%'*%$"

PSBbQI"J"$Am3h"!$*'(/'>6%$"\"P!hO\ QI"5$="J;;">$%*)"P#Qm3h"C'$%1%//%$m)*('C*,3+1%$"

"

@4A,B4?=<+.,!CF7HH-4-8,7+,7?8E!>-F7+G"0*'3)C5$"3'=%>3"P0*'3E'//"U'12$,/,A%')Q"

\ "Y" 2>35$")'(>3"5/9>3%$"P25)QI":;;"wAm3h "2,/, O*(5$)-'((%$"Pe,/,UQI"wAm3h"%$)>/%$I"

\"#m3h"2'C5(%$I"5$="\"#m3h"SBb "

"

:1 5#$!<A.7.!=;HH-4G"B2,)C25*' O9>--'('=")5/%$'" PB.0QI"J;>/m3/"E,3C/'*'"S8U< O-('' "

B(,*'5)'"%$2%9%*,("P01%'$*%-%1"/59,(5*,(+")>CC/%')QN""

"

:<?I!JA,?>-,4A!.,+7878K!=;HH-4 F""JY" 9,&%$'")'(>3"5/9>3%$"P.0< Q"%$"B.0"

"

L>+K78K!>-F7+G!!!)1,&'c) "M'=%>3"8>/9'11, c)"M'=%>3"P!M8M QI"\ "Y "e0< I"J; "#m3h"

'(+*2(,C,%'*%$"SBbI"J"3Am3h"e,/,U ""

"

27M;7F!87,4?K-8! .,?4+K-G!J; "Y"P&m&Q"=%3'*2+/" )>/-,R%='"P8M0bQI"X;"Y"P&m&Q"-,'*5/"

9,&%$'")'(>3"PD.0Q"Ph%-'"U'12$,/,A%')Q"%$"B.0"

"

N+J4?6B+K-!>-F7+G!ZBM!"JnG;"Pk%91,Q")>CC/'3'$*'="?%*2"J; "Y"D.0 I":X "$Am3h"

M51(,C25A'"1'//")*%3>/5*%$A"-51*,("PMOE0DQ"5$="J;;#m"3h"C'$%1%//%$m)*('C*,3+1%$"

!
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"

N+K8-,7J!+J,7O+,-F!J-<<!.?4,78K!PNQ1.R!=;HH-4G!!;NX"Y"P?m&Q".0<I";Nn"Y"P&m&Q"1%*(5*'O

C2,)C25*' O='R*(,)'"PEB8Q"%$"B.0""

!

S-F!J-<<!<A.7.!=;HH-4!PS12TRG!JXX"3M"[e " E/I";NJ\H"3M"S8U<I"J "3M"7eEb &I"Ce"

HNX"!

"

047.5=;HH-4-F!.+<78-50U@@V!P0TW50RG":;"3M"U(%)I"JX;"3M"[5E/I";NJ "Y"U?''$":; "

"

:NJN:" B'(%C2'(5/"9/,,="5$="9,$'"35((,?" o"'*2%1)"5$=")53C/'"),>(1') "

"

./,,="?5)",9*5%$'="-(,3"2'5/*2+"=,$,()"5$="?(%**'$"%$-,(3'="1,$)'$*"?5)"A%&'$"%$"

511,(=5$1'"?%*2"*2'"8'1/5(5*%,$",-"e'/)%$6%N"B'(%C2'(5/"9/,,="3,$,$>1/'5("1'//)"5('"

%),/5*'=" -(,3" C/5*'/'*" 5C2'(')%)" ?5)*'" 9/,,=" ,(" ?5)*'" ?2,/'" 9/,,=" >$%*)" P[e0.U I"

.(%)*,/Q" -(,3" 2'5/*2+" =,$,()N" D(')2" 9/,,=" )53C/')" -(,3" B,/+1+*25'3%5" ^'(5" PB^Q"

C5*%'$*)"5('"C(,&%='="&%5"5$"5A(''3'$*"?%*2"E539(%=A'"./,,="5$="0*'3"E'//".%,95$6"

1,&'('="9+"ZSE"[,N"J:m04m;JLL"5$="9+"35*'(%5/"*(5$)-'("5A(''3'$*N"U2%)"'*2%1)"?5)"

53'$='="*," %$1/>='"#$%&'()%*+"e,)C%*5/".(%)*,/"[e0"U(>)*"e5'35*,/,A+"5)"5"$'?")%*'"

*,"511'))"5$,$+3,>)"=%)15(='=">$%*)",-"B^"C5*%'$*"9/,,=N"U2'"53'$='="r !"#$!%&'")*>=+"

,-" '(+*2(,C,%')%)" %$" 2'5/*2" 5$=" =%)'5)'s"?5) "5CC(,&'=" 9+" .(%)*,/" Z')'5(12" S*2%1)"

E,33%**''"E'$*('" ('-'('$1'"J:m04m;JLLN".,$'"35((,?"5)C%(5*'" )53C/')" -(,3"2%C"

('C/51'3'$*)I"-(,3"?2%12"351(,C25A'"?'('"%),/5*'="5$="5$5/+)'=I"?'('"C(,&%='="9+"

8("M%125'/"42%*'2,>)'I"#$%&'()%*+",-".(%)*,/"5$="C(,&%='="?%*2"%$-,(3'="1,$)'$*"-,("

(')'5(12" >)'" 5$=" >)'=" >$='(" .(%)*,/" Z')'5(12" S*2%1)" E,33%**''" 5CC(,&5/" PZSE"

J:m04m;JLLQN"</*'($5*%&'/+I".M"M[E)"?'('"C>(125)'="-(,3"0*'3E'//"U'12$,/,A%')"

PE5*"xH;;;JQ"

"

:NJN\" <$*%9,=%')"

"

B(%35(+"5$*%9,=%')F""

"

"

"

 

"
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Table 2-1 Primary antibodies 

Q8,7=?FA!

0+4K-,!
W6-J7-. ! 1<?8- ! W?;4J- !

] G" M,>)'"!AkJ " eB:mJ" .%,Z5="

] X" M,>)'"!AkJ " !!<J " .8".%,)1%'$1') "

] h" M,>)'"!AkJ " U0Jm::" !.kZh "

] ^ _\ " M,>)'"!AkJ " :\En " .%,Z5="

] ^ _X" M,>)'"!AkJ " BJDn" M%//%C,('"

_J" M,>)'"!AkJ " U0:mJn" !.kZh "

_: " M,>)'"!AkJ " U0JmJK" !.kZh "

.5$= O\ " M,>)'"!AkJ " .(%1"HJ" [e0.U "

E8GG" M,>)'"!AkJ " .(%1"::: " [e0.U "

E8GH" M,>)'"!AkJ " .(%1"J:n" [e0.U "

!E<MOJ" M,>)'"!AkJ " KGeJ; " 0'(,*'1 "

!E<MO: " M,>)'"!AkJ " . OUJ" 0'(,*'1 "

!E<MO\ " M,>)'"!AkJ " .Z!EHL " !.kZh "

!E<MOG" M,>)'" !AkJ " D:\; OJ<JD:8k "
Gift from Wassim El 

Nemer (EFS, France)"

"

"
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"

0'1,$=5(+"5$*%9,=%')F"

"

Table 2-2 Secondary antibodies  

:<;?4?6B?4- !
W6-J7-.!+8F!

7.?,A6- !
1<?8- ! W?;4J- !

<BE" k,5*"C,/+1/,$5/ " B,/+G;X\ " .%,/'A'$= "

<BE" Z5*"!AkJ " ZMkJ OJ" .%,/'A'$= "

"

8%('1*/+"1,$a>A5*'="5$*%9,=%')F""

"

Table 2-3 Directly conjugated antibodies  

Q8,7=?FA!0+4K-,!

+8F!:<;?4?6B?4- !
W6-J7-. ! L.?,A6- ! 1<?8- ! W?;4J- !

E8J;n"BS " M,>)' " !AkJ " 0U<" .%,/'A'$= "

E8JJ9"P] MQ"D!UE" M,>)' " !AkJ " !EDZGG" .%,/'A'$= "

E8JJ1"P] `Q"<BE" M,>)' " !AkJ " .>JX " .%,/'A'$= "

E8JG"D!UE" M,>)' " !Ak:9 " MX': " M%/*'$+%"

E8JG"^. " M,>)' " !Ak:5 " MX': " "#!
$%&'()*+,* !

E8Jn"D!UE" M,>)' " !AkJ " \kK " .%,h'A'$= "

E8Jn\"BS " M,>)' " !AkJ " keJmnJNJ" M%/*'$+%"

E8JnL"<BE " M,>)' " !AkJ " HO:\L " M%/*'$+%"



\\ "
"

E8:;n"<BE " M,>)' " !AkJ " JLN:"
.8"

B25(3%$A'$"

E8:;L"^. " M,>)' " !AkJ " MZOJ" .%,Z5="

E8\\"<BE " M,>)' " !AkJ " BnHNn" .%,/'A'$= "

E8\G"^. " M,>)' " !Ak:5 " <EJ\n " M%/*'$+%"

E8\n"BS " M,>)' " !Ak:5 " XO:HJ " M%/*'$+%"

E8\n"BS " M,>)' " !AkJ " <EJ;n " M%/*'$+%"

E8XJ"P!^Q"<BE" M,>)' " !AkJ " :\En " .%,/'A'$= "

E8nJ"<BE&%,HH;" M,>)' " !AkJ " g:mXJ" M%/*'$+%"

E8nn9"^. " M,>)' " !AM" kJ;DX " .%,/'A'$= "

E8nK"BS" M,>)' " !AkJ " ZS<KKn" M%/*'$+%"

E8HJ"<BE " M,>)' " !AkJ " EgJkG " .%,/'A'$= "

E8K;"D!UE " M,>)' " !AkJ " :8J; " .%,/'A'$= "

E8Kn"BS" M,>)' " !AkJ " !U:N:" .%,/'A'$= "

kB<"<BE " M,>)' " !AkJ " e!Z: " M%/*'$+%"

kB<"^. " M,>)' " !Ak:9 " ZS<JHX" M%/*'$+%"
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"

!),*+C'"!AkJ"<BE " M,>)' " !AkJ " !0XO:JDX" M%/*'$+%"

!),*+C'"!AkJ"

<BE&%,HH;"
M,>)' " !AkJ " !0XO:JDX" M%/*'$+%"

!),*+C'"!AkJ"D!UE " M,>)' " !AkJ " !0XO:JDX" M%/*'$+%"

!),*+C'"!AkJ"BS " M,>)' " !AkJ " !0XO:JDX" M%/*'$+%"

!),*+C'"!Ak:5"

D!UE"
M,>)' " !AkJ:5 " 0G\NJ;" M%/*'$+%"

!),*+C'"!Ak:5"^. " M,>)' " !Ak:5 " 0G\NJ;" M%/*'$+%"

"

!33>$,9/,**%$A"5$*%9,=%')F"

"

Table 2-4 Immunoblotting antibodies  

0+4K-,! W6-J7-.!+8F! 7.?,A6- ! 1<?8- ! W?;4J- !

B:` ) "('1'C*,( " Z599%*"C,/+1/,$5/" <BZ O;;G " </,3,$' "

B:` " "('1'C*,( " Z599%*"C,/+1/,$5/" <BZ O;;: " </,3,$' "

<$*%O_O51*%$" M,>)'"3,$,1/,$5/ " 59K::n " <9153 "

!Z8+'p "K;; "Z8 " <$*%OZ599%*"!Ak" L:n O\::JJ " h%1,("

!Z8+'p"nK;Z8 " <$*%OM,>)'"!Ak " L:X OnK;H; " h%1,("

"

:NJNG" EZ!0BZ"AZ[<")'@>'$1')" "

"

U?," A>%='" Z[<" PAZ[<)Q" *5(A'*%$A" '512" A'$'" ?'('" =')%A$'=" >)%$A" *2'" 0+$*2'A,"

EZ!0BZ"=')%A$"*,,/"5$="C>(125)'="-(,3"0+$*2'A,N"U2')'"?'('"('1,$)*%*>*'="%$"US"

9>--'("P0+$*2'A,Q"*,"5"-%$5/"1,$1'$*(5*%,$",-"J;;"C3,/mw/I"5/%@>,*'="5$=")*,('="5*" O:; "

yEN""
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Table 2-5 CRIPSR gRNA sequences  

X-8-!

