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Exome sequencing analysis 

Genomic DNA was extracted from peripheral venous blood or saliva using the salting out 

method1. Fragmented DNA was then subjected to adaptor ligation, exome library enrichment 

performed using Agilent SureSelect Human All Exon capture kit (V5 & V6) and sequenced 

on Illumina HiSeq platforms. Alignment against the human genome (hg38) was performed 

using Burrows-Wheeler Aligner (BWA)2, variants called using Genome Analysis Toolkit 

(GATK v3.6)  and ANNOVAR for variant annotation3. NOD2 variants were reported in line 

with previously published data. Briefly, variants with a CADD score of >15 and a minor 

allele frequency of <0.01/novel, or variants reported as pathogenic in the CLINVAR database 

or human genetic mutation database were reported4. Variants were categorised in line with 

the American College of Medical Genetics (ACGM) guidance to remove ‘benign’ variants 

and identify ‘pathogenic’ and ‘likely pathogenic’ variants5. 

Statistical analysis and data visualisation 

Statistical analysis was performed using the GraphPad Prism software, version 7. Cytokine 

induction between the patient cohort and controls were compared using unpaired t-tests in a 

two-tailed manner. For application of hierarchical clustering and generation of radar plots, 

raw cytokine data were normalised using RobustScaler and StandardScaler respectively, 

embedded in the python scikit-learn package (version 0.19.01). Normalisation of raw data is 

a common requirement for machine learning applications as these programmes are designed 

on the assumption that the data values vary on comparable scales. Presence of frequent 



outliers can affect the objective and predictive performance of many machine learning 

algorithms. Statistical graphics including hierarchical dendogram and radar plots were 

generated using python scikit-learn and R software package. 

For generation of radar plots, raw cytokine data for every patient were normalised using the 

standardScaler function from python scikit-learn package, which removes the mean and 

scales the data to unit variance. Each value was subtracted from the mean (µ) and divided by 

the standard deviation (σ). Both µ and σ were calculated on paediatric controls.  

X1= X- µcontrols/σcontrols 

Normalised values per patient per stimulus were plotted along the spokes or vectors of the radar 

plot, each spoke representing a specific cytokine response. Cytokine data from paediatric 

controls were used to define the boundaries of normality in the patient cohort. The upper and 

lower range of normality of cytokine responses were assigned as +/- 2 SD across the mean of 

controls. Values within 2 SD represented normal responses and, those above and below 2 SD 

indicated hyper-inflammatory and hypo-inflammatory responses respectively. 

For hierarchical clustering, the raw cytokine data were normalised with RobustScaler and the 

R software package used to generate a dendogram. Data transformation and scaling statistics 

in RobustScaler are based on percentiles and therefore not influenced by a few number of large 

marginal outliers. RobustScaler centres the data using the median calculated on controls and 

then scales the values according to inter quartile ranges. 
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Figure S1. Static height cut-off for cluster identification 

The figure demonstrates three distinct clusters generated using a static height cut-off at 1.25. 

Clusters 1, 2 and 3 had five, four and three patients respectively. Ten individuals fell in the 

‘unclustered’ group at the applied height cut-off.  

 

 

 



 



 



 



Figure S2 (A-C). Individual Radar plots  

This figure shows immune response profiles for the patients in clusters 1-3 on individual 

radar plots. Patients within a cluster are put together and indicated by a unique colour. Each 

radar plot has 3 sectors representing a stimulant with the 4 cytokines analysed per sector. The 

red-dotted line is the mean obtained from cytokine responses observed in the control group. 

  



  

Figure S1-A. Radar plots in cluster 1 (5 individuals) 



  

Figure S1-B. Radar plots in cluster 2 
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Figure S1-C. Radar plots in cluster 3 



Table S1. Patient cohort characteristics 
 

  Pr
ob

an
d 

G
en

de
r 

A
ge

 a
t d

ia
gn

os
is 

D
ia

gn
os

is 

PC
D

A
I/

 P
U

C
A

I 

Se
ve

ri
ty

 a
t 

di
ag

no
sis

 

Pa
ri

s C
la

ss
ifi

ca
tio

n 
(d

is
ea

se
 lo

ca
tio

n)
 

A
bd

o 
pa

in
 

D
ia

rr
ho

ea
 

L
et

ha
rg

y 

N
oc

tu
rn

al
 st

oo
ls

  

R
ed

uc
ed

 a
pp

et
ite

 

R
ec

ta
l B

le
ed

in
g 

W
ei

gh
t l

os
s 

C
R

P 

Fa
ec

al
 

ca
lp

ro
te

ct
in

(m
g/

g)
 

