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Figure 1. Gating strategy for innate lymphoid cells. Representativ
e flow cytometry plots of ILC subsets in colonoscopic biopsies: IL
Cls (CD45'Lin-CD127' CRTH2-c-kit-NKp44-), ILC2s (CD45Lin-C
DI127"CRTH2"), NCR'ILC3s (CD45Lin-CD127 CRTH2-c-kit"NKp44

"), and NCR'ILC3s (CD45'Lin-CD127'CRTH2-c—kit NKp44-)*
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91 IBD patient cohort 40 non-IBD
(67 CD, 24 UC) Controls

148 Colonoscopies were performed.

Colonoscopy (13 CD and 4 UC patients had twice exam for follow-up)

}
Single cells were isolate from 283 biopsy site 7 CD, 6 UC, 10 Controls
Cell isolation | (non-inflamed colon:122, inflamed colon:33, terminal wepeexEudes dus in
ileum:128) VEO-IBD, /L 70 mutation,
! ) and low number of cells.
+

ILC proportion analysis was done in 241 single cells
(non-inflamed colon:105, inflamed colon:27, terminal

ileum:109)
Analysis
78 IBD patient cohort 30 non-IBD
(60 CD, 18 UC) Controls

Figure 2. Flow chart of study population (CD: Crohn’s disease, IBD:
inflammatory bowel disease, ILC: innate lymphoid cell, UC: ulcerative colitis,
VEO-IBD: very early onset IBD).
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Table 1. Demographics and Paris classification of all patients with IBD and Control

CD UuC Control

Sex (male/female) 42 / 18 12/ 6 17 /13
Age, Mean(SD) 15.8 (2.5) 15.0 (2.9) 13.1 2.7)
Age at diagnosis (number of patient)

Ala 4

Alb 55

A2 2
Location (number of patient)

L1 distal 1/3 ileum 1

L2 Colonic 5

L3 Tleocolonic 55

L4a upper disease proximal to ligament of Treitz 20

L4b upper disease distal to ligament of Treitz 8

and proximal to distal 1/3 ileum

L4a and L4b 3
Behavior (number of patient)

Nonstricturing, nonpenetrating (B1) 48

Stricturing (B2) 8

Penetrating (B3) 5

perianal disease modifier 25
Extent

El: ulcerative proctitis |

E2: left-sided UC (distal to splenic flexure) 5

E3: Extensive (hepatic flexure distally) )

E4: Pancolitis (proximal to hepatic flexure) 12
Severity

SO never severe 4

S1 ever severe 15
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A (Table 2, Figure 3). W& A% A3+ gz H]3] ILCls,
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 FlelAM ILC2s= ddid oz A7 ZaxFTh

Control N
150 | —

CD |
BEesSaSe—— 3 =

uc

Distribution of ILC subsets in mucosa of colon

Control I —
180 | —
O Ee————

uc

o

#

20% 40% 60% B80% 100%

Distribution of ILC subsets in non-inflamed colon

Control
cD I ——
UC |

]

®

209% 40% 60% 80% 100%
WILC1 mILCZ ™ NCR+ILC3 ®m NCR-ILC3

Figure 3. The proportion of ILC subsets in human intestine of

pediatric inflammatory bowel disease patient, and of control.
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Table 2.

Innate lymphoid cell subsets distribution by

of pediatric inflammatory bowel disease and of control

proportion in intestine

mean (95% CI) CD ucC Control
Colon
0.392 0.309 0.323
Total ILCs
(0.327 - 0.456) (0.220 - 0.397) (0.260 - 0.386)
26.12 23.51 9.930
ILCls
(22.07 - 30.18) (18.45 - 28.58) (7.098 - 12.77)
0.784 1.022 0.326
ILC2s
(0.477 - 1.090) (-0.024 - 2.067) (0.124 - 0.529)
. 35.63 33.40 63.91
NCR'ILC3s
(35.02 — 44.24) (26.66 - 40.15) (58.12 - 59.69)
30.04 37.42 20.73
NCR'ILC3s
(26.64 — 33.44) (30.35 — 44.48) 17.61 — 23.86)
Terminal ileum
Total ILCs 0.249 0.210 0.190
(0.203 — 0.294) (0.160 — 0.260) (0.138 — 0.243)
ILCl1s 30.35 23.66 22.29
(25.73 — 34.97) (16.72 — 30.60) (16.70 — 27.88)
ILC2s 1.001 0.292 0.953
(0.394 — 1.608) (-0.100 — 0.685) (-0.116 — 2.022)
NCRILC3s 32.88 40.81 44.36
(27.98 — 37.78) (32.35 — 49.26) 37.40 — 51.33)
NCRILC3s 32.42 31.29 29.65
(28.63 — 36.21) (24.89 — 37.69) (22.36-36.93

