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Isolation of primary human alveolar epithelial cells  
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Type I-like alveolar epithelial cell differentiation and polarization 
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Culture and polarization of lung microvascular endothelial cell  
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Viruses 
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Virus infection of cells  
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Virus replication analysis 
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Quantification of cytokine and chemokine mRNA by real-time quantitative RT-PCR  
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Quantification of cytokine and chemokine proteins by ELISA 
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Lectin histochemistry 
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Statistical analysis 

MU8V=&#('3!A=63'+=! tV='A=!U&A!6A'3!=8!$8HG&7'!=%'!3#II'7'+=!8I!O#7&(! =#='7A! #+!=%'!#+I(6'+T&!O#76A!#+I'$='3!

$'((!A6G'7+&=&+=A!J'=U''+!=%'!'&7(4!&+3!(&='!=#H'!G8#+=W!M%'!X6&+=#=&=#O'!$4=8C#+'!&+3!$%'H8C#+'!H0@Q!

&+3!G78='#+!'`G7'AA#8+!G78I#('!8I!H8$C/! #+I(6'+T&!9,@,!&+3!9E@,!O#76A! #+I'$='3!$'((A!U'7'!$8HG&7'3!

6A#+K!8+'VU&4!Q@klQ/!I8((8U'3!J4!Z8+I'778+#!H6(=#G('V$8HG&7#A8+!='A=W!F#II'7'+$'A!U'7'!$8+A#3'7'3!

A#K+#I#$&+=!&=!p!q!_W_EW!



@&1%$31)

Sialic acid receptor distribution on the polarized type I-like alveolar epithelial cell and HLMVE 
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Polarity of influenza A virus infection and replication in alveolar epithelial cells 
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Polarity of influenza virus infection and replication in lung microvascular endothelial cell 
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Expression of cytokine and chemokine in type I-like alveolar epithelial cell infected with influenza 
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Polarity of cytokine secretion in influenza H5N1 virus infected alveolar epithelium  
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'G#=%'(#&(!$'((!3&H&K'!&+3! 7'K'+'7&=#8+!&+3! =%'!H'3#&=87A! #+O8(O'3! #+! =%#A!G78$'AA!U#((!J'! #HG87=&+=! #+!

6+3'7A=&+3#+K!=%'!G&=%8K'+'A#A!8I!%6H&+!9E@,!3#A'&A'W! ! ! !



;485&3/"9)/"3&0&131)

M%'!&6=%87[A]!3'$(&7'!=%&=!=%'4!%&O'!+8!$8HG'=#+K!#+='7'A=AW!

)

=%37401B)24"30/>%3/4"1)

")*)/!0*1)!&+3!?B"D!$8+$'#O'3!=%'!A=634/!G(&++'3!=%'!8O'7&((!'`G'7#H'+=&(!3'A#K+!&+3!U78='!=%'!

H&+6A$7#G=W!")*)!&+3!0*1)!$&77#'3!86=!=%'!'`G'7#H'+=A!&+3!#+='7G7'=&=#8+!8I!7'A6(=AR!)51/!))9!&+3!

;"1! $&77#'3! 86=! '`G'7#H'+=A! #+! =%'! ZB5V2! (&J87&=874! &+3! &AA#A='3! #+! '`G'7#H'+=A! #+! =%'! ZB5V:!

(&J87&=874W!*9)! &+3! );5! G78O#3'3! =%'! (6+K! J#8GA4! AG'$#H'+A! &+3! ?"@! 3'O'(8G'3! =%'! H'=%83A! 8I!

#HH6+8%#A=8$%'H#A=74!&+3!('$=#+!A=&#+#+K!&+3!1>!$7#=#$&((4!7'O#'U'3!=%'!H&+6A$7#G=W! !
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)

)

)

)

)

)

)

)

)



=2C"4D$&698&"31)

*'!&7'!K7&='I6(! I87! =%'!%'(G!8I!?8&++'!9"!L8+K/!54+A#&!5B!M&+K!&+3!M%8H&A!1k!)%&+!U#=%! =%'!$'((!

$6(=67'/!&+3!H8('$6(&7!J#8(8K4!&+&(4A#A/!"7W!;'O#+!L6+K!I87! =%'!#HH6+8%#A=8$%'H#A=74W!M%#A!U87C!U&A!

