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1/ Epidémiologie

<#!1.9($/.'62(!WR>H!$(-$52(%1(!(%/6$(!4(!%62!A6.$2!.%!-$69'P;(!4(!2#%15!-.9'+:.(!;#A(.$U!

E%!O^YL)!6%!(21+;(!:.(!/(11(!;#'#4+(!#!-$6&6:.5!'(!45/P2!d’1,5 million d’individus à tr#&($2!

'(!;6%4(!46%1!^)L!;+''+6%!-$52(%1#%1!.%(!/6=+%C(/1+6%!#&(/! '(!&+$.2!de l’immu%645C+/+(%/(!

0.;#+%(!WTBaHU!On estime qu’il y #!(.!X)Y!;+''+6%2!4(!%6.&(#.7!/#2!4(!R>!/(11(!;b;(!#%%5()!

'#!-'.-#$1!(%!32+(! W`Vc!4(2!/#2!161#.7!$(/(%252H!(1!(%!3C$+:.(! WOVcHU!D@#.1$(2!(%4$6+12!4.!

;6%4(! 26%1! 16./05(2)! 4(! ;#%+P$(! ;6+%2! +;-6$1#%1()! /6;;(! '#! $5,+6%! E21! 4.! 9#22+%!

;54+1($$#%5(%! (8%), l’Europe (3%) et l’Amérique (3cH!Wd*Q)!G#--6$1!O^Y`H! WCBPLT4$!HU! <(2!

OO!-#82!$5-($16$+52!4#%2!'(!13\943L$!!$(-$52(%1(%1!e!(.7!2(.'2!VZc!4(!16.2!'(2!%6.&(#.7!/#2!

(21+;52!4(!R>!(%!O^YLU!L’incidence de la R>!&#$+(! C6$1(;(%1!2('6%! '(2!$5,+6%2U!<(2! 1#.7! '(2!

-'.2!9#2!26%1!692($&52!4#%2! '(2!-#82!45&('6--52)! incluant la plupart des pays d’Europe de 

l’ouest, le Canada, les E1#12=f%+2, l’Australie et la ]6.&(''(=g5'#%4(U! D#%2! /(2! -#82)!

l’incidence est inférieure à 10 cas pour 10^!^^^! +%4+&+4.2U!E%!O^YL)! '(!>$52+')! '#!G.22+(!(1! '#!

"0+%(! 26%1! 1$6+2! -#82! :.+! 6%1! &.! /(11(! &#'(.$! /0.1($! fortement, alors que d’autres pays, 

%61#;;(%1! (%! 3C$+:.()! 6%1! (%/6$(! .%(! +%/+4(%/(! 4(! -'.2! 4(! `^^JY^^!^^^! VCBPLT4$ "WU!

Globalement, l’incidence est $(215(! $('#1+&(;(%1! 21#9'(! 4(-.+2! '(2! #%%5(2! 1990 jusqu’aux 

#%%5(2! O^^^! #&#%1! 4(! /6;;(%/($! e! 45/'+%($! '(%1(;(%1! jusqu’à nos jours Wd*Q)! G#--6$1!

O^Y`HVCBPLT4$ #WU! E%! 1($;(2! 4(! ;6$1#'+15)! '#! R>! 2(! $#%,(! #.! /\15! 4.! QBD3! /6;;(! /#.2(!

-$+%/+-#'(!4(!45/P2!-#$!.%!#,(%1!+%C(/1+(.7!.%+:.(!VCBPLT4$=WI$<(!%6;9$(!4(!45/P2!4.2!e!'#!

R>! (21! 4(! YSJY^^!000 en 2014. A l’instar de l’incidence, 4(! 1$P2! C6$1(2! &#$+#1+6%2! 4(! '#!

;6$1#'+15! 26%1! 692($&5(2! (%1$(! '(2! 4+CC5$(%1(2! $5,+6%2! 4.! ;6%4()! #''#%1! 4(! ;6+%2! 4(!

YJY^^!^^^! 4#%2! '(2! $5,+6%2! 45&('6--5(2! /6;;(! '(2! E1#12=Unis, le Canada et l’Europe de 

l’6uest, jusqu’à plus de L^JY^^!^^^! 4#ns certaines régions d’Afrique! et d’Asie VCBPLT4$

M(WU?'69#'(;(%1)!'(!1#.7!4(!;6$1#'+15!#!/0.15!4(!L[c!(%1$(!'(2!#%%5(2!YXX^!(1!O^Y`!VCBPLT4$

M5W)!;#+2!'#!;6$1#'+15!4.(!e!'#!R>!$(21(!1$P2!+;-6$1#%1()!/(!:.+!%5/(22+1(!.%!2.+&+!2/+(%1+C+:.(!

(1!2#%+1#+$(!+;-6$1#%1!#C+%!4(!A.,.'($!'@+%C(/1+6%!(1!4(!-($;(11$(!.%(!'.11(!(CC+/#/(!/6%1$(!'#!

;#'#4+(U$
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"#$%&'!()Estimation de l’incidence de la *+!,-./!0'!12.,'!'.!34(5!"#$%&!'())*+,!-./012!
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"#$%&#'!()!*&+!,,!-#.+!%&+!-%'+!/0'123+!-#4!%#!"5!&6!,7(8!

"#!$%&'(!)*+!,-.!/0.!,-!12.3456-##-#7!dans ces 22 pays, pour la plupart d’Afrique et d’Asie. 

La mortalité, la prévalence et l’incidence sont indiqué-.!-#!#89:4-!;834!&%%!%%%!<0:670#7.=!

>0! 50?-34! 4-?0765-! @! ?0!98470?67A! -B/?3-! ?-.! /0.! ,-! /8C6#D-/768#! 05-/! ?-! EFG! HIJK(! L0;;847!
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"#$%&'!()!*'+!,#-!./0+!.&1+'23/23!4/!.4%+!56&3'!#27#,'27'!,'!89!'2!(:;<!

=>! "#$%&'#$'! en nombre absolu faisant apparaitre notamment que l’Inde(! )! '**'! +',*'(!

-'.-/+'#0'! 1! 2%**%3#+! &'! $4+5! 9>! 6'.-/+'#040%3#! 237'##/'! de l’incidence +,-! 899!999!

habitants par année. L’écart représente l’%#0'-:4**'! &'! $3#;%4#$'! &'! <=>! ?@AB(! 64..3-0!
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"#$%&'!()!*+,#-.,#/0!.1+/2%'!3%!0/-1&'!3'!4.+!3'!56!',!3'!3748+!9'0!-#22#/0!:.&!.0;!3'!

<==>!?!@><A!

B;! "#$%&'#$'! &'! ()! *+! '#! ,%((%-#.! d’individus de! /001! 2! 31/45! 6)! $-789'! :'8;'! %#&%<7'!

(=%#;>?8)(%;>! &'.! $).! ;79'8$7('7@A! $'(('! '#! 8-7?'! %#&%<7'! ('.! $).! &'! B);%'#;.! *+! $-C%#D'$;>.!

):'$!('!E"F5!6;!G-8;)(%;>!)..-$%>'!2!()!;79'8$7(-.'!'#!,%((%-#.!&=%#&%:%&7.!&'!/001!2!31/45!6)!

$-789'! 8-.'! %#&%<7'! (=%#;>?8)(%;>! &'.! $).! &'! &>$H.! $)7.>.! 7#%<7','#;! B)8! ()! *+A! $'(('! '#!

8-7?'! %#&%<7'! ('.! &>$H.! &7.2! ()! ;79'8$7(-.'! $I'J! ('.! .7K';.! $-C%#D'$;>.! ):'$! ('! E"F! LMGNA!

O)BB-8;!31/PQ5!
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"#$%&'!()!*'+!,#-!./%+!$&01,'+!20%+'+!,'!34&50/#56!7!5&08'&+!/'!341,'!'1!9:;9!

"#! $%! &'! ()&*+*),,'! ',! -'! ()&*+*),! ',! +'./'! 0'! 1#2&'! 0'! /).+#3*+4! /),0*#3'! ',! 56758!

L’histogramme gris représente les 0419&02&! :! 3#! +2;'.123)&'! 1<'=! 3'&! (#+*',+&! 1)>*,?'1+4&!

#@'1!3'!ABC!DEFGH!I#(().+!567-J8!
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"#$%&'!()!*+&,-.#,/!-00+1#/'!2!.-!34!

56! "#$%&'$%()!*+! ,'!&(-$',%$.! /'0#.+!1'-! ,'! 23!+)! 4567! 8+9/,0')$! ,+#! %)*%:%*0#! '$$+%)$#! *0!

;<=>?! 46! ":(,0$%()! *+! ,'! &(-$',%$.! /'0#.+! 1'-! ,'! 23! +)$-+! 6@@5! +$! 456A! *')#! *%BB.-+)$+#!

-.C%()#!*0!&()*+!8+9/,0')$!,+#!%)*%:%*0#!=<;D1(#%$%B>!8EFGH!I'11(-$!456A>?!

B

A



;!

!

2/ Agent étiologique et traitements

!"#$%&'()*'+,-./0$+/),-'/1(2.2$

<#! R>! (21! .%(! ;#'#4+(! /0$6%+:.()! -$+%/+-#'(;(%1! -.';6%#+$()! /#.25(! -#$! '#! 9#/15$+(!

EH"46%"+#)*'$!+'6#)"'04(*(!NE+6O)!5,#'(;(%1!#--('5!9#/+''(!4(!_6/0)!45%6;+%#1+6%!&(%#%1!

4+$(/1(;(%1! 4(! 26%! 45/6.&$(.$, l’allemand Robert Koch, en 1982)! (1! 4#%2! .%(! ;6+%4$(!

;esure d’autres bactéries apparentées du complexe «!R.9($/.'62+2!hU! <(2! ;8/69#/15$+(2!

-622P4(%1!.%(!-#$6+!-#$1+/.'+P$()!#--('5(!i!;8/6;(;9$#%(!h)!'(2!$(%4#%1!-(.!2(%2+9'(2!#.7!

/6'6$#%12! 6$4+%#+$(2! (1! #.! ?G3*)! .1+'+252! -$+%/+-#'(;(%1! -6.$! /'#22($! '(2! 9#/15$+(2U! <#!

;8/6;(;9$#%(! /6%CP$(! des propriétés d’acido=#'/6'6=résistance permettant l’utilisation 

d’une coloration particulière)!4+1(!4(!g+(0'=](('2(%)!#C+%!4(!$5&5'($!'(!-#106,P%(U!<#!9#/15$+(!

2(!-$52(%1(!/6;;(!.%!9#/+''(!4$6+1!6.!'5,P$(;(%1!+%/.$&5)!4(!^)O!e!^)Sj;!4(!4+#;P1$(!2.$!Y!

e!Y^j;!4(!'6%,.(.$U!Q.$!'(!-'#%!21$./1.$#')!'#!;8/6;(;9$#%(!(21!.%(!-#$6+!$+/0(!(%!'+-+4(2!

WS^c! 4(2! /6%21+1.#%12H! 46%1! '#! /6%21+1.1+6%! (7-'+:.(! -#$1+(''(;(%1! '#! -#106,5%+/+15! (1! '#!

$52+21#%/(!#.7!#%1+9+61+:.(2U!!

<#!-#$6+!(21!/6%21+1.5(!4(!1$6+2!/6./0(2U!<#!/6./0(!+%15$+(.$(!(21!C6$;5(!4(!-(-1+46,'8/#%(!

2.$!'#:.(''(!&+(%%(%1!se fixer des polymères d’arabinose et de galactose (arabino=,#'#/1#%(H!

s’attachant à leur tour à des acides mycoliques présents dans la couche intermédiaireU!"(2!

#/+4(2! ;8/6'+:.(2! /6%21+1.(%1! .%(! 4(2! -#$1+/.'#$+152! 4(! '#! ;8/6;(;9$#%(! 4(! -#$! '(.$!

'6%,.(.$! 5'(&5(! W/0#+%(! d’acides! ,$#2! /6;-625(! 4(! [V! e! X^! /#$96%(2HU! E%C+%)! '#! -#$1+(!

(71($%(! (21! C6$;5(! d’une surface de phospholipides et de peptidoglycolipides. La paro+!

/6;-$(%4!4(2!;6'5/.'(2!4(!-6$+%(!(1!4(! '+-6=#$#9+%6;#%#%%(!W<3*H!:.+!26%1!#%/$5(2!-#$!

'(.$2!-#$1+(!'+-+4+:.(!4#%2!'#!;(;9$#%(!/816-'#2;+:.(!(1!:.+!/6;;.%+:.(%1!#&(/!'#!2.$C#/(!

/(''.'#+$(!-#$!'(.$!-#$1+(!-6'82#//0#$+4+:.(W>$6M%!#+!%0:)!O^Y`HVCBPLT4$?WU!E+6)!/6%1$#+$(;(%1!

e! 4@#.1$(2! ;8/69#/15$+(2! %6%! -#106,P%(2)! -$52(%1(! .%(! /6+CC(! ;#%%628'5(! #.! %+&(#.! 4.!

<3*!W#--('5!#'6$2!*#%<3*HU!<(!*#%<3*!(21!$(/6%%.!-#$!.%!/($1#+%!%6;9$(!4(!$5/(-1(.$2!

4(! '@0\1(! /6%4.+2#%1! e! .%(! +%0+9+1+6%! 4(! '#! -$64./1+6%! 4(! ;54+#1(.$2! /816K+%+:.(2!

+%C'#;;#16+$(2!/6;;(!'@B<=YO!(1! '(!R]F=α, C#&6$+2#%1!#+%2+!.%!(%&+$6%%(;(%1!;6+%2!0621+'(!

-6.$! '#! 9#/15$+(! '6$2! 4(! '@+%C(/1+6%! W_%.126%! #+! %0:)! YXXVH. "6%/($%#%1! '(2! ,'8/6'+-+4(2!

-$52(%12! e! '#! 2.$C#/()! 6%! -(.1! '(2! 2.94+&+2($! (%! 4(.7! C#;+''(2I! '(2! 1$50#'62(2! (1! '(2!

-010+6/5$6'2U! N#$;+! '(2! 1$50#'62(2)! 6%!-(.1!%61($! '#! -$52(%/(!4(! 1$50#'62(=S)S@=4+;8/6'#1(!



!

!

!

!!!!!!!!!

!

"#$%&'!()!*+&%,+%&'!-'!l’enveloppe de !"#!

La mycomembrane consiste en une couche de peptidoglycane et d’arabinogalactane"!

"#$%&$'"("! )!une couche d’acide mycoliques*! +,!$,&'-! %".! .&,/%&"(%!$,&!0%"!1'2(3#2%"!0%!

2-$',&,4-5'1,55,5%! ,-5"-! 6#%! 0%"! $'&-5%"*! +,! "#&7,3%! %".! &%3'#/%&.%! 0%! 0-77(&%5."!

8293'2-$-0%"!:;&'<5!%.!,2*=!>?@AB*!

!

!

!

!



!:!

!

WRD*H)! #.22+! /6%%.! 26.2! '(! %6;! 4(! k"4).! 9%"+4)k)! '(:.('! (21! '@.%! 4(2! ;(;9$(2! '(2! -'.2!

#96%4#%12!(1!4(2!-'.2!167+:.(2!4(!/(11(!C#;+''(!4(!;6'5/.'(2U!3!'@+%21#$!4.!*#%<3*)!'(!RD*!

(21! $(/6%%.! -#$! /($1#+%2! $5/(-1(.$2! 4.! 2821P;(! +;;.%+1#+$(! 4(! '@0\1()! /(! :.+! /6%4.+1! e!

-($1.$9($!'#!$5,.'#1+6%!'#!$5-6%2(!+;;.%(!(1!+%C'#;;#16+$(U!<(!RD*!-($;(1!%61#;;(%1!e!

'#! 9#/15$+(!4(!;+(.7! $52+21($!à différents stress à l’intérieur des!;#/$6-0#,()!4@+%0+9($! '(2!

-$6/(22.2! 4(! -$52(%1#1+6%! #%1+,5%+:.(! #+%2+! :.(! 4@#'15$($! '#! $5-6%2(! -$61(/1$+/(! 4(2!

'8;-06/81(2! R! Wl('20! #+! %0:)! O^YZHU! E%! /(! :.+! /6%/($%(! '(2! -010+6/5$6'2)! /(.7=/+!

/6;-$(%%(%1'(2!4+;8/6/5$62#1(2! WDB*H!(1! '(2!,'8/6'+-+4(2!-05%6'+:.(2! WN?<HU! B'2! A6.(%1!.%!

$\'(! -$5-6%45$#%1! 4#%2! '#! -($;5#9+'+15!;(;9$#%#+$()! #+%2+! :.(! 4#%2! '#! -$61(/1+6%! /6%1$(!

'@#/1+&+15! ;+/$69+/+4(! 4(2! ;#/$6-0#,(2! W"#;#/06! #+! %0:)! O^^Ym! "#;9+($! #+! %0:)! O^YLm!

G6.22(#.!#+!%0:)!O^^LHU!<(2!N?<!-$52(%1(%1!.%(!21$./1.$(!2+;+'#+$(!#.7!DB*!#&(/!/(-(%4#%1!

.%(! /0#n%(! -010+6/5$6'! -62254#%1! .%(! /6+CC(! ,'8/628'5(! -05%6'+:.(! WD#CC(! #+! %0:)!

YXV[HU<@(%2(;9'(!4(! /(2! /6;-6252! 9#/15$+(%2!(21! $(/6.&($1!4@.%(! /#-2.'(! -$+%/+-#'(;(%1!

/6;-625(!4(!-6'82#//0#$+4(2!(1!4(!-$615+%(2!WD#CC(!#%4!E1+(%%()!YXXXHU!d.1$(!4.!;#%%#%(!

(1! 4(! '@#$#9+%6;#%%#%()! '(! ,'./#%(! (21! +4(%1+C+5! /6;;(! '(! -6'82#//0#$+4(! '(! -'.2!

#96%4#;;(%1! $(1$6.&5! 4#%2! '#! /#-2.'(! 4(! E+6! W<(;#22.! #%4! D#CC()! YXXLHU! N#$;+! '(2!

-$615+%(2!/#-2.'#+$(2)!'#!;#A(.$(!(21!'#!-$615+%(!4(!YXKD#<-:a)!:.+!A6.(!.%!$\'(!+;-6$1#%1!

4#%2! '#! ;64.'#1+6%! 4(! '#! $5-6%2(! +;;.%+1#+$()! %61#;;(%1! (%! +%0+9#%1! '@(7-$(22+6%! 4(!

%6;9$(.7!,P%(2!4(!$5-6%2(!e! '@BF]γ WN(%%+%+!#+!%0:)!O^^SHU!D@#.1$(2!-$615+%(2! +;-6$1#%1(2!

(7-$+;5(2!#.!%+&(#.!4(!'#!/#-2.'(!26%1!'(2!-$615+%(2!4.!/6;-'(7(!4(!'@#%1+,P%(!V`)!:.+!26%1!

-$+;6$4+#'(2! 4#%2! '#! C6$;#1+6%! 4(! '#! ;8/6;(;9$#%()! %61#;;(%1! (%! -($;(11#%1! '#!

,5%5$#1+6%!4.!RD*!W>('+2'(!#+!%0:)!YXX[HU!<#!$+/0(22(!(%!2./$(2!(1!(%!;61+C2!,'8/628'52!4(!'#!

;8/6;(;9$#%(! $(-$52(%1(! .%! 5'5;(%1! /'5! 4#%2! '(! -$6/(22.2! 4(! $(/6%%#+22#%/(! 4(! '#!

9#/15$+(!-#$!'(!2821P;(!+;;.%+1#+$(U!E%!(CC(1)!/(2!2./$(2!26%1!$(/6%%.2!2-5/+C+:.(;(%1!-#$!

une famille importante de récepteurs de l’hôte que sont les lectines de 18-(="!W"<G2H)!46%1!'(!

$\'(!2($#!-'.2!451#+''5!4#%2!.%(!-#$1+(!.'15$+(.$(!4.!;#%.2/$+1U$

<#! ;#A6$+15! des lipides de l’enveloppe mycobactérienne! 26%1! '(2! -$64.+12! 4(2! -6'8K(1+4(!

28%10#2(!WN_QHU!"(2!(%o8;(2!;.'1+C6%/1+6%%(''(2!26%1!+;-'+:.5(2!4#%2!'#!9+628%10P2(!4@.%(!

'#$,(!,#;;(!4(!;51#96'+1(2!#--('52!-6'8K51+4(2U!"(!-$6/545!(21!1$P2!2+;+'#+$(!e!/('.+!4(!'#!

,5%5$#1+6%!4@#/+4(2!,$#2!W/8/'(2!4(!/6%4(%2#1+6%!4@#/+4(2!/#$967+'+:.(2!2.+&+!4@5'+;+%#1+6%!4(!

/#$9678'#1(2HWl#'20!#+!%0:)!YXX[HU!<#!9+628%10P2(!4(!/(2!-6'8K51+4(2!C#+2#%1!+%1($&(%+$!'(2!N_Q!



!!!

!

(21! .%! C#/1(.$! 4(! &+$.'(%/(! +;-6$1#%1! -6.$! '#! ;8/69#/15$+(U! N#$! (7(;-'()! '#! ,5%5$#1+6%!

4@#/+4(2! ;8/6'+:.(2)! :.+! 26%1! (22(%1+('2! e! '#! 2.$&+(! 4(! '#! 9#/15$+()! $(:.+($1! '#! -6'8K(1+4(!

28%10#2(! N_QYZ! WN6$1(&+%! #+! %0:)! O^^LHU! <(2! N_Q! 26%1! 5,#'(;(%1! +%4+2-(%2#9'(2! e! '#!

9+628%10P2(!4(2!DB*!(1!N?<!WD.9(8!#+!%0:)!O^^Om!G#+%M#1($!#%4!_6'#11.K.48)!YXV`HU!D(!-'.2!+'!

#!515!;6%1$5!:.(!4(2!+%#/1+&#1+6%2!4(!4(.7!,P%(2!(7-$+;#%1!4(2!N_Q!W1U(g!(1!1U(hH!/6%4.+1!e!

.%(!+;-6$1#%1(!#115%.#1+6%!4(!'#!&+$.'(%/(!4(!'#!9#/15$+(!4#%2!4(2!;64P'(2!4@+%C(/1+6%2!/0(o!

'#!26.$+2!WG6.22(#.!#+!%0:)!O^^ZHU!

!3#$4-*.+,0,5+2$*'+/,12$

L"M&>%(&"N*+#+K*+OI%(&

<(! 2/05;#! 105$#-(.1+:.(! /6%1$(! '#! R>! (21! 9#25! 2.$! .%(! #%1+9+6105$#-+(! $('#1+&(;(%1!

contraignante s’étendant! 2.$!S!;6+2!4.$#%1! '(2:.('2! '(!-#1+(%1!46+1!-$(%4$(!.%(!-626'6,+(!

:.61+4+(%%(!4(!4+CC5$(%12!#%1+9+61+:.(2U!<(!1$#+1(;(%1!2@#$1+/.'(!(%!4(.7!-0#2(2!I!.%(!-0#2(!

+%1(%2+&(! 4.$#%1! O! ;6+2! -(%4#%1! '#:.(''(! '(! -#1+(%1! (21! 1$#+15! #&(/! .%(! /6;9+%#+26%! 4(!

:.#1$(! #%1+9+61+:.(2! I! '@+26%+#o+4()! '#! $+C#;-+/+%()! '#! -8$#o+%#;+4(! (1! '@(10#;9.16'U! "(!

1$#+1(;(%1!(21!2.+&+!d’.%(!2(/6%4(!-0#2()!4.$#%1!'(2!:.#1$(!4($%+($2!;6+2)!$54.+1(!e!'#!2(.'(!

-$+2(!4(!4(.7!#%1+9+61+:.(2! I! '@+26%+#o+4(!(1! '#!$+C#;-+/+%(! V13\943L$"(WU!>+(%!:.@(CC+/#/(!/(!

1$#+1(;(%1!-62(!4(.7!-$69'P;(2!;#A(.$2I!'(2!-05%6;P%(2!4(!-($2+21#%/(!(1!4(!$52+21#%/(U!

<(!-$69'P;(!4(!-($2+21#%/(!2(!1$#4.+1!-#$! '(!C#+1!:.@(%&+$6%!Yc!4(2!9#/+''(2!1.9($/.'(.7!%(!

26%1!-#2!5$#4+:.52!-#$!'(!1$#+1(;(%1!2#%2!-6.$!#.1#%1!-$52(%1($!.%(!:.('/6%:.(!$52+21#%/(!

,5%51+:.(!W?6;(o!#%4!*/_+%%(8)!O^^LHU!"(!-05%6;P%(!(21!2.A(1!e!4(!%6;9$(.2(2!51.4(2!

:.#%1!e!2(2!;.'1+-'(2!;5/#%+2;(2U!E%!/(!:.+!/6%/($%(!'(!-$69'P;(!4(!$52+21#%/()!+'!(21!4p!#.!

45C#.1! d’observance! 4(2! -#1+(%12! conduisant à l’apparition! 4(! C6$;(2! $52+21#%1(2! 4(! '#!

9#/15$+(! e! .%! W;6%6=$52+21#%/(H! 6.! -'.2+(.$2! #%1+9+61+:.(2!I! *DG! WE'0+*.)'7! )#(*(+%&+H! (1!

qDG! WI=+)#$#! .)'7! )#(*(+%&+HU! "(2! C6$;(2! #--#$#+22(%1! 2.+1(! e! '@#/:.+2+1+6%! 4(! 4+CC5$(%1(2!

;.1#1+6%2! ,5%51+:.(2! /6%C5$#%1! .%(! -$61(/1+6%! 4.! 9#/+''(! C#/(! #.7! #%1+9+61+:.(2U! <(2! R>!

*DG! 26%1! 45C+%+(2! -#$! .%(! $52+21#%/(! à la rifampicine et à l’isionazide! (1! %5/(22+1(%1! .%(!

#%1+9+6105$#-+(!4(!2(/6%4(! +%1(%1+6%!-6.&#%1!2@51(%4$(!2.$!4(.7!#%%5(2! V13\943L$"5WU!<(2!

26./0(2!qDG!26%1!%6%!2(.'(;(%1!*DG!;#+2!-$52(%1(%1!5,#'(;(%1!.%(!$52+21#%/(!e!/($1#+%2!

#%1+9+61+:.(2!4(!2(/6%4(!'+,%()!'(2!$(%4#%1!-#$1+/.'+P$(;(%1!4+CC+/+'(2!e!1$#+1($U!"(2!C6$;(2!2(!

45&('6--(%1! (1! 26%1! -$52(%1(2! 2.$! '@(%2(;9'(! 4(! '#! -'#%P1()! (1! 6%1! .%(! +%/+4(%/(!

-#$1+/.'+P$(;(%1!5'(&5(!(%!E.$6-(!4(!'@E21!(1!(%!32+(!Wd*Q)!G#--6$1!O^Y`H!VCBPLT4$NWU!!
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$%&'(%)!*+!,(-!%./0/)&(12)'()3!)/0'0-4(!(.!%./0&05/641%70(!

!"#$%"&' ()*)(%+,"+-' $%.' "+-/#/0-/1&%.' 2%' 3(%4/5(%' $/6+%' 8"9' %-' 2%' .%70+2%' $/6+%' 8#98' 9%'

-"#$%"&' 7043(%+2' $%.' +04.:' $%.' .-(&7-&(%.' 7;/4/1&%.:' $%' 4)7"+/.4%' %-' $"' 7/#$%' 2%'

$<"+-/#/0-/1&%'"/+./'1&%'$%.'4&-"-/0+.'"..07/)%.'='$<)4%(6%+7%'2%.'*0(4%.'()./.-"+-%.'>?@'%-'

A?@'BC"77;%--/+/'%-'"$8:'DEEFG8'



!

"!

!

!

!

!

!

!

!

!

#!

!

!

!

!

!

!

!

!

!

$%&'()!*+!,(-./0)12)!&034/0)!5)6!63'27)6!8'09%(-6%69/19)6!5)!!"#!

:";! "#$%&! $&'$()&*%#*%! +&! *,-.$&!/&! 0#)!123!&)%4-()! &*! 56789! :#;!"#$%&! $&'$()&*%#*%! +&!

*,-.$&! /&! '#%4&*%)! #%%&4*%)! /&! :;! <23! =>4! ,*%! 0,--&*0(! >*! %$#4%&-&*%! &*! 5678! ?@1AB!

3#'',$%!567CD9!



!"!

!

N'.2+(.$2!%6.&(#.7!#%1+=1.9($/.'(.7! 26%1!(%!/6.$2!4(!45&('6--(;(%1!6.!(%!(22#+! /'+%+:.(!

Wa6#,'#%4! #+! %0:)! O^YSHUG5/(;;(%1! 4(.7! %6.&(#.7! #%1+9+61+:.(2! 6%1! 515! 6CC+/+(''(;(%1!

#--$6.&52!-6.$!;+2(!2.$!'(!;#$/05!-#$!'(2!#,(%/(2!4(!2#%152!+%1($%#1+6%#'(2!I!'#!954#:.+'+%(!

(1!'(!4('#;#%+4(!W"60(%)!O^YZm!?'($!#+!%0:)!O^YOHU!!

L#M&>%(&P"JJ+N(&

<(!&#//+%!#/1.(''(;(%1!.1+'+25!4#%2!'#!'.11(!/6%1$(!'#!R>!(21!'(!>#/+''(!4(!"#';(11(!(1!?.5$+%!

W>"?H)!6$+,+%(''(;(%1!+26'5!e!-#$1+$!4@.%(!26./0(!&+&#%1(!#115%.5(!4(!EH"46%"+#)*'$!64/*(!

-#$! '(2! 4(.7! /0($/0(.$2! C$#%r#+2! 3'9($1! "#';(11(! (1! "#;+''(! ?.5$+%! (1! +%6/.'5! -6.$! '#!

première fois chez l’homme (%!YXYXU!D(-.+2! '6$2)! /(!&#//+%!#!515!,'69#'(;(%1!.1+'+25! #&(/!

.%(! (CC+/#/+15! (1! .%(! 25/.$+15! (7/(''(%1(! /0(o! '(2! (%C#%12! W<./#! #%4! *+0#(2/.)! O^YZHU!

"(-(%4#%1! '(! >"?! -$52(%1(! /($1#+%(2! '+;+1(2)! (%! -#$1+/.'+($! 4#%2! '#! -$61(/1+6%! /6%1$(! '(2!

C6$;(2!#4.'1(2!4(!'#!R>)!-6.$!4(.7!$#+26%2U!D@.%(!-#$1!'(!>"?!%@(21!-#2!/#-#9'(!4@+%4.+$(!.%(!

$5-6%2(! ;5;6+$(! (CC+/#/(! e! '6%,! 1($;(! #-$P2! '#! &#//+%#1+6%! (1! -($4! 4(! 26%! (CC+/#/+15!

-$61(/1$+/(! #.! /6.$2! 4.! 1(;-2! W3%4($2(%! #%4!D60($18)! O^^`m! Q1($%(!#+!%0:)! YXXVHU!D@#.1$(!

-#$1)!6%!692($&(!4(2!&#$+#1+6%2!+;-6$1#%1(2!4(!26%!(CC+/#/+15)!:.+!-(.1!&#$+($!4(!^c!4#%2!'#!

$5,+6%!2.4!4(!'@B%4(!A.2:.@e!V^c!#.!G68#.;(=f%+!WN68%1o!#+!%0:)!O^YLH. L’une des hypothèses 

-6.$! (7-'+:.($! /(2! &#$+#1+6%2! serait l’exposition différentielle! 4(2! +%4+&+4.2! e! 4@#.1$(2!

;8/69#/15$+(2!(%&+$6%%(;(%1#'(2)!(7-62+1+6%!-6.&#%1!+%1($C5$($!#&(/!'@(CC+/#/+15!+%4.+1(!-#$!

'(!&#//+%!W<./#!#%4!*+0#(2/.)!O^YZHU!!

D(!%6.&(#.7!&#//+%2!-61(%1+('2!C6%1!'@69A(1!4(!%6;9$(.2(2!$(/0($/0(2!(1!26%1!#/1.(''(;(%1!

(%!/6.$2!4(!45&('6--(;(%1!6.!4@(22#+2!/'+%+:.(2!V13\943L$#WWR#%,!#+!%0:)!O^YSHU!"(2!&#//+%2!

4(&$6%1)!-6.$!b1$(!6-1+;#.7)!(;-b/0($!16.1(!C6$;(!4(!-$+;6=+%C(/1+6%!16.1!(%!&+2#%1!(1!(%!

9'6:.#%1!'#!$5#/1+&#1+6%!4(2!9#/+''(2!'#1(%12U!

! &



!

!

!

!

"#$%&#'!()!*&+!,-'.&#'/!.#001,+!2-3&,31&%+!0-,34&!%#!"5!&,!0-'4+!67&++#1!0%1,18'&9!

"#!$%&'#%(!)*+,-#./!'#!.*+!/(!0%))1.2!3%!)*+,*31$1*.!#$!3*.!4$%$!/5%0%.)#+#.$!/%.3!3*.!

,-*)#33(3!/#!0%'1/%$1*.!)'1.16(#37!"%!89%3#!:!)*.313$#!;!40%'(#-!'5%&3#.)#!/5#<<#$!1./431-%&'#!

)9#=!/#3!3(>#$32! '#!,'(3!3*(0#.$!0*'*.$%1-#3!3%1.37!"%!,9%3#! ::2!*(!?4$(/#!,1'*$#?2!)*.313$#!;!

/4$#-+1.#-! '%! /*3#!*,$1+%'#!/(!+4/1)%+#.$!#$! 3#3! #<<#$3! 1./431-%&'#3! 3(-!(.#!,*,('%$1*.!

4'1@1&'#!/#!+%'%/#7!A.<1.!'%!,9%3#!:::2!*(!?4$(/#!,10*$?2!)*--#3,*./!;!(.#!4$(/#!)*+,%-%$10#!

/5#<<1)%)1$4!,-*,-#+#.$!/1$#2!#.!)*+,%-%.$!'#!$-%1$#+#.$!$#3$!%0#)!(.!,'%)#&*7!B#$$#!<*13!'#!

@-*(,#!#3$!3*(0#.$!/#!$%1''#!)*.346(#.$#!C,'(31#(-3!+1''1#-3D!CE%.@!#$!%'72!FGHID7!



!#!

!

..H&%&'()*'+,-./0$+/),-'/1(2.2$%*&$%&(Q(*,)%&+))IN+*"+-%&

1/ Physiopathologie de l’infection

!"#$Déroulement de l’infection$

<#!R>!est transmise par voie aérienne d’un individu malade à un individu sain qui +%0#'(!4(2!

9#/15$+(2! /6%1(%.(2! 4#%2! '(2! ,6.11('(11(2! -$52(%1(2! 4#%2! '(2! #5$626'2! (7-(/16$52U! <(2!

9#/15$+(2!.%(!C6+2!+%0#'5(2!#11(+,%(%1!'(2!-6.;6%2!(1!'(2!#'&56'(2!-.';6%#+$(2!WG.22(''!#+!%0:)!

O^Y^#HU!3! /(!%+&(#.)! '#!9#/15$+(! (%1$(!(%! /6%1#/1! #&(/!4+CC5$(%12! 18-(2! /(''.'#+$(2!46%1! '(2!

;#/$6-0#,(2! #'&56'#+$(2! :.+! $(-$52(%1(%1! 26%! $52($&6+$! -$+%/+-#'U! D.$#%1! '(2! -$(;+P$(2!

51#-(2! 4(! l’infection)! '#! $5-6%2(! +;;.%+1#+$(! +%%5(! 2(! 45&('6--()! %61#;;(%1! -#$! '(!

$(/$.1(;(%1! 4(! /(''.'(2! +%C'#;;#16+$(2! W%(.1$6-0+'(2)! ;6%6/81(2)! /(''.'(2! 4(%4$+1+:.(2!

WD"2HH!#.!%+&(#.!4(2!-6.;6%2!W"66-($!#+!%0:)!O^YYHU!N#$!'#!2.+1()!'(2!D"2!#8#%1!$(%/6%1$5!'(!

-#106,P%(!;+,$(%1!#.!%+&(#.!4.!,#%,'+6%!'8;-0#1+:.(!4$#+%#%1!W,#%,'+6%!;54+#21+%#'H!#C+%!

d’initier la réponse immunitaire adaptati&(! WG(+'(8!#+!%0:)! O^^Vm!l6'C!#+!%0:)! O^^VHU! <(2!D"2!

-$52(%1(%1! '(2! #%1+,P%(2! 9#/15$+(%2! permettant l’activation! (1! '#! -$6'+C5$#1+6%! 4(!

'8;-06/81(2! R! 2-5/+C+:.(2U! "(2! /(''.'(2! R! #/:.+P$(%1! #+%2+! .%! -05%618-(! (CC(/1(.$)! (1!

;+,$(%1!#.!%+&(#.!4.! 2+1(! +%C(/1+(.7!afin d’induire, avec la coopération des autres cellules 

+;;.%(2)!'#!C6$;#1+6%!4(!,$#%.'6;(2U!"(2!,$#%.'6;(2!26%1!4(2!21$./1.$(2!-#$1+/.'+P$(;(%1!

6$,#%+25(2! :.+! /6%1+(%%(%1! 4(2! ;#/$6-0#,(2)! 4(2! %(.1$6-0+'(2)! 4(2! '8;-06/81(2! (1! 4(2!

C+9$69'#21(2!WF'8%%!#+!%0:)!O^YYm!G#;#K$+20%#%)!O^YOHU!"(11(!21$./1.$(!-($;(1!4#%2!'#!-'.-#$1!

des cas de contenir l’infection, notamment par l’action des lymphocytes!R!"DLs!(CC(/1(.$2!

4(!18-(2!R0('-($!YWR0YH!:.+!25/$P1(%1!l’BF]γ)!/816K+%(!/'é dans l’activation des macrophages, 

-($;(11#%1!e!/(.7=/+!4(!;+(.7!/6%1$\'($!'#!4+225;+%#1+6%!(1!'#!-$6'+C5$#1+6%!4(!E+6!WF'8%%!#+!

%0:)! YXXZHU>+(%! :.(! 4#%2! '#! -'.-#$1! 4(2! /as l’infection 26+1! /6%1$\'5(! -#$! '(! 2821P;(!

+;;.%+1#+$(!#.!2(+%!4.!,$#%.'6;(, la bactérie n’est généralement pas totalement éliminée 

(1!-($2+21(!sous forme latente dans l’organisme!Wa6$29.$,0!#%4!G.9+%)!O^YYHU!d%!(21+;(!:.(!

près d’un :.#$1! 4(! '#! -6-.'#1+6%!;6%4+#'(! (21! +%C(/15! 4(!;#%+P$(! '#1(%1(! 16.1! (%! $(21#%1!

/'+%+:.(;(%1! #28;-16;#1+:.(! W46%%5(2! (%! /6.$2! 4(! -.9'+/#1+6%HU! "(! $52($&6+$! $(-$52(%1(!

.%(!-$6portion importante d’individu2!2.2/(-1+9'(2!4(!45&('6--($!'#!;#'#4+(!4.$#%1!'(.$!&+()!

(%! /#2! 4(! $5#/1+&#1+6%! 4.! 9#/+''(U! D(2! 51.4(2! 5-+45;+6'6,+:.(2! /6%/($%#%1! /(11(!

-$69'5;#1+:.(! 6%1! -($;+2! 4(! C#+$(! 5;($,($! '#! %61+6%!qu’environ 10% des individus ayant 



!=!

!

/6%1$#/15! .%(! R>! latente subiront une rechute et verront la pathologie s’exprimer de 

%6.&(#.!#.!/6.$2!4(!'(.$!&+(!W>#$$8!#+!%0:)!O^^Xm!].%(2=3'&(2!#+!%0:)!O^YLH!VCBPLT4$>WU!

!3#$6*$-78(52,$.00/5.+*.-,$.557,$

<6$2:.(! E+6! -#$&+(%1! #.! %+&(#.! 4(2! -6.;6%2)! +'! (21! -0#,6/815! -#$! '(2! ;#/$6-0#,(2!

#'&56'#+$(2! $52+4(%12)! :.+! $(-$52(%1(%1! 26%! $52($&6+$! -$+%/+-#'WQ/0'(2+%,($)! YXXSH. D’autres 

/(''.'(2! 4.! 2821P;(! +;;.%+1#+$(! +%%5! -(.&(%1! (CC(/1.($! /(! -$6/(22.2! 4(! -0#,6/8162()!

/6;;(!'(2!%(.1$6-0+'(2WE.;!#+!%0:)!O^Y^H!(1!'(2!D"2!Wl6'C!#+!%0:)!O^^[HU!<(2!;#/$6-0#,(2!(1!

'(2! %(.1$6-0+'(2! 26%1! 4(2! #/1(.$2! -$5-6%45$#%12! 4#%2! '#! $5-6%2(! +%%5(! /6%1$(! E+6! (1!

/6%21+1.(%1!une première barrière primordiale dans la réponse précoce à l’infection. !

L"M&>%(&)"J-KRS"T%(&

f%(! C6+2! '#! 9#/15$+(! -0#,6/815(! (1! +%1($%#'+25(! #.! 2(+%! 4(2! ;#/$6-0#,(2)! '(! -0#,626;(!

W&#/.6'(!4(!-0#,6/8162(H!2.9+1!.%!-$6/(22.2!4(!;#1.$#1+6%!:.+!#96.1+1!e!2#!C.2+6%!#&(/!'(2!

'82626;(2)! &52+/.'(2! +%1$#/(''.'#+$(2! #/+4(2! (1! $+/0(2! (%! 084$6'#2(2! (1! /#1#'#2(2! :.+! 26%1!

-#$1+/.'+P$(;(%1!45'51P$(2!-6.$!'#!2.$&+(!4.!9#/+''(W3$;21$6%,!#%4!a#$1)!YX[YHU!"(!-$6/(22.2!

4(!C.2+6%!(21!+%C'.(%/5!par l’autophagie, un mécanisme par lequel la cellule ingP$(!(1!$(/8/'(!

2(2!-$6-$(2!/6%21+1.#%12!/816-'#2;+:.(2)! +%/'.#%1! '(2!6$,#%(''(2!/6;;(!'(2!;+16/06%4$+(2)!

;#+2! #.22+! '(2! -#106,P%(2! +%1$#/(''.'#+$(2U! "(.7=/+! 2(! $(1$6.&(%1! 25:.(21$52! 4#%2! .%!

#.16-0#,626;()! &#/.6'(! :.+! (21! 5,#'(;(%1! 45'+&$5(! #.7! '82626;(2! -6.$! 2#! 45,$#4#1+6%!

W"6'6;96!#+!%0:)!O^^SHU!f%!4(2!C#/1(.$2!:.+!+%4.+1!l’autophagie est l’IFNγU!f%!(7/P2!4(!/(11(!

/816K+%(! -$6&6:.(! une activation plus forte de l’autophagie qui se tradui1! -#$! .%(!

augmentation de la maturation du phagosome ainsi qu’une acidification supérieure de celui=

/+)! #96.1+22#%1! e! .%!(%&+$6%%(;(%1!-'.2!-$6-+/(! e! '#!;6$1!4.!-#106,P%(! W?.1+($$(o!#+!%0:)!

O^^LHU! Comme d’autres pathogènes intracellulaires, E+6! #! 45&('6--5! 4(2! ;68(%2! 4(!

45C(%2(! /6%1$(! '(2! ;5/#%+2;(2! 9#/15$+/+4(2! +%1$#/(''.'#+$(2! 4#%2! '(2! ;#/$6-0#,(2U! E%!

-#$1+/.'+($)!E+6!a la capacité d’+%0+9($!'#!C.2+6%!4.!-0#,626;(!4#%2!'(:.('!+'!$52+4(!#&(/!'(2!

'82626;(2!4(2!;#/$6-0#,(2! WQ1.$,+''=_62o8/K+!#+!%0:)! YXXLH)! /$5#%1! #+%2+!.%!(%&+$6%%(;(%1!

;6+%2! #,$(22+CU! G5/(;;(%1)! +'! #! 515! ;6%1$5! :.(! '#! 9#/15$+(! (21! 5,#'(;(%1! /#-#9'(! 4(!

s’échapper!4(!'#!&#/.6'(!-0#,626;#'(!-6.$!$(A6+%4$(!'(!/81626'!4(!'#!/(''.'(=0\1(!6t!(''(!(21!

;6+%2! 26.;+2(! #.7! ;5/#%+2;(2! ;+/$69+/+4(2! WQ+;(6%(! #+! %0:)! O^Y`m! &#%! 4($! l('! #+! %0:)!

O^^[HU<#!$.-1.$(!-0#,626;#'e est le produit de l’action de facteurs de virulence secrétés par 

'#! 9#/15$+(! /6;;(! '#! -(1+1(! -$615+%(! EQ3R=S! WI%)0H! (#")#+#.! %&+*7#&*"! +%)7#+! eUA%H)! :.+!



!

"#$%&'!()!*+,-#./01+.2.$#'!de l’#34'51#.3!6!!"#7!

L’infection est initiée par l’inhalation de gouttelettes aéroportées contenant les bactéries. 

Les phases initiales de l’infection sont ca!"#$%!&'%(') *"!) +") ,&'() (-) *+"#() .() +") !%*/-'()

&,,0-&$"&!() &--%() 10&) 2") &-.0&!() +() !(#!0$(,(-$) .(') #(++0+(') &-3+",,"$/&!(') ."-') +(')

*/0,/-'4)5(')67'),&8!(-$)(-'0&$()."-')+(')8"-8+&/-')+9,*:"$&10('),%.&"'$&-"0;)($)&-&$&(-$)

0-() !%*/-'() "."*$"$&2(<) -/$",,(-$) .() $9*() =:>4) 5() !(#!0$(,(-$) .(') #(++0+(') =<) ?<)

,"#!/*:"8(') ($) "0$!(') #(++0+(') &-3+",,"$/&!(') *(!,($) +") ,&'() (-) *+"#() .() +") '$!0#$0!()

8!"-0+/,"$(0'(<) 10&) #/-$&(-$) +") @"#$%!&() ."-') +") *+0*"!$) .(') #"'4) 7(*(-."-$) >AB) .(')

&-.&2&.0')&-3(#$%').%2(+/**(!/-$)0-()=?)"#$&2()10&)*(0$)'()$!".0&!()*"!)0-)%#:"**(,(-$).()

!"#) :/!') .0) 8!"-0+/,() ($) */02"-$) '() !($!/02(!) .() -/02("0) ."-') +(') 8/0$$(+($$(')

expectorées par l’individu ($)&-3(#$(!)0-)-/02(+):C$()DE0-('FG+2(')($)"+4<)HA>IJ4)

)



!M!

!

#/:.+($1!.%(!#/1+&+15!4(!'82(!;(;9$#%#+$(! '6$2:.’il (21!4+226/+5!4(!2#!-$615+%(!/0#-($6%%(!

"FNY^!W;'0+')#!9*0+)%+#!1)4+#*&!^_!UA%H(%!/6%4+1+6%!#/+4(!W4(!u6%,(!#+!%0:)!O^^[HU!"(2!C#/1(.$2!

26%1!2(/$5152!-#$!.%!2821P;(!4(!25/$51+6%!4(!18-(![)!EQq=Y!WIRKB[e!(#")#+*4&!(H(+#$[^HU!<(!

>"?)!qui n’expriment pas ce système)!(21!incapable de s’échapper du phagosome W?#6!(1!#'U)!

O^^Lm!Q+;(6%(!(1!#'U)!O^YOHU!

>+(%!:.(!E+6!ait la capacité d’établir!.%(!%+/0(!-($;+22+&(!6.!$5-'+/#1+&(!#.!2(+%!4(!'#!/(''.'(!

-0#,6/81#+$()!/('#!(%1$#+%(!4#%2!/($1#+%2!/#2!.%!21$(22!/(''.'#+$(!/6%4.+2#%1!e! '#!;6$1!4(!'#!

/(''.'(!+%C(/15(U!"(''(=/+!-(.1!-$(%4$(!4(.7!C6$;(2!-$+%/+-#'(2!I!#J!'#!%5/$62()!/6%4.+2#%1!e!'#!

'82(!4(!'#!/(''.'(=0\1(!(1!-($;(11#%1!e!'#!9#/15$+(!4(!2@5/0#--($)!4(!4+225;+%($!(1!d’+%C(/1($!

4@#.1$(2!/(''.'(2!#&6+2+%#%1(2)!(1!9J!'@#-6-162(!:.+!-($;(1!4@+%4.+$(!'#!;6$1!4(!'#!/(''.'(!2#%2!

-6.$! #.1#%1! #'15$($! '@+%15,$+15! 4(2!;(;9$#%(2)! (;-b/0#%1! 46%/! '#! 9#/15$+(! 4@b1$(! '+95$5(!

4#%2!'(!;+'+(.!(71$#/(''.'#+$()!et inhibant de ce fait sa dissémination dans l’organisme!W>(0#$!

#+! %0:)! O^YYHU! <(! C#+1! :.(! '@#-6-162(! 26+1! plus favorable que la nécrose pour l’hôte! #! 515!

$#--6$15! 4#%2! 4(! %6;9$(.2(2! 51.4(2U! B'! #! 515! ;6%1$5! %61#;;(%1! :.(! '@+%C(/1+6%! 4(!

;#/$6-0#,(2!#'&56'#+$(2!-#$!4(2!26./0(2!;6+%2!&+$.'(%1(2!4(!E+6!$52.'1(!;#A6$+1#+$(;(%1!

(%!.%(!;6$1!4(2!;#/$6-0#,(2!-#$!#-6-162()!-($;(11#%1!.%(!;(+''(.$(!-$+2(!(%!/0#$,(!4(!

'@+%C(/1+6%)! #'6$2! :.@#.! /6%1$#+$(! 4(2! 26./0(2! 08-($=&+$.'(%1(2! -$6&6:.(%1! -'.1\1! .%(!

;6$1#'+15! /(''.'#+$(! -#$!%5/$62(! W_(#%(!#+! %0:)! O^^^H! VCBPLT4$ ;WU! f%(! 51.4(!.'15$+(.$(! #!-.!

51#9'+$!:.(!'#!%5/$62(!-$6&6:.5(!-#$!'(2!26./0(2!08-($=&+$.'(%1(2!(21!4.(!e!'(.$2!/#-#/+152!e!

$6;-$(! '#!;(;9$#%(!-0#,626;#'()!-$6/(22.2!:.+! +%4.+1!.%! 21$(22!#.!%+&(#.!4(! '#! /(''.'(=

0\1(! (1! :.+! /6%4.+1! e! '#!;6$1!4(! /(''(=/+! WQ+;(6%(!#+! %0:)! O^YOHU! <(! C#+1! :.(! '@+%0+9+1+6%!4(!

'@#-6-162(! /6%21+1.(! .%! ;5/#%+2;(! 4(! &+$.'(%/(! .1+'+25! -#$!E+6! (21! #.22+! 51#9'+! 4(-.+2!

-'.2+(.$2! #%%5(2!;#+%1(%#%1U! E%! -#$1+/.'+($)! +'! #! 515! 45;6%1$5! :.(! '@+%#/1+&#1+6%! 4.! ,P%(!

(#"KF!WR#")#+*4&!49!('1#)4=*.#!.*($'+%(#!KFH!4(!E+6)!:.+!/64(!-6.$!.%!/6;-62#%1!#226/+5!e!

'#! 25/$51+6%! 4(! C#/1(.$2! 4(! &+$.'(%/()! (%1$#+%(! .%(! #.,;(%1#1+6%! 4(! '@#-6-162(! 4(2!

;#/$6-0#,(2! +%C(/152! /*%! .%(! 4+;+%.1+6%! 4(! '#! 25/$51+6%! 4(! 2.-($67+4(! 4+2;.1#2(! -#$! '#!

9#/15$+(U!<#!&#//+%#1+6%!4(!26.$+2!(1!4(!/6/06%2!4@+%4(!-#$!.%!;.1#%1!+%#/1+&5!4#%2!(#"KF!2(!

1$#4.+1!-#$!.%(!-'.2! C6$1(! $5-6%2(!4(2! '8;-06/81(2!R!"DLs!#+%2+!:.(!-#$!.%(!-'.2!,$#%4(!

$52+21#%/(!e! l’+%C(/1+6%!Wa+%/0(8!#+!%0:)!O^^[HU!D@#.1$(2!51.4(2!6%1!$5&5'5!:.(!'@#/1+&+15!#%1+=

#-6-161+:.(! (7($/5(! -#$! E+6! 51#+1! #11$+9.#9'()! #.! ;6+%2! (%! -#$1+()! e! .%(! ]3Da=

452084$6,5%#2(! 4(! '#! 9#/15$+(! /645(! %61#;;(%1! -#$! '(! ,P%(! &'4M! WGKA\[,'*&4&#!



!

!"#$%&'()'*+,-./&'"00$."12"%&'3&44$42"%&'3-.1%&'!"#5'

"#$%&! '()*+,'-(.! /*&! 01+$-#213*&! 1/45-/1'$*&! 6718.! /*&! (*9,$-#2'/*&! 67:8! *,! /*&! ;<&!

#9/0-(1'$*&! 67+8! &-(,! '()*+,5&.! +-(=9'&1(,! >! /1! #$-=9+,'-(! *,! /1! &5+$5,'-(! =*! #*#,'=*&!

1(,'0'+$-:'*(&.! =*! +?,-@'(*&.! *,! =*! +2'0'-@'(*&A! L’expression! =*&! 05='1,*9$&! /'#'='B9*&!

'()/1001,-'$*&! +-00*! /1! #$-&,13/1(='(*! CD! 6#$-E1#-#,-,'B9*8! -9! /1! /'#-F'(*! "G! 6#$-E

(5+$-,'B9*8.!=1(&!/*&!01+$-#213*&!'()*+,5&!H-9*!9(!$I/*!#$5#-(=5$1(,!=1(&!/1!0'&*!*(!#/1+*!

=9!#$-3$100*!=*!0-$,!+*//9/1'$*A!J*&!+-$#&!1#-#,-,'B9*&!35(5$5&&-(,!#$'&!*(!+21$3*!#1$!/*&!

;<&!$5&'=*(,*&!=9!#-90-(!-9!:'*(! '(,*$(1/'&5&#1$!=K19,$*&!01+$-#213*&!#1$!*))*$-+?,-&*A!

J*&! ;<&! '()*+,5*&! 0'3$*(,4*$&! /*&! 31(3/'-(&! =$1'(1(,&! 05='1&,'(19F! =1(&! /*&! LE7D! H-9$&!

&9'41(,!/K'()*+,'-(A!J1!0'3$1,'-(!=*&!;<&!&*!=5$-9/*!&-9&!/K'()/9*(+*!=*!+?,-@'(*&!+-00*!/KMJE

7D#GN! *,! MJE7D#ON! 1'(&'! B9*! =*&! +2'0'-@'(*&! <<J7P! *,! <<JD7! 6D8.! +-(=9'&1(,! >! /1!

