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Figure 1.2: Overview of ILC populations and their functions. ILCs are involved in a range of 
host protective and homeostatic immune functions, but are also implicated in pathogenic 
inflammatory processes. The distinct ILC populations can be grouped according to shared 
functions. Group 1 ILCs (cNK cells and ILC1) are characterised by expression of Type 1 
cytokines (IFNg) in response to stimulation with IL-12, IL-15 and IL-18. In contrast to cNK cells, 
ILC1 have not been shown to possess cytotoxic potential. Group 2 ILCs (ILC2) are defined 
through expression of Type 2 cytokines (IL-4, IL-5, IL-9, IL-13, Areg) in response to stimulation 
with IL-25, IL-33 and TSLP. Group 3 ILCs comprise a heterogeneous subset of ILCs defined 
through production of Type 17 cytokines (IL-17A, IL-22, GM-CSF) in response to stimulation with 
IL-1! and IL-23. CCR6+ LTi cells are crucial for the induction of organised lymphoid tissues during 
foetal development. In adult organisms, CCR6- ILC3 can be divided on the basis of NKR 
expression.
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Figure 1.3: Transcriptional regulation of ILC developmental pathways. Like all lymphocytes, 
ILCs develop from the common lymphoid progenitor (CLP). A common ILC precursor (CILP) 
shared by cNK and helper ILCs develops from the CLP in an NFIL3 and Notch-dependent manner. 
cNK and helper ILC lineages diverge at this point, with ID2 and TOX and driving development of a 
common helper ILC precursor (ChILP) that is shared by ILC1, ILC2, ILC3 and LTi cells. At the 
ChILP stage, PLZF- cells differentiate into CCR6+ LTi cells in a manner dependent on ROR!t and 
Runx1, while ID2 and Notch-dependent PLZF+ cells comprise a precursor population from which 
ILC1, ILC2 and CCR6- ILC3 are derived. From this precursor, ILC1 differentiation is driven by T-
bet, PLZF and GATA3; ILC2 differentiation by GATA3, ROR", TCF1 and PLZF; and ILC3 
differentiation by ROR!t, AHR, Notch and, in the case of further differentiation into NKR+ ILC3, by 
T-bet and TCF1.
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Figure 1.5: IBD pathogenesis. The mechanisms underlying IBD pathogenesis are 
incompletely understood, but disease is thought to result from a complex interplay of host 
genetics, immune responses, the microbial commensal flora and environmental factors.
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8(9,9-($0(0!6$!%!WFs!C(8*311!931,:63$!J\a!O(%1:+*%8(M!%$0!I(8(!:+($!1%;(8(0!3$:3!%!

"FFs!c!bFs!c!WFs!c!QFs!C(8*311!/8%06($:!%$0!*($:86<,/(0!<38!QF!@6$9!%:!bFF!>!/!%:!

Wy2N! S6$%11;4! 'C.29! I(8(! *311(*:(0! <83@! :+(! WFs! c! bFs! 6$:(8<%*(! %$0! I%9+(0! 6$!

OL))! ?(<38(! <,8:+(8! ,9(N! ! #11! 931,:63$9! ,9(0! 6$! :+(! 6931%:63$! -83*(0,8(! I(8(!

9,--1(@($:(0! I6:+! -($6*6116$c9:8(-:3@;*6$! 931,:63$! J"s! 731c731M! J'6<(!

D(*+$313/6(9M4! /($:%@6*6$! JWF! z/c@1M! J'6<(! D(*+$313/6(9M4! %$0! %@-+3:(86*6$! L!

JFNFEG!z/c@1M!J'3$V%MN!

$

B?J?E?$Q+,$.&*&*>1'#+%$1#''$)2&'+,)&*$

f69*(8%1!<%:!9,883,$06$/!:699,(!9-(*6@($!I%9!9(-%8%:(0!<83@!:+(!/,:!:699,(4!I%9+(0!

6$!OL))4!*,:!6$:3!9@%11!-6(*(9!%$0!06/(9:(0!37(8$6/+:!J"E&"j+M!6$!7($:(0!a81($@(;(8!

<1%9H9! J238$6$/M! ,96$/! *311%/($%9(! 931,:63$! JYC.K&"bWF! X! "Fs! S2)! X! FN"! @/c@1!

*311%/($%9(! #! 931,:63$! JY3*+(! B6%/$39:6*9MMN! ! D+(! $(>:! 0%;4! 9,-(8$%:%$:9! I(8(!

<61:(8(0!:+83,/+!RFz@!*(11!9:8%6$(89!JS69+(8!)*6($:6<6*M!%$0!I%9+(0!Q>!6$!OL))!?(<38(!

S#2)!9:%6$6$/N!#11!931,:63$9!,9(0!6$!:+(!6931%:63$!-83*(0,8(!I(8(!9,--1(@($:(0!I6:+!

-($6*6116$c9:8(-:3@;*6$! 931,:63$! J"s! 731c731M! J'6<(! D(*+$313/6(9M4! /($:%@6*6$! JWF!

z/c@1M!J'6<(!D(*+$313/6(9M4!%$0!%@-+3:(86*6$!L!JFNFEG!z/c@1M!J'3$V%MN!

!

$

$

$

$

$

$

$



! jQ!

B?A$Q'&6$1-,&.#,%-$

B?A?;$3*,)4&0)#2$>2#0$(&%$('&6$1-,&.#,%-$+*+'-2)2$$

D%?1(!ENE!169:9!%$:6?306(9!,9(0!<38!<13I!*;:3@(:8;N!):%6$(0!*(119!I(8(!%*A,68(0!3$!%!

LB!S38:(99%!38!')YKKN!#$%1;969!I%9!-(8<38@(0!,96$/!S13I^3!93<:I%8(!JD8(():%8!K$*NMN!!

$

!+4'#$B?B<$$3*,)4&0)#2$>2#0$(&%$('&6$1-,&.#,%-$

$%&'()('(*+# ,-./&# $%&'(&0# ;-2.9.'<9.7&# 6(-2*(./# ,.7%4/+#
$29)4'&# !! !! !! !! !!
:I;+$ OK"Wh! .3,9(! SKD2! "vGF! L631(/($0!
:IE$ 52OD"! .3,9(! SKD2! "v"FF! L631(/($0!
:IE$ =[DQ! .3,9(! LfG"F! "v"FF! L631(/($0!
:IE$ =[DQ! .3,9(! (S1,38!bFG! "v"FF! L631(/($0!
:IE$ =[DQ! .3,9(! LfbGF! "v"FF! L631(/($0!
:I@$ =[DW! .3,9(! SKD2! "v"FF! L631(/($0!
:I@$ =[DW! .3,9(! LfbFG! "v"FF! L631(/($0!
:IF`$ OKDj%! .3,9(! SKD2! "v"FF! L631(/($0!
:IF`$ YC#&Dj! .3,9(! CacD>Y! "v"FF! LB!L639*6($*(!
:I;;4$ K2YSWW! .3,9(! SKD2! "v"FF! L631(/($0!
:I;;1$ QNhQ! .3,9(! SKD2! "v"FF! L631(/($0!
:I;@$ b"BQ! .3,9(! SKD2! "vGF! L631(/($0!
:I;@$ .GaE! .3,9(! LfbFG! "v"FF! L631(/($0!
:I;@$ .GaE! .3,9(! LfbGF! "v"FF! L631(/($0!
:I;J$ Q\j! .3,9(! SKD2! "vGF! L631(/($0!
:I;P$ OKL"h! .3,9(! SKD2! "vGF! L631(/($0!
:I;P$ OKL"h! .3,9(! LfbFG! "vGF! L631(/($0!
:IBT$ EOR! .3,9(! SKD2! "v"FF! L631(/($0!
:IBG$ L2hb! .3,9(! #C2! "vGF! L631(/($0!
:IE@$ WO""! .3,9(! SKD2! "vGF! L631(/($0!
:I@T$ G2Q! .3,9(! #C2! "vGF! L631(/($0!
:I@G$ OKQF! .3,9(! Cac2;R! "v"FF! L631(/($0!
:I@G$ Y#Q&bLE! .3,9(! #1(>%!RFF! "v"FF! L631(/($0!
:I@GU3$ OK"FF! .3,9(! Cac2;R! "v"FF! L631(/($0!
:I@GU[$ LfGRF! .3,9(! 52O'"! "v"FF! L631(/($0!
:IGJ$ O2BGb! .3,9(! C*Cc2;GNG! "vGF! L631(/($0!
:IGJ$ O2BGb! .3,9(! LfG"F! "vGF! L631(/($0!
:IAT$ ""Q&"b! .3,9(! #C2! "vGF! L631(/($0!
:IFT$ EB"F! .3,9(! LfbGF! "vGF! L631(/($0!



! jW!

:IFE$ OL"G(! .3,9(! SKD2! "vGF! L631(/($0!
:IFJ$ KDENE! .3,9(! LfbFG! "vGF! L631(/($0!
:I;;A$ #Q2baE! .3,9(! Cac2;G! "v"FF! L631(/($0!
:I;;A$ "FWBE! .3,9(! Cac2;R! "v"FF! L631(/($0!
:I;BE$ bOb! .3,9(! SKD2! "vEF! L631(/($0!
:I;BA$ #F"hBG! .3,9(! CL! "vGF! L631(/($0!
:I;BA$ #F"hBG! .3,9(! LfWE"! "v"FF! L631(/($0!
:I;BA$ (L63YBYG! .3,9(! #C2! "v"FF! aL639*6($*(!
:I;BA$ #F"hBG! .3,9(! Ca! "v"FF! L631(/($0!
:I;BA$ #F"hBG! .3,9(! Cac2;R! "v"FF! L631(/($0!
:I;J;$ OC&Q\"F! .3,9(! #C2! "vGF! aL639*6($*(!
:I;J;$ OC&Q\"F! .3,9(! LfWE"! "vGF! L631(/($0!
HI:3DB$ EF"#! .3,9(! SKD2! "vGF! L631(/($0!
:U!CB$ L."b! Y%:! Ca! "vEF! L631(/($0!
:U!CB$ L."b! Y%:! ?63:6$! "vEG! .61:($;6!
Q1aU=$ #aY&QR! .3,9(! SKD2! "vGF! L631(/($0!
C83DIU$ 'EWQ! .3,9(! C*Cc2;GNG! "vGF! L631(/($0!
=:[L$ 2QhjNW#! .3,9(! Ca! "vGF! L631(/($0!
[b@T$ #2DQG! .3,9(! Cac2;R! "vGF! L631(/($0!
[b@T8$ ""2QN"! .3,9(! Ca! "vEG! L631(/($0!
OI;$ aO"ENEOR! .3,9(! LfR""! "vGF! L631(/($0!
OID8;$ EhaNE#Q! .3,9(! LfWE"! "vGF! L631(/($0!
OID8B$ EWSN"F2"E! .3,9(! Ca! "vGF! L631(/($0!
!:U`c$ KCEb! .3,9(! SKD2! "vGF! L631(/($0!
!:U`c$ KCEb! .3,9(! Ca! "v"FF! L631(/($0!
!:U_d$ L"N"! .3,9(! SKD2! "vGF! L631(/($0!
!:U_d$ L"N"! .3,9(! #C2! "v"FF! L631(/($0!
::UJ$ ""#h! .3,9(! Ca! "v"FF! L631(/($0!
::UJ$ \FQWaQ! .3,9(! LfbFG! "v"FF! L631(/($0!
::UA$ QB"E! .3,9(! #C2! "vGF! aL639*6($*(!
::UP$ ""EGFh! .3,9(! 5$*3$Z,/%:(0! "vGF! YwB!);9:(@9!
=(.*(/+-4*&5#
>:0#).9#?>,$#

!! !! !! !! !!

:I;+$ OK"Wh! .3,9(! L63:6$! "vGFF! L631(/($0!
:IF$ OKDjn! .3,9(! L63:6$! "vGFF! L631(/($0!
:I;@$ O2B"W! .3,9(! L63:6$! "vGFF! L631(/($0!
:I;J$ Q\j! .3,9(! L63:6$! "vGFF! L631(/($0!
:I;P$ OKL"h! .3,9(! L63:6$! "vGFF! L631(/($0!
:IBG$ L2hb! .3,9(! L63:6$! "vGFF! L631(/($0!
:IE@$ Gj"! .3,9(! L63:6$! "vGFF! L631(/($0!
:I@GU3$ O"FF! .3,9(! L63:6$! "v"EGF! L631(/($0!
:IGJ$ O2BGb! .3,9(! L63:6$! "vGFF! L631(/($0!



! jG!

Ve/@@$ CWW&j! .3,9(! L63:6$! "vGFF! L631(/($0!
:IPG$ BeE! .3,9(! L63:6$! "vGFF! L631(/($0!
:I;BE$ bOb! .3,9(! L63:6$! "vGFF! L631(/($0!
$&'./549+#
4/*(:.5(&0#

!! !! !! !! !!

L3DOND:QGP@$ &&&! &&&! Ca&2SGhW! "vQFF! LB!L639*6($*(!
L3DON$ &&&! &&&! Ca! "v"FF! aL639*6($*(!
$
$

! ! ! ! !

@/*94'&--2-49#
A#'+*.B(/&0#

!! !! !! !! !!

=8D;A3$ W)NLQ! .3,9(! Ca! "v"F! L631(/($0!
=8D;A3$ L'"bj! .3,9(! LfR""! "v"GF! L631(/($0!
=8DBB$ E\"E#W"! .3,9(! Ca! "v"GF! L631(/($0!
=8DBB$ EE5YDK! .3,9(! Cac2;R! "v"GF! aL639*6($*(!
XKD:LQ$ LfBEE"2""! .3,9(! C*Cc2;GNG! "v"GF! L631(/($0!
XKD:LQ$ LfBEE"2""! .3,9(! #C2! "v"GF! L631(/($0!
=8D@$ .CW&EGBE! .3,9(! Ca! "v"GF! L631(/($0!
=8DG$ DYS[G! .3,9(! #C2! "v"GF! L631(/($0!
=8D;E$ Cf."Q&"! .3,9(! SKD2! "v"GF! aL639*6($*(!
=QV_$ LER! .3,9(! #RFF! "v"FF! L631(/($0!
!VQ`$ .#L""! .3,9(! LfbFG! "v"GF! L631(/($0!
=8DB$ .l"&

"RO"E!
.3,9(! LfbGF! "v"GF! L631(/($0!

=8D;T$ ^a)Q&hBR! .3,9(! LfWE"! "v"GF! L631(/($0!
@/*94'&--2-49A#
*94/0'9(%*(./#
)4'*.90#

!! !! !! !! !!

e)JA$ LGb! .3,9(! Ca! "vGF! aL639*6($*(!
e)JA$ LGb! .3,9(! SKD2! "vGF! aL639*6($*(!
Q&W/E$ C2O"F"! .3,9(! Cac2;R! "vGF! aL639*6($*(!
U[U_,$ lE"&GGh! Y%:! Ca! "v"GF! LB!L639*6($*(!
!4#,$ WL"F! .3,9(! LfWE"! "v"GF! aL639*6($*(!
!4#,$ WL"F! .3,9(! LfR""! "v"GF! aL639*6($*(!
N&.#2$ PB"hEj! .3,9(! C*Cc2;GNG! "v"GF! aL639*6($*(!
X3!3E$ DP#^! .3,9(! #C2! "vGF! aL639*6($*(!
X3!3E$ DP#^! .3,9(! Ca! "v"GF! aL639*6($*(!
!

$

$



! jb!

B?A?B$L,+)*)*7$(&%$2>%(+1#$+*,)7#*2$

S#2)!?,<<(8!JCL)!X!Es!L)#!X!E@.!aBD#M!I%9!,9(0!:3!@%H(!,-!%$:6?30;!061,:63$9!

%$0!-(8<38@!I%9+6$/!%$0!8(9,9-($963$!9:(-9N!S#2)!9:%6$6$/9!I(8(!-(8<38@(0!6$!f&

?3::3@!hb&I(11!-1%:(9!38!"NG!@1!a--($038<!:,?(9!%:!*(11!0($96:6(9!3<!%--83>6@%:(1;!"&

"G!>!"Fb!*(119!-(8!I(11!38!:,?(N!D+69!I%9! <3113I(0!?;! 6$*,?%:63$!I6:+!%--83-86%:(1;!

061,:(0! %$:6?30;! @6>(9! 9,--1(@($:(0! I6:+! <6>%?1(! 76%?616:;! 0;(! (S1,38RjF!

J(L639*6($*(M!J%:!%!<6$%1!061,:63$!3<!"v"FFFM!<38!QF!@6$9!3$!6*(N!2(119!I(8(!I%9+(0!Q>!

6$!S#2)!?,<<(8N!S38!%$:6?30;!@6>(9!*3$:%6$6$/!?63:6$;1%:(0!-86@%8;!%$:6?306(94! :+69!

I%9!<3113I(0!?;!6$*,?%:63$!I6:+!9:8(-:%7606$&1%?(11(0!9(*3$0%8;!%$:6?306(9!061,:(0!

J"vQFF!6$!S#2)!?,<<(8M!<38!EF!@6$9!3$!6*(N!#<:(8!I%9+6$/!Q>!6$!S#2)!?,<<(84!*(119!I(8(!

:+($! <6>(0!%:!YD! 6$!Es!CS#!931,:63$!Ja1(*:83$!.6*839*3-;!)*6($*(9M!061,:(0! 6$!CL)!

<38!"G!@6$9!38!6$!LB!S#2)!';96$/!)31,:63$!JLB!L639*6($*(9M!061,:(0!"v"F!6$!0OE=!<38!

j!@6$9N!S6$%11;4!*(119!I(8(!8(9,9-($0(0!6$!EFFz1!3<!S#2)!?,<<(8N!!

!

B?A?E$=*,%+1#''>'+%$2,+)*)*7$(&%$1-,&5)*#2$

K$! -8(-%8%:63$! <38! 6$:8%*(11,1%8! *;:3H6$(! 9:%6$6$/! JK2)M4! *(119!I(8(! 9:6@,1%:(0!I6:+!

-+38?31!"E&@;869:%:(!"Q&%*(:%:(!JC.#M!J"FF!$/c@1M!J)6/@%!#1086*+M!%$0!63$3@;*6$!

J"!z/c@1M!J)6/@%!#1086*+M!%:!QRy2!<38!W+!6$!:+(!-8(9($*(!3<!\31/69:3-!J"v"FFFM!JLB!

L639*6($*(M! %$0! \31/6-1,/! J"v"FFFM! JLB! L639*6($*(MN! #<:(8! I%9+6$/! Q>! 6$! S#2)!

?,<<(84!*(119!I(8(!9:%6$(0!<38!9,8<%*(!@%8H(89!%$0!<6>(0!%9!0(9*86?(0!%?37(N!D+(!*(119!

I(8(! :+($! I%9+(0! %$0! 8(9,9-($0(0! 6$! :+(! %$:6&*;:3H6$(! %$:6?30;! @6>! 061,:(0! 6$!

9%-3$6$! 931,:63$! JFN"s! Ic7! 9%-3$6$! J)6/@%&#1086*+M! 6$! CL)M! <38! "+! 3$! 6*(N! 2(119!

I(8(!:+($!I%9+(0!:+8((!:6@(9!?(<38(!<6$%1!8(9,9-($963$!6$!EFFz1!3<!S#2)!?,<<(8N!$

$

$



! jR!

B?A?@$=*,%+*>1'#+%$2,+)*)*7$(&%$,%+*21%)/,)&*$(+1,&%2$$

5$1(99!3:+(8I69(!6$06*%:(04!S#2)!?,<<(8!JCL)!X!Es!L)#!X!E@.!aBD#M!I%9!,9(0!:3!

-(8<38@! I%9+6$/! %$0! <6$%1! 8(9,9-($963$! 9:(-9N! S3113I6$/! 9:%6$6$/! <38! 9,8<%*(!

@%8H(89! %9! 0(9*86?(0! %?37(4! *(119! I(8(! <6>(0! 6$! 6*(&*310! <6>%:63$c-(8@(%?616V%:63$!

?,<<(8!JS3>-Q!9:%6$6$/!H6:4!aL639*6($*(M!<38!QF!@6$9!3$!6*(N!2(119!I(8(!I%9+(0!">!6$!

6*(&*310!C(8@(%?616V%:63$!?,<<(8!JS3>-Q!9:%6$6$/!H6:4!aL639*6($*(MN!D+69!I%9!<3113I(0!

?;!8(&9,9-($963$!6$!%$:6?30;!@6>!061,:(0!6$!C(8@(%?616V%:63$!?,<<(8!%$0!6$*,?%:63$!

<38! QF! @6$9&"+! 3$! 6*(N! K@@(06%:(1;! ?(<38(! <13I! *;:3@(:8;! %$%1;9694! *(119! I(8(!

*311(*:(0!?;!*($:86<,/%:63$!JGFF!>!/4!G!@6$9!%:!Wy2M!%$0!8(9,9-($0(0!6$!EFFz1!3<!6*(&

*310!S#2)!?,<<(8N!!

$

B?F$K+7*#,)1D+1,)9+,#0$1#''$2&%,)*7$RK3:LS$

B?F?;$K&*&1-,#$#*%)1".#*,$$

S3113I6$/! 6931%:63$! <83@! +,@%$! -(86-+(8%1! ?13304! CL.29! 8(&9,9-($0(0! 6$! YC.K&

"bWF! X! "Fs! S2)4! :8%$9<(88(0! :3! -(:86! 069+(9! %$0! 6$*,?%:(0! %:! QRy2! :3! %113I!