A6GG87='3! J4! 0'A'&7$%! L6+3! I87! )8+=78(! 8I! b+I'$=#86A! F#A'&A'! >7&+=! [0L)bF! K7&+=/! 7'I'7'+$'! +8Y!

_:_<_e,2!&+3!_d_d_EE2]!I78H!=%'!0'A'&7$%!L6+3!I87!)8+=78(!8I!b+I'$=#86A!F#A'&A'/!9'&(=%/!*'(I&7'!&+3!

L883!Z67'&6/!98+K!;8+K!BQ0!>8O'7+H'+=!&+3!=%'!>'+'7&(!0'A'&7$%!L6+3![9;N!ed,__^"]/!0'A'&7$%!

>7&+=A!)86+$#(/!98+K!;8+K!BQ0!>8O'7+H'+=![=8!"W)W*W)]R!&+3!Q8S!L6+3#+K![Q8Si"V,2i_d]!I78H!=%'!

Q7'&!8I!S`$'(('+$'!B$%'H'!8I!=%'!N+#O'7A#=4!>7&+=A!)8HH#==''/!98+K!;8+K!BQ0!>8O'7+H'+=W! )



@&#&0&"2&1)

,W! )(&&A! S)/! 3'! ?8+K! ?)/! O&+!Z''C!0/! 0#HH'(TU&&+!>L/!kA='7%&6A!QFY!96H&+! #+I(6'+T&! O#76A!

Qi98+K;8+Ki,Edi^e![9E@,]!#+I'$=#8+W!Vaccine ,^^\/!,d[^V,_]Y^eeV^e\W!
2W! 16'+!;1/!)%&+!D;/!D'#7#A!"/!MA&+K!F@/!P6'!M5/!B%87=7#3K'!;L/!)%'6+K!DM/!M8!*;/!98!SM/!

B6+K!0 et alY!)(#+#$&(!I'&=67'A!&+3!7&G#3!O#7&(!3#&K+8A#A!8I!%6H&+!3#A'&A'!&AA8$#&='3!U#=%!&O#&+!
#+I(6'+T&!Q!9E@,!O#76AW!Lancet ,^^\/!:E,[^,_,]Y<deV<e,W!

:W! )6H6(&=#O'!@6HJ'7!8I!)8+I#7H'3!96H&+!)&A'A!8I!QO#&+!b+I(6'+T&!Qi[9E@,]!0'G87='3!=8!*9k!

f%==GYiiUUUWU%8W#+=i$A7i3#A'&A'i&O#&+t#+I(6'+T&i$86+=74i$&A'At=&J('t2__^t_dt_2i'+i#+3'`W%=H(g!

<W! @#$%8((A! ?"/!)%&+!")/!)%&+!*1/!*8+K!9;/!)%'6+K!)1/!;U8+K!F5/!*8+K!"D/!)%6#!*9/!

D88+!55/!MA&8!B* et alY!M78G#AH!8I!&O#&+!#+I(6'+T&!Q![9E@,]!#+!=%'!6GG'7!&+3!(8U'7!7'AG#7&=874!
=7&$=W!Nat Med 2__e/!,:[2]Y,<eV,<^W!

EW! B%#+4&!;/!SJ#+&!"/!1&H&3&!B/!k+8!"/!;&A&#!@/!;&U&8C&!1Y!QO#&+!I(6Y!#+I(6'+T&!O#76A!7'$'G=87A!

#+!=%'!%6H&+!&#7U&4W!Nature 2__d/!<<_[e_\:]Y<:EV<:dW!
dW! N#G7&A'7=C6(! "/! D6=%&O&=%&+&! D/! B&+KA#7#U6=! ;/! D8876C! D/! B7#A88C! ;/! D'#7#A! "/! @#$%8((A! ?"/!

)%8C'G%&#J6(C#=!;/!l&+G7&G&7!@/!Q6'U&7&C6(!DY!b+I(6'+T&!Q!9E@,!7'G(#$&=#8+!A#='A!#+!%6H&+AW!