='))5$*(,'1,'-(!=*&!+*//9/*&!Q!(1R4*&!4*$&!9(!#25(-,?#*!=*!,?#*!Q27!6S8A!J*&!Q27!4-(,!#1$!/1!

&9',*.!3$T+*!(-,100*(,!19F!+2'0'-@'(*&!<U<J7N.!<<J7P!*,!<<JD7.!0'3$*$!4*$&!/*&!#-90-(&.!

*,!+*.!>!#1$,'$!=*!7G!>!7O!H-9$&!1#$%&!/K'()*+,'-(!6G8!*,!-V!'/&!#$-=9'&*(,!(-,100*(,!de l'IFNγ. 

<?,-@'(*!+/5!=1(&!/K1+,'41,'-(!=*!01+$-#213*&.!/1!#$-=9+,'-(!d’IFNγ!*,!/K'(=9+,'-(!=*!)1+,*9$!

1(,'0'+$-:'*(!+-00*!'WXY!6Z8.!#*$0*,!=K1:-9,'$!>!9(!+-(,$I/*!:1+,5$'*(!-#,'01/!6XK[1$$1!*,!

1/A.!DN7S8A!



!?!

!

4=*.4)#.'"+%(#! ('6'&*+! MHU! <#! 45'51+6%! 4(! /(! ,P%(! /0(o! '#! 9#/15$+(! -$+&(! /(''(=/+! 4(! 26%!

#/1+&+15!#%1+=#-6-161+:.()!'#!$(%4#%1!4(!/(!C#+1!;6+%2!&+$.'(%1(!/0(o!'#!26.$+2!WT(';.$.,#%!#+!

%0:)!O^^[HU!3-$P2!#-6-162()!'(2!/6$-2!#-6-161+:.(2!,5%5$52!/6%1(%#%1!'(2!459$+2!/(''.'#+$(2!(1!

'(2! 9#/15$+(2! 26%1!4(!%6.&(#.! +%1($%#'+252! -#$! 4@#.1$(2!;#/$6-0#,(2!-#$! .%! -$6/(22.2! 4+1!

4@(CC5$6/8162(U!B'!#!515!;6%1$5!:.(!'#!9#/15$+(!(21!(%/6$(!&+#9'(!'6$2!4(!'@#-6-162(!(1!:.(!'(!

processus d’efférocytose! (21! $(:.+2! -6.$! .%(! #/1+&+15!;+/$69+/+4(! 6-1+;#'(! W*#$1+%! #+! %0:)!

O^YOHU!E%C+%)!+'!(21!+;-6$1#%1!4(!%61($!:.(!'(!18-(!4(!;6$1!/(''.'#+$(!(21!C6$1(;(%1!+%C'.(%/5!

-#$! 4@#.1$(2! C#/1(.$2! (%46,P%(2)! %61#;;(%1! '(2!;54+#1(.$2! '+-+4+:.(2! +%C'#;;#16+$(2! 4(!

18-(!(+/62#%6v4(2)! /6;;(! '#!-$621#,'#%4+%(!EO! WN?EOH)! -$6=#-6-161+:.()! (1! '#! '+-67+%(!3L!

W<q3LH)!C#&6$+2#%1!'#!%5/$62(!W"0(%!#+!%0:)!O^^VH!VCBPLT4$;WU!

L#M&>%(&N%I*-KRS+$%(&

<(!$\'(!4(2!%(.1$6-0+'(2!4#%2! '#!R>!(21!(%/6$(!/6%1$6&($25U!"($1#+%(2!51.4(2!2.,,P$(%1!.%!

$\'(! -$5A.4+/+#9'(pour l’hô1(! 4(! /(2! /(''.'(2! 4#%2! '#! -#106'6,+(! 1.9($/.'(.2()! %61#;;(%1!

'6$2:.(! '@6%! /6;-#$(! '#! $5-6%2(! 4(2! %(.1$6-0+'(2! (%1$(! 4(2! 26.$+2! ,5%51+:.(;(%1!

$52+21#%1(2! 6.! %6%! à l’infection par E+6U! E%! (CC(1)4(2! 26.$+2! 2(%2+9'(2! e!E+6#//.;.'(%1!

4#&#%1#,(!4(!%(.1$6-0+'(2!4#%2!'(2!-6.;6%2!:.(!4(2!26.$+2!$52+21#%1(2U!"6;-1(!1(%.!4(!'#!

C#+9'(! /#-#/+15! 4(2! %(.1$6-0+'(2! e! /6%1$\'($! l’infection)! /(11(! #//.;.'#1+6%! (%1$#+%($#+1!

-'.1\1!.%!45&('6--(;(%1!4(! '@+%C(/1+6%!#.!451$+;(%1!4(! '@0\1(! WE$.2'#%6&!#+!%0:)!O^^`HU!D(!

-'.2)!+'!#!515!;6%1$5!:.(!/0(o!4(2!-#1+(%12!#8#%1!.%(!R>!#/1+&()!'(2!4+CC+/.'152!$(2-+$#16+$(2!(1!

'#!;6$1#'+15!26%1!#226/+52!e!.%!(7/P2!4.!1#.7!/+$/.'#%1!4(!%(.1$6-0+'(2!4#%2!'(!2#%,!W>#$%(2!

(1! #'U)! YXVVm! <6M(! (1! #'U)! O^YZHU! "(-(%4#%1)! 4’autr(2! 51.4(2! 6%1! 45;6%1$5! :.(! '(2!

%(.1$6-0+'(2!-$52(%12!4#%2!'(2!-6.;6%2!/6%1$+9.#+(%1!e!'@#/1+&#1+6%!4(2!'8;-06/81(2!R!"DLs!

%#vC2)!/6%4.+2#%1!e!.%(!;(+''(.$(!+%+1+#1+6%!4(!'#!$5-6%2(!R0Y)!-$6=+%C'#;;#16+$()!-#$!'(2!D"2!

W>'6;,$#%!#%4!E$%21)!O^YYHU!

LJM&>%(&U"J*%I-(&(K$I#$%(&

E%! -'.2! 4(2! /(''.'(2! +;;.%+1#+$(2! (1! -0#,6/81#+$(2! (%! -#$1+/.'+($)! 4(2! C#/1(.$2! 26'.9'(2!

/6%1$+9.(%1!e!'#!;+2(!(%!-'#/(!4(!'#!$5-6%2(!+%%5(!2.+1(!e!'@+%C(/1+6%!-#$!E+6U!N#$;+!/(.7=/+)!

.%!C#/1(.$!/'5!4(!-$61(/1+6%!(21!'#!/816K+%(!R]F=α.!D(2!51.4(2!/'+%+:.(2!6%1!;+2!(%!5&+4(%/(!

/0(o!4(2!-#1+(%12!qu’il (7+21(!.%(!#226/+#1+6%!(%1$(!.%!-6'8;6$-0+2;(!4.!,P%(!/64#%1!-6.$!

'(!R]F=α(1!.%(!2.2/(-1+9+'+15!#//$.(!e!'#!R>!Ww+!#+!%0:)!O^Y`HU!D(!-'.2)!+'!#!515!45;6%1$5!:.(!

des patients suivant un traitement thérapeutique basé sur l’utilisation d’anticorps an1+=R]F=



!N!

!

α, comme ceux utilisés dans le traitement de colites ulcéreuse2!/6;;(!'#!;#'#4+(!4(!"$60%!

ou d’arthrite rhumatoïde)!-$52(%1(%1!.%!$+2:.(!-'.2!C6$1!4(!$5#/1+&($!.%(!R>!'#1(%1(!W<((!#+!

%0:)!O^YSHU!"0(o!'#!26.$+2, une inactivation génétique ou par le biais d’anticorps du!$5/(-1(.$!

4.! R]F=α induit une forte mortalité des animaux! #-$P2! +%C(/1+6%! -#$! E+6)! #&(/! .%(!

#.,;(%1#1+6%! 4(! '#! /0#$,(! 9#/15$+(%%(! #+%2+! :.@.%(! -'.2! C6$1(! %5/$62(! #.7! %+&(#.7! 4(2!

,$#%.'6;(2! WF'8%%! #+! %0:)! YXX`HU! <(! R]F=α peut être produit par de nombreux types 

/(''.'#+$(2)!46%1!'(2!;#/$6-0#,(2)!'(2!%(.1$6-0+'(2)!'(2!D"2!(1!'(2!'8;-06/81(2!R)!(1!-622P4(!

4(2! C6%/1+6%2!;.'1+-'(2! WN#2-#$#K+2!#+!%0:)!YXXSHU!a6$;+2! 2(2!-$6-$+5152!-$6=+%C'#;;#16+$(2!

(1!#/1+&#1$+/(2!4’#.1$(2!/(''.'(2!+;;.%+1#+$(2)!/6;;(!%61#;;(%1!'(2!;#/$6-0#,(2)!'(!R]F=α 

A6.(! .%! $\'(! -$5-6%45$#%1! 4#%2! '#!;+2(! (%! -'#/(! 4(! '#! 21$./1.$(! ,$#%.'6;#1(.2()! 46%1! +'!

#22.$(! '#! ;#+%1(%#%/(! (1! l’+%15,$+15! W>(#%! (1! #'U)! YXXXm! "0#K$#&#$18! (1! #'U)! O^^VHU! f%(!

45C+/+(%/(!(%!-$64./1+6%!4(!R]F=α /6%4.+1!e!'#!C6$;#1+6%!4(!,$#%.'6;(2!/#$#/15$+25!-#$!.%(!

C6$1(! %5/$62()! C#+2#%1! -($4$(! 26%! +%15,$+15! e! '#! 21$./1.$(! (1! C#&6$+2#%1! '#! 4+225;+%#1+6%!

9#/15$+(%%(!4#%2!'@6$,#%+2;(U!

<#! &+1#;+%(! D! (21! 5,#'(;(%1! .%! C#/1(.$! +;-6$1#%1! 4#%2! '#! $5-6%2(! +;;.%+1#+$(! #%1+=

1.9($/.'(.2(. Avant l’essor des anti9+61+:.(2)!'#!&+1#;+%(!D!51#+1!.1+'+25(!#C+%!4(!/6;9#11$(!'#!

;#'#4+(! /0(o! '(2! -#1+(%12! 1.9($/.'(.7! W*#$1+%(#.! #+! %0:)! O^^[H. Il a été démontré qu’une 

/#$(%/(!(%!&+1#;+%(!D!(21!#226/+5(!#&(/!.%!$+2:.(!-'.2!5'(&5!4(!45&('6--($!.%(!R>!#/1+&(!

W*#$1+%(#.! #+! %0:)! O^YYH! et qu’un polymorphisme du récepteur de cette vitamine accroit 

5,#'(;(%1! '#! -$54+2-62+1+6%! e! '#! -#106'6,+(! WG#,0#&#%! #+! %0:)! O^YOHU! d%! -(.1! #11$+9.($! 4(!

%6;9$(.2(2!C6%/1+6%2!$5,.'#1$+/(2!(1! +%C'#;;#16+$(2!e! '#!&+1#;+%(!D)!%61#;;(%1!4#%2!26%!

$\'(! 28%($,+:.(! #&(/! l’IFNγ)! /6%4.+2#%1! e! .%(! ;(+''(.$(! #/1+&#1+6%! 4(2! ;#/$6-0#,(2! (%!

+%4.+2#%1!.%(!;#1.$#1+6%!-0#,626;#'(!(1!.%(!#.16-0#,+(!-'.2!C6$1(2!WF#9$+!#+!%0:)!O^YYHU!<#!

&+1#;+%(! D! (21! 5,#'(;(%1! %5/(22#+$(! -6.$! '#! -$64./1+6%! 4(! /#105'+/+4+%(! -#$! '(2!

;#/$6-0#,(2)!.%!-(-1+4(!#%1+;+/$69+(%!/6%1$+9.#%1!e!$(21$(+%4$(!'#!/$6+22#%/(!9#/15$+(%%(!

(%!#,+22#%1!4+$(/1(;(%1!2.$!'#!9#/15$+(!ou par l’intermédiaire de l’induction de l’autophagie 

W<+.!#+!%0:)!O^^Sm!w.K!#+!%0:)!O^^XHU!

!9#$6*$-78(52,$.00/5.+*.-,$*:*8+*+.;,$

L"M&0V$%(&'%(&$Q)RSKJQ*%(&%*&'%(&24(&

<#! $5-6nse immune protectrice nécessaire au contrôle de l’infection par E+6! 45-(%4! 4(!

l’action des lymphocytes T CD4+. Des études réalisées chez la souris ont montré qu’en 



!>!

!

#92(%/(!4(!'8;-06/81(2!R!"DLs!W-#$!(7(;-'(!/0(o!4(2!26.$+2!45C+/+(%1(2!-6.$!'#!;6'5/.'(2!

"*a=BBH)! '(2!#%+;#.7!45&('6--(%1!4(2!/0#$,(2!9#/15$+(%%(2!-'.2!C6$1(2!(1!2.//6;9(%1!e! '#!

;#'#4+(!-'.2!-$5/6/(;(%1!:.(!4(2!#%+;#.7!/6%1$\'(2!Wd$;(!#+!%0:)!YXXZHU!<(2!'8;-06/81(2!R!

"DVs! /6%1$+9.(%1! 5,#'(;(%1! e! '#! $5-6%2(! /6%1$(! '(! -#106,P%()! %61#;;(%1! /*%! '(.$!

production d’BF]γ! :.+! #;-'+C+(! l’activation des macrophages en renforçan1! '(.$! #/1+&+15!

;+/$69+/+4(U! "(-(%4#%1! /(2! /(''.'(2! %(! -(.&(%1! -#2! /6;-(%2($! .%(! 45C+/+(%/(! (%!

'8;-06/81(2! R"DLs! W]6$10! #%4! u.%,)! O^^LHU! E%C+%)! 4(2! /(''.'(2! R! %6%! /6%&(%1+6%%(''(2!

/6;;(! '(2! '8;-06/81(2! R!γδ! (1! '(2!]_R)! -(.&(%1! $(/6%%#+1$(!4(2! #%1+,P%(2! '+-+4+:.(2! 4(!

E+6! ;#+2! '(.$! $\'(! (7#/1! 4#%2! l’immunité anti=1.9($/.'(.2(! $(21(! (%/6$(! e! 5'./+4($!

161#'(;(%1!W?64C$(8!#+!%0:)!O^Y`m!R#%#K#!#+!%0:)!YXX`HU!

D(! -#$! '(.$2! C#/.'152! 4(! -$52(%1#1+6%! #%1+,5%+:.(! -6.$! l’+%+1+#1+6%! 4(! '#! $5-6%2(!

'8;-06/81#+$(!R!4#%2!'(!,#%,'+6%!4$#+%#%1)!'(2!D"2!6%1!.%!$\'(!-$5-6%45$#%1!4#%2!'#!$5-6%2(!

+;;.%(!#%1+=1.9($/.'(.2(U!<’apprêtement 4(2!#%1+,P%(2!;8/69#/15$+(%2! 2.$! '(2!;6'5/.'(2!

4(! "*a=BB! -#$! '(2! D"2! résulte de l’acquisit+6%! 4(2! -$615+%(2! #%1+,5%+:.(2! /*%! 4+CC5$(%1(2!

26.$/(2. D’une part)!l’incorporation des corps apoptotiq.(2!4(!;#/$6-0#,(2!(1!%(.1$6-0+'(2!

-$5#'#9'(;(%1! +%C(/152!constitue une source exogène d’antigènes! W>'6;,$#%!#+! %0:)! O^YOHm!

d’autre!-#$1!(%!-0#,6/81#%1!'#!9#/15$+(!(''(=;b;()!'(2!D"2!(7-$+;(%1!4(!C#r6%!(%46,P%(!'(2!

#%1+,P%(2!;8/69#/15$+(%2!WR#+''(.7!#+!%0:)!O^^ZHU!f%(!C6+2!#/1+&5(2)! '(2!D"2!;+,$(%1!&($2! '(2!

,#%,'+6%2! '8mphatiques médiastinaux sous l’action de chimiokines)! (%! -#$1+/.'+($! ""<YX! (1!

""<OYU! "(2! /(''.'(2! #/1+&(%1! #'6$2! '(2! '8;-06/81(2! R! "DLs! (%! '(2! -6'#$+2#%1! &($2! .%!

-05%618-(! -$6=+%C'#;;#16+$(! R0Y!par l’intermédiaire de '#! 25/$51+6%! 4e l’+%1($'(.K+%(! WB<H=

YO-[^U!f%(!C6+2!#/1+&52)! '(2! '8;-06/81(2!R0Y;+,$(%1!&($2! '(2!poumons afin d’exercer leurs 

activités protectrices, notamment par la production d’BF]γU!L’ensembl(!4.!-$6/(22.2! +%+1+5!

par l’entrée du pathogène et conduisant à l’arrivée des lymphocytes Th1 sur le site 

+%C(/1+(.7!4.$(!(%&+$6%!Z!2(;#+%(2!VCBPLT4$;WU!Il n’y a pas (%/6$(!d’explication établie sur ce 

45'#+! +%0#9+1.('! ;#+2! -'.2+(.$2!;5/#%+2;(2! -(.&(%1! (%! b1$(! $(2-6%2#9'(2. D’une part les 

/#-#/+152!+%1$+%2P:.(2!4(!la bactérie à inhiber l’apoptose des cellules phagocytaires comme 

'(2!;#/$6-0#,(2!(1!'(2!%(.1$6-0+'(2!W>'6;,$#%!#%4!E$%21)!O^YYH)!-6.$$#+1!+%4.+$(!.%!;6+%4$(!

#--$b1(;(%1! #%1+,5%+:.(! -#$! '(2! D"2! e! -#$1+$! 4(2! /6$-2! #-6-161+:.(2U! D’autre part les 

lymphocytes T régulateurs (Treg) sont susceptibles d’inhiber l’activation et la migration des 

'8;-06/81(2!R!"DLs!(CC(/1(.$2!WQ0#C+#%+!#+!%0:)!O^Y^m!f$4#0'!#+!%0:)!O^YYHU!E%C+%!4(2!/816K+%(2!



!;!

!

+;;.%6$5,.'#1$+/(s, telles l’B<=Y^)!-(.&(%1!+%0+9($!la production d’BF]γ!-#$!'(2!/(''.'(2!"DLs!

4#%2!'(2!-6.;6%2!WG(4C6$4!#+!%0:)!O^Y^m!G(4C6$4!#+!%0:)!O^YYH!VCBPLT4$!:WI!

<(!$\'(!4(2!'8;-06/81(2!>!4#%2!'#!R>!$(21(!(%/6$(!;#'!/6;-$+2!W*#,'+6%(!#%4!"0#%)!O^^XHU!B'!

#! 515! ;6%1$5! :.(! 4(2! #,$5,#12! 4(! /(''.'(2! >! C6$;#%1! 4(2! 21$./1.$(2! C6''+/.'#+$(2! 26%1!

692($&52! 4#%2! '(2! -6.;6%2! 4(! -#1+(%1! 1.9($/.'(.7Wf'$+/02! #+! %0:)! O^^LHU! "(2! /(''.'(2! >!

-(.&(%1! (7($/($! .%(! #/1+6%! +%0+9+1$+/(! 2.$! '(! 2821P;(! +;;.%+1#+$(! %61#;;(%1! -#$!

l’engagement de certains $5/(-1(.$2!4.! C$#,;(%1! F/!4(2! +;;.%6,'69.'+%(2)! +%4.+2#%1!.%(!

production d’IL=Y^!W*#,'+6%(!#+!%0:)!O^^Vm!*#,'+6%(!#+!%0:)!O^^[HU!

L#M&>"&-WRKN(%&!SB&: l’axe ILXBCH.:/γ

L’induction de la réponse protectrice -#$!'(2!'8;-06/81(2!R!"DLs!-$64./1(.$2!d’BF]γ!/6%1$(!

E+6!est dépendante de l’IL=YO:.+!(21!-$+%/+-#'(;(%1!25/$515(!-#$! '(2!D"2!#/1+&5(2!W"66-($!

#+!%0:)!O^YYHUD(2!#226/+#1+6%2!(%1$(!4(2!-6'8;6$-0+2;(2!4(2!,P%(2!codant pour l’IL=YO!6.! l’ 

BF]γ! 6%1! 515! #226/+52! #&(/! .%(! 2.2/(-1+9+'+15! #//$.(! e! '#! R>! W>6+226%=D.-.+2! #+! %0:)! O^Y`m!

R0#4#!#+!%0:)!O^YSHU!L’IL=YO!(21!.%(!/816K+%(!0515$64+;5$+:.(!/645(!-#$!4(.7!,P%(2)! J0[^FK!

W-Z`H! (1! J0[^FL! W-L^HU! <(2! C6$;(2! #/1+&(2! ,5%5$5(2! 2.+1(! e! '#! 28%10P2(! -$615+:.(! 26%1!

l’hétérodimère IL=12p70 et l’homodimèr(! B<=YO-L^U! B'! #! 515!;6%1$5! :.(! 4(2! 26.$+2! :.+! %(!

peuvent pas produire d’IL=YO-L^!%(!-(.&(%1!pas contrôler l’infection bactérienne!W"66-($!#+!

%0:)!YXX[HU!De plus, la production d’IL=YO-[^!(21!$(:.+2(!-6.$!-$6;6.&6+$!(1!;#+%1(%+$!.%(!

$5-6%2(!R0Y!4#%2! '(2!-6.;6%2)!(1!#+%2+!contenir l’infection WF(%,!#+!%0:)!O^^`HU!D(2!51.4(2!

6%1!;6%1$5!:.(!'(2!4(.7!26.2=.%+152!-L^!(1!-Z`!26%1!$(:.+2(2!-6.$!'(!/6%1$\'(!de l’infection 

W"66-($!#+!%0:)!O^^OHU!D(2!26.$+2!45C+/+(%1(2!(%!-L^!26%1!-'.2!2.2/(-1+9'(2!à l’infection, /(!:.+!

2(! 1$#4.+1!-#$!.%(!-'.2! C6$1(! /$6+22#%/(!9#/15$+(%%()!.%(!#.,;(%1#1+6%!4(! '#!;6$1#'+15! (1!

une moindre réponse Th1 productrice d’BF]γ)! /6;-#$5! #.7! 26.$+2! :.+! 26%1! 45C+/+(%1(2! (%!

p35, prouvant que l’I<=YO-L^!-(.1! A6.($!.%!$\'(!-$61(/1(.$! 16.1!/6;;(! '#! C6$;(! B<=YO-[^!

Wa6'2/0($!#+!%0:)!O^^YHU!D(!-'.2)!+'!#!515!;6%1$5!:.(!'#!;+,$#1+6%!4(2!D"2!et l’activation des 

cellules CD4+ nécessitait l’IL=YO-L^! W_0#4($! #+! %0:)! O^^SHU! f%(! (7-'+/#1+6%! 4(! /(! $52.'1#1!

$52+4(! 4#%2! '(! C#+1! que l’IL=YO-L^! #! '#! /#-#/+15! 4(! C6$;($! .%! /6;-'(7(! #&(/! .%(! #.1$(!

cytokine, l’IL=OZ-YX)!4(! C#r6%! e! former l’IL=OZ)! C6%/1+6%%(''(! (1! +;-'+:.5(! 4#%2! '#! $5-6%2(!

+;;.%+1#+$(U! "(-(%4#%1! 4(2! 26.$+2! 45C+/+(%1(2! (%! B<=23p19 contrôlent bien l’inf(/1+6%!

bactérienne et ne présentent pas de réduction significative de la production d’BF]γ!-#$! '(2!

'8;-06/81(2!R!"DLs!-.';6%#+$(2. En absence d’IL=12p70, l’IL=OZ!-(.1!/6;-(%2($!'#!-($1(!4(!
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"#$%&'!()*!+,$%-./#01!2'!-.!&,3014'!#55%1#/.#&'!2%&.1/!l’#16'7/#01!3.&!!"#8!

!"#$%&'&"(%& #()%*$#+(&,-.&!"#/&0#))1.%($%2&3+#%2&0%&.14"5-$#+(2/&6"#&2%.3%($&(+.7-5%7%($&'&

limiter la pathologie chez l’hôte, peuvent de manière inapproprié promouvoir la ,%.2#2$-(*%&

0"& ,-$8+49(%:&;%"<& )-*$%".2&,.1,+(01.-($2& 0-(2& *%$$%& .14"5-$#+(& 2+($& 5%2& 5=7,8+*=$%2& >&

.14"5-$%".2& ?>.%4@& %$& 5-& *=$+A#(%& #77"(+2",,.%22#3%& BCD10. La production d’ILDEF& 0".-($&

l’infection induit une inhibition des fonctions effectrices des ma*.+,8-4%2/& %(& .10"#2-($&

5%".2& -*$#3#$12& 7#*.+G#*#0%2& %$& %(& -5$1.-($& 5%".& 21*.1$#+(& *=$+A#(#6"%:& L’ILDEF& ,%"$& -"22#&

bloquer l’activité chimi+$-*$#6"%& 6"#& *+($.H5%& 5-& 7#4.-$#+(& 0%2& ;I2& 3%.2& 5%2& 4-(45#+(2&

5=7,8-$#6"%2:&Au sein des ganglions, l’ILDEF&%$&5%2&>.%4&,%"3%($&#(8#G%.&5-&0#))1.%($#-$#+(&0%2&

*%55"5%2& >& I;JK& (-L3%2& %(& *%55"5%2& ,.+0"*$.#*%2& d’IFNγ& >8E/& (+$-77%($& ,-.& 0%2& %))%$2&

#77"(+2",,.%22%".2& 0#.%*$%7%($& %<%.*12& 2".& 5%2& ;I2:& De plus l’ILDEF& ,%"$& 14-5%7%($&

G5+6"%.&5-&7#4.-$#+(&0%2&>8E&3%.2&5%&,+"7+(&%(& inhibant l’action de CXCL10&?MNO-..-&%$&-5:/&

PFEQ@:!

!

&



":!

!

génération des lymphocytes Th1 producteurs d’BF]γ! ;#+2! /('#! $(21(! +%2.CC+2#%1! -6.$!

contrôler l’infection W_0#4($! #+! %0:)! O^^`HU! E%! /6%/'.2+6%)! 9+(%! que l’IL=OZ! -.+22(!

partiellement compenser un défaut d’IL=YO-[^)! /(11(! /816K+%(! n’apparait pas essentielle 

4#%2!'(!/6%1$\'(!4(!'#!R>U!

L’IL=12p70 est la cytokine majeure permettant l’induction de lymphocyte2! R0Y!:.+)! 2.+1(! e!

'(.$! #/1+&#1+6%)!;+,$(%1! &($2! '(2! -6.;6%2! (1! -$64.+2(%1! l’BF]γU! "(11(! /816K+%(! (21! /$+1+:.(!

lors d’une infection à E+6. En effet il a été montré que le niveau d’BF]γ! 4#%2! '(2! '#&#,(2!

9$6%/06=#'&56'#+$(2! W>3<H! de patients atteint d’une R>! sévère est élevé, alors qu’il chute 

'6$2:.(! '#!;#'#4+(!#!515!/6%&(%#9'(;(%1!1$#+15(!WR2#6!#+!%0:)!O^^OHU!L’BF]γ!(21!/6%%.!-6.$!

#,+$! 2.$! 4(!;.'1+-'(2!-$6/(22.2! +;;.%+1#+$(2! (1!métaboliques, notamment l’activation des 

;#/$6-0#,(2)! (%! +%4.+2#%1! chez ces derniers l’(7-$(22+6%! 4(! -$615+%(2! /6;;(! +]dQ!

W*&.'"*60#!&*+)*"!4=H.#!(H&+3%(#H!:.+!#)!#.!;6+%2!/0(o!'#!26.$+2)!.%(!#/1+6%!-$61(/1$+/(!C6$1(!

/6%1$(! '#! 9#/15$+(U! "(11(! -rotéine est requise chez l’hôte! #C+%! 4(! ;+(.7! /6%1$\'($! '(!

-#106,P%(! /#$! (''(! -($;(1! la production d’oxyde nitrique! W]dH)! .%! /6;-625! ;+/$69+/+4(!

W*#/*+/K+%,! #+! %0:)! YXX[H. L’BF]γ! (21! #.22+! /$./+#'! 4#%2! '#!;#1.$#1+6%! 4(2! -0#,626;(2! #.!

2(+%! 4(2! ;#/$6-0#,(2)! (%! -($;(11#%1! e! /(.7=/+! .%(! #/+4+C+/#1+6%! ;#$:.5(! jusqu’à un pH 

+%C5$+(.$!e!`)`)!-05%6;P%(!:.+!-($;(1!d’induire la fusion avec le2!'82626;(2!WG.22(''!#+!%0:)!

O^Y^9HU!

Q+! '(!R]F=α et l’BF]γ!sont des cytokines essentielles au contrôle de l’infection par E+6)! '(.$!

2.$-$64./1+6%! +%4.+1! 4(2! 46;;#,(2! 1+22.'#+$(2! 4#%2! '(2! -6.;6%2U! 3+%2+! 4(2! ;5/#%+2;(2!

+;;.%+1#+$(2! -($;(11(%1! 4(! -$5&(%+$! l’instauration d’.%! 51#1! +;;.%6-#106'6,+:.(!

(7#/($95U! "(2! ;5/#%+2;(2! +%/'.(%1! -$+%/+-#'(;(%1! '(2! R$(,! W_.$2#$! #+! %0:)! O^^[H! et l’IL=

Y^WG(4C6$4!#+!%0:)!O^YYHU!"(11(!/816K+%(!(21!(7-$+;5(!-#$!.%!,$#%4!%6;9$(!4(!/(''.'(2! '6$2!

d’une infection à E+6)! 46%1! '(2! ;#/$6-0#,(2)! '(2! %(.1$6-0+'(2)! '(2! D"2! #+%2+! :.(! '(2!

'8;-06/81(2!>!(1!R! WQ#$#+&#!#%4!d@?#$$#)!O^Y^HU"’est la balance entre l’expression 4(!/(11(!

/816K+%(! (1! /(''(! 4.! /6.-'(! R]F=α/BF]γ qui conditionne pour beaucoup l’évolution de 

l’infection vers un contrôle du pathogène ou des! 46;;#,(2! 1+22.'#+$(2! -#106'6,+:.(2)!

/#$#/15$+21+:.(2! 4(! '#! R>U! L’IL=Y^! #,+1! (%! +%0+9#%1! '#! -$52(%1#1+6%! #%1+,5%+:.(! 4(2!

;#/$6-0#,(2!(1!4(2!D"2!ainsi qu’en inhibant la production d’IL=YO!-#$!/(2!4($%+P$(2)!/(!:.+!

/6%4.+1!e!.%!45C#.1!4(!45&('6--(;(%1!4(! '#!$5-6%2(! +%C'#;;#16+$(!R0Y! WF+6$(%1+%6!#+!%0:)!



"!!

!

YXXYHU!D(!-'.2)! l’IL=Y^!-(.1!#,+$!4+$(/1(;(%1!2.$!'(2!;#/$6-0#,(2!(%!+%0+9#%1!'#!-$64./1+6%!

4(!R]F=α et de NO!W>6,4#%!#+!%0:)!YXXYHU!

f%! #.1$(! ;5/#%+2;(! /6%4.+2#%1! à limiter l’inflammation ;(1! (%! A(.! '(2! /(''.'(2! R! (''(2=

;b;(2!:.+! -(.&(%1! s’autoréguler, notamment par l’expression de PD=Y! W-$6,$#;;(4! /(''!

4(#10!YHU!ND=1 est un récepteur cellulaire qui s’exprime à la surface des lymphocytes T et B 

#/1+&52)!(1!:.+!#-$P2!$(/6%%#+22#%/(!4(!26%!'+,#%4!WND=<Y!(1!ND=<OH!45'+&$(!.%!2+,%#'!%5,#1+C!

(%! +%0+9#%1! '#! -$6'+C5$#1+6%! (1! '#! -$64./1+6%! 4(! /816K+%(2W_(+$! #+! %0:)! O^^VHU! ND=<Y)! :.+!

+%1($#,+1! #&(/! ND=1, est abondamment exprimé dans le sang de patient atteint d’une! R>!

#/1+&(!/6;-#$5!#.7!+%4+&+4.2!2#+%2!6.!-$52(%1#%1!.%(!R>!'#1(%1(!W*/]#9!#+!%0:)!O^YYHU!$

!<#$6*$-78(52,$.5+,-=7-(5$:,$+&8,$>$

L"M&E-W(%N*"*+KN&'%&$"&PK+%&+N*%-UW-KN&'%&*QR%&.&

<(2! +%1($C5$6%2! WBF]H! de type I, comprenant majoritairement les IFNα et IFNβ, son1! 4(2!

/816K+%(2!-#$1+/.'+P$(;(%1!/6%%.(2!-6.$! '(.$2!/#-#/+152!#%1+&+$#'(2U!"(-(%4#%1)! 'es IFNα/β 

6%1! 5,#'(;(%1! .%(! C6$1(! +%C'.(%/(! 2.$! '(2! $5-6%2(2! +;;.%+1#+$(2! +%%5(2! (1! #4#-1#1+&(2!

C#+2#%1! 2.+1(! e!4(2! +%C(/1+6%2!9#/15$+(%%(2! 6.!d’#.1$(2! -#106,P%(2! %6%! &+$#.7. Les IFNα/β 

#,+22(%1! par l’intermédiaire de! '(.$2! $5/(-1(.$2! 2-5/+C+:.(2! WBF]3G!m! J&+#)9#)4&! %013%! %&.!

6#+%! )#"#1+4)H)! /6%4.+2#%1! e! '#! 1$#%2/$+-1+6%! 4(! 4+CC5$(%12! ,P%(2! $5-6%4#%1! #.7! BF]!

/6;;.%5;(%1!#--('5!BQ?!WJ&+#)9#)4&[(+*$'0%+#.!7#&#(HU!"(-(%4#%1!'#!C6%/1+6%!(7($/5(!-#$!

/(.7=ci peut être très variable d’une situation infectieuse à une autre, créant certaines 

controverses quant à un effet bénéfique ou au contraire délétère pour l’hôte W*/]#9!#+!%0:)!

O^Y`HU!N$#1+:.(;(%1!16.1(2! les cellules immunitaires sont capables de produire les IFNα/β, 

(1! /('#! C#+1! ,5%5$#'(;(%1! 2.+1(! e! .%(! 21+;.'#1+6%! 4(! 4+&($2! NGG! WW%++#)&! )#"47&*+*4&!

)#"#1+4)(H! -#$! 4(2! /6;-62#%12!;+/$69+(%2! 6.! -#$! 4(2! #'#$;+%(2U! "(2! $5/(-1(.$2! -(.&(%1!

b1$(!26'.9'(2!6.!;(;branaires. Lorsqu’ils sont membranaires ils 26%1!2+1.52!26+1!e!'#!2.$C#/(!

/(''.'#+$()! 26+1! 4#%2! 4(2! /6;-#$1+;(%12! (%4626;#.7U! B'2! -(.&(%1! $(/6%%#+1$(! 4+CC5$(%12!

N3*N2! WW%+347#&! %((4"*%+#.! $40#"'0%)! 1%++#)&(H)! mais également l’ADN qui n’est 

,5%5$#'(;(%1!-#2!$(1$6.&5!#.!%+&(#.!4.!/816-'#2;(!/(''.'#+$(U!N#$;+! '(2!NGG!/81626'+:.(2)!

GB?=B!Wj#+*&4*"!%"*.!*&.'"*60#!7#&#!^H!(1!*D3`!WE#0%&4$%!.*99#)#&+*%+*4&[%((4"*%+#.!1)4+#*&!

gH! $(/6%%#+22(%1! des ARNs étrangers. D’autre2! ;61+C2! %./'5+:.(2! 4#%2! '(! /81626'! 26%1!

$(/6%%.2! -#$! 4+&($2! $5/(-1(.$2! /6;;(! '(2! D3B! WAGK[.#1#&.#&+! %"+*/%+4)! 49! +%1($C($6%[

)#7'0%+4)H! 9%"+4)(H! (1! /?3Q! W;H"0*"! MEW[KEW! (H&+3%(#HW?6.9#.! #+! %0:)! O^YZm! N#+A6! #+! %0:)!



""!
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O^YSH)! ;#+2! #.22+! -#$! '(2! 2(%2(.$2! ;6'5/.'#+$(2! ]dD! WG'"0#4+*.#[6*&.*&7! 40*74$#)*Q%+*4&!

.4$%*&! $(/(-16$2HY(1!]dDO)! (7-$+;52! -#$! 4(! %6;9$(.7! 18-(2! /(''.'#+$(2! (1! /6%4.+2#%1! e!

une production d’IFNα/β!W*6$(+$#!#%4!g#;96%+)!O^YOHU!E%!-'.2!4(!/(2!2(%2(.$2!/81626'+:.(2)!

'(2! $5/(-1(.$2! ;(;9$#%#+$(2! /6;;(! '(2! R<G2! -(.&(%1! #/1+&($! 4(2! &6+(2! ;6'5/.'#+$(2!

conduisant à la production d’IFN de type I. Le TLR4, reconna+22#%1!'(!'+-6-6'82#//0#$+4(!4(2!

9#/15$+(2! e! ?$#;=%5,#1+C)! (21! .%! -.+22#%1! +%4./1(.$! d’IFNα/β. Au niveau endosomal, les 

R<GZ)!R<G[)!R<GV!(1!R<GX! 26%1!5,#'(;(%1! +;-'+:.52!dans la production d’IFN de type I /*%!

'(.$! $(/6%%#+22#%/(! des ARNs et d’ADN CpG non m5108'5! W*68%#,0)! O^^`HU! <(2! 4+&($2(2!

&6+(2! ;6'5/.'#+$(2! +%4.+1(2! /6%&($,(%1! dans l’activation des IRF! WJ&+#)9#)4&! )#7'0%+4)H!

9%"+4)2H)!4(2!C#/1(.$2!4(!1$#%2/$+-1+6%!-($;(11#%1!l’expression des gènes codant les IFNα/β. 

<(2! 4(.7! -$+%/+-#.7! BGF! 26%1! BGFZ! (1! BGF[! WR#;.$#! #+! %0:)! O^^VHU! <(! C#/1(.$! ]F=κ>! (21!

5,#'(;(%1!$(:.+2!(%!1#%1!:.(!/6=facteur, notamment ses kinases IKKε et TBK1 WB%&U[6*&.*&7!

U*&%(#! ^H! -6.$! +%4.+$(! la phosphorylation des IRF3 et 7. Les senseurs d’ARNs cytosoliques 

GB?=B!(1!*D3`!+%4.+2(%1!une signalisation par l’intermédiaire des pro15+%(2!;+16/06%4$+#'(2!

*3TQ! WE*+4"34&.)*%0! %&+*/*)%0[(*7&%0*&7! 1)4+#*&H! -6.$! #/1+&($! R>_Y)! #'6$2! :.(! -6.$! '#!

$(/6%%#+22#%/(!4e l’3D]!-$52(%1!4#%2!'(!/816-'#2;()!c’est principalement!/?3Q!:.+)!2.+1(!e!

'#!$(/6%%#+22#%/(!4(! l’3D])!,5%P$(!4.!/=4+=3*NW;H"0*"!.*%.#&H0%+#!$4&4134(13%+#H!:.+!(21!

$(/6%%.!-#$!QRB]?!WR+*$'0%+4)!49!*&+#)9#)4&!7#&#(H)conduisant à l’activation de TBK1 et IRF3 

Wl#126%!#+!%0:)!O^Y`HU!E%!/(!:.+!/6%/($%(!'(2!R<G2)!'(.$!2+,%#'+2#1+6%!(21!;54+5(!-#$!RGBF!WBJj[

.4$%*&["4&+%*&*&7! %.%1+#)[*&.'"*&7! *&+#)9#)4&[βHW-6.$! R<GZ! (1! LH! (1! -#$!*84VV! WEH#04*.!

.*99#)#&+*%+*4&! 1)*$%)H! )#(14&(#! 7#&#! ddO! -6.$! 16.2! R<G! 2#.C! R<GZ)! /(! :.+! /6%4.+1! e!

l’activation des IRF 26+1!directement, ou bien par l’intermédiaire de NF=κB W*/]#9! #+! %0:)!

O^Y`H!VCBPLT4$!!WU!

<(2! BF]! 4(! 18-(! B! +%4.+2(%1! 4(2! &6+(2! 4(! 2+,%#'+2#1+6%! /*%! '(.$! $(/6%%#+22#%/(! -#$! '(2!

$5/(-1(.$!0515$64+;5$+:.(!/6;-6252!4(2!26.2=.%+152!BF]3GY!(1!BF]3GOU!<#!$(/6%%#+22#%/(!

-#$! '(! récepteur induit l’activation des protéines kinases JAK1! W?%&'(! U*&%(#! ^H! (1!

Rw_OWBH)4(*&#! U*&%(#! FH! :.+! -062-06$8'(%1! '(2! -$615+%(2! QR3R! WR*7&%0! +)%&(.'"#)! %&.!

%"+*/%+4)! 49! +)%&(")*1+*4&HY! (1! QR3RO)! /6%4.+2#%1! e! '#! 4+;5$+2#1+6%! 4(! /(2! 4(.7!;6'5/.'(2)!

'(2:.(''(2!26%1!1$#%2'6:.5(s au noyau afin de s’associer à IRF9, formant le co;-'(7(!BQ?FZ!

WJ&+#)9#)4&[(+*$'0%+#.!7#&#!9%"+4)!DHU!"(!/6;-'(7(!#,+1!(%!1#%1!:.(!C#/1(.$!1$#%2/$+-1+6%%('!

4(! nombreux gènes de réponse à l’IFN! WBQ?HWB&#20K+&! #%4! D6%'+%)! O^YLHU! "(11(! &6+(! 4+1(!

i!/#%6%+:.(!» n’est pas la seule par laquelle les IFNα/β peuvent signaliser. En effet, ils 
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"#$%&'!(()!*+#',!-+./0%.1#&',!2'!.1!&/3+4,'!1%5!6"7!2'!893'!6!

!"# $%&'((")**"(&%#+%#&',-'*.*#,)&$'/)%(*#-"$#+%*# $.&%-0%1$*# *'21/2%*#'1#,%,/$"(")$%*3#

)(&21"(0#2%*#4!5*#%0#567863#&'(+1)0, par l’intermédiaire de différentes voies de signalisation,#9#

l’induction# +%*# :;(%*# &'+"(0*# -'1$# 2%*# 6<=# +%# 0>-%# 6?# !orsque l’IFN# *%# 2)%# 9# *'(# $.&%-0%1$#

*-.&)@)A1%# 6<=B53# +%# ,120)-2%*# C')%*# +%# *):("2)*"0)'(# ,%("(0# 9# +%# (',/$%1D# %@@%0*#

/)'2':)A1%*#*'(0#)(+1)0%*?#E(%#@')*#+"(*#2%#('>"13#2%#&',-2%D%#6F7<G#HF4B4I8F4B4J865<KL#*%#

2)%# 9# +%*# *.A1%(&%*# 6F5M# "1# ()C%"1# +1# -$','0%1$# +%*# :;(%*# &)/2%*# &'(+1)*"(0# 9# 2"#

transcription de nombreux gènes de réponse à l’6<=#H6F7*L?#!%*# 6<=#+%#0>-%#6#-%1C%(0#"1**)#

signaliser par l’intermédiaire de l’homodimère STAT1, qui est -21*# :.(.$"2%,%(0# "**'&).#

avec la réponse à l’IFNγ. D’autres hétérodimères de STAT sont également impliqués, comme 

STAT3, STAT4, et STAT5. D’autres voies moléculaires, n’impliquant pas la voie JAK/STAT 

-%1C%(0#N0$%#"&0)C.*3#)(&21"(0#2%*#OBPQ#%0#2"#P6GQ#HO&="/#%0#"2?3#JRISL?!

!

!

!
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-(.&(%1!#.22+!+%4.+$(!4(2!&6+(2!4(!2+,%#'+2#1+6%!#'1($%#1+&(!/*%!l’activation d’un homodimère 

de STAT1, ou bien par l’intermédiaire d’autres -$615+%(2! QR3R! /6;;(! QR3RZ)! QR3RL)! (1!

QR3R`U!E%C+%)!/('#!-(.1!5,#'(;(%1!C#+$(!+%1($&(%+$!'#!K+%#2(!NBZ_!(1!4+&($2(2!*3N_!WE*+47#&[

%"+*/%+#.!1)4+#*&!U*&%(#H!:.+!26%1!#/1+&5(2!2.+1(!e!'#!$(/6%%#+22#%/(!4(!l’BF]!-#$!BF]3GU!"(11(!

4+&($2+15!4(!;64(2!4(!2+,%#'+2#1+6%!-ermet d’influer sur la transcription de nombreux gènes 

+;-'+:.52! 4#%2! '#! $5-6%2(! #%1+&+$#'()!;#+2! 5,#'(;(%1! 2.$! '#! 1$#%2/$+-1+6%! 4(! 9(#./6.-! 4(!

/816K+%(2)! /0+;+6K+%(2)! -(-1+4(2! #%1+;+/$69+(%2)! (1! ;6'5/.'(2! -$6=! 6.! #%1+=#-6-161+:.(2)!

/6%4.+2#%1!e!4(2!;64.'#1+6%2!C6$1(2!4(!'#!$5-6%2(!+;;.%+1#+$(!#.!2(%2!'#$,(!W*/]#9!#+!%0:)!

O^Y`H!VCBPLT4$!!WU!

L#M&0V$%&'"N(&l’+NU%J*+KN&Y&%+)&

Différentes études réalisées chez l’homme e1! '#! 26.$+2! ;(11(%1! (%! #&#%1! .%! $\'(! -'.1\1!

délétère des IFNα/β lors d’inflammations chroniques en général)! (1!4(! '#!R>!(%!-#$1+/.'+($!

W*/]#9! (1! #'U)! O^Y`m! d@?#$$#! (1! #'U)! O^YZHU! N#$! (7(;-'(! l’08-($=&+$.'(%/(! 4(! /($1#+%(2!

26./0(2! 4(!E+6! (21! /6$$5'5(! e! .%(! #.,;(%1#1+6%! 4(! '#! -$64./1+6%! d’BF]! 4(! 18-(! BU! f%(!

instillation directe d’IFNα/β 4#%2!'(2!poumons durant l’infection s’avère aussi délétèr(!-6.$!

l’hôteW*#%/#!#+!%0:)!O^^Ym!*#%/#!#+!%0:)!O^^`m!d$4M#8!#+!%0:)!O^^[m!Q1#%'(8!#+!%0:)!O^^[HU"(2!

$52.'1#12!26%1!(%!#//6$4!#&(/!4(2!51.4(2!/'+%+:.(2!:.+!6%1!$5&5'5!:.(!4(2!-#1+(%12!#11(+%12!4(!

R>! #/1+&(! -$52(%1(%1! .%(! 2+,%#1.$(! 1$#%2/$+-1+6%%(''(! (7#/($95(! 4(! ,P%(2! 4(! $5-6%2(2! e!

'@BF]! 4(! 18-(! B! WBQ?H! 4#%2! '(2! /(''.'(2! 4.! 2#%,! -5$+-05$+:.()! '(2! %(.1$6-0+'(2! (%!

-#$1+/.'+($W>($$8!#+! %0:)! O^Y^m!d11(%06CC!#+! %0:)! O^YOHU! E%C+%)! /0(o! '#! 26.$+2)! '#! 45-'51+6%! 4.!

,P%(!/64#%1!.%(!*3N_!W*3N_VH)!.%!$5,.'#1eur négatif de la production d’IFN!B)!6%!692($&(!

.%(!#.,;(%1#1+6%!4(!'#!-$64./1+6%!d’BF]α/β associé(!e!.%(!-'.2!,$#%4(!/0#$,(!9#/15$+(%%(!

-.';6%#+$(!#-$P2!+%C(/1+6%U!"e phénotype est associé avec une augmentation du niveau d’IL=

10 et à une diminution de la production d’IL=YOU!D(!C#r6%!+%15$(22#%1()!/(!-05%618-(!%(!2(!

;#%+C(21(! -'.2! '6$2:.(! '(2! 26.$+2! -$52(%1(%1! .%(! 46.9'(! +%#/1+&#1+6%! 4(! *3N_V! (1! 4.!

récepteur à l’interféron IFNAR1 W*/]#9!#+!%0:)!O^YZHU!<(2!;5/#%+2;(2!+;-'+:.52!4#%2!/(11(!

(7#/($9#1+6%!de la pathologie par l’BF]!4(!18-(!B!%(!26%1!-#2!(%/6$(!(%1+P$(;(%1!/6;-$+2!(1!

2(;9'(%1!b1$(!;.'1+C#/16$+('2U! B'! #!été montré que la signalisation relative à l’BF]!4(! 18-(! B!

-(.1! $5,.'($! %5,#1+&(;(%1! '#! -$64./1+6%! 4(! +]dQ! -#$! '(2! /(''.'(2! ;85'6v4(2!

-.';6%#+$(2W*#8($=>#$9($!#+!%0:)!O^YYHU!D(!-'.2)!4(2!51.4(2!6%1!;+2!en évidence qu’un des 

;5/#%+2;(!d’action +;;.%62.--$(22(.$!4(2! BF]α/β durant une infection à E+6! 2($#+1! 4(!



"=!

!

$(%4$(! '(2! /(''.'(2! +;;.%(2!;6+%2! 2(%2+9'(2!à l’IFNγ! W*/]#9!#+!%0:)! O^YLH)! -05%6;P%(! 2(!

1$#4.+2#%1)!%61#;;(%1!/0(o!'(2!;#/$6-0#,(2)!-#$!.%(!+%0+9+1+6%!4(!'#!/#-#/+15!4(2!/(''.'(2!e!

$(21$(+%4$(! '#! /$6+22#%/(! 9#/15$+(%%(! WR('(2! #+! %0:)! O^YZHU! E%C+%)! '(! C#+1! :.(! '(2! BF]α/β 

+%4.+2(%1!une augmentation de l’IL=Y^!16ut en inhibant l’IL=YO!2($#+1!.%!-#$#;P1$(!:.+!#.$#+1!

-6.$! /6%25:.(%/(! .%(! +%0+9+1+6%! 4(! '#! $5-6%2(! "DLs! R0Y)! /(%1$#'(! 4#%2! '(! /6%1$\'(! 4(!

l’infectionWd$4M#8! #+! %0:)! O^^[H. Au final, bien qu’il ait été montré que la production de 

cytokines comme l’IL=YO-[^)! (21! inhibé par l’BF]! 4(! 18-(! B! 4.$#%1! .%(! +%C(/1+6%! e!E+6)! '(!

mécanisme de cette suppression n’est pas clair et pourrait +;-'+:.($!.%(!+%0+9+1+6%!$52.'1#%1!

4(! '#! C6$1(!(7-$(22+6%!d’IL=10, de la moindre sensibilité des cellules à répondre à l’IFNγ!6.!

bien encore de l’action de certains régulateurs négatifs induit par l’BF]! 4(! 18-(! B! /6;;(!

NG*RY!WW)4+#*&!%)7*&*&#!G[$#+3H0+)%&(9#)%(#!^H!qui module l’action de certa+%(2!-$615+%(2!

(%!+%4.+2#%1!'#!;5108'#1+6%!4(!$52+4.2!#$,+%+%(2!-$52(%12!2.$!/(''(2=/+U!

E%!/6%/'.2+6%)!'(2!BF]!4(!18-(!B!-(.&(%1!/6%2+45$#9'(;(%1!+%C'.(%/($!(1!;64.'($!'#!$5-6%2(!

immunitaire induite par l’infection E+6! (1! $(-$52(%1(%1! 4(! /(! C#+1! .%! C#/1(.$!451($;+%#%1!

4#%2!'(!/6%1$\'(!4(!'#!-#106'6,+(!1.9($/.'(.2(!VCBPLT4$!"WU!

2/ Reconnaissance de la bactérie par l’hôte

!"#$6,2$?@@2$

Q.+1(! e! .%(! +%C(/1+6%! -#$! E+6)! '#! 9#/15$+(! (21! $(/6%%.(! -#$! 4(! %6;9$(.7! $5/(-1(.$2!

(7-$+;52!e! '#!C6+2!#.!%+&(#.!4(2!/(''.'(2)!;#+2!#.22+!-$52(%12!(%!1#%1!:.(!C#/1(.$2!26'.9'(2!

4#%2!'#!/+$/.'#1+6%U!N#$;+! '(2!$5/(-1(.$2!;(;9$#%#+$(2)! '(2!R<G2)! '(2! $5/(-1(.$2!2/#&(%,($2!

WQGH!(1!'(2!'(/1+%(2!4(!18-(="!W"<G2H!26%1!'(2!-$+%/+-#'(2!C#;+''(2!4(!$5/(-1(.$2!+;-'+:.52!4#%2!

'#!$(/6%%#+22#%/(!4(! '#!9#/15$+(U!D’autre part!.%!/($1#+%!%6;9$(!4(!$5/(-1(.$2!26'.9'(2!(1!

4(!2(%2(.$2!+%1$#/(''.'#+$(2!26%1!5,#'(;(%1!+;-'+:.52!4#%2!/(11(!$(/6%%#+22#%/(U!

L"M&>%(&!>0(&

<(2!R<G2!$(-$52(%1(%1!.%(!C#;+''(!4(!-$615+%(2!-62254#%1!4(2!$5-51+1+6%2!$+/0(2!(%!'(./+%()!

:.+!$(/6%%#+22(%1!4(2!451($;+%#%12!;+/$69+(%2)!'(2!N3*N2)!-#$1#,52!-#$!4(!%6;9$(.7!18-(2!

d’agents pathogènes. "0#:.(!R<G!-(.1!$(/6%%#+1$(!2-5/+C+:.(;(%1!.%!6.!-'.2+(.$2!N3*N2U!

Q.+1(!e!'#!$(/6%%#+22#%/(!4(!'#!9#/15$+()!.%(!/#2/#4(!4(!2+,%#'+2#1+6%!(21!45/'(%/05(U!"(''(=/+!

(21!+%+1+#'(;(%1!459.15(!-#$!'(!$(/$.1(;(%1!4(!*84VV!#.!%+&(#.!4.!46;#+%(!+%1$#/(''.'#+$(!

4.!R<G!(1!(21! /6;;.%(!e! 16.2! '(2!R<G! Wà l’exception de TLR3HU!*84VV!2($1!-#$! '#! 2.+1(!4(!



!

!

"#$%&'!()*!+,-.%',/'!0'1!+"2!0'!345'!+!1%&!.6!&758,1'!9!!"#!

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

+,7/)*+&,!-!!"#8!/,!$#%*+)(3+/%!$#%!)/%*#+,/0!0&()./0!.1$/%9+%(3/,*/0:!;/!$3(08!'/0!+,7/)*+&,0!

9+%#3/0! 0<$#%</0! $/(9/,*! )&,'(+%/! -! 3#! $%&'()*+&,! '=2>?! '/! *1$/! 2! $#%! '=#(*%/0! )/33(3/0!