8+>- !
X;7F-!#!KSVQ!.-M;-8J- ! X;7F-!$!KSVQ!.-M;-8J- !

.:M " kkEEk<k<#k#E#EkE#EEk " #E<Ek#E<#EE<kE<k<k<< "

!Uk<^ " E#EEE<Ek<k<<k<<<E<#E " ##EE<E<<#EEE<kkE#kkk "

!Uk.: " EEEkkEE<E<kE#kE#E<#k " EEEEE#EEEE<k<<E##E<E "

"

:NJNX" !$2%9%*,(+"C'C*%='")'@>'$1')""

"

D,("%$2%9%*%,$",-"]^"%$*'A(%$"O"!E<MOG"%$*'(51*%,$)"*2'"-,//,?%$A"C'C*%='"%$2%9%*,()"-(,3"

h''" /%# 25*C#%&%,%'-"?'('" )+$*2')%)'=" 9+" E539(%=A'" B'C*%=')"h*="P.%(3%$A253I" #7QT"

!E<MOG" %$2%9%*,(+" C'C*%=')" UZ4<U0Z!U" 5$=" 0^BD4^ZM0I" )1(539/'=" 1,$*(,/"

C'C*%='" ZBqUkkZh7" 5$=" 5" C,)%*%&'" 1,$*(,/" ]G_J" 9%$=%$A" C'C*%='" S!h8^B0UN" <//"

C'C*%=')" ?'('" ('1,$)*%*>*'=" %$"C2,)C25*'" 9>--'('=" )5/% $'" PB.0I" k%91,Q" *," 5" )*,16"

1,$1'$*(5*%,$",-":;"3MI"5/%@>,*'="5$=")*,('="5*" O:; "yE"5$="=%/>*'="%$"B.0"*,"5"-%$5/"

?,(6%$A"1,$1'$*(5*%,$",-":"3MN""

"

Table 2-6 Inhibitory peptides  

3-6,7F-!

.-M;-8J- !
Y.- ! 0+4K-,!

3;47,A!

PZR!
NU ! W?;4J- !

P<U0ZQ"

UZ4<U0Z!U "
!$2%9%*,(+"

] ^ "9%$=%$A")%*'"

,-" !E<MOG"k"

('A%,$"

LLNHJH" J;LJN: "
E539(%=A'"

B'C*%=')"h*="

PD4^Q"

0^BD4^ZM0 "
!$2%9%*,(+"

] ^ "9%$=%$A")%*'"

,-" !E<MOG"D"

('A%,$"

LKN;GH" JJ;KN\"
E539(%=A'"

B'C*%=')"h*="

PS!hQ"

S!h8^B0U "

B,)%*%&'"

1,$*(,/ "

] G_J"!E<MOG"

%$*'(51*%,$) "
LnN;GH" KH:\N;"

E539(%=A'"

B'C*%=')"h*="

PE,$*(,/Q"

ZBqUkkZh7 "

['A5*%&'"

1,$*(,/ "

053'"/'$A*2"

5)"%$2%9%*,()"
LKNHL;" J;J:NJ "

E539(%=A'"

B'C*%=')"h*="



\n "
"

9>*"1,$*5%$)"$,"

h8^I"ZS8^",("

Zk8"

)'@>'$1'N "

"

:NJNn" !$2%9%*,()"5$="%$2%9%*,(+"5$*%9,=%')""

"

0'/'1*%&'"B:"('1'C*,("5$*5A,$%)*)"?'(' "C>(125)'="-(,3"U,1(%)I" ('1,$)*%*>*'="5)"C'("

35$>-51*>('(c)"%$)*(>1*%,$)"*,"5")*,16",-":;"3M "%$"*2'")>AA')*'="),/&'$*I "5$=")*,('="

5*"O:; #"# N"!$"%)/5$="%$2%9%*%,$"5))5+)"5$*5A,$%)*)"?'('"->(*2'("=%/>*'="%$"*2'"5CC(,C(%5*'"

),/&'$* "*,"5"J;;;`"1,$1'$*(5*%,$"-,("=%('1*"5==%*%,$"*,"1,O1>/*>(')"%$"3'=%5"-,("5"-%$5/"

J`"1,$1'$*(5*%,$N"#

"

Table 2-7 Inhibitors  

L8B7=7,?4!8+>-! 0+4K-,! W?<O-8,! W?;4J- !

d[d" GHLnXXnH" B:` ) " 8M0b " U,1(%)"

.`G\; " B:` " " M'*25$,/ " U,1(%)"

"

0'/'1*%&'"%$2%9%*,(+"5$*%9,=%')"?'('"C>(125)'="5$=")*,('="5*"G"yEN"!$"%)/5$="%$2%9%*%,$"

5))5+)"5$*%9,=%')"?'('"5=='="=%('1*/+"*,"1, O1>/*>(')"%$"3'=%5"*,"5"-%$5/"1,$1'$*(5*%,$"

,-":;" wAm3/N"

"

Table 2-8 Inhibitory antibodies  

0+4K-,! L.?,A6- ! 1<?8- ! W?;4J- !

] h" M,>)'"!AkJ " U0Jm::" !.kZh "

] &_\ " M,>)'"!AkJ " BMnmJ\" .%,Z5="

_: " M,>)'"!AkJ " U0JmJK" !.kZh "

"

:NJNH" h%&'"1'//"-/>,( ')1'$* "=+')" "

"



\H"
"

D/>,(')1'$*" =+')" ?'('" ('1,$)*%*>*'=" 5$=" )*,('=" 5)" C'(" 35$>-51*>(') c"%$)*(>1*%,$)N"

8+')"?'('"->(*2'("=%/>*'="%$"%35A%$A"3'=%5"*,"*2'")*5*'="1,$1'$*(5*%,$)N""

"

Table 2-9 Fluorescent dyes  

[A- ! 34?=-!,+4K-, ! W?;4J- ! 1?8J-8,4+,7?8 !

E'//U(516'( z "Z'="EMUB` " ^%59/'"1'//) "
U2'(3,D%)2'

("
X""Mm3/"

e,'12)*"\\\G: " 8[< "
U2'(3,D%)2'

("
J;"3Am3/"

0%ZO51*%$" DO51*%$" 0C%(,12(,3' " J""Mm3/"

0BgnX; O*>9>/%$" 3%1(,*>9>/') " 0C%(,12(,3' " JR"

"

:NJNK" h'$*%&%(5/"C/5)3%="1,$)*(>1*) "

"

B/5)3%=)"?'('"C>(125)'="-(,3"<==A'$'"5$="0+)*'3".%,)1%'$1')",("6%$=/+"A%-*'="9+"

*2'" 8(" <$=('5" E%35('//%" P#$%&'()%*+" ,-" h+,$I" D(5$1'Q" 5$=" ('1,$)*%*>*'=" 5)" C'("

35$>-51*>(') c"%$)*(>1*%,$)"5$=")*,('="5*" O:; "yEN"

"

Table 2-10 Lentiviral plasmids 

04+8.H-4!

3<+.>7F!

3+J\+K78K!

J?8.,4;J, !

@8O-<?6-!

3<+.>7F!
W?;4J- !

27,-4+,;4-!

4-H-4-8J- !

UkJ\;HH O"

kDB "
UkXG\L" ^0^k "

8("<$=('5"E%35('//%I"

#$%&'()%*+",-"h+,$"
%'. "

` hk \ OkDB " CB51" CM8:Nk"
8("k%/')"E,(+I"

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

CE8e OkDB " CB51" CM8:Nk" 0+)*'3".%,)1%'$1') " %(%"

"

:NJNL" )2Z[<"e5%(C%$")'@>'$1')" "

"

b/%A,$>1/',*%=')" '$1,=%$A" )2Z[<" 1/,$'=" %$*," /'$*%&%(5/" &'1*,(" Ch7bNJ" ?'('"

C>(125)'="-(,3"<==A'$' I"('1,$)*%*>*'="5)"C'("35$>-51*>(')"%$)*(>1*%,$)I"5$=")*,('="

5*"O:; "yEN"



\K "
"

Table 2-11 shRNA hairpin plasmids  

0+4K-,!K-8- ! 1<?8-!L[ !
QFFK-8-!6<+.>7F!

8;>=-4 !

N+,;4-!Q8,7.-8.-!

W-M;-8J- !

E8GG" )2E8GGO: " JLJ:G "

XcEEkkUUkU<<E<EEU<

E<EE<UU<UEEUEk<kk<

U<<UkkUkU<kkUkUU<E

<UUUUUk\j"

E8GG" )2E8GGO\ " JLJ:\ "

XjEEkkU<UkE<<UkUkE

U<EUk<UUkUEUEk<k<E

<<UE<kU<kE<E<UUkE<

UUUUUUk\j"

[,$"*5(A'*%$A"
Bh7bNJO

01(539/'= "

J\n;\X "

"

XjEEU<<kkUU<<kUEkE

EEUEk \j "

"

:NJNJ;"S@>%C3'$*"

!
1A,?.678! >7J4?.J?6-G ! b/+3C>)" E`\J" 1,>C/'=" ?%*2" *2'" b/+3C>)" ),-*" %35A%$A"

),/>*%,$)"hE:;"PU,+'"/59,(5*,(+QN""

"

:<?I! JA,?>-,-4.G !M<E0q>5$*" ^g."PM%/*'$+%" .%,*'1I"U,+'" /59,(5*,(+QN"E'//" ),(*'("

>)'="?5)"5".8"!$-/>R"E'//"0,(*'("P.8".%,)1%'$1')Q"P#$%&'()%*+",-".(%)*,/"-/,?" 1+*,3'*(+" "

-51%/%*+"-51%/%*5*'="9+"8("<$=('?"e'(35$QN""

"

:2Y*.,+4!6<+,-!4-+F-4 F".Mk"h59U'12 "P#$%&'()%*+",-".(%)*,/Q"

"

L8J;JA,-G!S))'$" .%,)1%'$1') "!$1>1+*'p "P4,/-),$" .%,%35A%$A"D51%/%*+I"#$%&'()%*+" ,-"

.(%)*,/"-51%/%*5*'="9+"8("75*+"d'C),$QN"

!



\L "
"

N+..! .6-J,4?>-,-4G "U2'(3,"01%'$*%-%1"b(9%*(5C"D>)%,$"U(%9(%="M5))"0C'1*(,3'*'("

?%*2">CO)*('53"#/*%35*'"\;;;"$5$, OhE")+)*'3"PB(,*',3%1)"D51%/%*+"5*"*2'"#$%&'()%*+"

,-".(%)*,/"-51%/%*5*'="9+"8("75*'"e''),3QN""

"

W0@[!J?8H?J+<!>7J4?.J?6AG!h'%15"0BK"\8"0US8"P0*%3>/5*'=" '3%))%,$"='C/'*%,$Q"

>)'="?%*2"n\R",%/"%33'()%,$"/'$)"P4,/-),$".%,%35A%$A"D51%/%*+I"#$%&'()%*+",-".(%)*,/QN""

"

07..;-!J;<,;4-!>7J4?.J?6-G !b/+3C>)"E7:"J;R",9a'1*%&'"PU,+'"/59,(5*,(+QN""

!
0"0# F,33#&23.2',#

"

:N:NJ" !),/5*%,$",-"C'(%C2'(5/"9/,,="3,$,$>1/'5("1'//)" "

"

45)*'"C '(%C2'(5/"9/,,="3,$,$>1/'5("1'//)"PB.ME)Q"?'('"%),/5*'="-(,3"2'5/*2+"=,$,()"

-,//,?%$A" C/5*'/'*" 5C2'(')%)" P[e0.UI" D%/*,$Q" >)%$A" *2'" B.ME" h+3C2," 0C%$"

PC/>(%0'/'1*Q" 5)" C('&%,>)/+" =')1(%9'="%($N".(%'-/+I" 9/,,=" -(,3" 5C2'(')%)" 1,$')" ?5)"

=%/>*'="JFJ"?%*2"e5$6)"95/5$1'=")5/*"),/>*%,$"Pe.00I"0%A35Q"1,$*5%$%$A";Nn"Y"51%="