Emerg Infect Dis 2__E/!,,[e]Y,_:dV,_<,W!
eW! SH'7K'+$'!8I!&!@8O'(!BU#+'Vk7#K#+!b+I(6'+T&!Q![9,@,]!l#76A!#+!96H&+AW!N Engl J Med 2__^W!
\W! BH#=%! >?/! l#c&4C7#A%+&! F/! Z&%(! ?/! 54$'==! B?/! *878J'4! "/! D4J6A! k>/! "&! B;/! )%'6+K! )5/!

0&K%U&+#! ?/!Z%&==! B et alY!k7#K#+A! &+3! 'O8(6=#8+&74! K'+8H#$A! 8I! =%'! 2__^! AU#+'V87#K#+!9,@,!
#+I(6'+T&!Q!'G#3'H#$W!Nature 2__^/!<E^[e2E_]Y,,22V,,2EW!

^W! >A=7&6+=%&('7!>?Y!SG#=%'(#&(!$'((A!#+!=#AA6'!$6(=67'W!Ren Physiol Biochem ,^\\/!,,[,V2]Y,V<2W!
,_W! )%&+!")/!)%'6+K!)1/!)%6#!*9/!MA&8!B*/!@#$%8((A!?"/!)%&+!1k/!)%&+!0*/!58+K!9M/!D88+!

55/!>6&+!1 et alY!D78#+I(&HH&=874!$4=8C#+'!7'AG8+A'A!#+36$'3!J4!#+I(6'+T&!Q![9E@,]!O#76A'A!#+!
G7#H&74!%6H&+!&(O'8(&7!&+3!J78+$%#&(!'G#=%'(#&(!$'((AW!Respir Res 2__E/!dY,:EW!

,,W! Z6$%4!D/!"&734!B/!l8+K!B/!M8483&!M/!Q6J#+! ?M/!"#(('7!"/!M86$%!B/! B8O&++!5/!F6I867$X! ?Z/!

0#$%+'7!Z et alY! b+I(6'+T&!Qi9E@,!O#76A! #+I'$=#8+! #+! %6H&+A! #+!)&HJ83#&W!J Clin Virol 2__e/!
:^[:]Y,d<V,d\W!

,2W! 3'! ?8+K!"F/! B#HH8+A!)D/! M%&+%!MM/!9#'+!l"/! BH#=%!>?/!)%&6!M@/!98&+K!F"/!)%&6!@l/!

;%&+%!M9/!F8+K!l) et alY!L&=&(!86=$8H'!8I!%6H&+!#+I(6'+T&!Q![9E@,]!#A!&AA8$#&='3!U#=%!%#K%!
O#7&(!(8&3!&+3!%4G'7$4=8C#+'H#&W!Nat Med 2__d/!,2[,_]Y,2_:V,2_eW!

,:W! >6!?/!u#'!v/!>&8!v/!5#6!?/!;87='U'K!)/!1'!?/!5&6!5M/!56!?/!v%&+K!Z/!"$@6==!"Q et alY!9E@,!
#+I'$=#8+! 8I! =%'! 7'AG#7&=874! =7&$=! &+3! J'48+3Y! &! H8('$6(&7! G&=%8(8K4! A=634W! Lancet 2__e/!
:e_[^E^:]Y,,:eV,,<EW!

,<W! 3'! ?8+K!"F/!Z&$%!l)/!D%&+!MP/!l8!"9/!M7&+!MM/!@K64'+!Z9/!Z'(3!"/!5'!MD/!M768+K!9;/!

@K64'+!ll et alY!L&=&(!&O#&+!#+I(6'+T&!Q![9E@,]!#+!&!$%#(3!G7'A'+=#+K!U#=%!3#&77%'&!I8((8U'3!J4!
$8H&W!N Engl J Med 2__E/!:E2[e]Yd\dVd^,W!

,EW! 1&8!5/!;87='U'K!)/!9A6'%!*/!>6!?Y!QO#&+! #+I(6'+T&!7'$'G=87!'`G7'AA#8+!#+!9E@,V#+I'$='3!&+3!

+8+#+I'$='3!%6H&+!=#AA6'AW!FASEB J 2__\/!22[:]Ye::Ve<_W!
,dW! L6$%A!B/!98((#+A!Q?/!5&6'!"/!B$%&'I'7!NL/!08'H'7!;/!>6HJ('=8+!"/!5'%7!)"Y!F#II'7'+=#&=#8+!