Crohn's Disease 

1 SOPR0304 M 10 CD 30 Mod-sev L2L4a        4 >1800 

2 SOPR0336 F 12 CD 45 Mod-sev L3        67 NA 

3 SOPR0339 M 15 CD 32.5 Mod-sev L2L4a        11 NA 

4 SOPR0342 M 5 CD 55 Mod-sev L2        78 NA 

5 SOPR0345 M 14 CD 45 Mod-sev L3        62 NA 

6 SOPR0348 M 8 CD 50 Mod-sev L3        65 NA 

7 SOPR0351 F 7 CD 12.5 Mild L2L4a        NA 673 

8 SOPR0352 F 16 CD 32.5 Mod-sev L3        25 NA 

9 SOPR0359 F 9 CD 22.5 Mild L2        1 2664 

10 SOPR0368 M 15 CD 47.5 Mod-sev L4a        51 3024 

11 SOPR0370 M 11 CD 35 Mod-sev L3L4a        47 NA 

12 SOPR0377 F 13 CD 32.5 Mod-sev L3        12 360 

13 SOPR0378 M 9 CD 30 Mod-sev L2        2 NA 

14 SOPR0380 F 16 CD 52.5 Mod-sev L3L4a        87 NA 

Ulcerative Colitis 

1 SOPR0340 F 10 UC 45 Mod-sev E1        NA >3000 

2 SOPR0346 M 16 UC 45 Mod-sev E2        NA NA 

3 SOPR0355 F 13 UC 75 Severe E4        2 1690 

4 SOPR0367 F 13 UC 60 Moderate E4        7 NA 

5 SOPR0369 M 15 UC 40 Moderate E1        1 166 

6 SOPR0372 M 14 UC 55 Moderate E2        2 NA 

7 SOPR0381 F 13 UC 45 Moderate E4        1 NA 

8 SOPR0384 M 14 UC 70 Severe E3        2 NA 
 

Patient characteristics are presented along with the PCDAI (mild 10-29, moderate-severe >30) 
and PUCAI (mild 10-34, moderate 35-64, severe >65) scores for CD and UC respectively. 
Disease location/s as per Paris classification for Crohn’s disease include L1 (distal 1/3 of 
ileum), L2 (colonic), L3 (ileo-colonic) & L4 (upper GI disease; L4a- proximal to the ligament of 



Treitz, L4b- distal to the ligament of Treitz); UC E1(ulcerative proctitis), E2 (left-sided UC), E3 
(extensive, up to hepatic flexure) & E4 (pancolitis). NA- not available. 



Table S2. Regression analysis between immune profiles and disease activity scores 

 
 
Multivariable linear regression between immune responses and normalised disease scores 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) .026 1.320  .020 .985 

IL-10_LPS 1.154 1.724 .661 .670 .520 

IL-1B_LPS -2.778 2.690 -1.722 -1.033 .329 

IL-6_LPS 2.031 3.975 .796 .511 .622 

TNF-a_LPS 1.500 1.439 1.169 1.042 .324 

IL-10_MDP -.682 1.113 -.396 -.613 .555 

IL-1B_MDP -.238 1.006 -.100 -.237 .818 

IL-6_MDP -.023 .941 -.018 -.025 .981 

TNF-a_MDP -.650 2.026 -.239 -.321 .756 

IL-10_PAM -.527 1.312 -.371 -.402 .697 

IL-1B_PAM 1.587 1.659 1.182 .956 .364 

IL-6_PAM -1.254 2.874 -.732 -.436 .673 

TNF-a_PAM -.409 1.496 -.199 -.274 .791 

 

Dependent Variable: Normalised disease activity 

 
Multi-variable linear regression was performed between the twelve cytokine responses and the 

normalised disease activity scores. The disease activity scores were normalised as the scoring 

tools are different in CD and UC. There was no evidence of a correlation between the immune 

profiles and the disease activity scores. 
 



Table S3. Cytokine data before normalisation (raw data) 

 
 
The table shows raw cytokine data prior to normalisation. Effector cytokine responses were 
assessed following stimulation of the PBMCs with the receptor-specific ligands including LPS 
(TLR4 stimulant), MDP (NOD2 stimulant) and Pam3CSK4 (TLR1-2 stimulant). Induction of four 
cytokines including IL-10, IL-1, IL-6 and TNF- were assessed per stimulant, thereby 
generating 12 assay conditions in total. 



Table S4. NOD2 variants and MDP-mediated immune responses  

 
 
The table shows NOD2 variants identified in eight patients alongside the MDP-induced 
immune responses. The p values for t-tests comparing MDP-mediated immune responses 
between individuals with NOD2 variants and those without are indicated in the bottom row.  
[Abbreviations: ACMG- American College of Medical Genetics (individual variant classification 
for evidence of pathogenicity include: VS- very strong, S- strong, M- moderate, Su- supporting); 
het- heterozygote; hg19- human genome version 19; HGMD- The Human Gene Mutation 
Database (DFP- disease associated mutation with functional evidence; ? DM- disease causing 
mutation, the question mark indicates a degree of uncertainty of the pathogenic potential of 
the mutation based on updated reports on HGMD)] 



Table S5. Unpaired t-tests comparing cytokine data between each cluster and controls 

Receptors TLR4-induction (with LPS) TLR1-2 induction 
(with Pam3CSK4) 

Cytokines IL-10 IL-1B TNF-a IL-10 IL-1B 

Cluster 1 0.054 0.006 0.002 0.010 0.004 

Cluster 2 0.052 0.046 0.053 0.023 0.042 

Cluster 3 0.057 0.152 0.493 0.047 0.052 

Cluster 4 . . . . . 

 
The 5 dysfunctional TLR-mediated responses were compared between each cluster and the 
control group using unpaired t-tests. The table shows p values obtained after comparing the 
respective clusters against the control samples. T-tests were not performed in the 
‘unclustered’ group (cluster 4). 



Table S6. Assessing differences in immune profiles between CD and UC 

 
 
Normalised cytokine data following stimulation with the receptor-specific ligands including 
LPS (TLR4 stimulant), MDP (NOD2 stimulant) and Pam3CSK4 (TLR1-2 stimulant). Induction of 
4 cytokines including IL-10, IL-1, IL-6 and TNF- were assessed per stimulant, thereby 
generating 12 assay conditions in total. The column at the extreme right represents 
summation of the values across all the cells in each row. The bottom row includes p values 
obtained by applying a 2-tailed student t-test across the values between patients with CD 
and UC. No significant differences were observed. 
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