)&44/!3/0!;@0!$3#04#)1*&+'/0!/*!3/0!)/33(3/0!<$+*.<3+#3/0:!"/0!2>?α/β présents dans le microA

/,9+%&,,/4/,*! +,.+B/,*! 3/0! 4#)%&$.#5/08! /,! $#%*+)(3+/%! 3/(%! $%&'()*+&,! '/! )1*&C+,/0!

$%&*/)*%+)/0! '/! 3=.D*/! )&44/! 3=2"AEF! /*! 3/! G?>Aα, $%&! 3/(%! 0+5,#3+0#*+&,! +,'(+*/! $#%!

3=+,*/%#)*+&,!#9/)!3/(%!%<)/$*/(%!2>?HI:!"/0!2>?!'/!*1$/!2!$/(9/,*!#(00+!+,'(+%/!3#!$%&'()*+&,!

'=2"AEJ! $#%! 3/0!4#)%&$.#5/08! )/! K(+! +,.+B/! 3#! $%&'()*+&,! '=2"AEF! /*! '/! G?>Aα. De manière 

+,*<%/00#,*/8! 3/0! 2>?α/β sont capable0! '=+,.+B/%! 3=#)*+9#*+&,! '/0! 4#)%&$.#5/0! $#%! 3/0!

314$.&)1*/0!G.E!/,!'+4+,(ant leur capacité à répondre à l'IFNγ!LM=N#%%#!/*!#3:8!FJEOP:!



"M!

!

-$615+%(!/0#-($6%%(!-6.$!'(!$(/$.1(;(%1!4(!BG3_!WJ&+#)0#'U*&[^!)#"#1+4)[%((4"*%+#.!U*&%(#H)!

RG3F! WBGV! )#"#1+4)! %((4"*%+#.! 9%"+4)H)! R3_Y! WB)%&(94)$*&7! 7)4`+3! 9%"+4)! 6#+%[%"+*/%+#.!

U*&%(#!^H!(1!*3N_U!"(11(!2+,%#'+2#1+6%!#96.1+1!à l’activation du facteur de transcription NF=K>!

:.+!(21!#'6$2!1$#%2'6:.5!4#%2! '(!%68#.!#C+%!d’induire l’expression de 2(2!,P%(2!/+9'(2! W3K+$#!

#%4! R#K(4#)! O^^LH! VCBPLT4$ !#WU"(11(! &6+(! 4(! 2+,%#'+2#1+6%! /6%4.+1! e! '#! -$64./1+6%! 4(!

%6;9$(.2(2! /816K+%(2! -$6=+%C'#;;#16+$()! 1(''(2! :.(! '(! R]F=α et l’IL=YOU! D#%2! .%! /6%1(71(!

1.9($/.'(.7)! +'!#!515!;6%1$5!:.(! '#!9#/15$+(!(21!-$+%/+-#'(;(%1!$(/6%%.(!-#$! '(!R<GO)! 9+(%!

:.(!'(2!R<GL!(1!R<GX!-6.$$#+(%1!5,#'(;(%1!b1$(!+;-'+:.52!W>#2.!#+!%0:)!O^YOHU!E+6!(7-$+;(!

4(!%6;9$(.7!451($;+%#%12!-6.&#%1!+%1($#,+$!#&(/!'(!R<GO!(1!+%4.+$(!'#!&6+(!4(!2+,%#'+2#1+6%!

*84VVU!N#$;+!/(.7=/+!6%!/6;-1(!-#$!(7(;-'(! '(2! '+-6-$615+%(2!;(;9$#%#+$(2!(1!25/$515(2!

-#$!'#!9#/15$+(!<-:a)!<-$3)!(1!<-$?!W>$+,019+''!#+!%0:)!YXXXm!?(0$+%,!#+!%0:)!O^^Lm!N(/6$#!#+!%0:)!

O^^SHU!<(!R<GO!-(.1!#.22+! +%1($#,+$!#&(/!'(!'+-6;#%%#%(!Wx.(2%+#.7!#+!%0:)!O^^LH(1!'(2!NB*2!

-$52(%12! 2.$! '#!;8/6;(;9$#%(! W?+''($6%!#+! %0:)! YXX[HU! <#! '+#+26%! 4(! /(2! /6;-6252! #&(/! '(!

R<GO! +%4.+1! '#! -$64./1+6%! 4(! -(-1+4(2! #%1+;+/$69+(%2! /6;;(! '#! /#105'+/+4+%(! -#$! '(2!

macrophages ainsi qu’une meilleure résistance à l’infection de manière générale W<+.!#+!%0:)!

O^^SHU!

A l’instar du TLR2, le TLR4 indui1! .%(! 2+,%#'+2#1+6%! -#$! *84VV! #-$P2! $(/6%%#+22#%/(! 4(!

N3*N2!45C+%+2)!#96.1+22#%1!e! '#!-$64./1+6%!4(!/816K+%(2!-$6=+%C'#;;#16+$(2U!"(-(%4#%1)! '(!

R<GL!-(.1!#.22+!#/1+&($!.%(!&6+(!+%45-(%4#%1(!4(!*84VV!(1!.1+'+2#%1!'#!;6'5/.'(!RGBFU!"(11(!

&6+(! +%4.+1! l’activation d’une série de gP%(2! :.+! $5,.'(%1! '#! $5-6%2(! +;;.%+1#+$(! /6;;(!

l’IFNβ W3K+$#! #+! %0:)! O^^YHU! D#%2! 4(2! 51.4(2! *&! /*+)4<! +'! #! 515! ;6%1$5! :.(! '(! R<GL! (21!

susceptible d’+%1($#,+$!#&(/! '(2!-$615+%(2!aQNS`!(1!aQN[^!4(!E+6! W>.'.1!#+!%0:)!O^^`H)!#+%2+!

qu’avec des protéines chaperonnes produites par la 9#/15$+(! /6;;(! "-%! W;3%1#)4&*&!

9%$*0HH! S^UY! (1! "-%S^UOW"(06&+%! #+! %0:)! O^Y^HU! >+(%! :.(! -'.2+(.$2! ;6'5/.'(2! 6%1! 515!

45;6%1$5(2! /6;;(! #/1+&#1$+/(2! 4.! R<GL! *&! /*+)4)! '(! '+,#%4! $(/6%%.! 4.$#%1! .%(! +%C(/1+6%!

;8/69#/15$+(%%(!*&!/*/4!$(21(!+%/6%%.U!D(!-'.2)!'(2!51.4(2!*&!/*/4!6%1!#96.1+!e!4(2!$52.'1#12!

4+&($,(%12! /6%/($%#%1! l’importance 4(! /(! récepteur dans le contrôle de l’infection à E+6U!

"($1#+%(2!6%1!-.!51#9'+$!:.(!4(2!26.$+2!45C+/+(%1(2!(%!R<GL!%(!-$52(%1(%1!-#2!2.2/(-1+9+'+15!

particulière à l’infection WG(+'+%,! #+! %0:)! O^^Om! Q0+;! #+! %0:)! O^^ZH, alors que d’autre2! 6%1!

;6%1$5!:.(!/(!$5/(-1(.$!(21!%5/(22#+$(!#.!/6%1$\'(!4(!'#!9#/15$+(!W39('!#+!%0:)!O^^OHU!3.!&.!



!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !

"#$%&'!()*!+,#'!-'!.#$/01#.02#,/!#/-%#2'!03&4.!%/'!&'5,//0#..0/5'!30&!%/!678!

!"# $%&'()"%&*+# ,-$# .!/$# 0-1'-%# )-# 1-21(%-'-+%# ,-# 34,556# 7(&# 8# $*+# %*(1# &+,(&%# )-#

recrutement d’IRAK4 01*9*7("+%# l’association ultérieure avec IRAK1 et sa phosphorylation. 

./:;<#-$%#0"1#)"#$(&%-#1-21(%=#0"1#>/:?@#0A*$0A*14)=6#2-)"#&+,(&%#$*+#"2%&9"%&*+6#01*9*7("+%#

$"#,&$$*2&"%&*+#,(#2*'0)-B-#"9-2#)-#1=2-0%-(1#0*(1#C*1'-1#(+#+*(9-"(#2*'0)-B-#"9-2#.:?@6#

.:D@# -%# .:DEF# G-)"# 2*+,(&%# 8# )"# 0A*$0A*14)"%&*+# ,-# .:DE# -%# .:?@F# >/:?@# $-# 1-%1*(9-#

,=H1",=#0-1'-%%"+%# )"# )&I=1"%&*+#,(#2*'0)-B-#J./:;<K.:?@K.:D@K.:DEL#,"+$# )-#24%*$*)#,-#

la cellule, où il s’associera avec UBC13 et UEV1:F#M(&%-#8#2-)"6#./:;<#-$%#(I&7(&%&+4)=6#2-#7(&#

induit l’activation en aval de TAK1, qui à son tour, 0A*$0A*14)-# 8# )"# C*&$# ,-$#3:N?# -%# )-#

complexe IKK (IKKαKIKKβK>??γLF#G-#2*'0)-B-#0A*$0A*14)-#-+$(&%-#>OD6#$-#%1",(&$"+%#0"1#$*+#

(I&7(&%&+4)"%&*+#-%#$"#,=H1","%&*+#0"1#)-#01*%="$*'-F#G-2&#0-1'-%#)"#%1"+$)*2"%&*+#+(2)="&1-#

,(# C"2%-(1# ,-# %1"+$21&0%&*+# P;KOD# 7(&# induit l’expression de s-$# HQ+-$# 2&I)-$# J:O&1"# "+,#

."O-,"6#ERRSLF#
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4(2!46%%5(2!#/1.(''(2!+'!(21!4+CC+cile de se prononcer quant à l’impact réel de ce TLR dans la 

-#106'6,+(!1.9($/.'(.2(!ou l’immunité anti=1.9($/.'(.2(U!

En ce qui concerne le TLR9, c’est un TLR intracellulaire présent à la membrane endosomale 

:.+!(21!45/$+1!/6;;(!.%!$5/(-1(.$!-6.$!'(2!;61+Cs CpG de l’ADN bactérien, incluant celui de 

E+6. La reconnaissance de l’ADN de la bactérie -#$!/(!R<G!+%4.+1!.%(!-$64./1+6%!4(!R]F=α 

-#$!'(2!;#/$6-0#,(2!W_+(;($!#+!%0:)!O^^XHU!<(2!26.$+2!45C+/+(%1(2!(%!R<GX!26%1!-'.2!2(%2+9'(2!

à l’infection que les souris sauvages! W_+(;($! #+! %0:)! O^^XHU! B'! #! #.22+! 515! ;6%1$5! :.(! 4(2!

>*D*2! WL4&#! $%))4`! .#)*/#.! $%")413%7#(H! 45-6.$&.2! 4(! R<GX! +%C(/152! -#$! E+6!

-$64.+2(%1! ;6+%2! d’IL=YO-L^! :.(! 4(2! >*D*2! +22.2! 4(! 26.$+2! 2#.&#,(2U! D(2! /(''.'(2!

45-6.$&.(2!e!'#!C6+2!4(!R<GX!(1!R<GO!%(!-$64.+2(%1!-'.2!d’IL=12p40, renforçant l’idée que ces 

4(.7! R<G2! -(.&(%1! #,+$! en coopération dans la génération d’une réponse Th1 optimale 

%5/(22#+$(!e!.%!/6%1$\'(!#45:.#1!d’une infection à E+6!W>#C+/#!#+!%0:)!O^^`HU!"(-(%4#%1)!4(2!

26.$+2! 1$+-'(;(%1! +%#/1+&5(2! -6.$! R<GO)! R<GL! (1! R<GX! %(! -$52(%1(%1! -#2! 4(! 2.2/(-1+9+'+15!

particulière à l’infection!Wa6'2/0($!#+!%0:)!O^^VHU!E%!/6%/'.2+6%)!'(!$\'(!(7#/1!4(2!R<GO)!L!(1!X!

dans l’immunité anti=1.9($/.'(.2(!(21!(%/6$(!;#'!/6;-$+2!: des redondances avec d’autres 

&6+(2!4(! 2+,%#'+sation pourrait expliquer l’absence de phénotype des souris triple=_d!m! 4(2!

différences entre l’homme et la souris pourraient également b1$(!+%&6:.5(2U!

L#M&>%(&-WJ%R*%I-(&(J"P%NT%-(L=0(M&

<(2!QG2!26%1!(7-$+;52!e!'#!2.$C#/(!4(2!/(''.'(2!-0#,6/81#+$(2)!;#+2!-(.&(%1!5,#'(;(%1!b1$(!

2(/$5152! 4#%2! '(! ;+'+(.! (715$+(.$! -6.$! /($1#+%2! d’entre euxU! <(2! QG2! $(/6%%#+22(%1! 4(!

%6;9$(.7!'+,#%42!(1!6%1!4(2!C6%/1+6%2!1$P2!4+&($2(2!#.!2(+%!4.!2821P;(!+;;.%+1#+$(!W"#%16%!

#+!%0:)!O^YZHU!"($1#+%2!26%1!+;-'+:.52!4#%2!'#!$(/6%%#+22#%/(!4(!E+6)!/6;;(!"DZS)!*3G"d!

WE%")413%7#! $(/(-16$!M+10! /6''#,(%6.2! 21$./1.$(H)'(! $5/(-1(.$! 2/#&(%,($!3! WQG3H)! (1! 3B*!

WK6(#&+!*&!$#0%&4$%HW_+''+/K!#+!%0:)!O^YZHU!

<(! "DZS! (21! (7-$+;5! '#$,(;(%1! -#$! '(2! ;6%6/81(2)! ;#/$6-0#,(2! (1! D"2U! B'! $(/6%%#+1! '(!

*#%<3*!-$52(%1!2.$!'#!-#$6+!4(!'#!9#/15$+()!+%4.+2#%1!.%e augmentation de l’expression de 

R]F=α par les macrophages Wu6o(C6M2K+!#+!%0:)!O^YYHU!

*3G"d!(21)!:.#%1!e! '.+)! (7-$+;5!.%+:.(;(%1!4#%2! '(2!;#/$6-0#,(2!(1! 26%!(7-$(22+6%!(21!

#.,;(%15(!2.+1(!e!.%(! +%C(/1+6%!9#/15$+(%%(! W_$##'!#+!%0:)!O^^^HU! B'!#!515!2.,,5$5!4#%2!.%(!

51.4(!:.(!/(!$5/(-1(.$!-(.1!'+($!'(!RD*!-$52(%1!2.$!'#!;8/69#/15$+(!(1!#,+$!-#$!'#!2.+1(!(%!



"N!

!

1#%1!:.(!/6=$5/(-1(.$!#&(/!'(!R<GO!#C+%!4(!-$6;6.&6+$!'#!$5-6%2(!-$6=+%C'#;;#16+$(!+%4.+1(!

par la cellule suite à l’infection!W>6M4+20!#+!%0:)!O^^XHU!

Concernant SRA, c’est un récepteur scavenger qui est capable de lier et d’+%1($%#'+2($!4(2!

'+,#%42!;8/69#/15$+(%2)! +'! +%1($&+(%1! /6;;(!-6.$!*3G"d!4#%2! '#! $(/6%%#+22#%/(!4.!RD*!

/6%4.+2#%1!e!.%(!#.,;(%1#1+6%!4(!'#!-$64./1+6%!4(!R]F=α par les macrophages. Les souris 

46.9'(;(%1!45C+/+(%1(2!(%!*3G"d!(1!QG3!-$52(%1(%1!.%!45C#.1!5'(&5!4(!-$64./1+6%!4(!R]F=

α en réponse au TDM mycobactérien W>6M4+20!#+!%0:)!O^^XHU!!

E%C+%)!3B*!(21!:.#%1! e! '.+!.%! $5/(-1(.$! 25/$515!-#$! '(2!;#/$6-0#,(2)! 6$+,+%#'(;(%1!45/$+1!

/6;;(!.%!C#/1(.$!4(!2.$&+(!/(''.'#+$(U!B'!#!515!;6%1$5!$5/(;;ent qu’il était impliqué dans la!

$(/6%%#+22#%/(! 9#/15$+(%%(! W*#$1+%(o! #+! %0:)! O^YLHU! <(! %iveau d’AIM dans le sérum (21!

#.,;(%15! /0(o! '(2! 26.$+2! -$5#'#9'(;(%1! +%C(/15(2! -#$!E+6U! 3B*! C#&6$+2(! '#! 2.$&+(! 4(! '#!

/(''.'(! (1! +%0+9(! '#! /$6+22#%/(! 9#/15$+(%%(! (%! -$6;6.&#%1! %61#;;(%1! '(! -$6/(22.2!

d’autophagie WQ#%A.$A6!#+!%0:)!O^YZHU!

LJM&>%(&(%N(%I-(&+N*-"J%$$I$"+-%(&

E+6!#! '6%,1(;-2!515! /6%2+45$5! /6;;(!.%!-#106,P%(!.%+:.(;(%1! &#/.6'#+$(U!D(2!51.4(2!

$5/(%1(2!6%1!/(-(%4#%1!-.!51#9'+$!:.(!'#!9#/15$+(!(21!/#-#9'(!4(!s’échapper du phagosome!

-6.$!$(A6+%4$(!'(!/816-'#2;(!4(!'#!/(''.'(WQ+;(6%(!#+!%0:)!O^YOH!WQ+;(6%(!#+!%0:)!O^Y`HU!D(!/(!

C#+1)! '#! 9#/15$+(!-(.1! b1$(! $(/6%%.(!-#$!4(2! 2(%2(.$2! +%1$#/(''.'#+$(2)! /6;;(! '(2!-$615+%(2!

$+/0(2!(%!;61+C!<GG!W<(./+%(!$+/0!$(-(#1H!1(''(2!:.(!]dD2!(1!3B*O!W>$+K(%!#+!%0:)!O^YZm!_+''+/K!

#+!%0:)!O^YZH!ou encore des senseurs cytosoliques important dans l’induction de la réponse 

#.7!BF]!4(!18-(!B!/6;;(!/?3Q!W*#A'(22+!#%4!>$62/0)!O^Y`HU!

<(2!]dD2!$(-$52(%1(%1!.%(! C#;+''(!4(!$5/(-1(.$2!/816-'#2;+:.(2!/6;-625(!4(!-'.2!4(!O^!

NGG2!4+CC5$(%12U! B'!#!515!;6%1$5!:.(!]dDY!(1!]dDO!-(.&(%1!$(/6%%#+1$(! '(!-(-1+46,'8/#%(!

/6%1(%.!4#%2!'#!-#$6+!4(2!9#/15$+(2!(1!+%4.+$(!.%(!#/1+&#1+6%!4.!C#/1(.$!4(!1$#%2/$+-1+6%!]F=

K>)!/6%4.+2#%1!e!.%(!-$64./1+6%!4(!/816K+%(2!-$6=+%C'#;;#16+$(2!W_#%%(,#%1+!#+!%0:)!O^^[HU!

Dans un contexte d’infection à E+6)! +'! #! 515! ;6%1$5! :.(! ]dDO! -(.1! $(/6%%#+1$(! '(!

;8/6'8'#$#9+%6,#'#/1#%(=-(-1+46,'8/#%(! W*DNH! 4(! '#! ;8/6;(;9$#%()! (1! :.(! 4(2!

;#/$6-0#,(2!+22.2!4(!26.$+2!45C+/+(%1(2!(%!]dDO!-$64.+2(%1!;6+%2!4(!R]F=α, d’IL=YO-L^!(1!

4(!]d!:.(!4(2!;#/$6-0#,(2!+22.2!4(!26.$+2!2#.&#,(2!#-$P2!.%(!+%C(/1+6%!-#$!E+6!W?#%461$#!

#+! %0:)! O^^[HU! D(! -'.2)! .%(! 51.4(! #!;6%1$5! :.(! '(! 1$#+1(;(%1! 4(!;#/$6-0#,(2! #'&56'#+$(2!



">!

!

0.;#+%2! #&(/! 4.!*DN! '(.$2! -($;(1! 4(!;+(.7! /6%1$\'($! .%(! +%C(/1+6%! e!E+6)! %61#;;(%1!

,$y/(!e!.%(!#.,;(%1#1+6%!4(!'#!-$64./1+6%!4(!R]F=α mais aussi en induisant plus fortement 

l’autophagie!Wu.#$(o!#+!%0:)!O^YOHU!

Lors de l’infection, +'! #! 515! montré que l’ADN de E+6! /6='6/#'+2(! avec le senseur d’ADN 

46.9'(!9$+%!3B*O!4#%2!'(2!/(''.'(2!#8#%1!+%1($%#'+25!'#!9#/15$+(!WQ#+,#!#+!%0:)!O^YOHU!3B*O!(21!

/6%%.(!-6.$!b1$(!.%!C6rt inducteur de l’inflammasome. Celui=/+!(21!.%!/6;-'(7(!-$615+:.(!

important dans l’immunité +%%5(!/#$! +'!-(.1)!2.+1(!e! '#!$(/6%%#+22#%/(!4(!4+&($2!2+,%#.7!4(!

4#%,($2, promouvoir et renforcer l’état inflammatoire global par la production de2!/816K+%(2!

-$6=+%C'#;;#16+$(2!1(''(2!:.(!l’B<=1β et l’B<=YVU!"(!-$6/(22.2!+%4.+1!.%(!-'.2!C6$1(!#/1+&#1+6%!

4(2!/(''.'(2! +;;.%+1#+$(2)!%61#;;(%1!(%!$(%C6$r#%1! '(2!C6%/1+6%2!;+/$69+/+4(2!4.!2821P;(!

+;;.%+1#+$(!WF($%#%4(2=3'%(;$+!#+!%0:)!O^^XHU! B'!#!515!;6%1$5!:.(!4(2!26.$+2!45C+/+(%1(2!(%!

AIM2 présentent un défaut de production d’IL=1β et d’IL=YV!#226/+5!e!.%(!#.,;(%1#1+6%!4(!

la charge bactérienne ainsi qu’à une moindre survie de l’animal suite à l’infection par E+6!(%!

/6;-#$#+26%!#.7!26.$+2!2#.&#,(2!WQ#+,#!#+!%0:)!O^YOHU!

D(2!51.4(2! $5/(%1(2!6%1!;+2!(%!5&+4(%/(2!:.(! '(!2(%2(.$!/81626'+:.(!/?3Q!(21!/#-#9'(!4(!

reconnaitre l’ADN mycobactérien, conduisant à une induction d’IFN=β et de l’autophagie 

4#%2!4(2!;#/$6-0#,(2! +%C(/152!-#$!E+6! *&!/*+)4:!D(!-'.2! '6$2:.(!4(2! 26.$+2!45C+/+(%1(2!(%!

/?3Q!26%1! +%C(/15(2!-#$!4(2!26./0(2!&+$.'(%1(2!4(!E+6)! +'!(%!$52.'1(!.%(!$54./1+6%!4.!1#.7!

sérique d’IFN=β! W"6''+%2!#+!%0:)!O^Y`H!par rapport aux souris sauvages. Cependant, bien qu’il 

%@8! #! -#2! 4(! 4+CC5$(%/(! 4(! /0#$,(! 9#/15$+(%%(! #.7! %+&(#.7! 4(2! -6.;6%2)! /(2! 26.$+2!

-$52(%1(%1!.%(!-'.2!C6$1(!;6$1#'+15!4#%2!des phases d’infections longues comparé aux souris 

2#.&#,(2!W"6''+%2!#+!%0:)!O^Y`HU!f%!-6+%1! +%15$(22#%1!e!26.'(&($!(21!:.(! '#!9#/15$+(!#!9(26+%!

d’un système de 25/$51+6%! EQq=Y! #/1+C! -6.$! -6.&6+$! 2(! $(1$6.&($! 4#%2! '(! /81626')! /(! :.+!

implique que l’ADN mycobactérien qui est reconnu par cGAS est issu de bacilles vivants.!

Comment l’ADN bactérien se retrouve dans le cytosol au contact de cGAS, et par quel moyen 

'#!9#/15$+(!&#!-6.&6+$!(7/$51($!/(1!3D]!2#%2!-6.$!#.1#%1!(%!;6.$+$)!26%1!4(2!:.(21+6%2!:.+!

%5/(22+1(2!-'.2!#;-'(2!+%&(21+,#1+6%2!4#%2!'(!C.1.$!W*#A'(22+!#%4!>$62/0)!O^Y`HU!

!3#$6,2$1,'+.5,2$:,$+&8,$9$!96@2#$

<(2!"<G2!26%1!4(2!$5/(-1(.$2!2-5/+#'+252!4#%2!'#!$(/6%%#+22#%/(!4(!'+,#%4!,'8/628'52)!C#+2#%1!

4(! /(.7=/+! .%(! C#;+''(! 4(! $5/(-1(.$! /(%1$#'(! 4#%2! '#! $(/6%%#+22#%/(!;+/$69+(%%(! +%/'.#%1!



";!

!

E+6!46%1! '#!-#$6+!(21!$+/0(!(%!;61+C!,'8/628'52U!<(2!"<G2!26%1!4(2!-$615+%(2!/6;-625(2!4(!

;61+C2! 21$./1.$#.7! /6%2($&52! 4+1! "R<D! W;[+H1#! 0#"+*&[0*U#! .4$%*&H)C6$;52! 4(! 4(.7! 6.!

-'.2+(.$2! -$615+%(2! 2@#,(%r#%1! (%! 96./'()! $('+5(2! (%1$(! (''(2! -#$! 4(2! -6%12! 4+2.'C.$(!

WD$+/K#;($)! YXXXm! g('(%2K8! #%4! ?$(#48)! O^^`HU! <(2! "<G2! -622P4(%1! .%! 46;#+%(! 4(!

$(/6%%#+22#%/(!4(2!2./$(2!W"GDm!;%)643H.)%+#!)#"47&*+*4&!.4$%*&H)!/6%C5$#%1!'(2!-$6-$+5152!

4(!'+#+26%2!#.7!'+,#%42!(1!%5/(22+1#%1!'#!-$52(%/(!d’ions "#Os!-6.$!-6.&6+$!b1$(!C6%/1+6%%('2!

W4@6t!'#!1($;+%6'6,+(!k18-(!"k!4(!/(2!$5/(-1(.$2HU!<(2!"GD!/6%1+(%%(%1!L!2+1(2!4(!'+#+26%2!#.!

/#'/+.;U!<(2!2+1(2!/6%1+(%%(%1!Z!#/+4(2!#;+%52!/6;-6252!4(!4(.7!#/+4(2!#;+%52!/0#$,52!4(!

/0#:.(!/\15!25-#$5!-#$!.%!#/+4(!#;+%5!2+;-'(!4(!18-(!-$6'+%(U!E%!-$52(%/(!4(!/#'/+.;)!'(2!

#/+4(2! #;+%52! /0#$,52! +%1($#,+22(%1! #&(/! '(! /#'/+.;)! /6%4.+2#%1! e! '#! ,5%5$#1+6%!4(! '+#+26%!

084$6,P%(!#&(/!'(2!;61+C2!,'8/628'52U!<#!2-5/+C+/+15!4(!'#!'+#+26%!(21!451($;+%5(!-#$!'(2!4(.7!

#/+4(2!#;+%52!(%16.$#%1!'#!-$6'+%(U!N#$!(7(;-'(!.%!2+1(!EN]!W?'.=N$6=32%H!/6%4.+1!-'.1\1!e!

.%(!$(/6%%#+22#%/(!4(!'+,#%42!;#%%628'52)!#'6$2!:.@.%!2+1(!xND!W?'%=N$6=32-H!(21!.%!;61+C!

/6%C5$#%1!-'.2!4@#CC+%+15!-6.$!'(2!'+,#%42!,#'#/1628'52!Wg('(%2K8!#%4!?$(#48)!O^^`HU!

E+6! -(.1! +%1($#,+$! #&(/! .%! %6;9$(! +;-6$1#%1! 4(! '(/1+%(2! (7-$+;5(2! 4(! ;#%+P$(!

-$5C5$(%1+(''(! e! '#! ;(;9$#%(! 4(2! /(''.'(2! +;;.%+1#+$(2! /6;;(! D"=QB?]! WA#&.)*+*"! "#00[

(1#"*9*"! *&+#)"#00'0%)! %.3#(*4&!$40#"'0#[D[7)%66*&7! &4&[*&+#7)*&H)! '(! $5/(-1(.$! #.!;#%%62(!

W*GH)! D(/1+%=Y)! (1! *+%/'(! WE%")413%7#! *&.'"*60#! ;%Fi[.#1#&.#&+! N;[+H1#O! 0#"+*&HU! D(! -'.2!

E+6! -(.1! b1$(! $(/6%%.! -#$! 4(2! "<G2! 26'.9'(2! /6;;(! *><! WE%&&4(#! 6*&.*&7! 0#"+*&H)! '#!

C+/6'+%(=O)! '(2! -$615+%(2! 4.! 2.$C#/1#%12! QN=3! (1! QN=D)! #+%2+! :.@.%(! %6.&(''(! '(/1+%(! "<=<_!

W;400#"+*&!0*/#)!U*.&#HH)!C#+2#%1!'@69A(1!4(!/(11(!51.4(!(1!:.+!2($#!-'.2!451#+''5(!4#%2!'#!2.+1(!4.!

;#%.2/$+1U!

L"M&>%(&4>0(&(K$I#$%(&

<(2!"<G2!26'.9'(2!(7($/(%1!4(.7!,$#%42!18-(2!4(!C6%/1+6%2U!D’une part)!+'2!-(.&(%1!6-26%+2($!

'(2!-#106,P%(2!4(! C#r6%!e! C#/+'+1($! '(.$!-0#,6/8162(!-#$! '(2! /(''.'(2! +;;.%+1#+$(2U!D’autre 

-#$1! +'2! -($;(11(%1! '@#/1+&#1+6%! 4(! '#! /#2/#4(! 4.! /6;-'5;(%1U! "6%1$#+$(;(%1! e! '#! &6+(!

/'#ssique d’activation de cette cascade qui dépend de la présence d’anticorps, la voie dite 

4(2! '(/1+%(2! C#+1! +%1($&(%+$!4(2!"<G2! 26'.9'(2!:.+! $(/6%%#+22(%1!4(2! 2./$(2!e! '#! 2.$C#/(!4(2!

-#106,P%(2U!"(11(!+%1($#/1+6%!+%+1+#'(!/6%4.+1!e!.%(!$(/6%%#+22#%/(!-#$!'(2!;6'5/.'(2!*3QN!

WE%&&4(#[%((4"*%+#.!(#)*&#!1)4+#%(#HY!(1!*3QNO)!$(2-6%2#9'(2!4(!'@#/1+&#1+6%!4(!'#!/#2/#4(!

4.!/6;-'5;(%1!W>#A+/!#+!%0:)!O^Y`m!G+/K'+%!#+!%0:)!O^YSHU!N'.2+(.$2!51.4(2!2.,,P$(%1!C6$1(;(%1!



#:!

!

:.(!*><!(1!'#!C+/6'+%(=O!6%1!.%(!#/1+6%!4#%2!'#!R>!-#$!'@+%1($;54+#+$(!4(!'@#/1+&#1+6%!4(!/(11(!

/#2/#4(!4.!/6;-'5;(%1U!B'!#!515!;6%1$5!:.@.%!-6'8;6$-0+2;(!4(2!,P%(2!/64#%12!-6.$!*><!

(1! '#!C+/6'+%(=O!$(-$52(%1(!.%!C#/1(.$!4(!2.2/(-1+9+'+15!e! '#!R>!W"0(%!#+!%0:)!O^Y`m!l.!#+!%0:)!

O^Y`m! q.! #+! %0:)! O^Y`HU! <#! *><! (1! '#! C+/6'+%(=O! -(.&(%1! $(/6%%#+1$(! 4+$(/1(;(%1! E+6)!

+%4.+2#%1!'@#/1+&#1+6%!4.!/6;-'5;(%1!-#$!'#!&6+(!4(2!'(/1+%(2)!;#+2!5,#'(;(%1!2(!1$#4.+2#%1!

-#$! .%(! #,,'.1+%#1+6%! 4(! '#! 9#/15$+(! C#&6$+2#%1! 2#! -0#,6/8162(! -#$! '(2! ;#/$6-0#,(2!

W>#$1'6;+(A/o8K!#+! %0:)! O^YLHU! "(! -$6/(22.2!4(!-0#,6/8162(! #;5'+6$5(! /0(o! '(!;#/$6-0#,(!

-#$! '#! C+/6'+%=O! -($;(1! 4(! -$6;6.&6+$! 26%! #/1+&#1+6%)! /6%4.+2#%1! e! .%(! -'.2! ,$#%4(!

-$64./1+6%!4(!R]F=α et de NO W_6$#'!#+!%0:)!YXX^HU!

E%!/(!:.+!/6%/($%(!'(2!-$615+%(2!4.!2.$C#/1#%1)!.%!-6'8;6$-0+2;(!4(2!,P%(2!/64#%12!-6.$!

QN=3! (1! QN=D! (21! 5,#'(;(%1! #226/+5! e!.%(! 2.2/(-1+9+'+15! #//$.(! e! '#! R>! W3o#4!#+! %0:)! O^YOm!

w#%,!#+!%0:)!O^YLHU!QN=3! A6.(!.%!$\'(!4+$(/1!4#%2! '(!/6%1$\'(!4(! '#!9#/15$+(U! B'!#!515!;6%1$5!

:.(!QN=3!-(.1)!.%(!C6+2!C+75(!2.$!'#!-#$6+!4(!E+6)!+%4.+$(!.%(!;(+''(.$(!$(/6%%#+22#%/(!4(!'#!

9#/15$+(!-#$!'(2!;#/$6-0#,(2!#'&56'#+$(2!WN#2.'#!#+!%0:)!YXX[H)!/6%4.+2#%1!e!.%(!-0#,6/8162(!

#//$.(!4.!-#106,P%(!W?#8%6$!#+!%0:)!YXX`H)!#+%2+!:.@e!.%(!-'.2!,$#%4(!-$64./1+6%!4(!]d!(1!

4(!;54+#1(.$2! +%C'#;;#16+$(2!-#$! '#! /(''.'(! Wl(+K($1!#+!%0:)! O^^^HU! <#! QN=3!#! #.22+!.%! $\'(!

4#%2! '@(7-$(22+6%! 4@#.1$(2! "<G2! +;-6$1#%12! 4#%2! '#! $5-6%2(! e!E+6)! /6;;(! %61#;;(%1! '(!

*G)! 46%1! '@(7-$(22+6%! (21! 2+,%+C+/#1+&(;(%1! #.,;(%15(! e! '#! 2.$C#/(! 4(2! ;#/$6-0#,(2! 4(!

26.$+2! 2#.&#,(2! (%! /6;-#$#+26%! #.7! ;#/$6-0#,(2! +22.2! 4(! 26.$+2! 45C+/+(%1(2! (%! QN=3!

W>(0#$K#! #+! %0:)! O^^OHU! QN=D)! :.#%1! e! (''()! 2(! '+(! e!E+6! /*%! '(!*#%<3*)! /6%4.+2#%1! e! .%(!

#,,'.1+%#1+6%!4.!-#106,P%(U! B'!#!515!;6%1$5!:.(!2.+1(!e!/(11(! +%1($#/1+6%)! '(2!;#/$6-0#,(2!

/6%1$\'(%1! -'.2! (CC+/#/(;(%1! '#! /$6+22#%/(! 4.! 9#/+''(! (%! C#&6$+2#%1! '#! ;#1.$#1+6%! 4(2!

-0#,626;(2!(1!'#!C.2+6%!4(!/(.7=/+!#&(/!'(2!'82626;(2WF($,.26%!#+!%0:)!O^^SHU!"(-(%4#%1!/(!

$\'(! (21! /6%1$6&($25! /#$! 4@#.1$(2! 51.4(2! 6%1! -.! ;(11$(! (%! 5&+4(%/(! :.(! QN=D! +%4.+1!

5,#'(;(%1!.%(!+%0+9+1+6%!4(!'#!-0#,6/8162(!4(2!;#/$6-0#,(2!WF($,.26%!#+!%0:)!YXXXHU!

L#M&>%(&4>0(&)%)#-"N"+-%(&

<(2! "<G2! ;(;9$#%#+$(2! -(.&(%1! b1$(! 2.94+&+252! (%! Y[! ,$6.-(2! /'#2252! 2.$! 4(2! 9#2(2!

-08'6,5%51+:.(2! (1! 21$./1.$(''(2! W_0#$/0(%K6! #+! %0:)! O^^`HU! <(2! '(/1+%(2! 45/$+1(2! 4#%2! '#!

'+115$#1.$(!/6;;(!-6.&#%1! +%1($#,+$!#&(/!E+6! #--#$1+(%%(%1!#.!,$6.-(! BB! W'+#+26%!/#'/+.;=

45-(%4#%1(! (1! /6;-6$1#%1! .%! 2(.'! "GDH)! #.! ,$6.-(! T! W'+#+26%! /#'/+.;=+%45-(%4#%1(! %(!



#!!

!

/6;-6$1#%1!-#2!4(!"GDH!(1!#.!,$6.-(!TB!W'+#+26%!/#'/+.;=45-(%4#%1(!#&(/!.%(!;.'1+1.4(!4(!

"GD2H!V13\943L$=WUE%!2(!9#2#%1!2.$!/(!:.+!(21!/6%%.!4(!'(.$!2+,%#'+2#1+6%)!/(2!"<G2!-(.&(%1!

4(! %6.&(#.7! b1$(! 2.94+&+252! (%! Z! 18-(2U! "($1#+%2! 2+,%#'+2(%1! /*%! .%! ;61+C! BR3*!

WJ$$'&4)#"#1+4)! +H)4(*&#[6%(#.! %"+*/%+*4&! ;61+CH! #/1+&#1(.$! /6%%.! -6.$! +%4.+$(! .%(!

2+,%#'+2#1+6%!#/1+&#1$+/(!/*%!'#!K+%#2(!Q8K!WR10##&!+H)4(*&#!U*&%(#HU!D@#.1$(2!.1+'+2(%1!.%!;61+C!

BRB*! WJ$$'&4)#"#1+4)! +H)4(*&#[6%(#.! *&3*6*+*4&!;61+CH! +%0+9+1(.$! /6%%.!-6.$!-($;(11$(! '(!

$(/$.1(;(%1! 4(! -062-0#1#2(2! /6;;(! QaNWR\F["4&+%*&*&7! +H)4(*&#[(1#"*9*"! 1)4+#*&!

134(13%+%(#HY! (1! QaNOU! E%C+%)! .%(! 4($%+P$(! /#15,6$+(! 4(! "<G2! %@#! -#2! 4(! 46;#+%(!

/#$#/15$+21+:.(!4(!18-(!BR3*!6.!BRB*!: c’est le cas!4.!*G!(1!4(!D"=QB?]!WQ#%/06!#%4!G(+2!(!

Q6.2#)! O^YOHU! <(2! BR3*! .1+'+252! -(.&(%1! b1$(! '6/#'+252! 4+$(/1(;(%1! 4#%2! '#! -#$1+(!

/816-'#2;+:.(! 4(! /(2! $5/(-1(.$2! W/6;;(! D(/1+%=YH! W?(+A1(%9((K! #%4! ?$+%,0.+2)! O^^Xm!

G6,($2! #+! %0:)! O^^`H)! 6.! ! b1$(! #--6$152! /*%! l’+%1($#/1+6%! 4.! "<G! #&(/! 4(2! ;6'5/.'(2!

#4#-1#1$+/(2!/6%1(%#%1!'@BR3*!/6;;(!'(!$5/(-1(.$!FcRγ ou DAP12!WAGKf!%"+*/%+*4&!1)4+#*&!

49!^F!UA%HWa6&+%,!#+!%0:)!O^YLH!VCBPLT4$!=WU!<@#/1+&#1+6%!4(2!BR3*!/6%4.+1!4#%2!'(2!4(.7!/#2!e!

'@#/1+&#1+6%! 4(! '#! 18$62+%(! K+%#2(! Q8K)! '#:.(''(! -(.1! -062-06$8'($! (1! #/1+&($! '(! /6;-'(7(!

"3GDX=>/'Y^=*3<RY! W;%(1%(#! )#")'*+$#&+! .4$%*&["4&+%*&*&7! 1)4+#*&! a[L["#00! 0H$134$%!!

^_[E'"4(%[%((4"*%+#.! 0H$134*.! +*(('#! 0H$134$%! +)%&(04"%+*4&! 1)4+#*&! ^HU! <#! 2+,%#'+2#1+6%!

4(! D(/1+%=Y! (1! 4(! /($1#+%(2! #.1$(2! '(/1+%(2! C#+1! 5,#'(;(%1! +%1($&(%+$! G#C=Y)! .%(! &6+(!

;6'5/.'#+$(! #44+1+6%%(''(! :.+! (21! +%45-(%4#%1(!4(! Q8K! W?(+A1(%9((K! #%4!?$+%,0.+2)! O^^XHU!

D#%2!16.2!'(2!/#2)!/(2!&6+(2!4(!2+,%#'+2#1+6%2!+%4.+2(%1!'@#/1+&#1+6%!4(!-'.2+(.$2!;6'5/.'(2!(%!

#&#'!+%/'.#%1!'(2!*3N_!(1!]F=K>)!/(!:.+!2(!1$#4.+1!-#$!.%(!#/1+&#1+6%!4(!$5-6%2(2!/(''.'#+$(2!

1(''(2! :.(! '#! -0#,6/8162()! '#! ;#1.$#1+6%! 4(2! D"2)! (1! '#! -$64./1+6%! 4(! ;54+#1(.$2!

+%C'#;;#16+$(2!(1!/816K+%+:.(2! WD$.;;6%4!#+!%0:)!O^YYm!Q1$#22($!#+!%0:)!O^YOHU!D(!-'.2)!/(2!

$5/(-1(.$2! -(.&(%1! 5,#'(;(%1! C#/+'+1($! '(! 45&('6--(;(%1! 4(! '@+;;.%+15! #4#-1#1+&()! (%!

-#$1+/.'+($!'#!$5-6%2(!R0Y!4(2!/(''ules T CD4+ productrice d'IFNγ W_($$+,#%!#%4!>$6M%)!O^YYHU!

3'6$2! :.(! '#! 2+,%#'+2#1+6%! &+#! '@BR3*! +%4.+1! -$+%/+-#'(;(%1! .%(! #/1+&#1+6%! /(''.'#+$()! /(''(!

+%4.+1(! -#$! '(2! BRB*! /6%4.+1! -'.1\1! e! 4(2! C6%/1+6%2! +%0+9+1$+/(2U! N#$! (7(;-'(! D"BG)! :.+!

/6%1+(%1!.%!BRB*!4#%2!2#!:.(.(!/816-'#2;+:.()!-(.1!$(/$.1($!'(2!-062-0#1#2(!QaNY!(1!QaNO!

:.+)! .%(! C6+2! -062-06$8'5(2! (1! #/1+&5(2)! +%0+9(%1! 4@#.1$(2! &6+(2! /(''.'#+$(2! #/1+&#1$+/(2!

/6;;(!/(''(2!+%+1+5(2!(%!#&#'!4(!'@#/1+&#1+6%!4(2!R<GV!(1!R<GX!-#$!(7(;-'(!W?(+A1(%9((K!#%4!

?$+%,0.+2)! O^^XHU! "(-(%4#%1! '(! $\'(! (1! '(! ;64(! 4(! C6%/1+6%%(;(%1! 4(! /(! $5/(-1(.$!
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!
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!

"#$%&#'!()!*+,-+./0/+1!2&.!34+'-&.!56!76!&0!75!2&.!*89.!

!"#$%&'"%(#)*+")$,)-"#'".#/"/&)".#+)-01-+%(2#3".#$),-.#4%/-''".#3"#5!6.#78#9#"$#978#"0#4%-.%0$#

%++%)%-$)"#'"#0,/#3".#5!6.8#'"().#'-:%03.8#%-0.-#;("#'".#+%$<,:=0".#)"1,00(.#>?,@-0:#"$#%'A8#

BCDEFA!

!



!

!

!

!

"#$%&'! ()*! +',-../#00/.,'! 1'! 1#223&'.40! 5#,&-6-&$/.#05'0! 7/&! 1'0! 89+0! '4! :'%&!

0#$./:#0/4#-.!

!"#$%&'(&)*+*)*+",-./#(&0"+1"+'.(-)23*"#+%"$)**/#+'.%+1&445%"*(#+678#+9"9:%.*.&%"#;+6"#+

678#+ '"/0"*(+ <(%"+ 1&0&#5#+ "*+ =+ (>'"#;+ 6"/,+ ?/&+ '%5#"*("*(+ /*+9)(&4+ @ABC+.$(&0.("/%+ 1.*#+

D"/%+'.%(&"+$>()'D.#9&?/"+ &*1/&#.*(+/*"+#&2*.D&#.(&)*+!"#+ D.+E&*.#"+F>E;+!G./(%"#+'%5#"*("*(+

/*+9)(&4+ @A@C+ &*-&:&("/%+ &*1/&#.*(+ D"+ %"$%/("9"*(+1"+'-)#'-.(.#"#+ $)99"+FHIJ+"(+ FHIK;+

L*4&*M+d’autres+*G)*(+'.#+1"+1)9.&*"+$.%.$(5%&#(&?/"+ @ABC+)/+ @A@C;+7G.$(&0.(&)*+1"#+678#+N+

@ABC+'"/(+#"+15%)/D"%+1"+1&445%"*("#+4.O)*#+P+#)&(+1&%"$("9"*(+'.%+DG&*("%951&.&%"+1"+DG@ABC+

D)$.D&#5+ 1.*#+ D.+ '.%(&"+ $>()'D.#9&?/"+ 1"+ $"#+ %5$"'("/%#M+ #)&(+ &*1&%"$("9"*(+ "*+ #G.##)$&.*(+

.0"$+ 1"#+ 9)D5$/D"#+ .1.'(.(%&$"#+ $)*("*.*(+ DG@ABC+ $)99"+ D"+ %5$"'("/%+ FcRγ ou DAP12. 

7G.$(&0.(&)*+ 1"#+ @ABC+ '.%+ $"#+ 1"/,+9)>"*#+ $)*1/&(+ 1.*#+ D"#+ 1"/,+ $.#+ N+ DG.$(&0.(&)*+ 1"+ D.+

(>%)#&*"+ E&*.#"+ F>EM+ ?/&+'"/(+'-)#'-)%>D"%+ "(+ .$(&0"%+ D"+ $)9'D","+6B8!QRS$DJTRCB7AJ;+ 7.+

#&2*.D&#.(&)*+1"+!"$(&*RJ+"(+d’./(%"#+D"$(&*"#+4.&(+52.D"9"*(+&*("%0"*&%+/*"+.$(&0.(&)*+1"+8.4R

J;+!.*#+()/#+D"#+$.#M+$"#+0)&"#+1"+#&2*.D&#.(&)*&*1/&#"*(+DG.$(&0.(&)*+1"+'D/#&"/%#+9)D5$/D"#+"*+

.0.D+&*$D/.*(+D"#+CBIU+"(+VWRESM+$"+?/&+#"+(%.1/&(+'.%+/*"+.$(&0.(&)*+1"#+%5')*#"#+$"DD/D.&%"#M+

&*$D/.*(+ D.+ '-.2)$>()#"M+ D.+ 9.(/%.(&)*+ 1"#+ !6#M+ DG.$(&0.(&)*+ 1"+ DG&*4D.99.#)9"M+ D.+

'%)1/$(&)*+ 1"+ 951&.("/%#+ &*4D.99.()&%"#M+ D.+ '%)9)(&)*+ 1"+ D.+ %5')*#"+ &99/*"+ &**5"+ "(+

.1.'(.(&0"M+"(+D.+25*5%.(&)*+1G/*"+%5')*#"+.*(&9&$%):&"**"+XH)0&*2+"(+.D;M+KTJYZ;!



#"!

!

+%0+9+1(.$!%(!26%1!-#2!1$P2!/'#+$2!(1!2($6%1!4+2/.152!-'.2!(%!451#+'!-'.2!'6+%!4#%2!/(!;#%.2/$+1!

VCBPLT4$!MWU!

D(! %6;9$(.7! /6%21+1.#%12! 4(! '#! -#$6+! 4(! E+6! -(.&(%1! b1$(! $(/6%%.2! -#$! '(2! "<G2!

;(;9$#%#+$(2!D"=QB?])!*G)!D(/1+%=Y)!(1!*+%/'(U!

D"=QB?]! (21! .%! $5/(-1(.$! ;(;9$#%#+$(! $(1$6.&5! e! '#! 2.$C#/(! 4(2! D"2! (1! 4@.%(! 26.2=

-6-.'#1+6%!4(!;#/$6-0#,(2!WQ6+''(.7!#+!%0:)!O^^OHU!D"=QB?]!!(21!'(!-$+%/+-#'!$5/(-1(.$!4(!E+6!

W2.$! '(:.('! +'! $(/6%%#n1! '(! *#%<3*H! #.! %+&(#.! 4(2! D"2! 0.;#+%(2! WR#+''(.7! #+! %0:)! O^^ZHU!

<@(%,#,(;(%1!4(!D"=QB?]!-$52(%1!2.$!'(2!D"2!#&(/!'(!*#%<3*!-$6&6:.(!.%(!+%0+9+1+6%!4(!'#!

-$64./1+6%! 4@B<=YO! #226/+5(! e! .%(! #.,;(%1#1+6%! 4(! '@(7-$(22+6%! 4(! '#! /816K+%(!

+;;.%62.--$(22+&(!B<=Y^!Wl.!#+!%0:)!O^YYHU!E%!/6%25:.(%/()!/(11(!$5-6%2(!+%4.+1!.%!45C#.1!

4(!;#1.$#1+6%!4(2!D"2!#226/+5!e!.%(!-'.2!C#+9'(!$5-6%2(!+;;.%+1#+$(!#4#-1#1+&(!Wl.!#+!%0:)!

O^YYHU! B'! (7+21(! V! 06;6'6,.(2! e! /(! $5/(-1(.$! /0(o! '#! 26.$+2! WQB?]GY=VH)! $(%4#%1! 4+CC+/+'(!

'’51.4(! 4(! /(! $5/(-1(.$! 4#%2! '(! ;64P'(! ;.$+%U! N#$;+! /(2! 06;6'6,.(2! ;.$+%2)! QB?]GZ!

$(/6%%#n1! '.+! #.22+! '(!*#%<3*)! (1! '(2! 26.$+2! 45C+/+(%1(2! (%! QB?]GZ! /6%1$\'(%1!;6+%2! 9+(%!

'@+%C(/1+6%!(1!-$52(%1(%1!-'.2!4(!/0#$,(2!9#/15$+(%%(2!#.!%+&(#.!4(2!-6.;6%2!OY!A6.$2!#-$P2!

'@+%C(/1+6%!/6;-#$5!#.7!26.$+2!2#.&#,(2!WR#%%(!#+!%0:)!O^^XH!;6%1$#%1!46%/!:.(!QB?]GZ!(21!

#226/+5! e! .%(! ;(+''(.$(! -$61(/1+6%! /0(o! '#! 26.$+2U! "0(o! l’homme)! .%! -6'8;6$-0+2;(! 4.!

-$6;61(.$!4(!D"=QB?]!#!515!#226/+5!#&(/!.%!$+2:.(!-'.2!5'(&5!4(!45&('6--($!'#!-#106'6,+(!

4#%2!4(2!/606$1(2!4(!-#1+(%12!4@3C$+:.(!4.!Q.4!W>#$$(+$6!#+!%0:)!O^^Sm!T#%%9($,!#+!%0:)!O^^VHU!

<#!-0#,6/8162(!4(!E+6!-#$!'(2!;#/$6-0#,(2!0.;#+%2!(21!+%4.+1(!-$+%/+-#'(;(%1!-#$!'(!*G!

WQ/0'(2+%,($)! YXXZH)! 2.,,5$#%1! .%! $\'(! +;-6$1#%1! 4(! /(! $5/(-1(.$! 4#%2! '@+%+1+#1+6%! 4(!

'@+%C(/1+6%!(1!4#%2!'@(%1$5(!/(''.'#+$(!4(!E+6U!<(!*#%<3*!(21!.%!'+,#%4!-$5-6%45$#%1!4(!/(!

$5/(-1(.$! W*#$1+%(o=N6;#$(2)! O^YOHU! <@(%,#,(;(%1! 4.! *G! +%4.+1! .%! 2+,%#'! +%0+9+1(.$)!

/6%4.+2#%1!e! '#!-$64./1+6%!4(!/816K+%(2!#%1+=+%C'#;;#16+$(2!/6;;(! '@B<=Y^!(1!à l’+%0+9+1+6%!

4(! '#! -$64./1+6%! 4@B<=YO! W"0+(--#! #+! %0:)! O^^Zm! ]+,6.! #+! %0:)! O^^YHU! "('#! +%4.+1! 5,#'(;(%1!

l'activation du facteur de transcription PPARγ! WW#)4=*(4$#! 1)40*9#)%+4)[%"+*/%+#.! )#"#1+4)!

7%$$%H)!+;-'+:.5!4#%2!'(2!-$6/(22.2!4(!$526'.1+6%!de l’+%C'#;;#1+6%WG#A#$#;!#+!%0:)!O^Y^HU!

D(!-'.2)! '#! '+#+26%!(%1$(! '(!*G!(1! '#!9#/15$+(! +%4.+1!.%(! +%0+9+1+6%!4(! '#! C.2+6%!-0#,626;(=

'82626;(!#.!2(+%!4(2!;#/$6-0#,(2)!-($;(11#%1!4(!-$6;6.&6+$!'(!-$6/(22.2!+%C(/1+(.7!W_#%,!

#+! %0:)! O^^`HU! E%! /6%/'.2+6%)! '(! *G! #--#$#+1! /6;;(! .%! $5/(-1(.$! 46%1! '#! C6%/1+6%! #! 515!

4516.$%5(! -#$! '#! 9#/15$+(! e! 26%! #&#%1#,(U! "(-(%4#%1! 4(2! 51.4(2! $5#'+25(2! *&! /*/4! /0(o! '#!
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"#$%&'!()*!+,-'&./-#0,!',-&'!12+3!'-!4.!5#$,.4#5.-#0,!673!

L’activation de DCIR, présent à la surface des DCs, conduit à son internalisation dans les 

"#$%&'()$*+(,!*+-#,#$&./!-&+,!0*1.*0!'2,)-*+(!0*,!3456!*(!78!4&!%9#,%9#':0&()#+!-.!$#();!

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

%9#,%9&(&,*,!ABCDE!*(!ABCDF!1.)! )+-.),*+(!.+*!)+9)<)()#+!-*!0&!,)G+&0),&()#+!)+-.)(*!%&'! 0*,!

345,8! @*0&! ,e traduit par une inhibition de la production d’ILDEF! )+-.)(*! %&'! 0*! 3456H! &)+,)!

qu’une diminution de la production de TNF et d’IFN induite par le TLR9 IJ*)K(*+<**L! &+-!

J')+G9.),H!FMM7N8!



##!

!

26.$+2!n’6%1!-#2!45;6%1$5!4(!4+CC5$(%/(2!-05%618-+:.(2!2.+1(!e!'@+%C(/1+6%!-#$!E+6!(%1$(!4(2!