8I!%6H&+!&(O'8(&7!'G#=%'(#&(!$'((A!#+!G7#H&74!$6(=67'Y!H87G%8(8K#$&(!$%&7&$='7#T&=#8+!&+3!A4+=%'A#A!

8I!$&O'8(#+V,!&+3!A67I&$=&+=!G78='#+V)W!Cell Tissue Res 2__:/!:,,[,]Y:,V<EW!



,eW! ;76+C8AC4!M"/!L#A$%'7!Z"/!"&7=#+!5F/!?8+'A!@/!QC('4!@?/!Q3('7!;ZY!SII'$=A!8I!M@LV&(G%&!8+!

'`G7'AA#8+!8I! b)Q"V,! #+!%6H&+!&#7U&4!'G#=%'(#&(!$'((A! #+!O#=78W!B#K+&(#+K!G&=%U&4A!$8+=78((#+K!

A67I&$'!&+3!K'+'!'`G7'AA#8+W!Am J Respir Cell Mol Biol 2___/!22[d]Yd\EVd^2W!
,\W! ?67$T4(6C! ?/! Z78U+! F/! B=&+('4! ;;Y! D8(&7#A'3! A'$7'=#8+! 8I! $4=8C#+'A! #+! G7#H&74! %6H&+!

H#$78O&A$6(&7! '+38=%'(#&(! $'((A! #A! +8=! 3'G'+3'+=! 8+!@V(#+C'3! K(4$8A4(&=#8+W!Cell Biol Int 2__:/!
2e[,2]Y^^eV,__:W!

,^W! @#$%8((A!?"/!Z867+'!Q?/!)%'+!9/!>6&+!1/!D'#7#A!?BY!B#&(#$!&$#3!7'$'G=87!3'='$=#8+!#+!=%'!%6H&+!

7'AG#7&=874! =7&$=Y! 'O#3'+$'! I87!U#3'AG7'&3! 3#A=7#J6=#8+! 8I! G8='+=#&(! J#+3#+K! A#='A! I87! %6H&+! &+3!

&O#&+!#+I(6'+T&!O#76A'AW!Respir Res 2__e/!\Ye:W!
2_W! )7&G8!?F/!Z&774!ZS/!>'%7!D/!Z&$%8I'+!"/!*'#J'(!S0Y!)'((!+6HJ'7!&+3!$'((!$%&7&$='7#A=#$A!8I!=%'!

+87H&(!%6H&+!(6+KW!Am Rev Respir Dis ,^\2/!,2E[d]Ye<_Ve<EW!
2,W! M%8HGA8+!)b/!Z&7$(&4!*B/!v&HJ8+!")/!D#$C('A!0?Y! b+I'$=#8+!8I!%6H&+!&#7U&4!'G#=%'(#6H!J4!

%6H&+!&+3!&O#&+!A=7&#+A!8I!#+I(6'+T&!&!O#76AW!J Virol 2__d/!\_[,d]Y\_d_V\_d\W!
22W! SJ#A&U&!bM/!;#=&H8=8!k/!M&C'6$%#!1/!"&C#+8!"Y!bHH6+8$4=8(8K#$!A=634!8I!+&A&(!'G#=%'(#&(!$'((A!

#+!#+I(6'+T&W!Am Rev Respir Dis ,^d^/!^^[<]YE_eVE,EW!
2:W! M&A%#78!"/!1&H&C&U&!"/!M8J#=&!;/!;('+C!9F/!08==!0/!B'=8!?MY!k7K&+!=78G#AH!8I!B'+3&#!O#76A!#+!

H#$'Y! G78='8(4=#$! &$=#O&=#8+! 8I! =%'! I6A#8+! K(4$8G78='#+! #+!H86A'! 87K&+A! &+3!J633#+K! A#='! &=! =%'!

J78+$%#&(!'G#=%'(#6HW!J Virol ,^^_/!d<[\]Y:d2eV:d:<W!
2<W! M&A%#78! "/! 1&H&C&U&! "/! M8J#=&! ;/! B'=8! ?M/! ;('+C! 9F/! 08==! 0Y! Q(='7'3! J633#+K! A#='! 8I! &!