QA 7 A gke] GpolE

s W AW AEY RE

o BT gz HEt ILC1s¢ NCRILC3sE Z7)8ha
™

ot o] A5 AEW I txto] NCRILC3sY

ILC2s9] #fo], 2 AW
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Aqom o]ele trE xfoli= A H A &ekth(Figure 4).
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Figure 4 The difference of ILC subsets distribution in human intestine of
pediatric inflammatory bowel disease patient and of control. *P < 0.05, **P < 0.01,
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Figure 5. Comparison of ILC subsets proportion in colonic mucosa of IBD

patients stratified by gender.
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Figure 6. The differences of ILC subsets distribution in human intestine
of treatment-naive pediatric inflammatory bowel disease patient and of
control. (a) total IBD patient. (b) Crohn’s disease. (c) ulcerative colitis.

(ILC : innate lymphoid cell, NCR : natural cytotoxic receptor)
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Table 3 Disease activity and Clinical characteristics of all patients with IBD

and Control
CD ucC
Clinically active disease™*
Active / Quiescent 38/ 30 12 /9
PCDAI score Mean(SD) 13.2 (16.2)
inactive disease (<10 points) 39
mild disease (10- 30 points) 15
moderate to severe (>65 points) 15
PUCALI score Mean(SD) 20.0 (26.2)
remission (<10 points) / mild (10-34 points) 12 / 4
moderate (35- 64 points) /severe (=65 points) 47/3
Simplified pathological score, Mean+SD 1.7£2.0 1.9£1.8
CRP Mean+SD 1.5£2.5 0.6£1.0
ESR Mean+SD 21.5421.1 14.6+16.0

*Eleven patients had twice exam for follow-up
9 A x4 ICs ot g 4%

o

71 dEet FA7 GEHE

Y NFES :
NCR'ILC3s*] B Aol Aol A tixaedl Bls) 3HaF o
CRIEET N
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Figure 7. Comparison of distribution of ILCs in colonic mucosa among study
group stratified by clinical activity. aCD: active Crohn’s disease, gCD:
quiescent Crohn’s disease, aUC: active ulcerative colitis, qUC: quiescent
Icerative colitis (one way ANOVA test with post hoc Tukey’s multiple

comparisons test).

_19_



= %99 Zol= 92Tt (Figure 8).
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Figure 8. Comparison of distribution of ILCs in small bowel mucosa among
study group stratified by clinical activity. aCD: active Crohn’s disease, qCD:
quiescent Crohn’s disease, aUC: active ulcerative colitis, qUC: quiescent

Icerative colitis (one way ANOVA test with post hoc Tukey’s multiple

comparisons test).
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A3} CRP, Simplified pathological score,

a8]3 A% NCRILC3 (Adjusted odds ratiolAOR] 1.076, P=0.011)7}

o

-

N

T LdoA =A7]

-
;Y

(e}
tilo

=

J U

NCRILC3

(AOR=0.027),7} frolgt W= &lE Ut (Table 5).

Table 4 Logistic regression analysis by disease activity in pediatric
inflammatory bowel disease
Model 1 Final model
variable Exp(B) P-value Exp(B) P-value
CRP 1.918 (0.973-3.781)  0.060  1.763 (1.078-2.883)  0.024
ESR 1.054 (0.994-1.118) 0.081 1.031 (0.994-1.069)  0.099
tSPS 1.562 (0.928-2.627) 0.093 1.511 (1.009-2.263)  0.045
Small bowel total ILC  0.627 (0.002-220.1)  0.876 NA
ILC1 1.108 (0.863-1.424)  0.422 NA
ILC2 1.692 (0.818-3.500) 0.156 NA
NCR'ILC3  1.118 (0.864-1.447) 0.397 NA
NCRILC3 1.218 (0.917-1.617)  0.174  1.076 (1.017-1.140)  0.011
Colon total ILC  0.686 (0.408-1.155) 0.156 NA
ILC1 1.106 (0.972-1.259)  0.125  1.072 (0.997-1.154)  0.060
ILC2 0.382 (0.101-1.445) 0.156 NA
NCR'ILC3  1.118 (0.864-1.447)  0.397 NA
NCRILC3 0.989 (0.888-1.102)  0.845 NA
Age 0.907 (0.563-1.460) 0.687 NA
Duration of f/u 0.978 (0.534-1.789)  0.941 NA
sex 1.046 (0.213-5.145) 0.956 NA
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Table 5. Logistic regression analysis by disease activity in patient with