26.$+2! 2#.&#,(2! (1! 45C+/+(%1(2! -6.$!*GW"6.$1! #+! %0:)! O^Y^HUChez l’homme en revanche .%!

-6'8;6$-0+2;(!4.!,P%(!E)"^! WE%&&4(#! )#"#1+4)!;[+H1#!^H/64#%1! '(!*G!/6%CP$(!.%(!-'.2!

,$#%4(!$52+21#%/(!e!'#!R>!Wg0#%,!#+!%0:)!O^YOHU!

D(/1+%=Y! (21! .%! "<G!;(;9$#%#+$(! (7-$+;5! e! '#! 2.$C#/(! 4(2!;#/$6-0#,(2)! 4(2! D"2! (1! 4(2!

%(.1$6-0+'(2U!3'6$2!:.(! '(! $\'(!4(! /(! $5/(-1(.$!4#%2! '#! $5-6%2(!#%1+C6%,+:.(!(21! 1$P2!9+(%!

/#$#/15$+25! Wd0;#%!#+!%0:)!O^YLH)!4(2!51.4(2! $5/(%1(2!6%1!;6%1$5!:.@+'!#&#+1!5,#'(;(%1!.%!

$\'(!4#%2!'#!$5-6%2(!#%1+=9#/15$+(%%()!%61#;;(%1!4#%2!'(!/6%1(7te de l’infection par!E+6U!3!

/(! A6.$)! '(! '+,#%4! ;8/69#/15$+(%! $(/6%%.! -#$! D(/1+%=Y! %@(21! -#2! (%/6$(! +4(%1+C+5U! f%(!

+%C(/1+6%!-#$!'(!9#/+''(!(%1$#+%(!.%(!#.,;(%1#1+6%!4(!'@(7-$(22+6%!4(!D(/1+%=Y!#.!%+&(#.!4(2!

/(''.'(2! 5-+105'+#'(2! -.';6%#+$(2! 4(! C#r6%! R<GO=45-(%4#%1(! W<((! #+! %0:)! O^^XHU! D(! -'.2)! '#!

-$64./1+6%!4(! R]F=α induite par la signalisation TLR2 -#$!4(2! >*D*2!4(! 26.$+2! %5/(22+1(!

'@(7-$(22+6%!4(!D(/1+%=Y!-6.$!b1$(!6-1+;#'(!Ww#4#&!#%4!Q/06$(8)!O^^SHU!D@#.1$(2!51.4(2!6%1!

5,#'(;(%1! C#+1!$(226$1+$! '@+;-6$1#%/(!4(!/(! $5/(-1(.$!4#%2! '#!-$64./1+6%!4(!/816K+%(2!-$6=

+%C'#;;#16+$(2!-#$!'(2!D"2U!E%!(CC(1)!'6$2!4@.%(!+%C(/1+6%!-#$!E+6!4(!D"2!2-'5%+:.(2!;.$+%(2)!

'#!-$64./1+6%!4@B<=YO-L^!(1!4@B<=YO-[^!%5/(22+1(! '#!-$52(%/(!4(!D(/1+%=Y! WG610C./02!#+!%0:)!

O^^[HU! "(-(%4#%1)! '(2! 51.4(2! *&! /*/4! 4@+%C(/1+6%! $5#'+25(2! /0(o! '#! 26.$+2! %@6%1! -#2! 515!

/6%/'.#%1(2)! /#$! 9+(%! :.(! '(2! 26.$+2! 45C+/+(%1(2! (%! D(/1+%=Y! -$52(%1(%1! 4(2! /0#$,(2!

9#/15$+(%%(2!-'.2!C#+9'(2!#.!%+&(#.!4(2!-6.;6%2!-#$!$#--6$1!#.7!26.$+2!2#.&#,(2)!+'!n’a!515!

692($&5! #./.%(! 4+CC5$(%/(! (%! 1($;(! 4(! 2.$&+(! (1! 4(! -$64./1+6%! /816K+%+:.(! /0(o! /(2!

#%+;#.7)! /(! :.+! (21! -$69#9'(;(%1! 4.(! e! .%! (CC(1! $(46%4#%t de l’action de Dectin=Y! #&(/!

d’autres PRRs!W*#$#K#'#'#!#+!%0:)!O^YYHU!

*+%/'(!(21!.%!"<G!+%4./1+9'(!(7-$+;5!-$5C5$(%1+(''(;(%1!e!'#!2.$C#/(!4(2!;#/$6-0#,(2)!:.+!

$(/6%%#+1! '(!RD*)!'(!,'8/6'+-+4(!'(!-'.2!#96%4#%1!4(!'#!-#$6+!;8/69#/15$+(%%(!WB20+K#M#!#+!

%0:)! O^^XHU! <(! RD*! +%4.+1! '#! -$64./1+6%! 4(!]d!(1! 4(! /816K+%(2! -$6=+%C'#;;#16+$(2! -#$! '(2!

;#/$6-0#,(2! *&!/*+)4!WQ/06(%(%!#+!%0:)!O^Y^HU!"(-(%4#%1)!'(!$\'(!4(!*+%/'(!(21!/6%1$6&($25!

4#%2! '(2! 51.4(2! ;(%5(2! *&! /*/4U! f%(! 51.4(! #! ;6%1$5! :.(! '(2! >*D*2! +22.2! 4(! 26.$+2!

45C+/+(%1(2! (%!*+%/'(! -$64.+2(%1!;6+%2! 4(! R]F=α en réponse à une infection par BCG ou 

E+6)!(%!$(&#%/0(!#./.%!45C#.1!4(!/6%1$\'(!4(!'@+%C(/1+6%!%@(21!692($&5!/0(o!/(2!26.$+2!-#$!

$#--6$1!e!4(2!26.$+2!2#.&#,(2!Wa(+1;#%%!#+!%0:)!O^YZHU!D#%2!.%(!#.1$(!51.4()!+'!#!515!;6%1$5!

:.(!'(!1#.7!4(!/816K+%(2!-$6=+%C'#;;#16+$(2!-$52(%1(2!4#%2!'(2!'#&#,(2!9$6%/06=#'&56'#+$(2!



#=!

!

4(!26.$+2!45C+/+(%1(2!(%!*+%/'(!(21!2.-5$+(.$!e!/('.+!692($&5!4#%2!'(2!>3<!4(!26.$+2!2#.&#,(2U!

D(!-'.2)!+'!#!515!692($&5!:.()!2.+1(!e!.%(!+%C(/1+6%)!/(2!26.$+2!-$52(%1(%1!.%(!#.,;(%1#1+6%!

4(!'#!/0#$,(!9#/15$+(%%(!#.!%+&(#.!4(2!-6.;6%2)!4(2!,#%,'+6%2!4$#+%#%12)!(1!4(!'#!$#1()!(%!

/6;-#$#+26%!#.7!26.$+2!2#.&#,(2!W>(0'($!#+!%0:)!O^YOHU!!

$ &



#M!

!

...H&4>XZB&%*&24.0&

1/ Découverte de nouvelles collectines

<(2! /6''(/1+%(2! $(-$52(%1(%1! .%! ,$6.-(!4(! "<G2! 26'.9'(2!:.+! 26%1! 5,#'(;(%1! /#$#/15$+25(2!

par la présence d’un domaine de reconnaissance aux carbohydrates et une région riche en 

/6''#,P%(U!G5/(;;(%1)!1$6+2!%6.&(''(2!/6''(/1+%(2!6%1!515!+4(%1+C+5(2!I!;400#"+*&!0*/#)!^!W"<=<YH!

Wd01#%+! #+! %0:)! YXXXH)! ;400#"+*&! 10%"#&+%! ^! W"<=NYH! Wd01#%+! #+! %0:)! O^^YH)! (1! (%C+%! ;400#"+*&!

U*.&#H!^!W"<=_Y!6.!"<=YYH!W_(20+!#+!%0:)!O^^SHU!

!"#$96A?B$

"<=NY! #! 515! 6$+,+%(''(;(%1! 45/6.&($1(! 4#%2! '(2! /(''.'(2! (%46105'+#'(2! -'#/(%1#+$(2U! E''(!

$(/6%%#n1! 4(2! ,'8/6-$615+%(2! /6%1(%#%1! 4(2! ;61+C2! 4(! <(M+2! 45#/8'52! (1! (21! /#-#9'(! 4(!

faciliter l’internalisation de son ligand dans les cellules de l’hôte! Wu#%,! #+! %0:)! O^^XHU! N#$!

l’intermédiaire de résidus chargés positivement -$52(%12!4#%2!2#!$5,+6%!$+/0(!(%!/6''#,P%()!

(''(! +%1($#,+1! #&(/! '(2! /6;-6252! /0#$,52! %5,#1+&(;(%1! -$52(%12! 4#%2! '(2! ;(;9$#%(2!

;+/$69+(%%(2U! B'!#!515!-$6-625!:.(!"<=NY! A6.(!.%! $\'(!#.! 2(+%!4.! 2821P;(! +;;.%+1#+$(!4(!

l’hôte et facilite la clairance des glycoprotéines de la circulation sanguine! Ww620+4#! #+! %0:)!

O^^ZHU!D(2! 51.4(2! *&! /*+)4! 2.$! 4(2! /(''.'(2! (%46105'+#'(2!afTE"!6%1!-($;+2! 4(! 45;6%1$($!

:.(!"<=P1 n’(21!-#2!;(;9$#%#+$(!;#+2!2(!'6/#'+2(!-$+%/+-#'(;(%1!4#%2!'(!/816-'#2;(!4(!/(2!

/(''.'(2! WQ(';#%!#+!%0:)! O^^VHU!D(!;#%+P$(! +%15$(22#%1()! +'! #! 515!;6%1$5!:.(!"<=NY!-(.1! 2(!

$(1$6.&($! 26.2! C6$;(! 26'.9'(! (1! #/1+&($! '#! &6+(!i!/'#22+:.(!h!4.! /6;-'5;(%1!-'.1\1!:.(! '#!

voie des lectines comme c’est le cas pour les autres CLR2U!E%!(CC(1)!.%(!51.4(!#!;6%1$5!:.(!

lors d’infection2! 6.! 4(! 46;;#,(2! 1+22.'#+$(2)! '#! -$615+%(! "=$5#/1+&(! "GN! (21! C6$1(;(%1!

+%4.+1()! (1! 2(! '+(! e! "<=NY! /*%! 4(2! +%1($#/1+6%2! 5'(/1$621#1+:.(2U! <#! "GN! $(/$.1(! #'6$2! '#!

;6'5/.'(!"Y:!-6.$!#/1+&($!'#!/#2/#4(!4.!/6;-'5;(%1!-#$!'#!&6+(!/'#22+:.(!WG68!#+!%0:)!O^YSHU!

!3#$96ACB$,+$96A6B$

L"M&4"-"J*W-+("*+KN&(*-IJ*I-"$%&

"<=K1 s’organise en .%! /6;-'(7(! 06;61$+;5$+:.(! C6$;5! 4(! 1$6+2! 26.2=.%+152!

-6'8-(-1+4+:.(2!/6;-$(%#%1!/0#/.%(!.%!2(,;(%1!]=1($;+%#')!.%(!$5,+6%!4+1(!"400%7#&[0*U#!

/6%21+1.52! 4(! OL! $5-51+1+6%2! 4(! ?'8=q##=w##)! .%(! $5,+6%! /0#$%+P$(! (1! .%! 46;#+%(! 4(!

$(/6%%#+22#%/(! #.7! /#$96084$#1(! "GDWQ(';#%! #%4! a#%2(%)! O^YOH! VCBPLT4$ !?WU! D(2! -6%12!

4+2.'C.$(!4#%2! '#! $5,+6%!/0#$%+P$(! (1!4#%2! '#! $5,+6%! "400%7#&[0*U#! 21#9+'+2(%1! '(! 1$+;P$(!.%(!
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!
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"#$%&'!()*!+,&%-,%&'!.-/012,#3%'!4%!567!5689(!

!"#$%& '()& *+'& ,-.)/0+'& 1.2.)-02/-03*'& 4.2,.(/'& 5'& )-.0(& (.*(#*+0)/(& ,.67,',)0503*'(&

4.+)'+8+)& 4184*+'& *+& ('92'+)& :#)'-20+86;& *+'& -/90.+& <& !"##$%&'(#)*&& =;& *+'& -/90.+&

418-+0>-'& ')& *+& 5.280+'& 5'& -'4.++80((8+4'& 8*?& 48-@.175-8)'(& !ABC& !'))'& ,-.)/0+'&

s’oligomérise&')&('&,-/('+)'&(.*(&D.-2'&5'&502>-';&5'&)-02>-'&.*&5'&)/)-82>-'&EF'628+&8+5&

G8+('+;&HI%HJC!

!

!

!

!

!"#$%



#?!

!

C6+2!#22(;9'5!Wa6';2K6&!#+!%0:)!O^^ZHU!"<=_Y!est composé également d’un peptide signal de 

O`! #/+4(2! #;+%52! 4#%2! 2#! -#$1+(! ]=1($;+%#'()! /(! :.+! -($;(1! #-$P2! /'+&#,(! 4(! 25/$51($! '#!

-$615+%(! 4(! OLS! #/+4(2! #;+%52! 26.2! C6$;(! ;#1.$e dans l’organisme. Un résidu cystéine 

.%+:.(!(21!$(1$6.&5!4#%2!'#!-#$1+(!]=1($;+%#'(!W"82VH)!#'6$2!:.(!4(.7!#.1$(2!26%1!$(1$6.&52!e!

'#!A6%/1+6%!(%1$(!'(!46;#+%(!"400%7#&[0*U#!(1!'#!$5,+6%!/0#$%+P$(!W"82VV!(1!"82X^HU!"(!26%1!/(2!

$52+4.2!:.+!26%1!+;-'+:.52!4#%2!'#!C6$;#1+6%!4(2!-6%12!4+2.'C.$(!-($;(11#%1!4(!21#9+'+2($!'#!

-$615+%(! 1$+;5$+:.(!;#1.$(!"<=_Y! Wa#%2(%!#+!%0:)! O^Y^HU!"(2! $52+4.2! C6$;(%1! '(!;61+C! "q"!

/#$#/15$+21+:.(!5,#'(;(%1!4(! '#! C#;+''(!"q"!4(2!/0+;+6K+%(2! Wg'61%+K!#%4!w620+()!O^^^HU!"(!

;61+C!(21!-$52(%1!2.$!"<=_Y!(1!"<=L1 mais n’est pas retrouvé sur les autres CLRs. Le domaine 

4(! $(/6%%#+22#%/(! "GD! 4(! "<=_Y! /6%1+(%1! '(2!;61+C2! EN]! W?'.=N$6=32%H! (1!l]D! WR$-=32%=

32-H)!+;-'+:.52!4#%2!'#!'+#+26%!#&(/!'(2!'+,#%42!4(!C#r6%!45-(%4#%1(!4.!/#'/+.;Wg('(%2K8!#%4!

?$(#48)!O^^`HU!"<=_Y!(21!.%(!-$615+%(!0#.1(;(%1!/6%2($&5(!-#$;+! '(2!4+CC5$(%1(2!(2-P/(2)!

du poisson à l’humain)!avec un pourcentage d’identité en séquence d’acide2!#;+%52!/6;-$+2!

(%1$(! SV! (1! XOc! V13\943L$ M(WU! <#! 21$./1.$(! ,5%5$#'(! 4(! "<=<Y! (21! $('#1+&(;(%1! 2+;+'#+$(! e!

/(''(!4(!"<=_Y!2#.C!#.!%+&(#.!4.!"GD!6t!"<=<Y!-$52(%1(!.%!;61+C!ENQ!(1!%6%!EN]!!W#2-#$#,+%(!

2.921+1.5(!-#$!.%(!25$+%(HWQ(';#%!#%4!a#%2(%)!O^YOHU!<#!-#$1+(!"=1($;+%#'(!4(2!"GD!4(!"<=

<Y! /6;-6$1(! L! $52+4.2! '82+%(2! /6%25/.1+C2! :.+! %(! 26%1! -#2! $(1$6.&52! 4#%2! '(2! #.1$(2!

/6''(/1+%(2U! "(2! $52+4.2! 26%1! 5,#'(;(%1! $(1$6.&52! /0(o! '#! '(&.$(! #.!%iveau de l’aminoacyl=

tRNA synthetase et chez l’homme sur la methionyl=1G]3! 28%10(1#2()! 6t! +'2! C6$;(%1! .%(!

25:.(%/(! 4(! 2+,%#'! -6.$! '#! 1$#%2'6/#1+6%!4.! /816-'#2;(! #.! %68#.! W<#,(! #%4!D+(1(')! YXXSm!

Q/0+;;('!#%4!l#%,)!YXXXHU!D(!;#%+P$(!2+;+'#+$(!e!"<=_Y)!"<=<Y!(21!#.22+!1$P2!/6%2($&5!(%1$(!

les différentes espèces animales, avec un pourcentage allant de 62% jusqu’à 98%! 4(! '#!

grenouille à l’homme V13\943L$M5WU!!

L#M&2+(*-+#I*+KN(&*+((I$"+-%(&%*&-%JKNN"+(("NJ%&

E%! 1($;(!4(! 4+21$+9.1+6%! 1+22.'#+$()! "<=_Y! #! 515! +4(%1+C+5! 4#%2! 4(! %6;9$(.7! 1+22.2! 46%1! '(!

2821P;(!%($&(.7! /(%1$#')! les glandes surrénales, le foie, les reins, l’int(21+%)! '(! 108;.2)! '(2!

poumons, le cœur,!'(!-#%/$5#2)!(1)!(%!-'.2!C#+9'(!-$6-6$1+6%)!4#%2!'(2!6$,#%(2!,5%+1#.7!(1!'#!

$51+%(! W_(20+! #+! %0:)! O^^SHU! "<=<Y! (21! C6$1(;(%1! (7-$+;5(! 4#%2! '(! C6+(! (1)! 2.$! '#! 9#2(!

d’analyses! 1$#%2/$+-1+6%%(''(2)! -6.$$#+1! 5,#'(;(%1! b1$(! (7-$+;5(! #.! %+&(#.! 4(2! ,'#%4(2!

surrénales, de l’intestin, des organes génitaux ainsi :.(!du poumon, du cœur et du thymus 

V13\943L$?WU!E%! 1($;(!4(!/6%/(%1$#1+6%!25$+:.()!.%(!51.4(!#!515! $5#'+25(!2.$!Y^^!-#1+(%12!
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"#$%&#'! ()! Comparaison de l’identité de CL*+,! -./! &0! 1&! 23*3,! -4/! #5&6! %#! 7890:;<&!

=9>9%9?'&!6=&@!1;AA:8&<0&B!&B7C6&B!#<;>#%&B!!"#$%&'(&')(*&'+#',(-./-01!

A

B
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'()*+(,!-.!/01230),2045!2011,*(03+!6+!"#$%&!+2!"#$#&!

Le tableau indique l’expression tissulaire! "#$!%&'(!#)!#$!*+,)-.$#/!+#01).2#!3#!45678!#)!456

589!5#:!:.;$#:!"</!#)!"<</!.$3.=>#$)!>$#!#?*+#::.,$!+#01).2#9!5#!:.;$#!"6/!.$3.=>#!=>#!0#!).::>!1!

été analysé mais qu’aucune expression n’a été 3-)#@)-#9!5#!:.;$#!"1/!.$3.=>#!=>#!0#:!+-:>0)1):!

:,$)!@1+1@)-+.:).=>#:!3#!A!-)>3#:!:-*1+-#:!"B#0(1$!1$3!C1$:#$D!AE8A/9!

!

!

!

!

!

!

!
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D#%6+2, permettant d’établir que la concentration moyenne de CL=_Y!4#%2! '(!25$.;!(21!4(!

OVL%,J;'! #&(/!.%(! &#$+#1+6%! +%4+&+4.(''(! #''#%1!4(! YLS! e! LX[! %,J;'! WQ(';#%!#+! %0:)! O^YOHU!

N6.$!"<=<Y)!2(.'(!.%(!51.4(! '#$,(!2.$![`!-#1+(%12!#;5$+/#+%2!#!515!$5#'+25(!4#%2! '#:.(''(! +'!

#--#$#+1!:.(!'(!1#.7!25$+:.(!4(!/(11(!/6''(/1+%(!(21!4(!O!e!Zj,J;'!W<#.$2(%!#+!%0:)!O^Y`HU!E%!

1($;(!4(! '+,#%42)!4(2!51.4(2!6%1!;6%1$5!:.(!"<=_Y!#!.%(!#CC+%+15!-6.$!4(2!;61+C2!4(!18-(!

;#%%62(!(1! C./62(! WF#$$#$!#+!%0:)! O^YSm!a#%2(%!#+!%0:)! O^Y^HU!D#%2! '(! /#2!4(!"<=<Y)! +'! #!515!

;6%1$5!.%(!'+#+26%!#.7!$52+4.2!4(!18-(!;#%%62(!(1!C./62()!;#+2!5,#'(;(%1!,#'#/162(!W_#M#+!

#+!%0:)!O^^OHU"<=_Y!(21!/#-#9'(!4(!'+($!'(!<NQ!W'+-6-6'82#//0$+4(H!4(!I("3#)*("3*%!"40*!#+%2+!:.(!

'(! ;#%%#%(! -$52(%1! e! '#! 2.$C#/(! 4(! R%""3%)4$H"#(! "#)#/*(*%#)! (1! /(! 4(! ;#%+P$(!

-#$1+(''(;(%1! 45-(%4#%1(! 4.! /#'/+.;! W_(20+!#+! %0:)! O^^SHU! <@+%1($#/1+6%! 4(! "<=_Y! #&(/! 4(2!

-#106,P%(2! (%1+($2! #! 5,#'(;(%1! 515! #%#'825(!4#%2! .%(! 51.4(!:.+! #! $5&5'5! :.(! "<=_Y! #! '#!

/#-#/+15!4(! '+($!;%&.*.%!%06*"%&(! (1!W(#'.4$4&%(!%#)'7*&4(%)! (1!:.(!/(11(! +%1($#/1+6%!(21!

+%0+95(!(%!-$52(%/(!4(!;#%%62(!(1!4(!,'./62(! Wa#%2(%!#+!%0:)!O^Y^HU!E%!/6%/'.2+6%)!"<=_Y!

-(.1! 2(! '+($! e! 4+CC5$(%12! 18-(2! 4(! ;+/$6=6$,#%+2;(2)! %61#;;(%1! '(2! 9#/15$+(2! (1! '(2!

/0#;-+,%6%2)! 4(! -#$! '(.$2! $52+4.2! ,'8/628'52! 2-5/+C+:.(2U! 3./.%(! 51.4(! %@#! 515! $5#'+25(!

/6%/($%#%1!.%(!5&(%1.(''(!+%1($#/1+6%!4(!"<=<Y!#&(/!4(2!;+/$6=6$,#%+2;(2U!

LJM&.N*%-"J*+KN&"P%J&[?=EXB&%*&[?=EX<&

D(!;#%+P$(!+%15$(22#%1()!+'!#!515!;6%1$5!:.(!"<=_Y!2(!'+(!#.7!-$615+%(2!*3QN=Y!(1!*3QN=Z!

Wa#%2(%!#+!%0:)!O^Y^HU!D(!-'.2)!+'!#!515!;6%1$5!:.@.%(!;.1#1+6%!4#%2!'(2!,P%(2!/64#%12!-6.$!

"<=_Y!(1!*3QN=Y!/6%4.+2(%1!16.1(2!4(.7!#.!28%4$6;(!4(!"#$%#&#'()!*+%,#$(''+)!*#'-.(/0)!

(1! *+/0('2! WZ*"H! WG66$8/K! #+! %0:)! O^YYH)! /(! :.+! 2.,,P$(! :.@+'! (7+21(! .%(! +%1($#/1+6%! C6$1(!

(%1$(! /(2! 4(.7! -$615+%(2! 4(! ;#%+P$(! -082+6'6,+:.(U! *3QN=Y! (21! 45/$+1(! /6;;(! .%(!

;6'5/.'(!+;-6$1#%1(!4#%2!'@#/1+&#1+6%!4(!'#!/#2/#4(!4.!/6;-'5;(%1!-#$!'#!&6+(!4(2!'(/1+%(2)!

%61#;;(%1!-#$!'#!'+#+26%!#&(/!'#!*><!WR#K#0#20+!#+!%0:)!O^^VHU!<#!C6%/1+6%!4(!*3QN=Z!%@(21!

-#2!9+(%! /#$#/15$+25(! e! '@0(.$(!#/1.(''()! /(-(%4#%1!4(2! 51.4(2! 2.,,P$(%1!:.@+'! (21! /#-#9'(!

d’agir!(%!1#%1!:.@+%0+9+1(.$!4(! '@#/1+&#1+6%!4.!/6;-'5;(%1!(%! (%1$#%1!(%!/6;-51+1+6%!#&(/!

4@#.1$(2!'(/1+%(2!26'.9'(2!/6;;(!*><!(1!'(2!C+/6'+%(2!WQKA6(41!#+!%0:)!O^Y^HU!"0(o!'@06;;()!+'!

#! 515! ;6%1$5! :.(! *3QN=Y! 2@(7-$+;(! .%+:.(;(%1! #.! %+&(#.! 4.! C6+(! #'6$2! :.(! *3QN=Z! #!

-'.1\1!.%(!(7-$(22+6%!.9+:.+1#+$(!(1!(21!$(1$6.&5(!#.!%+&(#.!4.!C6+()!4(!'#!$#1()!4.!/($&(#.)!

4(2!1+22.2!,#21$6=+%1(21+%#.7)!4.!108;.2)!4(!'#!-$621#1(!(1!4.!-'#/(%1#!WD(,%!#+!%0:)!O^^XHU!!



#>!

!

"6;;(! 5&6:.5! -$5/54(;;(%1)! .%(! ;.1#1+6%! 4(2! ,P%(2! /64#%1! -6.$! *3QN=Y! 6.! "<=_Y!

+%4.+1!'(!28%4$6;(!Z*")!:.+!(21!.%(!;#'#4+(!$#$(!#.1626;#'(!$5/(22+&(!/#$#/15$+25(!-#$!4(!

,$#&(2!1$6.9'(2!45&('6--(;(%1#.7)!+%/'.#%1!.%!4+;6$-0+2;(!C#/+#')!4(2!1$6.9'(2!/6,%+1+C2!(1!

.%(!2.$4+15!WG66$8/K!#+!%0:)!O^YYHU!D#%2!4(2!51.4(2!$5#'+25(2!/0(o!'(!-6+226%!oP9$()! +'!#!515!

45;6%1$5!:.(!/(2!1$6.9'(2!26%1!4.2!e!.%!45C#.1!4@6$,#%+2#1+6%!(1!4(!;+,$#1+6%!4(2!/(''.'(2!

C6$;#%1! '#! /$b1(! %(.$#'(! 4.$#%1! '(2! -0#2(2! 4@(;9$86,5%P2(! -$5/6/(2U! D(2! (7-5$+(%/(2! *&!

/*+)4! 6%1! 51#9'+! '(! C#+1! :.(! "<=_Y! (21! -$+;6$4+#'(! e! /(11(! 6$,#%+2#1+6%! -#$! '(! C#+1! :.@(''(!

-622P4(!4(2!-$6-$+5152!/05;6=#11$#/1#%1(2!2($&#%1!4(!,.+4(!-6.$! '#!;+,$#1+6%!4(2!/(''.'(2!

4(! '#! /$b1(! %(.$#'(! WG66$8/K! #+! %0:)! O^YYHU! L’ensemble de ces études! ;6%1$(! :.(! "<=_Y!

-6.$$#+1!#&6+$!.%!$\'(!+;-6$1#%1!4#%2!4(2!-$6/(22.2!+;;.%6'6,+:.(2!(1!45&('6--(;(%1#.7U!!

L'M&>%&JK)R$%\%&4>X>Z&

G5/(;;(%1)!+'!#!515!45;6%1$5!:.(!"<=_Y!(1!"<=<Y!%@#,+22(%1!-#2!4(!;#%+P$(!+26'5(!;#+2!2(!

$(1$6.&(%1!26.2!C6$;(!4(!/6;-'(7(!4#%2!'#!/+$/.'#1+6%!W"<=<_HU!E%!(CC(1!'#!;#A6$+15!4.!"<=_Y!

-$52(%1! 4#%2! '(! 25$.;! (21! (%! C#+1! #226/+5! e! "<=<YU! "(! /6;-'(7(! -$52(%1(! .%(! /#-#/+15!

4@6'+,6;5$+2#1+6%! 9(#./6.-! -'.2! ,$#%4(! :.(! '6$2:.(! /(2! /6''(/1+%(2! 26%1! +26'5(2)! #+%2+!

:.@.%(!#CC+%+15!-6.$!*3QN=Y!(1!*3QN=Z!C6$1(;(%1!#.,;(%15(U!<(!-#$1(%#$+#1!(%1$(!'(2!4(.7!

-$615+%(2! '(2! $(%4! 46%/! -'.2! (CC+/#/(2! 4#%2! '@#/1+&#1+6%! 4(! '#! /#2/#4(! 4.! /6;-'5;(%1! -#$!

'@+%1($;54+#+$(! 4(! '#! &6+(! 4(2! '(/1+%(2! Wa(%$+K2(%! #+! %0:)! O^YZHU! f%! 45C#.1! d’activation du 

/6;-'5;(%1! -#$! "<=<_! C#&6$+2(! '@#--#$+1+6%! 4(!;#'#4+(2! +;;.%6-#106'6,+:.(2! /6;;(! '(!

'.-.2!WR$6'496$,!#+!%0:)!O^Y`HU!!

2/ DCIR (Dendritic cell immunoreceptor)

!"#$<,2'-.8+.(5$D757-*1,$

E%!YXXX)!.%!%6.&(#.!;(;9$(!4(!'#!C#;+''(!4(2!"<G2!#!515!+4(%1+C+5U!"(11(!;6'5/.'(!#--('5(!

D"BG!(21!.%(!,'8/6-$615+%(!1$#%2;(;9$#%#+$(!4(!OZ[!#/+4(2!#;+%52!-62254#%1!.%!2(.'!2+1(!

4(! $(/6%%#+22#%/(! #.! /#$96084$#1(! W"GDHU! <@51.4(! #! $5&5'5! :.(! /(11(! '(/1+%(! -622P4(! .%!

;61+C! +%0+9+1(.$!4(!18-(! BRB*!4#%2!2#!:.(.(!/816-'#2;+:.(U!<(!,P%(!/64#%1!/(11(!-$615+%(!

(21!'6/#'+25!2.$!'(!/0$6;626;(!YO-YZU!Q6%!(7-$(22+6%!(21! '+;+15(!#.!1+22.!05;#16-6v51+:.(!

(1! (21! $(1$6.&5(! 2.$!4(!%6;9$(.2(2! /(''.'(2! +;;.%+1#+$(2! 1(''(2!:.(! '(2!;#/$6-0#,(2)! '(2!

%(.1$6-0+'(2)!'(2!;6%6/81(2)!'(2!%(.1$6-0+'(2)!'(2!'8;-06/81(2!>!(1)!4(!C#r6%!1$P2!C6$1()!2.$!

'(2! D"2! W>#1(2! #+! %0:)! YXXXHU! D"BG! W"<E"L3! 6.! "<E"QFSH! -622P4(! L! 06;6'6,.(2! ;.$+%2!



#;!

!

WD"BGY=LHU!<(!-'.2!-$6/0(!4(!/(2!06;6'6,.(2!#!515!45C+%+!/6;;(!51#%1!D"BGY!W#.22+!#--('5!

"<E"L3OHU! "(-(%4#%1)! '(! -6.$/(%1#,(! 4@+4(%1+15! %(! 2(! 2+1.(! :.@#.16.$! 4(! `^cU! D(! -'.2)!

2(.'(2!D"BGY!(1!D"BGO!-622P4(%1!.%!;61+C!BRB*!4#%2!'(.$2!-#$1+(2!/816-'#2;+:.(2U!<(!;61+C!

BRB*! (21! #226/+5! e! .%(! 2+,%#'+2#1+6%! %5,#1+&(U! E%! (CC(1)! 9(#./6.-! 4(! $5/(-1(.$2! #%1+=

+%C'#;;#16+$(2! 45-(%4(%1! 4(! '#! -$52(%/(! 4(! /(! ;61+C! #C+%! 4@+%4.+$(! .%! 2+,%#'! %5,#1+C)!

%61#;;(%1! -#$! '@+%1($;54+#+$(! 4.! $(/$.1(;(%1! 4(! -062-0#1#2(2! /6;;(! QaN=Y! (1! QaN=O!

WB2#K6&)!YXX[m!Q/0#$(%9($,!#%4!_+%(1)!YXXSm!f%K('(22!#%4!u+%)!YXX[m!T('8!#%4!T+&+($)!YXX[HU!

N#$!'(!9+#+2!4(!'(.$!#/1+&+15!(%o8;#1+:.()!/(2!-062-0#1#2(2!45=-062-06$8'(%1!4(2!-$615+%(2!

+;-6$1#%1(2! 4(2! &6+(2! 4(! 2+,%#'+2#1+6%! -$6=+%C'#;;#16+$(2! /6;;(! /(''(2! ;54+5(2! -#$! '(2!

R<G2U!f%(!51.4(!#!;6%1$5!4#%2!/(2!D"2!0.;#+%(2!que suite à la liaison d’un anticorps #%1+=

D"BG!/6%2+45$5!/6;;(!#/1+&#1(.$)!'(!$5/(-1(.$!(21!+%1($%#'+25!(1!s’en suit!.%(!+%0+9+1+6%!4(!

'#! -$64./1+6%! 4(! /816K+%(2! -$6=+%C'#;;#16+$(2! comme l’IL=YO! (1! '(! R]F=α +%4.+1(! -#$! '#!

21+;.'#1+6%! 4(! R<GV! -#$! 26%! '+,#%4! 28%1051+:.(! GVLV! W*(8($=l(%1$.-! #+! %0:)! O^^XHU! f%(!

#--$6/0(!2+;+'#+$(!#!/6%/'.!:.(!'#!21+;.'#1+6%!4(!D"BG!+%4.+1!.%(!+%0+9+1+6%!4(!'#!-$64./1+6%!

d’IFNα #-$P2!21+;.'#1+6%!4.!R<GX!#&(/!4.!"-?U!B'!#!5,#'(;(%1!515!;6%1$5!4#%2!/(11(!51.4(!

:.(! '#! 2+,%#'+2#1+6%! -#$! '(! R<GX! +%4.+1! '#! ;#1.$#1+6%! 4(2! D"2! -'#2;#/816v4(2! (1! :.(! /(!

phénomène s’#//6;-#,%(!d’une diminution de l’expression de DCIR à la surfac(!4(2!/(''.'(2!

W*(8($=l(%1$.-!#+!%0:)!O^^VH!VCBPLT4$!MWU!

E%!1($;(!4(!'+,#%42)!.%(!51.4(!#!;6%1$5!:.(!D"BG!-(.1!$(/6%%#+1$(!4(2!;61+C2!,'8/628'52!4(!

18-(!<(M+29!(1!*#%Z4#%2!/($1#+%(2!/6%4+1+6%2U!E%!(CC(1)!/(11(! +%1($#/1+6%!%(!-(.1!#&6+$! '+(.!

'6$2:.(! D"BG! (21! (7-$+;5! e! '#! 2.$C#/(! /(''.'#+$()! /#$! 26%!;61+C! 4(! ]=,'8/628'#1+6%! -$52(%1!

4#%2! '(! 46;#+%(! 4(! $(/6%%#+22#%/(! "GD! (21! #'6$2! ,'8/628'5)! /(! :.+! 9'6:.(! 16.1(! #.1$(!

+%1($#/1+6%U! "(11(! 51.4(! ;(1! e! A6.$! :.(! '(! ;64(! 4(! '+#+26%! 4(! D"BG! (21! -$69#9'(;(%1!

complexe et que l’état de glycosylation de la partie CRD du récepteur peut jouer un rôle clé 

4#%2!'#!$(/6%%#+22#%/(!4(!'+,#%42W>'6(;!#+!%0:)!O^YZHU!

!3#$@E1,$:,$<9>@$:*52$1F*/+(A.00/5.+7$$

D"BG! +%0+9(! '@#/1+6%! 4.! C#/1(.$! 4(! /$6+22#%/(! ?*="QF! WM)%&'04"H+#[$%")413%7#! "404&H[

(+*$'0%+*&7! 9%"+4)H! -#$! .%!;5/#%+2;(! +;-'+:.#%1! '#! 25:.(21$#1+6%! 4(! QaN=OU! E%! (CC(1)! 4(2!

51.4(2! $5#'+25(2! *&! /*+)4! 2.$! 4(2! %(.1$6-0+'(2! 6%1!;6%1$5! :.(! '@#4;+%+21$#1+6%! 4(!?*="QF!

réduit fortement l’affinité de SHP=2 pour l’ITIM de DCIR!16.1!(%!#.,;(%1#%1!26%!%+&(#.!4(!

-062-06$8'#1+6%WG+/0#$4!#+!%0:)!O^^SH)!6$!QaN=O!.%(!C6+2!-$52(%1(!4#%2!2#!C6$;(!#/1+&(!4#%2!



=:!

!

'(! /816-'#2;(!-(.1! 2(! '+($! #.! $5/(-1(.$! 4.!?*="QF! e! '#! 2.$C#/(! /(''.'#+$(! -($;(11#%1! .%(!

#;-'+C+/#1+6%!4(!'#!2+,%#'+2#1+6%!$('#1+&(!e!/('.+=/+)!%61#;;(%1!-#$!'(!$(/$.1(;(%1!4(!QR3R`!

WF.A+K#46!#+!%0:)!O^^VHU!<(!?*="QF!51#%1!.%!C#/1(.$!+;-6$1#%1!4#%2!'#!/$6+22#%/(!4(2!D"2)!+'!#!

515!;6%1$5!:.(!D"BG!#!.%!+;-#/1!4#%2!/(!-$6/(22.2U!E%!(CC(1)!.%(!51.4(!#!;6%1$5!:.(!4(2!

26.$+2!45C+/+(%1(2!(%!D"BG!WD"BGYJ"<E"L3OH!45&('6--(%1!2-6%1#%5;(%1!.%(!#.16=+;;.%+15!

/#.25(!-#$!.%! (7/P2! 4(! -$6'+C5$#1+6%!4(2!D"2! (1! 4@#/1+&#1+6%!4(! /(''.'(2! R! WF.A+K#46!#+! %0:)!

O^^VHU!D#%2!/(11(!;b;(!51.4()!+'!#!515!;6%1$5!:.(!'(!C#/1(.$!4(!1$#%2/$+-1+6%!QR3R`)!$(/$.15!

#.!%+&(#.!4.!$5/(-1(.$!#.!?*="QF!'6$2!4(!26%!#/1+&#1+6%)!(21!4#%2!.%!51#1!-'.2!-062-06$8'5!

(1!46%/!-'.2!#/1+&5!4#%2!'(2!26.$+2!45C+/+(%1(2!(%!D"BG!(%!/6;-#$#+26%!#.7!26.$+2!/6%1$\'(2!

VCBPLT4$!NWU!"(2! 26.$+2!développent avec l’âge! 4(2! '52+6%2!#.!%+&(#.!4(2!#$1+/.'#1+6%2!#+%2+!

qu’.%(!#%K8'62(U!f%(!51.4(!#!;6%1$5!:.(!D"BG!/6%1$+9.(!e!maintenir l’06;5621#2+(!622(.2(!

(%!$5,.'#%1! '(!%+&(#.!4(!production d’IFNγU!f%(!45C+/+(%/(!(%!D"BG! +%4.+1!-#$!#+''(.$2!.%(!

#.,;(%1#1+6%! 4.! &6'.;(! 4(2! C5;.$2! (1! .%(! 622+C+/#1+6%! #9($$#%1(! #.7! %+&(#.7! 4(2!

#$1+/.'#1+6%2U!"(-(%4#%1!/(2!28;-1\;(2!26%1!#96'+2!4#%2!'(2!26.$+2!46.9'(;(%1!45C+/+(%1(2!

(%!D"BG!(1!G#,O)!2.,,5$#%1!.%!$\'(!4(2!/(''.'(2!R!4#%2!'#!2.$&(%.(!4(2!2+,%(2!-#106'6,+:.(2U!

E%! (CC(1)! +'! #! -.! b1$(! ;6%1$5! :.(! '(2! 26.$+2! 45C+/+(%1(2! -6.$! D"BG! -$52(%1(%1! .%(!

#//.;.'#1+6%! 4(! /(''.'(2! R! -$6ductrices d’IFNγ! WR0YH! 4#%2! '(2! ,#%,'+6%2! '8;-0#1+:.(2!

4$#+%#%1! '(2! #$1+/.'#1+6%2)! (1! :.(! '(2! D"2! +22.(2! 4(! /(2! 26.$+2! +%4.+2(%1! .%(! -'.2! C6$1(!

4+CC5$(%/+#1+6%!4(2!"DLs!%#vC2!(%!R0Y!W*#$.0#20+!#+!%0:)!O^Y`HU!

<(2! +;;.%6,'69.'+%(2! +%1$#&(+%(.2(2! WBTB,H)! .%(! -$5-#$#1+6%!d’IgG polyclona'(2! 0.;#+%(2)!

26%1! '#$,(;(%1! .1+'+25(2! 4#%2! '(2! 1$#+1(;(%12! 4(! -#1+(%12! 26.CC$#%12! 4(! ;#'#4+(2! #.16=

+;;.%(2! 6.! +%C'#;;#16+$(2U! <(2! BTB,! +%4.+2(%1! .%! (%&+$6%%(;(%1! 16'5$6,P%(! -#$!

l’intermédiaire de la génération de lymphocytes Treg. Une étude a montré que DCIR)! (%!

$(/6%%#+22#%1! '(2! BTB,)! s’avère! +%4+2-(%2#9'(! -6.$! +%4.+$(! '#! ,5%5$#1+6%! 4(2! R$(,! 4#%2! /(!

;64P'(. En effet, l’inhibition de DCIR ou bien de '#!-062-0#1#2(!QaN=O!:.+! '.+!(21!#226/+5()!

/6%4.+1!e!.%(! +%0+9+1+6%!4(! '#!,5%5$#1+6%!4(!R$(,!(1! $(%4! '(! 1$#+1(;(%1!#.7! BTB,! +%(CC+/#/(!

W*#226.4!#+!%0:)!O^YLHU!

"(2! 51.4(2! 2.,,P$(%1! :.(! D"BG! A6.(! .%! $\'(! +;-6$1#%1! 4#%2! '#! ;#+%1(%#%/(! 4.! 2821P;(!

+;;.%+1#+$(!(1)!4(!C#+1)!2(!1$6.&(!4+$(/1(;(%1!+;-'+:.5!4#%2!'#!2.$&(%.(!4(!;#'#4+(2!#.16=

+;;.%(2U!D(!C#r6%! +%15$(22#%1()!.%(!51.4(!$5/(%1(!#!;6%1$5!:.(! '’encéphalopathie auto=

+;;.%(!(7-5$+;(%1#'(!WE3EH!W.%!;64P'(!;.$+%!4(!2/'5$62(!(%!-'#:.(H!(21!(7#/($95(!4#%2!



!

!

!

!

"#$%&'!()*!+,-.!'/!01!0#$213#01/#42!

"#! $%&'$%&()*#+,&-! ./! *#! +)(&',-/! .0! .&1#,-/! 2324! ./! 5627! ,-.0,+! */! (/8(0+/1/-+! /+! *#!

*,#,'&-!./'!$%&'$%#+#'/'!9:;<=!/+!9:;<>?!5627!,-%,@/!.,AAB(/-+/'!C&,/'!$#(!*D,-+/(1B.,#,(/!./!

8/'!$%&'$%#+#'/'E!-&+#11/-+! *#! ',F-#*,'#+,&-!GH<IJ! ,-.0,+/!#$(K'! *#! '+,10*#+,&-!./'!3"7'?!

5627!$/0+!BF#*/1/-+!,-%,@/(!*#!',F-#*,'#+,&-!dépendante d’23L4'!!"#!./'!(B8/$+/0('!/-8&(/!

,-.BA,-,'E! /+!$/0+! #0'',! #*+B(/(! */! (/8(0+/1/-+!/+! *D#8+,C#+,&-!./! 93L3M!$#(! */! (B8/$+/0(! #0!

N4<69HE!*,1,+#-+!#,-',!*#!$(&*,AB(#+,&-!./'!56'!O9#-8%&!#-.!7/,'!/!9&0'#E!>P=>Q?!

!

!

!

!
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'(2!26.$+2!45C+/+(%1(2!(%!D"BG!2(!1$#4.+2#%1!-#$!.%(!1$P2!C6$1(!45;85'+%+2#1+6%!4#%2!'#!;6(''(!

épinière, ainsi qu’à une augmentation massive du nombre de DCs et de TCD4+ r(1$6.&52!#.!

%+&(#.!4(!/(''(=/+U!E%C+%)!'(2!#.1(.$2!6%1!;6%1$5!:.(!'#!-$6'+C5$#1+6%!/(''.'#+$(!(21!#//$.(!#.!

%+&(#.!4(2!,#%,'+6%2! '8;-0#1+:.(2!/0(o! '(2!26.$+2!45C+/+(%1(2!(%!D"BG!(%!/6;-#$#+26%!#.7!

26.$+2!2#.&#,(2!WQ(%6!#+!%0:)!O^Y`HU!!

F+%#'(;(%1)! 4(2! 51.4(2! /'+%+:.(2! 6%1! $5&5'5! .%(! #226/+#1+6%! (%1$(! .%! -6'8;6$-0+2;(! 4.!

,P%(! /64#%1! -6.$! D"BG! (1! '#! 2.$&(%.(! 4(!;#'#4+(2! #.16=+;;.%(2! /6;;(! '#! -6'8#$10$+1(!

$0.;#16v4(! W?.6!#+!%0:)! O^YOH)! '(! '.-.2!5$8105;#1(.7!(1! '(! 28%4$6;(!4(! QAz,$(%!-$+;#+$(!

W;#'#4+(! #.16=+;;.%(! /#$#/15$+25(! -#$! .%(! #11(+%1(! 4(2! ,'#%4(2! (76/$+%(2)! (%! -#$1+/.'+($!

'#/$8;#'(2!(1!2#'+&#+$(2H!W<+.!#+!%0:)!O^Y`HU!

!9#$9(5+-.)/+.(5$:,$<9>@$*/G$8*+H(1(D.,2$.5=,'+.,/2,2$

D(2!51.4(2!6%1!5,#'(;(%1!;+2!(%!5&+4(%/(!.%!$\'(!4(!D"BG!4#%2!4(2!-#106'6,+(2!+%C(/1+(.2(2!

/6;;(! '(! QBD3U! E%! (CC(1)! à l’instar de DC=QB?]! Wu+%! #+! %0:)! O^YLH)!D"BG! -(.1! '+($! '(! TBa)! (1!

%61#;;(%1! '#! ,'8/6-$615+%(! ,-YL^! W>'6(;!#+! %0:)! O^YLH)! #C+%!4(! -#$1+/+-($! e! '#! /#-1.$(! (1!

l’internalisation du virusU!"(11(!51.4(!#!;+2!(%!5&+4(%/(!:.(!'#!$5,+6%!/0#$%+P$(!4(!D"BG!(21!

+;-6$1#%1(!pour l’attachement du vir.2!(1!l’+%C(/1+6%!W<#;9($1!#+!%0:)!O^^VHU!D(!-'.2)!2.+1(!e!

.%(! +%C(/1+6%! -#$! '(! TBa)! D"BG! (21! C6$1(;(%1! (7-$+;5! #.! %+&(#.! 4(! '#! ;(;9$#%(! 4(2!

lymphocytes T CD4+, conduisant donc à la création d’une nouvelle porte d’entrée -6.$! '(!

&+$.2)! C#/+'+1#%1!2#!4+225;+%#1+6%!(1!2a propagation dans l’organisme W<#;9($1!#+!%0:)!O^Y^HU!

Q.+1(! e! 4(2! (7-5$+(%/(2! 4(! ;.1#,5%P2(! 4+$+,5()! '(2! #.1(.$2! 6%1! -.! 45;6%1$($! :.(!

l’activation de DCIR par 2#!'+#+26%!#.!TBa!+%4.+1!.%(!/#2/#4(!4(!2+,%#'+2#1+6%!45-(%4#%1(!4.!

;61+C!BRB*!(1!/6%4.+2#%1!#.!$(/$.1(;(%1!4(2!-062-0#1#2(2!QaN=Y!(1!QaN=O!W<#;9($1!#+!%0:)!

O^YYHU!"(2!51.4(2! 2.,,P$(%1!:.(!D"BG! 2($#+1!.%!$5/(-1(.$!.1+'+25!-#$! '(!-#106,P%(!#C+%!4(!

-6.&6+$! se multiplier et se propager plus efficacement dans l’organisme. D"BG! $(-$52(%1(!

46%/! .%(! /+9'(! -61(%1+(''(! -6.$! '(! 45&('6--(;(%1! 4(! %6.&(''(2! 105$#-+(2! #%1+&+$#'(2U! D(2!

51.4(2!26%1!;(%5(2!4#%2!/(!2(%2)!%61#;;(%1!-6.$!l’identification d’inhibiteur2!2-5/+C+:.(2!

4(2!$5/(-1(.$2!4’entrée d.!TBa!4#%2!2(2!/(''.'(2!/+9'(2!W<#;9($1!#+!%0:)!O^YZHU!

D"BG!#!5,#'(;(%1!515!45/$+1!/6;;(!#8#%1!.%!+;-#/1!4#%2!4(2!-#106'6,+(2!&+$#'(2!#.1$(2!:.(!

le SIDA. En effet, une étude a montré que lors d’une infection avec le HCV, la glycoprotéine 

d’enveloppe E2 p(.1!être reconnu par DCIR, induisant un défaut de production d’IFN!!-#$!
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'(2!D"2!-'#2;#/816+4(2!WF'6$(%1+%!#+!%0:)!O^YOHU!f%(!#.1$(!51.4(!$5#'+25(!/0(o!'#!26.$+2!4#%2!

.%!;64P'(!d’infection -#$! '(! &+$.2! 4.! "0+K.%,.%8#! W"aB_TH)! #!;6%1$5!:.(! OL! e! ZS0! #-$P2!

+%C(/1+6%)! 1(;-2! #.:.('! '#! 4(%2+15! 4(!DC au site d’infection! (21! '#! -'.2! C6$1()! /(2! /(''.'(2!

présentent une diminution de l’expression de DCIR à l(.$! 2.$C#/()! /(! :.+! 2.,,P$(! .%(!

+%1($%#'+2#1+6%!4(!D"BGU!D(!-'.2)!/(2!>*D*2!+22.2!4(!26.$+2!45C+/+(%1(2!(%!D"BG!-$64.+2(%1!

4#&#%1#,(!d’IL=YO)!4(!R]F=α, et d’IL=Y^!:.(!4(2!26.$+2!2#.&#,(2U!E%C+%)!'(2!26.$+2!45C+/+(%1(2!

(%!D"BG! -$52(%1(%1!4(2! 2+,%(2! -#106'6,+:.(2! -'.2! 25&P$(2! :.(! '(2! 26.$+2! 2#.&#,(2! 2.+1(! e!

.%(!+%C(/1+6%!-#$!'(!"aB_T)!/6;;(!.%(!-$52(%/(!-'.2!C6$1(!d’œdèmes!(1!.%(!-($1(!4(!-6+42!

-'.2! +;-6$1#%1(U! D(2! #%#'82(2! 0+216'6,+:.(2! 6%1! $5&5'5! :.(! '(2! 26.$+2! 45C+/+(%1(2! (%!D"BG!

présentent un excès d’inflammation tissulaire et d’infiltrats cellulaire2! #.! %+&(#.! 4.! 2+1(!

+%C(/1+(.7!W<6%,!#+!%0:)!O^YZHU!

<’action de DCIR s’étend également à des pathogènes %6%!&+$#.7U!E%!(CC(1! +'! #!515!;6%1$5!

:.(!D"BG! (21! /$+1+:.(! -6.$! '(! 45&('6--(;(%1! 4(! '#!;#'#$+#! /5$59$#'(! W"*H! (7-5$+;(%1#'(!

+%4.+1(! #&(/! '(! -#$#2+1(! W0%($4.*'$! 6#)73#*! 4#%2! .%!;64P'(!;.$+%U! L’infection 4(! 26.$+2!

2#.&#,(! -#$! '(! -#$#2+1(! /6%4.+1! e! .%(! "*! /0(o! V^c! 4(2! #%+;#.7! +%C(/152)! #'6$2! :.(! '6$2!

d’infection de souris déficientes en DCIR, seul 15% des souris infectés développent la 

-#106'6,+(U! E%! #//6$4! #&(/! /(11(! observation, les souris n’exprimant pas le récepteur 

-$52(%1(%1! 9(#./6.-! ;6+%2! 4(! '8;-06/81(2! R! "DVs! #.! %+&(#.! 4.! /($&(#.)! /(! :.+!

s’#//6;-#,%(!d’une inflammation réduite. De plus)!/(11(!51.4(!#!;6%1$5!:.(!/(!45C#.1!4(!

;+,$#1+6%!4(2!R!"DVs!(21!/#.25!-#$!.%(!4+;+%.1+6%!4.!%+&(#.!4(!R]F=α dans le sérum ainsi 

qu’à une moindre activation des cellules T CD4+ et CD8+ au niveau de la rate!/0(o!'(2!26.$+2!

45-6.$&.(2!4(!D"BG!W*#,'+%#6!#+!%0:)!O^YZHU!!

L’ensemble de ces résultats identifie DCIR comme étant un régulateur négatif +;-6$1#%1!4(!

la réponse immunitaire de l’hôte.!
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!
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!

D#%2! .%! /6%1(71(! 6t! '#! 1.9($/.'62(! $(-$52(%1(! .%! -$69'P;(! 4(! 2#%15! -.9'+:.(! ;#A(.$(!

provoquant le décès de plus d’un millions d’individus chaque année, il apparait essentiel de 

/6;-$(%4$(! -'.2! (%! 451#+'2! la relation entre l’agent étiologique 4(! '#!;#'#4+()!E+6)! (1! '(!

2821P;(! +;;.%+1#+$(! 4(! l’hôte)! #C+%! 4(! -6.&6+$! -$6-62($! 4(! %6.&(''(2! 21$#15,+(2!

105$#-(.1+:.(2U! <(2! ;8/69#/15$+(2! 26%1! $(/6.&($1(2! 4(! 21$./1.$(2! ,'8/6'+-+4+:.(2! :.+!

-(.&(%1!b1$(!$(/6%%.(2!-#$!.%(!C#;+''(!4(!$5/(-1(.$2!2-5/+C+:.(2!:.(!26%1!'(2!"<G2U!"6;;(!

45/$+1! -$5/54(;;(%1)! +'! (7+21(! .%! /($1#+%2! %6;9$(2! 4(! "<G2! :.+! 6%1! 515! -'.2! 6.! ;6+%2!