@3$3*;:(!%0+(8($*(!:3!:+(!069+N!#<:(8!ENG!&Q!+!3<!%0+(963$4!$3$&%0+(8($:!*(119!%$0!

9,-(8$%:%$:9!I(8(!*%8(<,11;!8(@37(0!<83@!:+(!-(:86!069+(9N!D+(!%0+(8($:!*(119!I(8(!

*311(*:(0! ,96$/! 76/383,9! -6-(::6$/N!.3$3*;:(9!I(8(! :+($! <,8:+(8! -,86<6(0! <83@! :+(!

%0+(8($:! <8%*:63$!?;!@%/$(:6*! *(11! 938:6$/!,96$/! %!.#2)x!2B"W!+,@%$!@6*83?(%0!

H6:! J.61:($;6! L63:(*M! %**3806$/! :3! :+(!@%$,<%*:,8(8_9! -83:3*31N! S3113I6$/! 1%?(116$/!

I6:+! ?(%094! *(119! I(8(! 938:(0! ,96$/! %$! #,:3.#2)x! 9(-%8%:38! J.61:($;6! L63:(*MN!

.3$3*;:(9!I(8(!83,:6$(1;!($86*+(0!:3!-,86:6(9!{!hGs!%9!%99(99(0!?;!S#2)N!!

$

$

$



! jj!

B?F?B$OHK:$/%#D#*%)1".#*,$(&%$*+f9#$+*0$.#.&%-$:I@g$!$1#''$$

L(<38(!S#2)!938:6$/!$%q7(!%$0!@(@38;!2BWX!D!*(119! <83@!+,@%$!-(86-+(8%1!?13304!

CL.29! I(8(! -8(&($86*+(0! <38! :+(9(! -3-,1%:63$9! 76%! 0(-1(:63$! 3<! $3$&:%8/(:! *(11!

-3-,1%:63$9N!S38!$%q7(!2BWX2BWGY#X!D!*(11!($86*+@($:4!CL.29!I(8(! 1%?(1(0!,96$/!

?63:6$&*3$Z,/%:(0!%$:6&2Bj4!%$:6&2B"h4!%$:6&T[-WW4!%$:6&2B"W4!%$:6&2B"b4!%$:6&2BEG4!

%$:6&2BWGY=4! %$:6&2BQW4! %$:6&2B"EQ! %$0! %$:6&2B"%! %$:6?306(9N! S38! @(@38;!

2BWX2BWGY=X!D!*(11!($86*+@($:4!CL.29!I(8(!1%?(1(0!,96$/!?63:6$&*3$Z,/%:(0!%$:6&

2Bj4!%$:6&2B"h4!%$:6&T[-WW4!%$:6&2B"W4!%$:6&2B"b4!%$:6&2BEG4!%$:6&2BhG4!%$:6&2BWG!

Y#4! %$:6&2BQW4! %$:6&2B"EQ4! %$:6&2B"%! %$0! %$:6&2BGb! %$:6?306(9N! D+(! 1%?(1(0! $3$&

:%8/(:! *(119! I(8(! :+($! 0(-1(:(0! ,96$/! .#2)x! #$:6&L63:6$! .6*83L(%09! J.61:($;6!

L63:(*M! %**3806$/! :3! :+(! @%$,<%*:,8(8_9! -83:3*31! 3$! %$! #,:3.#2)x! 9(-%8%:38!

J.61:($;6!L63:(*MN!!

$

B?F?E$OHK:$/%#D#*%)1".#*,$(&%$=8:$2&%,2$
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Figure 3.1: ILCs are enriched in the intestinal lamina propria and produce pro-inflammatory 
cytokines. (A) Representative gating strategy for total Lin-CD127+ ILCs among LPMCs isolated from 
uninflamed colon (left) and quantification of total ILCs frrequency among CD45+ cells in the intestinal 
lamina propria and blood (right). (B) Quantification of Lin-CD127+ ILCs in uninflamed and inflamed 
intestinal lamina propria. (C) Quantification of the proportion of cytokine expressing ILCs in control 
and IBD blood. (D) Representative FACS plot (left) and quantification (right) of CD56 expression on 
Lin-CD127+ ILCs. (E + F) Quantification of CD56- ILCs among total ILCs in uninflamed and inflamed 
colonic (E) and ileal (F) lamina propria. Each dot in the plots represents an individual donor. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 
0.05. **p ! 0.01. ***p ! 0.001. ****p ! 0.0001.
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Figure 3.2: CD56- ILCs are enriched for expression of IBD-associated cytokines in blood 
from CD patients. (A + B) Quantified flow cytometry data of (A) TF and (B) cytokine expression by 
CD56- ILCs, CD56+ ILCs and cNK cell in healthy control blood. (C + D) Quantified flow cytometry 
data of cytokine expression by (C) CD56- ILCs and (D) CD56+ ILCs  in control and IBD blood. Each 
dot in the plots represents an individual donor. Blue dotted lines indicate comparison of data between 
CD56- and CD56+ ILCs. Statistical significance was determined by means of Mann-Whitney U tests. 
Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001.
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A. CD56- and CD56+ ILCs in peripheral blood have similar cytokine profiles. CD56+ and 
CD56- ILCs express RORgt and Tbet, with GATA3 being enriched in the CD56- population. C. 
CD56- ILCs upregulate pro-inflammatory cytokine production in IBD. D. CD56+ ILCs 
upregulate pro-inflammatory cytokine production in IBD. While no significant differences in 
cytokine production could be detected between CD56+ and CD56- ILC populations in control 
patients, differences are emerging under inflammatory conditions. Compared to CD56+ 
ILCs, CD56- ILCs are enriched in production of pro-inflammatory mediators IL-17A, IFNg, 
IL-22 and GM-CSF, whereas CD56+ ILCs produce more IL-22. Green shaded bars: 
comparison of CD56+ vs CD56- ILCs, p ! 0.01. Blue shaded bars: Comparison of CD56+ vs 
CD56- ILCs, p  ! 0.05.

CD
56
+

CD
56
-
cN
K

0

10

20

30

40

50

%
 IF

N
"+

CD
56
+

CD
56
-
cN
K

0

5

10

15

%
 IL

-1
7A

+

CD
56
+

CD
56
-
cN
K

0

20

40

60

%
 T

N
F#

+

CD
56
+

CD
56
-
cN
K

0

10

20

30

%
 IL

-1
3+

CD
56
+

CD
56
-
cN
K

0.0

0.5

1.0

1.5

2.0

%
 IL

-2
2+

CD
56
+

CD
56
-
cN
K

0

5

10

15

20

%
 G

M
-C

SF
+

Co
ntr
ol CD UC

0

2

4

6

8

10

%
 IL

-2
2+

Co
ntr
ol CD UC

0

10

20

30

40

50

%
 G

M
-C

SF
+

Co
ntr
ol CD UC

0

10

20

30

40

%
 IL

-1
3+

Co
ntr
ol CD UC

0

20

40

60

80

%
 IF

N
"+

Co
ntr
ol CD UC

0

20

40

60

80

%
 T

N
F#

+

Co
ntr
ol CD UC

0

10

20

30

%
 IL

-1
7A

+

ns
***

ns
*

ns
ns ns

ns *

A.

B.

C.

* ***

**

*
** *** *

Co
ntr
ol CD UC

0

20

40

60

80

%
 IF

N
"+

Co
ntr
ol CD UC

0

10

20

30

%
 IL

-1
7A

+

Co
ntr
ol CD UC

0

2

4

6

8

10

%
 IL

-2
2+

Co
ntr
ol CD UC

0

10

20

30

40

50

%
 G

M
-C

SF
+

Co
ntr
ol CD UC

0

20

40

60

80
%

 T
N

F#
+

Co
ntr
ol CD UC

0

10

20

30

40

%
 IL

-1
3+

 

D.
*

*
**

*

C
D

56
-  I

LC
s

C
D

56
+  

IL
C

s

** ** ** * *



! "Fh!

E?B?G$8)*D:I;BAg$=8:2$2"&6$)*1%#+2#0$(/#0(*2$/%&')(#%+,)&*$)*$,"#$)*('+.#0$

'+.)*+$/%&/%)+$

P(!$(>:!93,/+:!:3!0(:(8@6$(!:+(!@(*+%$69@!?(+6$0!:+(!%**,@,1%:63$!3<!'6$&2B"ERX!

K'29! 6$! :+(! 6$<1%@(0! 1%@6$%! -83-86%! 3<! KLB! -%:6($:9N! C3996?1(! (>-1%$%:63$9! 6$*1,0(!

6$<1%@@%:63$&6$0,*(0! 6$*8(%9(! 6$! -8316<(8%:63$! 3<! :699,(&8(960($:! K'29! %$0!

8(*8,6:@($:!3<!*68*,1%:6$/!K'29!<83@!:+(!?1330N!!

!

K$!380(8!:3!:(9:!I+(:+(8!:+(8(!@6/+:!?(!6$*8(%9(0!!"#$!%&!-8316<(8%:63$!3<!8(960($:!K'2!

-3-,1%:63$94!<8(9+1;!6931%:(0!'C.29!<83@!*3$:831!%$0!KLB!-%:6($:9!I(8(!%$%1;9(0!<38!

6$:8%*(11,1%8!(>-8(9963$!3<!:+(!-8316<(8%:63$&%993*6%:(0!@%8H(8![6bRN!D+(!-83-38:63$!

3<!-8316<(8%:6$/!K'29!I%9!*3@-%8(0!I6:+!:3:%1!2BQX!D!*(119!%$0!*T[!*(119N!#9!(>-(*:(0!

JQWQM4! :+(! -83-38:63$! 3<! -8316<(8%:6$/! D! *(119! 6$! :+(! ,$6$<1%@(0! *313$6*! 1%@6$%!

-83-86%!I%9! 13I4!I6:+! %! 96/$6<6*%$:! 6$*8(%9(! 3?9(87(0! 6$! KLB! :699,(N! *T[! *(119! %$0!

K'29!*139(1;!@68838(0! :+69! :8($0!JS6/,8(!QNQ#!%$0!LMN!B,(! :3! 13I!$,@?(89!3<![6bRX!

*(119! 6$! :+(! K'2!/%:(4! 6:!I%9! 6@-3996?1(! :3!0(:(8@6$(!I+(:+(8!2BGb&! K'29!069-1%;(0!

*3@-%8%:67(1;!+6/+(8!-8316<(8%:63$!8%:(94! %**3,$:6$/! <38! :+(68! 9(1(*:67(!($86*+@($:N!

O3I(7(84!:+(9(!<6$06$/9!*1(%81;!6$06*%:(0!:+%:!6$*8(%9(0!K'2!!"#$!%&!-8316<(8%:63$!*%$!

*3$:86?,:(! :3! :+(68! %**,@,1%:63$! 6$! :+(! 6$<1%@(0! 6$:(9:6$%1! 1%@6$%! -83-86%! 3<! KLB!

-%:6($:9N!

!

E?B?J$:IGJD$=8:2$2"&6$)*1%#+2#0$#W/%#22)&*$&($:IBG$+*0$.+-$+11>.>'+,#$

/%#(#%#*,)+''-$)*$%#2/&*2#$,&$=8DB$0#%)9#0$2)7*+'2$

S#2)! %$%1;969! 3<! ?1330! %$0! :699,(&8(960($:! K'29! 8(7(%1(0! +6/+! (>-8(9963$! 1(7(19! 3<!

:+(! K'&EYn! *+%6$! 2BEG! JS6/,8(! QNQ2MN! 2BGb&! K'29! 6$! ?3:+! -(86-+(8%1! ?1330! %$0!

6$:(9:6$%1! 1%@6$%! -83-86%! I(8(! ($86*+(0! <38! 2BEG! (>-8(9963$! *3@-%8(0! :3! 2BGbX!



! ""F!

K'29!JS6/,8(!QNQ2MN!):6@,1%:63$!3<!?,1H!'C.2!-3-,1%:63$9!I6:+!K'&E!8(7(%1(0!:+%:!:+69!

*3,10! 6$0((0! -83760(! -8316<(8%:67(! 96/$%19! :3! K'294! %9! 6$06*%:(0! ?;! 6$*8(%9(0! [6bR!

(>-8(9963$! %$0! %?931,:(! $,@?(89! 3<! K'29! <3113I6$/! 9:6@,1%:63$! I6:+! K'&E! JS6/,8(!

QNQBMN! a1(7%:(0! 1(7(19! 3<! K'&E! +%7(! ?(($! 8(-38:(0! 6$! 6$<1%@@%:38;! 1(963$9! 3<! KLB!

-%:6($:9! JQWWM! %$0! 3,8! 0%:%! 6$06*%:(! :+%:! K'29! :+(@9(17(9! ,-8(/,1%:(! K'&E!

-830,*:63$! 0,86$/! 6$<1%@@%:63$! JS6/,8(! QN"2MN! C%8%*86$(! 38! %,:3*86$(! K'&E! 96/$%19!

@%;! :+,9! *3$:86?,:(! :3! :+(! 6$*8(%9(! 6$! K'2! -8316<(8%:63$! 3?9(87(0! 6$! :+(! 6$<1%@(0!

:699,(N!

!

E?B?A$:IGJD$=8:2$")7"'-$#W/%#22$::UJ$+*0$.+-$4#$%#1%>),#0$,&$,"#$)*('+.#0$

'+.)*+$/%&/%)+$(%&.$,"#$4'&&0$

P(! $(>:! 93,/+:! :3! 6$7(9:6/%:(! I+(:+(8! *+(@3H6$(&@(06%:(0! 8(*8,6:@($:! 3<! ?1330!

K'29! @%;! 6$! %006:63$! ?(! 6$7317(0! 6$! :+(! %**,@,1%:63$! 3<! K'29! 6$! :+(! 6$<1%@(0!

6$:(9:6$%1! 1%@6$%! -83-86%N! S13I! *;:3@(:8;! %$%1;969! 3$! -(86-+(8%1! ?1330! 9%@-1(9!

8(7(%1(0! %! 0(*8(%9(! 6$! :+(! <8(A,($*;! 3<! :3:%1! '6$&2B"ERX! K'29! 6$! KLB! -%:6($:9!

*3@-%8(0!:3!+(%1:+;!*3$:83194!9,//(9:6$/!:+%:!K'29!@%;!6$0((0!?(!8(*8,6:(0!<83@!:+(!

?1330!:3!:+(!6$<1%@(0!:699,(!JS6/,8(!QNQaMN!D3!%99(99!:+(!@6/8%:38;!-3:($:6%1!3<!K'29!

6$! -(86-+(8%1! ?13304! I(! (>%@6$(0! :+(68! 22Y! (>-8(9963$! ,96$/! <13I! *;:3@(:8;N! K$!

*3$:8%9:! :3! :3:%1!2BQX!D! *(1194! '6$&!2B"ERX! K'29!060!$3:! (>-8(99!22YR4!$38!060! :+(;!

(>-8(99! 22Yh! J0%:%! $3:! 9+3I$MN! O3I(7(84! I(! 3?9(87(0! +6/+! 22Yb! (>-8(9963$! 3$!

:3:%1! '6$&2B"ERX! K'29! JS6/,8(! QNQSMN! D+69! *3$<68@(0! -8(763,9! <6$06$/9! 8(/%806$/!

22Yb!(>-8(9963$!?;!K'2!-3-,1%:63$9!6$!+,@%$!:3$961!%$0!/,:!J"jQ4"jGMN!!

!

!



! """!

K$:(8(9:6$/1;4!22Yb!(>-8(9963$!060!$3:!9((@!:3!?(!(7($1;!069:86?,:(0!?(:I(($!2BGbX!

%$0!2BGb&! K'2! 9,?9(:9! 6$!-(86-+(8%1!?13304!I6:+!%! 96/$6<6*%$:!($86*+@($:!3?9(87(0!

I6:+6$! :+(! 2BGb&! K'29! 9,?9(:! JS6/,8(! QNQ\MN! B6<<(8($:6%1! (>-8(9963$! 3<! :+69! +3@6$/!

@%8H(8! *3,10! %**3,$:! <38! :+(! -8(<(8($:6%1! 6$:(9:6$%1! %**,@,1%:63$! 3<! 2BGb&! K'29!

0,86$/! 6$<1%@@%:63$N!),--38:6$/! :+(! 60(%!3<! 9-(*6<6*! 8(*8,6:@($:! :3! :+(! 6$:(9:6$(4!%!

8(1%:67(!0(*8(%9(!6$!2BGb&!K'29!I%9!3?9(87(0!6$!:+(!-(86-+(8%1!?1330!3<!KLB!-%:6($:94!

I+61(!:+(!<8(A,($*;!3<!2BGbX!K'29!8(@%6$(0!,$*+%$/(0!*3@-%8(0!:3!*3$:831!?1330!

JS6/,8(! QNQOMN! D+,94! -8(<(8($:6%1! 22Yb&@(06%:(0! 8(*8,6:@($:! 3<! 2BGb&! K'29! <83@!

?1330! @%;! *3$:86?,:(! :3! :+(68! 9(1(*:67(! %**,@,1%:63$! 6$! :+(! 6$<1%@(0! 6$:(9:6$%1!

1%@6$%!-83-86%N!

!

!

!

!

!

!

!

!

!

!

!

!

!

$

$

$



! ""E!

$

Con
tro

l
CD

0

20

40

60

80

100

C
D

56
-  I

L
C

s
 (%

 o
f L

in
- C

D
12

7+  
ce

lls
)

Colo
n

Bloo
d

0.0

0.5

1.0

1.5

L
in

- C
D

12
7+  

ce
lls

 
(%

 o
f t

o
ta

l C
D

45
+  

ce
lls

)

**

Con
tro

l
CD UC

IB
D

0

1

2

3

4

5

L
in

- C
D

12
7+  

ce
lls

 
(%

 o
f t

o
ta

l C
D

45
+  

ce
lls

)

**

**
*

Con
tro

l
CD UC

0.0

0.5

1.0

1.5

L
in

- C
D

12
7+  

ce
lls

 
(%

 o
f t

o
ta

l C
D

45
+  

ce
lls

)

**
**

ILC
s

cN
K

T ce
lls

0

5

10

15

%
 K

i6
7+

*** ** **

Colo
n

Bloo
d

0

20

40

60

80

100

C
D

56
-  I

L
C

s 
(%

 o
f L

in
- C

D
12

7+  
ce

lls
) ***

*

Con
tro

l
CD UC

IB
D

0

20

40

60

80

100

C
D

56
-  I

L
C

s
 (%

 o
f L

in
- C

D
12

7+  
ce

lls
)

**
*
***

ILC
s

cN
K

T ce
lls

0

20

40

60

80

100

%
 C

C
R

6+ **
**

Co
ntr
ol CD UC IB

D
0

20

40

60

80

100

C
D

56
+  

IL
C

s 
(%

 o
f L

in
-C

D
45

+ 
ce

lls
)

Co
ntr
ol CD UC

0

20

40

60

80

IL
C

3 
(%

 o
f L

in
-C

D
12

7+
 c

el
ls

) *

Co
ntr
ol CD UC

0

5

10

15

20

IL
C

2 
(%

 o
f L

in
- C

D
12

7+ 
ce

lls
)

Co
ntr
ol CD UC

0

20

40

60

80

IL
C

1 
(%

 o
f L

in
- C

D
12

7+ 
ce

lls
)

** *

Co
ntr
ol CD UC

0

20

40

60

80

IL
C

0 
(%

 o
f L

in
- C

D
12

7+ 
ce

lls
)

*

ILC
3
ILC
2
ILC
1
ILC
0

0

20

40

60

80

IL
C

s 
(%

 o
f L

in
-C

D
12

7+
 c

el
ls

)

**

*
**

**
*

A.

B. C. D. E.

FACS plot

Co
ntr
ol CD UC IB

D
0

20

40

60

80

100

C
D

56
-  I

L
C

s
(%

 o
f L

in
-C

D
45

+ 
ce

lls
)

****
****

***

Co
ntr
ol CD UC IB

D
0

20

40

60

80

100

C
D

56
+  

IL
C

s 
(%

 o
f L

in
-C

D
45

+ 
ce

lls
)

Co
ntr
ol CD UC

0

20

40

60

80

IL
C

3 
(%

 o
f L

in
-C

D
12

7+
 c

el
ls

) *

Co
ntr
ol CD UC

0

5

10

15

20

IL
C

2 
(%

 o
f L

in
- C

D
12

7+ 
ce

lls
)

Co
ntr
ol CD UC

0

20

40

60

80

IL
C

1 
(%

 o
f L

in
- C

D
12

7+ 
ce

lls
)

** *

Co
ntr
ol CD UC

0

20

40

60

80

IL
C

0 
(%

 o
f L

in
- C

D
12

7+ 
ce

lls
)

*

ILC
3
ILC
2
ILC
1
ILC
0

0

20

40

60

80

IL
C

s 
(%

 o
f L

in
-C

D
12

7+
 c

el
ls

)

**

*
**

**
*

A.