Crohn’s disease

Final model

variable* Exp(B) P-value
CRP 1.811 (1.096-2.994) 0.021
ESR 1.041 (1.001-1.083) 0.047

NCR'ILC3s in small bowel 1.059 (1.007-1.115) 0.027

*excluded variables: age, sex, duration of follow-up, age at diagnosis, location of disease
behavior, perianal disease modlﬁer simplified pathologlcal score, total ILC/ILC1s/ILC2s
/NCR'ILC3s in small bowel, total ILC/ILC1s/ILC2s/NCR" ILC3s/NCRTILC3s in colon,

4. 7t AHdH @45 o & ILCY d#A

2492 7% inactive L5 ¥ mild to severe T+ 1w o % UFo] H

WstAY T inactive disease, mild disease, moderated to severe Al

¢

Aatas Wl 1% 1 ILCs ofg 9 Aole fldth

Hm

o7 U

PCDAIA S ASWHFR 3o AAEA 39S v (Figure 9), 95 o

Aol M o] NCRILC3s¥ w9 A##AE Holi(r=-0537, P=0.015)

4 oAl e A ILCset Fel AuaAE BAT(=0.271,
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Figure 9. Heat map of correlation matrix in Crohn’s disease patients

by PCDAI score (Pearson’s correlation test)
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of 5l ¢] NCR'ILC3¢t =94 A##AAE HIHr=-0.525 P<0.037).

¥ calprotectin®] 749 209 9] AT A (ZEH 169, AL O
FA A7) AAE AdERew 2] ILCIsy Fo AAAAE B4
o (r=044, P=0.049) tE ILCs o}g 3= Fo3 BA7 gt

(Figure 10).
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Figure 10. Correlation ILCs with CRP, ESR and fecal calprotectin in patient

with pediatric inflammatory bowel disease.
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Figure 11. Comparison of distribution of ILCs in colonic
mucosa among study group stratified by gross endoscopic
finding. nCD: non-inflamed mucosa of Crohn’s disease, iCD:
inflamed mucosa of Crohn’s disease, nUC: non-inflamed
mucosa of ulcerative colitis, iUC:inflamed mucosa of ulcerative

colitis (one way ANOVA test with post hoc Tucey’s

comparison test).
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Figure 12 Paired-comparison of distribution of ILCs by gross endoscopic
finding on the patient with inflamed and non-ionflamed mucosa (paired t

test and Wilcoxon matched-pairs signed rank test).
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Table 6 Simplified pathological score of all patients with IBD, and control

number (%)

CD

uUC

Simplified pathological score,

crypt abscesses (presence of neutrophils aggressive)

erosions/ulcerations (presence of granulation tissue):

neutrophils in the lamina propria:

site(s) of involvement, Mean (SD)

Total, Mean (SD)

25 (36.8%)
25 (36.8%)

0
0.99 (1.3)
1.72 (1.97)

12 (57.1%)
1 (4.8%)
0
1.23 (1.41)
1.85 (1.88)
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19 13. Correlation matrix of simplified pathological score with innate

lymphoid cell

subsets

correlation test).

n

inflammatory bowel
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Figure 14. Comparision of ILC subsets proportion in IBD patients stratified
by Paris classification.
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Figure 15. Paired analysis of ILCs between baseline and follow—up point in

IBD patients with medical treatment.
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Table 7 Characteristic of inflammatory bowel disease patient in paired

analysis

Number (%)

Number of patient

Crohn’s disease 8 (72.7%)
Ulcerative colitis 3 (27.3%)
Number of single cells by biopsy site

small bowel 10

colon 10 (inflamed 7, inflamed 3)
Interval between exam (days,mean+SD) 399.7 (41.3)
Treatment at follow-up

Mesalazine 1 (9.1%)
Azathioprine 4 (36.4%)
Methotrexate (co-use with infliximab) 1 (9.1%)
Infliximab 5 (45.5%)
Adalimumab 1 (9.1%)
Clinical characteristics baseline follow-up
Active disease™ 8 3
CRP* 3.1 0.48
ESR* 26.7 6.6
*P<0.05
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Table 8. Baseline characteristics of inflammatory bowel disease patient in

paired analysis stratified by treatment.