/#$#/15$+252! 4#%2! '(! /6%1(71(! de l’+%C(/1+6%! 1.9($/.'(.2(. Bien qu’il a+1! 45Ae! 515! ;6%1$5!

-$5#'#9'(;(%1!:.(! /($1#+%2!"<G2!(7($/(%1!.%(!#/1+6%!451($;+%#%1(!4#%2! '(! /6%1$\'(!4(! '#!

-#106'6,+()! %61#;;(%1! 4(2! "<G2! ;(;9$#%#+$(2! /6;;(! D"=QB?]! WR#+''(.7! #+! %0:)! O^^ZH)!

*GWQ/0'(2+%,($)!YXXZH)!D(/1+%=Y! WG610C./02!#+!%0:)! O^^[H!6.!*+%/'(! WB20+K#M#!#+!%0:)! O^^XH)!

;#+2!5,#'(;(%1!4(2!"<G2!26'.9'(2!/6;;(!QN=3!WN#2.'#!#+!%0:)!YXX[H!(1!QN=D!WF($,.26%!#+!%0:)!

O^^SH, il n’est pas e!exclure que d’autres CLRs -.+22(%1! A6.($!.%!$\'(!4#%2!/(!/6%1(71(U!E%!

(CC(1)!'(2!"<G2!-$52(%152!-$5/54(;;(%1!%(!$eprésentent qu’une parcelle limitée, loin d’être 

(70#.21+&()! 4.!-#%('! 4(! $5/(-1(.$2!-$52(%12!chez l’hôte (1! 2.2/(-1+9'(2!d’interagir avec la 

9#/15$+(U! <’objectif!de ma thèse s’+%2/$+1!dans ce contexte et vise à caractériser l’action de 

%6.&(#.7!"<G2!46%1!'(!$\'(!4#%2!'#!$5-6%2(!#%1+=1.9($/.'(.2(!(21!(%/6$(!+%/6%%.U!

]61$(! 51.4(! 2’est focalisé(! 2.$! '(2! 4(.7! "<G2! 45/$+12! 4#%2! '#! -#$1+(! -$5/54(%1(U! <(! "<G!

26'.9'(!$5/(;;(%1!+4(%1+C+5)!"<=_Y!W_(20+!#+!%0:)!O^^SH)!(1!'(!"<G!;(;9$#%#+$(!-62254#%1!.%!

;61+C! BRB*)!D"BG! W>#1(2!#+! %0:)! YXXXHU!?$y/(! e! 4+&($2(2! #--$6/0(2! 451#+''5(2! 4#%2! '#! -#$1+(!

$52.'1#12!/+=#-$P2)!%6.2!#&6%2!/0($/05!e!451($;+%($!2+!/(2!$5/(-1(.$2!A6.(%1!.%!$\'(!6.!%6%!

4#%2!'#!$5-6%2(!+;;.%+1#+$(!#%1+1.9($/.'(.2(U!Des modèles d’+%C(/1+6%! *&!/*/4!.1+'+2#%1!4(2!

26.$+2! 45C+/+(%1(2! (%! /(2! $5/(-1(.$2)! /6;-'5;(%15(2! -#$! 4(2! #--$6/0(2! *&! /*+)4! &+2#%1! e!

/#$#/15$+2($!-'.2! (%!451#+'2! '(! /6;-6$1(;(%1!4(! /(.7=/+!4#%2! '#! $5-6%2(! #%1+1.9($/.'(.2()!

%6.2! ont permis d’apprécier! '(.$2! $\'(2! 4#%2! '#! 2.$&+(! 9#/15$+(%%(! (1! 4#%2! '#! $5-6%2(!

+;;.%+1#+$(!+%4.+1(U!"(2!$5/(-1(.$2!-#$1+/+-(%1=+'2!e!'#!$5-6%2(!9#/15$+/+4(!4+$(/1(!4(!l’hôte{!

N($;(11(%1=ils de moduler la réponse immunitaire de l’hôte en induisant une réponse 

/(''.'#+$(! (1! .%(! -$64./1+6%! 4(!;54+#1(.$2! +%C'#;;#16+$(2! 2-5/+C+:.(2{! xu’en! (21=+'! 4(! '#!

$(/6%%#+22#%/(!(1!4(!'#!2+,%#'+2#1+6%!+%4.+1(!-#$!'(!$5/(-1(.$!/6%/($%5)!(1!:.('2!;61+C2!&6%1!
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(A) Etude du rôle de CL-K1 dans l’infection à Mtb

"6;;(!45/$+1!-$5/54(;;(%1)!"<=_Y!#!'#!/#-#/+15!4(!'+($!4(2!;61+C2!,'8/628'52!(7-$+;52!-#$!

4+&($2!-#106,P%(2! 46%1! '(2! 9#/15$+(2U! <#! '+#+26%!e! "<=K1 induit l’activation du complément 

-#$!'#!&6+(!4(2!'(/1+%(2!(%!2(!'+#%1!e!*3QNY!Wa(%$+K2(%!#+!%0:)!O^YZH)!(1!-#$1+/+-()!4(!/(!C#+1)!e!

la mise en place de l’immunité innée. A l’instar d’autres lectines solubles comme SP=3!(1!QN=

D)!"<=_Y!-6.$$#+1!5galement être capable d’exercer un rôle dans un contexte tuberculeux. 

f%!/$+9'#,(!4(!'+,#%42!,'8/628'52!#!$5&5'5!:.(!"<=_Y!-6.$$#+1!'+($!4(2!/6;-62#%12!4(!'#!-#$6+!

4(!E+6)! (%! -#$1+/.'+($! '(! *#%<3*)! l’un des constituants majeurs de la mycomembrane 

VCBPLT4$!>WU!]6.2!%6.2!26;;(2!46%/!4(;#%452!2+!"<=_Y)!2(.'!6.!4#%2!2#!C6$;(!%#1+&(!'+5(!e!

'#! /6''(/1+%(! "<=<Y! W"<=<_H)! -6.&#+1! $(/6%%#+1$(!E+6! et influencer directement l’immunité 

#%1+=1.9($/.'(.2(U! N6.$! /('#, nous avons procédé, en plus d’expériences *&! /*+)4)! e! 4(2!

51.4(2!*&!/*/4!d’infection de souris déficientes en CL=_YU!"6;;(!/0(o!l’homme)!/0(o!:.+!.%(!

;.1#1+6%! 4.! ,P%(! /64#%1! "<=_Y! (%1$#+%(! .%! 28%4$6;(! 4(! Z*")! 2(! 1$#4.+2#%1! -#$! 4(2!

1$6.9'(2!45&('6--(;(%1#.7!25&P$(2)! '(2!26.$+2!45C+/+(%1(2!(%!"<=_Y!-$52(%1(%1)!(''(2!#.22+)!

/($1#+%2! 1$6.9'(2! 45&('6--(;(%1#.7U! E%! (CC(1)! /(2! 26.$+2! 6%1! .%(!;6$1#'+15! (;9$86%%#+$(!

-'.2!5'(&5(!:.(!'(2!26.$+2!2#.&#,(2U!D(!-'.2)!/(2!26.$+2!26%1!215$+'(2!W;y'(2!.%+:.(;(%1H)!6%1!

.%(! -$+2(! -6+42! $54.+1(! (1!-(.&(%1! -$52(%1($! 4(2! 45C#.12!4(!;6$-06,5%P2(! 2(! 1$#4.+2#%1!

-#$!.%(! '5,P$(!45&+#1+6%!4(! '#!/6'6%%(!&($159$#'(!(1!4(2!4+CC+/.'152!#$1+/.'#+$(2$ VCBPLT4$!;WU!

Ainsi nous avons dû croiser des souris hétérozygotes afin d’obtenir des individus 

06;6o8,61(2!-6.$!l’inactivation de CL=_YU!E%C+%)!4#%2!l’optique de -'#/($!%62!51.4(2!4#%2!.%!

/6%1(71(! -'.2! -082+6'6,+:.()! %6.2! #&6%2! 5,#'(;(%1! -.! #%#'82($! '(! 1#.7! 4(! "<=<_! 4#%2! '(!

25$.;! 4(! -#1+(%1! #11(+%12! 4(! R>! (1! 4(! 2.A(12! 2#+%2! #C+%! 4(! '(! $('+($! e! '#! 25&5$+15! 4(! '#!

-#106'6,+(U!!

$
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Abstract

Understanding the molecular components of immune recognition of the tuberculosis (TB)

bacillus,Mycobacterium tuberculosis, can help designing novel strategies to combat TB.

Here, we identify collectin CL-LK as a novel soluble C-type lectin able to bindM. tuberculo-

sis, and characterize mycobacterial mannose-capped lipoarabinomannan as a primary

ligand for CL-LK. Mice deficient in CL-K1, one of the CL-LK subunits, do not display altered

susceptibility toM. tuberculosis. However, we found that the amount of CL-LK in the serum

of patients with active TB is reduced, compared to that in controls, and correlates inversely

to the magnitude of the immune response to the pathogen. These findings indicate that CL-

LK might be of interest for future diagnostic and treatment monitoring purposes.

Introduction

Mycobacterium tuberculosis, the agent of tuberculosis (TB) in humans, is still responsible for

nearly 1.5 million deaths and over 8 million new cases every year in the world [1]. Control and

possible eradication of TB in the decades to come will require shorter and more effective treat-

ments, a vaccine better than BCG, together with improved tools for diagnostic and treatment

monitoring. A better understanding of the immune pathways involved in host defense against

M. tuberculosismight help design better vaccination strategies, and identify novel biomarkers.

Early recognition ofM. tuberculosis and mounting of an appropriate response by the

immune system relies on a range of membrane-bound and soluble receptors, the so-called pat-

tern recognition receptors, including Toll-like receptors (e.g. TLR-2) and C-type lectins (e.g.

DC-SIGN) [2]. Soluble immune receptors forM. tuberculosis include surfactant proteins A
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(SP-A) and D (SP-D), and other collectins, such as the mannose-binding lectin (MBL) [3,4].

Collectins are homomeric or heteromeric proteins containing a collagen-like region and a C-

type lectin domain separated by an α-helical coiled-coil region [5]. InM. tuberculosis, SP-A

and SP-D bind various glycoconjugates, including cell envelope mannose-capped lipoarabino-

mannan (ManLAM) [6,7]. Several in vitro studies showed that SP-A and-D modulate immune

response to the TB bacillus, including binding and phagocytosis by host macrophages and epi-

thelial cells, intracellular trafficking and phagosome-lysosome fusion within infected host cells,

cytokine production and T cell activation [3,4]. However, SP-A-, SP-D and SP-A/D-deficient

mice are not more susceptible toM. tuberculosis than their wild-type counterparts [8].

Collectin-11 (CL-11, alias CL-K1) is a soluble protein expressed primarily in the adrenal

gland, kidney, and liver, as well as in other organs, such as the lung, although to a lesser extent

[9,10]. It binds to apoptotic cells and distinct pathogen species (e.g. Escherichia coli, Candida

albicans, influenza virus, but not Listeria monocytogenes or Pseudomonas aeruginosa), leading

to complement activation via mannan-binding lectin-associated serine proteases (MASPs)

[11,12]. Recombinant CL-K1 mostly forms monomers and dimers of subunits composed of

three polypeptide chains; however, in vivo, native CL-K1 forms more complex heteromeric

structures, ranging from dimers to hexamers of subunits in tight association with another

structurally-related collectin, collectin L1 (CL-L1) [13], forming what is now designated

CL-LK [14].

Since CL-K1 recognizes mannose [11], and given that the mycobacterial cell envelope is

rich in mannose-containing glycoconjugates, including glycoproteins, glycolipids and lipogly-

cans, we asked whether CL-K1, either in recombinant or native CL-LK form, could recognize

M. tuberculosis and influence immunity toM. tuberculosis. Using a combination of in vitro and

in vivo approaches, here we report that, while CL-K1 binds to the bacillus through its ManLAM

component, mice deficient for this collectin do not display any increased susceptibility or

altered immunopathology related toM. tuberculosis infection. Notwithstanding, an assessment

of the amount of circulating CL-LK in patients with TB, as compared to in healthy infected and

non-infected control individuals, revealed an inverse correlation to the magnitude of the

immune response toM. tuberculosis, suggesting that CL-LK might be used as a novel bio-

marker for TB.

Materials and Methods

Bacteria, macrophages and infection

Human monocytes were obtained from healthy blood donors (Etablissement Français du Sang,

EFS, Toulouse, France) with written informed consent (under EFS Contract n°121/PVNT/

TOU/IPBS01/2009-0052, which was approved by the French Ministry of Science and Technol-

ogy, agreement n°AC2009-921, following articles L1243-4 and R1243-61 of the French Public

Health Code). Monocytes were prepared following a previously published procedure [15]. For

differentiation in macrophages, monocytes were allowed to adhere to the microscope cover

glasses (VWR international) in 6-well or 24-well plates (Thermo Scientific), at 1.5x106 cells per

well and 3x105 cells per well, respectively, for 2 h at 37°C in warm RPMI 1640 medium

(GIBCO). The medium was then supplemented with 10% FCS (PAN-BIOTECH), 1% sodium

pyruvate (GIBCO) and 0.1% β-mercaptoethanol (GIBCO), considered from here as ‘complete’

RPMI, and human M-CSF (Miltenyi Biotec) at 20 ng/mL. Cells were allowed to differentiate

for 5–7 days. The cell medium was renewed every third or fourth day of culture. Mouse bone

marrow macrophages were prepared as described previously [16].

M. tuberculosis (H37Rv strain) was grown in Middlebrook 7H9 culture medium (Difco)

supplemented with 10% albumin-dextrose-catalase (ADC, Difco), 0.05% Tween-80 (Sigma), or
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on Middlebrook 7H11 agar (Difco) supplemented with 10% oleic acid-ADC (OADC, Difco).

GFP-expressingM. tuberculosis was generated and cultivated as previously described [15]. For

in vitro infection experiments, bacterial clumps were disaggregated after at least 20 passages

through a 25G needle. Macrophages were infected withM. tuberculosis at a multiplicity of

infection of 1 bacterium/10 macrophages in complete RMPI medium for 4 h at 37°C. Cells

were then washed in RPMI and further incubated at 37°C for the indicated time periods. For

bacterial counting, cells were lysed and cell lystaes were plated onto 7H11 agar medium for

CFU scoring.

Binding and opsonization experiments

All binding experiments were performed in TBS buffer (20 mM Tris, 125 mM NaCl, 2 mM

CaCl2) containing 0.5 mg/mL BSA (Sigma). Non-specific binding toM. tuberculosis was pre-

vented by incubating the bacteria for 30 min at room temperature in TBS buffer containing 2

mg/mL BSA. Bacteria were then incubated with native CL-LK (5 μg/mL, prepared as in [17]) at

37°C for 1 h in the presence or absence of 20 mM EDTA (Euromedex) or 50 mg/mL purified

mannan. After washing in TBS, bacteria were incubated with a biotinylated monoclonal anti-

CL-K1 antibody (HYB14-29 [18]) at 2 μg/ml for 1 h at room temperature. Secondary detection

was achieved using APC-coupled Streptavidin (eBioscience) (for 20min at room temperature).

Bacteria were then washed and fixed for 2 h at room temperature in PBS containing 4% para-

formaldehyde (Polyscience)

FACS & ELISA analysis

For lipoarabinomannan binding experiments, ManLAM or demannosylated ManLAM

(αManLAM, prepared as previously described [19]) were coated in 96-well plates (Nunc

Immuno-plates Maxisorp, Sigma) in water:ethanol (1:1, v/v) at 100 ng/well. The plates were

dried and incubated with TBS buffer containing 2 mg/ml BSA at room temperature for 2 h

(saturation step). The plates were then incubated with different concentration of native CL-LK

at room temperature during 2 h, in the presence or absence of EDTA or mannan, as described

above. After washing, CL-LK was detected using the biotinylated monoclonal anti-CL-K1 anti-

body at 0.5 μg/mL (1 h at room temperature) and streptavidin-HRP at 100 ng/mL (30 min at

room temperature). After washing, substrate solution (TMB substrate reagent set, BD Biosci-

ences) was added for 30 minutes at room temperature and the reaction was stopped with

H2SO4. Colorimetric analysis was performed using a spectrophotometer at an OD of 450nm-

570nm. For opsonization experiments, GFP-expressingM. tuberculosisH37Rv was incubated

with native CL-LK (10 μg/ml) at 37°C for 1 h in presence or absence of 10% AB human serum

(Sigma). Human macrophages were then infected at a multiplicity of infection of 5 bacteria/

macrophage for 4 h at 37°C under 5% CO2 in complete RPMI. Cells were then washed, fixed

and analyzed by flow cytometry (LSRII, BD Biosciences).

Mouse, infection and RT-qPCR

CL-K1-/- mice were generated as described elsewhere (Wakamiya et al. Manuscript in prepara-

tion). Gene inactivation was verified by PCR after tail DNA extraction using the Fast Tissue-

to-PCR kit (Fermentas) following the manufacturer’s instructions. PCR was performed using

primers P1 (5’-CTGCTTTCAAGCCATGAATCTCTGTTTGTA-3’), P2 (5’-CAGCAGGGAC

AGGAAAGCCAGGCTAATCAG-3’) and P3 (5’- CTTGGGTGGAGAGGCTATTCGGCTAT

GACT-3’) and using the PCR mastermix kit (Fermentas) following the manufacturer’s recom-

mendations. Cycling conditions consisted in 10 min at 95°C, followed by 30 cycles of (0.5 min

at 94°C, 1 min at 65°C, 1 min at 72°C), followed by 7 min at 72°C. A typical PCR result is
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displayed in S1 Fig All mouse experiments were performed in animal facilities that meet all

legal requirements in France and by qualified personnel in such a way to minimize discomfort

for the animals. All procedures including mouse studies were conducted in strict accordance

with French laws and regulations, in compliance with the European community council direc-

tive 68/609/EEC guidelines and its implementation in France. All protocols were reviewed and

approved by the Regional Ethical Committee (reference MP/ 04/26/07/03). All efforts were

made to minimize suffering. The study did not involve humane endpoints. For colony forming

unit (CFU) counts of lungs and spleens and RNA collection, mice were euthanized by cervical

dislocation. Six-to-twelve-week-old female C57BL/6 mice (CL-K1-/- and WT) were anesthe-

tized with a cocktail of ketamine (60 mg/kg; Merial) and xylasine (10 mg/kg; Bayer) and

infected intranasally with 1,000 mycobacteria. At different time points, mice were sacrificed,

and lungs and spleen were collected, lysed and bacterial CFUs were scored after plating onto

agar 7H11 medium. RNA from lungs was extracted using the RNeasy mini kit (Qiagen). The

amount and purity of RNA was measured using a NanoDrop ND-1000 apparatus (Thermo

Scientific) by measuring absorbance at 260/280nm. Double-stranded cDNA was reverse-

transcribed using the M-MLV Reverse Trancriptase kit (Invitrogen), according to the manufac-

turer’s protocol. Specific PCR primers (S1 Table) were designed using QuantPrime. Real time

quantitative PCR was performed with gene targeted primers using qPCR Mastermix plus

SYBR Green (Eurogenetec), according to the manufacturer’s protocol. All real-time qPCR reac-

tions were carried out using a 7500 Real-Time PCR System and data were analyzed using the

7500 Software v2.0.6 (Applied Biosystems). PCR array data were calculated by the comparative

cycle threshold method, normalized with hypoxanthine-guanine phosphoribosyltransferase

(HPRT) housekeeping gene, and expressed as mean fold change in experimental samples rela-

tive to control samples.

Patients

Human plasmas were obtained from participants with informed consent of the study that was

approved by the national ethics committee to the Ministry of Health in Madagascar (Agree-

ment N°033-SANPF/CAB of the 20 February 2004). TB patients over 15 years of age were

recruited at the principal TB health centre in Antananarivo, Madagascar. The household con-

tacts of the included TB patients were visited at home by the study physicians and invited to

join the study if they were 1 year old, living in the same house as the TB patient. The healthy

controls were selected among the healthy consulting individuals at the anti-rabies centre at the

Institute Pasteur of Madagascar. Subjects were invited by the physicians to give informed con-

sent, interviewed and examined. Only subjects who gave informed consent were included. Par-

ticipants underwent a PPD skin test (10 units; Tuberculin Purified Protein Derivative, Aventis

Pasteur). Induration was recorded after 72 hours. A venous blood sample was drawn into a

Vacutainer tube containing heparin for ELISPOT-Interferon-Gamma Release Assay (IGRA).

PBMC were separated from heparinized whole blood and plasmas were stored at -80°C for fur-

ther analysis. PBMC were purified as described elsewhere [20]. ELISPOT-IGRA was performed

as previously described [21]. Wells were counted and the mean number of spot-forming cell

(SFC) per well for each antigen was calculated. The mean number of SFC of the negative con-

trol was subtracted and transformed to the number of SFC per 2 x105 cells. The cut-off point

for IGRA-positivity was taken as 1.64 standard deviations of the negative control for the whole

cohort. Patients were treated according to the National TB Control Program strategy, i.e.

8-month therapy including 2 months with isoniazid, rifampicin, ethambutol and pyrazina-

mide, followed by 6 months with isoniazid and ethambutol.

Collectin-LK in Tuberculosis

PLOS ONE | DOI:10.1371/journal.pone.0132692 July 14, 2015 4 / 11



CL-LK (CL-K1) quantification

The concentration of CL-LK was quantified by assessment of the concentration of CL-K1 by

ELISA, as previously described [18]. This sandwich ELISA based on two different MAbs anti-

CL-K1 gives parallel curves between measurements of CL-K1 and CL-LK [14].

Statistical analysis

Data were analyzed using the Student’s t test. Correlations were evaluated using the Pearson’s

test. ROC analysis was performed using the Prism software package.

Results and Discussion

In order to evaluate whether CL-LK binds toM. tuberculosis in vitro, we conducted a binding

experiment where bacteria were incubated with serum-purified human CL-LK for 1 h at 37°C.

CL-LK was subsequently detected using secondary fluorescent staining and bacteria were ana-

lyzed by flow cytometry. Our gating criteria for flow cytometry analysis are detailed in S2 Fig

Our data (Fig 1A & S2 Fig) indicate that CL-LK is able to bindM. tuberculosis in a dose-

dependent manner, and that this binding is Ca2+- and mannose-dependent, as EDTA and

mannan could inhibit this process. By contrastM. tuberculosis binding by commercially avail-

able recombinant CL-K1 was inefficient (data not shown), most likely because of perturbed

oligomerization, compared to the native form. The lipoglycan mannose-capped lipoarabino-

mannan (ManLAM) is one of the major constituents of the mycobacterial cell envelope, and is

recognized by several C-type lectins, such as SP-A, SP-D, MR and DC-SIGN [15,22]. In vitro

binding experiments indicated that ManLAM is recognized by CL-LK, in a Ca2+- and man-

nose-dependent manner (Fig 1B). Moreover ManLAM recognition by CL-LK relies on man-

nose caps in ManLAM, as their removal upon treatment with an α-mannosidase resulted in

severe reduction in lipoglycan binding by CL-LK (Fig 1B). Interestingly, we found that CL-LK

does not bind to the fast growing mycobacterial speciesMycobacterium smegmatis, in which

the LAMmolecule is devoid of mannose caps (data not shown).

M. tuberculosis has been reported to activate the complement cascade through the classical,

lectin and alternative pathways, which was shown to promote mycobacterial opsonization with

complement components, and to enhance mycobacterial phagocytosis by host macrophages

[23,24]. Various collectins are able to inhibit bacterial growth through binding and subsequent

triggering of the complement activation cascade, leading to the formation of the membrane

attack complex (MAC). Whether this holds true forM. tuberculosis is still unknown [25]. Nev-

ertheless we decided to assess whether MAC activation and mycobacterial killing could be a

functional consequence of CL-LK recognition ofM. tuberculosis. However, theM. tuberculosis

growth in vitro was not affected by incubation with CL-LK in the presence of 10% complete

complement-containing human serum (Fig 1C). Another function for collectins, such as SP-A

and-D, is to modulate the bacterial binding, phagocytosis and trafficking in host macrophages

[3]. Yet, the infection of human macrophages by CL-LK-opsonizedM. tuberculosis did not

result in altered phagocytosis and intracellular survival of the pathogen (Fig 1D and 1E). In

order to evaluate whether CL-LK has an impact onM. tuberculosis virulence and immune

response to infection in vivo, CL-K1-deficient mice and their wild-type counterparts were

infected intranasally with 103 CFUsM. tuberculosis, and infection was monitored in the lungs

and spleen of the infected animals. Our data indicate that CL-K1 (and thus CL-LK) deficiency

has no impact on organ colonization by the pathogen (Fig 1F and 1G), which correlated with

similar inflammatory response in the lung, as measured by IFNγ, TNF-α, IL-10 and IL-17 tran-

scripts (Fig 1H). In addition, in vitro we found that TNF-α, IL-10 and IL-6 production byM.

tuberculosis-infected wild-type or CL-K1-deficient mouse bone marrow-derived macrophages
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was similar, and that M. tuberculosis multiplies equally well in wild-type and CL-K1-KO mac-

rophages (data not shown). Altogether, these data indicate that although CL-LK can recognize

M. tuberculosis in vitro, it does not appear to have an in vitro functional consequence nor does

it play a major in vivo role in immune defense against the bacillus, at least in the mouse model.

We next decided to quantify CL-LK (CL-K1 subunit) concentration in the serum of HIV-

negative patients with TB, as well as in the serum of healthy contacts and control individuals.

The whole set of data is available in S2 Table. CL-LK concentration in the serum was correlated

neither to gender (356.3±99.09 ng/mL in healthy control males vs. 379.7±124.4 ng/mL in

Fig 1. CL-LK recognizes ManLAM inM. tuberculosis. (A)M. tuberculosis H37Rv was incubated with (+CL-LK) or without (Control) native CL-LK (5 μg/mL)
at 37°C for 1 h in the presence or absence of 20 mM EDTA, or 50 mg/mL purified mannan. Bacteria were washed and further incubated with a biotinylated
monoclonal anti-CL-LK antibody that was subsequently labeled with APC-coupled streptavidin. Bacteria were analyzed by flow cytometry and the mean
fluorescence intensity (MFI) of a triplicate experiment is reported (±s.d.). Data were analyzed using the Student’s t test; **, P<0.01; ***, P<0.001. A
representative experiment, out of three independent experiments, is displayed. (B) Plastic plates were coated with 100 ng ManLAM or demannosylated
ManLAM (αManLAM) per well, and incubated with the indicated concentration of native CL-LK at room temperature for 2 h, in the presence or absence of
EDTA or mannan, as in (A). After washing, CL-LK was detected using the biotinylated monoclonal antibody and HRP-coupled streptavidin. Results are
obtained by reading OD (450 nm-570 nm) with a spectrophotometer. A representative experiment, out of three independent experiments, is displayed. (C)M.
tuberculosis H37Rv was cultured in 7H9 medium enriched with 10% complete human serum, in the presence (+CL-LK) or absence (Control) of 2 μg/mL
native CL-LK. Bacterial growth was monitored by turbidity measurement (McFarland units, McF); a representative experiment, out of three independent
experiments, is displayed. (D) Human monocyte-derived M-CSF-differentiated macrophages were incubated with GFP-expressingM. tuberculosis H37Rv at
a multiplicity of infection of 5 bacteria/cell for 4 h at 37°C under 5% CO2 in RPMI containing 10% FCS. Cells were washed and analyzed by flow cytometry.
Phagocytosis % represents mean±s.d. of GFP+ cells of a triplicate experiment. A representative experiment, out of two independent experiments, is
displayed. (E) Human macrophages were infected withM. tuberculosis at a multiplicity of infection of 0.1 bacteria/cell. After 4 h (time-point 0), cells were
washed and further incubated in complete medium. At the indicated time-points, cells were lysed in water and bacterial CFUs were scored after plating onto
agar 7H11 medium and incubation for three weeks at 37°C. Data showmean±s.d. mycobacterial growth (in CFUs) of three independent experiments. (F & G)
CL-K1-deficient (CL-K1-/-) mice and their wild-type (WT) littermates were infected intranasally with 103M. tuberculosis CFUs. At the indicated time-points,
lungs (F) and spleen (G) were collected, lysed and bacterial CFUs were scored after plating onto agar. Data showmean±s.d. mycobacterial growth (in CFUs)
of one experiment (n = 5) representative of two independent experiments. (H) Relative RNA expression for the indicated cytokines were quantified from the
lungs of infected mice 21 days after infection, compared to infectedWTmice from 14 days. Data showmean±s.d. ΔΔCT, compared to HPRT housekeeping
gene. The reported experiment is representative of two independent experiments. Data were analyzed using the Student’s t test; NS, not significant.

doi:10.1371/journal.pone.0132692.g001
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healthy control females), nor to age (Pearson r2 = 0.03, P = 0.19, in healthy controls), in agree-

ment with our previous report [26]. Surprisingly, the amount of CL-LK in the serum of patients

with active TB was found significantly reduced (278.8±103.4 ng/mL), compared to that of

healthy controls (374.6±101.7 ng/mL, P = 0.0008) and healthy TB contacts (363.7±122.7 ng/

mL, P = 0.0039) (Fig 2A). Interferon-gamma release assay (IGRA) positivity reflects previous

exposure and immune response toM. tuberculosis specifically, as the test quantifies T cell

response against theM. tuberculosis-specific antigen ESAT-6, which is present neither in the

BCG vaccine strain nor in environmental mycobacteria. IGRA-positive healthy controls and

TB contacts are thus considered subjects with latent TB infection, while IGRA-negative healthy

controls and TB contacts are both considered non-infected. When we distinguished individuals

according to their IGRA status, only IGRA-positive TB patients were at strong variance with

all other healthy individuals regarding CL-LK concentration in the serum (Fig 2B). Receiver

operating characteristic (ROC) curve was generated (Fig 2C). The area under the curve was

0.722 (P<0.001), with an optimal cut point providing a sensitivity of 76%, a specificity of 60%,

a positive predictive value (PPV) of 54%, and a negative predictive value (NPV) of 80% at a

threshold of 334 ng/mL (red circle in Fig 2C). In TB patients only, CL-LK concentration corre-

lated inversely to the size of intradermal reaction (IDR), which reflects delayed hypersensitivity

to mycobacterial antigens (Fig 2D, left panel); this was not observed in healthy contacts and

control individuals (Fig 2D, middle and right panels). Finally, CL-LK concentration was par-

tially restored in TB patients after treatment (256.4±75.4 ng/mL before treatment vs. 303.2

±110.8 ng/mL after treatment, P<0.05, Fig 2E). From this analysis, we conclude that CL-LK

concentration in the serum is diminished in patients with active TB, and inversely correlates to

the strength of anti-mycobacterial immune response.

All aspects considered, we believe this study makes two major contributions to the TB field.

The first is the identification of a novel soluble immune receptor, CL-LK, forM. tuberculosis.

Native CL-LK purified from human serum recognizes mannose caps in the mycobacterial

ManLAMmolecule; it might also recognize other mannosylated motifs in theM. tuberculosis

cell envelope, which will need to be explored. Although we could not evidence a role for CL-LK

in mycobacterial phagocytosis and intracellular survival of the bacillus in macrophages, and

although CL-K1-deficient mice do not display any obvious susceptibility phenotype uponM.

tuberculosis challenge, this does not rule out a role for CL-LK in immunity toM. tuberculosis in

man. These findings are reminiscent of previous results obtained with other pulmonary collec-

tins, namely SP-A and SP-D. While these two collectins were shown to influence, to some

extent, mycobacterial interactions with host cells in vitro, mice deficient for one or both of

these molecules were not more susceptible toM. tuberculosis infection [8]. This is likely

explained by i/ potential functional redundancy between collectins and other C-type lectins,

such as the MR and DC-SIGN [15,24,27], in immunity to TB; ii/ in particular, the presence and

potential functional redundancy of CL-L1 in CL-K1 deficient mice might account for the lack

of manifestation of phenotypic changes afterM. tuberculosis infections; iii/ sequence and struc-

tural differences between human and mouse collectins (e.g. although human and mouse CL-K1

sequences share 90% identity on the primary amino acid sequence level, important amino acid

differences exist in their collagen-like and C-type lectin domains); iv/ the profoundly different

clinical manifestation ofM. tuberculosis infection in mice and human. One way to evaluate

whether CL-LK plays a role in TB in human would be to assess whether genetic mutations and

splicing variants of CL-K1 [28] are associated to susceptibility to TB.

The second contribution of our study is the newly identification of a novel biomarker,

CL-LK concentration in the serum, for TB disease. Our analysis provides unequivocal evidence

that CL-LK amount is reduced in the blood of patients with active TB, as compared to healthy

controls, and that this CL-LK concentration is inversely correlated to IDR size, which reflects
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Fig 2. CL-LK is diminished in the serum of patients with TB.CL-LK was quantified by ELISA in the serum of TB patients (n = 34), healthy controls (n = 25)
and healthy TB patients’ contacts (n = 30). (A) CL-LK concentration according to health status. (B) CL-LK concentration according to health status and IGRA
status. (C) ROC curves of CL-LK concentration in TB patients and healthy individuals. The red circle indicates best detection threshold (334 ng/mL) with a
sensitivity of 0.76 and a specificity of 0.6. A, area under the curve; CI, confidence interval. (D) Correlation analysis between CL-LK concentration in the serum
and mean IDR size (mm) in TB patients (left), healthy controls (center) and healthy TB patients’ contact individuals (right). (E) CL-LK concentration in TB
patients before (M0) and after (M12) 12 months of treatment. In (A), (B) and (E), data were analyzed using the Student’s t test; *, P<0.05; **, P<0.01;
***, P<0.001; NS, not significant. In (B) red stars indicate comparison with IGRA+ TB patients, blue stars indicate comparison with IGRA- TB Patients.

doi:10.1371/journal.pone.0132692.g002
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the strength of anti-mycobacterial immune response. Although the predictive value of CL-LK

alone is clearly insufficient, it might be worth evaluating whether CL-LK measurement might

be part of a biological signature that is indicative for disease severity and useful to monitor

treatment efficacy for TB disease. In addition, whether the CL-LK marker is specific to TB

should be assessed using cohorts of patients with other diseases, including pulmonary inflam-

matory disorders.

Supporting Information

S1 Fig. CL-K1+/+ and CL-K1-/- mouse genotyping. The KO allele is visualized after amplifica-

tion with primers P2 and P3. The WT allele is visualized after amplification with primers P1

and P2. The Het allele (+/-) is visualized after amplification with both primer pairs.

(JPG)

S2 Fig. CL-LK binding analysis by flow cytometry. (A) Bacteria are first gated based on FSC

and SSC. (B) Bacteria (gate 1, as shown in (A)) are incubated with mock (none), streptavidin-

FITC (control), or CL-LK + biotin-conjugated anti-CL-LK antibody + streptavidin-FITC in

the presence or not of EDTA or mannan. (C) The percentage of FITC-positive bacteria (gate 2

in (B)) is scored. (D)Mean fluorescence intensity (MFI) at different CL-LK concentrations.

(TIFF)

S1 Table. Primers used for RT-qPCR. The table indicates the sequences for the different for-

ward and reverse primers used in RT-qPCR experiments (HPRT, IFNγ, IL-10, IL-17a, TNF-α).

(XLS)

S2 Table. Patients and controls characteristics. The table indicates health status, age, sex,

IGRA status, mean IDR size and CL-LK concentration in all analyzed individuals.

(XLS)
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! "#$%&%'%#!!"#$%&!()*+,-!

!"#" $%&'(&)*+&,-"&*./01203 4"5"&6"*+&,-"&*./01203

7849 *""."""*."*/.."*."0**/" ....*""*/."*/"./""/./*

:$;< ./*.//./*.//**.*// **/.."*"***""*""*/.."

:=>? ".""".///.///**/../*."* "**.//...//*"//...""/

:=>@( .."**/."."../..*./ ."..*./""*/././*.*

9;$*(A+B( .////"".*/*"*/.//*.."*"/ ../.""**"**"""*."/.*/



!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !

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

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

*%3'/45'6"7%,8'

95':%6"7%,2 (;<-

=%"&'()<'/6628'

>)5'&?#'@?&% ABCBD'/&.E6B2

02 5075 .%/'012!3$40/30 46 1 NEG 0 56789:

02 5212 .%/'012!3$40/30 5 2 NEG 0 --785-

02 5086 .%/'012!3$40/30 11 1 NEG 0 :-;855

02 5088 .%/'012!3$40/30 6 2 NEG 0 557867

02 5213 .%/'012!3$40/30 40 2 NEG 0 -6<8;-

02 5210 .%/'012!3$40/30 13 1 NEG 5,5 6-987<

02 5087 .%/'012!3$40/30 15 1 NEG 9,5 :798=5

02 5071 .%/'012!3$40/30 65 2 NEG 12 ;5-8:=

02 5233 .%/'012!3$40/30 41 2 NEG 12,5 7968<:

02 5097 .%/'012!3$40/30 18 1 NEG 13 --78;5

02 5072 .%/'012!3$40/30 15 2 NEG 13 :;:8:=

02 5089 .%/'012!3$40/30 39 2 NEG 13 5;;8:=

02 5067 .%/'012!3$40/30 33 2 NEG 13,5 5>5869

02 5069 .%/'012!3$40/30 25 1 NEG 14 5778<-

02 5062 .%/'012!3$40/30 25 1 NEG 17,5 5<<8:6

02 5238 .%/'012!3$40/30 22 2 NEG 20,5 ;>98::

02 5230 .%/'012!3$40/30 10 1 NEG 23 -9:86<

02 5240 .%/'012!3$40/30 5 2 NEG 25 -5:87<

02 5056 .%/'012!3$40/30 39 1 POS 0 :9=8;-

02 5204 .%/'012!3$40/30 11 1 POS 0 :>58::

02 5207 .%/'012!3$40/30 17 1 POS 0 :7-8>:

02 5211 .%/'012!3$40/30 7 2 POS 0 7:>896

02 5096 .%/'012!3$40/30 18 1 POS 11 -5-8<-

02 5059 .%/'012!3$40/30 79 2 POS 13,5 :>68>9

02 5229 .%/'012!3$40/30 15 2 POS 14 ::>86=

02 5228 .%/'012!3$40/30 20 1 POS 16,5 :=98<=

02 5095 .%/'012!3$40/30 47 1 POS 21 5>7876

02 5203 .%/'012!3$40/30 15 1 POS 21,5 ;>98<>

02 5231 .%/'012!3$40/30 8 1 POS 22 ->;8--

02 5218 .%/'012!3$40/30 16 1 POS 28,5 6998;=

02 5261 .%/'012!3$40#$' 9 1 NEG 0 ;>68=:

02 5343 .%/'012!3$40#$' 15 2 NEG 0 :;-879

02 5344 .%/'012!3$40#$' 21 2 NEG 0 -<<86=

02 5492 .%/'012!3$40#$' 8 2 NEG 0 --5867

02 5605 .%/'012!3$40#$' 15 2 NEG 0 55:8>;

02 5640 .%/'012!3$40#$' 12 2 NEG 0 7;:8>6

02 5053 .%/'012!3$40#$' 12 1 NEG 0 :9-89<

02 5490 .%/'012!3$40#$' 11 2 NEG 0 -9-87=

02 5608 .%/'012!3$40#$' 32 2 NEG 0 :=-8=-

02 5615 .%/'012!3$40#$' 17 2 NEG 1 -:78;:

02 5462 .%/'012!3$40#$' 27 2 NEG 2 5=78==

02 5613 .%/'012!3$40#$' 27 2 NEG 2,5 :-<85;

02 5642 .%/'012!3$40#$' 30 1 NEG 3 -::896

02 5055 .%/'012!3$40#$' 41 2 NEG 10 -<-8>9

02 5466 .%/'012!3$40#$' 21 1 NEG 10,5 6578::

02 5052 .%/'012!3$40#$' 14 1 NEG 16,5 5>6877

02 5260 .%/'012!3$40#$' 6 2 POS 0 :<:87<

02 5061 .%/'012!3$40#$' 23 2 POS 3,5 -9>8<<

02 5639 .%/'012!3$40#$' 22 2 POS 8 -9-8-:

02 5491 .%/'012!3$40#$' 40 1 POS 10 56789-

02 5637 .%/'012!3$40#$' 19 1 POS 12,5 5<;85<

02 5643 .%/'012!3$40#$' 55 2 POS 12,5 -:58<;

02 5614 .%/'012!3$40#$' 40 1 POS 15 -668>9

02 5489 .%/'012!3$40#$' 41 1 POS 20 5=58;;

02 5645 "?!@/0A%40 25 2 POS 16,5 :968;5

95!65:= "?!@/0A%40 55 5 NEG 9 5>58=;

95!6:99 "?!@/0A%40 6; 5 NEG 9 :<=8-6

95!69=9 "?!@/0A%40 -< 5 NEG :86 6658-=

95!6655 "?!@/0A%40 :7 5 NEG ;9 5978;5

95!65-; "?!@/0A%40 :9 ; NEG ;:86 56-86;

95!66=9 "?!@/0A%40 :> ; NEG ;-86 :9=875

95!69<6 "?!@/0A%40 -= ; NEG ;6 576859

02 5232 "?!@/0A%40 5 1 NEG 15,5 -;:8>9

02 5877 "?!@/0A%40 47 2 NEG 16 ;<>8<7

95!65:6 "?!@/0A%40 59 5 NEG ;<86 :;>895

02 5895 "?!@/0A%40 14 2 NEG 21 ;;=8;:

95!697- "?!@/0A%40 56 5 NEG 5; 5:5896

95!6-5= "?!@/0A%40 :< 5 NEG BC :5<85=

95!66;> "?!@/0A%40 :9 5 POS -86 -::87-

95!6657 "?!@/0A%40 5: 5 POS ;9 59789;

95!656- "?!@/0A%40 66 ; POS ;; ;:-8><

95!6:9- "?!@/0A%40 76 ; POS ;5 :9987:

95!6979 "?!@/0A%40 -9 5 POS ;- :=78><

95!69>- "?!@/0A%40 :6 5 POS ;- --58:<

95!6:;9 "?!@/0A%40 59 5 POS ;- 5;58;5

95!65>< "?!@/0A%40 := ; POS ;7 ;67859

95!6595 "?!@/0A%40 ;= 5 POS ;786 ;678->

95!65:- "?!@/0A%40 =9 ; POS ;786 ;<<8>>

95!65=> "?!@/0A%40 :- ; POS ;786 5>78;=

95!6597 "?!@/0A%40 :6 ; POS ;<86 ;6-8>:

02 5236 "?!@/0A%40 2 2 POS 20 -:68<-

95!65:> "?!@/0A%40 :: ; POS 5986 :;68<:

02 5205 "?!@/0A%40 47 1 POS 22 5=:87;

95!6976 "?!@/0A%40 :- ; POS 5: ;7<89>

02 5796 "?!@/0A%40 11 1 POS 32,5 5;:8;6

95!6:<5 "?!@/0A%40 5: 5 POS BC :978==

95!6:<7 "?!@/0A%40 5< ; POS BC 57-89<

95!6-;5 "?!@/0A%40 -> ; POS BC 5;:8;:

95!6-5> "?!@/0A%40 5: ; POS BC :7-85-
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(C) Discussion

Cette étude permet d’apporter -$+%/+-#'(;(%1! 4(.7! /6%1$+9.1+6%2! 4#%2! '(! 46;#+%(! 4(! '#!

$(/0($/0(!2.$!'#!R>U!!

La première de ces contributions est l’identification d’un nouveau récepteur soluble -6.$!'#!

9#/15$+(U!]6.2!#&6%2!;+2!(%!5&+4(%/(!:.(!"<=<_!-(.1!$(/6%%#+1$(!4+$(/1(;(%1!E+6!,$y/(!e!

.%(!'+#+26%!4+$(/1(!#.!*#%<3*!WF+,.$(!Y!4(!'#!-.9'+/#1+6%HU!D(!-'.2)!/6;;(!;6%1$5!4#%2!4(2!

51.4(2!-$5/54(%1(2!Wa(%$+K2(%!#+!%0:)!O^YZH)!%6.2!#&6%2!/6%C+$;5!:.(!'(!/6;-'(7(!"<=<_!(21!

9(#./6.-!-'.2!(CC+/#/(!(%! 1($;(2!4(! '+#+26%!:.(!"<=_Y! 2(.')!:.(! /(! 26+1!4#%2! '#! '+#+26%! #.!

*#%<3*!6.!e!'#!9#/15$+(!(%1+P$(!VCBPLT4$":WI$Cependant il n’est pas /6%%.!2+!"<=<_!-6.$$#+1!

lier d’autres constituants manno28'52!4(!'#!;8/6;(;9$#%(!(1!+'!2($#+1!+%15$(22#%1)!4(!/(!C#+1)!

d’effectuer une recherche plus large des ligands ;8/69#/15$+(%2!4(!"<=<_U!D#%2!%61$(!51.4()!

nous n’avons pas pu observer 4(!/6%1$+9.1+6%!4(!"<=<_!%+!2.$!'#!-0#,6/8162(!4(!'#!9#/15$+(!

-#$!'(2!;#/$6-0#,(2!%+!2.$!'#!2.$&+(!+%1$#/(''.'#+$(!4.!9#/+''(!WF+,.$(!Y4(!'#!-.9'+/#1+6%HU!D(!

plus nous n’avons pas observé de phénotype particulier chez les souris déficientes en CL=_Y!

2.+1(! e! .%(! +%C(/1+6%! -#$!E+6! (%! /6;-#$#+26%! #.7! 26.$+2! 2#.&#,(2U! E%! (CC(1)! '(2! 26.$+2!

-$52(%1(%1!#--$67+;#1+&(;(%1!'#!;b;(!/0#$,(!9#/15$+(%%(!#.!%+&(#.!4(2!-6.;6%2!(1!4(2!

$#1(2!WF+,.$(!Y!4(!'#!-.9'+/#1+6%H)!(1!%(!-$52(%1(%1!-#2!4(!4+CC5$(%/(2!2+,%+C+/#1+&(2!(%!1($;(2!

4(! -$64./1+6%! /816K+%+:.(! WF+,.$(! Y! 4(! '#! -.9'+/#1+6%HU! "(-(%4#%1! /(2! 692($&#1+6%2!

n’exclue%1!-#2!.%!$\'(!4(!"<=<_!4#%2!d’autres aspect2!4(!l’immunité #%1+=1.9($/.'(.2(!(1!4(2!

-+21(2!$(21(%1!e!(7-'6$($U!

N6.$!d’autres lectines solubles comme SP=3!(1!QN=D)!'(2!26.$+2!45C+/+(%1(2!(%!/(2!'(/1+%(2!%(!

-$52(%1(%1!-#2!%6%!-'.2!4(!-05%618-(!-#$1+/.'+($!2.+1(!e!.%(!+%C(/1+6%!-#$!E+6!W<(;62!#+!%0:)!

O^YYH)! ;#+2! 6%! 692($&(! %5#%;6+%2! .%(! #.,;(%1#1+6%! 4(! '#! -$64./1+6%! 4(! ]d! (1! 4(!

;54+#1(.$2! +%C'#;;#16+$(2! /0(o! '(2! ;#/$6-0#,(2! Wl(+K($1! #+! %0:)! O^^^HU! <(! C#+1! :.(!

l’infection de souris 45C+/+(%1(2!-6.$!4(2! '(/1+%(2!46%%5(2! %(!;6%1$(%1!-#2!4(!-05%618-(!

-#$1+/.'+($! -(.1! b1$(! (7-'+:.5! 4(! -'.2+(.$2! C#r6%2. D’une part)! -#$! '(! -05%6;P%(! 4(!

$(46%4#%/(!(%1$(!'(2!4+CC5$(%1(2!'(/1+%(2!:.+!peut compenser et masquer l’effet de la perte 

d’un membre de cette famille comme il est observé pour des CLRs DC=QB?]! (1! *G!

W?(+A1(%9((K! #+! %0:)! O^^Zm! Q/0'(2+%,($)! YXXZm! R#+''(.7! #+! %0:)! O^^ZH. D’autre part, 4(2!

4+CC5$(%/(2!+;-6$1#%1(2!(7+21(%1!(%1$(!'(!;64P'(!;.$+%!4(!R>!(1!'#!-#106'6,+(!0.;#+%(U!E%!

-#$1+/.'+($! +'! (7+21(! 4(2! 4+CC5$(%/(2! 4(! 25:.(%/(! -(-1+4+:.(! +;-6$1#%1(2! (%1$(! '(2! C6$;(2!
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"#$%&'!()*!+,-,.!/&01'23'!%2'!45/54#30!6'!7#5#182!/7%1!98&3'!:%'!+,-.;!1'%7'

<"! #$%$&'(! )'&*+),-*()%(.*! )*! /#+01! 23*4'56$(%(.*"! '7! /#+#0! 2-73$8$,*! )7! &,375"! 9! )7!

:%(#;:! $55'6$<$&,! *.! ),.*4.,! -%3! 7(! %(.$+/#=>! ="! #$%$&'(! )*! !"#! *(! -3,&*(4*! )*!

)$88,3*(.*&! 4'(4*(.3%.$'(&! )*! /#+#0! '7! /#+01?! ),.*4.,*! @3A4*! 9! 7(! %(.$4'3-&! 4'7-<,! 9!

l’allophycocyanine>!

A B



?"!

!

;.$+%(!(1!0.;#+%(!4(!'#!-$615+%(!W46;#+%(!"R<DH!:.+!-(.&(%1!/6%4.+$(!e!4(2!4+CC5$(%/(2!4(!

C6%/1+6%U!B'!2($#+1!46%/!+%15$(22#%1!d’évaluer des!;64(2!d’#/1+6%!-$5#'#9'(;(%1!45/$+12!-6.$!

"<=<_)!%61#;;(%1!4#%2!2#!'+#+26%!#&(/!*3QN=1 et l’activation de la cascade du complément. 

]6.2! #&6%2! (%&+2#,5!.%! 5&(%1.('! (CC(1! 4+$(/1! 4(! "<=<_! 2.$! '#! /$6+22#%/(! 4(! '#! 9#/15$+(! (%!

-$52(%/(!4(! 25$.;!0.;#+%)!;#+2! les expériences n’ont pas été concluante2)!(1! '#!9#/15$+(!

-$6'+CP$(! 4(! '#! ;b;(! C#r6%! (%! -$52(%/(! 4(! "<=<_! 6.! %6%! WF+,.$(! Y! 4(! '#! -.9'+/#1+6%HU!

"(-(%4#%1)!2(.'(!'#!C6%/1+6%!'81+:.(!4.!/6;-'5;(%1!/*%!'#!C6rmation du complexe d’attaque 

;(;9$#%#+$(!#!515!#%#'825(U!d$!'#!/#2/#4(!4.!/6;-'5;(%1!,5%P$(!5,#'(;(%1!4(2!C$#,;(%12!

/6;;(! "Z9! (1! "`9! :.+! -(.&(%1! avoir une action sur d’autres cellules en augmentant les 

;5/#%+2;(2!9#/15$+/+4(2!6.!(%!#;-'+C+#%1! '#!-$64./1+6%!4(!;54+#1(.$2!-$6=+%C'#;;#16+$(2!

W>#A+/!#+!%0:)!O^Y`HU! B'!2($#+1!46%/!+%15$(22#%1!4(!$(,#$4($!-'.2!(%!451#+'2!/(11(!#/1+&#1+6%!4.!

complément, à la fois d’un côté ;6'5/.'#+$(!(%!451($;+%#%1!'(2!+%1($#/1+6%2!#&(/!*3QNY!6.!

*><)! ;#+2! #.22+! (%! +4(%1+C+#%1! (1! (%! :.#%1+C+#%1! '#! -$64./1+6%! 4(2! C$#,;(%12! /'+&#9'(2!

(CC(/1(.$2! 4.! /6;-'5;(%1! W"Z9! (1! "`9HU! N#$! #+''(.$2)! +'! 2($#+1! #.22+! +%15$(22#%1! d’analyser!

l’effet de la mobili2#1+6%!4(!'#!/#2/#4(!4.!/6;-'5;(%1!2.$!4(2!/(''.'(2!+;;.%+1#+$(2!/6;;(!

'(2!;#/$6-0#,(2! (1! '(2! D"2! #C+%! 4(! 451($;+%($! leur degré d’activation et leur production 

/816K+%+:.(U! D(2! 51.4(2! 6%1! 5,#'(;(%1! ;6%1$5! :.(! 4#%2! '(! /#4$(! 4(! -$6/(22.2!

45&('6--(;(%1#.7)! "<=_Y! -(.1! (7($/($! .%! $\'(! /0+;+6=#11$#/1#%1)! (%! -#$1+/.'+($! (%!

-($;(11#%1!'#!;+,$#1+6%!#--$6-$+5(!4(2!/(''.'(2!4(!'#!/$b1(!%(.$#'(!WG66$8/K!#+!%0:)!O^YYHU!B'!

2($#+1!+%15$(22#%1!4(!451($;+%($!2+!"<=K1 peut agir sur la migration d’autres type2!/(''.'#+$(2)!

/6;;(! %61#;;(%1! '(2!;#/$6-0#,(2! (1! '(2! D"2)! #/1(.$2! 1$P2! +;-6$1#%12! 4#%2! '#! $5-6%2(!

immunitaire de l’hôte WQ6K6'!#%4!<.21($)!O^Y`HU!

La seconde contribution apportée par notre étude est l’identification de CL=<_!(%!1#%1!:.(!

%6.&(#.!9+6;#$:.(.$!4(!'#!R>U!]62!$52.'1#12!;(11(%1!(%!5&+4(%/(!:.(! '#!/6%/(%1$#1+6%!(%!

"<=<_!4#%2! '(! 2#%,!4(!-#1+(%12!#11(+%12!d’une R>!#/1+&(!(21! 2+,%+C+/#1+&(;(%1!-'.2! C#+9'(!(%!

/6;-#$#+26%!e!/('.+!4(!2.A(12!2#+%2!WF+,.$(!O!4(!'#!-.9'+/#1+6%HU!D(!-'.2)!'#!/6%/(%1$#1+6%!(%!

"<=<_! (21! +%&($2(;(%1! /6$$5'5(! au degré d’activation de la réponse immune anti=

;8/69#/1($+(%%(! WF+,.$(! O! 4(! '#! -.9'+/#1+6%HU! D(! ;#%+P$(! +%15$(22#%1()! %6.2! #&6%2!

5,#'(;(%1!-.!;6%1$($!:.(!'(!1#.7!4(!"<=<_!-'.2!C#+9'(!4#%2!'(!2#%,!692($&5!/0(o!'(2!-#1+(%12!

#11(+%12!4(!R>!est rétabli 12 mois après la prise d’un traitement antituberculeux (Figure 2 de 

'#!-.9'+/#1+6%HU!>+(%!:.(!'#!-$+2(!(%!/6;-1(!4(!"<=<_!2(.'(!26+1!+%2.CC+2#%1(!-6.$!/6%21+1.($!



?#!

!

.%!9+6;#$:.(.$!-$54+/1+C!4(!'#!-#106'6,+()!sa combinaison avec d’autres marque.$2!-6.$$#+1!