B. C. D. E.

FACS plot

Co
ntr
ol CD UC IB

D
0

20

40

60

80

100

C
D

56
-  I

L
C

s
(%

 o
f L

in
-C

D
45

+ 
ce

lls
)

****
****

***

20151604 Workspace.jo Layout

16/4/15 19:40 Page 1 of 1 (FlowJo v9.3.2)

0 102 103 104 105

Ki67

0

50K

100K

150K

200K

250K

S
S
C
-A

3.46

0 102 103 104 105

Ki67

0

50K

100K

150K

200K

250K

S
S
C
-A

8.46

0 102 103 104 105

Ki67

0

50K

100K

150K

200K

250K

S
S
C
-A

6.12

0 102 103 104 105

Iso

0

50K

100K

150K

200K

250K

S
S
C
-A

0.794

Total ILC cNK Total CD3+ Iso

Con
tro

l
CD

0

20

40

60

80

100

C
D

56
-  I

L
C

s
 (%

 o
f L

in
- C

D
12

7+  
ce

lls
)

Colo
n

Bloo
d

0.0

0.5

1.0

1.5

L
in

- C
D

12
7+  

ce
lls

 
(%

 o
f t

o
ta

l C
D

45
+  

ce
lls

)

**

Con
tro

l
CD UC

IB
D

0

1

2

3

4

5

L
in

- C
D

12
7+  

ce
lls

 
(%

 o
f t

o
ta

l C
D

45
+  

ce
lls

)

**

**
*

Con
tro

l
CD UC

0.0

0.5

1.0

1.5

L
in

-C
D

12
7+

 c
el

ls
 

(%
 o

f t
o

ta
l C

D
45

+ 
ce

lls
)

*
*

ILC
s

cN
K

T ce
lls

0

5

10

15

%
 K

i6
7+

*** ** **

Colo
n

Bloo
d

0

20

40

60

80

100

C
D

56
-  I

L
C

s 
(%

 o
f L

in
- C

D
12

7+  
ce

lls
) ***

*

Con
tro

l
CD UC

IB
D

0

20

40

60

80

100

C
D

56
-  I

L
C

s
 (%

 o
f L

in
- C

D
12

7+  
ce

lls
)

**
*
***

A.

C.

CD56
+

CD56
-

0

20

40

60

80

%
 C

D
25

+ *

Colon

CD56
+

CD56
-

0

20

40

60

80

100

%
 C

D
25

+

**
Blood

B.

E.

CD56
+

CD56
-

0

20

40

60

80

%
 C

C
R

6+

**
ColonBlood

CD56
+

CD56
-

0

20

40

60

80

100

%
 C

C
R

6+

G.

F.

H.

Figure 3.3: Accumulation and proliferation of Lin-CD127+ ILCs in the intestinal lamina 
propria of IBD patients. (A) Representative FACS plots of Ki67 expression in total Lin-CD127+ 
ILCs, cNK cells and total CD3+ T cells in inflamed IBD colon. (B) Quantification of flow cytometry 
data of Ki67 expression in ILCs, cNK cells and T cells in uninflamed and IBD colonic lamina 
propria. (C) Quantification of flow cytometry data of CD25 expression by blood and colonic CD56+ 
and CD56- ILCs. (D) Quantification of Ki67 expressing ILCs (left) and absolute number of ILCs 
(right) following stimulation of total control LPMCs with IL-2. (E) Quantification of total Lin-CD127+ 
ILC frequency among CD45+ cells in control and IBD blood. (F) Representative FACS plots (left) 
and quantification (right) of CCR6 expression by total ILCs, cNK cells and total CD3+ T cells in 
control blood. (G) Quantification of CCR6 expression by CD56+ and CD56- ILCs in blood (left) and 
colon (right) of control patients. (H) Quantification of the frequency of CD56- (left) and CD56+ 
(right) ILCs among Lin-CD45+ cells in control and IBD blood. Each dot in the plots represents an 
individual donor. Statistical significance was determined by means of Mann-Whitney U tests. Bars 
represent mean ± SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001. ****p ! 0.0001.
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Figure 3.4: CRTH2+ ILC2 enriched for IL-13 production are present in blood, colon and 
mesenteric fat and are enriched in the blood of IBD patients. (A) Representative FACS 
plots showing identification of CRTH2+ ILCs in human blood. (B) Quantification of ILC2 
frequency among total Lin-CD127+ ILCs in blood, colon and mesenteric fat from control 
patients. (C) Quantification of ILC2 frequency among total Lin-CD127+ ILCs in blood (left) and 
colon (right) of control and IBD patients. (D Representative FACS plots of cytokine expression 
in ILC2 following stimulation of whole PBMCs with PMA/ionomycin for 4h in the presence of 
Golgistop and Golgiplug. Each dot in the plots represents an individual donor. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± 
SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001.
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CD56- and CD56+ ILCs in peripheral blood have similar cytokine 
profiles.  ILCs in the blood express pro-inflammatory cytokines which 

are upregulated in IBD. 
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CD3-RORg+ cells express CD127.

a. Left: Representative triple staining CD3 (red), CD127 (green) and RORg (white) on frozen 
control colon. Middle: Focus on CD3 and RORg. Arrows indicate CD3-RORg+ cells. Right: 
Focus on CD127 and RORg. Arrows indicate CD127+ cells that are CD3-RORg+. 
Magnification: 200x. Scale bars: 20um. 
b. % of CD127+ cells among CD3-RORg+ cells. The majority of CD3-RORg+ cells express 
CD127. For individual patients on the left of the graph, the 95% C.I. for a single proportion 
were calculated using the Wald equation. On the right, the error bars indicate SEM.
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Figure 3.5: ROR!+ ILCs can be visualized in frozen intestinal tissue sections and localize in close 
proximity to CD3+ T cells. (A) Representative image showing CD3-ROR!+ ILCs and CD3+ROR!+ T cells in a 
frozen tissue section from normal colon. (B) Quantification of relative and absolute numbers of CD3+ T cells, 
CD3+ROR!+ T cells and CD3-ROR!+ ILCs in frozen tissue sections obtained from uninflamed CRC colon and 
inflamed CD colon and ileum. (C) Representative image of a triple staining approach to visualize CD127 expression 
by CD3-ROR!+ ILCs. (D) Quantification of CD127 expression by CD3-ROR!+ cells. (E) Representative image of 
the close co-localization of CD3-ROR!+ ILCs and CD3+ T cells. Each dot in the plots represents an individual 
donor. In (B) statistical significance was determined by means of Mann-Whitney U tests. Bars represent mean ± 
SEM. *p ! 0.05. **p ! 0.01. For individual specimens in (D) the 95% confidence intervals for a single proportion 
were calculated using the Wald equation.
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A.

B.

Figure 10: ILCs are not distributed homogeneously throughout the lamina propria and cluster in the 
proximity of T cell aggregates.
Clusters of RORg+ cells have a more diffuse appearance in Crohn's compared to control tissue. 
A. Representative image from a control patients. B. Representative image from a Crohn's patients. 
Original images are presented on the left, marked images pointing to ILCs (yellow arrows) and RORg+ T 
cells (white arrows) are shown on the right. 
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Figure 11: Distribution of ILCs relative to defined T cells aggregates.

A. The distribution of ILCs with respect to defined T cell aggregates (TA) was analysed using the centroid of 
area TA as a reference point. The distance of each ILC (dILC) to the centroid was determined and then 
normalized against the distance of the nearest perimeter point to the centroid (dperimeter). Left: 
Representative image of a control colon containing a clear T cell aggregate. Right: the perimeter of the T cell 
aggregate AT is delineated by the white line. The distance of each ILC from the centroid (dILC) was measured and 
normalized to dperimeter, as shown in B. for ILCs pooled from 6 control patients and 5 Crohn's patients. The green 
line represents the perimeter. C. The proportion of ILCs within the perimeter of AT was calculated for each control 
and Crohn's patient. Proportionally fewer ILCs are found within AT in Crohn's colon compared to control colon. As 
shown in D., this finding is independent of the size of AT relative to the whole image area, and therefore likely to 
represent a real effect rather than an artefact introduced by sampling bias. 
Statistics: A Mann-Whitney U-test was used to determine statistical significance in C. 
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Figure 3.6: The frequency of ILC1 is increased in intestinal lamina popria of CD patients. (A) 
Representative FACS plots for a revised gating strategy for ILC1, ILC2, ILC3 and ILC0 subsets in 
LPMCs isolated from uninflamed control colon. (B) Quantification of the frequencies of the different ILC 
subsets in control intestinal lamina propria. (C - F) Quantification of the frequencies of ILC3 (C), ILC2 
(D), ILC1 (E) and ILC0 (F) among total Lin-CD127+ ILCs in control and IBD intestinal lamina propria. 
(G) Quantification of ILC1 frequency among total Lin-CD127+ ILCs in control and IBD blood. Each dot 
in the plots represents an individual donor. Statistical significance was determined by means of Mann-
Whitney U tests. Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01.
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ILC3 are more frequent in control and IBD blood compared 
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Figure 1.  Identification of distinct ILC subsets in 
human blood. CD3-RORg+ ILCs in the intestinal 
lamina prorpria cluster around aggregates of CD3+ 
T cells. A. Representative FACS gating strategy for 
identification of the different ILC subsets in peripheral 
blood of healthy donors. B. Representative FACS plots 
and quantification of exression of master transcription 
factors in the different ILC subsets. C. Quantification of 
TF expression by ex vivo blood ILC subsets. D. qPCR 
analysis of ILC transcription factor expression. E. 
Frozen colonic sections were stained for RORg (green) 
and CD3 (red). DAPI counterstaining was used to 
visualize tissue structure. CD3-RORg+ ILCs cluster 
near aggregates of CD3+ T cells.
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Figure 3.7: Characterisation of TF expression by blood ILC subsets. (A) Representative  gating 
strategy for ILC1, ILC2 and ILC3 subsets in peripheral blood. (B) Representative FACS plots showing TF 
expression by blood ILC1, ILC2 and ILC3 subsets. Quantification of the frequencies of the different ILC 
subsets in control intestinal lamina propria. (C) Quantification of the proportion of Tbet-, Eomes-, ROR!t- 
and GATA3-expressing cells among blood ILC1, ILC2 and ILC3. (D) qRT-PCR analysis of TBX21, EOMES, 
RORC and GATA3 expression by FACS sorted blood ILC subsets (normalized to cNK expression levels). 
(E) qRT-PCR analysis of AHR, RORA and ID2 expression by FACS sorted blood ILC subsets (normalized 
to cNK expression levels). Each dot in the plots represents an individual donor. Statistical significance was 
determined by means of Mann-Whitney U tests. Bars represent mean ± SEM.
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Figure 3.8: Analysis of cytokine expression by blood ILC subsets. Whole PBMCs from 
healthy donors were stimulated with PMA/ionomycin for 4h in the presence of Golgistop/Golgiplug 
followed by ICS and flow cytometry analysis. (A) Representative FACS plots of cyokine 
expression by ILC1, ILC2, ILC3 and cNK cells. ILC subsets were gated as in Figure 3.7. (B - E) 
Quantification of cytokine-expressing cells amongst ILC3 (B), ILC2 (C), ILC1 (D) and cNK cells 
(E). Data are representative of n = 3 - 6 individual donors.Bars represent mean ± SEM.
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Figure 3.9: Establishment of culture conditions for in vitro expansion of FACS sorted 
blood ILC subsets. (A) Schematic depiction of culture strategy. FACS sorted ILC1, ILC2, ILC3 
and cNK populations were plated in round-bottom 96-well plates (1 x 104 cells/ml) on a feeder layer 
of mixed irradiated PBMCs (45 Gy) from three allogeneic donors (1 x 106 cell/ml). The cells were 
cultured in complete growth medium supplemented with IL-2 (100 U/ml) and/or IL-7 (50 ng/ml) (see 
Materials & Methods). PHA (1µg/ml) was added once at the beginning of the cultures. IL-2 and IL-7 
were replenished every three days. ILCs greatly expanded within 2-3 weeks of culture and were 
cultured for up to 6 weeks before being used in experiments. (B) Fold expansion of FACS sorted 
ILC subsets cultured for 3 weeks in IL-2 (100 U/ml) and/or IL-7 (50 ng/ml). Each dot in the plots 
represents an individual donor. Bars represent mean ± SEM.
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Figure 3.10: Characterisation of surface marker expression by in vitro expanded 
blood ILC subsets. FACS sorted ILC subsets were cultured in IL-2 (100 U/ml) and IL-7 (50 
ng/ml) for 3-5 weeks followed by flow cytometry analysis of surface marker expression. (A) 
Representative FACS plots showing expression of surface markers by ILC3. (B - J) 
Quantification of the proportion of cells among cultured ILC1, ILC2, ILC3 and cNK that 
express CD117 (B), NKp44 (C), CD56 (D), CCR6 (E), CD25(F), CD161 (G), CRTH2 (H), 
CD94 (I) and ICOS (J). Each dot in the plots represents an individual donor. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± 
SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001.
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Figure 3.11: Characterisation of cytokine expression by in vitro expanded blood ILC subsets. 
FACS sorted ILC subsets were cultured in IL-2 (100 U/ml) and IL-7 (50 ng/ml) for 3-5 weeks and then 
stimulated for 4h with PMA/ionomycin in the presence of Golgistop. This was followed by ICS and flow 
cytometry analysis. (A-C) Representative FACS plots of cytokine expression by cultured ILC3 (A), 
ILC2 (B) and ILC1 (C). (D) Quantification of IL-17A, IL-22 and GM-CSF expression by the different 
ILC subsets. (E) Quantification of IL-4, IL-5 and IL-13 expression by the different ILC subsets. (F) 
Quantification of IFN", TNF! and IL-2 expression by the different ILC subsets. Each dot in the plots 
represents an individual donor. Statistical significance was determined by means of Mann-Whitney U 
tests. Bars represent mean ± SEM. *p # 0.05. **p # 0.01. ***p # 0.001. ****p # 0.0001.
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CD56- ILCs after 3 weeks of 
culture. Cells were stimulated with 
PMA/ionomycin for 4h in the 
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Figure 3.12: Characterisation of TF expression by in vitro expanded blood ILC subsets. FACS 
sorted ILC subsets were cultured in IL-2 (100 U/ml) and IL-7 (50 ng/ml) for 3-5 weeks followed by flow 
cytometry analysis. Representative FACS plots of TF expression by cultured ILC subsets are shown.
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Figure 3.13: The cytokine expression profiles of ILC3 cultured IL-2, IL-7 or IL2 + 
IL-7 are not significantly different. FACS sorted blood ILC3 were cultured in IL-2 
(100 U/ml), IL-7 (50 ng/ml) or a combination of both cytokines for 3-5 weeks. This was 
followed by stimulation with PMA/ionomycin for 4h in the presence of Golgistop/
Golgiplug, ICS and flow cytometry analysis. (A - C) Quantification of IL-17A, IL-22 and 
GM-CSF (A), IL-4, IL-5 and IL-13 (B) and IFN", TNF! and IL-2 (C) expression by 
ILC3 cultured with the different cytokine combinations. Each dot in the plots represents 
an individual donor. Statistical significance was determined by means of Mann-Whitney 
U tests. Bars represent mean ± SEM.
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Figure 3.14: ILC3 and ILC2 induce ICAM-1 upregulation on intestinal stromal cells. (A - 
C) Quantification of TNFSF14 (A), LTA (B) and LTB (C) mRNA expression by ex vivo sorted 
blood ILC populations. Each dot in the plots represents an individual donor. (D) CCD18co 
colonic stromal cells were co-cultured with in vitro expanded ILC1, ILC2 or ILC3 for 3 days 
followed by flow cytometry analysis. ILCs were derived from n = 3 - 5 individual donors. 
Stimulation of CCD18co cells with recombinant human TNF!, IL-17A or LT! was used as a 
positive control for induction of ICAM-1 expression. The plots represent quantification of the 
percentage (left) and MFI (right) of ICAM-1 expression by CCD18co cells following co-culture 
with ILC3, ILC2, ILC1 or following cytokine stimulation. Statistical significance was determined 
for each co-culture conditions with respect to untreated CCD18co cells by means of Mann-
Whitney U tests. Bars represent mean ± SEM. *p " 0.05. **p " 0.01. ***p " 0.001. ****p " 
0.0001.

A. B.

ILC
3

ILC
2

ILC
1

0.00

0.01

0.02

0.03

TN
FS

F1
4 

(r
el

. t
o 

A
C

TB
)

ILC
3

ILC
2

ILC
1

0.00

0.01

0.02

0.03

LT
A

 (r
el

. t
o 

A
C

TB
)

ILC
3

ILC
2

ILC
1

0.0

0.1

0.2

0.3

LT
B

 (r
el

. t
o 

A
C

TB
)

C.

D.



! "QR!

E?E$I)21>22)&*$

L;! (>%@6$6$/! K'29! -A#7673! <83@! +,@%$! :699,(! %$0! ?13304! I(! 9+3I! +(8(! :+%:! '6$&

2B"ERX! K'29! %8(! ($86*+(0! 6$! :+(! +,@%$! 6$:(9:6$%1! 1%@6$%! -83-86%! *3@-%8(0! :3!

-(86-+(8%1!?1330!%$0! <,8:+(8!%**,@,1%:(! 6$! :+(! 6$<1%@(0! 1%@6$%!-83-86%!3<!2B!%$0!

52! -%:6($:9! *3@-%8(0! :3! ,$6$<1%@(0! *3$:8319N! L%9(0! 3$! K'2! $3@($*1%:,8(! %:! :+(!

:6@(4!I(! 6$7(9:6/%:(0! :+(! 8(1%:67(! <8(A,($*6(9!3<!2BGbX!%$0!2BGb&! K'2! 9,?9(:9! %$0!

*3,10! *3$<68@! %! -8(763,9! 8(-38:! J"jGM! 3<! %! 9(1(*:67(! 6$*8(%9(! 6$! 1%@6$%! -83-86%&

8(960($:!2BGb&! K'2! <8(A,($*;!$3:!3$1;! 6$!2B!?,:!%193! 6$!52!-%:6($:9N!T3!96/$6<6*%$:!

06<<(8($*(9! 6$! :(8@9!3<! *;:3H6$(!%$0! :8%$9*86-:63$! <%*:38! (>-8(9963$!I(8(!0(:(*:(0!

?(:I(($! 2BGb&! %$0! 2BGbX! K'29! 6$! +(%1:+;! *3$:831! ?1330! J(>*(-:! <38! \#D#Q!

(>-8(9963$4! I+6*+! I%9! 96/$6<6*%$:1;! +6/+(8! 6$! :+(! 2BGb&! K'29MN! O3I(7(8! ,$0(8!

6$<1%@@%:38;! *3$06:63$9! 2BGb&! K'29! 9+3I(0! 96/$6<6*%$:1;! 6$*8(%9(0! (>-8(9963$! 3<!

-83&6$<1%@@%:38;! *;:3H6$(9! 6@-16*%:(0! 6$! KLB! -%:+3/($(969! 9,*+! %9! K'&"R#4! KSTU4!

\.&2)S!%$0!K'&"Q4!I+61(!2BGbX!K'29!I(8(!($86*+(0!<38!K'&EE!(>-8(9963$N!!

!

D+(!8(1%:67(!0(*8(%9(!3<!2BGbX!K'29! 6$!:+(! 6$:(9:6$%1! 1%@6$%!-83-86%!3<! KLB!-%:6($:9!

9,//(9:9!%!0(*8(%9(!6$!K'2&0(867(0!K'&EE!6$!:+(!1%@6$%!-83-86%!3<!KLB!-%:6($:9N!P+61(!

K'&EE! *%$! (>(8:! -83&6$<1%@@%:38;! (<<(*:9! 6$! 9(7(8%1! @3,9(! @30(19! 3<! *+83$6*!

6$<1%@@%:38;!069380(89!6$*1,06$/!8+(,@%:360!%8:+86:69!%$0!-9386%969!JQGF&QGQM4!:+(!

@%Z386:;!3<!8(-38:9!:3!0%:(!+%7(!0(@3$9:8%:(0!%!-83:(*:67(!831(!<38!K'&EE!6$!@3,9(!

@30(19!3<!*316:69!JQ""MN!)-(*6<6*%11;4!K'2&@(06%:(0!(>-8(9963$!3<!K'&EE4!8(/,1%:(0!76%!

Y#!%$0!:+(!:;8396$(!H6$%9(!';$4!+%9!?(($!9+3I$!:3!-83:(*:!@6*(!<83@!B))&6$0,*(0!

*316:69! JQGW4QGGMN! K:! 69! *3$*(67%?1(! :+%:! %! 8(0,*:63$! 6$! K'2&0(867(0! K'&EE! *3,10!

*3$:86?,:(! :3! 6@-%68(0! (-6:+(16%1! ?%886(8! <,$*:63$4! 6$*1,06$/! 8(0,*(0! 9(*8(:63$! 3<!

%$:6@6*83?6%1!-(-:60(94!(-6:+(16%1! <,*39;1%:63$!%$0!(-6:+(16%1!8(-%684!%11!3<!I+6*+!%8(!

<(%:,8(9! 3<! ?3:+! 2B! %$0! 52! -%:6($:9N! D+69! @%;! 1(%0! 6$*8(%9(0! :8%$913*%:63$! 3<!



! "Qj!

*3@@($9%1! %$:6/($9! 6$:3! :+(! 6$:(9:6$%1! 1%@6$%! -83-86%4! -83@3:6$/! 6$<1%@@%:38;!

6@@,$(!8(9-3$9(9!%$0!9(*3$0%8;!%*:67%:63$!3<!*3@@($9%1&9-(*6<6*!2BWX!D!*(119N!!

!