G&+=78G#$! H6=&+=! 8I! B'+3&#! O#76A/! L,V0/! #+! G8(&7#T'3! 'G#=%'(#&(! $'((AW! J Virol ,^^_/!
d<[,_]Y<de2V<deeW!

2EW! 08=%! ">/! B7#+#O&A! 0l/! )8HG&+A! 0*Y! Z&A8(&='7&(! H&=67&=#8+! 8I! 7'=78O#76A'A! #+! G8(&7#T'3!

'G#=%'(#&(!$'((AW!J Virol ,^\:/!<E[:]Y,_dEV,_e:W!
2dW! 08AA'+!?*/!987T#+'C!")/!08==#'7!D?Y!)878+&O#76A!#+I'$=#8+!8I!G8(&7#T'3!'G#=%'(#&(!$'((AW!Trends 

Microbiol ,^^E/!:[,2]Y<\dV<^_W!
2eW! Z(&6! F"/! )8HG&+A! 0*Y! S+=74! &+3! 7'('&A'! 8I! H'&A('A! O#76A! &7'! G8(&7#T'3! #+! 'G#=%'(#&(! $'((AW!

Virology ,^^E/!2,_[,]Y^,V^^W!
2\W! 08J'7=A!B0/!)8HG&+A!0*/!*'7=T!>*Y!0'AG#7&=874!A4+$4=#&(!O#76A!H&=67'A!&=!=%'!&G#$&(!A67I&$'A!

8I!G8(&7#T'3!'G#=%'(#&(!$'((AW!J Virol ,^^E/!d^[<]Y2ddeV2de:W!
2^W! B='#+%&6'7!FQY!08('!8I!%'H&KK(6=#+#+!$('&O&K'!I87!=%'!G&=%8K'+#$#=4!8I!#+I(6'+T&!O#76AW!Virology 

,^^^/!2E\[,]Y,V2_W!

:_W! 1'+!95/!Q(37#3K'!?0/!Z88+!Q)/!b(46A%#+&!@Q/!B&(8H8+!0/!96(A'VD8A=!F?/!"&7c6C#!9/!L7&+CA!?/!

Z8(=T!FQ/!Z6A%!F et alY!)%&+K'A!#+!9E@,!#+I(6'+T&!O#76A!%'H&KK(6=#+#+!7'$'G=87!J#+3#+K!38H&#+!
&II'$=!A4A='H#$!AG7'&3W!Proc Natl Acad Sci U S A 2__^/!,_d[,]Y2\dV2^,W!

:,W! QJ3'(V>%&I&7! Q@/! )%8=G#=&4&A6+8+3%! M/! >&8! v/! 9&43'+! L>/! @K64'+! F9/! 3'! ?8+K! "F/!

@&K%3&(#4'O!Q/!D'#7#A!?B/!B%#+38!@/!B8'78A8!B et alY!NG3&='!8+!&O#&+!#+I(6'+T&!Q![9E@,]!O#76A!
#+I'$=#8+!#+!%6H&+AW!N Engl J Med 2__\/!:E\[:]Y2d,V2e:W!

:2W! Q3&HA8+! b1/!Z8U3'+!F9Y! M%'! =4G'! 2! $'((! &A! G78K'+#=87! 8I! &(O'8(&7! 'G#=%'(#&(! 7'K'+'7&=#8+W!Q!

$4=834+&H#$!A=634!#+!H#$'!&I='7!'`G8A67'!=8!8`4K'+W!Lab Invest ,^e</!:_[,]Y:EV<2W!
::W! l7&$C8!0Y!B#K+#I#$&+$'!8I!J&A&(!(&H#+&!I87!7'K'+'7&=#8+!8I!#+c67'3!(6+KW!Virchows Arch A Pathol 

Pathol Anat ,^e2/!:EE[:]Y2d<V2e<W!
:<W! ;&U&+&H#! k/! L'77&+A! l?/! )74A=&(! 0>Y! B=76$=67'! 8I! &(O'8(&7! 'G#=%'(#&(! $'((A! #+! G&=#'+=A! U#=%!