6CC$+$! .%(! -.+22#%/(! -$54+/1+&(! -'.2! ,$#%4(! (%! '+(%! #&(/! '#! 25&5$+15! 4(! '#! -#106'6,+(! 6.!

l’efficacité d’un traitement.!

D#%2! /(! /6%1(71()! +'! 2($#+1! +%15$(22#%1! 4(! comprendre les mécanismes à l’origine! 4(!

l’+%0+9+1+6%!4(!'#!-$64./1+6%!4(!"<=<_!'6$s d’une infection par E+6U!<(2!05-#16/81(2!51#%1!'(2!

-$+%/+-#'(2!/(''.'(2!-$64./1$+/(2!4(!"<=_Y)!%6.2!#&6%2!(CC(/1.5!4(2!(7-5$+(%/(2!4(!/.'1.$(!4(!

'#! '+,%5(!05-#16/81#+$(2!0.;#+%(!a(-?O!(%!-$52(%/(!4(!25$.;!4(!2.A(12!#11(+%12!4(!R>!6.!

%6%U! Q.+1(! e! /('#)! %6.2! #&6%2! 451($;+%5! -#$! GR=:N"G! 2+! '(! 25$.;! 4(! -#1+(%1! #&(/! .%(! R>!

-6.&#+1! +%C'.($!4+$(/1(;(%1! 2.$! '#! -$64./1+6%!4(!"<=_Y!-#$! /(2! /(''.'(2U!*#'0(.$(.2(;(%1!

%6.2! %@#&6%2! 692($&5! #./.%(! #'15$#1+6%! 2+,%+C+/#1+&(! (%! 1($;(! 4(! -$64./1+6%! 4(! /(11(!

/6''(/1+%(!(%1$(!%62!4+CC5$(%1(2!/6%4+1+6%2!VCBPLT4$"!WU!

E%C+%)! #C+%! 4(! &#'+4($! l’intérêt de! "<=_Y! /6;;(! 9+6;#$:.(.$! 4(! '#! -#106'6,+()! +'! 2($#+1!

+%15$(22#%1!4(!451($;+%($!2+!.%!-6'8;6$-0+2;(!4.!,P%(!/64#%1!-6.$!"<=_Y!(21!#226/+5!6.!
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Abstract!"

Immune response against pathogens is a tightly regulated process that must ensure microbial #"

control while preserving integrity of the infected organs. Tuberculosis (TB) is a paramount $"

example of a chronic infection in which antimicrobial immunity is protective in the vast %"

majority of infected individuals, but can become detrimental if not finely tuned. Here, we &"

show that C-type lectin dendritic cell (DC) immunoreceptor (DCIR), a key component in DC '"

homeostasis, is required to modulate lung inflammation and bacterial burden in TB. DCIR is ("

expressed in pulmonary lesions in Mycobacterium tuberculosis-infected non-human primates )"

during both asymptomatic infection and active TB disease. In mice, we found that DCIR *"

deficiency impairs STAT1-mediated type I interferon (IFN) signaling in DCs, leading to !+"

increased production of interleukin-12 (IL-12) and increased differentiation of T helper-1!!"

(Th1) cells during infection. As a consequence, while DCIR-deficient mice control M.!#"

tuberculosis better than wild-type animals, they also develop more inflammation !$"

characterized by an increased production of tumor necrosis factor (TNF) and inducible nitric !%"

oxide synthase (iNOS) in the lungs. Altogether, our study reveals a novel pathway by which a !&"

C-type lectin modulates the equilibrium between infection-driven inflammation and !'"

pathogen’s control by sustaining type I IFN signaling in DCs. !("

!)"

!*"



Introduction!"#

Interleukin (IL)-12, interferon (IFN)γ-producing CD4
+

T helper-1 (Th1) cells and tumor!$#

necrosis factor (TNF) are well recognized key players in immunity against Mycobacterium!!#

tuberculosis, and yet, their uncontrolled production can result in progressive lung tissue !%#

destruction and tuberculosis (TB) disease (Cooper, 2009; O'Garra et al., 2013). Several host!&#

factors, including IL-10 and regulatory T cells, have been implicated in immune modulation !'#

in TB (O'Garra et al., 2013). Nevertheless, the balance between pro- and anti-inflammatory!(#

reactions that dictates the magnitude of TB disease, from early bacterial clearance or latent !)#

infection to severe lung injury, remains incompletely understood (Ernst, 2012).!*#

In addition to T cells, dendritic cells (DCs) play a key part in anti-mycobacterial immunity, !+#

mostly through antigen processing and presentation, which together with the production of IL-%"#

12 drive the expansion of M. tuberculosis-specific Th1 cells (O'Garra et al., 2013). DCs %$#

express a wide range of so-called pattern-recognition receptors, including Toll-like receptors %!#

(TLRs), NOD-like receptors and C-type lectin receptors (CLRs) (Sancho and Reis e Sousa, %%#

2012), which are involved in recognition of exogenous or endogenous ligands, in antigen%&#

presentation and T cell stimulation, as well as in gene expression rewiring and production of %'#

inflammatory mediators, such as cytokines and chemokines.%(#

Among these CLRs, DC immunoreceptor (DCIR) (Bates et al., 1999) belongs to the Dectin 2 %)#

family (Kerscher et al., 2013). This lectin is mainly expressed by DCs and has a broad %*#

specificity for sugars, including mannose and fucose (Nagae et al., 2016), of endogenous and %+#

exogenous origins (Bloem et al., 2014; Lambert et al., 2008). DCIR is a rare case of a CLR &"#

that contains an immunoreceptor tyrosine-based inhibitory motif (ITIM) in its cytoplasmic tail &$#

and as such is generally believed to mediate inhibitory signals in DCs. In line with this &!#

concept, antibody-mediated DCIR triggering in human DCs inhibits TLR-mediated&%#

production of IL-1β, IL-6, TNF, IL-12 and IFNα (Meyer-Wentrup et al., 2008; Meyer-&&#



Wentrup et al., 2009; Zhao et al., 2015), and mice deficient in the DCIR homologue Dcir1 !"#

(also known as Clec4a2) show an over exuberant expansion of DCs and develop more aging-!$#

associated or experimentally induced antibody- and T cell-mediated autoimmune disorders !%#

than their wild-type counterpart (Fujikado et al., 2008; Maruhashi et al., 2015; Seno et al.,!&#

2015). Intriguingly, the mechanisms responsible for these phenotypes still remain poorly !'#

understood."(#

Here, using a combination of transcriptomic analysis and biochemical assays, we found that")#

DCIR sustains type I IFN signaling by ensuring proper STAT1 phosphorylation in DCs. "*#

Infection of DCIR-knock out (KO) mice along with in vitro assays revealed that DCIR"+#

impairs anti-mycobacterial Th1 response through type I IFN-mediated down-modulation of "!#

IL-12. These findings were validated beyond TB, using an in vivo antigen presentation assay ""#

based on the adoptive transfer of peptide-loaded DCs from wild type and KO mice. In the "$#

case of TB, increased IL-12 production in DCIR-KO animals translates into reduced bacterial "%#

burden in the lungs of infected animals along with immunopathology. Considering that type I "&#

IFNs are generally believed to play a detrimental role during TB (McNab et al., 2015), our "'#

findings are in agreement that these cytokines lead towards susceptibility to M. tuberculosis $(#

infection, as evidenced by the lung bacterial burden in DCIR-KO animals. Nonetheless, we $)#

also show that DCIR, through supporting type I IFN signaling, may play a key role in the $*#

protection of host tissue integrity during a pertinent inflammatory infectious context.$+#

$!#



Results and Discussion!"#

DCIR expression enables sustained type I IFN signaling in DCs!!#

Because DCIR polymorphisms were associated to several non-infectious inflammatory !$#

disorders in human (Guo et al., 2012; Liu et al., 2015; Lorentzen et al., 2007), we asked !%#

whether DCIR could play a part in modulating immunity in the context of a chronic !&#

inflammation of infectious nature, namely TB. We first found that DCIR is expressed at the $'#

periphery of lung granulomas in M. tuberculosis-infected non-human primates (NHPs), a $(#

model that closely mimics TB in human, during both asymptomatic infection and active TB$)#

disease (Fig. S1). In order to functionally explore the role of DCIR in anti-mycobacterial$*#

immunity, we sought to exploit a previously reported mouse model of DCIR (Dcir1/Clec4a2) $+#

deficiency (Fujikado et al., 2008; Maglinao et al., 2013). Because DCIR is primarily $"#

expressed in DCs (Bates et al., 1999), in particular those from lungs and in bone marrow-$!#

derived DCs (Fig. S2A and S2B), we first evaluated the impact of this CLR in a global and $$#

unbiased manner through genome-wide transcriptome analysis of bone marrow-derived DCs $%#

from wild-type (WT) and DCIR-KO animals before and during M. tuberculosis infection.$&#

Functional geneset enrichment analysis and interrogation of the Interferome database%'#

(Rusinova et al., 2013) revealed that a significant fraction of genes, which were down-%(#

regulated in DCIR-KO DCs compared to WT cells, was dependent on type I IFN and/or %)#

included genes involved in defense to viruses (Fig. S3; Fig. 1A and 1B). Surprisingly, IFN-%*#

stimulated genes (ISGs) modulated in KO DCs were already detected before infection, i.e. in%+#

resting cells (Fig. 1C and 1D). This strongly suggested that DCIR recognizes host endogenous %"#

ligand(s), which was already proposed in other contexts (Maglinao et al., 2013). In line with%!#

this, we could not evidence any binding of DCIR to either whole mycobacterial cells (Fig.%$#

S4A) or purified mycobacterial surface glycosylated components (Fig. S4B), inferring that%%#



DCIR-mediated signaling likely relies on recognition of one or more, yet to be identified,!"#

endogenous ligand(s)."$#

Sustained STAT1 phosphorylation requires DCIR expression in DCs"%#

We next explored if DCIR deficiency resulted in the impairment of production and/or of "&#

signaling of type I IFN. First, blocking ligand recognition by the type I IFN receptor subunit "'#

IFNAR1 using the monoclonal antibody MAR1-5A3 resulted in a complete shut-down of ISG "(#

expression (Fig. 2A), confirming that induction of these genes in infected DCs was solely due ")#

to type I IFN signaling. Second, the expression of mycobacterial receptors, type I IFN "*#

production or IFNAR expression in M. tuberculosis-infected DCs was unaltered in DCIR-"+#

deficient DC (Fig. 2B-D, and Fig. S5). Third, further analysis of components of the JAK-"!#

STAT pathway, which mediates type I IFN signaling, revealed that JAK1 phosphorylation ""#

was unaffected in DCIR-deficient DCs, compared to in WT cells (Fig. 2E). By contrast, even%$$#

though there was no difference in protein levels, we found that STAT1 phosphorylation at%$%#

Ser727 was diminished in KO DCs (Fig. 2F), implying a role for DCIR in regulating the %$&#

activity of this transcription factor. For this reason, we analyzed the phosphorylation status of %$'#

Src homology 2 domain tyrosine phosphatase (SHP)1 and SHP2, known to be involved in %$(#

dephosphorylation of STATs (Wu et al., 2002; You et al., 1999). We found that SHP2%$)#

phosphorylation was increased in DCIR-deficient cells (Fig. 2G). This suggested that the%$*#

increase in the phosphorylated, active form of SHP2 might be responsible for STAT1 %$+#

dephosphorylation. Noteworthy, M. tuberculosis is known to stimulate TLR2, and our results%$!#

could be recapitulated in DCs co-stimulated with a TLR2 agonist and IFNβ (Fig. 2E-G). In %$"#

this condition, we found that neither STAT1 phosphorylation at Tyr701 (Fig. S6A) nor SHP1%%$#

phosphorylation (Fig. S6B) were modified in DCIR-KO cells compared to WT cells. Lastly,%%%#

treatment of the cells with the recently reported highly specific SHP2 inhibitor GS-493%%&#

(Grosskopf et al., 2015) resulted in restored STAT1 phosphorylation in DCIR-KO cells (Fig.%%'#



2H), thus demonstrating that impaired STAT1 phosphorylation in DCIR-KO DCs was due to !!"#

SHP2. Altogether, these findings are consistent with a scenario whereby DCIR deficiency !!$#

leads to an increased phosphorylation of SHP2, which in turn decreases STAT1 !!%#

phosphorylation and consequently type I IFN signaling.!!&#

DCIR deficiency results in enhanced anti-mycobacterial Th1 immunity!!'#

In order to explore the role of DCIR in immunity to M. tuberculosis in vivo, we infected!!(#

DCIR-KO mice and found that they harbored significantly less bacteria in their lungs and !)*#

spleen than WT animals (Fig. 3A). Indeed, this was associated to an increased cell infiltration !)!#

in the lungs of KO mice (Fig. 3B), in particular with an increased influx of T cells (Fig. 3B!))#

and 3C; Fig. S7). Th1 cells are critical in immunity to TB (O'Garra et al., 2013). Analysis of !)+#

lung T cells from M. tuberculosis-infected animals revealed an increased proportion of IFNγ-!)"#

producing Th1 cells in the lungs of DCIR-KO mice, compared to WT animals (Fig. 4A and!)$#

4B). Moreover, the overall production of IFNγ was increased in the lungs of KO mice (Fig.!)%#

4C). Ex vivo restimulation of lung cells with purified protein derivative (PPD), a cocktail of !)&#

mycobacterial antigens, indicated that at least a fraction of these Th1 cells were M.!)'#

tuberculosis-specific because they overproduced IFNγ in a PPD-specific manner (Fig. 4D). In!)(#

line with these results, given the role of the master regulator T-bet in IFNγ production and !+*#

Th1 lineage commitment (Szabo et al., 2000), we confirmed an increase in CD3
+
T-bet

+
Th1!+!#

cells in pulmonary cell infiltrates of infected DCIR-KO mice (Fig. 4E). One of the functions !+)#

of Th1 lymphocytes is to drive macrophage polarization towards a pro-inflammatory,!++#

antimicrobial M1-like profile (Murray et al., 2014). Gene expression analysis in the lungs of !+"#

infected KO mice revealed a decreased expression of the M2 markers Arg1, Ym1 and Mrc1,!+$#

and an increased expression of the M1 markers Nos2 and Tnf, compared to WT mice (Fig.!+%#

4F). Finally, IL-12-p70, which drives Th1 differentiation, was also produced more abundantly !+&#



in the lungs of infected KO mice (Fig. 4G). Collectively, these findings indicated that !"#$

inflammation and anti-mycobacterial Th1 response are augmented in DCIR-deficient animal.!"%$

In the TB context, Th1 priming occurs in the lung-draining, mediastinal lymph nodes (LNs).!&'$

Similar to the lungs, an increase in Th1 cells, IFNγ and IL-12 profiles was observed in the !&!$

mediastinal LNs from KO mice compared to those from WT mice (Fig. S8A-D). Of note, IL-!&($

12p70 overproduction in DCIR-deficient DCs was recapitulated in DCs stimulated with a!&"$

TLR2 agonist (Fig. S8E). Type I IFNs are known to inhibit IL-12p70 in myeloid cells, !&&$

including DCs (McRae et al., 1998), and in particular in M. tuberculosis-infected monocytes!&)$

and macrophages (de Paus et al., 2013; McNab et al., 2014). Accordingly, stimulation by !&*$

IFNβ resulted in a strong suppression of IL-12p70 production by TLR2-activated DCs (Fig.!&+$

S8F). Unlike that recently reported in M. tuberculosis-infected macrophages (McNab et al.,!&#$

2014), IL-10 was not involved in IFNβ/DCIR-mediated IL-12 suppression since the!&%$

expression of this cytokine was not modulated in DCIR-deficient DCs compared to WT cells !)'$

(Fig. S8G). Strikingly, treatment of TLR2-stimulated DCs with the SHP2 inhibitor GS-493!)!$

reduced IL-12p70 production by DCIR-KO cells to WT levels (Fig. S8H). All things !)($

considered, these findings indicated that overproduction of IL-12p70, and consequently !)"$

increased Th1 priming, by DCIR-KO DCs during M. tuberculosis infection in vivo is likely!)&$

due to an impairment of type I IFN signaling, which was also observed in the LNs of infected !))$

animals (Fig. S8I).!)*$

DCIR expression results in impaired Th1 priming by DCs!)+$

In order to generalize our findings beyond TB, we performed an in vivo antigen presentation !)#$

assay based on adoptive transfer, as described previously (Lugo-Villarino et al., 2003).!)%$

Briefly, OT-II antigen receptor transgenic T cells were purified and injected intravenously!*'$

into C57BL/6J recipients. Two days later, mice were challenged in the hind footpads with !*!$

ovalbumin (OVA) peptide-pulsed (or unpulsed) WT or DCIR-KO DCs. After 5 days of !*($



priming, popliteal LN cells were harvested from recipients, and cytokine secretion was!"#$

assessed. In line with our findings in M. tuberculosis-infected mice, the OVA-specific Th1 !"%$

response tended to increase in the recipients animals challenged with DCIR-KO DCs (Fig.!"&$

5A). More markedly, the production of IFNγ and IL-12p70 was strongly increased in animals !""$

challenged with DCIR-KO DCs, compared to WT DCs (Fig. 5B and 5C), which correlated !"'$

with a decreased expression of several ISGs (Fig. 5D).!"($

!")$

Since DCIR contains an immunoreceptor tyrosine-based inhibitory motif (ITIM) in its !'*$

cytoplasmic tail, it is thought to act as negative regulator of immune cell signaling (Sancho!'!$

and Reis e Sousa, 2012). However our data clearly show that DCIR deficiency results in !'+$

impaired type I IFN signaling in DCs, suggesting that this receptor activates, rather than !'#$

inhibits, the IFNAR-associated JAK-STAT pathway. Based on these findings, we propose !'%$

that one physiological role of DCIR is to sustain type I IFN signaling in DCs through!'&$

interactions with self-glycosylated ligands that remain yet to be identified. The DCIR ITIM !'"$

was shown to bind to unphosphorylated, but not phosphorylated SHP2 (Richard et al., 2006).!''$

DCIR may therefore function as a molecular sink for unphosphorylated, inactive SHP2, thus!'($

limiting its capacity to deactivate STAT1; this will need to be further dissected on the !')$

molecular level.!(*$

Another critical aspect worth highlighting is the notion that the levels of type I IFN produced!(!$

during M. tuberculosis infection have important consequences to the host. Our results support !(+$

the notion that type I IFNs are detrimental in TB (O'Garra et al., 2013) if one considers the !(#$

lung bacterial burden as the main sign of TB disease. Nevertheless, we also show that DCIR, !(%$

through sustaining type I IFN signaling, modulates lung immunopathology, which is a !(&$

hallmark of TB in human, and therefore also contributes to protection. Further work is needed !("$

to understand the many roles of type I IFNs in TB, as suggested by a recent study showing !('$



that these cytokines can be protective or detrimental depending on the stage of M.!""#

tuberculosis infection (Desvignes et al., 2012). Interestingly, previous studies reported that!"$#

DCIR-KO animals tend to develop more autoimmune CD4
+

T cell (Th1 or Th17)-associated!$%#

pathologies (Maruhashi et al., 2015; Seno et al., 2015). Based on our findings, it is likely that!$!#

these phenotypes rely on an increased IL-12 production through impaired type I IFN !$&#

signaling, which was not investigated in these cases.!$'#

In conclusion, our study identifies DCIR as a key molecular player not only in immunity to !$(#

TB but more generally in tuning the balance between type I and type II interferon responses,!$)#

which might be relevant in the context of a number of inflammatory diseases of non-!$*#

infectious (e.g. autoimmune) or infectious (e.g. viral) nature. Identifying DCIR ligands with !$+#

various pharmacological properties (agonist or antagonist) might help developing type I IFN-!$"#

targeting therapies for a range of inflammatory disorders, beyond TB.!$$#

&%%#

&%!#



Materials and Methods!"!#

Ethic statements for non-human primate samples!"$#

The non-human primate (NHP) study protocol was in compliance with the EC Directive 86/609/EEC, !"%#

approved by the local independent ethical committee prior to the start of the study, and executed under !"&#

Dutch law on animal experiments (agreement number DEC#579). For any particular animal, endpoint !"'#

was defined either by signs of severe disease (human endpoint criteria, referring to animal condition !"(#

by adverse body weight development, respiratory capacity and animal behavior) or by protocol, which !")#

limited the follow-up time to 1 year post-infection.!"*#

Non-human primate handling and vaccination!+"#

NHP materials were derived from animals that were used for vaccine research and development!++#

purposes. Specifically, healthy young adult female rhesus macaques (Macaca mulatta), all captive-!+!#

bred for research purposes and of homogeneous breeding background, were vaccinated (or not) with a !+$#

standard human dose of M. bovis Bacille Calmette et Guérin (BCG) Danish 1331 (SSI, Copenhagen) !+%#

by intradermal injection. Nine months later they were challenged with 500 Colony Forming Units !+&#

(CFU) of M. tuberculosis strain Erdman K01 (prepared and provided under an agreement between !+'#

WHO and CBER/FDA with assistance of Aeras), which was administered by intra-bronchial !+(#

instillation under sedation. At endpoint animals were sedated, euthanized and submitted to !+)#

macroscopic lung pathology scoring as previously described (Lin et al., 2009). Gross pathological !+*#

findings were assessed and described by an experienced veterinary pathologist while blinded for !!"#

treatment. Representative lung samples were collected and fixed in 10% neutral buffered formalin and !!+#

embedded in paraffin for long-term storage. A blind analysis was performed to quantify !!!#

immunohistochemical stainings of fixed samples.!!$#

Mice, cells and bacteria!!%#

Dcir1(Clec4a2)
-/-

mice (Maglinao et al., 2013) were provided by the National Institutes of Health–!!&#

sponsored Mutant Mouse Regional Resource Center (MMRRC). (See Supplemental material for !!'#

ethical statement and housing conditions). KO and WT (C57BL/6J) mice were housed and bred in a !!(#



specific pathogen-free environment at the animal facility of the Transgenèse et archivage d’animaux !!"#

modèle (TAAM) facility, Orléans, France. Animal care and experimentation were consistent with the !!$#

French guidelines and were approved by the Ministry of higher education and research (Agreement !%&#

number APAFIS#1269). In particular all efforts were made to minimize animals discomfort and !%'#

suffering.!%!#

Bone marrow-derived dendritic cells (DCs) were prepared from murine hind legs by flushing the !%%#

uncovered and opened femurs and tibiae with DPBS (Gibco). Red blood cells were lysed by addition !%(#

of red blood cell lysis buffer (Sigma) for 2 minutes. Subsequently, cells were separated with a cell !%)#

strainer and cultivated in 6- or 24-well plates (Thermo Scientific) at 2x10
6

or 5x10
5

cells per well, !%*#

respectively, in complete RPMI-1640 medium (Gibco) supplemented with 10% fetal calf serum!%+#

(PAN-Biotech), 1% sodium pyruvate (Gibco), 0.1% β-mercaptoethanol (Gibco), and 20 ng/ml !%"#

recombinant murine GM-CSF (Peprotech). Cells were allowed to differentiate for 5–7 days. The !%$#

culture medium was replaced every two to three days, and the cells were used for stimulation studies !(&#

between day 7 and day 9 after the start of differentiation.!('#

M. tuberculosis (H37Rv strain) was grown in Middlebrook 7H9 culture medium (Difco) supplemented !(!#

with 10% albumin-dextrose-catalase (ADC, Difco), 0.05% Tween-80 (Sigma), or on Middlebrook !(%#

7H11 agar medium (Difco) supplemented with 10% oleic acid-ADC (OADC, Difco).!((#

Mouse infection and cell stimulation!()#

6–10-week-old female C57BL/6J or Dcir1
-/-

mice were anesthetized in gaz chambers containing !(*#

isofluorane. Mice were infected intranasally with 1,000-1,500 CFUs of M. tuberculosis in 25 µl of !(+#

DPBS (Gibco). Mice were killed by cervical dislocation after 21 or 42 days. Lungs and spleens were !("#

harvested, homogenized, and plated onto 7H11 agar for colony counts. Bone marrow-derived DCs !($#

were stimulated at 37°C for various periods of time with M. tuberculosis at a multiplicity of infection !)&#

of 3 bacteria per cell or 1 µg/ml PAM3CSK4 (Invivogen), 1,000 U/ml recombinant murine IFNβ!)'#

(Biolegend), with or without prior incubation with 1µg/ml of an IFNAR1 blocking antibody (clone !)!#

MAR1-5A3, Biolegend) for 2 hours at 37°C, or with the SHP2 inhibitor GS-493 (ref. (Grosskopf et !)%#

al., 2015)) at 25µM for 20 hours at 37°C.!)(#

Micro-array analysis!))#



RNA from lungs, mediastinal or popliteal lymph nodes, or from mouse bone marrow-derived DCs !"#$

were extracted using the RNeasy mini kit (Qiagen). The amount and purity of RNA were quantified!"%$

using a NanoDrop ND-1000 apparatus (Thermo Scientific) by measuring absorbance at 260/280 nm. !"&$

Double-stranded cDNA was reverse-transcribed using the M-MLV Reverse Trancriptase kit !"'$

(Invitrogen), according to the manufacturer’s protocol. For microarray analysis, cDNA was labelled !#($

with Cy3-dCTP using the One-Color DNA labelling kit (Roche NimbleGen). Gene expression was !#)$

analysed using SurePrint G3 Mouse gene expression 8*60K microarray kit (Agilent). Hybridization !#!$

was performed using 2 µg Cy3-cDNA and the hybridization kit (Roche NimbleGen). Samples were !#*$

incubated for 5 min at 65°C, and 5 min at 42°C prior to loading for 17 h at 42°C according to !#+$

manufacturer’s protocol. Microarrays were washed and scanned using an MS200 microarray scanner !#"$

(Roche NimbleGen). Microarrays were washed and scanned using an MS200 microarray scanner !##$

(Roche NimbleGen).!#%$

Agilent raw files extracted by using Feature Extraction software were processed through Bioconductor !#&$

(version 3.1) in the R statistical environment (version 3.2.0) via the limma package (Ritchie et al.,!#'$

2015). Raw expression values were background corrected in a "normexp" fashion and then quantile !%($

normalized(Bolstad et al., 2003). Quality of the hybridizations and evaluation of the sampling method !%)$

were assessed by density plots, boxplots, principal component analyses and hierarchical clusterings !%!$

using the ade4 and cluster packages (Suzuki and Shimodaira, 2006). Normalized expression values !%*$

were then corrected for batch effects due to the cell sorts at different days, using the ComBat !%+$

algorithm (Johnson et al., 2007) through the sva package (Leek et al., 2012) and declaring 2 batches (2 !%"$

sorting days) and the genotype and post-infection time as covariates. !%#$

The ComBat-corrected expression values were then used to extract, via the limma package, the genes !%%$

differentially expressed (FDR<0.05) between DCs from WT and Dcir1
-/-

mice at each time point after !%&$

M. tuberculosis infection. The JVenn plug-in (Bardou et al., 2014) was used to draw Venn diagrams !%'$

showing the overlaps between lists of up- or down-regulated genes in the DCs from Dcir1
-/-

as !&($

compared to WT mice.!&)$

To assess the statistical enrichment of genesets of interest in the pairwise comparisons between DCs !&!$

from WT and Dcir1
-/-

mice at each time point after M. tuberculosis infection, we used BubbleMap!&*$



(Spinelli et al., 2015), a high-throughput extension of gene set enrichment analysis (GSEA) !"#$

methodology (Subramanian et al., 2007). BubbleMap analysis was performed with 1,000 geneset-!"%$

based permutations, and with “difference of classes” as a metric for ranking the genes since the data !"&$

were expressed in Log2 scale. The results are displayed as a BubbleMap, where each bubble is a !"'$

GSEA result and summarizes the information from the corresponding enrichment plot. The color of !""$

the Bubble corresponds to the condition from the pairwise comparison in which the geneset is !"($

enriched. The bubble area is proportional to the GSEA normalized enrichment score (NES). The !()$

intensity of the color corresponds to the statistical significance of the enrichment, derived by !(*$

computing the multiple testing-adjusted permutation-based P-value using the Benjamini–Yekutieli !(!$

correction. Enrichments with a statistical significance above 0.05 are represented by empty circles.!(+$

Generation of the type I interferon stimulated (ISG) and inhibited (IIG) genesets!(#$

In order to generate a list of genes directly activated or inhibited by type I interferon, we used data of !(%$

one of our previous studies (Baranek et al., 2012) where we compared the transcriptomic profiles of !(&$

WT vs. Ifnar1
-/-

DC subsets coming from mixed bone marrow chimera mice, lethally irradiated and !('$

reconstituted with a mixture of CD45.1 WT and CD45.2 IFNAR
-/-

bone marrow, infected with murine !("$

cytomegalovirus (MCMV). More specifically, we extracted, using the GeneSign module of the !(($

BubbleGUM software (Spinelli et al., 2015), the genes that were up- or down- regulated at least 2 +))$

folds in Ifnar1
-/-

as compared to WT CD8α
+

or CD11b
+

conventional DCs (cDCs) from infected mice. +)*$

We then selected the genes commonly found up- or down-regulated in both cDC subsets to generate +)!$

the type I IFN inhibited or stimulated genes, respectively (Table S1). We then added hundreds of +)+$

public genesets downloaded from MSigDB (Subramanian et al., 2005) in order to assess statistical +)#$

enrichments of our genesets of interest through BubbleMap (Spinelli et al., 2015).+)%$

The heatmap was performed with Gene-E (http://www.broadinstitute.org/cancer/software/GENE-E/), +)&$

using the ComBat-corrected expression values of the genes belonging to the ISG or IIG genesets that +)'$

were found regulated in DCs from DCIR-KO mice upon M. tuberculosis infection. Specifically, using +)"$

GSEA, we extracted the leading edges of the ISG geneset enriched in WT DCs at the three time +)($

points, selected the genes found in the overlap of the three leading edges to display their expression +*)$



profiles in the heatmap. For the IIGs, we focused on the leading edge of the IIG geneset enriched in !""#

DCIR-KO DCs at 4 h after M. tuberculosis infection.!"$#

RT-qPCR!"!#

For RT-qPCR, specific PCR primers (Table S2) were designed using QuantPrime. Real-time !"%#

quantitative PCR was performed with gene targeted primers using qPCR Mastermix plus SYBR
®

!"&#

Green (Eurogenetec), according to the manufacturer’s protocol. All real-time qPCR reactions were !"'#

carried out using a 7500 Real-Time PCR System and data were analyzed using the 7500 Software !"(#

v2.0.6 (Applied Biosystems). PCR array data were calculated by the comparative cycle threshold !")#

method, normalized with hypoxanthine-guanine phosphoribosyltransferase (HPRT) housekeeping !"*#

gene, and expressed as mean fold change in experimental samples relative to control samples.!$+#

ELISA and ISG reporter cell line!$"#

After stimulation, supernatants from lungs, mediastinal or popliteal lymph nodes, or from bone !$$#

marrow-derived DCs were harvested and IFNα and IFNβ (VeriKine ELISA kit), IL-12p70, IFNγ and !$!#

IL-10 (OptEIA kit, BD Biosciences) were detected by ELISA according to the manufacturer’s !$%#

instructions.!$&#

For IFN activity measurement, supernatants from DCs were added in 6-well plates containing the B16 !$'#

Blue IFNα/b reporter cell line (Invivogen) for 24 hours at 37°C. This reporter cell line expresses the !$(#

SEAP reporter gene under the control of the IFN-α/β-inducible ISG54 promoter enhanced by a !$)#

multimeric ISRE. Levels of SEAP were monitored using the detection medium QUANTI-Blue!$*#

(Invivogen) according to the manufacturer’s instructions. For phosphorylation detection, DCs were !!+#

lysed after stimulation in buffer containing phosphatase and protease inhibitors (Thermofisher). JAK1, !!"#

phospho-JAK1, STAT1, phospho-STAT1 (Ser727), and phospho-STAT1 (Tyr701) were detected by !!$#

ELISA (Raybiotech) according to the manufacturer’s instructions. Colorimetric cell-based assays were !!!#

performed for detection of SHP1, phospho-SHP1 (Tyr536), SHP2, and phospho-SHP2 (Tyr542)!!%#

(AssaybioTech) according to the manufacturer’s instructions.!!&#

Binding experiments!!'#



All binding experiments were performed in lectin buffer (50 mM HEPES, 5 mM MgCl2, 5mM CaCl2)!!"#

containing 0.5 mg/ml BSA (Sigma). Non-specific binding to M. tuberculosis was prevented by !!$#

incubating the bacteria for 30 min at room temperature in lectin buffer containing 2 mg/ml BSA. !!%#

Bacteria were then incubated with 10 µg/ml of chimeric Dcir1-hIgG1 Fc(Maglinao et al., 2013) at !&'#

37°C for 1 h in the presence or absence of 20 mM EDTA (Euromedex). After washing in lectin buffer, !&(#

bacteria were incubated with a PE-coupled polyclonal anti-human IgG (Fcγ-specific, eBiosciences) at !&)#

5 µg/ml for 1 h at room temperature. Bacteria were then washed and fixed for 2 h at room temperature !&!#

in PBS containing 4% paraformaldehyde (Polyscience) and analysed by flow cytometry. For ligand !&&#

binding experiments, different constituent of the mycomembrane, namely phosphatidylinositol !&*#

dimannosides (PIM2), arabinosylated lipoarabinoamannan (AraLAM), mannosylated !&+#

lipoarabinomannan (ManLAM), lipomannan (LM), arabinogalactan (AG), and trehalose dimycolate !&"#

(TDM) were coated onto 96-well plates (Nunc Immuno-plates Maxisorp, Sigma) in water:ethanol (1:1, !&$#

v/v) at different concentrations. The plates were dried and incubated with lectin buffer containing 2 !&%#

mg/ml BSA at room temperature for 2 h (saturation step). The plates were then incubated with 10!*'#

µg/ml of chimeric DCIR-hFc at room temperature during 2 h. After washing, binding was detected !*(#

using a biotinylated polyclonal anti-human IgG (Fcγ-specific, eBioscience) at 5 µg/ml for 1 h at room !*)#

temperature, and streptavidin-HRP at 100 ng/ml for 30 min at room temperature. After washing, !*!#

substrate solution (TMB substrate reagent set, BD Biosciences) was added for 30 minutes at room !*&#

temperature and the reaction was stopped with H2SO4. Colorimetric analysis was performed at 450 -!**#

570 nm using a spectrophotometer.!*+#

FACS Analysis!*"#

Mouse DCs or primary cells obtained from homogenized lungs or mediastinal or popliteal lymph !*$#

nodes were stained with fluorescein-conjugated monoclonal antibodies (1:100) directed against mouse !*%#

Clec4a2 (320507; LS-Bio), CD11b (M1/70; eBiosciences), CD11c (N418; Biolegend), TLR-2 (6C2; !+'#

eBiosciences), SIGNR1 (22D1; eBiosciences), Dectin 1 (bg1fpj; eBiosciences) CD86 (GL1; !+(#

eBiosciences), I-A/I-E (M5/114.15.2; Biolegend), PD-L1 (10F.9G2; Biolegend), IFNAR1 (MAR1-!+)#

5A3; eBiosciences), CD3 (17A2; Biolegend), CD4 (RM4-5; BD Biosciences), or F4/80 (BM8; !+!#

Biolegend). For intracellular cell staining, cells from homogenized lung or mediastinal lymph node !+&#



were stimulated during 4 hours at 37°C with a mix of purified anti-mouse CD3 (17A2; Biolegend) and !"#$

CD28 (37.51; Biolegend) at 5µg/ml or with PPD (Purified Protein Derivative) at 10µg/ml. Cells were !""$

incubated in GolgiPlug (BD Biosciences) overnight. Subsequently, cells were resuspended in !"%$

Fixation-Permeabilization solution (BD Cytofix/Cytoperm kit; BD Biosciences) and intracellular !"&$

cytokine staining was carried out according to the manufacturer’s protocol. Cells were stained with !"'$

fluorescein-conjugated monoclonal antibodies (1:100) directed against mouse CD4 (RM4-5; BD !%($

Biosciences) and IFNγ (XMG1.2; BD Biosciences). For mortality assessment, cells were stained with !%)$

Annexin V (BD Biosciences) according to manufacturer’s instruction.!%*$

Histological analysis!%!$

Paraffin embedded tissue samples were sectioned and stained with hematoxylin and eosin for !%+$

histomorphological analysis. Histopathological scoring of TB lesions in non-human primates (NHPs) !%#$

(Table S3) was determined using a worksheet in which TB disease from lung biopsies was !%"$

described(Lin et al., 2009). Histopathological scoring of TB lesions in WT and DCIR-KO mice was !%%$

determined by measuring area of infiltrated lung tissue using the Panoramic viewer software !%&$

(3DHISTECH). Immunohistochemical staining was performed on paraffin-embedded tissue sections, !%'$

using polyclonal and monoclonal primary antibodies summarized in Table S4. Immunostaining of !&($

paraffin sections was preceded by different antigen unmasking methods. After incubation with !&)$

primary antibodies, sections were incubated with biotin-conjugated polyclonal anti-mouse, anti-rat or!&*$

anti-rabbit immunoglobulin antibodies followed by the streptavidin-biotin-peroxidase complex (ABC) !&!$

method (Vector Laboratories) and then were counter-stained with hematoxylin. Slides were scanned !&+$

with the Panoramic 250 Flash II (3DHISTECH). Virtual slides were automatically quantified for B !&#$

and T lymphocytes, and macrophages distributions as previously described(Verollet et al., 2015). For !&"$

confocal microscopy, samples were stained with primary antibodies as described above and followed !&%$

by anti-mouse IgG isotype specific, anti-rat or anti-rabbit IgG antibodies labeled with Alexa488 and !&&$

Alexa555 (Molecular Probes). Samples were mounted with Prolong® Antifade reagent (Molecular !&'$

Probes) and examined using a 60x/1.4N.A. objective of an Olympus FV1000 confocal microscope. !'($

In vivo antigen presentation assays!')$



The assay was based on adoptive transfer, as described previously (Lugo-Villarino et al., 2003). OT-II!"#$

T cells were purified from the spleen of C57BL/6J OT-II mice (a kind gift from S. Guerder, CPTP, !"!$

Toulouse, France) using mouse anti-CD4 microbeads (L3T4) positive selection and MACS separation !"%$

columns (Miltenyi Biotec), according to the manufacturer’s instructions. Purified T cells were injected !"&$

intravenously into C57BL/6J mouse recipients. Two days later, ovalbumin peptide !"'$

(ISQAHAAHAEINEAGR)-pulsed-bone marrow DCs from C57BL/6J or Dcir1
-/-

mice were washed at !"($

least three times in RPMI-1640 and administered in DPBS at a dose of 3.10
5

cells in a volume of 25-!")$

40 µl into the fore or hind footpads. The antigen-pulsed DCs were administered on one side, and the !""$

contralateral footpad served as the control. The control footpads were injected with DCs that had not %**$

been antigen-pulsed. At day 5, the draining popliteal lymph nodes were removed and teased into a cell %*+$

suspension. RNA was extracted to performed RT-qPCR as described in the experimental procedures %*#$

of the manuscript. In parallel, cells were cultured and stimulated with antigens for 4 hours in pre-%*!$

warmed RPMI-1640 supplemented with 10% fetal calf serum, 1% sodium pyruvate and 0.1% β-%*%$

mercaptoethanol. Supernatants were collected to perform ELISA analysis and intracellular cell%*&$

staining was performed.%*'$

Statistics%*($

Statistical analyses were performed using GraphPad Prism (GraphPad Software). Data are presented %*)$

as mean±s.e.m. of at least three independent experiments; P-values (paired or unpaired Student’s t-%*"$

test) are relative to the indicated control. Statistical significance was assumed when P<0.05.%+*$

%++$



Author Contributions!"#$

A.T., D.H. and O.N. conceived and designed all experiments, and wrote the manuscript. A.T. !"%$

performed all in vivo and in vitro experiments, with help from A.C. for in vivo experiments.!"!$

I.M performed and analyzed transcriptome analyses, with help from T.-P.VM and M.D. C.C., !"&$

F.C. and T.A.S. performed histological staining and analysis, with help from A.C. and R.P. !"'$

for analysis. C.D. and K.P. provided support for in vitro experiments. J.N. prepared and !"($

provided mycobacterial ligands. F.A.W.V. performed NHP experiments and analysis, and !")$

provided material. G.L.-V. provided conceptual advise and helped writing the manuscript. !"*$

B.L. and J.R. provided material/reagents. All authors analyzed the data.!#+$

!#"$

Acknowledgments!##$

We acknowledge the National Institutes of Health–sponsored MMRRC National System for !#%$

supply of the Dcir1
-/-

mice. These mice were produced and deposited to the MMRRC by the !#!$

Consortium for Functional Glycomics (CFG). We thank A. Bénard for conceptual advice and!#&$

Maha Maglinao, Julia Hütter, and Susanne Eisenschmidt for help in the production of DCIR-!#'$

Fc and breeding and backcrossing of the DCIR-KO mice. We thank Eric Nawrotzky for the !#($

synthesis of inhibitor GS-493. This work was supported by Centre National de la Recherche !#)$

Scientifique (CNRS), University of Toulouse, Agence Nationale de la Recherche !#*$

(ANR)/Programme d’Investissements d’Avenir (PIA grant number ANR-11-EQUIPEX-0003)!%+$

and ANR-12-BSV3-0002 B-TB grant, French Ministry of Higher Education and Research !%"$

(fellowship to A.T.), Fondation pour la Recherche Médicale (FRM fellowships to C.D.), !%#$

European Union (TBVAC2020 project n° 643381), and the Bettencourt-Schueller!%%$

Foundation. B.L. acknowledges funding from the European Union’s Horizon 2020 research !%!$

and innovation programme under the Marie Sklodowska-Curie grant agreement No 642870 !%&$

(ETN-Immunoshape). T.P.V.M. was funded by the European Research Council under the !%'$



European Community’s Seventh Framework Programme (FP7/2007–2013 Grant Agreement !"#$

number 281225 to M.D. for the SystemsDendritic project). The funders had no role in study !"%$

design, data collection and analysis, decision to publish, or preparation of the manuscript.!"&$

Accession Number!!'$

Files associated to microarray analyses have been deposited into Gene Expression !!($

Omnibus under accession number GSE83271.!!)$

Competing Financial Interest!!"$

The authors declare no competing financial interests.!!!$

!!*$



References!!"#

Baranek, T., T.P. Manh, Y. Alexandre, M.A. Maqbool, J.Z. Cabeza, E. Tomasello, K. Crozat, G. !!$#

Bessou, N. Zucchini, S.H. Robbins, E. Vivier, U. Kalinke, P. Ferrier, and M. Dalod. 2012. !!%#

Differential responses of immune cells to type I interferon contribute to host resistance to viral !!&#

infection. Cell host & microbe 12:571-584.!'(#

Bardou, P., J. Mariette, F. Escudie, C. Djemiel, and C. Klopp. 2014. jvenn: an interactive Venn !')#

diagram viewer. BMC bioinformatics 15:293.!'*#

Bates, E.E., N. Fournier, E. Garcia, J. Valladeau, I. Durand, J.J. Pin, S.M. Zurawski, S. Patel, J.S. !'+#

Abrams, S. Lebecque, P. Garrone, and S. Saeland. 1999. APCs express DCIR, a novel C-type !'!#

lectin surface receptor containing an immunoreceptor tyrosine-based inhibitory motif. Journal !''#

of immunology 163:1973-1983.!'"#

Bloem, K., I.M. Vuist, M. van den Berk, E.J. Klaver, I. van Die, L.M. Knippels, J. Garssen, J.J. !'$#

Garcia-Vallejo, S.J. van Vliet, and Y. van Kooyk. 2014. DCIR interacts with ligands from !'%#

both endogenous and pathogenic origin. Immunology letters 158:33-41.!'&#

Bolstad, B.M., R.A. Irizarry, M. Astrand, and T.P. Speed. 2003. A comparison of normalization !"(#

methods for high density oligonucleotide array data based on variance and bias. !")#

Bioinformatics 19:185-193.!"*#

Cooper, A.M. 2009. Cell-mediated immune responses in tuberculosis. Annual review of immunology!"+#

27:393-422.!"!#

de Paus, R.A., A. van Wengen, I. Schmidt, M. Visser, E.M. Verdegaal, J.T. van Dissel, and E. van de !"'#

Vosse. 2013. Inhibition of the type I immune responses of human monocytes by IFN-alpha !""#

and IFN-beta. Cytokine 61:645-655.!"$#

Desvignes, L., A.J. Wolf, and J.D. Ernst. 2012. Dynamic roles of type I and type II IFNs in early !"%#

infection with Mycobacterium tuberculosis. Journal of immunology 188:6205-6215.!"&#

Ernst, J.D. 2012. The immunological life cycle of tuberculosis. Nature reviews. Immunology 12:581-!$(#

591.!$)#

Fujikado, N., S. Saijo, T. Yonezawa, K. Shimamori, A. Ishii, S. Sugai, H. Kotaki, K. Sudo, M. Nose, !$*#

and Y. Iwakura. 2008. Dcir deficiency causes development of autoimmune diseases in mice !$+#

due to excess expansion of dendritic cells. Nature medicine 14:176-180.!$!#

Grosskopf, S., C. Eckert, C. Arkona, S. Radetzki, K. Bohm, U. Heinemann, G. Wolber, J.P. von Kries, !$'#

W. Birchmeier, and J. Rademann. 2015. Selective inhibitors of the protein tyrosine !$"#

phosphatase SHP2 block cellular motility and growth of cancer cells in vitro and in vivo. !$$#

ChemMedChem 10:815-826.!$%#

Guo, J., X. Wu, C.L. Too, F. Yin, X. Lu, J. He, R. Li, X. Liu, S. Murad, L. Padyukov, and Z. Li. 2012. !$&#

A replication study confirms the association of dendritic cell immunoreceptor (DCIR) !%(#

polymorphisms with ACPA - negative RA in a large Asian cohort. PloS one 7:e41228.!%)#

Johnson, W.E., C. Li, and A. Rabinovic. 2007. Adjusting batch effects in microarray expression data !%*#

using empirical Bayes methods. Biostatistics 8:118-127.!%+#

Kerscher, B., J.A. Willment, and G.D. Brown. 2013. The Dectin-2 family of C-type lectin-like !%!#

receptors: an update. International immunology 25:271-277.!%'#

Lambert, A.A., C. Gilbert, M. Richard, A.D. Beaulieu, and M.J. Tremblay. 2008. The C-type lectin !%"#

surface receptor DCIR acts as a new attachment factor for HIV-1 in dendritic cells and !%$#

contributes to trans- and cis-infection pathways. Blood 112:1299-1307.!%%#

Leek, J.T., W.E. Johnson, H.S. Parker, A.E. Jaffe, and J.D. Storey. 2012. The sva package for !%&#

removing batch effects and other unwanted variation in high-throughput experiments. !&(#

Bioinformatics 28:882-883.!&)#

Lin, P.L., M. Rodgers, L. Smith, M. Bigbee, A. Myers, C. Bigbee, I. Chiosea, S.V. Capuano, C. !&*#

Fuhrman, E. Klein, and J.L. Flynn. 2009. Quantitative comparison of active and latent !&+#

tuberculosis in the cynomolgus macaque model. Infection and immunity 77:4631-4642.!&!#

Liu, M., X. Wu, X. Liu, J. He, Y. Su, J. Guo, and Z. Li. 2015. Contribution of dendritic cell !&'#

immunoreceptor (DCIR) polymorphisms in susceptibility of systemic lupus erythematosus !&"#

and primary Sjogren's syndrome. Human immunology 76:808-811.!&$#



Lorentzen, J.C., L. Flornes, C. Eklow, L. Backdahl, U. Ribbhammar, J.P. Guo, M. Smolnikova, E. !"#$

Dissen, M. Seddighzadeh, A.J. Brookes, L. Alfredsson, L. Klareskog, L. Padyukov, and S. !""$

Fossum. 2007. Association of arthritis with a gene complex encoding C-type lectin-like %&&$

receptors. Arthritis and rheumatism 56:2620-2632.%&'$

Lugo-Villarino, G., R. Maldonado-Lopez, R. Possemato, C. Penaranda, and L.H. Glimcher. 2003. T-%&($

bet is required for optimal production of IFN-gamma and antigen-specific T cell activation by %&)$

dendritic cells. Proceedings of the National Academy of Sciences of the United States of %&!$

America 100:7749-7754.%&%$

Maglinao, M., R. Klopfleisch, P.H. Seeberger, and B. Lepenies. 2013. The C-type lectin receptor %&*$

DCIR is crucial for the development of experimental cerebral malaria. Journal of immunology%&+$

191:2551-2559.%&#$

Maruhashi, T., T. Kaifu, R. Yabe, A. Seno, S.H. Chung, N. Fujikado, and Y. Iwakura. 2015. DCIR %&"$

maintains bone homeostasis by regulating IFN-gamma production in T cells. Journal of %'&$

immunology 194:5681-5691.%''$

McNab, F., K. Mayer-Barber, A. Sher, A. Wack, and A. O'Garra. 2015. Type I interferons in %'($

infectious disease. Nature reviews. Immunology 15:87-103.%')$

McNab, F.W., J. Ewbank, A. Howes, L. Moreira-Teixeira, A. Martirosyan, N. Ghilardi, M. Saraiva, %'!$

and A. O'Garra. 2014. Type I IFN induces IL-10 production in an IL-27-independent manner %'%$

and blocks responsiveness to IFN-gamma for production of IL-12 and bacterial killing in %'*$

Mycobacterium tuberculosis-infected macrophages. Journal of immunology 193:3600-3612.%'+$

McRae, B.L., R.T. Semnani, M.P. Hayes, and G.A. van Seventer. 1998. Type I IFNs inhibit human %'#$

dendritic cell IL-12 production and Th1 cell development. Journal of immunology 160:4298-%'"$

4304.%(&$

Meyer-Wentrup, F., D. Benitez-Ribas, P.J. Tacken, C.J. Punt, C.G. Figdor, I.J. de Vries, and G.J. %('$

Adema. 2008. Targeting DCIR on human plasmacytoid dendritic cells results in antigen %(($

presentation and inhibits IFN-alpha production. Blood 111:4245-4253.%()$

Meyer-Wentrup, F., A. Cambi, B. Joosten, M.W. Looman, I.J. de Vries, C.G. Figdor, and G.J. Adema. %(!$

2009. DCIR is endocytosed into human dendritic cells and inhibits TLR8-mediated cytokine %(%$

production. Journal of leukocyte biology 85:518-525.%(*$

Murray, P.J., J.E. Allen, S.K. Biswas, E.A. Fisher, D.W. Gilroy, S. Goerdt, S. Gordon, J.A. Hamilton, %(+$

L.B. Ivashkiv, T. Lawrence, M. Locati, A. Mantovani, F.O. Martinez, J.L. Mege, D.M. %(#$

Mosser, G. Natoli, J.P. Saeij, J.L. Schultze, K.A. Shirey, A. Sica, J. Suttles, I. Udalova, J.A. %("$

van Ginderachter, S.N. Vogel, and T.A. Wynn. 2014. Macrophage activation and polarization: %)&$

nomenclature and experimental guidelines. Immunity 41:14-20.%)'$

Nagae, M., A. Ikeda, S. Hanashima, T. Kojima, N. Matsumoto, K. Yamamoto, and Y. Yamaguchi. %)($

2016. Crystal structure of human dendritic cell inhibitory receptor (DCIR) C-type lectin %))$

domain reveals the binding mode with N-glycan. FEBS letters%)!$

O'Garra, A., P.S. Redford, F.W. McNab, C.I. Bloom, R.J. Wilkinson, and M.P. Berry. 2013. The %)%$

immune response in tuberculosis. Annual review of immunology 31:475-527.%)*$

Richard, M., N. Thibault, P. Veilleux, G. Gareau-Page, and A.D. Beaulieu. 2006. Granulocyte %)+$

macrophage-colony stimulating factor reduces the affinity of SHP-2 for the ITIM of %)#$

CLECSF6 in neutrophils: a new mechanism of action for SHP-2. Molecular immunology%)"$

43:1716-1721.%!&$

Ritchie, M.E., B. Phipson, D. Wu, Y. Hu, C.W. Law, W. Shi, and G.K. Smyth. 2015. limma powers %!'$

differential expression analyses for RNA-sequencing and microarray studies. Nucleic acids %!($

research 43:e47.%!)$

Rusinova, I., S. Forster, S. Yu, A. Kannan, M. Masse, H. Cumming, R. Chapman, and P.J. Hertzog. %!!$

2013. Interferome v2.0: an updated database of annotated interferon-regulated genes. Nucleic %!%$

acids research 41:D1040-1046.%!*$

Sancho, D., and C. Reis e Sousa. 2012. Signaling by myeloid C-type lectin receptors in immunity and %!+$

homeostasis. Annual review of immunology 30:491-529.%!#$

Seno, A., T. Maruhashi, T. Kaifu, R. Yabe, N. Fujikado, G. Ma, T. Ikarashi, S. Kakuta, and Y. %!"$

Iwakura. 2015. Exacerbation of experimental autoimmune encephalomyelitis in mice deficient %%&$

for DCIR, an inhibitory C-type lectin receptor. Experimental animals / Japanese Association %%'$

for Laboratory Animal Science 64:109-119.%%($



Spinelli, L., S. Carpentier, F. Montanana Sanchis, M. Dalod, and T.P. Vu Manh. 2015. BubbleGUM: !!"#

automatic extraction of phenotype molecular signatures and comprehensive visualization of !!$#

multiple Gene Set Enrichment Analyses. BMC genomics 16:814.!!!#

Subramanian, A., H. Kuehn, J. Gould, P. Tamayo, and J.P. Mesirov. 2007. GSEA-P: a desktop !!%#

application for Gene Set Enrichment Analysis. Bioinformatics 23:3251-3253.!!&#

Subramanian, A., P. Tamayo, V.K. Mootha, S. Mukherjee, B.L. Ebert, M.A. Gillette, A. Paulovich, !!'#

S.L. Pomeroy, T.R. Golub, E.S. Lander, and J.P. Mesirov. 2005. Gene set enrichment !!(#

analysis: a knowledge-based approach for interpreting genome-wide expression profiles. !%)#

Proceedings of the National Academy of Sciences of the United States of America 102:15545-!%*#

15550.!%+#

Suzuki, R., and H. Shimodaira. 2006. Pvclust: an R package for assessing the uncertainty in !%"#

hierarchical clustering. Bioinformatics 22:1540-1542.!%$#

Szabo, S.J., S.T. Kim, G.L. Costa, X. Zhang, C.G. Fathman, and L.H. Glimcher. 2000. A novel !%!#

transcription factor, T-bet, directs Th1 lineage commitment. Cell 100:655-669.!%%#

Verollet, C., S. Souriant, E. Bonnaud, P. Jolicoeur, B. Raynaud-Messina, C. Kinnaer, I. Fourquaux, A. !%&#