#$%1;969!3<!!"#$!%&!13*%16V%:63$!*+%8%*:(869:6*9!3<!Y=YUX!K'29!*3$<68@(0!6$<1%@@%:63$&

%993*6%:(0!%**,@,1%:63$!3<! :+(9(!*(119! 6$!:+(!*313$6*!%$0! 61(%1! 1%@6$%!-83-86%!3<!2B!

-%:6($:9!%$0! <,8:+(8@38(!8(7(%1(0! :+%:!Y=YUX! K'29! 13*%16V(! 6$!-83>6@6:;!3<!2BQX!D!

*(119N! D+69! 9,//(9:9! :+%:! Y=YUX! K'29! %$0! D! *(119! @%;! <,$*:63$%11;! 6$:(8%*:! 6$! :+(!

6$:(9:6$%1! 1%@6$%! -83-86%N! K$! 9,--38:! 3<! :+69! 60(%4! (760($*(! 9,//(9:9! :+%:! 6$!@3,9(!

9-1(($4! Y=YU:X! K'2Q!@%;! 9,--38:! 9,8767%1! %$0! %*:67%:63$! 3<! 2BWX!@(@38;! D! *(119!

:+83,/+!-8376963$!3<!=eWF'!%$0!2BQF'!96/$%19!JQGb&QGjMN!P(!6$7(9:6/%:(!-3:($:6%1!

<,$*:63$%1!6$:(8%*:63$9!?(:I(($!K'29!%$0!D!*(119!6$!2+%-:(8!WN!

!

a>%@6$6$/! -3:($:6%1!@(*+%$69@9! 3<! %**,@,1%:63$4!I(! <3,$0! <38! :+(! <689:! :6@(! :+%:!

:+(8(! I%9! 6$*8(%9(0! !"# $!%&! -8316<(8%:63$! %@3$/! :3:%1! K'29! 6$! :+(! 6$<1%@(0! +,@%$!

1%@6$%! -83-86%N!P(! <,8:+(8@38(! 9+3I(0! :+%:! K'29! -8316<(8%:(! 6$! 8(9-3$9(! :3! K'&E4!

I+6*+!69!6$*8(%9(0!6$!6$<1%@(0!KLB!1(963$9!JQWWMN!2BGb&!K'29!(>-8(99(0!+6/+(8!1(7(19!

3<! 2BEG! 6$! ?3:+! -(86-+(8%1! ?1330! %$0! *313$6*! 1%@6$%! -83-86%4! 9,//(9:6$/! :+%:!

06<<(8($:6%1! 9($96:676:;! :3! K'&E!@%;!8(9,1:! 6$! :+(!-8(<(8($:6%1! %**,@,1%:63$!3<!2BGb&!

K'29! ,$0(8! *3$06:63$9! 3<! 6$<1%@@%:63$N! =,8! <6$06$/9! 6$06*%:(! :+%:! K'29! :+(@9(17(9!

%8(!-830,*(89!3<!K'&E4!I6:+!6$*8(%9(0!-830,*:63$!3?9(87(0!6$!KLB!-%:6($:9!*3@-%8(0!

:3! *3$:831! 6$06760,%194! %$0! 6:! 69! *3$*(67%?1(! :+%:! K'2&0(867(0! K'&E! @%;! %*:! 6$! %$!

%,:3*86$(! @%$$(8! :3! 9:6@,1%:(! -8316<(8%:63$! 3<! :+(9(! *(119N! S,8:+(8@38(4! %*:67%:(0!

2BWX!D!*(119!%8(!@%Z38!-830,*(89!3<!K'&E!JQGh&Qb"MN!K$!16/+:!3<!3,8!<6$06$/!:+%:!K'29!

%$0! D! *(119! *139(1;! *3&13*%16V(! 6$! :+(! 6$:(9:6$%1! 1%@6$%! -83-86%4! :+69! -8(9($:9! :+(!

6$:(8(9:6$/! -3996?616:;! :+%:! %*:67%:(0! 2BWX! D! *(119! @%;! 8(/,1%:(! K'29! :+83,/+! K'&EN!

Y(*($:!-,?169+(0!(760($*(!:+%:!%839(!6$!:+(!*3,89(!3<!:+69!9:,0;!6$0((0!9,//(9:9!:+%:!



! "Qh!

:+69!@%;!?(!:+(!*%9(N!=16-+%$:!(:!%1N!8(-38:(0!:+%:!K'2E!I(8(! 6$0,*(0!:3!-8316<(8%:(!

%$0!:3!,-8(/,1%:(!(>-8(9963$!3<! K'&G!%$0!K'&"Q! 6$! :+(!-8(9($*(!3<!%*:67%:(0!2BWX!D!

*(119!!"#'!%()N!T(,:8%16V%:63$!3<!K'&E!-83+6?6:(0!K'2E!%*:67%:63$!J"WbMN!

!

#$%1;969! 3<! 22Y! (>-8(9963$! ?;! ?1330! K'29! 8(7(%1(0! :+%:! 2BGb&! K'29! +%0! +6/+(8!

(>-8(9963$!3<! :+(! /,:&+3@6$/! 8(*(-:38!22Yb! *3@-%8(0! :3!2BGbX! K'29N!C8(<(8($:6%1!

8(*8,6:@($:! :3! :+(! 6$:(9:6$%1! 1%@6$%!-83-86%!,$0(8!*3$06:63$9!3<! 6$<1%@@%:63$!@%;!

*3$:86?,:(! :3! :+(! 3?9(87(0! 9(1(*:67(! %**,@,1%:63$! 3<! 2BGb&! K'29! 6$! 2B! %$0! 52!

-%:6($:9N! 22'EF&0(-($0($:! 8(*8,6:@($:! 3<! -83&6$<1%@@%:38;! 22Yb&(>-8(996$/!

(<<(*:38! *(119! +%9! ?(($! 6@-16*%:(0! 6$! :+(! -%:+3/($(969! 3<! 9(7(8%1! %$6@%1!@30(19! 3<!

*+83$6*!6$<1%@@%:38;!069(%9(94!6$*1,06$/!a#a4!Y#!%$0!*316:69!JQbE&QbbMN!K$!+,@%$94!

6$*8(%9(0!(>-8(9963$!3<! :+(!22Yb! 16/%$0!22'EF!?;!%*:67%:(0!(-6:+(16%1!%$0!9:83@%1!

*(119! 69! <3,$0! 6$! KLB! 1(963$9! %$0! +%9! ?(($! *388(1%:(0! I6:+! :+(! 9(7(86:;! 3<!

6$<1%@@%:63$! 6$! -%(06%:86*! 52! -%:6($:9! JQbR&QbhMN! S,8:+(8@38(4! )TC9! 6$! :+(! /($(!

($*306$/!22Yb!%8(!%993*6%:(0!I6:+!6$*8(%9(0!9,9*(-:6?616:;!:3!2B!JQRFMN!D+,94!22Yb&

0(-($0($:! 8(*8,6:@($:! 3<! -83&6$<1%@@%:38;! 2BGb&! K'29!@%;! *3$:86?,:(! :3! 069(%9(!

-%:+3/($(969!6$!KLB!-%:6($:9N!!

K$!*3$:8%9:!:3!%$!(%816(8!8(-38:!3<!22YR!(>-8(9963$!3$!+,@%$!'D6!*(119!6931%:(0!<83@!

:+(! <3(:%1! .'T! J"jEM4! I(! 060! $3:! 0(:(*:! 22YR! (>-8(9963$! ?;! ?1330! K'29N! D+69!

6$06*%:(9! :+%:!22YR!(>-8(9963$!@%;!?(! 16@6:(0! :3! :+(! <3(:%1!'D6!9,?9(:4!I+6*+!9((0!

:+(! <3(:%1! @(9($:(8;! (%81;! 0,86$/! 0(7(13-@($:! J"jEMN! #1:(8$%:67(1;4! 6:! 69! -3996?1(!

:+%:!?1330!K'29!03!$3:!068(*:1;!+3@(!:3!'T94!?,:!<689:!@6/8%:(!6$:3!-(86-+(8%1!:699,(!

96:(94! <38!(>%@-1(! 6$!%!22Yb&0(-($0($:!@%$$(84! <3113I(0!?;!,-8(/,1%:63$!3<!22YR!

%$0!@6/8%:63$!:3!:+(!08%6$6$/!.'TN!#!8(*($:!-,?16*%:63$!8(7(%1(0!:+%:!6$!:+(!@,86$(!

9;9:(@!Y=YU:X!K'29!@6/8%:(!<83@!:+(!9@%11!6$:(9:6$%1!1%@6$%!-83-86%!:3!:+(!08%6$6$/!

.'T!6$!%!22YR&0(-($0($:!@%$$(8!JQR"MN!a>%@6$%:63$!3<!22YR!(>-8(9963$!3$!1%@6$%!



! "WF!

-83-86%&8(960($:! K'2! -3-,1%:63$9! I3,10! ?(! 8(A,68(0! :3! %99(99! :+69! -3996?616:;! 6$! %!

+,@%$!9(::6$/N!

!

P+61(! 3,8! 0%:%! 9,//(9:! :+%:! 6$*8(%9(0! -8316<(8%:63$! %$0! -8(<(8($:6%1! 8(*8,6:@($:!

@%;!*3$:86?,:(!:3!:+(!9(1(*:67(!%**,@,1%:63$!3<!2BGb&!K'29!6$!:+(!6$<1%@(0!6$:(9:6$%1!

1%@6$%! -83-86%4! 03I$8(/,1%:63$! 3<! 2BGb! (>-8(9963$! ?;! 2BGbX! K'29! ,$0(8!

6$<1%@@%:38;!*3$06:63$9!*%$$3:!?(!(>*1,0(0N!G"#'!%()!%!-1%9:6*!8(1%:63$9+6-!?(:I(($!

+,@%$! T[Y&! %$0! T[YX! K'29! +%9! ?(($! 0(@3$9:8%:(0! J"jh4"hbMN! ):6@,1%:63$! 3<!

T[-WWX!K'2Q!I6:+!K'&"E!*%$!1(%0!:3!03I$8(/,1%:63$!3<!T[-WW!%$0!Y=YU:!(>-8(9963$!

%$0! ,-8(/,1%:63$! 3<! D&?(:! %$0! KSTU! (>-8(9963$! J"jhMN! K:! 69! *3$*(67%?1(! :+%:! 6$! %$!

($7683$@($:! ($86*+(0! <38! -83&6$<1%@@%:38;! *;:3H6$(9! 9,*+! %9! K'&"E4! K'&EQ! %$0!

DTSn!%9!69!<3,$0!6$!:+(!6$<1%@(0!6$:(9:6$%1! 1(963$9!3<!KLB!-%:6($:94!2BGbX!K'29!@%;!

06<<(8($:6%:(!6$:3!6$<1%@@%:38;!2BGb&!K'29N!O3I(7(84!:+69!+;-3:+(969!I3,10!8(A,68(!

<,8:+(8!(>%@6$%:63$!!"#'!%()N!a760($*(!6$06*%:(9!:+%:!D\S&m!@%;!0867(!%!1399!6$!K'&EE!

(>-8(9963$!?;!DO"R!*(119! 6$!52!-%:6($:9!%$0!-83@3:(!:+(!/($(8%:63$!3<!K'&"R!96$/1(!

-830,*(89! JEhQMN! K:! I3,10! ?(! 6$:(8(9:6$/! :3! :(9:! I+(:+(8! %! 96@61%8! 8(/,1%:38;!

@(*+%$69@!@%;!?(!%:!-1%;!6$!:+(!K'2!*3@-%8:@($:N!

!

S3113I6$/!60($:6<6*%:63$!3<!%!2YDOEX!K'2!9,?9(:!($86*+(0!<38!\#D#Q!(>-8(9963$!%$0!

:;-(!E!*;:3H6$(!-830,*:63$!6$!:+(!+,@%$!<3(:%1!/,:!%$0!:3$961!J"bM!%$0!?%9(0!3$!3,8!

<6$06$/! 3<! +6/+! \#D#Q! %$0! K'&"Q! (>-8(9963$! %@3$/! :+(! 2BGb&! K'2! 9,?9(:4! I(!

6$7(9:6/%:(0!:+(!-8(9($*(!3<!2YDOEX!K'2E!6$!:+(!%0,1:!+,@%$!?1330!%$0!/,:N!K$!76(I!

3<!:+(68!831(!6$!D;-(!E!6@@,$6:;!%$0!%11(8/6*!6$<1%@@%:63$!6$!?3:+!@6*(!%$0!+,@%$9!

J"F4"b4QQjM4! I(! +;-3:+(96V(0! :+%:! %$! 6$*8(%9(0! <8(A,($*;! 3<! :+(9(! *(119! @6/+:! ?(!

<3,$0!6$!52!*313$N!K$*8(%9(0!1(7(19!3<!K'&QQ!%8(!-8(9($:!6$!52!1(963$9!JQRE&QRWM4!%$0!

6:! 69! *3$*(67%?1(! :+%:! K'&QQ&@(06%:(0! (>-%$963$! %$0! %*:67%:63$! 3<! K'&G! %$0! K'&"Q&



! "W"!

-830,*6$/! 2YDOEX! K'2E! *(119! *3,10! *3$:86?,:(! :3! 069(%9(! -%:+3/($(969!

J""4Q"R4QQj4QRGMN!

!

#! *1(%8! 2YDOEX! K'2! -3-,1%:63$! :+%:! (>-8(99(0! K'&"Q! ?,:! $3:! KSTU! 38! DO"R&8(1%:(0!

*;:3H6$(9!I%9!-8(9($:! 6$!?1330!%$0! 6$:(9:6$%1! 1%@6$%!-83-86%4!%1?(6:!%:!@,*+! 13I(8!

<8(A,($*;!6$!:+(!1%::(8N!P+61(!K'2E!<8(A,($*;!6$!:+(!?1330!3<!2B!%$0!52!-%:6($:9!I%9!

6$*8(%9(04! $3! 96/$6<6*%$:!06<<(8($*(!I%9! <3,$0! 6$! KLB! *3@-%8(0! :3!,$6$<1%@(0!/,:N!

P3Z$3! (:! %1N! 8(*($:1;! 8(-38:(0! 8(0,*(0! (>-8(9963$! 3<! 2YDOE! 3$! K'&QQYX! K'2E! 6$!

+,@%$!%$0!@3,9(! 1,$/! *3@-%8(0! :3!-(86-+(8%1!?1330! J"WFMN!D+(!/83,-! 9,//(9:(0!

:+%:!16/%:63$!3<!2YDOE!?;!C\BE!6$!:+(!?1330!6$0,*(9!03I$8(/,1%:63$!3<!2YDOE!%$0!

@6/8%:63$! 3<! K'2E! 6$:3! :+(! 1,$/N! K:! 69! *3$*(67%?1(! :+%:! %! 96@61%8! @(*+%$69@! *3,10!

%**3,$:! <38! :+(! 8(0,*(0! -83-38:63$! 3<! 2YDOEX! *(119! %@3$/9:! :+(! '6$&2B"ERX! K'2!

-3-,1%:63$!3?9(87(0!6$!:+(!*313$!*3@-%8(0!:3!-(86-+(8%1!?1330N!#!06<<(8($:!9:%6$6$/!

%--83%*+! ?%9(0! 3$! 0(<6$6:63$! 3<! K'2E! %**3806$/! :3! \#D#Q! %$0! K'&QQY! (>-8(9963$!

*3,10!+(1-!:3!*1%86<;!3-($!A,(9:63$9!8(/%806$/!:+(!96V(!3<!:+(!K'2E!-3-,1%:63$!6$!?3:+!

:+(!9:(%0;&9:%:(!%$0!6$<1%@(0!6$:(9:6$%1!1%@6$%!-83-86%N!!

!

=,8! <6$06$/!:+%:! K'2E!%8(!-8(9($:! 6$!+,@%$!@(9($:(86*!%06-39(!:699,(!3-($9!,-!%$!

6$:(8(9:6$/! +;-3:+(969! <38! <,:,8(! 6$7(9:6/%:63$N! O;-(8:83-+;! 3<! @(9($:(86*! <%:!

Jr*8((-6$/! <%:_M! 37(81;6$/! 6$<1%@@%:38;! 6$:(9:6$%1! 1(963$9! 69! %! -+($3@($3$! *139(1;!

%993*6%:(0!I6:+!2B4!%1:+3,/+!6:9!831(!6$!069(%9(!-%:+3/($(969!69!$3:!I(11!,$0(89:330!

JQRbMN!K$!2B!-%:6($:94!6$*8(%9(0!?%*:(86%1!:8%$913*%:63$!%*8399!:+(!6$<1%@(0!%$0!1(%H;!

6$:(9:6$%1! (-6:+(16%1! ?%886(8! 6$:3! @(9($:(86*! <%:! +%9! ?(($! 0(9*86?(0! JQRRMN! Y(*($:!

(760($*(! 6$06*%:(9! :+%:! *8((-6$/! <%:! 69! 6$<61:8%:(0! ?;! %1:(8$%:67(1;! %*:67%:(0!

@%*83-+%/(9N!K:!I%9!9,//(9:(0!:+%:!:+(9(!*(1194!6$!*3$Z,$*:63$!I6:+!%06-3*;:(94!%60!6$!

:+(! (9:%?169+@($:! 3<! %$! 6@@,$38(/,1%:38;! ($7683$@($:! :+%:! -8(7($:9! 9;9:(@6*!



! "WE!

6$<1%@@%:63$!0,(!:3!?%*:(86%1!:8%$913*%:63$4!?,:!%113I9!<38!0(7(13-@($:!3<!(<<(*:67(!

13*%1!6@@,$6:;!:3!?%*:(86%1!%$:6/($9!JQRjMN!.,86$(!K'2E!+%7(!?(($!60($:6<6(0!6$!<%:&

%993*6%:(0!1;@-+360!9:8,*:,8(9!I+(8(!:+(;!*3$:86?,:(!:3!@(:%?316*!+3@(39:%969!?;!

@%6$:%6$6$/! %06-39(! :699,(&%993*6%:(0! (396$3-+619! %$0! %1:(8$%:67(1;! %*:67%:(0!

@%*83-+%/(9!%9!I(11!%9!:+83,/+!068(*:!K'&W&!%$0!K'&"Q&@(06%:(0!(<<(*:9!3$!%06-3*;:(!

-83/($6:389! J"Q4"R"4"jF4"j"MN! L%9(0! 3$! 3,8! <6$06$/! :+%:! K'2E! %8(! -8(9($:! 6$!

@(9($:(86*!%06-39(!:699,(!6:!I3,10!?(!6$:(8(9:6$/!:3!(>%@6$(!%!-3:($:6%1!831(!<38!K'2E!

6$!:+(!/($(8%:63$!%$0!<,$*:63$%16:;!3<!2B&%993*6%:(0!*8((-6$/!<%:N!!

!

596$/! %! 8(769(0!-%$(1! 3<! 9,8<%*(!@%8H(89! %**3806$/! :3! %!-83-39%1! <38! %!,$6<6(0! K'2!

$3@($*1%:,8(!:+%:!%839(!6$!:+(!*3,89(!3<!:+69!9:,0;!JbM4!I(!*3,10!*3$<68@!%!-8(763,9!

8(-38:!3<! 6$*8(%9(0! K'2"! <8(A,($*;! 6$! :+(! 6$<1%@(0! 6$:(9:6$%1! 1%@6$%!-83-86%!3<!2B!

*3@-%8(0!:3!*3$:831!-%:6($:9!J"jhMN!S13I!*;:3@(:8;!%$%1;969!3<!:8%$9*86-:63$!<%*:38!

%$0!*;:3H6$(!(>-8(9963$!?;!?1330!K'2!9,?9(:9!/%:(0!3$!:+(!?%969!3<!2BGb4!2B""R!%$0!

2YDOE!(>-8(9963$!*3$<68@(0!:+%:!:+(9(!9,?9(:9!I(8(!6$0((0!($86*+(0!<38!<,$*:63$%1!

@%8H(89!%993*6%:(0!I6:+!H$3I$!K'2"4!K'2E!%$0!K'2Q!9,?9(:9N!!

!

O3I(7(84!I+61(! :+(! *;:3H6$(! %$0! :8%$9*86-:63$! <%*:38! -83<61(9! 3<! :+(9(! -3-,1%:63$9!

6$06*%:(!:+%:!:+(;!*388(9-3$0!:3!:+(!(A,67%1($:!-3-,1%:63$9!60($:6<6(0!6$!:+(!@3,9(4!

6:!69!,$*1(%8!+3I!+,@%$!K'2Q4!K'2F!%$0!K'2"!6$:(88(1%:(!%$0!I+(:+(8!K'2"!*3$9:6:,:(!

%$!6$0(-($0($:!3)".#1!2-#K'2"!16$(%/(!38!8%:+(8!06<<(8($:6%:(!<83@!K'2Q!38!K'2FN!L3:+!

K'2Q!%$0!K'2F!-3-,1%:63$9!+%7(!?(($!9+3I$!:3!06<<(8($:6%:(!6$:3!K'2"!6$!8(9-3$9(!:3!

K'&"E!J"jhMN!K$*8(%9(0!1(7(19!3<!K'&"E!%8(!-8(9($:!6$!:+(!6$<1%@(0!1%@6$%!-83-86%!3<!

2B!-%:6($:9!JEhEM!%$0!@%;!6$0,*(!:+(!-8(<(8($:6%1!06<<(8($:6%:63$!3<!K'2"4!8(9,1:6$/!