1%*(5*'" ='R*(,)'" P<E8Q" 5$=" /5+'('=" ,&'(" B.ME" 0C%$" M'=%>3pN" 053C/')" ?'('"

1'$*(%->A'="5*"G;;"A"-,("\;"3%$>*')"?%*2,>*"9(56')"*,"A'$'(5*'"5"='$)%*+"A(5=%'$*N"U2'"

%$*'(-51'" 3,$,$>1/'5(" 1'//" /5+'(" ?5)" 1 ,//'1*'=I" ?5)2'=" \" *%3')" %$" e5$6)" <E8" *,"

('3,&'"('35%$%$A"C/5*'/'*)"5$=" *2'" ('35%$%$A"'(+*2(,1+*')"?'('"/+)'=" >)%$A"J:"3h"

Z'="E'//"h+)%)".>--'(" PZEh.Q"%$1>95*'="-,("J;"3%$>*')",$"%1'N"B.ME)"?'('"?5)2'="

,$1'"%$"e5$6)"<E8"5$="1,>$*'="-,("->(*2'(" %),/5*%,$"?%*2"35A$'*%1"9'5=")'C5(5*%,$N"

!
:N:N:" !),/5*%,$",-"9,$'"35((,?"3,$,$>1/'5("1'//)" "

"

.,$'" 35((,? " P.MQ" 5)C%(5*'" )53C/')" ?'('" C(,&%='=" 9+" 8(" M%125'/" 42%*'2,>)'I"

#$%&'()%*+",-".(%)*,/"5$="C(,&%='="?%*2"%$-,(3'="1,$)'$*"-,("(')'5(12">)'N"E'//)"?'('"

?5)2'=",> *",-">$%&'()5/")53C/'"*>9'"?%*2"e5$6)"<E8N"E'//)"?'('"1'$*(%->A'="5*":;;"

A"-,("X"3%$>*')"*,"('3,&'"*2' "5$*%1,5A>/5$*"2'C5(%$"1,5*'="9'5=) N"U2'")>C'($5*5$*"

?5)"('3,&'=I"5$="*2'"('="C>/C"?5)"-%/*'('=">)%$A"5"H; "w3"-%/*'("PU2'(3,D%)2'(QN"Z'="

1'//)"?'('" /+)'=" >)%$A"ZEh. "-,("J;"3%$>*')" ,$"%1' N".M"3,$,$>1/'5("1'//)" PM[E)Q"

?'('" ?5)2'=" ,$1'" %$" e5$6)" <E8" 5$=" 1,>$*'= "5$=" 1>/*>('=" 5)" %$" )'1*%,$":N:NGN"



G;"
"

</*'($5*%&'/+I".M"M[E)"?'( '"C>(125)'="-(,3"0*'3E'//"U'12$,/,A%')"PE5*"xH;;;JQ "

5$="1>/*>('="5)"%$")'1*%,$":N:NGN"

"

:N:N\" M5A$'*%1"9'5="%),/5*%,$",-"E8JG! "5$="E8\G ! "1'//)" "

"

E8JG! " ,(" E8\G ! " 1'//)" ?'('" %),/5*'=" -(,3" B.ME)" >)%$A" 35A$'*%1" 51*%&5*'=" 1'//"

)'C5(5*%,$" PM<E0I" M%/*'$+%" .%,*'1Q" 5)" C('&%,>)/+" =')1(%9'=" 5$=" 511,(=%$A" *,"

35$>-51*>('(j)"%$)*(>1*%,$)"%(&N".(%'-/+I"B.ME)"?'('"%$1>95*'="5*"G" yE"-,("JX",("\;"

3%$>*')" ?%*2" 35A$'*%1" 9'5=)" 1,$a>A5*'=" *," E8JG" 3,$,1/,$5/" 5$*%9,=+" ,(" E8\G"

3,$,1/,$5/" 5$*%9,=%')" (')C'1*%&'/+N"D,//,?%$A" %$1>95*%,$" ?%*2" *2'" 35A$'*%1" 9'5=)I"

1'//)" ?'('" ?5)2'=" *?%1'" ?%*2" M<E)" 9>--'(" PB2,)C25*'" 9>--'('=" )5/%$'" ?%*2" ;NX" Y"

.,&%$' ")'(>3"5/9>3%$"5$=";Nn"Y"E%*(5*'"C2,)C25*'"='R*(,)'QN"U2'"1'//)"?'('"*2'$"

/,5='="%$*,"5$"h0"35A$'*%1"1,/>3$"PM%/*'$+%".%,*'1 Q"5$="?5)2'="\"*%3') "?%*2"M<E)"

9>--'("*,"('3,&'">$9,>$="1'//)N "U5(A'*"1'//)"?'('"*2'$"'/>*'="-(,3"*2'"1,/>3$" %$"X3/"

,-"M<E)"9>--'("* 2(,>A2"('3,&5/",-"*2'"35A$'*"5$="%$)'(*%,$",-"5"C/>$A'(N"E'//)"?'('"

1,>$*'="?%*2"5"25'3,1+*,3'*'("5$="1'//"&%59%/%*+"5$="C>(%*+",-"C,C>/5*%,$"5$5/+)'="

?%*2"-/,?"1+*,3'*(+N"E'//)"?'('" 1,>$*'= I"5/%@>,*'="%$*,"1(+,&%5/)"PE,($%$AQI"5$="-(,i'$"

=,?$"%$"h%@>%="[%*(,A'$"E'//"0*,(5A'"),/>*%,$"5*" OK; "yE">)%$A"5"M(N"D(,)*+"P[5/A'$'QN"

!
:N:NG" E8JG! "='(%&'="351(,C25A'"1>/*>(' "

"

D(,i'$"E8JG ! "1'//)"?'('"*25?'="5*"\H" yE"5$="?5)2'="%$"B.0 "Pk%91,QN"E'//)"?'(' "

(')>)C'$='=" 5*" 5" ='$)%*+ "; N\\RJ; ( m"3h" %$"J;13" 1'//" 1>/*>('" =%)2')" %$"ZBM!" JnG;"

Pk%91,Q" )>CC/'3'$*'=" ?%*2" J;" Y" D,'*5/" 9,&%$'" )'(>3 " PD.0I" k%91,QI" :X" $Am3h"

351(,C25A' o1,/,$+" )*%3>/5*%$A" -51*,("PMOE0DI" M%/*'$+%" .%,*'1QI" 5$="

C'$%1%//%$m)*('C*,3+1%$"5*"J;;"# m3/"P0%A35QN"D,("351(,C25A'"C,/5(%)5*%,$"%$*'(/'>6%$O

G"5*":;"$Am3h"P!hOGI".%,h'A'$=QI"%$*'(-'(,$ Ov"5*":NX"$Am3h"P!D[vI".%,h'A'$=Q"5$="JwM"

='R53'*25),$'"P 8'RI" 0%A35QI"?5)"%$1/>='=N"E'//)"?'('"%$1>95*'="5*"\H"yE"?%*2"XY"

Eb $N"D>//"3'=%5"125$A')"?'('"C'(-,(3'="*?%1'"*2(,>A2,>*"*2'"H O=5+"1>/*>('"?%*2"5"

1'$*(%->A5*%,$"5*"\; ;"A"-,("X"3%$>*')"*,"('*5%$")>)C'$)%,$"1'//)N"b$"=5+"H"5=2'('$* "

1'//)"?'('"25(&')*'="-(,3"*2' "*%))>'"1>/*>('"C/5*'">*%/%)%$A"1'//")1(5C'()"PE,($%$AQN"

"

:N:NX" E8\G ! "='(%&'="351(,C25A')" "

"



GJ"
"

<"&5(%'*+",-"1>/*>('"3'=%5"1,$=%*%,$)"?'('"*(%5//'= "95)'=",$"3'*2,=)">*%/%)'="C('&%,>)/+"
),%', %("P=5*5"$,*")2,?$QN"U,"5)1'(*5%$"?2'*2'("*2')'"1>/*>('"1,$=%*%,$)"?'('")>11'))->/"

%$"C(,=>1%$A"351(,C25A')"1'//)"?'('"1>/*>('="-,(">C"*," : ;" =5+)"5$="5$5/+)'="9+"-/,?"

1+*,3'*(+ N"!$"*2'"-%$5/%)'="E8\G! "1>/*>('"3'*2,=,/,A+" >*%/%)'="-(,i'$"E8\G ! "1'//)"?'('"

1>/*>('="5*"5"='$)%*+",-";N\RJ; ( "m3h"-,("5"*,*5/" ,-"Jn"=5+)N"85+)";"o"J:" %$"!)1,&'c) "

3'=%>3"P.%,)1%'$1'"#7"h*=QI")>CC/'3'$*'="?%*2" X;"$Am3/"0ED"PM%/*'$+%".%,*'1QI"X;"

$Am3/"DhU\"P0%A35QI"J"3Am3/"!hO\ "PZ{8")+)*'3)Q I"J;;"$Am3/"!hOn"PM%/*'$+%Q"5$=":X"

$Am3/"MOE0D"PM%/*'$+%".%,*'1QN"D>//"3'=%5"125$A')"?'('"C'(-,(3'="'&'(+",*2'("=5+"

?%*2"5"1'$*(%->A5*%,$"5*"\; ;"A"-,("X"3%$>*')"*,"('*5%$")>)C'$)%,$"1'//)N"b$"=5+"J:",-"

1>/*>('" 5" ->//" 3'=%5" 125$A'" ?5)" C'(-,(3'=I" 5$=" 1'//)" ?'('" ?5)2'=" *?%1'" %$" B.0"

Pk%91,Q"9'-,('"5==%*%,$",-"ZBM!"JnG;"Pk%91,Q")>CC/'3'$*'="?%*2"J;"Y" D.0"Pk%91,QI"

:X "$Am3h"MOE0D"PM%/*'$+%".%,*'1QI"C'$%1%//%$m)*('C*,3+1%$"5*"J;;"# m3/"P0%A35QI"5$="J"

wM"8'R"P0%A35QN"U2(,>A2,>*I"1'//)"?'(' "%$1>95*'="5*"\H"yE"%$"X"Y"Eb$N""

"

:N:Nn" S(+*2(,9/5)*"1>/*>('""

"

D(,i'$"E8\G ! "1'//)"?'('"*25?'="5*"\H" yE"5$="?5)2'="%$"B.0 N"U2(,>A2,>*"1>/*>('""

1'//)"?'(' "%$1>95*'="5*"\HyE"%$"X"Y"Eb$2E'//) "?'('"1>/*>('="5*"5"='$)%*+",-";NJRJ; ( #

m3h"%$"X13" 1'//" 1>/*>('" =%)2')" %$"r'RC5$)%,$" 3'=%5s"0*'3)C5$" 3'=%>3" P0*'3E'//"

U'12$,/,A%')Q" )>CC/'3'$*'=" ?%*2" J;;" $Am3h" 0*'3" E'//" D51*,(" P0EDI" M%/*'$+%"

.%,*'12QI"J" wM" 8'R" P0%A35QI" G;" $Am3h" %$)>/%$O/%6'" A(,?*2" -51*,(OI" P!kDOJI" Z{8"

0+)*'3)QI";NX"Y"&m&"12,/')*'(,/ O(%12"/%C%=)"P0%A35QI"J"$Am3h"!$*'(/'>6%$O\"P!hO\I" Z{8"

0+)*'3)Q I" J; " #m3h" '(+*2(,C,%'*%$" PSBbQ" P.(%)*,/" Z,+5/" !$-%(35(+Q" 5$=" J;;" # m3h"

C'$%1%//%$m)*('C*,3+1%$"P0%A35QN"b$"=5+" :I"1>/*>(')"?'('"1'$*(%->A'="5*" \;;"A" -,("X"

3%$>*')I"?5)2' ="*2(''"*%3')"%$"B.0"5$="(')>)C'$='="%$"'RC5$)%,$"3'=%5"?%*2,>*"!hO

\N"E'//)"?'('"35%$*5%$'="5*"5"='$)%*+",-";N\"RJ; ( "m3/"9+"5==%*%,$",-"-(')2"3'=%5",$"

5/*'($5*'"=5+)N""b$"=5+"K",-"1>/*>('"1'//)"?'('"?5) 2'="\"*%3')"?%*2"B.0"Pk%91,Q"5$="
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Figure 3-1 Workflow for the differentiation of human macrophage from monocytes. 
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Figure 3-2 Polarised macrophage subtypes have distinct morphology. 
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Figure 3-3 Polarised macrophage subtypes differ in cell surface marker expression. 
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Figure 3-4 Distinct macrophage states are produced from the same originating source. 
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Figure 3-5 Whole cell TMT proteomics elucidates the protein changes underlying macrophage 

polarisation. 
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Figure 3-6 Network analysis of upregulated proteins within whole cell proteomics. 
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Figure 3-7 The macrophage ÒsurfaceomeÓ is dynamically altered upon polarisation. 
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Figure 3-8 The macrophage surfaceome is dynamically altered upon polarisation. 
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Figure 3-9 Network analysis of surfaceome proteomic dataset.  

