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Table S1: Details characteristics of study subjects. For each patient and healthy control, sex, age, GFD 

duration is given. Yellow highlighted samples were excluded from downstream analysis.  

 

 

Figure S1: Multidimensional scaling (MDS) plot of the total gene expression profile of all samples: 

gluten unchallenged patient samples from day 0 are shown in blue. Gluten challenged patient and 

healthy control day six samples are shown in red and green respectively. Day 0 samples of patients 

CD3,CD4 and CD6 appear to cluster with day 6 samples, while day 6 samples of patients CD7,8 and 

11 appear to cluster with healthy controls (or the day 0 side in dimension 1). These samples were 

excluded from further analysis (see Table S1). 

SampleID Condition TimePoint Sex Age hlaDQ GFDduration(yrs or wks) IFNg ELISpot Symptoms upon challenge

CD7_d0 CD day0 F 41 DQ2 3 none flatulence and loose stools during challenge

CD8_d0 CD day0 F 66 DQ2 2 weak no symptoms

CD9_d0 CD day0 F 48 DQ8 NA NA Did not undergo challenge

CD10_d0 CD day0 F 22 DQ2 1 weak urticaria (hives) during challenge

CD11_d0 CD day0 M 55 DQ2 10 strong no symptoms

CD12_d0 CD day0 M 63 DQ2 14 None loose stools during the challenge

CD4_d0 CD day0 M 50 DQ2 3 weak loose stools & nausea on day 3 (had flu/fever during week)

CD6_d0 CD day0 F 61 DQ2 16 Strong no symptoms, but gastroenteritis the week previous

CD3_d0 CD day0 F 37 DQ2 10 weak nausea & vomitting, unable to complete full challenge

CD1_d6 CD day6 M 68 DQ2 16 weak mild abdominal pain & loose stools on day 3; resolved post-challenge

CD2_d6 CD day6 F 63 DQ2 8 weak mild dyspepsia (heartburn) on day 1, then totally asymptomatic

CD3_d6 CD day6 F 37 DQ2 10 weak nausea & vomitting, unable to complete full challenge

CD4_d6 CD day6 M 50 DQ2 3 weak loose stools & nausea on day 3 (had flu/fever during week)

CD5_d6 CD day6 F 61 DQ2 1 Strong no symptoms

CD6_d6 CD day6 F 61 DQ2 16 Strong no symptoms, but gastroenteritis the week previous

CD7_d6 CD day6 F 41 DQ2 3 none flatulence and loose stools during challenge

CD8_d6 CD day6 F 66 DQ2 2 weak no symptoms

CD11_d6 CD day6 M 55 DQ2 10 strong no symptoms

HC15_d6 HC day6 F 45 DQ2 4wks none abdominal distension 

HC16_d6 HC day6 F 41 DQ2 4wks none abdominal distension

HC14_d6 HC day6 F 30 DQ2 4wks none abdominal distension



 

Figure S2: CD associated IPA canonical pathways assessed from DEGs of each analyses. a) Selected 

IPA canonical pathways that were significantly overrepresented among the DEGs of at least one of the 

three analyses are shown. Colors represent -log10 values of adjusted p-values with cut off for 

significance being 1.3 (corresponding to p-value < 0.05), green to red color intensity showing low to 

high pathway enrichment significance. Pathways on the rows are clustered according to their p-value 

scores across the three analyses. b) Selected pathways predicted to be significantly activated or 

inhibited are shown along with their z-scores from all three analyses. (Z-score > 2 indicates activation, 

and < -2 indicates inhibition). CD0, celiac disease samples from day 0 (the unchallenged CD group); 

CD6, celiac disease samples from day 6 (challenged CD); HC6, healthy control from day 6 

(challenged CD). 



 

 

 

Figure S3: GSEA result heat map. The normalized pathway enrichment scores (NES) of each KEGG is 

used to draw a heat map of all KEGG pathways evaluated in the three analyses. Row clustering of the 

KEGG pathways using their NES in the three analyses shows pathways enriched and upregulated in 

CD regardless of treatment, and pathways specifically upregulated only during the short gluten 

exposure in patients, both in CD6 vs CD0 (challenged CD vs unchallenged CD) and CD6 vs HC6 

(challenged CD vs challenged HC). CD0, celiac disease samples from day 0 (unchallenged CD); CD6, 

celiac disease samples from day 6 (challenged CD); HC6, healthy control from day 6 (challenged HC). 