6$! %$! %**,@,1%:63$! 3<! :+(9(! *(119! 6$! :+(! 6$:(9:6$%1! 1%@6$%! -83-86%N! K$! 16$(!I6:+! :+69!

+;-3:+(9694! I(! 3?9(87(0! %! :8($0! :3I%809! 8(0,*(0! 6$:(9:6$%1! K'2Q! %$0! K'2F!



! "WQ!

<8(A,($*6(9! 6$! 2B! -%:6($:9N! S,8:+(8! 6$7(9:6/%:63$9! 6$:3! :+(! -1%9:6*6:;! 3<! K'2"!

-3-,1%:63$9!I611!?(!8(A,68(0!:3!0(:(8@6$(!:+(!8(1%:63$9+6-!?(:I(($!K'2"4! K'2Q!%$0!

K'2F!@38(!*3$*1,967(1;N!=,8!0%:%!6$06*%:(!:+%:!2BGb&!K'29!(>-8(99!?3:+!Y=Y!:!%$0!D&

?(:N! S,8:+(8@38(4!I+61(! K'2Q! -3-,1%:63$9! %8(! +(:(83/($(3,9! <38! 2BGb! (>-8(9963$4!

K'2"!-A#'!')!03!$3:!(>-8(99!2BGb!J"jhMN!K:!69!:+(8(<38(!16H(1;!:+%:!:+(!2B&%993*6%:(0!

KSTU!%$0!K'&"R#&-830,*6$/!2BGb&!K'2!-3-,1%:63$!60($:6<6(0!6$!3,8!1%?!69!*3@-869(0!

3<!%!@6>:,8(!3<!K'2Q!%$0!3)".#1!2-!%$0!K'2Q&0(867(0!K'2"N!!

!

D+(! <,$*:63$%1! 6$7(9:6/%:63$! 3<! +,@%$! K'2! 9,?9(:9! 69! +%@-(8(0! ?;! :+(68! 13I!

<8(A,($*;!%$0!*3@-3,$0(0!?;!:+(!*+%11($/(9!3<!3?:%6$6$/!+,@%$!:699,(!9-(*6@($9N!

L%9(0!3$!H$3I1(0/(!3<! :+(!0(7(13-@($:%1!0(-($0($*(!3<! K'29!3$!*3@@3$!U!*+%6$!

*;:3H6$(9! <83@!@3,9(! %$0! +,@%$! 9:,06(9! JQRhM! %9! I(11! %9! -8(763,9! 8(-38:9! 3<! !"#

'!%()!*,1:,8(!3<!+,@%$!K'29!J"jj4"hbM4!I(!0(9*86?(!:+(!(9:%?169+@($:!3<!%$! !"#'!%()!

*,1:,8(! 9;9:(@! ,96$/! K'&E! %$0! K'&R! %113I6$/! <38! :+(! 83?,9:! (>-%$963$! 3<! S#2)!

-,86<6(0! K'2"4! K'2E! %$0! K'2Q! 9,?9(:9! <83@! +,@%$! -(86-+(8%1! ?1330N! #<:(8! ,-! :3! b!

I((H9! 6$! *,1:,8(4! :+(9(! K'2! -3-,1%:63$9! @%6$:%6$(0! 9:%?1(! (>-8(9963$! 3<! :+(68!

*+%8%*:(869:6*! 9,8<%*(! @%8H(894! *;:3H6$(9! %$0! :8%$9*86-:63$! <%*:389N! D+,94! I(!

9,**(99<,11;!(9:%?169+(0!%!@(:+30!:3!6$7(9:6/%:(!+,@%$!K'29!<,$*:63$%11;!!"#'!%()N!

!

23&*,1:,8(! (>-(86@($:9! I6:+! 6)29! 6$06*%:(! :+%:! K'2Q4! K'2E! %$0! K'2"! +%7(! %!

06<<(8($:6%1! *%-%*6:;! :3! 6$0,*(! 9:83@%1! *(11! %0+(963$! @31(*,1(! (>-8(9963$N! K'2Q!

%--(%8!:3!?(!@39:!*139(1;!8(1%:(0!:3!<3(:%1!'D6!*(119!%$0!9((@!:3!9+%8(!:+(68!6$0,*(8!

*%-%*6:;4! I+61(! K'2"! 03! $3:! (>(8:! %$! (<<(*:! 3$! K2#.&"! (>-8(9963$! ?;! 6)2N! D+(!

<38@%:63$!3<!%?(88%$:!:(8:6%8;!1;@-+360!38/%$9!JD'=9M!69!%993*6%:(0!I6:+!%!8%$/(!3<!

%,:36@@,$(!%$0!*+83$6*!6$<1%@@%:38;!069(%9(94!6$*1,06$/!KLBN!D'=9!%8(!:+3,/+:!:3!

%869(! :+83,/+! 'D&0(-($0($:! @(*+%$69@9! :+%:! 8(*%-6:,1%:(! )'=! <38@%:63$! 0,86$/!



! "WW!

<3(:%1! 0(7(13-@($:! %$0! *3$:86?,:(! :3! 069(%9(! -%:+3/($(969! ?;! <%*616:%:6$/! :+(!

-86@6$/!%$0!(>-%$963$!3<!-%:+3/($6*!D!%$0!L!*(11!8(9-3$9(9N!D'=9!%8(!*+%8%*:(869(0!

?;! :+(! -8(9($*(! 3<! %*:67%:(0! 9:83@%1! *(119! :+%:! +6/+1;! (>-8(99! %0+(963$!@31(*,1(9!

9,*+! %9! K2#.&"!%$0!f2#.&"4! %$0! *+(@3H6$(9! 9,*+! %9!2e2'"Q4!22'E"4!22'"h4! %$0!

2e2'"E4! +(1-6$/! :+(@! :3! %::8%*:! %$0! 8(:%6$! 6$<61:8%:6$/! 6@@,$(! (<<(*:38! *(119!

JQjF4Qj"MN!!

!

=,8!0%:%!6$06*%:(!:+%:4!96@61%8!:3!:+(!8(-38:(0!<,$*:63$!3<!<3(:%1!'D6!*(1194! K'2Q!@%;!

*3$:86?,:(! :3! :+(!%*:67%:63$!3<! 9:83@%1! *(119!%$0! :+,9!-3:($:6%11;! :3!D'=! <38@%:63$N!

S,:,8(! I38H! I3,10! %6@! :3! 6$7(9:6/%:(! @38(! *139(1;! :+(! @31(*,1%8! -%:+I%;9!

8(9-3$96?1(!<38!K'2Q&@(06%:(0!6)2!%*:67%:63$!%$0!(>%@6$(!I+(:+(8!K'2Q!*3$06:63$(0!

?;! :+(! 6$<1%@@%:38;! ($7683$@($:! 3<! KLB! 1(963$9! %8(!@38(! (<<(*:67(! %:! 08676$/! 6)2!

%*:67%:63$N! ),8-8696$/1;4! K'2E! +%0! %$! 6$0,*(8! *%-%*6:;! (A,67%1($:! :3! K'2QN! D+(!

@(*+%$69@9! ?(+6$0! K'2Q&! %$0! K'2E&@(06%:(0! 6$0,*(8! <,$*:63$!@39:! 16H(1;! ($/%/(!

069:6$*:!96/$%116$/!-%:+I%;9N!'D6cK'2Q&@(06%:(0!6$0,*(8!*%-%*6:;!+%9!?(($!9+3I$!:3!

3**,8!:+83,/+!DTS)S!@(@?(89!9,*+!%9!'Dn"mE!%$0!'K\OD4!%9!I(11!%9!:+83,/+!K'&"R#!

JjR4"jE4QWb4QWRMN!K'2E!03!$3:!(>-8(99!:+(9(!'D6&%993*6%:(0!@%8H(894!?,:!6$!*3$:8%9:!

(>-8(99! +6/+! 1(7(19! 3<! K'&W! %$0! K'&"QN! S,8:+(8! (>-(86@($:9! I3,10! ?(! 8(A,68(0! :3!

(1,*60%:(!%!-3:($:6%1!831(!<38!:+(9(!*;:3H6$(9!6$!K'2E&@(06%:(0!6$0,*(8!*%-%*6:;N!!

K:!+%9!?(($!9,//(9:(0!:+%:!?3:+!-+;96313/6*%1!%$0!6$<1%@@%:38;!D'=9!*%$!<38@!6$!%$!

K'2Q&%$0!'D&6$0(-($0($:!@%$$(8N!S38!(>%@-1(4! 6:!+%9!8(*($:1;!?(($!-83-39(0!:+%:!

%06-39(! :699,(&8(960($:! K'2E!@%;!?(!8(9-3$96?1(! <38! :+(! 6$0,*:63$!3<! <%:&%993*6%:(0!

1;@-+360!*1,9:(89!JhG4Qj"MN!=,8!0%:%! 6$06*%:(!:+%:!-(8+%-9!K'2E4! :+83,/+!K'&W&!%$0!

K'&"Q&0(-($0($:!@(*+%$69@94!@%;!%193!*3$:86?,:(! :3! :+(! 6$0,*:63$!3<!D'=9!0,86$/!

6$:(9:6$%1!6$<1%@@%:63$N!!

!



! "WG!

K$! 9,@@%8;4! I(! +%7(! 60($:6<6(0! -+($3:;-6*%11;! %$0! <,$*:63$%11;! 069:6$*:! K'2!

-3-,1%:63$9! 6$! :+(!+,@%$! 6$:(9:6$%1! 1%@6$%!-83-86%!%$0!-(86-+(8%1!?1330N!=,8!0%:%!

6$06*%:(!:+%:!0;$%@6*!*+%$/(9!3**,8!6$!:+(!8(1%:67(!<8(A,($*6(9!3<!K'2!9,?9(:9!6$!:+(!

1%@6$%!-83-86%!%$0!?1330!3<!KLB!-%:6($:94!I6:+!K'29!($86*+(0!<38!(>-8(9963$!3<!-83&

6$<1%@@%:38;! *;:3H6$(9! 9,*+! %9! K'&"R#! %$0! KSTU! %**,@,1%:6$/! 6$! :+(! 6$<1%@(0!

6$:(9:6$(N! C3:($:6%1! @(*+%$69@9! 3<! K'2! %**,@,1%:63$! 6$*1,0(! 6$*8(%9(0! !"# $!%&#

-8316<(8%:63$!%$0!*+(@3H6$(&@(06%:(0! 8(*8,6:@($:! <83@!?1330N!a>%@6$%:63$!3<! :+(!

!"# $!%&# 13*%16V%:63$! *+%8%*:(869:6*9! 3<! Y=YUX! K'2Q! 8(7(%1(0! :+%:! 6$! :+(! 6$:(9:6$%1!

1%@6$%!-83-86%4!K'2Q!*139(1;!*3&13*%16V(!I6:+!%//8(/%:(9!3<!D!*(119N!K$!380(8!:3!<,8:+(8!

6$7(9:6/%:(!-3:($:6%1!<,$*:63$%1!6$:(8%*:63$9!?(:I(($!K'29!%$0!D!*(1194!I(!0(7(13-(0!

%! 8(16%?1(! *,1:,8(! 9;9:(@! %113I6$/! <38! :+(! 9:%?1(! (>-%$963$! 3<! 8%8(! K'2! 9,?9(:9!

-,86<6(0!<83@!+,@%$!-(86-+(8%1!?1330N!!

!

!

!

$

$

$

$

$

$

$

$

$

$

$



! "Wb!

:"+/,#%$@<$=8:2$Y$>*1&*9#*,)&*+'$+*,)7#*D/%#2#*,)*7$1#''2Z$

@?;$=*,%&0>1,)&*$

K$! 16/+:! 3<! 3,8! <6$06$/! :+%:! K'29! 13*%16V(! 6$! *139(! -83>6@6:;! :3! 2BQX! D! *(119! 6$! :+(!

6$:(9:6$%1! 1%@6$%! -83-86%4! I(! $(>:! I%$:(0! :3! 6$7(9:6/%:(! :+(! -3:($:6%1! <,$*:63$%1!

6$:(8%*:63$9!?(:I(($!:+(9(!:I3!*(11!:;-(9N!!

!

a760($*(!<83@!@,86$(!9:,06(9!+%9!0(9*86?(0!068(*:!K'2&0(867(0!(<<(*:9!3$!2BWX!D!*(11!

8(9-3$9(9! :+%:! %8(! 0(-($0($:! 3$! (>-8(9963$! 3<! .O2! *1%99! KK! %$0! *3&9:6@,1%:38;!

16/%$09!?;!K'29N!K$!:+(!6$6:6%1!*+%8%*:(869%:63$!3<!2BWX2BQ&!'D6!*(119!6$!:+(!@(9($:(86*!

1;@-+!$30(9!3<!$(3$%:%1!@6*(4!.(?6,9!(:!%1N!JbWM!<3,$0!:+%:4!6$!%006:63$!:3!@(06%:389!

3<!1;@-+360!:699,(!<38@%:63$4!%--83>6@%:(1;!GFs!3<!*(119!%193!(>-8(99!.O2!*1%99!KK!

-A#'!')4!6$!:+(!%?9($*(!3<!2BWF4!2BjF!38!2Bjb!(>-8(9963$N!T(7(8:+(1(994!*3&*,1:,8(!3<!

%$:6/($&9-(*6<6*!2BWX!D!*(119!I6:+!%$:6/($&-,19(0!'D6! *(119! 6$0,*(0! K'&E!-830,*:63$!

?;! :+(! D! *(1194! %1:+3,/+! %:! 13I(8! 1(7(19! :+%$! <3113I6$/! 9:6@,1%:63$! I6:+!

16-3-31;9%**+%860(! J'C)M&%*:67%:(0! %$:6/($&-,19(0! L! *(119! JbWMN! D+(9(! 0%:%! 9,//(9:!

:+(! 6$:86/,6$/! -3996?616:;! :+%:! 'D6! *(119! @%;! 8(/,1%:(! %$:6/($&9-(*6<6*! 2BWX! D! *(11!

%*:67%:63$N!S,8:+(8!%$%1;969!?;!a?(81!(:!%1N!8(7(%1(0!:+%:!'D6!*(119!8(960($:!6$!'T!%$0!

CC! %$1%/($! %:! aB"bNG! %18(%0;! (>-8(99! .O2! *1%99! KKN! O3I(7(84! :+(! <,$*:63$%1!

8(1(7%$*(!3<!:+69!8(@%6$9!,$*1(%8!96$*(!%:!:+69!:6@(!-36$:!D!*(119!+%7(!$3:!;(:!9:%8:(0!

:3!(@6/8%:(!<83@!:+(!:+;@,9!JGbMN!!

!

#$3:+(8!6$06*%:63$!<38!:+(!-3:($:6%1!8(/,1%:63$!3<!2BWX!D!*(119!?;!'D6&16H(!K'29!*3@(9!

<83@! :+(68! 13*%16V%:63$! *+%8%*:(869:6*9! 6$! :+(!@,86$(! 9-1(($N!P+61(! 2B""*X!B29! %8(!

<3,$0!@%6$1;! 6$! :+(! D! *(11! V3$(94! 2BWX2BQ&! 'D6&16H(! *(119! %8(! 13*%:(0! 6$! :+(! L! *(11!

%8(%9!%$0!:+(!LvD! 6$:(8<%*(4! :+(!96:(!3<! 6$:(8%*:63$!?(:I(($!%*:67%:(0!D!+(1-(8!*(119!



! "WR!

%$0!L!*(119!JQjEMN!S3113I6$/!:8%$9<(8!3<!2BWGN"X!=DKK&:8%$9/($6*!D!*(119!6$:3!*3$/($6*!

2BWGNEX!@6*(! %$0! *+%11($/(!I6:+! %1,@&-8(*6-6:%:(0!37%1?,@6$! J=f#M4!2BWX!D! *(119!

9+3I! %$! (%81;! %993*6%:63$!I6:+! 2B""*X!B294! ?,:! ?;! 0%;! G! :+(!@%Z386:;! 3<! %$:6/($&

9-(*6<6*!2BWX!D!*(119!*%$!?(!<3,$0!6$!%993*6%:63$!I6:+!2BWX2BQ&!'D6&16H(!*(119!%:!:+(!

LvD!V3$(!?380(8N!D+,94!6:!%--(%89!:+%:!<3113I6$/!-86@6$/!?;!B29!6$!:+(!D!*(11!V3$(9!3<!

:+(!9-1(($4!%$:6/($&9-(*6<6*!2BWX!D!*(119!@6/8%:(!:3!%$0!%993*6%:(!I6:+!2BWX2BQ&!'D6&

16H(!*(119! 13*%:(0!%:! :+(!LvD! 6$:(8<%*(N!#$%1;969!3<!-,86<6(0!9-1($6*!2BWX2BQ&!'D6&16H(!

*(119! 8(7(%1(0! :+%:! :+(;!(>-8(99! 13I(8! 1(7(19!3<!.O2KK4!2BWF4!2BjF!%$0!2Bjb! :+%$!

2B""*X!B29!%$0!%8(!,$%?1(!:3!068(*:1;!-8(9($:!%$:6/($!:3!D!*(119!JQjEMN!!

!

O3I(7(84! 'D6&16H(! K'29! +6/+1;! (>-8(99! :+(! *3&9:6@,1%:38;! 16/%$09! =eWF'! JDTS!

9,-(8<%@61;!W!JDTS)SWMM!%$0!2BQF'!JDTS)SjM!JQjEMN!D+(!*3@-1(@($:%8;!8(*(-:3894!

=eWF!%$0!2BQF4!%8(!,-8(/,1%:(0!3$!2BWX!D!*(119!<3113I6$/!%$:6/($6*!9:6@,1%:63$!%$0!

0(167(8! (99($:6%1! %$:6&%-3-:3:6*! 96/$%19! 8(A,68(0! <38! :+(! 9,9:%6$(0! 9,8767%1! 3<!

@(@38;! D! *(119! JQjQMN! .6*(! 0(<6*6($:! <38! =eWF! %$0c38! 2BQF! +%7(! 6$:%*:! -86@%8;!

(>-%$963$!3<!%$:6/($&9-(*6<6*!2BWX!D!*(119! 6$! 8(9-3$9(! :3!%$:6/($6*!9:6@,1%:63$4!?,:!

9(7(8(1;! 8(0,*(0!@(@38;! 2BWX!D! *(11! -3-,1%:63$9! 8(9,1:6$/! 6$! 0(<(*:67(! 6@@,$6:;!

JQGR4QGj4QjE4QjWMN!2BWX2BQ&!'D6&16H(!*(119!-,86<6(0!<83@!@3,9(!9-1(($!*%$!9,--38:!

:+(! 9,8767%1! 3<! @(@38;! 2BWX! D! *(119# 6$! %$! =eWF&0(-($0($:! @%$$(8! !"# '!%()!

JQGR4QjE4QjGMN!P+61(!@,1:6-1(! 6@@,$(! *(11! :;-(9! *%$! (>-8(99! =eWF'c2BQF'! %<:(8!

%*:67%:63$! !"#'!')Z! (>-8(9963$! 3<! :+(9(! DTS)S! 16/%$09! ?;! %0,1:! 'D6&16H(! *(119! 3**,89!

*3$9:6:,:67(1;! %$0! 6$! :+(! %?9($*(! 3<! %$:6/($6*! 9:6@,1%:63$! JQGR4QjGMN! D+,94! K'2&

@(06%:(0!=eWF'c2BQF'!96/$%116$/!@%;!-1%;!%$!6@-38:%$:!831(!6$!:+(!@%6$:($%$*(!3<!

@(@38;!2BWX!D!*(11!-3-,1%:63$9!6$!:+(!%?9($*(!3<!-(8969:($:!%$:6/($6*!9:6@,1%:63$N!!

!



! "Wj!

K$!%006:63$!:3!.O2!*1%99!KK!(>-8(9963$!?;!<3(:%1!'D6!*(119!%$0!%0,1:!K'2Q4!(>-8(9963$!

3<! .O2! *1%99! KK! :8%$9*86-:9! %$0! -83:(6$! ?;! .'T&8(960($:! K'2E! +%9! ?(($! 8(-38:(0!

J""MN!!

!

D+,9! K'29! %8(! *%-%?1(! 3<! *3$9:6:,:67(! .O2! *1%99! KK! (>-8(9963$! %$0! *%$! @(06%:(!

<,$*:63$%1!6$:(8%*:63$9!I6:+!2BWX!D!*(119N!K$!16/+:!3<!:+(!-%,*6:;!3<!0%:%!8(/%806$/!:+(!

-3:($:6%1!@30,1%:63$!3<!%0%-:67(!D!*(11!<,$*:63$!?;!K'29!6$!+,@%$94!I(!93,/+:!:3!J6M!

,$0(8:%H(! %! 9;9:(@%:6*! %$%1;969! 3<! .O2! *1%99! KK! %$0! *3&9:6@,1%:38;! @31(*,1(!

(>-8(9963$!?;!?1330&!%$0!:699,(&8(960($:!+,@%$!K'2!-3-,1%:63$9!6$!*3$:831!%$0!KLB!

-%:6($:9]!J66M!(>%@6$(!+3I!.O2!*1%99! KK!%$0!*3&9:6@,1%:38;!@31(*,1(!(>-8(9963$!?;!