9!@JX[$=,1)60,16+,'-$'.$)%$6-($('2-&#5)06+#($%&'+#,-1$,-$76*&'%"65#$1)/+;%#1$2"#&#$-'(#$*'0')&$

&#1%'-(1$+'$+"#$.'00'2,-5$5#-#$'-+'0'5;$?[NA$+#&71B$GA$4D$('2-&#5)06+#($%&'+#,-1$,- $1#76%"'&,-E

%0#L,-$1,5-600,-5$%6+"26;$?&#(A$6-($0#)C'*;+#$6*+,=6+,'-$-#+2'&C1$?/0)#A$3A$4D$)%&#5)06+#($%&'+#,-1$

,-$0#)C'*;+#$6*+,=6+,'-$%6+"26;1$?&#(A$6-($=#1,*0#$7#(,6+#($+&6-1%'&+$?/0)#A$: A$4F6$('2-&#5)06+#($



HG"
"

%&'+#,-1$,-='0=#($ ,-$1#76%"'&,-E%0#L,-$1,5-600,-5$%6+"26;$?&#(A$6-($0#)C'*;+#$7#(,6+#($ ,77)-,+;$

?/0)#A$MA$4F6$)%&#5)06+#($%&'+#,-1<$OA$4F*$('2-&#5)06+#($%&'+#,-1$,-='0=#($,-$*#00E*#00$6("#1,'-$?&#(A$

6-($0#)C'*;+#$ 6*+,=6+,'-$?/0)#A<$WA$ 4F*$ )%&#5)06+#($ %&'+#,-1$,-='0=#($ ,-$*#00$ 6("#1,'-$?&#(A$ 6-($

0#)C'*;+#$7#(,6+#($,77)-,+;$?/0)#A<$P&'+#'7,*$(6+6$6-60;1,1$%#&.'&7#($,-$*'006/'&6+,'-$2,+"$M&$P#(&'$

4')&6 <$

$

U2'" )>(-51',3'" ,-" C,/5(%)'=" 351( ,C25A')" ?5)" ->(*2'(" %$*'((,A5*'=" *2(,>A2"

' &5/>5*%,$" ,-" *2'" k'$'" b$*,/,A+" Pkb" *'(3Q" 15*'A,(+" r3+'/,%=" 1'//" 51*%&5*%,$" %$"

%33>$'" (')C,$)'s "P)>CC/'3'$*5/" *59/'" HQN" U2%)" ('&'5/'=" 'RC('))%,$" ,-" :;" )>(-51'"

C(,*'%$)"('/5*%$A"*,"%33>$'"(')C,$)'"?'('")%A$%-%15$*/+">Cm=,?$"('A>/5*'="%$"C,/5(%)'="

351(,C25A')"1,3C5('="*," MV"351(,C25A')"P D%A>('"\ OJ; QN"M:1"=%)C/5+'="*2'"3,)*"

=%&'()'"(')C,$)'"1,3C5('="*,"1,$*(,/"MVI")%A$%-%15$*/+">C('A>/5*%$A"Ph,A:"DE"‹ JQ"*2'"

3,)*" C(,*'%$)" ?%*2" G" ,>*" ,-" :;" 2%*)" %$1/>=%$A" E8n\" U!MBJ" ('1'C*,(" 5$=" /+),),3'"

5)),1%5*'="3'39(5$'"A/+1,C(,*'%$":"Ph53C":QI" D1vZ!!I"5$="=')3,1,//%$ OJI"5/,$A"?%*2"

*2'"2%A2')*"'RC('))%,$",-"5//'A(%$OJI"5$="<8<M"J;N""MJ"351(,C25A')" ?'('"-,>$="*,"

)%A$%-%15$*/+"=,?$('A>/5*'="Ph,A $"DE"‡JQ"*2'"3,)*"C(,*'%$)"?%*2"('=>1'="'RC('))%,$"

,-"K",-"*2'" :;"2%*)N"M:5")%A$%-%15$*/+"?5)"-,>$="*,">C('A>/5*'"A/%,35"C5*2,A'$')%)O

('/5*'="C(,*'%$ N"

"



HX"
"

"
Figure 3-10 Macrophage surface expression of myeloid cell activation proteins involved in 

immune responses.  
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Figure 3-11 Protein expression of macrophage subtypes is primed for specific ROS production 

dynamics. 
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Figure 3-12 Protein expression of macrophage subtypes is primed for specific cell motility.  
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Figure 3-13 Whole cell proteomics reveals large portion of proteome remain consistent between 

distinct states. 
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Figure 3-14 Expression of proteins involved in immune response are conserved between 

macrophage states. 
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Figure 3-15 Dex treatment of pro-inflammatory M1 macrophages shifts cell polarity towards a 

de-activated M2 phenotype. 
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Figure 3-16 Proteomic analysis reveals significant changes in protein expression of M1 

macrophages with Dex treatment. 
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Figure 3-17 Workflow for the re -programming of human macrophages through the uptake of 

anti-miR223 protocells. 
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Figure 3-18 Uptake of anti-miR223 protocells by human macrophages increases secretion of IL-

1!.  
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Figure 3-19 Uptake of anti-miR223 protocells by human macrophages increases secretion of pro-

inflammatory cytokines and decreases secretion of anti-inflammatory cytokines.  
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Figure 4-1 Workflow for isolation of human BM MNCs and CD14+ monocyte derived 

macrophages.  
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Figure 4-2 Surface marker expression and morphological comparison of human bone marrow 

macrophages and M2c in vitro generated macrophages. 
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Figure 4-3 Workflow for the formation of human cultured EBIs  in vitro.  
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Figure 4-4 Differentiation of human erythroblasts from progenitor cells. 
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Figure 4-5 Formation of human Erythroblastic Islands in vitro. 
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Figure 4-6 Automated high-throughput imaging analysis for the quantification of cell dynamics 

within EBIs . 
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Figure 4-7 Workflow illustrating the q uantification of cell dynamics within EBIs utilising bespoke 

image analysis is achieved using automated macros.  
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Figure 4-8 Comparison of island forming capabilities of M¯  and M2c macrophage subtypes.  
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Figure 4-9 Detection and analysis of macrophage-erythroblast interactions using time lapse image 

analysis.  
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Figure 4-10 Optimisation of culturing medias for macrophage-erythroblast co-culture 
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Figure 4-11  Differentiation and lentiviral transduction of macrophages generated from CD34+ 

progenitors and CD14+ monocytes.  
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Figure 4-12 Transduction efficiency in CD14+ derived cells.  
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Figure 4-13 Lentivirus mediated knockdown of CD44.   
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Figure 4-14 Comparison of macrophages derived from CD34+ progenitors and CD14+ monocytes. 
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Figure 4-15 CRISPR-Cas9 mediated !2M  knockout in island-forming macrophages  
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-(,3" E8\G ! " C(,A'$%*,()" ?'(' " -%()*"'RC/,('=N" M51(,C25A')" 'RC('))%$A" 6'+" %)/5$="

351(,C25A'" 35(6'()" 5$=" =%)C/5+%$A" %)/5$=" 351(,C25A'" 3,(C2,/,A+" ?'('" 5/),"

)>11'))->/ /+"=%--'('$*%5*'="-(,3"*2' "E8\G ! "C(,A'$%*,("),>(1'N"e,?'&'(I"5/*2,>A2"A'$'"

'RC('))%,$" ?5) "5/*'('=" >)%$A" *(5$)=>1*%,$" ?%*2" /'$*%&%(>)I"%*" ?5)" ,9)'(&'=" *25*" *2'"

5CC/%15*%,$" ,-" /'$*%&%(>)"='/5+)" *2'"=%--'('$*%5*%,$" ,-" *2')'"%)/5$=O/%6'"351(,C25A')N"

U2'('-,('I "5$"5/*'($5*%&'"3'*2,=,/,A+ I"%$1,(C,(5*%$A"EZ!0BZOE5)L"(%9,$>1/',C(,*'%$"

5/,$A)%='" $>1/',-'1*%,$ I"?5)" >)'= " *, "A'$'" '=%*" 351(,C25A')" 5$= " 'R1%*%$A/+I" *2%)"

5CC(,512"$,? ",C'$)"*2'"?5+"*,"'RC/,(%$A")C'1%-%1"%$*'(51*%,$)"?%*2"'(+*2(,9/5)*)"-(,3"

*2'"C'()C'1*%&'",-"*2'"351(,C25A'N"" "

"
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+
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U2'" 'RC/,(5*%,$" ,-"S.!)I" )%$1'"*2'"%='$*%-%15*%,$" ,-"*2')'" )*(>1*>(')"$$. I"?5)"%$%*%5//+"

('/%5$*",$"*2'">)'",-"9,*2" (5*"%". "5$="3%1'"%&%,%'%"!"#$!$'"3,='/)N" D>(*2'(I"S.!)"25&'"

9''$"('1,$)*%*>*'=" !"#$!%&'"*2(,>A2"*2'" 1>/*>('",-"C(%35(+"351(,C25A')" %),/5*'="-(,3"

3%1'"9,$'" 35((,? "%'+,%'%N" M,('" ('1'$*" )*>=%')" >*%/%)'"2>35$" 3,$,$>1/'5(" 1'//)" *,"

1>/*>('"351(,C25A')"*25*" )25('="3,(C2,/,A%15/")%3%/5(%*%')"?%*2"351(,C25A')"-/>)2'= "

-(,3" 3%1'" 9,$'" 35((, ?" 5$=" -,>$=" *25*" '(+*2(,9/5)*)" 5)),1%5*'=" ?%*2" *2')'"

351(,C25A')" 25=" %$1('5)'=" C(,/%-'(5*%,$" 5$=" 35*>(5*%,$" -(,%%'N"e,?'&'(I" *2')'"

)*>=%')">*%/%)'=",$/+"/%3%*'="%33>$,-/>,(')1'$1'")*>=%')">)%$A"3,$,1/,$5/"5$*%9,=%')"

5A5%$)*" )%$A/'" )>(-51'" ('1'C*,()" *," %='$*%-+" 1'//)I" ,(" 1+*,1'$*(%->A5*%,$" *," ,9)'(&'"

%)/5$=)N" 0*>=%')" 9+" *2'" U,+'" /59" 5$=" 1,//59,(5*,()" 25&'" 3,('" 1,3C('2'$)%&'/+"

125(51*'(%)'="351(,C25A')"C,/5(%)'="9+"8'R">*%/%)%$A"5"1,39%$5*%,$",-"-/,?"1+*,3'*(+I"

35))")C'1*(,3'*(+I"!35A')*('53I"5$="1+*,1'$*(%->A5*%,$" -, -) N"U2')'")*>=%')"('&'5/'="

*25*"M:1"351(,C25A')")25('"->$1*%,$5/"5$="C2'$,*+C%15/"5)C'1*)"?%*2"351(,C25A')"

%),/5*'="-(,3"2>35$".M"5$="-,'*5/"/%&'("%)/5$=)N"!$"E25C*'("\"*2')'"2>35$"1>/*>('="

M:1"351(,C25A')I"%$=>1'="?%*2"8'RI"?'('"-,>$="*,"9'"3,(C2,/,A%15//+"= %)*%$1*"-(,3"

,*2'(" 351(,C25A'" )>9*+C')N" U2')'" ?'('" 3,(C2,/,A%15//+" 1,3C5(59/'" *," .M"