Imle, S. Benichou, O.T. Fackler, R. Poincloux, and I. Maridonneau-Parini. 2015. HIV-1!%'#

reprograms the migration of macrophages. Blood 125:1611-1622.!%(#

Wu, T.R., Y.K. Hong, X.D. Wang, M.Y. Ling, A.M. Dragoi, A.S. Chung, A.G. Campbell, Z.Y. Han, !&)#

G.S. Feng, and Y.E. Chin. 2002. SHP-2 is a dual-specificity phosphatase involved in Stat1 !&*#

dephosphorylation at both tyrosine and serine residues in nuclei. The Journal of biological !&+#

chemistry 277:47572-47580.!&"#

You, M., D.H. Yu, and G.S. Feng. 1999. Shp-2 tyrosine phosphatase functions as a negative regulator !&$#

of the interferon-stimulated Jak/STAT pathway. Molecular and cellular biology 19:2416-!&!#

2424.!&%#

Zhao, X., Y. Shen, W. Hu, J. Chen, T. Wu, X. Sun, J. Yu, T. Wu, and W. Chen. 2015. DCIR !&&#

negatively regulates CpG-ODN-induced IL-1beta and IL-6 production. Molecular !&'#

immunology 68:641-647.!&(#

!')#

!'*#

!'+#



FIGURES!"#$

!"%$

Fig. 1 DCIR expression results in sustained expression of interferon-stimulated genes (ISGs) in !"!$

murine DCs. (A) Venn diagram of ISGs down-modulated in DCIR-deficient DCs, compared to in WT !"&$

cells, at 0 or 4 h after M. tuberculosis infection. Data were generated using the Interferome online !"'$

interface (Rusinova et al., 2013). (B) BubbleMap analysis, a high-throughput extension of GSEA, on !""$



the pairwise comparisons of DCs from WT vs. DCIR-deficient mice at different time points after M. !"#$

tuberculosis infection. The genesets shown, coming from independent experiments, include direct !#%$

ISGs either up- or down-regulated in conventional DC subsets, and genes regulated by type I IFN, or !#&$

by a TLR7/8 ligand known to induce type I IFN, or by a viral infection, in macrophages or DCs. (C)!#'$

Heatmap of the genes belonging to the ISG geneset and found down-regulated in DCs from DCIR-KO!#($

as compared to WT mice (top panel), or belonging to the IFN-inhibited genes geneset and found up-!#)$

regulated in DCs from DCIR-deficient as compared to WT mice (bottom panel) upon M. tuberculosis!#!$

infection. For each gene, relative gene expression values across DCs from WT and DCIR-KO mice !#*$

infected with M. tuberculosis at 0, 4 and 18 h is shown and varies from low (blue) to high (red). (D)!#+$

Expression profiles of selected genes from the geneset of down-modulated genes in DCIR-deficient !#"$

DCs, and other ISGs. Data are presented as mean±s.e.m. of 4 biological replicates. Statistical analysis !##$

was performed using Student’s t-test; *P<0.05, **P<0.01.*%%$

*%&$



!"#$

Fig. 2 DCIR expression leads to sustained type I IFN signaling in DCs. (A) Bone marrow-derived DCs !"%$

from WT or KO mice were either left uninfected or infected (4 h) with M. tuberculosis H37Rv in the !"&$

presence or absence of the IFNAR1-blocking monoclonal antibody MAR1-5A3, as indicated. Relative !"'$

expression of the ISGs Oas2, Irf7 and Isg15 was quantified by RT-qPCR. Red stars correspond to !"!$



comparison analysis between MAR1-5A3-treated and -untreated cells. (B-D) WT or KO DCs were !"#$

either left uninfected (0 h) or infected for 4 or 18 h with M. tuberculosis. IFNα and IFNβ (B) were !"%$

quantified in the cell supernatants by ELISA, or using the type I IFN activity reporter cell line B16 !"&$

Blue IFNα/b (C). The expression of IFNAR1 was quantified by FACS (D). (E-H) WT or KO DCs !'"$

were left unstimulated (Mock), or infected with M. tuberculosis for 4 h, or co-stimulated with the !''$

TLR2 agonist lipopeptide Pam3CSK4 and IFNβ for 4 h, as indicated. In (G) cells were left untreated or !'($

were treated with the SHP2 inhibitor GS-493 (Grosskopf et al., 2015). JAK1 (E), STAT1 (F,H) and !')$

SHP-2 (G), and their phosphorylated forms were quantified in cell lysates by ELISA. In all panels, !'*$

data are presented as mean±s.e.m. of at least 3 biological replicates, and are representative of at least 2 !'+$

independent experiments. Statistical analysis was performed using Student’s t-test; *P<0.05, !'!$

**P<0.01. !'#$

!'%$



!"#$

Fig. 3 DCIR expression results in impaired bacterial clearance and controls pathology in M. !%&$

tuberculosis-infected mice. (A-C) WT or KO mice were infected intranasally with ≈1,000 CFUs of M.!%"$

tuberculosis H37Rv. Lungs and spleen were collected after 21 or 42 days of infection and analyzed for !%%$

CFU content (A), cell infiltration (B) and immune cell subsets at 42 days (C). In (A), each symbol !%'$

represents CFUs from one animal. Data are representative of 3 independent experiments. In (B) and !%($

(C), data are presented as mean±s.e.m. of at least 25 fields chosen from at least 3 independent tissue !%)$

slices, and are representative of 2 independent experiments. Statistical analysis was performed using !%!$

Student’s t-test; *P<0.05, **P<0.01. In (C), left panels show CD3
+

T cells. Other cell types (F4/80-!%*$



expressing macrophages and B220-expressing B lymphocytes) are quantified in the right panels and !"#$

pictures are displayed in Fig. S7.!"%$

!&'$



!"#$

Fig. 4 DCIR expression leads to impaired Th1 immunity and M1-like macrophage polarization in M. !"%$

tuberculosis-infected mice. Mice were infected as in Fig. 3. (A,B) IFNγ-producing CD4
+

Th1 cells !""$

were quantified by intracellular cytokine FACS staining after either stimulation with a cocktail of anti-!"&$



CD3 and -CD28 antibodies or in the absence of stimulation (Mock), as indicated. A representative !"#$

experiment among 3 at day 21 is depicted in (A). (B) represents mean±s.e.m. of 6 biological replicates.!"!$

(C,D) ELISA quantification of total IFNγ in lung lysates of infected mice (C) or after ex vivo!"%$

restimulation of total lung cells with PPD (D). ND, not detected. (E) Immuno-histological analysis of !"&$

expression of CD3 and the Th1-driving transcription factor T-bet in lungs of infected WT or KO mice. !"'$

Right panel presents quantification of 404 and 313 WT or KO CD3
+

cells, respectively, and are !()$

representative of n=2 mice. Arrows show the presence of T-bet in the cell nuclei. Bars represent 10 !(*$

µm. (F) RT-qPCR quantification of expression of macrophage M2 (Arg1, Ym1, Mrc1) and M1 (Nos2,!(+$

Tnf) polarization gene markers in the lungs of infected mice. (G) ELISA quantification of IL-12p70 in !("$

lung lysates of infected mice. In (B-D, F and G), data are presented as mean±s.e.m. of at least 3 !(($

replicates, and are representative of at least 2 independent experiments. Statistical analysis was !(#$

performed using Student’s t-test; *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.!(!$

!(%$



!"#$

Fig. 5 In vivo function of DCIR in Th1 immunity. OT-II T-cell receptor transgenic T cells were !"%$

purified and injected into C57BL/6J recipients. Two days later, mice were challenged in the footpads !&'$

with ovalbumin (OVA) peptide-pulsed or unpulsed WT or DCIR-deficient DCs. After 5 days of !&($

priming, popliteal LN cells were harvested from recipients. (A) Percentage of IFNγ-producing CD4
+

!&)$

OVA-specific (OT-II) Th1 cells adoptively transferred into C57BL/6J recipients and primed in vivo!&*$

with peptide-pulsed or unpulsed DCs. (B,C) ELISA quantification of IFNγ (B) and IL-12p70 (C) in !&"$

LN lysates from recipient mice. (D) RT-qPCR quantification of gene expression of the ISGs Isg15,!&&$

Irf7 and Oas2 in LN lysates from recipient mice. Data are presented as mean±s.e.m. of 5 biological !&!$

replicates. Statistical analysis was performed using Student’s t-test; *P<0.05, **P<0.01.!&+$

!&#$
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Fig. S1 Immuno-histological analysis of DCIR expression in the lungs of M. tuberculosis-

infected non-human primates (macaques) during asymptomatic infection (left panel) or active 

TB disease (right panels).



Fig. S2 DCIR (Dcir1/Clec4a2) expression in mouse macrophages and DCs, and phenotypic 

characterization of DCIR-KO and WT DCs. (A) FACS analysis of DCIR expression in 

DC11c
+
F4/80

+
 macrophages and CD11c

+
F4/80

-
 DCs in the lungs of naïve mice. Left panel 

shows a representative FACS analysis (grey line, control isotype; dark line, macrophages; red 

line, DCs). Right panel shows DCIR mean fluorescence intensity as mean±s.e.m. of 4 

biological replicates. (B) DCIR expression in mouse bone marrow-derived macrophages 

(BMM) or DCs (BMDC). Left panel shows DCIR mean fluorescence intensity in cells from 

WT or KO mice as mean±s.e.m. of 3 biological replicates. Right panel shows RT-qPCR 

quantification of the DCIR mRNA in BMDC and BMM as mean±s.e.m. of 3 biological 

replicates and is representative of 2 independent experiments. Statistical analysis was

performed using Student’s t-test; *P<0.05.



Fig. S3 Venn diagram of genes up (A)- or down (B)-modulated in DCIR-deficient DCs, 

compared to in WT cells, at 0, 4 or 18 h after M. tuberculosis infection. The boxes show 

functional gene set enrichment analysis using Gene Ontology. 



Fig. S4 DCIR does not recognize M. tuberculosis or mycobacterial surface glycosylated 

ligands. (A) M. tuberculosis bacteria were incubated for 1 h at 37°C with DCIR-Fc (10µg/ml)

in the presence or absence of EDTA, or in Lectin buffer (Mock). DCIR-Fc was immune-

detected with a PE-coupled anti-human IgG antibody and binding was analyzed by FACS. (B)

Different constituents of the mycomembrane, PIM2, AraLAM, ManLAM, LM, AG, and TDM 

were coated onto 96-well plates at different concentrations. The plates were then incubated

with 10 µg/ml of chimeric DCIR-hFc at room temperature during 2 h. Binding was detected 

using a biotinylated polyclonal anti-human IgG and streptavidin-HRP. Colorimetry analysis 

was analyzed at 450 -570 nm using a spectrophotometer. Data are presented as mean±s.e.m. 

of at least 3 replicates, and are representative of at least 2 independent experiments. 



Fig. S5 FACS quantification of receptors (CD11b, CD11c, TLR-2, SignR1, Dectin 1), 

molecules involved in T cell stimulation or inhibition (CD86, MHC-II, PDL-1), and mortality 

in BMDC during M. tuberculosis infection. Data are presented as mean±s.e.m. of 3 

independent experiments. Statistical analysis was performed using Student’s t-test; *P<0.05.



Fig. S6 Analysis of the phosphorylation status of STAT1 (Tyr701) and SHP1 (Tyr536) in WT 

vs. KO cells. WT or KO DCs were left unstimulated (Mock), or co-stimulated with the TLR2 

agonist lipopeptide Pam3CSK4 and IFNβ for 4 h, as indicated. STAT1 (A) and SHP1 (B), and 

their phosphorylated forms were quantified in cell lysates by ELISA. In all panels, data are 

presented as mean±s.e.m. of at least 3 biological replicates. Statistical analysis was performed 

using Student’s t-test; *P<0.05, **P<0.01.



Fig. S7 Immuno-histological analysis of CD3-, B220- and F4/80-expressing T lymphocytes, 

B lymphocytes and macrophages, respectively, in the lungs of M. tuberculosis-infected WT or 

KO mice 42 days after infection. Bars correspond to 200 µm. 



Fig. S8 DCIR impairs anti-M. tuberculosis Th1 immunity in the LNs. Mice were infected as 

in Figure 3. (A,B) IFNγ-producing CD4
+
 Th1 cells were quantified by intracellular cytokine 

FACS staining after either stimulation with anti-CD3 and -CD28 antibodies or in the absence 

of restimulation (Mock), as indicated. A representative experiment at day 21 is depicted in 

(A). (B) represents analysis of 6 biological replicates. (C,D) ELISA quantification of total 

IFNγ (C) or IL-12p70 (D) in LN lysates of infected mice. (E,F) ELISA quantification of IL-



12p70 in bone marrow-derived DCs from WT or KO mice stimulated with the TLR-2 agonist 

Pam3CSK4 in the absence (E) or presence (F) of IFNβ. In (F) cells were stimulated for 18 h. 

(G) ELISA quantification of IL-10 in M. tuberculosis-infected DCs after various periods of 

time. (H) ELISA quantification of IL-12p70 in bone marrow-derived DCs from WT or KO 

mice stimulated for 4 h with the TLR-2 agonist Pam3CSK4 in the absence or presence of the 

SHP2 inhibitor GS-493. (I) RT-qPCR quantification of gene expression of the ISGs Isg15,

Irf7 and Oas2 in LN lysates of M. tuberculosis-infected WT or KO mice. 

In (C-I), data are presented as mean±s.e.m. of at least 3 biological replicates, and are 

representative of at least 2 independent experiments. Statistical analysis was performed using 

Student’s t-test; *P<0.05, **P<0.01.
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Table S1. List of IFN-stimulated genes (ISG) and –inhibited genes (IIG) genesets used

for generating the Bubblemaps in Fig. 1B 

ISG_geneset IIG_geneset

Ly6a Scd2

Irf7 Emb

Usp18 Serpinb1a

Ifit2 Elovl6

Ctse Gde1

Ifi204 Gbp2b

Csprs Enc1

Ifi44 Tle1

Ifi27l2a Brix1

Eif2ak2 1600029D21Rik

Cxcr4 Sgms1

Cmpk2 Snx24

Slfn8 Gcsh

Slfn5 Fcgr2b

Ai607873 Ado

Xaf1 Hepacam2

Rtp4 Lyz1

Oas1c Setp03

Isg20 Xpot

Rsad2 Polr3g

Oas1a Bst1

Oas2 Ppargc1b



Loc667373 Ctsl

Ddx58 Acsl3

Pydc4 Pgm2L1

Pydc3 Ppp1R3d

I830012O16Rik Sod2

Ifit1 Cpd

Spon1 Znrf2

Mx1 Ccbl2

Asprv1 Ptpla

Oasl2 Btg2

Apod 5430435G22Rik

Parp9 Ppfia4

Fap 1300007C21Rik

Il18 Zfp236

Il15 Fcgr3

Nat5 Loc622147

Slfn1

Sct

Ms4a6b

Ms4a4d

Daxx

Asb13

Stk39

Pttg1

Sgcb

Mx2

St8Sia1

Abcb1a

Etnk1



Tktl1

Ms4a4c

Lgals9

Car13

Trim34b

Ly6c2

Slfn3

Stat2

Tor3a

Oprd1

Sp100-rs

H2-T24

Loc270335

Gjb2

Ildr1

Rpl39l

Ms4a4b

Oasl1

1600014C10Rik

Tmem219

Loc432823

Pgap2

Wdfy1

Trim34a

Oas1b

Oas3

Trim25

Mitd1

Ifih1



Tdrd7

Parp12

Znfx1

Slfn4

Dopey2

Zc3hav1

Pvrl4

Dck

Pik3ap1

9030607L20Rik

Hmgn3

Herc6

Parp14

Mthfr

Frmd4a

Sp100

Mxd1

Pyhin1

Helz2

C130026I21Rik

Trim30d

Bc147527

Aw011738

9530028C05

Cdc42bpg

5230400M03Rik

B430306N03Rik

Fam46a

Phf11d



Adar

Chic1

Synj1

Loc240327

G530011O06Rik

Lrp8

Ppm1k

Hsh2d

Serinc4

2010109K09Rik

D130084N16Rik

Samhd1

Pnpt1

Loc665317

Usp25

Atp10a

Rilpl1

Pml

Ifi203

Kdr

Ehd4

H2-T10

Ms4a6c

Xdh

Nt5C3

Rab7l1

Ddx60

Tcstv3

Trim30a



Ankle2

Rnf213

Whsc1l1

Fndc3a

Pou3f1

Samd9l

!

! !



Table S2. Primers used for RT-qPCR experiments 

Gene Forward primer (5'-3') Reverse primer (5'-3')

Hprt GTTCTTTGCTGACCTGCTGGAT CCCCGTTGACTGATCATTACAG

Irf7 ACTTCAGCACTTTCTTCCGAGAAC AGGTAGATGGTGTAGTGTGGTGAC

Isg15 AGCAATGGCCTGGGACCTAAAG AGTCACGGACACCAGGAAATCG

Ifit1 AGCAGAGAGTCAAGGCAGGTTTC TGGTCACCATCAGCATTCTCTCC

Oas2 AAAGTCCTGAAGACCGTCAAGGG ACAACAATGTCAGCATCTGATCCC

Cxcl9 AGCAGTGTGGAGTTCGAGGAAC AGGGATTTGTAGTGGATCGTGC

Tnfsf10 GCTGTGTCTGTGGCTGTGACTTAC TCATCCGTCTTTGAGAAGCAAGC

Ccl2 CCACTCACCTGCTGCTACTCATT TTCCTTCTTGGGGTCAGCACAGA

Ifnβ GCACTGGGTGGAATGAGACT AGTGGAGAGCAGTTGAGGACA

Ifnα TCTGATGCAGCAGGTGGG AGGGCTCTCCAGACTTCTGCTCTG

Tnfα CAAAATTCGAGTGACAAGCCTGT CCACTTGGTGGTTTGCTACGA

Nos2 TCCTCACGCTTGGGTCTTGTTC TCCAACGTTCTCCGTTCTCTTGC

Mrc1 AATGCCAAAAATTATTGATCGTG ACGGTGACCACTCCTGCTG

Ym1 TACCCTATGCCTATCAGGGTAAT CCTTGAGCCACTGAGCCTTC

Arg1 AATGAAGAGCTGGCCTGGTGTGGT ATGCTTCCAACTGCCAGACTGTG



Table S3. Histopathological scoring of TB lesions in NHPs 

Type of lesions

Granuloma 

Size

Type of 

granuloma

Distribution 

pattern

Cellular 

composition

Notes

Asymptomatic 

infection

Granulomatous Small

Non-

necrotizing

Focal

- Lymphocytic 

cuff (1)

1: with few 

plasma cells
#46

- Epithelioid 

Mφ

!! - Fibrosis (+++)

Active TB

Granulomatous Medium

Caseous 

(admixed with 

some PMN)

Multifocal

- Lymphocytic 

cuff (1)

1: with plasma 

cells

#55

Non-

necrotizing

coalescing

- Epithelioid & 

foamy Mφ (2)

!!

!! (Mixed) !! - MGC

2: presence of 

foamy Mφ in 

the alveoli in 

the vicinity of 

granulomas

Abbreviations: Mϕ: Macrophages; MGC: Multinucleated giant cells, PMN: Polymorphonuclear 

neutrophils.



Table S4. Antibodies used for histological analysis 

Antigen

Clone / 

Number

Supplier Dilution

Incubation 

time

Antigen 

retrieval

DCIR

Rabbit 

polyclonal, 

HPA007842

Sigma-Aldrich 1/200 1 h

HIER/Citrate 

pH6/MO*

CD45R/B220

RA3-6B2 Rat 

mAb

Bio-Rad 1/400 1 h

HIER/ Citrate 

ph6/MO*

CD3

SP7 Rabbit 

mAb

Spring 

Bioscience

1/100 1 h

HIER/ Tris-

EDTA ph9/WB

F4/80

CI:A3-1 Rat 

mAb

Bio-Rad 1/100 1 h

Proteinase K 

proteolytic 

digestion

T-bet

4B10, Mouse 

mAb

BioLegend 1/100 1 h

HIER/Tris-

EDTA 

ph8/MO**

Abbreviations: mAb : monoclonal antibody; Ab: antibody; HIER: Heat-induced epitope retrieval.; 

MO : Boiling in microwave oven twice 10 minutes each/MO* or 7 minutes/MO**; WB: Heating in 

water-bath at 95°C for 40 minutes.
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(C) Discussion

N6.$!%61$(!51.4()!%6.2!#&6+$!(7-'6$5!'(!$\'(!A6.5!-#$!D"BG!4#%2!'(!/6%1(71(!4@+%C'#;;#1+6%!

/0$6%+:.(!/#.25!-#$!'@+%C(/1+6%!-#$!E+6U!D#%2!.%!-$(;+($!1(;-2)!%6.2!#&6%2!45;6%1$5!:.(!

D"BG! s’(7-$+;(! e! '#! -5$+-05$+(! 4(2! ,$#%.'6;(2! 4#%2! '(2! -6.;6%2! 4(! ;#/#:.(2! +%C(/152!

WF+,.$(! QY! 4(! '#! -.9'+/#1+6%HU! D(! -'.2)! %6.2! #&6%2! /6%C+$;5! :.(! D"BG! (21! (7-$+;5!

-$+%/+-#'(;(%1!-#$!'(2!D"2!#.!%+&(#.!4(2!-6.;6%2!WF+,.$(!QO!4(!'#!-.9'+/#1+6%H!W>#1(2!#+!%0:)!

YXXXHU!

"6;;(!D"BG!/6%1+(%1!.%!;61+C!+%0+9+1(.$!BRB*!4#%2!2#!-#$1+(!/816-'#2;+:.()!+'!51#+1!#%1+/+-5!

:.(!/(!$5/(-1(.$!-6.&#+1!#,+$!(%!1#%1!:.(!$5,.'#1(.$!%5,#1+C!4(!'#!2+,%#'+2#1+6%!4(2!/(''.'(2!

+;;.%+1#+$(2! WQ#%/06! #%4! G(+2! (! Q6.2#)! O^YOHU! "(-(%4#%1)! %62! $52.'1#12! 9#252! 2.$! .%(!

#--$6/0(!1$#%2/$+-16;+:.(!+%4+:.(%1!/'#+$(;(%1!:.(!'#!45C+/+(%/(!(%!D"BG!WD"BGYJ"<E"L3OH!

4#%2! '(2!>*D"2!4(! 26.$+2! /6%4.+1! e!.%(!4+;+%.1+6%! C6$1(!4(! '#! $5-6%2(!#.7! BF]!4(! 18-(! B!

WF+,.$(! Y! 4(! '#! -.9'+/#1+6%H)! /(! :.+! '#+22(! -(%2($! :.(! /(! $5/(-1(.$! (21! #/1+&#1(.$)! (1! %6%!

+%0+9+1(.$!4#%2!/(!/6%1(71(U!]61#;;(%1)!/(11(!#/1+&#1+6%!/6%/($%(! '#!2+,%#'+2#1+6%!;54+5(!

-#$! '#! &6+(! u3_=QR3R! #/1+&5(! (%! #&#'! 4(! '@+%4./1+6%! 4.! 2+,%#'! -#$! '(! $5/(-1(.$! BF]3GU! D(!

;#%+P$(! +%15$(22#%1()! %6.2! #&6%2! 692($&5! :.(! '@+%0+9+1+6%! 4(! '#! &6+(! BF]! 4(! 18-(! B! 2(!

;#%+C(21(! 45Ae! e! '@51#1! 9#2#')! (%! #92(%/(! d’+%C(/1+6%! -#$!E+6U! D(! -'.2)! %6.2! %@#&6%2! -.!

451(/1($!4’+%1($#/1+6%!(%1$(!D"BG!(1! '#!;8/69#/15$+()!:.(!/(!26+1!(%!.1+'+2#%1! '(!-#106,P%(!

(%1+($! 6.! 9+(%! 4(2! /6;-62#%12! +26'52! 4(! 2#! ;(;9$#%(! WF+,.$(! QL! 4(! '#! -.9'+/#1+6%H)!

2.,,5$#%1! C6$1(;(%1)! /6;;(! -$5/54(;;(%1! -$6-625! W*#,'+%#6! #+! %0:)! O^YZH)! :.(! D"BG!

-6.$$#+1! +%1($#,+$! #&(/! .%! 6.! -'.2+(.$2! '+,#%4W2H! (%46,P%(W2HU! <@#92(%/(! 4(! D"BG! (21! 2#%2!

(CC(1! 2.$! '@(7-$(22+6%! 4.! $5/(-1(.$! BF]3G! e! '#! 2.$C#/(! 4(! '#! /(''.'()! #+%2+! :.(! 2.$! '#!

production d'IFNα/β (Figure 2 de la publication). N#$! /6%1$(! %6.2! #&6%2! 45;6%1$5! :.(!

'@#92(%/(! 4(! D"BG! +%4.+1! .%(! -062-06$8'#1+6%! #.,;(%15(! 4(! '#! -062-0#1#2(! QaN=O)! #&(/!

/6;;(! /6%25:.(%/(! .%(! 45-062-06rylation de la serine 727 de STAT1 et l’+%#/1+&#1+6%!

-#$1+(''(! 4(! /(11(! 4($%+P$(! WF+,.$(! O! 4(! '#! -.9'+/#1+6%HU! D(! -'.2)! '6$2:.(! '(2! >*D"2! 26%1!

1$#+15(2! #&(/! .%! +%0+9+1(.$! 2-5/+C+:.(! 4(! QaN=O)! 6%! 692($&(! .%(! $(21#.$#1+6%! 4(! '#!

-062-06$8'#1+6%!4(!QR3RY!4#%2!'(2!/(''.'(2!45C+/+(%1(2!(%!D"BG)!45;6%1$#%1!/'#+$(;(%1!:.(!

'#!-062-06$8'#1+6%!(7/(22+&(!4(! QR3RY!4#%2! '(2! /(''.'(2!45-6.$&.(2!4.! $5/(-1(.$! (21!9+(%!

/#.25(!-#$!.%(!2.$=#/1+&#1+6%!4(!QaN=O!WF+,.$(!O!4(! '#!-.9'+/#1+6%HU! B'!#!45Ae!515!45;6%1$5!

:.(!'@BRB*!4(!D"BG!+%1($#,+1!(1!'+1!'#!C6$;(!%6%!-062-06$8'5(!4(!QaN=O)!(1!%6%!-#2!'#!C6$;(!
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-062-06$8'5(! WG+/0#$4! #+! %0:)! O^^SHU! D"BG! -6.$$#+1! #+%2+! C6%/1+6%%($! /6;;(! -$615+%(!

4@#%/$#,(!(1!25:.(21$($#+1!'#!C6$;(!+%#/1+&()!%6%!-062-06$8'5()!4(!QaN=O)!/(!:.+!'+;+1($#+1!'#!

-$52(%/(! 4(! '#! C6$;(! #/1+&(! 4#%2! '(! /816-'#2;(! $(2-6%2#9'(! 4(! '#! 45-062-06$8'#1+6%! 4(!

QR3RY!(1!4(!26%!+%#/1+&#1+6%U!]61$(!;64P'(!-$6-62(!46%/!:.(!'#!45C+/+(%/(!(%!D"BG!/6%4.+1!

e!.%(!#.,;(%1#1+6%!4(!'#!C6$;(!-062-06$8'5(!/816-'#2;+:.(!4(!QaN=O)!:.+!-(.1!e!26%!16.$!

45-062-06$8'($!(1!46%/!+%#/1+&($!QR3RY!#C+%!4@+%0+9($!'#!2+,%#'+2#1+6%!-#$!'@BF]!4(!18-(!BU!

"6;;(! -$5/54(;;(%1! 45/$+1)! '(! %+&(#.! 4(! -$64./1+6%! 4’BF]! 4(! 18-(! B! (21! .%! -#$#;P1$(!

+;-6$1#%1!4#%2!'(!/6%1$\'(!4(!E+6U!]62!$52.'1#12!26%1!(%!#//6$4!#&(/!'#!%61+6%!:.(!l’BF]!4(!

18-(! B! (7($/(! .%! $\'(! 45'51P$(! 4#%2! '#! R>! Wd@?#$$#! #+! %0:)! O^YZH)! %61#;;(%1! -#$! '#!

45;6%21$#1+6%!:.(!'(2!26.$+2!45C+/+(%1(2!(%!D"BG!/6%1$\'(%1!;+(.7!l’infection que les!26.$+2!

2#.&#,(2! tout en présentant un excès d’infiltrats cellulaires et d’inflammation dans les 

-6.;6%2! WF+,.$(! Z! 4(! '#! -.9'+/#1+6%HU! D(! -'.2)! /(2! 26.$+2! -$52(%1(%1! .%(! $5-6%2(! R0Y!

(7#/($95(!WF+,.$(!L!4(!'#!-.9'+/#1+6%HU!E%!(CC(1! '(2!D"!4(!26.$+2!D"BG!-$64.+2(%1!C6$1(;(%1!

'@B<=YO-[^!(1!45/'(%/0(%1!.%(!-'.2!C6$1(!$5-6%2(!R!"DLs!4(!18-(!R0Y!#.!%+&(#.!4.!,#%,'+6%!

;54+#21+%#')! /(! :.+! 2(! 1$#4.+1! -#$! .%(! +%C+'1$#1+6%! -'.2! C6$1(! 4(! /(2! /(''.'(2! #.! %+&(#.! 4(2!

-6.;6%2!et une production accrue d’IFNγ WF+,.$(!L!4(! '#!-.9'+/#1+6%H.!"6;;(!45Ae!45/$+1!

4#%2!4@#.1$(2!51.4(2W*/G#(!#+!%0:)!YXXVH)!%6.2!#&6%2!-.!;6%1$($!:.(!'@BF]!4(!18-(!B!+%0+9(!

'#!-$64./1+6%!4@B<=YO-[^!-#$!'(2!/(''.'(2!;85'6+4(2)!46%1!'(2!D"2!WF+,.$(!QV!4(!'#!-.9'+/#1+6%HU!

3+%2+)!D"BG!#,+1!(%!1#%1!:.(!;64.'#1(.$!4(!'@+%C'#;;#1+6%!(%!+%4.+2#%1!.%(!#.,;(%1#1+6%!4(!

'#! $5-6%2(! BF]! 4(! 18-(! B! :.+)! (%! $(16.$)! +%0+9(! '#! ,5%5$#1+6%! 4(! '#! $5-6%2(! R0YU! <@#7(! B<=

12/IFNγ étant crucial! 4#%2! '#! $5-6%2(! e!E+6)! '@#92(%/(! 4(! D"BG! (%1$#+%(! .%(! #/1+&#1+6%!

(7#/($95(! 4(! /('.+=/+)! /(! :.+! -(.1! (7-'+:.($! '#! ;(+''(.$(! /'#+$#%/(! 4.! -#106,P%(U! f%(!

/6%25:.(%/(! 4(! /(11(! (7#/($9#1+6%! 4(! '#! $5-6%2(! +%C'#;;#16+$()! 45Ae! 45/$+1(! 4#%2! 4(2!

51.4(2!-$5/54(%1(2)!(21!'#!2.$&(%.(!d’+;;.%6-#106'6,+(2!W?.6!#+!%0:)!O^YOm!<+.!#+!%0:)!O^Y`HU!

]61$(!51.4(!suggère fortement que l’IFN de type I joue un rôle important dans ce processu2)!

notamment en contrôlant l’expression de cytokines!comme l’B<=YO!et l’IFNγ!WF+,.$(!QV!4(!'#!

-.9'+/#1+6%HU!!

3C+%!4(!/6;-$(%4$(!2+!%62!692($&#1+6%2!51#+(%1!,5%5$#'+2#9'(2!#.=4('e!4(!'#!R>)!%6.2!#&6%2!

(CC(/1.5! 4(2! (7-5$+(%/(2! 4(! -$52(%1#1+6%! #%1+,5%+:.(! *&! /*/4! e! -#$1+$! d’.%! ;64P'(! 4(!

1$#%2C($1! #46-1+CU! D(2! /(''.'(2! R! -62254#%1! .%! R"G! 1$#%2,5%+:.(! 2-5/+C+:.(! d’.%! -(-1+4(!

#%1+,5%+:.(!4(!'@6&#'9.;+%(!W-(-1+4(!dT3H!1$#%2C5$5(2!4#%2!4(2!26.$+2!$(/(&(.2(2!2#.&#,(2!
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6%1! 515! #/1+&5(2! -#$! 4(2! >*D"2! /0#$,5(2! (%! -(-1+4(! dT3! (1! -$6&(%#%1! 4(! 26.$+2!

/6;-51(%1(2!6.!45C+/+(%1(2!(%!D"BGU!D#%2!/(!;64P'()!'#!$5-6%2(!R0Y!2-5/+C+:.(!4.!-(-1+4(!

dT3! s’est avérée -'.2! C6$1(! '6$2:.(! '(2!>*D"2! -$6&+(%%(%1!4(! 26.$+2!D"BG!_d!(1)! /6;;(!

4#%2! '(! /#2! 4e l’+%C(/1+6%! -#$!E+6)! '#! -$64./1+6%! 4@BF]γ et d'IL=YO-[^! (21! 5,#'(;(%1! -'.2!

C6$1(! (1! /6$$5'5(! e! .%(! 4+;+%.1+6%! 4(! '@(7-$(22+6%! 4(! ,P%(2! 4(! '#! $5-6%2(! BF]! 4(! 18-(! B!

WF+,.$(!QX!4(!'#!-.9'+/#1+6%HU!!

]61$(!51.4(!s’51#%1!2.$16.1!+%15$(225(!e!4(2!;64P'(2!;.$+%2)!+'!2($#+1!+%15$(22#%1!d’analyser!

2+! '(2!$52.'1#12!691(%.2!26%1!(71$#-6'#9'(2!chez l’homme. B'!(7+21(!L!06;6'6,.(2!;.$+%2!4.!

D"BG! 0.;#+%)! (1! '(! -'.2! -$6/0(! 4(! /(s homologues, qui a fait l’objet de notre étude)! %(!

-622P4(! un pourcentage d’identité que de 50% avec la protéine humaine W>#1(2! #+! %0:)!

YXXXHUN6.$! /6;-$(%4$(! '(! $\'(! 4.! D"BG! 0.;#+%)! +'! est possible d’51(+%4$(! 26%! (7-$(22+6%!

4#%2! 4(2! D"2! -$+;#+$(2! +22.2! 4(! 2#%,! 0.;#+%! (%! .1+'+2#%1! .%(! ;51064(! 4(! (*0#&"*&7!

45&('6--5(!4#%2! %61$(! '#96$#16+$(! W3%%(7(! BHU! E%! .1+'+2#%1! /(11(! #--$6/0()! %6.2! #&6%2! -.!

observer que l’inhibition de l’expression!4(!D"BG!/6%4.+1!e!.%(!4+;+%.1+6%!4(!'#!$5-6%2(!BF]!

4(! 18-(! B)! /6;;(! +%4+:.5! -#$! .%(! C#+9'(! (7-$(22+6%! 4(2! 1$#%2/$+12! /64#%1! -6.$! 4(2! BQ?2!

/6;;(! BGF[! VCBPLT4$""WU! >+(%!:.(! /(2! $52.'1#12! 26+(%1!-$6;(11(.$2!(1! (%!#//6$4! #&(/!%62!

observations chez la souris, l’utilisation des siRNA présente un -$69'P;(! 4#%2! %61$(!

contexte puisqu’elle! +%4.+1! (%! (''(=;b;(! .%(! C6$1(! #/1+&#1+6%! 4(2! BQ?2! Wl0+1(0(#4! #+! %0:)!

O^YYHU! L’emploi! d’un système alternatif d’extinction comme l’utilisation d’anticorps 

9'6:.#%12! 6.! '#! ;51064(! "GBQNGJ"#2X! -6.$$6%1! b1$(! (%&+2#,5(2! W](M;#%! #%4! 3.2.9(')!

O^YSHU!

N6.$! %61$(! 51.4()! %6.2! %6.2! 26;;(2! C6/#'+252! 2.$! '#! /(''.'(! (7-$+;#%1! '(! -'.2! C6$1(;(%1!

D"BG!I! '(2!DCs. Cependant d’autres type2! /(''.'#+$(2)! /6;;(! '(2! ;#/$6-0#,(2)! (7-$+;(%1!

5,#'(;(%1!D"BG!W>#1(2!#+!%0:)!YXXXHU!E%!1($;(2!4(!/$6+22#%/(!9#/15$+(%%(!VCBPLT4$"#W!(1!4(!

-$64./1+6%!/816K+%+:.(!WR]F=α et IL=Y^H! VCBPLT4$"=W)!nous n’avons -#2!692($&5!4(!$5-6%2(2!

4+CC5$(%1(2!(%1$(!'(2!;#/$6-0#,(2!D"BG=_d!(1!2#.&#,(2U!"(-(%4#%1)!*&!/*/4<!l’expression de 

,P%(2! $(C'51#%1! .%(! -6'#$+2#1+6%! 4(! 18-(! *Y! 4(2! ;#/$6-0#,(2! (21! #.,;(%15(! 4#%2! '(2!

-6.;6%2! 4(2! 26.$+2! 45C+/+(%1(2! (%! D"BG! #'6$2! :.(! l’expression de gènes marqueurs de 

;#/$6-0#,(2! #%1+=+%C'#;;#16+$(2! 4(! -6'#$+2#1+6%! *O! (21! 4+;+%.5(! WF+,.$(! L! 4(! '#!

-.9'+/#1+6%HU!<(2!;#/$6-0#,(2!51#%1!4(2!(CC(/1(.$2!+;-6$1#%1!4#%2!'#!$5-6%2(!e!E+6)!'(!$\'(!

de l’expression de D"BG!4#%2!/(2!/(''.'(2!4(&$#+1!b1$(!#%#'825!-'.2!#&#%1)!%61#;;(%1!*&!/*/4U!!
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"#$%&'!(()!Extinction de DCIR par l’utilisation de siRNA et conséquence sur l’expression 

d’IRF7!

*"!#$%!#&%!'()(*($%!+!,-*./*!0$!12)234.$%!0(*/5(%!06!%-)'!761-/)!$)!,*(%$)3$!0$!89:&;<!

$.! =>:?! 2).! (.(! @!%/A$)3($%!B! ,-*! l’intermédiaire de! %/CDE! %,(3/F/G6$! 0$!#&=C! 26! 6)! %/CDE!

32).*HA$!,6/%!/)F$3.($%!26!)2)!,-*!!"#. Le résultat montre l’expression de DCIR par RT:GI&C!

0-)%! A$%! 0/FF(*$).$%! 32)0/./2)%J! DK!LM! N,:5-A6$! O! K! ,! P! QMQR"J! +"! &211$! $)! *"! %-6F! G6$!

l’expression d’IRF7 est analysée. N=!LM!N,:5-A6$!O!K!,!P!QMQR"J

A

B

,-./!
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!"#$%&'()*'+,-./0&'1&'.-'2%3"00-,2&'4-256%"&,,&'1-,0'1&0'78980'9:;<=>?'3$'@AB

"#$%&#!'#$!()*&+#$!,*(-.&/#00#$!'*0$!'#$!1"2"$!/$$%$!'#!$3%&/$!'.4/(/#0-#$!#0!2567!803/&9!

3%! $*%:*+#$! 8,;*0(9! *%! (3%&$! '%! -#<=$! *=&>$! /04#(-/30! =*&! !"#! ?! %0#! "@6! '#! ABCD!

EF)/$-3+&*<<#!#$-!&#=&.$#0-*-/4!'#!G!#H=.&/#0(#$!/0'.=#0'*0-#$D!

!

!

!

!

!

!
!

!"#$%&'(C*'D%31$25"3,'2/53E","F$&'-G%H0'",I&25"3,'1&'78980'9:;<=>?'3$'@A

2#$!1"2"$!/$$%$!'#!$3%&/$!'.4/(/#0-#$!#0!2567!803/&9!3%!$*%:*+#$!8,;*0(9!$30-!/04#(-.$!=*&!

!"#! ?! %0#!"@6! '#! G! '%&*0-! '/44.&#0-$! -#<=$! 8AB! I! #-! CJ)9D! E#$! $%&0*+#*0-$! $30-! #0$%/-#!

=&.;#:.$!#-!*0*;K$.$!=3%&!;*!=&3'%(-/30!'#!LMNOα (+) et d’ILOCA!879D!E#$!)/$-3+&*<<#$!$30-!

&#=&.$#0-*-/4$!'#!G!#H=.&/#0(#$!/0'.=#0'*0-#$D!

A B
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d.1$(! '(2! ;#/$6-0#,(2)! +'! #! 515! ;6%1$5! :.(! '(2! /(''.'(2! R! (1! '(2! %(.1$6-0+'(2! (7-$+;(%1!

5,#'(;(%1! D"BGU! "6;-1(! 1(%.! 4.! $\'(! /6%%.! 4(! /(2! /(''.'(2! 4#%2! l’immunité anti=

1.9($/.'(.2()!+'!2($#+1!+%15$(22#%1!4(!45C+%+$!-'.2!(%!451#+'2!l’impact de la déficience en DCIR 

2.$!/(2!18-(2!/(''.'#+$(2)!#C+%!4(!2#&6+$!2+!/(11(!'(/1+%(!+%C'.(%/(!'(.$2!;5/#%+2;(2!(CC(/1(.$2!

4+$(/12)! /6;;(! '#! -$64./1+6%! 4(! $#4+/#.7! '+9$(2! 678,5%52! 6.! 4(! ]ER2! WG#'+)413*0! #=+)%[

"#00'0%)!+)%1(O!/0(o!'(2!%(.1$6-0+'(2!W>$#+#%!#+!%0:)!O^YZH)!6.!(%/6$(!'’activation des cellules T 

(1! '(.$! C6%/1+6%2! (CC(/1$+/(2U! E%C+%)! 9+(%! :.(! %6.2! %6.2! 2686%2! C6/#'+252! 2.$! '(2! D"2! 4#%2!

notre étude, nous n’avons porté notre attention que sur les DCs dites inflammatoires issus 

4(!'#!4+CC5$(%/+#1+6%!4(2!;6%6/81(2!-$52(%12!4#%2!'#!;6(''(!622(.2(!4(2!26.$+2U!"(-(%4#%1!+'!

(7+21(!d’autres! 26.2!18-(2!4(!D"2!:.+!-6.$$#+(%1!#&6+$!.%!$\'(!-#$1+/.'+($!4#%2!.%!/6%1(71(!

d’infection 9#/15$+(%%(!WN#-#46-6.'62!#%4!?6$&(')!O^Y`HU!]61#;;(%1)!/6;;(!D"BG!;64.'(!

'#!&6+(!BF]!4(!18-(!B)!+'!2($#+1!+%15$(22#%1!d’étudier!26%!+;-#/1!2.$!'(2!D"2!-'#2;#/816v4(2!:.+!

$(-$52(%1(%1!'#!-$+%/+pale cellule productrice d’IFN type I WQM+(/K+!#%4!"6'6%%#)!O^Y`HU!f%(!

45C+/+(%/(!(%!D"BG!2.$!/(2!/(''.'(2!-6.$$#+1!2(!1$#4.+$(!-#$!4(2!/6%25:.(%/(2!C6%/1+6%%(''(2!

+;-6$1#%1(2!-6.$!/(2!/(''.'(2!%61#;;(%1!4#%2!'#!$5-6%2(!#%1+=1.9($/.'(.2(U!E%!(CC(1!+'!#!515!

;6%1$5! :.(! '(2! D"2! -'#2;#/816+4(2! A6.(%1! .%! $\'(! favorable à l’hôte en permettant un 

;(+''(.$!/6%1$\'(!4(!'#!/$6+22#%/(!9#/15$+(%%(2!(%!-#$1(%#$+#1!#&(/!'(2!D"2!;85'6+4(2!W<6oo#!

#+!%0:)!O^YLHU!F+%#'(;(%1)!D"BG! C#&6$+2(! '#!,5%5$#1+6%!4(2!R$(,! W*#226.4!#+!%0:)!O^YLH!46%1!

l’importance dans le contrôle de! '#!$5-6%2(! +;;.%(!#%1+=E+6!#!515!9+(%!45/$+1(! W_.$2#$!#+!

%0:)!O^^[H. On peut donc imaginer qu’en absence de DCIR)!'#!,5%5$#1+6%!4(!R$(,!-6.$$#+1!b1$(!

#CC(/15(!(1! /6%1$+9.($!%6%! 2(.'(;(%1! e! .%(!;(+''(.$(! /'#+$#%/(!;#+2! #.22+! #.7!46;;#,(2!

1+22.'#+$(2U! <@+;-#/1! 4(! l’expression! 6.! %6%! 4(! D"BG! 2.$! les Treg sur l’immunité anti=R>!

mériterait donc d’être analys5U!

"6;;(!45/$+1!-$5/54(;;(%1)!.%(!51.4(!$5#'+25(!/0(o!'#!26.$+2!#!$('+5!45C+/+(%/(!(%!D"BG!(1!

#.16=+;;.%+15!(%!;6%1$#%1!:.(!'#!-$6'+C5$#1+6%!(7/(22+&(!4(2!D"2!692($&5(!51#+1!4.(!e!.%(!

-'.2!C6$1(!#/1+&#1+6%!4.!C#/1(.$!4(!1$#%2/$+-1+6%!QR3R`!(%!-$52(%/(!4(!?*="QF!WF.A+K#46!#+!

%0:)!O^^VHU!D#%2!%61$(!51.4()!%6.2!#&6%2!5,#'(;(%1!692($&5!/(1!(7/P2!4(!-$6'+C5$#1+6%!4(2!

D"2! *&! /*+)4! VCBPLT4$ "MW]$ -05%6;P%(! #226/+5! e! .%(! 4+;+%.1+6%! 4(! '#! ;6$1#'+15! /(''.'#+$(!

VCBPLT4$"?WU!Compte tenu de l’étude précédente)!+'!(21!46%/!/6%/(&#9'(!:.(!'(2!692($&#1+6%2!

$5#'+25(2!*&!/*+)4!4#%2!%61$(!1$#&#+'!26+(%t particulièrement mises en évidence par l’utilisation 

4(! >*D"2! ,5%5$5(2! (%! -$52(%/(! 4(!?*="QFU! N#$! #+''(.$2)! '#! &6+(! BF]! 4(! 18-(! B! -(.1! b1$(!



!

!!!!!!!!!!!!!!! !
!"#$%&'()*'+%,-"./%01",2'3&--$-0"%&'4&'567'5689:;<',$'=>'3$-1"?/&7'&2'@%/7&23&'4&'AB:6C!

"#!$%&'(#)*+$!,-!./012! *22%2!,-!2+%(*2!,'3*4*-$)-2!-$!0156!7$+*(8!+%!2#%9#:-2!7;<#$48!-2)!

,')-(&*$'-!=!,*33'(-$)2! )-&>2! 7?@! A@! B@! CD@! -)!CC! E+%(28! #%! 4+%(2!,-! <-%(!,*33'(-$4*#)*+$! !"#

$!%&'! -$! >('2-$4-! ,-! F/G1HIJ! "KL*2)+:(#&&-! -2)! (->('2-$)#)*3! ,-! M! -N>'(*-$4-2!

*$,'>-$,#$)-2!7>G9#<%-!O!P!>!Q!D@DR8J!

!

!!!!!!!!!!!!!!!!!!!!!!!! !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!"#$%&'(D*'C$%?"&'3&--$-0"%&'4&7'567'5689:;<',$'=>'3$-1"?/&7'&2'@%/7&23&'4&'AB:6C!

"#!&+()#<*)'! ,-2! ./012! *22%2! ,-! 2+%(*2! ,'3*4*-$)-2! -$!0156! 7$+*(8! +%! 2#%9#:-2! 7;<#$48! -2)!

,')-(&*$'-!=!,*33'(-$)2!)-&>2! 7?@!A@!B@!CD@!-)!CC! E+%(28!#%!4+%(2!,-! <-%(!,*33'(-$4*#)*+$!-$!

>('2-$4-! ,-! F/GCSF, par marquage à l’AnnexinGS! -)! #$#<T2'-! -$! 4T)+&')(*-! -$! 3<%NJ!

"KL*2)+:(#&&-!-2)!(->('2-$)#)*3!,-!M!-N>'(*-$4-2!*$,'>-$,#$)-2!7>G9#<%-!O!P!>!Q!D@DR8J!



!":!

!

#/1+&5(! 4(!;#%+P$(! i!%6%! /#%6%+:.(!» par l’intermédiaire de STAT5 W*/]#9!#+! %0:)! O^Y`HU!

D#%2! %61$(! 51.4()! '(2! (7-5$+(%/(2! 26%1! (CC(/1.5(2! (%! '#&#%1! '(2! /(''.'(2! (1! (%! (%'(&#%1! '(!

?*="QF! OL0! #&#%1! 21+;.'#1+6%U! <6$2:.(! '(2! /(''.'(2! %(! 26%1! -#2! '#&5(2! (1! '(! ?*"QF!

;#+%1(%.)!nous n’avons pas observé de différences en termes d’expression d’IL=YO-[^!6.!4(!

,P%(2!BQ?!-#$!$#--6$1!e!%62!$52.'1#12!692($&52!2#%2!?*="QF!VCBPLT4"NWU!D(!-'.2!'(2!>*D"2!

D"BG=_d! (7-$+;(%1! 16.A6.$2! 4#&#%1#,(! d’IL=YO-[^! :.(! '(2! >*D"2! 2#.&#,(2! VCBPLT4$ ">WU!

"(-(%4#%1! 6%! -6.$$#+1! #%#'82($! l’état d’activation de STAT5 par Western Blot 4#%2! /(2!

/6%4+1+6%2!ainsi que son état d’oligomérisation avec d’autres STATs par 4(2!(7-5$+(%/(2!4(!

/6=+;;.%6-$5/+-+1#1+6%. Une différence d’ac1+&#1+6%! 4(! QR3R`! -6.$$#+1! #&6+$! 4(2!

/6%25:.(%/(2!2.$!'#!$5-6%2(!#%1+=1.9($/.'(.2()!:.(!/(!26+1!-#$!'(!9+#+2!4(!'#!-$6'+C5$#1+6%!4(2!

D"2!6.!4.!/6%1$\'(!4(!'#!&6+(!BF]!4(!18-(!BU$

f%!(%A(.!;#A(.$!pour le futur sera d’identifier le(s) ligand(s) de D"BGU!N’ayant!-#2!692($&5!

4(! '+#+26%!#.!-#106,P%(!(%1+($!6.!e!4(2!2./$(2!4(!2#!-#$6+! WF+,.$(!QL!4(! '#!-.9'+/#1+6%H)!(1!

#8#%1! 692($&5! 4(2! 4+CC5$(%/(2! (%1$(! D"! _d! (1! 2#.&#,(2! 2#%2! 21+;.'#1+6%)! +'! #--#$#+1! 1$P2!

-$69#9'(!:.(!D"BG! $(/6%%#+22(!.%! 6.!-'.2+(.$2! '+,#%4W2H! (%46,P%(W2H! /6;;(! 2.,,5$5! -#$!

.%(! #.1$(! 51.4(! W*#,'+%#6! #+! %0:)! O^YZHU! L’analyse par! 2-(/1$6;51$+(! 4(! ;#22(! 4(2!

-#$1(%#+$(2!4(!D"BG!#!515!(%1$(-$+2(!(1!#!$5&5'5!:.(! '(2! 1$6+2!-$615+%(2!:.+! +%1($#,+22(%1! '(!

-'.2! #&(/! '(! 46;#+%(! 4(! $(/6%%#+22#%/(! 4(! D"BG! 26%1! '(2! 1$6+2! 26.2=.%+152! /6;-62#%12! '#!

;6'5/.'(! 4(! /6;-'5;(%1! "Y:! VCBPLT4$ ";WU! "Y:#! 45Ae! 515! 45/$+1! -6.$! '+($! 4(2! "<G2!

;(;9$#%#+$(2! /6;;(! D"=QB?]! Wa622o.! #+! %0:)! O^YOHU! "6;;(! "Y:! +%C'.(%/(! '#!

4+CC5$(%/+#1+6%! 4(2! D"2! Wa622o.! #+! %0:)! O^Y^H! (1! :.(! '#! /.'1.$(! 4(!D"! (%! -$52(%/(! 4(! "Y:!

/6%4.+1!e!.%!45C#.1!4@#/1+&#1+6%!4(2!R!&($2!.%!-05%618-(!-$6=+%C'#;;#16+$(!R0Y!WR(0!#+!%0:)!

O^YYH)! +'! (21! 1(%1#%1! 4(! $('+($! /(2! 692($&#1+6%! #&(/! '(! C#+1! :.@.%(! #92(%/(! 4(! D"BG)! '#!

,5%5$#1+6%! 4(! /(''.'(2! R0Y! 26+1! C#&6$+25(! WF+,.$(! L! 4(! '#! -.9'+/#1+6%HU! D(! ;#%+P$(!

+%15$(22#%1()! +'! #! 515! ;6%1$5! :.(! "Y:)! 6.1$(! /(2! /#-#/+152! e! +%4.+$(! '@#/1+&#1+6%! 4.!

/6;-'5;(%1)! -(.1! 5,#'(;(%1! 2(! '+($! #.7! /6$-2! #-6-161+:.(2! #C+%! 4(! C#/+'+1($! '(.$2!

$(/6%%#+22#%/(2! (1! '(.$! /'#+$#%/(! -#$! '(2! /(''.'(2! -0#,6/81#+$(2! /6;;(! '(2! ;#/$6-0#,(2!

W>(%6+1!#+!%0:)! O^YOHU!d$!%6.2!#&6%2!-.!;6%1$($!:.(!D"BG!(21! /#-#9'(!4(! 2(! '+($!#.7!/6$-2!

#-6-161+:.(2! VCBPLT4$ #:WI$ >+(%! :.(! n’ayant pu montrer que la liaison de DCIR aux corps 

#-6-161+:.(2! 26+1! "Y:=45-(%4#%1()! +'! s’agit d’une hypothèse intéressante à approfondirU!

D5;6%1$($!.%(!'+#+26%!4+$(/1(!4(!"Y:!e!D"BG!$(-$52(%1(!4(!/(!-6+%1!4(!&.(!.%(!51#-(!/'5!e!



!

!

!
!

!"#$%&'()*'Expression d’IRF7 et d’ISG15 dans des BMDCs'+,'-$'./01234'&5'6%78&59&':&'

;<2/=!

"#$%&'(! )$*! +,-./0+! 1(! l’expression d’IRF7 (>) et d’ISG15 (?2! 1$#'! 1('! 3450'! 6''7('! 1(!

'87*6'! 19:6;6(#<('! (#! 50=+! >#86*2! 87! '$7?$@('! >A%$#;2! 6#:(;<9'! $?(;!!"#! B! 7#(!4C=! 1(! D!

)(#1$#<! 16::9*(#<'! <(E)'! >FG! H! (<! IJK2L! M('! K6'<8@*$EE('! '8#<! *()*9'(#<$<6:'! 1(! N!

(O)9*6(#;('!6#19)(#1$#<('L!

!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !
!

!"#$%&'(@*'A%-:$9B"-5'd’IL2C(6)D':&8'?<./8'+,'-$'./01234'&5'6%78&59&':&';<2/=!