+,@%$!K'2!-3-,1%:63$9!69!8(/,1%:(0!%$0!J666M!%9*(8:%6$!:+(!<,$*:63$%1!(<<(*:9!3<!.O2!

*1%99!KK!%$0!*3&9:6@,1%:38;!@31(*,1(!(>-8(9963$!?;!K'29!3$!+,@%$!%$:6/($&9-(*6<6*!D!

*(11!8(9-3$9(9N!!

!

$

$

$

$

$

$

$

$

$

$

$

$



! "Wh!

@?B$U#2>',2$

@?B?;$!"#G(G.$">.+*$=8:$/&/>'+,)&*2$)*$4'&&0$+*0$1&'&*$#W/%#22$C83DIU$$

a760($*(!8(/%806$/!O'#&BY!(>-8(9963$!?;!+,@%$!K'29!69!16@6:(0N!P(!<689:!I%$:(0!:3!

(>%@6$(! O'#&BY! (>-8(9963$! ?;! K'2! 9,?9(:9! 6$! +,@%$! ?1330! %$0! :+(! 6$:(9:6$%1!

1%@6$%!-83-86%N!!

!

S13I!*;:3@(:86*!%$%1;969!9+3I(0!:+%:!%!*1(%8!-3-,1%:63$!3<!O'#&BY!(>-8(996$/!*(119!

*3,10!?(!60($:6<6(0!%@3$/9:!'6$&2B"ERX!K'29!6$!-(86-+(8%1!?1330!%$0!*313$6*!1%@6$%!

-83-86%! 3<! ,$6$<1%@(0! *3$:831! -%:6($:9! JS6/,8(! WN"#MN! '6$&2B"ERX! K'29! I(8(!

96/$6<6*%$:1;! ($86*+(0! <38!O'#&BY!(>-8(9963$! *3@-%8(0! :3! *T[!*(119! JS6/,8(!WN"LMN!

S,8:+(8! %$%1;969! 8(7(%1(0! :+%:! K'2"4! K'2E! %$0! K'2Q! 9,?9(:9! 9+3I(0! 06<<(8($:6%1!

(>-8(9963$!3<!O'#&BYN!K$!?13304!%--83>6@%:(1;!"ENj!É!GNEs!3<!K'2"!(>-8(99(0!O'#&

BY4!I+61(!3$1;!ENR!É!"NFs!3<!K'2E!%$0!bNW!É!"NEs!3<!K'2Q!9+3I(0!O'#&BY!(>-8(9963$!

JS6/,8(!WN"2MN!K$!:+(!*313$4!%!06<<(8($:!:8($0!I%9!3?9(87(0!I6:+!K'2Q!*3$:%6$6$/!:+(!

+6/+(9:! -83-38:63$! 3<! O'#&BY! (>-8(996$/! *(119! JGFNQ! É! "QNFsM! JS6/,8(! WN"2MN!

23@-%8693$!3<!?1330!%$0!*313$6*!K'2!9,?9(:9!8(7(%1(0!:+%:!:699,(&8(960($:!K'29!I(8(!

96/$6<6*%$:1;! ($86*+(0! <38! O'#&BY! (>-8(9963$4! %! 06<<(8($*(! I+6*+! I%9! @39:!

-83$3,$*(0! <38! K'2Q! JS6/,8(! WN"BMN! AYD&C2Y! %$%1;969! 3<! -A# '!')# S#2)! 938:(0! K'2!

9,?9(:9!*3$<68@(0!(>-8(9963$!3$!@YT#!1(7(1!3<!:HQDSFQ!%$0!8(7(%1(0!(>-8(9963$!3<!

:HQDS?Q4!:HQDS?0! %$0! :+(! 6$7%86%$:! *+%6$!5SN\Z#%006:63$%1!@%8H(89! 6$7317(0! 6$!

:+(! %$:6/($! -8(9($:%:63$! -%:+I%;N! K$! *3@-%8693$! :3! 2B"WX! @3$3*;:(9! K'29!

(>-8(99(0! *3$960(8%?1;! 13I(8! 1(7(19! 3<!:HQDSF! %$0! 8(1%:(0! :8%$9*86-:94! 9,//(9:6$/!

:+%:! :+(68! -3:($:6%1! :3! -8(9($:! %$:6/($! 69! 16H(1;! 8(0,*(0! 8(1%:67(! :3! -83<(9963$%1!

%$:6/($&-8(9($:6$/! *(119! J#C29M! ! JS6/,8(! WN"aMN! O3I(7(84! 1(7(19! 3<! *1%99! KK&8(1%:(0!

/($(9!I(8(!+6/+(8!6$!K'29!:+%$!6$!6)29N!!



! "GF!

@?B?B$!"#G(G.$4'&&0$+*0$)*,#2,)*+'$=8:2$#W/%#22$1&D2,).>'+,&%-$')7+*02$$

S13I! *;:3@(:86*! %$%1;969! 3<! K'2! -3-,1%:63$9! 6$! ?1330! %$0! *313$6*! 1%@6$%! -83-86%!

<83@! ,$6$<1%@(0! *3$:831! -%:6($:9! 6$06*%:(0! :+%:! %! -83-38:63$! 3<! '6$&2B"ERX! K'29!

(>-8(99! :+(! *3&9:6@,1%:38;! 16/%$09! 2BjF4! 2Bjb4! =eWF'! %$0! -83/8%@@(0! 0(%:+&

16/%$0!"!JCB&'"M!6$!%006:63$!:3!O'#&BY!JS6/,8(!WNE#MN!=$1;!%!7(8;!9@%11!-(8*($:%/(!

3<! '6$&2B"ERX! K'29! (>-8(99(0! 2BjF! JFNGj! É! FNEGsM! %$0! 2Bjb! JENRG! É! FNh"sM4! %:!

1(7(19! (A,67%1($:! :3! *T[! *(119! JS6/,8(! WNELMN! O3I(7(84! %! 9,?9:%$:6%1! -83-38:63$! 3<!

K'29!(>-8(99(0!=eWF'!J"RNE!É!QNbsM!%$0!:+(!6$+6?6:38;!16/%$0!CB&'"!JE"Nj!É!QNQsMN!

23@-%8(0! :3! *T[! *(1194! K'29! I(8(! ($86*+(0! <38! (>-8(9963$! 3<! =eWF'! %$0! 9+3I(0!

(A,67%1($:! (>-8(9963$! 3<! CB&'"! JS6/,8(! WNELMN! 23@-%8693$! 3<! :+(! 06<<(8($:! K'2!

9,?9(:9! 6$06*%:(0! :+%:! 6$! :+(! ?1330! K'2"! I(8(! ($86*+(0! <38! (>-8(9963$! 3<! 2Bjb4!

=eWF'!%$0!CB&'"!*3@-%8(0!:3!K'2Q!%$0!K'2E!JS6/,8(!WNE2MN!#$%1;969!3<!*313$6*!K'2!

9,?9(:9! 060! $3:! 8(7(%1! 96/$6<6*%$:! 06<<(8($*(9! 6$! *3&9:6@,1%:38;! 16/%$0! (>-8(9963$!

?(:I(($!K'2"4!K'2E!%$0!K'2Q!JS6/,8(!WNEBMN!K$!*3$:8%9:!:3!O'#&BY!(>-8(9963$4!I+6*+!

I%9! ($86*+(0! 6$! *313$6*! K'294! $3! 96/$6<6*%$:! 06<<(8($*(9! 6$! *3&9:6@,1%:38;! 16/%$0!

(>-8(9963$!I(8(!0(:(*:(0!?(:I(($!?1330!%$0!*313$6*!K'2!9,?9(:9!JS6/,8(!WNEaMN!!

!

D%H($! :3/(:+(84! 3,8! <6$06$/9! 6$06*%:(! :+%:! -A#'!')! +,@%$! K'2! -3-,1%:63$9! 6$! ?1330!

%$0! 6$:(9:6$%1! 1%@6$%!-83-86%!(>-8(99!O'#&BY!%$0!*3&9:6@,1%:38;! 16/%$09N!#! 1%8/(8!

-83-38:63$! 3<! K'29! (>-8(99! O'#&BY! 6$! :+(! *313$! *3@-%8(0! :3! ?1330N! K$! :+(! ?13304!

K'2"! %8(! ($86*+(0! <38! O'#&BY! %$0! *3&9:6@,1%:38;! 16/%$0! (>-8(9963$4! I+61(! 6$! :+(!

*313$4!K'2Q!%8(!($86*+(0!<38!O'#&BY!(>-8(9963$N!

$

$

$



! "G"!

$

$

$

$

$

$

$

Figure 4.1: Human ex vivo ILC subsets in blood and intestinal lamina propria express 
HLA-DR. PBMCs or LPMCs were isolated and stained for flow cytometry analysis. ILCs were 
gated as described in Chapter 3. (A) Representative FACS plots depicting HLA-DR expression by 
ex vivo Lin-CD127+ ILCs in blood and control from uninflamed controls. (B) Quantification of HLA-
DR expression by total Lin-CD127+ ILCs and cNK cells in blood from healthy controls. (C) 
Quantification of HLA-DR expression by ex vivo ILC subsets in control blood and colon intestinal 
lamina propria. (D) Comparison of HLA-DR expression by blood and colonic ILCs from control 
patients. (E) qPCR analysis of expression of HLA-DR-related markers in ex vivo FACS sorted 
blood ILC subsets. Each dot in the plots represents an individual donor. Statistical significance was 
determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 0.05.
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Figure 4.2: Human ILC subsets in blood and intestinal lamina propria express express 
co-stimulatory ligands. (A) Representative FACS plots showing co-stimulatory ligand 
expression by total Lin-CD127+ ILCs. (B) Comparison of co-stimulatory ligand expression 
between total Lin-CD127+ ILCs and cNK cells in control blood. (C + D) Quantification of co-
stimulatory ligand expression by individual ILC subsets in blood (C) and colonic lamina propria 
(D) of control patients. (E) Comparison of HLA-DR and co-stimulatory ligand expression by 
colonic and blood ILC subsets. Each dot in the plots represents an individual donor. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. 
*p ! 0.05. **p ! 0.01. 
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Figure 4.3: In vitro expanded blood ILCs express HLA-DR and co-stimulatory ligands. (A - E) 
Representative FACS plots (left) and quantification (right) of HLA-DR and co-stimnulatory ligand 
expression by blood ILC subsets expanded in vitro for 3-5 weeks with IL-2 (100 U/ml) and IL-7 (50 
ng/ml). (F) Comparison of HLA-DR and co-stimulatory ligand expression between ex vivo and in vitro 
expanded blood ILC subsets. Each dot in the plots represents an individual donor. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 
0.05. **p ! 0.01. ***p ! 0.001.
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Figure 4.4: ILC1 have increased HLA-DR expression in IBD blood. FACS 
analysis of HLA-DR expression by ex vivo blood and colonic ILCs from control 
compared to IBD patients. (A) Representative FACS plots showing HLA-DR 
expression by total Lin-CD127+ ILCs from control and IBD blood. (B + C) 
Quantification of HLA-DR expression by ILC subsets from blood (B) and colon (C) of 
control and IBD patients. Each dot in the plots represents an individual donor. 
Statistical significance was determined by means of Mann-Whitney U tests. Bars 
represent mean ± SEM. **p ! 0.01. 

Figure 4. ILCs from IBD blood have higher expression of HLA-DR compared to ILCs from control 
blood. FACS analysis of HLA-DR expression by ex vivo blood ILCs from control compared to IBD 
patients. A. Representative FACS plots showing HLA-DR expression by ILC3  from control and IBD blood. 
B. Quantification of HLA-DR expression by blood ILC subsets in control and IBD blood. There is a trend 
towards upregulation of HLA-DR in IBD compared to control blood. 
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Figure 4.5. IFN!-independent regulation of ILC MHC class II and co-stimulatory ligand 
expression. (A - I) Flow cytometry analysis of HLA-DR (A-C), CD80 (D-F) and CD86 (G-I) 
expression by in vitro expanded blood ILC subsets stimulated with IFN! (1 ng/ml) for 24h. (J) Whole 
PBMCs were stimulated with IFN! (0.1, 1 and 10 ng/ml) for 24h. Representative FACS plot depiciting 
CD86 expression by whole PBMCs or gated on CD14+ monocytes. Each dot in the plots represents 
an individual donor. Statistical significance was determined by means of Wilcoxon matched-pairs 
signed rank tests.
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Figure 4.6: Cytokine signals but not direct bacterial stimulation regulate HLA-DR expression by 
ILCs. (A) qRT-PCR analysis of ex vivo cytokine receptor expression by FACS sorted blood ILCs subsets 
from n = 2-5 individual donors. (B) Quantification of HLA-DR expression by in vitro expanded ILC3 stimulated 
overnight with IL-1! and/or IL-23 or TNF". (C) Quantification of HLA-DR expression by in vitro expanded ILC2 
stimulated with IL-33 or TNF". (D) Quantification of HLA-DR expression by in vitro expanded ILC1 stimulated 
with IL-15. (E) qRT-PCR analysis of in vitro expanded ILC3 stimulated with individual cytokines or 
combinations of IL-1!, IL-6 and IL-23. (F) Representative FACS plots of in vitro expanded colonic ILC3 
stimulated with IL-1! and IL-23 alone or in combination. In (E) qRT-PCR analysis was performed on ILC 
subsets from n = 3 individuals donors. Each dot in the plots represents an individual donor. Statistical 
significance was determined by means of Mann-Whitney U tests. **p " 0.01. 

-
IL-

1! IL-
6

IL-
23

IL-
1!

 + 
IL-

23

IL-
1!

 + 
IL-

23
 + IL

-6
0.0

0.1

0.2

0.3

H
LA

-D
R

A
 (r

el
. t

o 
A

C
TB

)

-
IL-

1! IL-
6

IL-
23

IL-
1!

 + 
IL-

23

IL-
1!

 + 
IL-

23
 + IL

-6
0.00

0.01

0.02

0.03

H
LA

-D
M

A
 (r

el
. t

o 
A

C
TB

)

-
IL-

1! IL-
6

IL-
23

IL-
1!

 + 
IL-

23

IL-
1!

 + 
IL-

23
 + IL

-6
0.000

0.002

0.004

0.006

0.008

C
D

80
 (r

el
. t

o 
A

C
TB

)

-
IL-

1! IL-
6

IL-
23

IL-
1!

 + 
IL-

23

IL-
1!

 + 
IL-

23
 + IL

-6
0.00

0.02

0.04

0.06

0.08

TN
FS

F4
 (r

el
. t

o 
A

C
TB

)

B. C.

F.

D.

E.

A.



! "b"!

@?B?A$=8:2$,+5#$>/$+*0$/%&1#22$#W&7#*&>2$/%&,#)*$+*,)7#*$

B,(!:3!:+(68!(>-8(9963$!3<!O'#&BY!%$0!*3&9:6@,1%:38;!16/%$094!I(!$(>:!6$7(9:6/%:(0!

I+(:+(8!K'29!I(8(!*%-%?1(!3<!:%H6$/!,-!%$0!-83*(996$/!(>3/($3,9!%$:6/($N!Bl&=f#!

69!%!9(1<&A,($*+6$/!-83:(6$!:+%:4!,-3$!*(11,1%8!,-:%H(!%$0!-83:(31;:6*!06/(9:63$!6$!:+(!

($0393@%1! -%:+I%;4! ?(*3@(9! <1,38(9*($:! %$0! 0(:(*:%?1(! ?;! <13I! *;:3@(:8;4! :+,9!

%113I6$/! A,%$:6<6*%:63$! 3<! -83:(6$! %$:6/($! ,-:%H(! %$0! -83*(996$/! JS6/,8(! WNR#MN! G"#

'!%()!(>-%$0(0!?1330!K'2"4!K'2E!38!K'2Q!I(8(!6$*,?%:(0!I6:+!Bl&=f#!<38!W+!%:!QRy2!

:3!%113I!-83:(31;969!38!3$!6*(!6$!380(8!:3!A,($*+!-+%/3*;:6*!%$0!-83:(31;:6*!%*:676:;N!

.3$3*;:(9!%$0!L!*(119!I(8(!,9(0!%9!-396:67(!%$:6/($&-83*(996$/!*3$:831!-3-,1%:63$94!

:3:%1!2BQX!D!*(119!%$0!*T[!*(119!%9!$(/%:67(!*3$:831!-3-,1%:63$9N!!

!

K$*,?%:63$!3<!K'2Q4!K'2E4!K'2"4!@3$3*;:(9!%$0!L!*(119!I6:+!Bl&=f#!%:!QRy2!8(9,1:(0!

6$! %! *1(%8! 9+6<:! 6$! <1,38(9*(6$! 693:+63*;%$60(! JSKD2M! <1,38(9*($*(4! I+(8(%9! 3$1;! %!

9@%11! 9+6<:!I%9! 3?9(87(0! <38! *T[! *(119! %$0! D! *(119! JS6/,8(! WNRLMN! l,%$:6<6*%:63$! 3<!

SKD2! <1,38(9*($*(! J$38@%16V(0! :3!SKD2! 96/$%1!3$! 6*(M! 6$06*%:(0! :+%:! :+(! *%-%*6:;!3<!

K'29!:3!:%H(!,-!%$0!-83*(99!Bl&=f#!I%9!13I(8!:+%$!:+%:!3<!@3$3*;:(94!?,:!96@61%8!:3!

:+%:!3<!L!*(119!%$0!96/$6<6*%$:1;!6$*8(%9(0!*3@-%8(0!:3!D!*(119!%$0!*T[!*(119!JS6/,8(!

WNR2MN!)6@61%8!8(9,1:9!I(8(!3?:%6$(0!6$!%$!(>-(86@($:!,96$/!!"#'!%()!(>-%$0(0!*313$6*!

K'2Q!%$0!K'2"!JS6/,8(!WNRBMN!!

!

S6$%11;4!I(!*3$<68@(0! :+(9(! <6$06$/9!?;!@(%$9!3<!%!-+%/3*;:3969!%99%;!,96$/!SKD2&

*3%:(0!1%:(>!?(%09N!)6@61%8!:3!:+(!Bl&=f#!%99%;4!!"#'!%()!(>-%$0(0!?1330!K'29!+%0!%!

*%-%*6:;! :3! :%H(! ,-!-+%/3*;:3969! ?(%09! :+%:!I%9! 6$:(8@(06%:(! ?(:I(($!@3$3*;:(9!

%$0! D! *(119! JS6/,8(! WNRaMN! D+(8(<38(4! :+(9(! 0%:%! 9,//(9:! :+%:! K'29! *%$! :%H(! ,-! %$0!

-83*(99!-83:(6$!%$:6/($N!

$



! "bE!

$

$

$

$

$

incubated at 37°C

ILC
3

ILC
2

ILC
1

cN
K

0
20
40
60
80

100

%
 H

LA
-D

R
+

Ex vivo
In vitro

A.

ILC
3
ILC

2
ILC

1
cN

K
0

20

40

60

%
 C

D
80

+

ILC
3
ILC

2
ILC

1
cN

K
0

20

40

60

%
 C

D
86

+

ILC
3
ILC

2
ILC

1
cN

K
0

5

10

15

20

%
 P

D
-L

1+

ILC
3
ILC

2
ILC

1
cN

K
0

10

20

30

40

%
 O

X4
0L

+

***
**

**
p = 0.06
*

**

*
* **

**

*
**

*

B.