351(,C25A')"%$=%15*'="9+"*2'"C(')'$1'",-" &51>,/') "C(,=>1%$A"5"r-,53+s"5CC'5(5$1'"

5)),1%5*'="?%*2".M"351(,C25A')" $+' N""D>(*2'(I"*2')'"M:1"351(,C25A')")%A$%-%15$*/+"

>C('A>/5*'")>(-51'"'RC('))%,$",-"351(,C25A'"35(6'()"E8JnL"5$="E8Jn\"1,3C5('="

*," MVN""<)")>12"*2')'"M:1"351(,C25A')"?'('"=%('1*/+"1,3C5('="*,"351(,C25A')"

%),/5*'="-(,3"2>35$".M")53C/')"P D%A>('"GOJQN""

"

D/,?"1+*,3'*(+ O95)'="5))'))3'$*",-"1'//")>(-51'"35(6'()"('&'5/'="*25*"*2'"35a,(%*+"

,-"E8JG ! "='(%&'="M:1"351(,C25A')"?'('",9)'(&'="*,"9'" E8JG! mE8Jn! I"?2%/)*"?%*2%$"

/?#$!$' ".M"M[E)"C,C>/5*%,$)"‰X"Y",-"1'//)"?'('",9)'(&'="*,"9'" E8JG! mE8Jn! "PD%A>('"

GO: QN"U2%)"%//>)*(5*')" *2'"=%--%1>/*%')"%$" ,9*5%$%$A" )%A$%-%15$*"$>39'()" ,-"351(,C25A'"

-(,3" 2>35$" .MI" ?2'('" %)/5$=" 351(,C25A')" 356'" >C" 5" )35//" C,C> /5*%,$" ,-" *2')'"

)53C/')N"<==%*%,$5//+I"*2'"%),/5*%,$",-"*2')'".M"M[E")53C/')"-(,3"C5*%'$*)"('@>%(')"

5$"%$&5)%&'"C(,1'=>('"5$="*2'('"%)"5"C,*'$*%5/"-,("*2'"351(,C25A'"C2'$,*+C'"*,"9'"

5/*'('="-,//,?%$A"('3,&5/"-(,3"*2'"$%12'N"U2'"'RC('))%,$",-"6'+"351(,C25A' "35(6'()"

?%*2%$"*2%)"E8JG! mE8Jn! "C,C>/5*%,$"-(,3" '512"),>(1'" ('&'5/'="*25*"E8JG ! "='(%&'="

M:1"351(,C25A')"'RC('))"E8Jn\I"E8:;n"5$="E8JnL"?2%/)*"*2'"'RC('))%,$",-"*2')'"

35(6'()"?5)"3,('"&5(%'="5$="/,?'("%$"351(,C25A'"C,C>/5*%,$)"-(,3"*2'"1,33'(1%5//+"

),>(1'= ".M"M[E)N""#/*%35*'/+I"E8JG! "=%--'('$*%5*'="9/,,="=,$,("B.ME)"C(,&%='"5"
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)>9)*5$*%5/" ),>(1'" ,-" 351(,C25A'" C,C>/5*%,$)" *25*" 5('" A('5*'(" %$" $>39'(I" 3,('"

2,3,A'$,>)" 5$=" 'RC('))" *2'" 6'+" )>(-51'" 35(6'()" 5)),1%5*'=" ?%*2" S.!" -,(3%$A"

351(,C25A')N" "

"

)*+*,*- # N=/# 7/"/6!%8# '6#AD+) ! #@&'1/"!%'&8# 28# 2"# '&!1!"2%!"1# 8'>&0/# '6#
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#$/%6'" C,)*O3%*,*%1" E8JG! "3,$,1+*')I" C(,A'$%*,(" 1'//)" 'RC('))%$A" E8\G ! "35%$*5%$"

C(,/%-'(5*%&'"C,*'$*%5/N"!$"5==%*%,$"*,"%$1('5)%$A"*2'"$>39'(",-"1'//)"*25*"15$"9'"1>/*>('="

-(,3"5")%$A/'",(%A%$5*%$A"=,$,(I"*2'"C(,/%-'(5*%&'"15C59%/%*%')",-"E8\G! "/'$=)"*2'3"*,"

%$1('5)'=" 53'$59%/%*+" *," A'$'*%1" 35$%C>/5*%,$" ?%*2" 3'*2,=)" )>12" 5)" /'$*%&%(5/"

*(5$)=>1*%,$N" " !$=''=" E8\G! "1'//)" ?'('" ,9)'(&'=" *," 'RC('))" 2%A2'(" /'&'/)" ,-" kDB"

?2'$"*(5$)=>1'="?%*2"5"kDB",&'( O'RC('))%$A"&'1*,("1,3C5('="*,"E8JG ! "1'//)"PD%A>('"

GOJJQN"<)")>12I"*2'"=%--'('$*%5*%,$",-"E8\G! "1'//)"*,"351(,C25A')"%)"9'$'-%1%5/"-,("*2'"

1>/*>('",-"A'$'*%15//+"3,=%-%'="2>35$"S.!)N"""
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0>11'))->/" =%--'('$*%5*%,$" ,-" 351(,C25A')" -(,3" E8\G ! " 1'//)" ?5)" 512%'&'=" ?%*2"

'RC('))%,$",-"6'+"M:1"351(,C25A'"35(6'()"E8JGI"E8JnLI"E8Jn\I"E8Jn"5$="E8:;n"

?%*2%$"*2')'"1'//)"PD%A>('"GOJGQN"U2'('"?5)"$,")%A$%-%15$*"=%--'('$1'",9)'(&'="%$"*2'"

'RC('))%,$" ,-"E8JnLI"E8JnI"5$="E8:;n"9'*?''$"E8JG ! "='(%&'="1'//)"5$="E8\G ! "

='(%&'="1'//)N"U2'"'RC('))%,$",-"E8JG"5$="E8Jn\"?5)"*2,>A2")%A$%-%15$*/+"('=>1'="

%$"E8\G! "='(%&'="351(,C25A')I"5$=" *2'"3,$,1+*%1"35(6'("E8\\"?5)" )%A$%-%15$*/+"

%$1('5)'="%$=%15*%$A"5"3,('"%335*>('"351(,C25A'"C,C>/5*%,$N"""D>(*2'(I"*2'"E8\G"

='(%&'=" 1'//)" =," $,*" 'RC('))" E8:;LI "5" EO*+C'" /'1*%$" ('1'C*,(" 5)),1%5*'=" ?%*2" M:"

351(,C25A'" C2'$,*+C'N" U2'" /,))" ,-" *2%)" 35(6'(" 15$" %3C51*" *2'" 9'25&%,>(" ,-"

351(,C25A')I"=>'"*,"%*)" (,/'"%$"C25A,1+*,)%)"$"+ N""U2'"5))'))3'$*"*25*"*2'"E8\G ! "

=%--'('$*%5*%,$" C,C>/5*%,$" ?'('" 3,('" %335*>('I" ?5)" 1,((,9,(5*'=" 9+" 3,(C2,/,A%15/"

5$5/+)%)"?2'('"1+*,)C%$)"1,$-%(3'="*2'"C(')'$1'",-"$>3'(,>)")35//'("3,$,1+*%1"1'//)"

?%*2" ='$)'" $>1/'%I" 53,$A)*" *2'" /5(A'(" %)/5$=" 351(,C25A')" ?%*2" &51>,/')" C(')'$*N"

#$/%6'"*2'"E8JG! "3,$,1+*'"='(%&'="351(,C25A')"?2'('"5")%$A/'"1'// "3,(C2,/,A+"?5)"

,9)'(&'="51(,))"1+*,)C%$) "N"U2'"E8\G! "='(%&'="351(,C25A')"5/),"-,(3")%A$%-%15$*/+"

('=>1'="$>39'()",-"%$*'(51*%,$)"?%*2"'(+*2(,9/5)*)"%$"1,O1>/*>('I"5$="*2' "=>(5*%,$",-"

*2')'"%$*'(51*%,$)"?5)")%A$%-%15$*/+"('=>1'=N""0'/'1*%,$",-"3,('"35*>('"C,C>/5*%,$)"

?%*2%$" *2')'" E8\G! " ='(%&'=" 351(,C25A')" 1,>/=" 9'" 512%'&'=" *2(,>A2" D<E)" 5$="
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'$(%123'$*"*2(,>A2"C,)%*%&'"35A$'*%1O9'5=")'/'1*%,$I" ,("->(*2'("=%--'('$*%5*%,$"*2(,>A2"
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U2'"1>/*>('",-"2>35$" S.!) "('@>%(')"*2'"C(,=>1*%,$",-"='&'/,C%$A"'(+*2(,9/5)*) "?2%12"

('15C%*>/5*'" *2'" )>(-51'" 'RC('))%,$" C(,-%/'" ,-" 2>35$" '(+*2(,9/5)*)" !"# $!$'#2"3 "15$"

%$*'(51*"?%*2"1'$*(5/"351(,C25A')N"e'('I"'(+*2(,9/5)*)" ?'(' "=%--'('$*%5*'="-(,3"E8\G! "

C(,A'$%*,()"5)"C('&%,>)/+"=')1(%9'="%-,.) "PD%A>('"GO\ QN"U2%)"1>/*>('")+)*'3"1,$)%)*)",-"

0*'3)C5$")'(>3"-(''"3'=%>3I"8'RI" 12,/')*'(,/ O(%12"/%C%=)")>CC/'3'$*'="?%*2"0EDI"

!kD OJI" !hO\I "5$="SBb"%-N"U2'"5==%*%,$" ,-"0EDI"SBb"5$=" !hO\"5('"%3C,(*5$*"A(,?*2"

-51*,()"-,("*2'")>)*5%$'="'(+*2(,%="1>/*>('"$"%I"?2%/)*"9,*2"%$)>/%$"5$="%$)>/%$O/%6'"A(,?*2"

-51*,("!"P!kDO!Q"5('"%$1/>='="9'15>)'"*2'+")>CC,(*"2>35$"'(+*2(,9/5)*"='&'/,C3'$* "%-N""

!$" *2%)" )*>=+" 2>35$" )'(>3" ?5)" $,*" >)'=I" =>'" *," *2'" >$6$,?$" 1,3C,$'$*)" 5$="

1+*,6%$'" 1,$1'$*(5*%,$)" C(')'$*" %$" )'(>3N" e,/, O*(5$)-'((%$I" ?2%12" 25)" 5" (,/'" %$"

'(+*2(,9/5)*"'$>1/'5*%,$" .- I"?5)",3%**'="%$"*2'"-%()*"H"=5+)",-"1>/*>('"*,"('*5%$"*2'"'5(/+"
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<==%*%,$5//+I" *2'" >)'" ,-" 8'R" %$1('5)'=" 5=2'('$1'" ,-" *2')'" '(+*2(,9/5)*) " *2>)"
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5$="%3C(,&%$A"5&5%/59%/%*+",-"'(+*2(,9/5)*)"*,"351(,C25A')N"U,"1%(1>3&'$*"*2'"('C,(*'="

%3C5%(3'$*",-"/%C%="3'*59,/%)3",9)'(&'="%$"'(+*2(,9/5)*)"*('5*'="?%*2"8'R"$"" I"/%C%=)"
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,-"\"Y",-"*2'"C,C>/5*%,$I"5)"5))'))'="9+"e,'12)*"/59'//%$A"P D%A>('"GOGQN"<)"'RC'1*'=I"

*2'"'(+*2(,9/5)*)"2%A2/+"'RC('))"*2'"C(, O'(+*2(,9/5)*"35(6'()"E8\nI".5$="\I"E8GGI"
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C(,*'%$)I"%$=%15*%$A"'--%1%'$*"=%--'('$*%5*%,$",-"'5(/+"'(+*2(,9/5)*)N"85+"H"'RC('))'="/,?"
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)%A$%-%')"*2'"*(5$)%*%,$"-(,3"C(,O"*,"95),C2%/%1"'(+*2(,9/5)*I"9,*2",-"?2%12"%$*'(51*"?%*2"

351(,C25A')" *," -,(3" %)/5$=)N" k%&'$" *2'" HO=5+" 1>/*>('" 3'*2,=" ,-" =%--'('$*%5*%$A"