4('7*(! )$*! PMISA de la production d’IL-IN)QF! 1$#'! %('! '7*#$@($#<'! 1(! 3450'! 6''7('! 1(!

'87*6'! 19:6;6(#<('! (#! 50=+! >#86*2! 87! '$7?$@('! >A%$#;2! 6#:(;<9'! )$*!!"#! B! 7#(!4C=! 1(! D! B!

16::9*(#<'! <(E)'! >FG! H! (<! IJK2L! MRK6'<8@*$EE(! ('<! *()*9'(#<$<6:! 1(! N! (O)9*6(#;('!

6#19)(#1$#<('L!



!

!

!
!

!

"#$%&'!()*!!"#$%&"'(#")!&'+&,-'./0./!1'-!231,4%1'-!050./!%.'!066#.#/,!+3%&!789:

Analyse de l’interactome de DCIR par chromatographie d’affinité puis spectrométrie de 

"#$$%&!'(%!)*+,-.(%!/0."-*.12%!/+")+$-%!342(!5*#6"%(,!7/!34.""2(+68+928.(%!:!8#12%88%!

%$,! #$$+/.-%! 8%! 3+"#.(%! 3%! *%/+((#.$$#(/%! 3%! ;<=>! ?7/@;<=>A! #! -,-! .""+9.8.$-%! $2*! 3%$!

/+8+((%$!34#55.(.,-$!?8%!/+(,*+8!2,.8.$-!%$,!8#!)#*,.%!34.""2(+68+928.(%!7/!(%!/+")+*,#(,!)#$!

8#!)#*,.%!3%! *%/+((#.$$#(/%!3%!;<=>B! 7/@/+(,*+8A&!;2! $2*(#6%#(,!3%!CD;<$!%$,!3-)+$-! $2*!

/%$! /+8+((%$! %,! 8%$! )*+,-.(%$! *%,%(2%$! $+(,! #(#8E$-%$! )#*! $)%/,*+"-,*.%! 3%! "#$$%&! F%$!

*-$28,#,$!+9,%(2$!$+(,!*%)*-$%(,-$!%(!!"#$%&"'(#")B!#G%/!%(!#9$/.$$%!2(%!*%)*-$%(,#,.+(!%(!

8+6#*.,0"%!32!*#,.+!%(,*%! /%!12.! %$,! 5.H-! $2*! 8#! /+8+((%!#G%/! 8%!7/@;<=>!)#*! *#))+*,!#2!7/@

/+(,*+8B!%,!%(!+*3+((-%!8%!3%6*-!3%!$.6(.5./#,.G.,-!*%58-,#(,!8#!(*+%#,-!#$$+/.-%&!!

!

!

!



!!

!

!

!

!

!

A! ! ! ! ! ! ! ! B!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! ! ! ! ! ! ! ! ! !

!

!

"#$%&'!()*!+#,#-./!0'!1234!5!0'-!6.&7-!,7.78.8#9%'-

"#$%&'(! )$*! +&,-./,*0(! 1(! %$! %0$0'-#! 1(! 2+34567! 8! 1('! +-*)'! $)-),-,09:('! 1(! ;<45'=! :>!

6#,(#'0,/!.-&(##(!1(!%0$0'-#!1(!2+34567!$:?!+-*)'!$)-),-,09:('!:,0%0'$#,!:#!$#,0+-*)'!$#,03

2+! @%:-*('+(#,=! AB(! +-#,*C%(! +-#'0',(! (#! %D:,0%0'$,0-#! 1(! )$*,0(! 1D0..:#-E%-F:%0#(! 2+! #(!

+-.)-*,$#,! )$'! %$! )$*,0(! 1(! *(+-##$0''$#+(! 1(! 4567G! 2+3+-#,*-%>=! BDH0',-E*$..(! (',!

*()*/'(#,$,0@! 1(!I! (?)/*0(#+('! 0#1/)(#1$#,('! A)3J$%:(! K! L!)! M! NGNO>=! ! ;>! P0',-E*$..(!1(!

+&,-./,*0(! *(@%/,$#,! les valeurs en MFI d’une expérience représentative du marquage des 

+-*)'!$)-),-,09:('!)$*!$#,032+!@%:-*('+(#,=!!

!

!

!

!

!

!

!

!

Anti-Fc-PE



!"!!

!

46/.;(%1($)!#+%2+!:.(!'#!;+2(!(%!5&+4(%/(!4(2!/6%4+1+6%2!4(!/(11(!+%1($#/1+6%U!<@+;-6$1#%/(!

4(! '@51#1! 4(! ,'8/628'#1+6%! 4(! D"BG! 4.$#%1! /(! -$6/(22.2! 2(;9'(! b1$(! .%! -#$#;P1$(! %6%!

%5,'+,(#9'(! /6;;(! -$5/54(;;(%1! 45/$+1! W>'6(;! #+! %0:)! O^YZH)! (1! :.+! -6.$$#+1! +%C'.(%/($!

C6$1(;(%1!'@+%1($#/1+6%!#&(/!26%W2(2H!'+,#%4W2HU!!

<#!2+,%#'+2#1+6%!+%1$+%2P:.(!e!D"BG!46+1!5,#'(;(%1!b1$(!#%#'825(!4(!C#r6%!-'.2!#--$6C6%4+(U!

D(2!(7-5$+(%/(2!4(! /6=+;;.%6-$5/+-+1#1+6%!4(&$#+(%1!-($;(11$(!d’identifier! 2(2!4+CC5$(%12!

-#$1(%#+$(2!;6'5/.'#+$(2U! >+(%! :.(! '@6%! #+1!;6%1$5! :.(! QaN=O! +%4.+2(! .%(! +%0+9+1+6%! 4(! '#!

-062-06$8'#1+6%!4(!QR3RY! WF+,.$(!O!4(! '#!-.9'+/#1+6%H)!6%!%(! 2#+1!-#2! 2+! /('#! résulte d’une 

+%1($#/1+6%! 4+$(/1(! #&(/! D"BG! 6.! -#$! '(! 9+#+2! d’.%! 6.! 4(! -'.2+(.$2! #.1$(W2H! -#$1(%#+$(W2H!

;6'5/.'#+$(W2HU! D(! -'.2)! 6%! %(! 2#+1! -#2! %6%! -'.2! 2+! D"BG! -(.1! 2(! '+($! 4+$(/1(;(%1! e! 4(2!

$5/(-1(.$2!;(;9$#%#+$(2!/6;;(!BF]3G!#C+%!4@(7($/($!26%!+%0+9+1+6%!2.$!'#!&6+(!BF]U!B'!2($#+1!

5,#'(;(%1! +%15$(22#%1! 4@#%#'82($! .%! $5/(-1(.$! D"BG! -6$1#%1! 4(2!;.1#1+6%2! 2.$! 26%! ;61+C!

BRB*!#C+%!4(!451($;+%($!'@+;-6$1#%/(!4(!'#!-062-06$8'#1+6%!4(!/(!;61+C!4#%2!'#!2+,%#'+2#1+6%!

+%4.+1(U!

D"BG!51#%1!(%/6$(!$('#1+&(;(%1!-(.!45/$+1!4#%2!'#!'+115$#1.$()!+'!(21!-622+9'(!:.@+'!(7($/(!.%(!

#/1+6%!2.$!4@#.1$(2!/6;-62#%1(2!4.!2821P;(!+;;.%+1#+$(U!D(2!$52.'1#12!691(%.2!#.!/6.$2!4(!

%61$(! 1$#&#+'! 2.,,P$(%1! :.(! D"BG! #.$#+1! .%! (CC(1! 2.$! '@#/1+&#1+6%! 4(! '@+%C'#;;#26;(U! "(!

/6;-'(7()!2.+1(!e!26%!#/1+&#1+6%!;54+5(!-#$!'#!$(/6%%#+22#%/(!4(!2+,%#.7!4(!4#%,($!-#$!4(2!

]<GN2)! /6%4.+1! #.! /'+&#,(! 4(! '#! -$6=/#2-#2(! Y! (%! /#2-#2(! Y! (CC(/1$+/(! $(2-6%2#9'(! 4(! '#!

-$64./1+6%!4(2! C6$;(2!;#1.$(2!4(2! /816K+%(2! B<=1β, IL=1α et IL=YVU!]62! $52.'1#12! +%4+:.(%1!

:.(! 2.+1(! e! .%(! +%C(/1+6%!-#$!E+6)! l’expression de /(2! 1$6+2! /816K+%(2! (21! $54.+1(!4#%2! '(2!

>*D"2! +22.2! 4(! 26.$+2! 45C+/+(%1(2! (%!D"BG! -#$! $#--6$1! #.7!D"! 2#.&#,(2! VCBPLT4$ #!WI$"('#!

2.,,P$(! :.(!D"BG)! /*%! 2#! 2+,%#'+2#1+6%)! -6.$$#+1! +%4.+$(! .%(! #.,;(%1#1+6%! 4(! '@#/1+&+15! 4(!

/#2-#2(2!6.!4(!;6'5/.'(2!4(!$(/6%%#+22#%/(!4(2!2+,%#.7!4(!4#%,($!/6;;(!'(2!]<GN2U!"('#!

-6.$$#+1!#.22+!b1$(!.%(!/6%25:.(%/(!+%4+$(/1(!4(!'#!$5-6%2(!BF]!4(!18-(!B!-#$!D"BG!/6%%.(!
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ORIGINAL ARTICLE

An efficient siRNA-mediated gene silencing in primary
human monocytes, dendritic cells and macrophages

Anthony Troegeler1,2,4, Claire Lastrucci1,2,4, Carine Duval1,2, Antoine Tanne3, Céline Cougoule1,2,
Isabelle Maridonneau-Parini1,2,5, Olivier Neyrolles1,2,5 and Geanncarlo Lugo-Villarino1,2,5

Mononuclear phagocytes (MP) comprise monocytes, macrophages (MU) and dendritic cells (DC), including their lineage-

committed progenitors, which together have an eminent role in health and disease. Lipid-based siRNA-mediated gene

inactivation is an established approach to investigate gene function in MP cells. However, although there are few protocols

dedicated for siRNA-mediated gene inactivation in primary human DC and MU, there are none available for primary human

monocytes. Moreover, there is no available method to perform comparative studies of a siRNA-mediated gene silencing in

primary monocytes and other MP cells. Here, we describe a protocol optimized for the lipid-based delivery of siRNA to perform

gene silencing in primary human blood monocytes, which is applicable to DCs, and differs from the classical route of siRNA

delivery into MUs. Along with this protocol, we provide a comparative analysis of how monocytes, DC and MU are efficiently

transfected with the target siRNA without affecting cell viability, resulting in strong gene knockdown efficiency, including the

simultaneous inactivation of two genes. Moreover, siRNA delivery does not affect classical functions in MP such as

differentiation, phagocytosis and migration, demonstrating that this protocol does not induce non-specific major alterations in

these cells. As a proof-of-principle, a functional analysis of hematopoietic cell kinase (Hck) shows for the first time that this

kinase regulates the protease-dependent migration mode in human monocytes. Collectively, this protocol enables efficient gene

inactivation in primary MP, suggesting a wide spectrum of applications such as siRNA-based high-throughput screening, which

could ultimately improve our knowledge about MP biology.

Immunology and Cell Biology (2014) 92, 699–708; doi:10.1038/icb.2014.39; published online 3 June 2014

INTRODUCTION

Mononuclear phagocytes (MPs) are mainly composed of monocytes,

macrophages (MF) and dendritic cells (DCs), including their lineage-

committed progenitors.1–3 Although they have a prominent role in

maintaining body homeostasis, the MP cells are also important for

the constant monitoring and interaction with the different local

microenvironments, establishing trophic and remodeling functions on

tissues, symbiotic liaisons with microbiota, recognition and capture

of pathogens, proper activation of early defensive mechanisms of

inflammation and innate effector cells, rapid relay of innate

information signals to the adaptive immune system resulting in

immunological memory and the establishment of peripheral

immunological tolerance. Moreover, the MP cells are implicated in

pathological processes such as chronic inflammation, autoimmunity,

infection and cancer, among others.3–5 For these reasons, these cells are

a subject of intense investigation as they hold a tremendous potential

for immunoregulation and exploitation for biomedical purposes.

Although much progress has been made over the last two decades

in the characterization of the human MP cells, there are still many

important issues left to be understood concerning the development,

homeostasis and function during health and disease, including the

gene networks operating in these cells. In an attempt to break through

these research areas, one current challenge in the field is to adapt

emerging molecular tools in primary human MP cells.3 Among the

available molecular tools, RNA interference (RNAi) is the fastest

approach to identify gene function. Since its discovery about 15 years

ago,6 RNAi has become one of the most common methods for gene

inactivation based on the targeting mediated by small interfering

RNAs (siRNAs), which are double-stranded RNA molecules (19–25

nucleotide length) that trigger sequence-specific mRNA degradation

via a catalytic mechanism. Moreover, the high demand and

commercialization of the RNAi method have resulted in major

advances in siRNA modifications and delivery reagents, overcoming

intrinsic problems with their stability and cellular uptake, making

it easier to adapt this method in primary human cells,

including amniotic fluid stem cells, neurons, hepatocytes and

T lymphocytes.7–10 This is especially true for primary human MP

cells, as their active nuclease machinery and hard-to-transfect nature
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made traditional siRNA-mediated gene inactivation very difficult in

the past.11

Among the different methods to deliver siRNA into these cells,

liposomal-based systems are a prevalent approach due to their

practical mode of use in most cell types combined with the wide

range of commercially available products. This lipid-based approach

relies on packaging particles called ‘liposomes’ that not only facilitate

the cellular uptake of siRNA but also protect it from enzymatic

degradation during cellular endocytosis.12 Strikingly, however,

only few protocols exist that fully delineate siRNA-mediated gene
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Figure 1 Comparative analysis of transfection efficiency between primary human monocytes, MFs and DCs. (a) Semi-quantitative analysis of transfection

efficiency in primary human monocytes (left), MFs (center) and DCs (right). Cells were transfected with siGLO red transfection indicator (siGLORed), the non-

fluorescent siControl or just treated with the transfection reagent (Untransfected). After 24h, cells were analyzed by flow cytometry to measure the median

fluorescent intensity (MFI). Results are listed by their MFI values and as mean of at least five independent experiments performed with different donors.

Student’s t-test values (**Po0.01; ***Po0.001) are listed for siGLORed compared with siControl. Insets within each bar graph illustrate a representative

histogram expressing the MFI for the siGLO red transfection indicator obtained from a single independent experiment; untransfected (grey), siControl (dashed

line) and siGLORed (solid line). (b) Assessment of cell death in primary human phagocyte lineages transfected with control siRNA pool. Primary human

monocytes (left), MFs (center) and DCs (right) were transfected (bottom row) or not (top row) with the siControl. After 24h, the incident of cell death is assessed

with the use of the Annexin-V-FITC kit designed for flow cytometry analysis. The percentage of apoptosis was defined as the number of cells positive for Annexin–

V-FITC but negative for propidium iodide; the percentage of necrosis as the number of cells positive for both Annexin-V-FITC and propidium iodide. Data are

presented as mean of five independent experiments performed with different donors±s.e.m. No statistical significance was found using the Student’s t-test.
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inactivation in primary human DCs or MFs. Even then, most

published work in the literature based on these protocols hardly

describes or takes into account factors that influence siRNA-mediate

gene silencing such as: (1) isolation, differentiation, preparation and

cell density before transfection; (2) siRNA transfection efficiency;

(3) impact on cell viability; (4) extend of gene silencing in terms of

protein stability/turnover; and (5) assessment of non-specific major

functional alterations that might occur in these cells. To our

knowledge, there are no protocols available in the literature

dedicated for the siRNA-mediated gene inactivation in primary

human blood monocytes. Moreover, there are no comparative

studies of a given siRNA-mediated gene silencing method among

MP cells, which would be both useful and practical for investigators in

the MP field.

In this report, we optimized the lipid-based delivery of siRNA into

primary human MP cells that ensures gene knockdown efficiency,

including the simultaneous inactivation of two genes, without

affecting cell viability or introducing non-specific major alterations

in cell function. Not only this reverse transfection protocol is

applicable to primary human blood monocytes and DCs, but also

yields comparable results to those obtained in primary human MF

using the classical transfection approach, suggesting a wide spectrum

of applications such as siRNA-base high-throughput screening to

further extend research progress in the human MP cells.

RESULTS

Comparative analysis of transfection efficiency between primary

human monocytes, MUs and DCs

Recently, we adapted a lipid-based protocol for the efficient delivery

of siRNA into primary human MFs13 that we termed in this report as

the ‘forward transfection’ protocol. It consists of the drop-wise

addition of the lipid-siRNA complexes into medium containing a

layer of adherent MFs (see Methods). However, this protocol was

highly toxic in primary human monocytes and DCs, which are

usually in suspension and may be directly exposed to high doses of

the transfection reagent (data not shown). Therefore, we further

optimized this protocol in terms of the route of siRNA delivery

(reverse transfection: cell suspension added at once onto the

siRNA-lipid complexes), final volume of the lipid-based transfectant

(1 instead of 3% (vol/vol)) and total transfection time (4 instead of

6 h), resulting in a high transfection efficiency of both primary human

monocytes and DCs. On the basis of the use of the siGLO red

transfection indicator, this protocol yielded a strong delivery of siRNA

as analyzed by a flow cytometry approach. Indeed, the percentage of

siGLO red-positive cells obtained from the reverse transfection of

monocytes (94.18% ±3.4) is comparable to that obtained in DCs

(96.6%±6.9) and to that in MFs (95.34%±3.16) using the classical

forward transfection approach. In terms of delivery of siRNA per cell,

as measured by the high median fluorescence intensity (MFI), we

noticed that monocytes had a slightly lower content of siRNA (E627
±122) compared with that of DCs (MFI E957 ±137) and MFs

(MFI E1455 ±104), probably reflecting differences in the physical

capacity (for example, cell size, cytoplasm to nucleus ratio) to accept a

high content of siRNA between these cells (Figure 1a). From a

qualitative point of view, the siGLO red indicator is readily detected

in the majority of transfected monocytes without causing major

alteration of the cell shape, as visualized by fluorescent imaging

(Supplementary Figure 1a). Although this alternate detection

approach confirms the high transfection efficiency of monocytes

using our protocol, it also reveals that the intensity of the indicator

per monocyte is not as abundant or uniform as that obtained per

MF, further arguing that physical limitations according to cell

type may determine the final siRNA load per cell (Supplementary

Figure 1b). Equally important, similar to DCs and MFs, the high

transfection efficiency in monocytes is accompanied by a low

incidence of cell death, as assessed by the use of a Propidium

iodide/Annexin V-FITC Kit, which simultaneously detects apoptotic

and necrotic cells by flow cytometry (Figure 1b). Altogether, the

optimized parameters ensure a strong and safe delivery of siRNA into

primary human blood monocytes and DCs to a level that is

comparable to that obtained in MFs with an established protocol.13

Comparative analysis of gene knockdown efficiency between

primary human monocytes, MFs and DCs

Having once optimized an efficient siRNA delivery into human MP,

we next determined the gene knockdown efficiency in these cells. In

order to provide a comparative analysis between primary human

monocytes, MFs and DCs, we chose to inactivate the hematopoietic

cell kinase (Hck) gene that is primarily expressed in hematopoietic

cells, particularly in cells of the myeloid lineage. Hck is a member of

the Src family tyrosine kinase, expressed as two isoforms p59Hck and

p61Hck mostly localized in the cell plasma membrane and lysosomes,

respectively.14,15 It is implicated in phagocytosis,16 receptor-mediated

signaling17 and protease-dependent migration,18 among other roles.19

Transfection with the siRNA targeting human Hck resulted in a

statistically significant and reproducible protein knockdown of 71%
±6 in monocytes, 78% ±13 in MFs and 93% ±2 in DCs, as

measured by SDS-PAGE and western blotting analysis (Figures 2a and

b). Inactivation of Hck protein was specific, as the expression of other

Src family tyrosine kinases (for example, Feline Gardner-Rasheed

sarcoma viral oncogene homolog, Fgr) remained intact in MP cells

(Supplementary Figures 2a,b). While the siRNA-mediated gene

knockdown of human Hck was previously shown in primary

MFs,20 to our knowledge, this is the first time that it has been

shown in either primary human blood monocytes or DCs.

Simultaneous inactivation of two genes (double knockdown) in

primary human monocytes and MFs

One of the most difficult challenges in the MP field is to characterize

the role of redundancy and compensation among the gene networks

at play in these cells, in particular within the host defense signaling

pathways.21 The C-type lectin receptors (CLRs), for instance, is one of

the best-known families of microbial sensors that are expressed

abundantly in MP cells, and, yet, the redundancy among its

members makes it difficult to define the contribution of individual

receptors during host–pathogen interactions.22 As siRNA-mediated

gene silencing holds great potential in this area, we further optimized

our protocol to carry out the simultaneous inactivation of two CLR

genes in primary human monocytes and MFs. We chose human

mannose receptor (MR/CD206) and DC-SIGN (CD209) as ideal

candidates based on their shared interleukine-4 (IL-4)-dependent

expression (Supplementary Figure 3) and the perceived redundant

role that they play to antagonize the pro-inflammatory response

against M. tuberculosis.23 Flow cytometry analysis indicated that the

simultaneous inactivation of these CLRs was achieved similarly in

primary human monocytes and MFs in a statistical significant

manner (Figures 2c and d) without affecting cell viability

(Supplementary Tables 1 and 2), highlighting how this protocol

may further advance the analysis of gene functional redundancy in

MP cells.
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Functional assessment of transfected primary human mononuclear

phagocytes: differentiation, phagocytosis and 3D migration

Lipid-based transfection systems and siRNAs have been shown to

interfere with the biology of MFs.24–26 Even though our optimized

protocol does not affect cell viability, we decided to perform a

functional analysis of the transfected monocytes to assess for

non-specific major alterations. Differentiation, phagocytosis and cell

migration are basic biological functions of MP cells, as they have a

crucial role in the control of the immune response. The former is one

of the most crucial functions of monocytes, as they are well known

to replenish the MF and DC populations under steady state or

inflammatory conditions. For this reason, we first decided to assess
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Figure 2 Comparative analysis of siRNA-mediated gene knockdown efficiency in primary human monocytes, macrophages and dendritic cells. (a, b) Analysis

of the inactivation of Hck in human monocytes, MFs and DCs. Cells were either transfected with the siRNA targeting Hck (white) or non-targeting control

(black). After 72h, Hck protein levels were measured by western blot analysis. (a) Immunoblot images are representative of the least three independent

experiments performed with different donors. (b) Hck immunoblots were densitometrically scanned, and protein abundance is listed as a percentage relative

to that of siRNA Control-treated cells (set arbitrarily at 100%). At least three independent experiments were performed with different donors for all cell

types. Results are expressed as mean±s.e.m. (c, d) Simultaneous inactivation of DC-SIGN (top row) and MR (lower row). (c) Primary human monocytes or

(d) MFs were transfected with the siRNA pools targeting the indicated CLRs or non-targeting control and treated with IL-4 for 72h to induce CLR

expression. All cells were collected and stained with the indicated antibodies (black bars) or the corresponding isotype antibody controls (white bars) for

flow cytometry analysis, as described in Methods. For each cell type, the left column illustrates the analysis performed from three independent experiments

performed with different donors. Results are expressed as mean±s.e.m. P-values obtained using the Student’s t-test (*Po0.05; **Po0.01; ***Po0.001)

are listed for targeting siRNAs compared with non-targeting siRNA control. Right column shows a representative histogram plot measuring the expression for

each CLR based on the double knockdown condition (siDC-SIGN/siMR) in comparison with the siRNA control (siControl) over the background staining

(isotype control).
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the capacity of human monocytes to differentiate into either program

soon after undergoing the transfection process with our method.

Figure 3a clearly illustrates that there was no apparent effect in the

differentiation of transfected monocytes with the non-targeting

siRNA into either MFs or DCs, as compared with untransfected

cells. On the one hand, as monocytes differentiated into the MF

program, we observed the classic loss of CD14 expression accom-

panied by the upregulation of CD11b, CD11c and mannose receptor,

and the acquisition of a morphology characterized by high cytoplas-

mic-to-nuclear ratio and vacuolated cytoplasm devoid of granules.

On the other hand, as monocytes differentiated into the DC program,

the loss of CD14 expression is associated with the gaining of classic

markers such as CD1a and DC-SIGN, along with cell morphology

characterized by veil-, star-like-, sheet-like processes (Figure 3a).

Another important basic function of MP cells is phagocytosis, a

mechanism by which cells take up large particles (40.5mm) into the

phagosome. To determine whether our lipid-based siRNA-mediated

transfection protocols affected this biological function, we tested the

ability of primary human monocytes and MFs transfected with the

control siRNA (siControlþHiPerFect), or not (Untransfected), to

bind and internalize FITC-labeled opsonized zymosan particles.

Results clearly demonstrate that our transfection protocol did not

affect phagocytosis in neither cell type (Supplementary Figure 4).

Concerning cell migration in 3D environments, human MP cells use

different types of migration modes depending on the nature of the

experimental matrix. For instance, in porous matrices such as those

based on fibrillar collagen I, human monocytes and MFs display a

similar capacity to engage the amoeboid migration mode for which

they both acquire a rounded cell shape.27 To assess whether this

migration mode is altered by our protocol, human monocytes and

MFs were transfected (siControlþHiPerFect) or not (untransfected),

and their capacity to migrate in a fibrillar collagen I matrix was

compared with that obtained from cells treated either with the

transfection reagent (HiPerFect) or the siRNA (siControl) alone. We

observed that the amoeboid migration mode was not perturbed

regardless of treatment or transfection status, as reflected by the

migration index and the acquired rounded cell morphology

(Figure 3b). In dense matrices, such as Matrigels,27 resembling the

complex extracellular environment found in many tissues, cells switch

towards the mesenchymal mode of migration that is protease-

dependent and for which they display a star-like, elongated cell

morphology. In particular, human MFs migrate more efficiently

using this mode compared with freshly isolated monocytes and other

leukocytes.27,28 Nevertheless, we noticed that mesenchymal migration

is improved in both cell types in the presence of a culture supernatant

obtained from the HT1080 human fibrosarcoma cell line

(CoHT1080), which contains various tumor-derived factors with

chemotactic activity29 (Figure 3c, white bars). In this context, we

show that the transfection with the siControl did not affect the

migration capacity of both human monocytes and MFs (Figure 3c,

black bars), which exhibited, when infiltrating the matrix, the typical

elongated cell shape (Figure 3c). Taken together, these results

demonstrate that basic biological functions of MP cells are main-

tained upon siRNA transfection with our lipid-based protocol.

Hck regulates the mesenchymal migration of human monocytes

and MFs

Using MFs from hck-deficient mice, we have previously shown that,

although this kinase does not regulate the amoeboid migration,30 it is

still a key factor for the mesenchymal mode.18,31 To validate our

method as an efficient approach to elucidate gene function in different

MP cells, siRNA-mediated gene knockdown of Hck was performed in

human MFs, and their capacity to perform mesenchymal migration

was evaluated. In the presence of the siRNA targeting Hck, the

chemotactic effect induced by the CoHT1080 culture supernatant was

inhibited in terms of total percentage (Figure 3b, gray bars) and

migration distance (Supplementary Figure 5) of the MFs penetrating

the matrix. Similarly, when this approach was applied to human

monocytes, we demonstrate for the first time that Hck is implicated in

their ability to perform mesenchymal migration. By contrast, both

parameters were not affected in any of these cells transfected with the

siRNA control (Figure 3b and Supplementary Figure 5). Altogether,

these results argue that Hck regulates the mesenchymal mode of

migration in MP cells in both mice and humans.

DISCUSSION

There are currently three different methods to deliver siRNA into MP

cells: viral-, electroporation- and liposomal-based systems. Among

these, viral-based systems are the most effective for the transfection

and the establishment of stable expression of siRNA. However, this

approach poses risks due to their non-specific inflammatory and

immunogenic effects, as best described in transduced primary

DCs.32,33 To overcome these limitations, non-viral methods offer an

alternative approach for siRNA delivery in vitro. On the one hand,

the electroporation approach physically translocates siRNA into cells

during a brief but powerful electric pulse causing transient

perturbations of the cell membrane, making it a more general

method for siRNA delivery into all cell types. Although

electroporation is reported to cause high cell death in general,34

there are established protocols for specific primary MP cells that do

not impair cell viability or induce non-specific immunogenic effects.35

Nevertheless, this approach requires special instruments, demands

expertise from the experimenter and needs extensive parameter

optimization for different cell types, making difficult to reproduce

the reported results.36 On the other hand, lipid-based transfection

systems are easy to use in most cell types, yield high efficiency and

reproducibility, and there are many commercial offerings. Yet, despite

our search in the literature for a dedicated lipid-based siRNA-gene

silencing method in primary MP cells, we were surprised to find few

protocols for either human DCs or MFs, and none for primary

human blood monocytes, highlighting the fact that these cells are

delicate and difficult to transfect efficiently. In this report, taking into

account the multiple parameters that influence siRNA-mediated gene

silencing, we present a highly efficient and practical procedure to

deliver siRNA in primary human MP cells with a low incidence on

cell death and void of non-specific major alterations in cell functions

such as differentiation, phagocytosis and cell migration, which could

hinder the study of gene inactivation in these cells.

Although there is a wide range of commercially available products

for lipid-based transfection systems, we found that the HiPerFect

reagent was uniquely optimal for the delivery of siRNA into primary

human monocytes, MF and DC. Widely used transfection reagents

such as DharmaFECT4 (Thermo Fisher Scientific, Illkirch, France)

and Lipofectamine 2000 (Invitrogen, Illkirch, France) were first tested

for this purpose, but they yielded variable transfection efficiency and

cell death, resulting in poor gene knockdown in primary human

monocytes (data not shown). Similarly, the HiPerFect transfection

reagent was highly toxic when used as described for siRNA delivery

into primary human MFs.13 Nevertheless, further parameter

optimization in terms of final volume (1% vol/vol), incubation

time allowed for siRNA/lipid complex formation (15–20min),

reverse mode of transfection (suspension cells onto siRNA/lipid
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complexes) and total time of transfection (4 h) made the HiPerFect

reagent as the lipid-based transfection system of choice. Not only

these optimized parameters were applicable to the transfection of

human DCs, but also they resulted in a comparable gene knockdown

efficiency to that obtained in human MFs with an established

protocol.13 Of note, this protocol works as efficiently for MFs as it

does for monocytes/DCs, provided MFs are detached from the well

and maintained in suspension (data not shown).

Another critical reagent was the ON-TARGETplus SMARTpool

siRNA. Compared with other siRNA products, we found the

ON-TARGETplus SMARTpool siRNA are highly reliable and effective

in knocking down the gene of interest. These siRNA pools (a mixture

of four siRNAs targeting one gene), whose strands are chemically

modified to enhance specificity and reduced off-targets, offer different

advantages including (1) the use of lower concentration of siRNA, (2)

the good quality of the siRNA pool void of impurities that may yield
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poor results and (3) at least one of the four siRNA sequences is

guaranteed to inactivate the gene of interest, according to the

manufacturer. Most studies using lipid-based siRNA-mediated

approaches for gene inactivation in primary MP cells utilize a siRNA

final concentration ranging from as low as 1 nM to as high as 300 nM.

Along with this report, 15 SMARTpool siRNA have been tested in

primary human MP cells, yielding a 100% success rate of gene

knockdown at a final concentration of 200 nM. Interestingly, siRNA

concentrations ranging from 100 nM to 133 nM also yielded similar

results depending on the gene target. Below a final concentration of

100 nM, however, the gene inactivation efficiency diminishes con-

siderably for all tested siRNA pools. Above a final concentration of

200 nM, we observed variations in cell viability and non-specific major

alterations in cellular functions (for example, upregulation of

co-stimulatory molecules). For the double gene knockdown, it is

imperative to find out the lowest final siRNA concentration to

inactivate each gene of interest; the combined final concentration

for the two siRNA pools should ideally not exceed 200 nM. Finally, the

recommended final siRNA concentration of 200 nM usually resulted in

a prolonged protein knockdown starting at 2 days and lasting up to

7 days after transfection, without affecting cell viability.

Most of the published work and available protocols using a lipid-

based siRNA-mediated gene silencing approach perform the analysis

of gene knockdown efficiency solely at the mRNA level by qPCR

analysis. Although we routinely use this approach to test the efficiency

of each siRNA pool, we also monitor gene knockdown at the protein

level by flow cytometry (for example, cell surface receptors), western

blot (for example, cytoplasmic proteins), ELISA (for example,

secreted proteins) and immunofluorescence imaging (for example,

cytoskeleton and actin-binding proteins). We reasoned that beyond

the inhibition of de novo protein synthesis, siRNA-mediated gene

silencing mainly occurs via mRNA degradation or prevention of

mRNA from being translated, the cell still preserves residual protein

whose abundance is, thereafter, subjected by its natural turnover rate.

For instance, MR protein has a half-life of 33h based on pulsed-chase

studies,37 and, in this report, its knockdown was optimally and

reproducibly assessed 48h after transfection. However, for certain

gene targets, specifically those with a high transcription rate or high

protein stability/low turnover, the optimized parameters may not be

sufficient to induce a significant protein knockdown. The neural

Wiskott-Aldrich Syndrome protein (N-WASp) best illustrates this

case, as its protein turnover rate is dependent on the status of

phosphorylation and ubiquination,38 and its interaction with HSP90,

which protects it from proteasome-dependent degradation.39 By

reducing the cell density per well (in order to adjust a higher ratio

of siRNA delivered per cell), we were able to improve the partial

knockdown of the N-WASp protein only 96h after transfection of

primary human MFs.40 In addition, although we do not provide

evidence in this report, consecutive transfections can be done in the

same cells to deliver the siRNA at different time points and prolong

the gene silencing effect for more than 10 days, without affecting cell

viability. All things consider, however, whether or not the turnover

rate of the protein of interest is known, a kinetic time course analysis

for the protein knockdown should be performed when testing a new

SMARTpool siRNA.

The efficient delivery of siRNA to primary MP cells, and specifically

in monocytes, provides an avenue to further identify and characterize

novel gene networks at work in these cells. To demonstrate in

principle the consequences of gene knockdown in primary human

monocytes, for example, we focused on the role of Hck as a regulator

of the mesenchymal migration based on previous studies in murine

MFs.18,31 The Hck knockdown in human monocytes and MFs

indeed results in an inhibition of mesenchymal migration, suggesting

that this function of Hck is highly conserved between mice and

humans. Similarly, we envision this protocol will further enhance the

study across species of many other gene targets thought to be involved

in MP biology. In particular, the capacity to perform the

simultaneous knockdown of two, and possibly more, genes in

primary human MP cells will enhance the characterization of the

role of redundancy and compensation within the gene networks at

work in these cells. On the basis of this protocol, for instance, we are

currently carrying out an unprecedented study to investigate the

contribution of the CLR family of receptors to the human monocyte

response to different microbial pathogens, in a similar manner

recently done for primary human MFs.13 Finally, this protocol can

be adapted for transfection of MP cells in multiple cell culture plate

formats including 384-well plates, suggesting it can be applicable to

perform different global approaches including siRNA-based high-

throughput screening.

In summary, we optimized a protocol for lipid-based siRNA-

mediated gene silencing in primary human MP cells that is efficient

for the single and double knockdown of target proteins. The protocol

Figure 3 Functional assessment of transfected primary human monocytes and MFs. (a) Monocyte capacity to differentiate into MFs and DCs. Human

monocytes were prepared as described in Methods, and their cell-surface marker expression was assessed directly by flow cytometry, serving as a reference

sample for freshly isolated blood monocytes (white). In parallel, monocytes were transfected with the non-targeting siRNA (black) at 200nM, or not (gray).

After 4 h, monocytes were either cultured to undergo a differentiation program into MFs (left) and DCs (right), as indicated in Methods. After 7 days, all

cells were collected, stained accordingly for the indicated cell-surface marker and analyzed by flow cytometry. Results were obtained from four independent

experiments performed with different donors. Results are expressed as mean±s.e.m. P-values obtained using the Student’s t-test (*Po0.05; **Po0.01;

***Po0.001). Cytospins were imaged using an inverted microscope (Leica DMIRB) from cells collected at day 7 after differentiation into MFs (left) or DCs

(right) (scale bar, 10mm). (b) Protease-independent migration analysis in fibrillar collagen I matrices. Primary human monocytes (left) and MFs (right) were

treated either with the transfecting reagent (HiPerFect) or siRNA (siControl), transfected with the control siRNA (siControlþHiPerFect) or not

(Untransfected), for 4 and 6h, respectively. Monocytes and MFs were then cultured in complete RPMI supplemented with M-CSF at 10ngmlÿ1 for 24 and

72h, respectively. All cells were collected from the culture plates and counted, placed on top of the fibrillar collagen I matrix and allowed to migrate into

the matrix for 24h. The percentage of cell migration was obtained as the ratio of cells within the matrix to the total cell number. Three independent

experiments were performed with different donors. Results are expressed as mean±s.e.m. No statistical significance was found using the Student’s t-test

analysis. Pictures illustrate monocytes and MFs infiltrated into fibrillar collagen I, which exhibit the round morphology characteristic of the amoeboid

movement (scale bar, 20mm). (c) Mesenchymal migration analysis in Matrigel. Primary human monocytes (left) or MFs (right) were transfected with the

siRNA targeting Hck, non-targeting control or untransfected. Monocytes and MFs were cultured for 24 and 48h, respectively, in complete RPMI

supplemented with M-CSF at 10ngmlÿ1. All cells were then layered on the top of Matrigel and allowed to migrate into the matrix in response to

conditioned medium obtain from HT1080 human fibrosarcoma cell cultures (CoHT1080) or control medium (CoCTL) for 72h. Three independent

experiments were performed with different donors. Results are expressed as mean±s.e.m. P-values obtained after analysis using the Student’s t-test

(*Po0.05; **Po0.01). Pictures illustrate monocytes and MFs infiltrated into Matrigel, exhibiting an elongated cell morphology characteristic of the

mesenchymal movement (scale bar, 20mm).
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does not affect cell viability or induce non-specific major alterations

in cell functions. Therefore, this easy-to-use technique might repre-

sent an advantage compared with the commercially available proto-

cols that are usually optimized in monocytic cell lines, and it can be

well employed in several MP cells to investigate and compare the

function of various genes.

METHODS

Isolation of the human primary monocytes and differentiation of

monocyte-derived MUs and DCs
Human monocytes were obtained from blood donors (Etablissement Français

de Sang, EFS, Toulouse, France). For this report, written informed consents

were obtained from the donors under EFS contract n121/PVNT/TOU/IPBS01/

2009-0052. Following articles L1243-4 and R1243-61 of the French Public

Health Code, the contract was approved by the French Ministry of Science and

Technology (agreement n AC 2009-921). The monocytes were prepared

following a previously published procedure.41 In brief, mononuclear cells

were isolated from using Leucosep tubes (Fisher), according to the

manufacturer’s instructions. Monocytes were further purified using CD14

microbead positive selection and MACS separation columns (Miltenyi Biotec),

according to the manufacturer’s instructions. Upon purification, CD14þ

monocytes were counted using trypan blue (Sigma-Aldrich) and a

hemocytometer, and used directly either for transfection purposes or

differentiation of primary human monocyte-derived cells. For differentiation

of MFs, monocytes were allowed to adhere to the microscope cover glasses

(VWR international) in six-well or 24-well plates (Thermo Scientific), at

1.5� 106 cells per well and 3� 105 cells per well, respectively, for 2 h at 37 1C

in warm RPMI 1640 medium (GIBCO). The medium was then supplemented

to a final concentration of 10% FCS (PAN-BIOTECH), 1% sodium pyruvate

(GIBCO) and 0.1% b-mercaptoethanol (GIBCO), considered from hereon as

‘complete’ RPMI, and human M-CSF (Miltenyi Biotec) at 20ngmlÿ1. Cells

were allowed to differentiate for 5–7 days. The cell medium is renewed every

third or fourth day of culture. For differentiation of DCs, monocytes are

seeded directly in 24-well plates (5� 105 cells per well) with complete RPMI

supplemented with human IL-4 (Miltenyi Biotec) and human GM-CSF

(Miltenyi Biotec) at 20 and 10 ngmlÿ1, respectively. Cells are allowed to

differentiate for 5–7 days. The cell medium is renewed every third or fourth

day of culture. All cell cultures are performed in antibiotic-free condition (that

is, grown without penicillin/streptomycin), as their presence increases the

incidence of cell death during the transfection procedure. To confirm the full

differentiation of human monocytes into the MF and DC program, cytospin

analysis was performed as previously described42 using a Shandon Cytospin 4

(Thermo Fisher Scientific). After 7 days of differentiation, cells were

cytospined, fixed and stained with May-Grünwald Giemsa (Sigma-Aldrich),

according to the manufacturer’s instructions. Pictures were acquired with an

inverted Leica DMIRB microscope.

Preparation of cells before transfection
The transfection of CD14þ monocytes was done the same day they are freshly

isolated from blood, and, consequently, they were kept on ice (no more than

6 h) in complete RPMI until the transfection is performed. For DCs, the

majority of cells were semi-attached and/or floating in clusters starting at day

four, with a robust number of cell clusters concentrating at the rim of the well

and cell morphology characterized by veil-, star-like-, sheet-like processes. DCs

were collected at day five in warm complete RPMI and counted using tryptan

blue and hemocytometer. Both CD14þ monocytes and DCs were resuspended

in warm complete RPMI at a cell density of 1.5� 106 cells per 1ml per well for

transfections in a six-well plate format (or at 3� 105 cells per 250ml per well

for 24-well plates). Monocyte and DC cell suspensions were kept afterwards in

a humidified tissue culture incubator at 37 1C and 5% CO2. For MFs, the

majority of cells were attached (70–90%) to the microscope cover glasses with

a roundish MF/myeloid morphology by day five. No transfections were done

under a cell confluence of 50%. The culture media was aspirated gently from

each well and washed twice with warm complete RPMI to ensure the removal

of floating cells, which can contribute to atypical high levels of cell death

during the transfection procedure. Fresh complete RPMI was added to the

attached cells to a final volume that is critical for the transfection procedure

(250ml per well in 24-well plates; 1ml per well in six-well plates) and kept

thereafter at 37 1C and 5% CO2.

Preparation of ready-to-use siRNA reagent and lipid-siRNA

complex formation
The ON-TARGETplus SMARTpool siRNA targeting Hck, MR, DC-SIGN and

Dectin-1, the non-targeting siRNA and the siGLO Red transfection indicator

were purchased from Thermo Scientific, Dharmacon (Illkirch, France). Upon

arrival, siRNAs came in dried pellets and were stored as such at ÿ20 1C. The

resuspension of siRNA pellets was done in 1� siRNA Buffer (Thermo

Scientific, Dharmacon). The working aliquots (20mM) and master stocks

(200mM) were then stored at ÿ20 1C and ÿ80 1C, respectively.

In this report, we used a final siRNA concentration of 200 nM: 15ml (¼ 300

pmol or E4.0mg) for the six-well plates and 3.75ml (¼ 75pmol or E1.0 mg)

for 24-well plates, from the 20mM siRNA working stocks (Supplementary

Table 3). This calculation was based on a standard average molecular weight of

a 19–22 bp siRNA (13 300 gmolÿ1).7 For simultaneous inactivation of two

genes (double knockdown), the working siRNA concentration combined for

the two genes to be silenced did not exceed the final concentration of 200 nM.

To compare siRNA-mediated effects between single and double knockdowns,

we prepared siRNA dilutions for single transfectants along with the non-

targeting siRNA in order to control the siRNA amounts used in the double

knockdown condition.

For the formation of the lipid-siRNA complexes, warm RPMI medium (non-

supplemented) was used given that serum inhibits the formation of these

complexes consequently yielding a poor gene knockdown efficiency. For MFs,

the transfection mix per well was 440ml of warm RPMI medium (non-

supplemented) and 45ml of HiPerFect transfectant (Qiagen, Courtaboeuf, France)

for six-well plate format, and 110.25ml of warm RPMI medium and 11ml of

HiPerFect transfectant for 24-well plates (Supplementary Table 3). For monocytes

and DCs, the transfection mix per well was 470ml of warm RPMI medium and

15ml of HiPerFect transfectant for six-well plate format, and 117.5ml of warm

RPMI medium and 3.75ml of HiPerFect transfectant for 24-well plates

(Supplementary Table 3). The siRNA amounts described above were added,

and the lipid-siRNA mix incubated for 15–20min at room temperature during

which the mixture was inverted gently a few times to enhance the formation of

complexes. Of note, although it is thought that lipid-siRNA complexes are stable

E1h at room temperature, we obtained lower transfection efficiencies when

siRNA complex formation with HiPerFect transfectant exceeds 20min.

Forward transfection of primary human MFs (siRNA complexes

onto attached cells)
At the end of the incubation period, the lipid-siRNA complexes were

centrifuged briefly to concentrate and avoid loss of volume. The lipid-siRNA

complexes were added drop-wise onto the media of adherent MFs (0.5ml for

six-well and 125ml for 24-well plate formats), accompanied by a gentle rocking

of the plate to mix the complexes throughout the well. The addition of the

lipid-siRNA complexes into the culture media results in a siRNA final

concentration of 200 nM (at 26.7 ngmlÿ1) and 3.0% (vol/vol) of HiPerFect

transfectant. As soon as the complexes were added to all wells, the plates were

then placed at 37 1C and 5% CO2. After 6 h, complete RPMI supplemented

with M-CSF (final concentration of 10ngmlÿ1) was added as 0.5ml (24-well

plate) or 2.0ml (six-well plate) per well, and cells were allowed to recuperate

overnight. For the double gene knockdown of MR and DC-SIGN, IL-4

(20 ngmlÿ1) was added 24 h after to induce the expression of these genes,

which peaks between 48 and 72h after treatment.

Reverse transfection of primary human monocytes and DCs

(suspension cells onto complexes)
Having tilted down the cell culture plate to be used for transfection, the lipid-

siRNA complexes (500ml for six-well and 125ml for 24-well plate formats) were

added and maintained into one side of the well. The cells in suspension

(monocytes or DCs; 1.0ml for six-well and 250ml for 24-well plate formats)

were added directly into the lipid-siRNA complexes at once, without pipetting
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up and down the mixture as it leads to a high incidence of cell death. The

addition of the cell suspension into the lipid-siRNA complexes results in a

siRNA final concentration of 200 nM (at 26.7ngmlÿ1) and 1.0% (vol/vol) of

HiPerFect transfectant. As soon as the cells were added to all wells, the plate was

gently swirled to ensure uniform distribution of lipid-siRNA complexes, and

placed at 37 1C and 5% CO2 for a total of 4 h. Then, for monocytes only,

complete RPMI supplemented with M-CSF to a final concentration of

10ngmlÿ1 was added as 0.5ml (24-well plate) or 2.0ml (six-well plate) per

well. This concentration is close to that of circulating M-CSF levels in normal

human blood rangingB2–9 ngmlÿ1,43 and kept the monocytes steady without

fully differentiating them towards a MF program. For the double gene

knockdown of MR and DC-SIGN in human monocytes, IL-4 (20 ngmlÿ1)

was added 24h after to induce the expression of these genes, which reaches its

peak 48–72h after. For DCs, the transfection is stopped by 0.5ml (24-well

plates) and 2ml (six-well plates) of complete RPMI supplemented with GM-

CSF and IL-4 (final concentrations of 10 and 20ngmlÿ1, respectively). Of note,

this protocol works as efficiently for MFs as it does for monocytes/DCs,

provided they are detached from the well and maintained in suspension.

Analysis of transfection efficiency by fluorescence microscopy
Primary human monocytes and MFs were transfected with siGLO Red

Transfection Indicator for 4 and 6 h, respectively. After 24h in complete

RPMI supplemented with M-CSF (10 ngmlÿ1), cells were fixed in 4%

paraformaldehyde (PFA) subsequently quenched with 50 mM NH4Cl for

2min. Cell nuclei and F-actin were counterstained during 15min with a mix of

DAPI (Sigma-Aldrich, Saint Quentin Fallavier, France) at 0.5mgmlÿ1 and

Alexa-Fluor 488-conjugated Phalloidin (Molecular Probes, Illkirch, France) at

1Umlÿ1 in 1� PBS 0.1% Triton X-100/5% BSA. Cells were imaged using an

Olympus FV1000 confocal microscope for human monocytes or a Leica DM-

RB fluorescence microscope for human MFs.

Assessment of transfection, gene knockdown, cell death and

monocyte differentiation by flow cytometry
All cells were transfected with siRNA complexes accordingly. After 48h, while

the transfected monocytes and DCs were easily collected from culturing plates,

MFs were detached from plates using non-enzymatic cell dissociation solution

(Sigma-Aldrich), according to the manufacturer’s instructions. The cells were

washed in cold FACS buffer (PBS pH 7.2, 5% BSA) and centrifuged for 5min

at 340 g at 4 1C, and then blocked for 15min at room temperature using the

FcR blocking reagent (Miltenyi Biotec), according to the manufacturer’s

instructions. The cells were stained for 25min (on ice) with the corresponding

antibody for the protein of interest, and in parallel, with the corresponding

isotype control antibody, using a general dilution of 1/400. The anti-human

DC-SIGN (CD209, clone DCN46), MR (CD206, clone 19.2), CD11c (clone

B-ly6), CD11b (clone ICRF44), CD14 (clone M5E2), and their corresponding

isotype control antibodies, were purchased from BD Biosciences/Pharmingen

(Le pont de Claix, France). The anti-human Dectin-1 (CLEC7A, clone 259931)

was acquired from R&D Biosystems (Lille, France), and the anti-human CD1a

(clone HI149) was obtained from eBioscience (Paris, France). Alternatively, the

Annexin V-FITC Kit (Miltenyi Biotec, Paris, France) was used to assess the

incidence of apoptosis and necrosis of all transfected cells, according to the

manufacturer’s instructions. After staining, the cells were washed with FACS

buffer, centrifuged for 5min at 340 g at 4 1C (two times) and analyzed by flow

cytometry using LSR-II flow cytometer (BD Biosciences). Data were then

acquired and analyzed using the FlowJo 7.6.5 software.

Analysis of gene knockdown efficiency by SDS-PAGE and western

blotting analysis
All cells were transfected with siRNA complexes accordingly. After 72h, cell

cultures in either 24-well plates (3� 105 cells per well) or six-well plates

(1.5� 106 cells per well) were lysed with boiling cell lysis buffer (62.5 mM Tris

HCl pH 6.8, 2% SDS (Eurobio, CourtaBoeuf, France), 10% glycerol (Promega,

Charbonnieres, France), 5% b-mercapto-ethanol, 0.002% Bromophenol blue

(Sigma-Aldrich)), which typically yield 30mg and 150mg protein per well,

respectively. For suspension cells, cell pellets were lysed directly upon

centrifugation using similar parameters as those for attached cells. For

immunodectection, protein lysates (25mg) were loaded equally onto SDS-

PAGE gels (percentage according to the size of protein of interest) and

transferred onto nitrocellulose membranes. The membranes were blocked in

5% BSA (EUROMEDEX, Souffelweyersheim, France) in TBS Tween-20 0.1%

(EUROMEDEX) and incubated with corresponding primary antibodies at 4 1C

overnight. The primary antibodies used were anti-Hck (N-30) (Santa Cruz,

Nanterre, France, 1/1000, sc72), anti-Fgr (M-60) (Santa Cruz, 1/1000, sc-

50338) and anti-actin20–33 (Sigma-Aldrich, 1/20 000). The membranes were

washed extensively (three times) with TBS Tween-20 0.1% and then exposed to

the corresponding secondary antibody at room temperature for 1 h. Secondary

antibody used: goat Anti-Rabbit IgG (Hþ L)-Horseradish Peroxidase (HRP)

Conjugate (Biorad, Marnes-la-Coquette, France, 1/20 000). Signals were

detected by autoradiography using a chemiluminescence detection system

(Millipore, Molsheim, France).

Opsonization and FITC-labelling of zymosan
Zymosan A particles from Saccharomyces cerevisiae (Sigma-Aldrich) were

incubated in human serum (Sigma-Aldrich) for 20min at 37 1C, washed twice

in PBS, pH 7.4, and resuspended in PBS containing 1 mM CaCl2 and 0.5 mM

MgCl2. The number of particles or bacteria after opsonization was estimated

by quantification in a Thoma chamber. For FITC staining, 109 particles were

added to 1ml of 0.01% FITC (Invitrogen) in 0.2M Na2CO3–NaHCO3 buffer,

pH 10.2, for 10min and washed with PBS, pH 7.4.44

Phagocytosis Assay by immunofluorescence microscopy
FITC-labeled opsonized zymosan A particles were added to monocytes and

MFs at a multiplicity of 10 particles per cell in complete RPMI for 30min at

37 1C. Cells were washed twice with warm RPMI medium and fixed in 3.7%

paraformaldehyde (Sigma-Aldrich) supplemented with 15 mM sucrose at room

temperature for 20min. Extracellular non-internalized FITC-labeled zymosan

A particles were stained as previously described45 and then revealed with a

secondary AlexaFluor 555-coupled goat-anti rabbit antibody (Cell Signaling,

Saint Quentin Yvelines, France). Thus, total particles are green (FITC-labeled)

and extracellular particles are yellow (FITC-labeledþAlexaFluor 555-coupled

anti rabbit antibody-revealed). Index of binding and phagocytosis were

microscopically quantified using a Leica DM-RB fluorescence microscope as

the number of bound or phagocytosed particles per 100 cells, using a Leica

DM-RB fluorescence microscope.

Functional 3D-migration assays
All cells were transfected with lipid-siRNA complexes accordingly. The

3D-migration assays were performed as described previously.27 In brief, to

assess protease-independent migration (amoeboid mode), we used transwells

(BD Biosciences) filled with fibrillar collagen I (Nutragen). The top of each

matrix inset was seeded with 4� 104 transfected cells, while the lower chamber

was filled with 500ml of culture medium (CoCTL). Migration was analyzed

during the first 24h. To assess protease-dependent migration (mesenchymal

mode), transwells were filled with Matrigel (BD Biosciences). The top of each

matrix insert was seeded with 4� 104 cells, while the lower chamber was filled

with 50% of complete medium or a 50% dilution of HT1080 conditioned

medium (CoHT10-80) to establish a chemoattractant gradient. The

CoHT1080 was obtained from maintained HT1080 human fibrosarcoma cell

cultures,27 which were systematic sterilized by filtration and stored as aliquots

at ÿ80 1C. Cell migration was analyzed after 72h. All image acquisition was

performed using the motorized stage of an inverted video microscope (Leica

DMIRB) and the Metamorph software thereafter. Pictures were taken

automatically with a 10� objective and at constant 15-mm intervals, and

cells on top and within the matrix were counted using the Cell Counter plugin

of the ImageJ software. The percentage of cell migration was obtained as the

ratio of cells within the matrix to the total number of counted cells.

Statistical analysis
Data are presented as mean±s.e.m. of at least three independent experiments;

P-values (Student’s t-test) are relative to the indicated control. Statistical

significance was assumed when Po0.05.
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