% AntiTNF Tx  Non-AntiTNF Tx

year mean SD mean SD P-value

Age 150 2.7 13.0 3.2 0.307

Age at Dx 123 2.0 116 1.3 0.519

Duration of f/u 2.7 2.5 15 2.8 0.456

CRP (mg/dL) 3.0 3.6 3.2 3.2 0.465

ESR(mm/hr)  30.8 26.1 21.8 18.0 0.855

simplified pathological score 1.8 1.0 3.0 24 0.272

total ILC in small bowel  0.003 0.002 0.004 0.003 1.000

ILCI in small bowel  0.27 0.14 0.37 0.25 0.286
ILCZ in small bowel  0.00 0.01 0.01 0.01 0.190
NCR'ILC3 in small bowel  0.42 0.20 0.43 0.28 0.670
NCR'ILCS3 in small bowel  0.26 0.18 0.18 0.08 0.670

total ILC in non-inflamed colon  0.006 0.003 0.007 0.003 0.881

ILC1 in non-inflamed colon 0.15 0.14 0.13 0.14 0.881

ILC2 in non-inflamed colon 0.01 0.01 0.01 0.01 0.294

NCR'ILC3 in non-inflamed colon 0.54 0.11 0.46 0.24 0.456

NCR'ILC3 in non-inflamed colon 0.29 0.16 0.24 0.23 1.000
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el Al ILC1s¢ NCR'ILC3s(r=-0.581, P=0.001), ILCls¥ NCR ILC3s7}
(r=-0.534, P=0.006) =¢ F&#AAE Bt ol = A ILCs ¥
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dHAE Bon  ofygzk #A1A] NCRILC3s+=  ILCls(r=-0.759,
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(Figure 16).
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Figure 16. Correlation matrix among innate lymphoid cell subsets in non IBD

control group (Pearson’s correlation test)
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Table 9. Spearman correlations between innate lymphoid cell subsets in intestinal mucosa of non-inflamed female contols

(n=13)
Small bowel Colon
total ILC  ILC1 ILC2 NCRILC3 NCRILC3 total ILC ILCI ILC2 NCRILC3 NCRTILC3

Age r 0.463 -0.286 -0.078 0.063 0.544 0.188 -0.549 0.050 0.187 0.049
P 0.111 0.344 0.801 0.837 0.055 0.539 0.052 0.871 0.541 0.873
Small bowel total ILC r -0.171 0.407 -0.079 0.301 0491 -0.353 0.516 -0.185 0.408
P 0.576 0.167 0.798 0.318 0.088 0.237 0.071 0.546 0.166
ILC1 r 0117  -0.718=*x -0.379 0.177 0.104 0.232 0.000 -0.055
P 0.704 0.006 0.201 0.563 0.734 0.446 1.000 0.859
ILC2 r -0.313 0.275  -0.202 0.467 0.208 —.820% 0.715%
P 0.298 0.363 0.509 0.108 0.495 0.001 0.006
NCR'ILC r -0.272 -0277 -0.231 -0.028 0.267 -0.132
P 0.368 0.360 0.447 0.927 0.378 0.667
NCRILC3 r 0.044 0.165 -0.185 -0.451 0.302
P 0.886 0.590 0.546 0.122 0.316
Colon total ILC r -0.497 0.394 0.359 -0.287
P 0.084 0.183 0.228 0.341
ILC1 r -0.291 -0.681 0.214
P 0.334 0.010 0.482
ILC2 r -0.019 0.003
P 0.951 0.992
NCR'ILC3 r =0.758%
P 0.003
NCRILC3 r 1.000

P
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Table. 10 Spearman correlations between innate lymphoid cell subsets in intestinal mucosa of non-inflamed male contols

(n=16)
Small bowel Colon
total ILC  ILC1 ILC2 NCRILC3 NCRILC3 total ILC ILCI ILC2 NCRILC3 NCRILC3

Age r -0.337 0.043 -0.161 0.244 -0.309 0.029 -0.304 -0.221 -0.096 0.248
P 0.201 0.875 0.551 0.362 0.244 0.911 0.236 0.395 0.715 0.338
Small bowel total ILC r -0.074 0.049 0.124 0.246  0.622% 0.082 0.095 0.054 -0.234
P 0.784 0.858 0.648 0.358 0.010 0.761 0.726 0.841 0.383
ILC1 r 0.340 -0.375 -0.708«%  -0.038 0.425 0.162 -0.196 -0.272
P 0.197 0.152 0.002 0.890 0.101 0.549 0.468 0.308
ILC2 r -0.105 -0.253 0.147 0445 -0.180 -0.020 -0.105
P 0.699 0.344 0.586 0.084 0.505 0.940 0.699
NCR'ILC r -0.203 -0.224 -0.141 -0.125 0.062 -0.144
P 0.451 0.405 0.602 0.644 0.820 0.594
NCRILC3 r -0.224 -0.141 -0.125 0.062 -0.144
P 0.405 0.602 0.644 0.820 0.594
Colon total ILC r -0.252 0.178 0.364 -0.292
P 0.330 0.494 0.150 0.255
ILC1 r -0.231  -0.610%x* -0.027
P 0.373 0.009 0.918
ILC2 r 0.364 -0.292
P 0.150 0.255
NCR'ILC3 r -0.451
P 0.069