351(,C25A')" -(,3"E8JG ! "3,$,1+*')I"5$="*2'"C(, O'(+*2(,9/5)* O/%6'" 'RC('))%,$"5$="

3,(C2,/,A+",-"'(+*2(,%="1'//)",$"=5+"H",-"1>/*>('I"*2'"1, O1>/*>('",-"'(+*2(,%="1'//)",$"
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"

The formation of reconstituted EBIs was visualised using confocal microscopy ( 

 

D%A>('"GOXQN" U2%)" 5//,?'=" -,(" %$*'(51*%,$)" ,11>((%$A" 9'*?''$" 351(,C25A')" 5$="

'(+*2(,9/5)*)" *," 9'" ,9)'(&'=I" ?%*2" 3>/*%C/'" '(+*2(,9/5)*)" 1/,)'/+" 5)),1%5*%$A" ?%*2" 5"

)%$A/'"1'$*(5/"351(,C25A'N"U2'"-%/%C,=%5"'R*(>='="9+"351(,C25A')"?'('"$,*"15C*>('="

>)%$A"5$+" ,-" *2')'" -/>,(')1'$*"C(,9')" *(%5//'=I"9>*" 'R*(>)%,$)"1,>/="9'"= '*'1*'="9+"

9(%A2*-%'/=" 3%1(,)1,C+I" 5$=" ?'('" $,*'=" *," 9'" 1/,)'/+" %$*'(51*%$A" ?%*2" '(+*2(,9/5)*)N"

E+*,1'$*(%->A5*%,$" ,-"1,O1>/*>(')"?5)">)'=" *,"1,((,9,(5*'" *2%)" -,(35*%,$I"5"3'*2,="

>)'=" %$" 9,*2" 1/%$%15/" 2%)*,/,A+" 5$=" C('&%,>)/+" >)'=" *," %='$*%-+" %)/5$=)" -/>)2'=" -(,3"

3,>)'" 9,$'" 35((,?" %'+,$&+N" U2'" A'$'*%1" 3,=%-%15*%,$" ,-" 351(,C25A')" 5$="

'(+*2(,9/5)*)" *," %$=>1'" ,&'( O'RC('))%,$" ,-" -/>,(')1'$*" C(,*'%$)" %$" )C'1%-%1" 1'//"

1,3C,$'$*)I"1,>C/'="?%*2"1,$-,15/"3%1(,)1,C+"1,>/="9'">*%/%)'="*,"9'**'("&%)>5/%)'"

*2')'"1'//) I"5$="*2'%("%$*'(51*%,$)N"U2'">)'",-"%35A %$A"-/,?"1+*,3'*'() I"?2%12"1,39%$'"

*2'"1'//"125(51*'(%)%$A"15C59%/%*%')",-"-/,?"1+*,3'*(+"?%*2"&%)>5/%)5*%,$",-"1'//"1/>)*'()"

%)"5">)'->/"*,,/"%$"*2'"125(51*'(%)5*%,$",-"S.!)")) N"U2'">)'",-"*2%)"*'12$%@>'"9+"U5+"/%#

25*C" %//>)*(5*'=" *25*" E8HJ! " '(+*2(,9/5)*)" )>((,>$='=" E8JnL ! 351(,C25A')" -,(3%$A"

%)/5$=O/%6'")*(>1*>(')I"5$="*2')'"%)/5$=)"?'('"=%)(>C*'= "9+"*('5*3'$*"?%*2"k OE0D""), -+ N"

U2%)" *'12$%@>'"?,>/="5%="%$" *2'"&%)>5/%)5*%,$" ,-"S.!)I" '$59/%$A"9,*2"%)/5$=" -,(3%$A"

15C59%/%*%')" 5$=" 351(,C25A'" ('1'C*,(" )>(-51'" 'RC('))%,$" ,-" %$=%&%=>5/" 1'//)" *," 9'"

@>5$*%-%'=")%3>/*5$',>)/+N"!*"?,>/="5/),"9'"%$*'(')*%$A"%$"->*>('")*>=%')"*,">)'"'/'1*(,$"

3%1(,)1,C+"%$"1,39%$5*%,$"?%*2"%33>$,A,/="/59'//%$A "*,"9'**'("'/>1%=5*'"%$*'(51*%,$)"

9'*?''$"1'//"*+C')"%$"S.!)N"" "

"

)*+*,*O# Z>&%=/&#3/$/5'@4/"%#2"3#'@%!4!82%!'"#'6#2"#!421!"1#@!@/5!"/#6'&#

%=/#P>2"%!6!02%!'"#'6#!852"3#3;"24!08##



JGX"
"

"

<"2%A2O*2(,>A2C>*"%35A%$A"3'*2,="?5)"->(*2'("='&'/,C'=I"*,"'$59/'"*2'"@>5$*%-%15*%,$"

,-" 1'// O1'//" %$*'(51*%,$)N" U2%)" ?,(6-/,?" ?5)" )>11'))->/" %$" =%)*%$A>%)2%$A" 9'*?''$"

%$=%&%=>5/"351(,C25A')"5$=" '(+*2(,9/5)*)"?%*2%$"1>/*>(')"5$="511>(5*'/+"%='$*%-+%$A"

%$*'(51*%,$)"D%A>('"GOnN""U2%)"?,(6-/,?"5//,?)"-,(" *2'"@>5$*%-%15*%,$",-"*2'"%$*'(51*%,$"

=+$53%1)" 9'*?''$" 351(,C25A')" 5$=" '(+*2(,9/5)*)" ?%*2%$" S.!) "PD%A>('"GOHQN"U2%)"

3'*2,=,/,A+"5//,?)"-,("%$2%9%*,(+"5$*%9,=%')I"C'C*%=')"5$="1,3C,>$=)"*,"9'")1(''$'="

%$" ,(='(" *,"%='$*%-+"15$=%=5*'"C(,*'%$)" ,-"%$*'(')*N"U2%)"5/)," 5//,?)" -,(" *2'"C,*'$*%5/"

6$,16,>*",-" C(,*'%$)I")>12"5)"*2,)'"%='$*%-%'="*2(,>A2"35))")C'1*(,3'*(+"*25*"25&'"

C,*'$*%5/"%$&,/&'3'$*"%$"%)/5$="=+$53%1)N"

"

U,"-51%/%*5*'"*2'"='*'1*%,$",-"%$=%&%=>5/"1'//)I"5"/,?"1'//O)''=%$A"='$)%*+"%)"('@>%('="*,"

C('&'$*",&'(/5CC%$A",-"%$=%&%=>5/"351(,C25A')N"!*")2,>/="9'"$,*'="*25*"?%*2%$"*2'"9,$'"

35((,?"$%12'I"*2'"='$)%*+",-"1'//)"?,>/="9'" 3>12"2%A2'("?%*2%$"*2'"\8")C51'I"5$="*2'"

%$*'(51*%,$)" 9'*?''$" 351(,C25A')I" 5)" ?'//" 5)" *2'" )C5*%5/" C/51'3'$*" ,-" 1'//)" 35+"

5--'1*" %)/5$=" -,(35*%,$N" E'//" ='$)%*+" 25)" 9''$" ,9)'(&'= "*," 5/*'(" *2'" C2'$,*+C'" ,-"

351(,C25A')I" ?%*2" 351(,C25A')" 1>/*>('=" 5*" /,?'(" ='$)%*%')" )'1('*%$A" 3,('" C(, O

%$-/5335*,(+" 1+*,6%$')I" %$1('5)'=" C25A,1+*%1" 51*%&%*+" 5$=" 5" ('=>1*%,$" ,-" A'$')"

5)),1%5*'="?%*2"M:")>9*+C'"C,/5(%)5*%,$"%$1/>=%$A"E8:;n"$"( N"!*")2,>/="5/),"9'"$,*'="

*25*"*2%)"*(516%$A")+)*'3"%='$*%-%')"%$=%&%=>5/"351(,C25A')I"5))%A$%$A"'512"-/>,(')1'$*"

1'//"5$"%$=%&%=>5/"%='$*%-%'("?2%12"%)"*(516'="9'*?''$"-(53')"5$="*2(,>A2,>*"*2'"&%=',"

C(,A('))I"2,?'&'(I"%$=%&%=>5/"'(+*2(,9/5)*)"5('"$,*"*(516'="%$"*2%)"35$$'(N"<)")>12I"5*"

5$+" A%&'$" *%3'C,%$*" *2'" $>39'(" ,-" '(+*2(,9/5)*)" %$*'(51*%$A" ?%*2" 5" 351(,C25A'" %)"

('1,(='=I"5$="%-"*2'"$>39'(",-"'(+*2(,9/5)*)"%$*'(51*%$A"?%*2"5$"%$=%&%=>5/"351(,C25A'"

/5)*)"-,("3>/*%C/'"*%3'"-(53')"*2%)"=>(5*%,$"%)"('1,(='=I"2,?'&'("*2%)"%)"$,*"$'1'))5(%/+"

*2'")53'" '(+*2(,9/5)*"9'*?''$"-(53')N"U2'"='&'/,C3'$*",-"*2%)"5$5/+)%)"*,"%$1/>='"

C25)'"1'//" %='$*%-%'()"?,>/="%3C(,&'"*2'"@>5$*%-%15*%,$"15C59%/%*%')",-"*2%)"C%C'/%$'N"""

"

B,/5(%)5*%,$",-"351(,C25A'"?%*2"8'R "*,?5(=)"*2'"M:1")>9*+C'"C (,=>1'="1'//)"?2%12"

5('"C2'$,*+C%15//+"5$="->$1*%,$5//+")%3%/5("*,"S.!"351(,C25A')"PD%A>('"\ O: "5$="D%A>('"

\ O\ QN"U2%)"%)"1,((,9,(5*'="9+"*2'")%A$%-%15$*"%$1('5)'"%$"S.!"-,(3%$A"15C59%/%*%')",-"M:1 "

351(,C25A')"?2'$"1,3C5('="*,"MV"1,$*(,/"351(,C25A')" PD%A>('"GOKQN"['R*"%*"?5)"

5)1'(*5%$'="?2'*2'("*2'"='*'1*%,$",-"%$*'(51*%,$)"9+"*2%)"C%C'/%$'"%)"('/%5$*",$"('5/"1'//O

1'//"%$*'(51*%,$)I"(')>/*%$A"-(,3"5**(51*%,$"9'*?''$"351(,C25A')"5$="'(+*2(,9/5)*)"5)"



JGn"
"

,9)'(&'="%$"*2'".MI",("5"(')>/*" ,-".(,?$%5$"3,*%,$",("351(,C25A'"5**(51*%,$"*,"1'//)"

%$" 5$" %33>$'" )>(&'%//5$1'" 35$$'(N" S(+*2(,9/5)*)" ?'('" %$1>95*'=" ?%*2" *(+C)%$I" 5"

)>(-51'"C(,*'%$"1/'5&%$A" '$i+3'I "*," ('3,&'"6'+" '(+*2(,9/5)*" )>(-51'"C(,*'%$) N"U2%)"

(')>/*'=" %$" 5" )%A$%-%15$*" ='1('5)'" %$" %$*'(51*%,$)I" %$=%15*%$A" *25*" )>(-51'" C(,*'%$)"

%$*'(51*%,$)",$"*2'"351(,C25A'"5('"('@>%('="*,"-,(3"%)/5$=)"%$"*2%)"3,='/"PD%A>('"GOLQN""

"

)*+*,*U# R@%!4!82%!'"# '6# 0>5%>&/# 0'"3!%!'"8# 6'&# !421!"1# 420&'@=21/J

/&;%=&'7528%#!"%/&20%!'"8#

"

<"6'+"5)C'1*",-"1'//"1, O1>/*>('")+)*'3)"%)"*2'"%='$*%-%15*%,$",-",C*%35/"1>/*>('"3'=%5"*,"

'$)>('"9,*2"1'//"*+C')"35%$*5%$"9,*2"&%59%/%*+"5$="*2'%("(')C'1*%&'"C2'$,*+C')N"<"(5$A'"

,-"=%--'('$*"3'=%5)"25&'"9''$"C('&%,>)/+"*(%5//'="%$"*2'"('1,$)*%*>*%,$",-"S.!)I">*%/%)%$A"