20130815_ILC IV_DQ-OVA.jo Layout

28/9/13 13:31 Page 2 of 3 (FlowJo v9.3.2)

0 102 103 104 105

HLA-DR
0

50K

100K

150K

200K

250K

SS
C

-A

59.3

0 102 103 104 105

HLA-DR
0

50K

100K

150K

200K

250K

SS
C

-A

13.5

0 102 103 104 105

HLA-DR
0

50K

100K

150K

200K

250K

SS
C

-A

46.1

0 102 103 104 105

HLA-DR
0

50K

100K

150K

200K

250K

SS
C

-A

47.8

0 102 103 104 105

HLA-DR
0

20

40

60

80

100

%
 o

f M
ax

Sample % Gate

37 degrees_Ex vivo ILCs D2.fcs 23.3 <FITC-A>, SSC-A subset
Ice_Tube_002.fcs 95.5 cells
Ice_Tube_001.fcs 88.6 cells
Ice_Tube_010.fcs 91 cells
Ice_Tube_007.fcs 98.8 cells

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

ILC3

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

ILC2

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

ILC1

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax 0.293

T cells

ILC3 ILC2 ILC1

Monocytes

DQ OVA assay.jo Layout

28/9/13 13:43 Page 1 of 2 (FlowJo v9.3.2)

0 102 103 104 105

FITC
0

20

40

60

80

100

%
 o

f M
ax 87.5

PBMC control
Gated on CD19+ cells

0 102 103 104 105

FITC
0

20

40

60

80

100

%
 o

f M
ax 25.5

PBMC control
Gated on CD14+ HLA-DR+ cells

0 102 103 104 105

FITC
0

20

40

60

80

100

%
 o

f M
ax

84.4

ILC2 Donor 1 CD56- ILCs Donor 1 cNK Donor 1

0 102 103 104 105

FITC
0

20

40

60

80

100

%
 o

f M
ax

0.898

ILC2 Donor 2

0 102 103 104 105

FITC
0

20

40

60

80

100

%
 o

f M
ax

1.19

CD56- ILCs Donor 2

0 102 103 104 105

FITC
0

20

40

60

80

100

%
 o

f M
ax

0.0714

PBMC control
Gated on CD3+CD4+ cells

0 102 103 104 105

<FITC-A>: ---
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

<FITC-A>: ---
0

20

40

60

80

100

%
 o

f M
ax

0.898

Sample %

DQ OVA assay_Tube_009.fcs 69.8
DQ OVA assay_Tube_012.fcs 86.5

0 102 103 104 105

<FITC-A>: ---
0

20

40

60

80

100

%
 o

f M
ax

1.19

Sample %

DQ OVA assay_Tube_010.fcs 86.7
DQ OVA assay_Tube_013.fcs 86.5

0 102 103 104 105

<FITC-A>: ---
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

<FITC-A>: ---
0

20

40

60

80

100

%
 o

f M
ax

0.0967

0 102 103 104 105

<FITC-A>: ---
0

20

40

60

80

100

%
 o

f M
ax 95.6

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

B cells

ILC VI_DQ-OVA.jo Layout

28/9/13 14:03 Page 1 of 2 (FlowJo v9.3.2)

0 102 103 104 105

<FITC-A>: OVA
0

50

100

150

# 
C

el
ls

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

cNK

ILC VI_DQ-OVA.jo Layout

28/9/13 14:07 Page 3 of 4 (FlowJo v9.3.2)

0 102 103 104 105

<FITC-A>: OVA
0

50

100

150

# 
C

el
ls

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

ILC VI_DQ-OVA.jo Layout

28/9/13 14:08 Page 1 of 4 (FlowJo v9.3.2)

0 102 103 104 105

<FITC-A>: OVA
0

50

100

150

# 
C

el
ls

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

0 102 103 104 105

DQ-OVA
0

20

40

60

80

100

%
 o

f M
ax

T cells

incubated on ice

Figure 5. In vitro expanded blood ILCs can take up and process antigen.
Quantification of HLA-DR (A)  and co-stimulatory molecule expression (B) by ILCs expanded from control blood. C. 
In vitro expanded ILCs express higher levels of HLA-DR compared to ex vivo ILCs. D. DQ-OVA assay. 
Representative FACS plots showing uptake of DQ-OVA and by ILCs, cNK cells as well as DCs, B cells and T cells. 
E. Quantification of DQ-OVA uptake. ILCs take up and process at higher levels compared to T cells. Left: in vitro 
expanded blood ILCs. Right: In vitro expanded intestinal ILCs from a control rectum.  *normalized to FITC MFI on 
ice. F. ILCs can take up fluorescently labelled latex beads. 
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Figure 5. In vitro expanded blood ILCs can take up and process antigen.
Quantification of HLA-DR (A)  and co-stimulatory molecule expression (B) by ILCs expanded from control 
blood. C. In vitro expanded ILCs express higher levels of HLA-DR compared to ex vivo ILCs. D. DQ-OVA 
assay. Representative FACS plots showing uptake of DQ-OVA and by ILCs, cNK cells as well as DCs, B 
cells and T cells. E. Quantification of DQ-OVA uptake. ILCs take up and process at higher levels compared 
to T cells.  *normalized to FITC MFI on ice. F. ILCs can take up fluorescently labelled latex beads. 
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Figure 5. In vitro expanded blood ILCs can take up and process antigen.
Quantification of HLA-DR (A)  and co-stimulatory molecule expression (B) by ILCs expanded from control 
blood. C. In vitro expanded ILCs express higher levels of HLA-DR compared to ex vivo ILCs. D. DQ-OVA 
assay. Representative FACS plots showing uptake of DQ-OVA and by ILCs, cNK cells as well as DCs, B 
cells and T cells. E. Quantification of DQ-OVA uptake. ILCs take up and process at higher levels compared 
to T cells.  *normalized to FITC MFI on ice. F. ILCs can take up fluorescently labelled latex beads. 
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Figure 5. In vitro expanded blood ILCs can take up and process antigen.
Quantification of HLA-DR (A)  and co-stimulatory molecule expression (B) by ILCs expanded from control 
blood. C. In vitro expanded ILCs express higher levels of HLA-DR compared to ex vivo ILCs. D. DQ-OVA 
assay. Representative FACS plots showing uptake of DQ-OVA and by ILCs, cNK cells as well as DCs, B 
cells and T cells. E. Quantification of DQ-OVA uptake. ILCs take up and process at higher levels compared 
to T cells.  *normalized to FITC MFI on ice. F. ILCs can take up fluorescently labelled latex beads. 
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Figure 4.7. ILCs can take up and proteolytically process protein antigen. (A) Schematic 
representation of the principle underlying the DQ-OVA assay. DQ-OVA is a self-quenching 
OVA-conjugate that, upon cellular uptake and proteolytic digestion in the endosomal pathway, 
becomes fluoerescent and detectable by flow cytometry, thus allowing quantification of protein 
antigen uptake and processing. (B) Representative FACS plots depicting FITC fluorescence of 
DQ-OVA in in vitro expanded ILCs or control populations incubated on ice or at 37°C. (C) 
Quantification of FITC fluorescence in ILCs and control populations from human blood. (D) 
Quantification of FITC fluorescence in in vitro expanded ILCs and control populations from 
human intestinal lamina propria. (E) ILCs and control populations were incubated overnight with 
FITC-coated phagocytosis beads followed by flow cytometry analysis. Quantification of 
percentage of FITC-expressing cells. Each dot in the plots represents an individual donor. 
Statistical significance was determined by means of Mann-Whitney U tests. Bars represent 
mean ± SEM. *p ! 0.05.
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Figure 5. In vitro expanded blood ILCs can take up and process antigen.
Quantification of HLA-DR (A)  and co-stimulatory molecule expression (B) by ILCs expanded from control 
blood. C. In vitro expanded ILCs express higher levels of HLA-DR compared to ex vivo ILCs. D. DQ-OVA 
assay. Representative FACS plots showing uptake of DQ-OVA and by ILCs, cNK cells as well as DCs, B 
cells and T cells. E. Quantification of DQ-OVA uptake. ILCs take up and process at higher levels compared 
to T cells.  *normalized to FITC MFI on ice. F. ILCs can take up fluorescently labelled latex beads. 
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Figure 4.8: Establishment of antigen-specific CD4+ T cell assays. (A) Schematic 
representation of primary expansion of antigen-specific memory CD4+ T cells isolated from 
peripheral blood. FACS sorted CD4+CD45RO+ memory T cells were labelled with CFSE and 
stimulated in vitro for 10 days with irradiated autologous monocytes pulsed with Salmonella (SM) 
lysate antigen. In the presence of SM antigen, rare SM-specific CD4+ T cells become activated and 
undergo clonal expansion, which is detectable as dilution of CFSE signal by flow cytometry (right). 
In the absence of antigen, no CD4+ T cell proliferation is observed (left). SM-responsive 
(CFSEnegative) CD4+ T cells were re-sorted using FACS and expanded further in vitro using CD3/
CD28 activator beads. (B) Schematic representation of re-stimulation of in vitro epanded SM-
specific memory CD4+ T cells. The capacity of ILCs to activate SM-responsive CD4+ T cells was 
tested in direct comparison to monocytes. Read-outs for CD4+ T cell activation included proliferation 
as measured by CFSE dilution, expression of surface activation markers, cytokine production and 
TF expression. In vitro expanded SM-specific CD4+ T cells were again labelled with CFSE and co-
cultured for 5 days with irradiated monocytes or ILCs pulsed with SM lysate. Monocytes/ILCs 
pulsed with the unrelated antigen Bifidobacterium (Bif) lysate were used as controls for the 
specificity of CD4+ T cell responses. Monocytes/ILCs pulsed with SEB were used as positive 
controls for the induction of T cell proliferation. 
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Figure 4.9: Expansion of Salmonella-responsive memory CD4+ T cells. (A) Representative 
FACS plots showing sort strategy for blood memory CD4+ T cells pre-enriched using MACS. (B) 
Representative FACS plots showing monocyte purity following MACS enrichment. (C) 
Representative FACS plots showing re-sort of Salmonella (SM)-responsive CD4+ T cells based on 
CFSE dilution following expansion with SM lysate-pulsed autologous monocytes. (D) Representative 
FACS plots showing surface characterisation of SM-specific CD4+ T cells following further 
expansion using CD3/CD28 activator beads and IL-2 (200 U/ml). 
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Figure 4.10: ILCs do not mediate antigen-specific memory CD4+ T cell 
activation. CD14+ monocyte or in vitro expanded ILC subsets were pulsed with 
Salmonella (SM) lysate, Bifidobacterium (Bif) lysate (negative control) or SEB (positive 
control) for 6-8 hours before co-culture with CFSE-labelled SM-specific CD4+ T cells 
for 5d. (A + B) Representative FACS plots showing CFSE dilution and expression of 
ICOS, CD25 and CD127 by T cells co-cultured with SM-lysate pulsed ILC3 (blue) or 
monocytes (red). (C - F) Quantification of T cell  expression of CFSE (C), ICOS (D), 
CD25 (E) and OX40 (F) following re-stimulation with ILC subsets or monocytes 
pusled with SM lysate, Bif lysate or SEB. Data are derived from n = 2 - 5 donors. 
Statistical significance was determined by means of Mann-Whitney U tests. Bars 
represent mean ± SEM. *p ! 0.05. **p ! 0.01. 
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Figure 4.11: ILCs do not enhance TF expression by antigen-specific memory CD4+ T 
cell. CD14+ monocyte or in vitro expanded ILC subsets were pulsed with Salmonella (SM) 
lysate, Bifidobacteria (Bif) lysate (negative control) or SEB (positive control) for 6-8 hours before 
co-culture with CFSE-labelled SM-specific CD4+ T cells for 5d. (A + B) Representative FACS 
plots showing TF expression by T cells co-cultured with SM-lysate pulsed ILC3 (blue) or 
monocytes (red). (C - F)  Quantification of T cell  expression of Tbet (C), Eomes (D), GATA3 
(E) and Foxp3 (F) following re-stimulation with ILC subsets or monocytes pusled with SM lysate, 
Bif lysate or SEB. Data represent n = 2 donors. Bars represent mean ± SEM.
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Figure 4.12: ILCs do not induce cytokine production in antigen-specific memory CD4+ T 
cells. CD14+ monocyte or in vitro expanded ILC subsets were pulsed with Salmonella (SM) 
lysate, Bifidobacteria (Bif) lysate (negative control) or SEB (positive control) for 6-8 hours before 
co-culture with CFSE-labelled SM-specific CD4+ T cells for 5d. (A - C) Representative FACS plots 
showing cytokine expression by T cells co-cultured with SM-lysate pulsed ILC3 (blue) or 
monocytes (red). (D - G) Following co-culture, cells were retrieved and stimulated with PMA/
ionomycin for 4h in the presence of Golgistop/Golgiplug. This was followed by ICS and flow 
cytometry analysis. Quantification of CD4+ T cell  expression of GM-CSF (D), IL-5 (E), IL-2 (F) 
and TNF! (G). Each dot in the plots represents an individual donor. Data obtained from n = 2 
donors. Bars represent mean ± SEM.
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Figure 4.13: ILCs used in T cell assays express high levels of HLA-DR and 
CD86. (A)Representative FACS plots indicating HLA-DR and co-stimulatory ligand 
expression by in vitro expanded blood ILC subsets. Gates were set according to 
unstained controls. (B) Representative FACS plot of HLA-DR expression by in vitro 
cultured blood ILC subsets and MACS purified blood monocytes used in T cell assays.
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Figure 5.1: Co-culture with ILC3 drives monocyte activation. MACS purified monocytes and in 
vitro expanded FACS purified ILC3 were co-cultured for 2 days in absence or presence of LPS 
(1µg/ml) followed by flow cytometry analysis. (A - C). Representative FACS plots depicting monocyte 
expression of CD80 and CD80 (A), OX40L and CD70 (B) and HLA-DR (C). (D) Quantification of 
percentage (left) and MFI (right) of HLA-DR expression by monocytes. (E) Quantified MFI of CD14 
expression by monocytes. (F) Quantification of percentage of Ki67 expressing monocytes. (G-J) 
Quantification of percentage (left) and MFI (right) of CD80 (G), CD86 (H), OX40 (I) and CD70 (J) 
expressing monocytes. Monocytes from n = 7 donors and ILCs from n = 7 donors were incubated 
in an autologous or allogeneic system. No significant differences were observed between 
autologous or allogeneic co-cultures. Data are pooled from two separate experiments. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 
0.05. **p ! 0.01. ***p ! 0.001. ****p! 0.0001.
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Figure 5.2: Co-culture with ILC2 drives monocyte activation. MACS purified monocytes and in 
vitro expanded FACS purified ILC2 were co-cultured as described before. (A) Quantification of 
percentage (left) and MFI (right) of HLA-DR expression by monocytes. (B) Quantification of MFI of 
monocyte CD14 expression. (C) Quantification of percentage of Ki67 expressing monocytes. (D) 
Quantification of percentage (left) and MFI (right) of CD80 expressing monocytes. (E) Quantification 
of percentage (left) and MFI (right) of CD86 expressing monocytes. (F) Quantification of 
percentage (left) and MFI (right) of OX40L expressing monocytes. (G) Quantification of percentage 
(left) and MFI (right) of CD70 expressing monocytes. Monocytes from n = 7 donors and ILCs from 
n = 7 donors were incubated in an autologous or allogeneic system. No significant differences were 
observed between autologous or allogeneic co-cultures. Data are pooled from two separate 
experiments. Statistical significance was determined by means of Mann-Whitney U tests. Bars 
represent mean ± SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001.
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Figure 5.3: Co-culture with ILC1 drives monocyte activation. MACS purified monocytes and in 
vitro expanded FACS purified ILCs were co-cultured as described before. (A) Quantification of HLA-
DR geoMean on  monocytes. (B) Quantification of CD14 geoMean on monocytes. (C) Percentage 
of Ki67 expressing monocytes. (D) Percentage (left) and MFI (right) of CD80 expressing 
monocytes. (E) Percentage (left) and MFI (right) of CD86 expressing monocytes. (F) Percentage 
(left) and MFI (right) of CD70 expressing monocytes. (G) Percentage (left) and MFI (right) of 
OX40L expressing monocytes. Monocytes from n = 3 donors and ILCs from n = 3 donors were 
incubated in an autologous or allogeneic system. No significant differences were observed between 
autologous or allogeneic co-cultures. Statistical significance was determined by means of Mann-
Whitney U tests. Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001. ****p! 0.0001.
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Figure 5.4: Different ILC subsets have distinct effects on monocyte activation. MACS purified 
monocytes and in vitro expanded FACS purified ILCs were co-cultured in the presence of LPS as 
described before. Comparison of (A) monocyte HLA-DR (MFI) (B) percentage of Ki67-expressing 
monocytes (C) percentage (left) and MFI (right) of monocyte CD80 expression (D) percentage (left) 
and MFI (right) of monocyte CD86 expresssion (E) percentage (left) and MFI (right) of monocyte 
OX40L expression (F) percentage (left) and MFI (right) of monocyte CD70 expression folllowing co-
culture with ILC3, ILC2 or ILC1 in presence of LPS (1µg/ml). Monocytes from n = 3 donors and ILCs 
from n = 3 donors were incubated in an autologous or allogeneic system. No significant differences were 
observed between autologous or allogeneic co-cultures. Statistical significance was determined by 
means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01.
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Comparison of the ability of the different ILC subsets 
to induce monocyte activation under conditions of 

additional LPS stimulation. 
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Figure 5.5: ILC-mediated augmentation of monocyte activation is reduced by blockade of 
cytokine signaling. CD14+ monocytes were co-cultured with In vitro expanded ILC3 (A - G) or 
ILC3 + LPS (H - N) as described previously. Blocking antibodies directed against IL-1!, TNF", 
IL-6R and GM-CSF or an isotype control were added at the beginning of the culture. After 2 days 
of culture, flow cytometry analysis was used to determine monocyte expression of HLA-DR, 
CD80, CD86, OX40L, CD70, CD14 and Ki67. Isotype-treated controls were defined as 100% 
activation and the blocking antibody-treated conditions were expressed as a percentage of this. 
The dotted lines represent mean expression by untreated monocytes cultured without ILCs, 
shown also as a percentage of the isotype treated controls. Monocytes from n = 4 donors and 
ILCs from n = 4 donors were incubated in an autologous system. Statistical significance was 
determined by means of Wilcoxon matched-pairs signed rank tests. Bars represent mean ± SEM. 
*p # 0.05.
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A. B.

Figure 5.6: ILC3 enhance macrophage-mediated bacterial killing. (A) Representative image of 
bacterial colonies retrieved from Triton-X lysed macrophages. (B) Quantification of recovered bacterial 
colonies/well. ILC3 supernatants were derived from n = 7 donors, EBV B cell supernatant from n =1 donor 
and all other supernatants from n = 3 donors. Data are pooled from two separate experiments. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 0.05.

Untr
ea

ted ILC
3

ILC
3 +

 IL
-2

3
ILC

2
ILC

1

CCD18
co

B ce
ll

0

20

40

60

80

100

%
 C

FU
 o

f u
nt

re
at

ed *
*



! EFQ!

G?B?@$U#1)/%&1+'$+1,)9+,)&*$&($=8:2$4-$.&*&1-,#2$

#9! 069*,99(0! 6$! 2+%-:(8! W4! -A# '!')! K'29! <83@! :+(! ?1330! %$0! *313$! %$0! !"# '!%()!

(>-%$0(0!?1330!K'29!*%$!(>-8(99!*3&9:6@,1%:38;!@31(*,1(9!9,*+!%9!2BjF4!2Bjb!%$0!

=eWF4!I+39(!(>-8(9963$!3$!K'29!I%9!8(/,1%:(0!?;!*;:3H6$(9!9,*+!%9!K'&"m4!K'&"G4!K'&

EQ!%$0!DTSnN!)6$*(!%*:67%:(0!@3$3*;:(9!%8(!@%Z38!-830,*(89!3<!:+(9(!*;:3H6$(94!I(!

I%$:(0!:3!(>%@6$(!I+(:+(8!*3&*,1:,8(!3<!@3$3*;:(9!%$0!K'29!*%$!6$<1,($*(!K'2!*3&

9:6@,1%:38;!16/%$0!(>-8(9963$N!!

!

G"#'!%()!(>-%$0(0!?1330!K'2"4!K'2E!%$0!K'2Q!I(8(!1%?(11(0!I6:+!2(11D8%*(!f631(:!%$0!

*3&*,1:,8(0! %:! %! "v"! 8%:63! I6:+! .#2)! -,86<6(0! 2B"WX! @3$3*;:(9! JÉ! 'C)M! 6$! :+(!

-8(9($*(!3<!(>3/($3,9!K'&E!J"FF!5c@1M!:3!-83@3:(!K'2!9,8767%1N!D+69!I%9!<3113I(0!

?;!<13I!*;:3@(:8;!%$%1;969!%<:(8!:I3!0%;9!3<!*,1:,8(!JS6/,8(!GNR#MN!!

!

23&*,1:,8(! 3<! K'2Q! %$0! @3$3*;:(9! 1(0! :3! %$! 6$*8(%9(! 6$! :+(! -(8*($:%/(! 3<! K'2Q!

(>-8(996$/!2BjF!%$0!2Bjb4!I+6*+!I(8(!<,8:+(8!6$*8(%9(0!?;!%006:63$!3<!'C)!JS6/,8(!

GNRL!%$0!2MN! K'2Q!%13$(!I(8(!,$8(9-3$967(! :3!'C)! 9:6@,1%:63$4! 9,//(9:6$/! :+%:! :+(!

'C)&@(06%:(0!($+%$*(@($:!3<!K'2!%*:67%:63$!69!%$!6$068(*:!(<<(*:!:+%:!3**,89!76%!'C)&

6$0,*(0!%*:67%:63$!3<!@3$3*;:(9N!K'2Q!(>-8(9963$!3<!?3:+!=eWF'!%$0!2BRF!9+3I(0!%!

:8($0! :3I%809! 6$*8(%9(! 6$! *3&*,1:,8(9!I6:+!@3$3*;:(94! ?,:! $(6:+(8! 06<<(8($*(!I%9!

9:%:69:6*%11;! 96/$6<6*%$:! JS6/,8(! GNRB! %$0! aMN! O3I(7(84! %006:63$! 3<! 'C)! :3! :+(! *3&

*,1:,8(9! 6$0,*(0! 96/$6<6*%$:!,-8(/,1%:63$!3<!=eWF'!3$! K'2QN! K'2Q!2BRF!(>-8(9963$!

I%9!96@61%81;! 6$*8(%9(04!?,:!9:611!060!$3:!8(%*+!9:%:69:6*%1!96/$6<6*%$*(N! K$:(8(9:6$/1;4!

'C)&%*:67%:(0! @3$3*;:(9! %193! -83@3:(0! ($+%$*(0! (>-8(9963$! 3<! 2BEG4! :+(! +6/+&

%<<6$6:;!K'&E!8(*(-:38!n!*+%6$4!?;!K'2Q4!-3:($:6%11;!8($0(86$/!:+(@!@38(!9,9*(-:6?1(!

:3!9:6@,1%:63$!I6:+!K'&E4!I+6*+!69!%!-3:($:!-8316<(8%:67(!<%*:38!<38!K'29!JS6/,8(!GNRSMN!

K$0((04! (>%@6$%:63$! 3<! K'2Q! -8316<(8%:63$! ?;! @(%$9! 3<! 2(11D8%*(! f631(:! 061,:63$!