NCRILC3 r

P

- 35 -



Table 11. Summary of innate lymphoid cell subsets distribution in intestine of pediatric inflammatory bowel disease and of control

IBD
Control
CD ucC
Colon
Increased Increased -
ILCls
Male < Female
ILC2s - - -
Decreased, negative correlation with Decreased Negative correlation with ILC2s of small bowel
NCRILC3s PCDAI score ESR, and histologic score in female
Male > Female
Increased Increased Positive correlation with ILC2s of small bowel in
NCRTILC3s . . o . female
positive correlation with histologic score
In non-inflamed mucosa, positive Positive correlation with NCR'ILC3s.
correlation with PCDAI score and CRP - . . .
Total ILCs Negative correlation with ILCls.
Decreased in inflamed mucosa compared with non-inflamed mucosa
Decreased NCR'ILC3s Positive correlation between ILC1ls & NCR'ILC3.
Small bowel Decreased in Paris B2 than other groups - Negative correlation between ILCls & NCRILC3

Decreased Total ILCs after treatment
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Abstract

Innate lymphoid cell proportion
in pediatric inflammatory bowel

disease

- comparative cellular analysis of

intestinal mucosa in human-

Ju Whi Kim
Department of Pediatrics
The Graduate School

Seoul National University

Background: Dysregulated innate and adaptive immune pathways
have been implicated in the pathogenesis of intestinal inflammation in
patients with inflammatory bowel disease (IBD). Innate lymphoid
cellls (ILC) are effectors of innate which bridge the innate and

adaptive immune systems. In recent years, various studies in murine
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colitis model and adult IBD patients demonstrated the importance of
ILCs in intestinal inflammation. The purpose of this study was to
investigate the distribution of ILC in intestinal mucosa of pediatric
IBD patients, compare with pediatric control group.

Methods: Mucosal tissue samples were obtained from inflammatory
bowel disease patients and control aged between 7 and 19 years,
undergoing endoscopy for assessment of disease activity or diagnosis.
Children without IBD who had macroscopically and histologically
normal mucosa served as the non-disease control group. Single—cell
suspensions were i1solated from intestinal biopsies of patients with
inflammatory bowel disease and controls aged between 7 and 19
years, undergoing endoscopy for assessment of disease activity or
diagnosis. Cell-surface fluorescence intensity was assessed by flow
cytometric analysis for sorting ILC subpopulation. We analyzed the
correlation of proportion of ILC with mucosal inflammation, disease
activity, compartment, age and gender.

Results: A cohort of 78 children with the diagnosis of IBD (Crohn
disease,CD: n=60, ulcerative colitis, UC: n=18), along with
non-inflammatory 30 control children, was recruited. 148 Colonoscopy
were performed and biopsy specimens from 23 patients were
excluded, due to low percentage of living cells. In colonic mucosa of
IBD patients, the frequency of natural cytotoxicity receptors (NCR)'

ILC3s was decreased (P<0.001 for CD and UC). Simultaneously the
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proportion of ILC1 was increased in both disease, CD (P<0.001) and
UC (P=0.004). The frequency of natural cytotoxicity receptors NCR™
ILC3s was increased in colonic mucosa of IBD patient (2<0.001 for
CD and UC). And in patients with CD a decrease in NCR'ILC3s of
small bowel was observed (P=0.021). Patients with naive treatment
had same trend with established patient. NCR'ILC3 were correlated
with PCDAI activity score (r=-0.537, P=0.015), ESR (r=-0.504,
P=0.023), microscopic inflammation (r=-0.382, £<0.001) and mucosal
inflammation. Therapy with biologicals increased total ILCs proportion
in small bowel (P=0.007). Logistic regression analysis showed that
NCR ILC3s subset in small bowel mucosa predicted a greater
likelihood of active IBD (adjusted odds ratio 1.076 P<0.011). In
non-inflammatory control group, correlation among ILCs subgroup
and gender differences were observed.

Conclusions: The proportion of the ILC1 and NCR ILC3s subset was
higher in inflamed intestinal mucosa and associated with disease
activity, mucosal inflammation and treatment response. Our results
further support the general importance of ILC in the pathogenesis of

inflammatory bowel disease.

keywords : inflammatory bowel disease, innate lymphoid cell,

Crohn’s disease, ulcerative colitis, child, adolescent
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