ZBM!")>CC/'3'$*'="?%*2"DE0" -(,%%"",("!M8M"?%*2"DE0"%&%I"?2%/)*",*2'()"25&'"9>%/*",$"

*2')'"%$1/>=%$A"SBb"%$*,"*2')'"1,$=%*%,$)"-),%%%N""U2'"U,+'"/59"25&' "C('&%,>)/+">*%/%)'="

!M8M"?%*2"e0<"5$="SBb"%$"5$"r%35A%$A"3'=%5s"*,"C(,3,*'" -,(35*%,$",-"S.!)" -, -) N"

4%*2%$"*2%)"1,O1>/*>('"*2'"%35A%$A"3'=%5"%$=>1'="*2'"9')*")>(-51'"35(6'("'RC('))%,$"

C(,-%/'"%$"9,*2"351(,C25A')"5$="'(+*2(,9/5)*) "PD%A>('"GOJ; QN"S(+*2(,9/5)*)"1>/*>('="%$"

%35A%$A"3'=%5"35%$*5%$'="'RC('))%,$",-"95$="\I"E8\n"5$="E8\G"?%*2"$,")%A$%-%15$*"

=%--'('$1'"%$"*2')'")>(-51'"35(6'()",("&%59%/%*+"9'*?''$"*2')'"1'//) "5$="*2,)'"1>/*>('="

%$"'(+*2(,9/5)*"3'=%5N"SRC('))%,$",-"kB<"?5)")%A$%-%15$*/+"%$1('5)'="%$"%35A%$A"3'=%5"

1,3C5('="*,"'(+*2(,9/5)*"3'=%5"%$=%15*%$A"->(*2'("=%--'('$*%5*%,$",-"'(+*2(,9/5)*)"%$"*2%)"

3'=%>3N"S@>5//+I"*2'">)'",-"%35A%$A"3'=%5"=%="$,*")%A$%-%15$*/+"5/*'("*2'"'RC('))%,$",-"

E8JGI"E8Jn\",("E8JnL"%$"351(,C25A')I"?%*2%$"GK"2,>()"1,3C5('="*,"*2,)'"1>/*>('="

%$" 351(,C25A'" 3'=%5N" U2'('-,('I" *2%)" 1>/*>('" 3'*2,=" 35%$*5%$)" 9,*2" 1'//" *+C')" %$"

5==%*%,$" *,"%$1('5)%$A"$>39'(" ,-"%$*'(51*%,$)"1,3C5('=" *," 351(,C25A'"3'=%5"5$="

('=>1%$A"&5(%5*%,$"%$"$>39'(",-"%$*'(51*%,$)"1,3C5('="*,"'(+*2(,9/5)*"3'=%5N""

"

!*" )2,>/=" 9'" $,*'=" *25*"%)/5$=)"25(&')*'=" -(,3"2>35$" .M"25&'"9''$" ,9)'(&'=" *,"

%$&,/&'"*2'"%$*'(51*%,$",-">C"*,"\;"'(+*2(,9/5)*)"C'("%)/5$=I")>((,>$=%$A"5")%$A/'"1'$*(5/"

351(,C25A'" %$N"4%*2%$"*2%)"3,='/I"*2'"3'5$"$>39'(",-"'(+*2(,9/5)* O%$*'(51*%,$)"C'("

351(,C25A')" ?5)" ('=>1'=" ?%*2" 5" 35R%35/" ,9)'(&'=" %$*'(51*%,$" ,-" J; "

'(+*2(,9/5)*)m%)/5$=" ,9)'(&'=N" <" 3'5$" $>39'(" ,-" ;NH\" Œ" ;Nnn" %$*'(51*%,$)" C'("

351(,C25A'"?5)" ,9)'(&'="5)"5" (')>/*" ,-"$,$ O%$*'(51*%$A" '(+*2(,9/5)*)" )6'?%$A"*2'"

=5*5")'*N"<"->(*2'("&5(%59/'"*25*"35+"/'5="*,"5"('=>1'="$>39'(",-"'(+*2(,9/5)*)"?%*2%$"



JGH"
"

%)/5$=)"1,3C5('="*," !"#$!$'"%)"*2'":8"$5*>('",-"*2%)")+)*'3"%$"1,3C5(%),$"*,"*2'"\8"

'$&%(,$3'$*",-"*2'".MN"015--,/=)"25&'"9''$"C('&%,>)/+">)'="*,"%$&')*%A5*'"*2'"9,$'"

35((,?"'$&%(,$3'$*I")>11'))->//+"35%$*5%$%$A")*'3"1'//"C(,A'$%*,()"$") "5$="*,"3,='/"

'(+*2(,C,%')%)"%$"2'5/*2+")*5*')"5$="3+'/,=+)C/5)*%1")+$=(,3'" $"- N"e,?'&'(I"?2%/)*"

)15--,/=)" 15$" 9'" >)'=" *," 5))'))" '(+*2(,%=" ,>*C>*I" *2'" ,C5@>'" $5*>('" ,-" )15--,/=)"

%$2%9%*)" *2'" 59%/%*+" *," =%('1*/+" @>5$*%-+" 351(,C25A'O'(+*2(,9/5)*" %$*'(51*%,$)" 5$=" 5)"

)>12")15--,/=)"25 &'"$,*"9''$">)'="3,='/"'(+*2(,9/5)*"%)/5$=)N" "

"

U2'">)'",-",(A5$,%=)"%$"1>/*>('"%)"5"3'*2,="*2(,>A2"?2%12"!"#$!%&'"3,='/)"15$"9'**'("

('15C%*>/5*'"!"#$!$'"C(,1'))')I"5//,?%$A")C5*%5/",(A5$%)5*%,$",-"1'//)"$". "5$="%3C(,&%$A"

*2'"C2+)%,/,A%15/"('/'&5$1'",-"3, ='/)" $'+ N"42%/)*",(A5$,%=)"25&'"9''$">*%/%)'="-,("*2'"

3,='//%$A",-"9,$'"35((,?"$%12')" $'%I"$,")*>=%')"*,"=5*'"25&'"('15C%*>/5*'="S.!)"%$"5"

\8",(A5$,%="1>/*>('N"0>12"5"\8"1,O1>/*>('"5CC(,512"1,>/="9'">*%/%)'="%$"->*>('"?2'('9+"

-,(35*%,$",-",(A5$,%=)"15$"9'"-51%/%*5*'="*2(,>A2"*2'"1,O1>/*>('",-"1'//)",$">/*(5 O/,?"

5**5123'$*"C/5*')I"?2%12"%$2%9%*)"1'//"5=2')%,$"&%5"5"2+=(,A'/"/5+'("5$="'$1,>(5A')"

*2'"-,(35*%,$",-"%)/5$=)"%$"5"\8")C51'N"</*'($5*%&'/+I")%$A/'"=(,C/'*O95)'=",(A5$,%=)"

?2'('9+"1'//"1>/*>(')"5(' "5CC/%'="%$"5")%$A/'"=(,C",-"/%@>%="*,"*2'"/%=",-"5"1>/*>('"C/5*'N"

U2'"*'$)%,$",-"*2'"=(,C/'*"('*5%$)"1'//)"?%*2%$"1>/*>('"?2%/)*"*2'"A(5&%*+"5CC/%'="C('&'$*)"

5=2')%,$",-"1'//)"*,"*2'"/%=")>(-51'N""

+

GN\N:" k'$'*%15//+"35$%C>/5*%$A"%)/5$="351(,C25A')""

"

)*+*-*, # A'4@2&!"1# %=/# 24/"27!5!%;# '6# AD+)!" 2"3# AD,) ! # 3/&!$/3#

420&'@=21/8#%'#1/"/%!0#42"!@>52%!'"#

"

U2'" >C*56'" ,-"&%(5/"&'1*,()"9+"E8\G! "1'//)" *2(,>A2"/'$*%&%(5/"*(5$)=>1*%,$"25)"9''$"

C('&%,>)/+",9)'(&'= "?%*2%$"*2'"U,+'"/59"-) ""5$=",*2'()" $'$ N"!$=''=I"E8\G ! "1'//)"*25*"

?'('"*(5$)=>1'="?%*2"5$"`hk O\ OkDB"&'1*,("?'('",9)'(&'="*,"'RC('))"kDB"9+"=5+"H"

,-"1>/*>('I"?%*2"5"3'5$",-"nG"Y"Œ"JGNH"Y",-"1'//)"?%*2%$"*2'"C,C>/5*%,$"'RC('))%$A"kDB"

$,(35/%)'="*,"%$*'$)%*+",-"D!UE"%$"1,$*(,/"$,$O*(5$)=>1'="1'//)N"U2%)")>11'))->/">C*56'"

,-"A'$'*%1"35*'(%5/"*2(,>A2"/'$*%&%(5/"*(5$)=>1*%,$"%$=%15*')"*25*"E8\G! "5('"5"C,*'$*%5/"

),>(1'" ,-" A'$'*%15//+" *(51*59/'" %)/5$=" 351(,C25A')N" E,$&'()'/+I" ?%*2%$"E8JG! "

C,C>/5*%,$)"*(5$)=>1'="?%*2"*2%)")53'"&'1*,("*2'"C'(1'$*5A'",-"1'//)"'RC('))%$A" kDB"

?5)" ")%A$%-%15$*/+"/'))"1,3C5('="*,"*2'"E8\G! "1'//)I"?%*2"5"35R%3>3",-"'--%1%'$1+",-"



JGK"
"

JXNH"Y"?%*2%$"*2'"C,C>/5*%,$N"<)",*2'(")*>=%')"25&'")>11'))->//+">*%/%)'="9,*2"e!^OJ"

5$="DOMh^"95)'="&'1*,()"%$"*2'"*(5$)=>1*%,$",-"3,$,1+*')I"*2')'"?'('"5/),"*')*'=", $"

E8JG! "1'//)"%$"*2%)"*2')%)"PD%A>('"GOJ: QN"d5((,)),$ O4>%//'3' "/%#25*C">*%/%)'="*2'"DOMh^"

95)'="*(5$)=>1*%,$"512%'&%$A"5"*(5$)=>1*%,$"'--%1%'$1+"(5$A'="-(,3"J;O:X "Y"%$"B.ME)"

='(%&'="3,$,1+*') "%'. N"<"/,?'("'--%1%'$1+",-"nOJ; "Y"?5)"512%'&'="?%*2%$"*2%)")*>=+I"

?2%12" 1,>/=" (')>/*" -(,3" 5" ('=>1'=" 3>/*%C/%1%*+" ,-" %$-'1*%,$" PMb!Q" ?2%12" ?5)" $,*"

3'5)>('="?%*2%$"*2%)")*>=+N"f'$A"/%#25*C"-,>$="*25*"3,$,1+*')"'5(/+"%$"1>/*>('"P=5+";Q"
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Figure 5-1 Integrin expression in the cultured island macrophages. 
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Figure 5-2 Adherence of macrophages to human recombinant ICAM-4 Fc is significantly altered 

with integr in inhibition.  
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Figure 5-3 Expression of ICAM-4 in human cultured erythroblasts.  
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Figure 5-4 Inhibition of "V specific binding sites in ICAM -4 significantly decrease EBI 

interactions. 
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Figure 5-5 CRISPR-Cas9-mediated knockout of integrin "V in island macrophages.  
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Figure 5-6 Knockout of integrin "V at the surface of island macrophages significantly decreases 

EBIs interactions, whilst macrophage motility is not impacted.  
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Figure 5-7 Compensatory changes resulting from CRISPR-Cas9-mediated integrin knockouts. 
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Figure 5-8 The effects of inhibition of !2 in cultured EBIs.  
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Figure 5-9 CRISPR-Cas9-mediated knockout of integrin !2 in island macrophages. 
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Figure 5-10 Expression of P2X receptors in island macrophages elucidated with surface 

proteomics and immunoblotting. 
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Figure 5-11 Antagonism of P2X4 receptors in island macrophages significantly inhibits island 

formation.  
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7#6-$6-($9M$1"'2-A<$:A$@#%&#1#-+6+,=#$,765#1$'.$=,(#'1$*6%+)&#($/;$+"#$J-*)*;+#$6-($'=#&06;#($2,+"$