! EFW!

9+3I(0!:+%:!K'2Q!-8316<(8%:(0!@38(!76/383,91;!6$!:+(!-8(9($*(!3<!@3$3*;:(94!I+6*+!

I%9!6$*8(%9(0!<,8:+(8!<3113I6$/!%*:67%:63$!3<!:+(!@3$3*;:(9!I6:+!'C)!JS6/,8(!GNR\MN!

D+69!I%9!8(<1(*:(0!?;!6$*8(%9(0!%?931,:(!$,@?(89!3<!K'2Q!JS6/,8(!GNROMN!K$!%006:63$4!

*3&*,1:,8(!I6:+! ?3:+! ,$:8(%:(0! %$0! 'C)&%*:67%:(0!@3$3*;:(9! 96/$6<6*%$:1;! 8(0,*(0!

:+(!-83-38:63$!3<!2B""R&(>-8(996$/!K'2Q!JS6/,8(!GNRKMN!!

!

23&*,1:,8(!3<!K'2E!%$0!@3$3*;:(9!,$0(8!*3$06:63$9!3<!'C)!9:6@,1%:63$!8(9,1:(0!6$!%!

96/$6<6*%$:!6$*8(%9(!6$!:+(!-83-38:63$!3<!K'2E!:+%:!(>-8(99(0!2Bjb4!2BRF!%$0!2BEG!

JS6/,8(!GNj#&24!a!%$0!SM4!%9!I(11!%9!%!:8($0!:3I%809!6$*8(%9(0!=eWF'!(>-8(9963$!%$0!

K'2E!-8316<(8%:63$!%$0!%?931,:(!$,@?(89!JS6/,8(!GNjB4!\!%$0!OMN!T3!*+%$/(9!6$!K'2E!

2B""R! (>-8(9963$! I(8(! 0(:(*:(0! JS6/,8(! GNjKMN! ! )6@61%81;4! *3&*,1:,8(! 3<! K'2"! I6:+!

@3$3*;:(9! ,$0(8! *3$06:63$9! 3<! 'C)! 9:6@,1%:63$! 6$0,*(0! %$! 6$*8(%9(! 6$! :+(!

-83-38:63$!3<!K'2"!(>-8(996$/!2Bjb4!=eWF'!%$0!2BEG4!?,:!$3:!2BjF!38!2BRF!JS6/,8(!

GNhMN!!

!

$

$

$

$

$

$

$

$

$

$



! EFG!
$

Figure 5.7: Co-culture of monocytes and ILC3 increases ILC3 activation and proliferation. In vitro 
expanded CellTrace violet-labelled ILC3 and MACS purified CD14+ monocytes were co-cultured in 
absence or presence of LPS (1µg/ml) for 2 days, followed by flow cytometry analysis. (A) 
Representative FACS plots of ILC3 surface marker expression and CellTrace Violet dilution. (B - I) 
Quantification of ILC3 expressing CD80 (B), CD86 (C), OX40L (D), CD70 (E), CD25 (F), CellTrace Violet 
(G), absolute counts (H) and CD117 (I). In (B-E), (F) and (I) ILCs from n = 7 donors and monocytes from 
n = 7 donors were incubated in an autologous or allogeneic manner. No significant differences were 
observed between autologous or allogeneic co-cultures. Data are pooled from two separate 
experiments. In (G), ILCs from n = 4 donors and monocytes from n = 4 donors were incubated in an 
allogeneic system. In (H), ILCs from n = 3 donors and monocytes from n =3 donors were incubated in 
an autologous or allogeneic manner. Statistical significance was determined by means of Mann-
Whitney U tests. Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01. ***p ! 0.001.
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Figure 5.8: Co-culture of monocytes and ILC2 increases ILC2 activation. In vitro expanded CellTrace 
violet-labelled ILC2 and MACS purified CD14+ monocytes were co-cultured in absence or presence of LPS for 
2 days, followed by flow cytometry analysis. (A) Representative FACS plots of surface marker expression and 
CellTrace Violet dilution. (B - I) Quantification of ILC3 expressing CD80 (B), CD86 (C), OX40L (D), CD70 (E), 
CD25 (F), CellTrace violet (G), absolute ILC2 count (H) and CD117 (I). In (B-E), (F) and (I) ILCs from n = 7 
donors and monocytes from n = 7 donors were incubated in an autologous or allogeneic manner. No 
significant differences were observed between autologous or allogeneic co-cultures. Data are pooled from two 
separate experiments. In (G), ILCs from n = 4 donors and monocytes from n = 4 donors were incubated in an 
allogeneic system. In (H), ILCs from n = 3 donors and monocytes from n =3 donors were incubated in an 
autologous or allogeneic manner. Statistical significance was determined by means of Mann-Whitney U tests. 
Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01.
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Figure 5.9: Co-culture of monocytes and ILC1 induces ILC1 
activation. In vitro expanded ILC1 and MACS purified CD14+ monocytes 
were co-cultured in absence or presence of LPS for 2 days, followed by 
flow cytometry analysis. Quantification of percentage of  ILC1 expressing 
CD80 (A), CD86 (B), OX40L (C), CD70 (D) and CD25 (E). ILCs from n = 
3 donors and monocytes from n = 3 donors were incubated in an 
autologous or allogeneic manner. No significant differences were 
observed between autologous or allogeneic co-cultures. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars 
represent mean ± SEM. *p ! 0.05.
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Figure 5.10: Monocyte-mediated activation of ILC2 and ILC3 is reduced by blockade of TNF!, 
IL-1" and IL-6R signalling. In vitro expanded ILC3 (A-E) and ILC2 (F-J) were co-cultured with 
monocytes and LPS for two days as described previously. Blocking antibodies directed against 
IL-1", TNF!, IL-6R and GM-CSF and isotype control were added at the beginning of the culture. 
Flow cytometry analysis was used to determine ILC expression of CD80, OX40L and CD70. The 
data shown depict the conditions of maximum ILC activation (ILCs + Monocytes + LPS). Isotype-
treated controls were defined as 100% activation and the blocking antibody-treated conditions were 
expressed as a percentage of this. The dotted lines represent mean expression by untreated ILCs in 
culture without monocytes, shown also as a percentage of the isotype treated controls. ILCs from  n 
= 4 donors and monocytes from n = 4 donors were co-cultured in an autologous manner. Statistical 
significance was determined by means of Wilcoxon matched-paris signed rank tests. Bars represent 
mean ± SEM. *p # 0.05.
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Figure 5.11: ILCs do not support soluble anti-CD3 mediated T cell expansion, but enhance T cell 
proliferation following stimulation with soluble anti-CD3 in presence of monocytes. (A) Schematic 
depicting experimental set-up. FACS sorted CD4+CD45RO+ memory T cells were co-cultured with autologous 
MACS sorted CD14+ monocytes in absence or presence of autologous FACS sorted ex vivo bulk ILCs (Lin-

CD127+CD117+) ILCs. Soluble anti-CD3 antibody was added to polyclonally activate the T cells. T cell 
proliferation and expression of surface activation markers were assessed using flow cytometric analysis after 7 
days of culture. (B) Representative FACS plots of T cell Ki67 expression. Cells were pre-gated as Live 
CD3+CD4+CD14-CD117- cells. (C) Quantification of T cell proliferation as assessed by Ki67 staining and flow 
cytometry analysis. (D) Percentage (left) and MFI (right) of ICOS expression by CD4+ T cells. (E)  Percentage 
(left) and MFI (right) of CD25 expression by CD4+ T cells. (F) Percentage (left) and MFI (right) of OX40 
expression by CD4+ T cells. Autologous T cells, ILCs and monocytes were obtained from n = 3 donors. 
Statistical significance was determined by means of Wilcoxon matched-pairs signed rank tests. Bars represent 
mean ± SEM.
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Figure 5.12:  ILC3 enhance T cell proliferation following stimulation with soluble anti-CD3 in 
presence of monocytes. FACS sorted CD4+CD45RO+ memory T cells were co-cultured for 7 days 
with autologous MACS purified monocytes in absence or presence of autologous in vitro expanded 
ILC2 or ILC3. T cells were labelled with CFSE and were polyclonally activated with soluble anti-CD3 
antibody. T cell proliferation was assessed via CFSE dilution as determined by flow cytometry 
analysis. Absolute cell counts were obtained using CountBright beads for flow cytometry. (A) 
Representative FACS plots gated on CD3+CD4+ cells showing CFSE dilution across different culture 
conditions. (B) Quantification of total CFSEnegative T cells. (C) Quantification of absolute numbers of T 
cells recovered from each condition. Autologous T cells, ILCs and monocytes were obtained from n = 
12 donors in (B) and n = 8 donors in (C). Data were pooled from three separate experiments in (B) or 
two separate experiments in (C). Statistical significance was determined by means of Wilcoxon 
matched-pairs signed rank tests. Bars represent mean ± SEM. *p ! 0.05. **p ! 0.01.
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Figure 5.13: Expression of surface activation markers on memory CD4+ T cells following 
soluble anti-CD3-mediated activation in absence or presence of ILC2 or ILC3. (A) Representative 
FACS plots depicting expression of CD25, ICOS and OX40 on CD4+ T cells across the different culture 
conditions. (B) Percentage (right) and MFI (left) of CD25 expression. (C) Percentage (right) and MFI 
(left) of ICOS expression. (D) Percentage (right) and MFI (left) of OX40 expression. Autologous T cells, 
ILCs and monocytes were obtained from n = 8 donors. Data were pooled from two separate 
experiments. Statistical significance was determined by means of Wilcoxon matched-pairs signed rank 
tests. Bars represent mean ± SEM. *p ! 0.05.
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Figure 5.14: Comparison of ILC-mediated effects on CD4+ memory T cell 
expansion in a non-transwell vs transwell setting. (A) Schematic representation 
of experimental set-up. (B)  Comparison of CFSEnegative CD4+ memory T cells 
between non-transwell and transwell settings. (C) Comparison of absolute numbers of 
CD4+ memory T cells between non-transwell and transwell settings. (D) Comparison 
of percentage (left) and MFI (right) of CD25 expression by CD4+ memory T cells in 
non-transwell vs transwell settings. (E) Comparison of percentage (left) and MFI 
(right) of ICOS expression by CD4+ memory T cells in non-transwell vs transwell 
settings. (F) Comparison of percentage (left) and MFI (right) of OX40 expression by 
CD4+ memory T cells in non-transwell vs transwell settings. Data were normalized to 
T cells in cultures with monocytes and soluble !CD3-activated T cells. Autologous T 
cells, ILCs and monocytes were obtained from n = 6 donors. Data were pooled from 
two separate experiments. Statistical significance was determined by means of 
Wilcoxon matched-pairs signed rank testss. Bars represent mean ± SEM. *p " 0.05.
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Figure 5.15: T cell activation by monocytes + soluble anti-CD3 is 
not changed in the presence of inert lymphocyte-sized filler beads. 
(A) Quantification of CFSElow CD4+ memory T cells. (B) Quantification of 
CFSEnegative CD4+ memory T cells. (C) Absolute numbers of CD4+ 
memory T cells recovered. Autologous T cells, ILCs and monocytes 
were obtained from n = 3 donors. Statistical significance was determined 
by means of Wilcoxon matched-paris signed rank tests. Bars represent 
mean ± SEM.



! EEQ!

G?B?;T$=8:2$>/%#7>'+,#$:IBG$#W/%#22)&*$(&''&6)*7$1&D1>',>%#$6),"$+1,)9+,#0$

:I@g$!$1#''2$+*0$.&*&1-,#2$$

K$!%006:63$!:3!K'2&@(06%:(0!(<<(*:9!3$!2BWX!D!*(1194!2BWX!D!*(11&0(-($0($:!%*:67%:63$!

3<!K'29!+%9!?(($!0(9*86?(0!6$!:+(!@,86$(!9;9:(@!J"Wb4WF"MN!K$!-%8:6*,1%84!:+(!D!*(11&

0(867(0! *;:3H6$(! K'&E! +%9! ?(($! 9+3I$! :3! -83@3:(! !"# '!')! K'2! 9,8767%1! %$0!

-8316<(8%:63$!%9!I(11!%9!*;:3H6$(!-830,*:63$!J"Wb4WFEMN!P(!+;-3:+(969(0!:+%:!+,@%$!

K'29!@%;!?(!96@61%81;!8(/,1%:(0!?;!2BWX!D!*(119!%$0!(>%@6$(0!K'2!(>-8(9963$!3<!:+(!

+6/+&%<<6$6:;!K'&E!8(*(-:38!n!*+%6$!J2BEGM!%$0!-8316<(8%:63$!6$!3,8!*3&*,1:,8(!9;9:(@!

JS6/,8(!GN"b#MN!

!

23&*,1:,8(!3<!K'2Q!I6:+!,$9:6@,1%:(0!2BWX!@(@38;!D!*(119!1(0!:3!%$!6$*8(%9(!6$!:+(!

-(8*($:%/(!3<!2BEG&(>-8(996$/!K'2Q!%$0!%$!6$*8(%9(!6$!2BEG!.SK!JS6/,8(!GN"bLMN!T3!

<,8:+(8! 6$*8(%9(! I%9! 3?9(87(0! I+($! K'2Q! I(8(! *3&*,1:,8(0! I6:+! @3$3*;:(9! 6$!

%006:63$! :3!2BWX!D! *(119N!O3I(7(84!I+($!%$:6&2BQ!%$:6?30;!I%9! %00(0! 6$!380(8! :3!

%*:67%:(! :+(! 2BWX! D! *(1194! 2BEG! (>-8(9963$! ?;! :+(! K'2Q! I%9! <,8:+(8! 6$*8(%9(0!

*3@-%8(0!:3!*3&*,1:,8(!I6:+!,$9:6@,1%:(0!2BWX!D!*(119!%13$(!38!6$!*3@?6$%:63$!I6:+!

@3$3*;:(9N!!

!

O6/+(8! (>-8(9963$! 3<! 2BEG!@%;! 8($0(8! K'2Q!@38(! 9,9*(-:6?1(! :3! %,:313/3,9! 38! D!

*(11&0(867(0! K'&E4! I+6*+4! 6$! *3$Z,$*:63$! I6:+! K'&R4! 69! %$! 6@-38:%$:! -8316<(8%:67(!

%$0c38!9,8767%1!<%*:38!<38!K'2Q!J9((!2+%-:(8!QMN!K$0((04!K'2Q!069-1%;(0!%$!6$*8(%9(!6$!

-8316<(8%:67(! ?(+%763,8! I+($! *3&*,1:,8(0! I6:+! ,$%*:67%:(0! 2BWX! D! *(119! %13$(! 38!

I6:+!2BWX!D!*(119!%$0!@3$3*;:(94!I+6*+!I%9!?339:(0!<,8:+(8!<3113I6$/!%*:67%:63$!3<!

2BWX!D!*(119!?;!%006:63$!3<!931,?1(!%$:6&2BQ!%$:6?30;!JS6/,8(!GN"b2MN!D+69!6$0,*:63$!

3<! K'2Q!-8316<(8%:63$!I%9! 8(<1(*:(0! 6$!%$! 6$*8(%9(0! K'2Q!*3,$:! <3113I6$/! *3&*,1:,8(!

I6:+! ,$9:6@,1%:(0! 2BWX! D! *(119! %13$(! JENj&<310! (>-%$963$M! %$0! 6$! -%8:6*,1%8! I6:+!



! EEW!

%$:6&2BQ&%*:67%:(0! 2BWX! D! *(119! ! JGNF&<310! (>-%$963$M! JS6/,8(! GN"bBMN! L%9(0! 3$! %!

S#2)&?%9(0! -,86:;! *+(*H! %:! :+(! 9:%8:! 3<! :+(! (>-(86@($:4! :+(! K'2E! %$0! K'2Q! ,9(0!

9+3I(0! $3! (>-8(9963$! 3<! D! *(11&%993*6%:(0! @%8H(89! 2BQ4! 2BW4! 2Bj4! D2Ynm! %$0!

D2YU|4! %$0! <,8:+(8@38(! (>-8(99(0! +6/+! 1(7(19! 3<! 2B""R! J0%:%! $3:! 9+3I$MN!

D+(8(<38(4! %! -3:($:6%1! *3$:%@6$%:63$! 3<! :+(! K'2! -3-,1%:63$9! I6:+! D! *(119! 69! +6/+1;!

,$16H(1;N!!

!

23&*,1:,8(9! 3<! K'2E!I6:+! 2BWX! D! *(119! %$0!@3$3*;:(9! ;6(10(0! 7(8;! 96@61%8! 8(9,1:9N!

2BEG!(>-8(9963$!?;!K'2E!I%9!6$*8(%9(0!<3113I6$/!*3&*,1:,8(!I6:+!2BWX!D!*(1194!I6:+!

$3! <,8:+(8! *+%$/(9! 6$0,*(0! I+($! @3$3*;:(9! I(8(! %193! -8(9($:! JS6/,8(! GN"baMN!

O3I(7(84! 2BEG! (>-8(9963$! I%9! <,8:+(8! ($+%$*(0! <3113I6$/! %$:6&2BQ&@(06%:(0!

%*:67%:63$! 3<! 2BWX! D! *(119N! #9! <38! K'2Q4! :+69! ,-8(/,1%:63$! 3<! 2BEG! (>-8(9963$! I%9!

%**3@-%$6(0! ?;! 6$*8(%9(0! -8316<(8%:63$! %$0! 6$*8(%9(0! $,@?(89! 3<! K'2E! JS6/,8(!

GN"bS!%$0!\MN!!

!

D+,94! 6:! %--(%89! :+%:! 2BWX! D! *(1194! -(8+%-9! 6$! *3$Z,$*:63$! I6:+! @3$3*;:(94! *%$!

6$<1,($*(! 2BEG! (>-8(9963$! 1(7(19! %$0! 6$*8(%9(! :+(! -8316<(8%:67(! ?(+%763,8! 3<! ?3:+!

K'2E!%$0!K'2Q4!-3:($:6%11;!:+83,/+!6$*8(%96$/!K'2!8(9-3$967($(99!:3!K'&EN!

!

$

$

$

$

$

$

$



! EEG!

$

$

ILC
2

ILC
2 +

 T

ILC
2 +

 T + 
M

ILC
2 +

 T
 + 

M + 
aC

D3
0

20

40

60

80

100

%
 C

D
25

+ 
IL

C
2

ILC
3

ILC
3 +

 T

ILC
3 +

 T + 
M

ILC
3 +

 T
 + 

M + 
aC

D3
0

20

40

60

80

%
 C

D
25

 IL
C

3

ILC
2

ILC
2 +

 T

ILC
2 +

 T + 
M

ILC
2 +

 T
 + 

M + 
aC

D3
0

5000

10000

15000

IL
C

2 
ab

so
lu

te
 c

ou
nt

ILC
2

ILC
2 +

 T

ILC
2 +

 T + 
M

ILC
2 +

 T
 + 

M + 
aC

D3
0

20

40

60

%
 C

el
lT

ra
ce

 v
io

le
tlo

w
 IL

C
2

ILC
3

ILC
3 +

 T

ILC
3 +

 T + 
M

ILC
3 +

 T
 + 

M + 
aC

D3
0

5000

10000

15000

IL
C

3 
ab

so
lu

te
 c

ou
nt

ILC
3

ILC
3 +

 T

ILC
3 +

 T + 
M

ILC
3 +

 T
 + 

M + 
aC

D3
0

20

40

60

80

%
 C

el
lT

ra
ce

 v
io

le
tlo

w
 IL

C
3

A.

B. C. D.

E. F.

**

**
***

**

**

p = 0.0541

p = 0.0973

***

*
*

*

**
**

**

**
*

** *
**

***
p = 0.0625

* **
**

Figure 5.16: Co-culture with CD4+ memory T cells increases the proportion of CD25 expressing ILC2 and 
ILC3. In vitro expanded ILC2 and ILC3 were labelled with CellTrace Violet and were co-cultured with 
autologous CD4+ memory T cells in absence or presence of autologous monocytes and in absence or 
presence of polyclonal T cell activation using soluble anti-CD3 administration. Flow cytometry analysis was 
performed at day 7 of culture. (A) Representative FACS plots showing CD25 expression and CellTrace Violet 
dilution by ILC3. (B) Percentage (left) and MFI (right) of CD25 expressing ILC3. (C) Proliferation of ILC3 as 
measured by CellTrace Violet dilution using flow cytometry. (D) Absolute numbers of ILC3 as determined using 
CountBright beads and flow cytometry analysis. (E) Percentage (left) and MFI (right) of CD25 expressing ILC2. 
(F) Proliferation of ILC2 as measured by CellTrace Violet dilution using flow cytometry. (G) Absolute numbers of 
ILC2 as determined using CountBright beads and flow cytometry analysis. Autologous T cells, ILCs and 
monocytes were obtained from n = 8 donors. Data were pooled from two separate experiments. Statistical 
significance was determined by means of Mann-Whitney U tests. Bars represent mean ± SEM. *p ! 0.05. **p ! 
0.01. ***p ! 0.001.
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Figure 17: Monocyte and soluble anti-CD3-mediated expansion of CD4+ memory T cells is enhanced 
in the presence of ILCs. Bidirectional interactions between ILCs and monocytes and also between ILCs 
and CD4+ T cells may contribute to this effect. Pathways of interest for future investigation are 
highlighted in blue.
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