I#J78=#$!(6+K!3#A873'7AW!Lab Invest ,^\2/!<d[,]Y:^VE:W!
:EW! 08++#!M/!"&=#C&#+'+!B/!B&7'+'O&!M/!"'('+!;/!D#7%8+'+!?/!;'AC#+'+!D/!?6(C6+'+!bY!0'K6(&=#8+!8I!

bL@V&(G%&iJ'=&/! "`Q/! 2s/EsV8(#K8&3'+4(&='! A4+=%'=&A'/! &+3! 95Q! K'+'! '`G7'AA#8+! #+! #+I(6'+T&!

QV#+I'$='3!%6H&+!(6+K!'G#=%'(#&(!$'((AW!J Immunol ,^^e/!,E\[E]Y2:d:V2:e<W!
:dW! )%'6+K!)1/!D88+!55/!5&6!QB/!56C!*/!5&6!15/!B%87=7#3K'!;L/!>8738+!B/!>6&+!1/!D'#7#A! ?BY!

b+36$=#8+!8I!G78#+I(&HH&=874!$4=8C#+'A!#+!%6H&+!H&$78G%&K'A!J4!#+I(6'+T&!Q![9E@,]!O#76A'AY!&!

H'$%&+#AH!I87!=%'!6+6A6&(!A'O'7#=4!8I!%6H&+!3#A'&A'w!Lancet 2__2/!:d_[^:<\]Y,\:,V,\:eW!
:eW! D'#7#A!?B/!16!*)/!5'6+K!)*/!)%'6+K!)1/!@K!*L/!@#$%8((A!?"/!@K!M;/!)%&+!;9/!5&#!BM/!5#H!

*5 et alY! 0'V'H'7K'+$'! 8I! I&=&(! %6H&+! #+I(6'+T&! Q! A6J=4G'! 9E@,! 3#A'&A'W! Lancet 2__</!
:d:[^<_^]Yd,eVd,^W!

:\W! M'764&VL'(3A='#+!?/!?&II'!SB/!Z673!D0/!;&+'K&+'!9/!;#+KH&!F*/!*#(A8+!*9/!58+K8!F5/!M8A&=8!

>Y! M%'! 78('! 8I! "#K/! =%'! H8+8C#+'! #+36$'3! J4! #+='7I'78+VK&HH&/! &+3! bDV,_/! =%'!

#+='7I'78+VK&HH&V#+36$#J('! G78='#+V,_/! #+! =#AA6'! +'$78A#A! &+3! O&A$6(&7! 3&H&K'! &AA8$#&='3! U#=%!

SGA='#+VZ&77!O#76AVG8A#=#O'!(4HG%8G78(#I'7&=#O'!3#A'&A'W!Blood ,^^e/!^_[,_]Y<_^^V<,_EW!
:^W! Z&KK#8(#+#!"Y!)%'H8C#+'A!&+3!('6C8$4='!=7&II#$W!Nature ,^^\/!:^2[dded]YEdEVEd\W!
<_W! v(8=+#C! Q/! 18A%#'! kY! )%'H8C#+'AY! &! +'U! $(&AA#I#$&=#8+! A4A='H! &+3! =%'#7! 78('! #+! #HH6+#=4W!

Immunity 2___/!,2[2]Y,2,V,2eW!
<,W! )&HG&+'((&!>Bl/!>7#HH!?/!"&+#$'!5Q/!)8(O#+!0Q/!"'38II!ZF/!*8c=C#'U#$T!>0/!*'#AA('3'7!0/!

56A='7!QFY!k(#K8H'7#T&=#8+! 8I!)u)5,_! bA!@'$'AA&74! I87!S+38=%'(#&(!)'((! D7'A'+=&=#8+! &+3! b+!

l#O8!Q$=#O#=4W!J Immunol 2__d/!,ee[,_]Yd^^,Vd^^\W!
<2W! Z6AAI'(3!F/!;&6IH&++!Q/!"'4'7!0>/!>'HA&!F/!BG7'+K'7!9Y!F#II'7'+=#&(!H8+8+6$('&7!('6C8$4='!

&==7&$=#+K!$%'H8C#+'!G7836$=#8+!&I='7! A=#H6(&=#8+!U#=%! &$=#O'! &+3! #+&$=#O&='3! #+I(6'+T&!Q!O#76AW!
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