6-60;1,1$ '.$ ,-+#&6*+,'-1$5#-#&6+#($ ,-$J765#m<$W'&76+,'-$ '.$O3J1$2,+"$=#",*0#$+&#6+#($*'E*)0+)&#1$ '.$

#&;+"&'/061+1$6-($76*&'%"65#1$?6/'=#A$6-($,-$*'E*)0+)&#1$+&#6+#($2,+"$PFQ! $6-+65'-,1+$3QUH^$?/#0'2A$

'=#&$ +,7#$(,1%06;#(>$ +,7#$ 1*60#$ ,-(,*6+#($ 61$ o+p<$ 46*&'%"65#1$ ')+0,-#($ ,-$ =6&,')1$ *'0')&1$6-($

,-+#&6*+,'-1$2,+"$#&;+"&'/061+1$?/0)#$*,&*0#1A$,-(,*6+#($61$76+*"#($*'0')&#($0,-#1>$1*60#$/6&$(#-'+#1$h^$

µ7<$@#%&#1#-+6+,=#$'.$XEx<$

"

U," 5))'))" ?2'*2'(" %$2%9%*%,$" ,-" B:`" ('1'C*,()" '--'1*'=" 3,*%/%*+" ,-" %)/5$=O-,(3%$A"

351(,C25A')I" *2'" C5*2" /'$A*2" ,-" 351( ,C25A')" ?%*2%$" %)/5$=" 1,O1>/*>(')" ?5)" $'R*"

5))'))'=N" <$*5A,$%)3" ,-" *2'" B:` ) " ('1'C*,(" =%=" $,*" )%A$%-%15$*/+" 5/*'(" *2'" *,*5/"

=%)*5$1'=" *(5&'//'=" 9+" %)/5$=O-,(3%$A" 351(,C25A')" ,&'(" *2'" J: O2,>(" *%3'" 1,>()'"

PD%A>('"XOJ: 5QN"e,?'&'(I"5$*5A,$%)3",-"*2'"B:` " "('1'C*,("%$"%)/5$="1,O1>/*>(')"?5)"

,9)'(&'="*,")%A$%-%15$*/+"='1('5)'"*2'"*,*5/"C5*2/'$A*2",-"%)/5$=O-,(3%$A"351(,C25A')"

%$"5"=,)'O='C'$='$*"35$$'("?%*2"3,*%/%*+"='1('5)%$A"9+"JnNJ"Y"PŒ"J;N:"YQ"5$="\XNX"

Y"PŒ":GNJ"YQ"?%*2":;"µM"B:` " "5$*5A,$%)*"(')C'1*%&'/+N"U2%)"='1('5)'"%$"351(,C25A'"

3,*%/%*+" ?%*2" B:`" "%$2%9%*%,$" 15$" 9'" ,9)'(&'=" %)" 2%A2/%A2*'=" 9+" *2'" ('C(')'$*5*%&'"

%35A')"%$"D%A>('"XOJ: 1QN"

 



JK; "
"

"



JKJ"
"

Figure 5-12 Antagonism of P2X4 receptors in island macrophages significantly inhibits island 

macrophage motility. 
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*25*"9/,16%$A",-"*2'"!E<MOG"<"('A%,$",-"=,35%$"J"?%*2"*2'"D4^"C'C*%='")%A$%-%15$*/+"

='1('5)'="*2'"C5*2" /'$A*2" ,-"351(,C25A')I"?2%/)*"*2%)" '--'1*"?5)"$,*"%3C/'3'$*'="

?%*2"%$2%9%*%,$",-"*2'"k",("8"('A%,$)I"%$"/%$'"*,"?25*"?5)",9)'(&'="C('&%,>)/+"%&%N"U2%)"
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'RC('))'="9+"*2')'"1'//)"?5)"='1('5)'="9+"5"3'5$",-"L\N:"YI"%$=%15*%$A"5$"'--'1*%&' "
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15$"9'"('-'(('="*,",$/+"5)")>(-51'"6$,16,>*)I"=%)(>C*%,$",-"*2'"!Uk<^"A'$'")2,>/="9'"

->(*2'(" 5))'))'=" 9+" )'@>'$1%$A" 5$=" @BEZ" 5))'))3'$*" ,-" ]^" %$*'A(%$" 3Z[<"
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351(,C25A')N" U2'" %)/5$=" 351(,C25A'" 35(6'()" E8JGI" E8Jn\I" E8JnL" 5$=" E8Jn"
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$>1/',-'1*%,$" C(,1'))" $,(" *2'" /,) )" ,-" ]^" %$*'A(%$" C('&'$*)" =%--'('$*%5*%,$" 5$="

C,/5(%)5*%,$",-"3,$,1+*')"*,?5(=)"*2'"%)/5$="351(,C25A'"C2'$,*+C'N"U2%)"1,$-%(3)"

*25*"5$+"%3C51*",$"%)/5$="=+$53%1)",9)'(&'="-,//,?%$A"5"/,))",-"]^"%$*'A(%$"5('"5"(')>/*"

,-"*2'")C'1%-%1"->$1*%,$",-"]^"%$*'A(%$"5$="$,*"9'15>)'",-"5"/,))",-"1'$*(5/"351(,C25A'"
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"

U2'"/,))",-"]^"%$*'A(%$"5*"*2'")>(-51'",-"%)/5$="351(,C25A')")%A$%-%15$*/+"='1('5)'="

*2'" $>39'(" ,-" %$*'(51*%,$)" *2')'" 1'//)" -,(3'=" ?%*2" '(+*2(,9/5)*)I" %//>)*(5*%$A" *2'"

%3C,(*5$1'" ,-" *2%)" %$*'A(%$"?%*2%$" %)/5$=" %$*'(51*%,$)" PD%A>('"XOnQN" U2%)" 9>%/=)" ,$"

C('&%,>)" )*>=%')" ?2%12" 25&'" ,9)'(&'=" *25*" *2'" =%)(>C*%,$" ,-" ]^" %$*'A(%$"o"!E<MOG"

%$*'(51*%,$)"%3C51*"S.!"-,(35*%,$"%$"3%1'"%&%N"e'('"*2%)"'--'1*"%)"1,((,9,(5*'="?%*2%$"5"

2>35$"3,='/">)%$A" A'$'*%1"6$,16,>*",-"]^"%$*'A(%$"(5*2'("*25$"('/+%$A",$"*2'">)'",-"

%$2%9%*,()I"?2%12"35+"9%$="$,$O)C'1%-%15//+"5$="%$*'(51*"?%*2"9,*2"1'//)"?%*2%$"*2'"1,O

1>/*>('")+)*'3N"U2%)"?,(6"5/),"'$25$1')">$='()*5$=%$A",-"*2'"(,/'"!E<M OG"C/5+)"%$"

351(,C25A' O'(+*2(,9/5 )*"%$*'(51*%,$)"?2'('")*>=%')",$",*2'("9%$=%$A"C5(*$'()"]h_:I"

]M_:I",("]`_:"?2'('")*>=%')")>((,>$=%$A"*2')'"%$*'A(%$)"25&'"$,*"%$&')*%A5*%$A"*2'"

%$*'(51*%,$)"%$"*2'"1,$*'R*",-"S.!)"$(( N"D>(*2'(I"*2')'")*>=%') "=%="$,*"35$%C>/5*'"2>35$"

351(,C25A')"%$)*'5= ">*%/%)%$A"!"#$!%&'"),/>9/'" !E<MOG"5$="C>(%-%'="%$*'A(%$)"*,",9)'(&'"

9%$=%$A",(" ,9)'(& %$A"*2'"9%$=%$A",-"*2'"UeBOJ"3,$,1+*%1"1'//"/%$'"*,"*2')'"%$*'A(%$)N"

42%/)*"*2%)"?,(6"%//>)*(5*')"*2'"%3C,(*5$1'",-"]^"%$*'A(%$"?%*2%$A"S.!)I"*2'"%='$*%*+",-"

*2'"_"1,3C,$' $*"?2%12"=%3'(%)')"?%*2"] ^"%$*'A(%$"?%*2%$"%)/5$=)"%)"+'*"*,"9'"'/>1%=5*'=N"

!*"25)"9''$"'&%='$1'="*25*"*2'"2'*'(,=%3'(" ] ^ _\"9%$=)"!E<MOG"%$"2>35$)"%&$"5$="/,))"

,-"_\"%$"3%1'"('=>1')"*2'"$>39'(",-"'(+*2(,9/5)*)"?%*2%$"%)/5$=)"5$=")*5//)"'(+*2(,9/5)*"

35*>(5*%,$"%&&N"!='$*%-+%$A"*2'"2'*'(,=%3'("%$"?2%12"]^"%$*'A(%$"'R'(*)"%*)"->$1*%,$"?%*2%$"

S.!)" %)" %3C,(*5$*" -,(" 9'**'(" >$='()*5$=%$A" *2'" 1,3C/'R" %$*'(51*%,$)" 9'*?''$"
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O*+*,*O# ("%/1&!"#0'4@/"82%!'"#&/8>5%!"1#6&'4#<"'0<'>%#'6#!"%/1&!"#[Y #

"
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,$ O*5(A'*"=')%A$",-"AZ[<) "$(. N!!
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->$1*%,$5/%*+" %)" 512%'&'=" 9+" 5/*'($5*%&'" A'$'*%1" C5*2?5+)" ,(" *(5$)1(%C*%,$5/" 5$="

*(5$)/5*%,$5/"C/5)*%1%*+N"<)"%$*'A(%$)"5('"C5(*",-"5"/5(A'"C(,*'%$"-53%/+"%$"?2%12"->$1*%,$5/"

('=>$=5$1+"'R%)*)I"%*"%)"*2'('-,('"C,))%9/'"*25*"5$"%$1('5)'"%$"'RC('))%,$",("->$1*%,$",-"

5"('/5*'="C(,*'%$"?%*2%$"*2%)"-53%/+"35+",11>("9'15>)'",-"*2'"->//"A'$'*%1"6$,16,>*",-"5"
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,-"!Uk<^I"*2'"'RC('))%,$",-"%$*'A(%$)",9)'(&'="*,"9'"'RC('))'= "%$"351(,C25A')"?'('"
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5/,$A)%='"*2'" 'RC('))%,$" ,-"%$*'A(%$)"%$"351(,C25A')" -,//,?%$A"3,16"$>1/',-'1*%,$"
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Following the KO of integrin "V, a significant increase in "5 integrin was observed ( 
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%$"_:"%$*'A(%$"'RC('))%,$"1,%$1%='="?%*2"351(,C25A')"?2%12"-,(3'="*2'"/'5)*"$>39'("
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'RC('))'="?%*2%$"*2')'"%)/5$="351(,C25A')N""0,I"?2%/)*"*2'"'RC('))%,$",-"]MI"]`"5$="

]h"%$*'A(%$"?5)">$125$A'="-,//,?%$A"]^"%$*'A(%$"7bI"5"/,))",-"_:"%$*'A(%$"?%//"%3C51*"
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%$*'A(%$"%)"/%6'/+"*,"'--'1*"351(,C25A'"->$1*%,$N"!$=''=I"*2'" *5(A'*%$A",-"9,*2"!E<M OG"
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%$*'(51*%,$)"?%*2%$"%)/5$=)I"2,?'&'(I" *2%)"='1('5)'"?5)"$,*" )%A$%-%15$*"PD%A>('"XOKQN"

U2%)"1,>/="C,*'$*%5//+"9'"=>'"*,"*2'"1,$1'$*(5*%,$",-"5$*%9,=+"$,*"9'%$A"2%A2"'$,>A2"

*," )5*>(5*'" 5//" *2'" _:" %$*'A(%$" )%*')" 5*" *2'" 351(,C25A'" )>(-51'N" U2'" 5$*%9,=+"

1,$1'$*(5*%,$" >)'=" PK;" µAm3/Q" ?5)" ,9)'(&'=" *," 9'" )>--%1%'$*" *," %$2%9%*" ]^" %$*'A(%$"

(')>/*%$A" %$" 5" )%A$%-%15$*" ='1('5)'" %$" !E<MOG" D1" 9%$=%$AN" e,?'&'(I" ?2%/)*" *2'"
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