 

Figure S4: Sample-specific pathway deregulation score heatmap. The distance of each pathway from 

the “healthy” state is shown using heatmap of all samples. Clustering of the samples based on their 

PDS over all pathways shows three main branches consistent with their gluten exposure and CD status 

although treated CD samples are closer to healthy controls. Clustering of pathways helps suggest 

pathways that are constitutively deregulated in CD patients (clusters II) and treated to normal states 

(cluster IV). CD, celiac disease; HC, healthy control; d0, day0; d6, day6. 

 

 

 

 

 

 

 

 

 



 

 

Figure S5: Selected upstream regulators predicted by IPA from DEGs of each analyses. IPA quantifies 

likely activation or inhibition of regulators using z-score by matching the expression direction of 

observed DE genes in our dataset known to be regulated by the regulator to the known expression 

effect in their curated knowledge base. Z-score > 2 indicates activation. Intensity of color shows 

activation status. Predicted upstream regulators are ordered from highest to lowest z-score based on a) 

the CD6 vs CD0 (challenged CD vs unchallenged CD) scores and selected regulators are shown, b) the 

CD0 vs HC6 (unchallenged CD vs challenged HC) scores and selected regulators are shown. CD0, 

celiac disease samples from day 0 (unchallenged CD); CD6, celiac disease samples from day 6 

(challenged CD); HC6, healthy control from day 6 (challenged HC). 

 

 



 

Figure S6: Validity of constitutively activated predicted upstream regulators. a) IPA upstream 

regulator prediction for the interesting regulators appears to depend largely on unique set downstream 

DE genes for each regulator, with shared DE genes constituting a smaller portion of the downstream 

genes used for upstream regulator prediction. b) The constitutively activated upstream regulators have 

significant enrichment for protein-protein interaction than would be expected by chance if as many 

proteins from the genome were picked randomly (string PPI enrichment p-value=0.000268; ).  

 

 

 



 

Figure S7: Genes with constitutively altered expression in CD. All genes with statistically significant 

differential expression in challenged CD vs challenged HC6 and unchallenged CD vs challenged HC 

but not in challenged CD vs unchallenged CD are shown. a) All of these genes showed upregulation 

and were able to separate CD patients from healthy controls regardless of treatment. Rows are centered 

and unit variance scaling is applied to rows in the heatmap. Both genes and samples are clustered using 

hierarchical clustering with euclidean distance and ward linkage.  b) Gene expression in counts per 

million (cpm) of some of these genes that are in previously reported CD associated loci is shown in the 

CD patients versus the healthy control samples (from all challenged CD, unchallenged CD and 

challenged HC samples). ARL11 and BORCS8-MEF2B are relatively lowly expressed in all samples. 

CD, Celiac disease; HC, healthy control; d0, day0; d6, day6. 

 



 

Figure S8: Sample-specific pathway deregulation score heatmap including “exceptional samples”. The 

distance of each pathway from the “healthy” state is shown using heatmap of all samples. Day 0 

samples of patients CD3, 4, and 6 that cluster with CD patient day 6 samples in Figure S1, do the same 

in this heatmap (column wise clustering of pathway profiles). These day 0 samples have high 

deregulation in Cluster II of pathways, similar to patient day 6 profiles in this cluster. Cluster II 

contains immune-response related pathways such as cytokine-cytokine receptor interaction, Toll like 

receptor signaling and Rig-I like receptor signaling) suggesting that CD3, 4 and 6 had heightened 

immune activity at day 0 compared to all other patient samples from day 0. On the other hand, day 6 

samples from patients CD7, 8 and 11, that were closer to healthy control day 6 samples on Figure S1, 

have overall pathway profiles similar to patient day 0 samples, especially CD7 and 11, indicating that 

their pathway profile shows deregulation patterns relatively consistent with CD (with some special 

exceptions) but not yet as extreme as other day 6 samples. 

 

 

 

 



Table S2: Expression of interferon gamma gene (IFNG) detected in our data. Counts are in transcripts 

per million extracted from the whole expression dataset. The detection level of IFNG gene was low in 

our dataset and the gene was not called differentially expressed in all three comparisons, but was 

predicted to be significantly activated by IPA’s upstream regulator prediction method. 

 

CD7_d0 CD8_d0 CD9_d0 CD10_d0 CD11_d0 CD12_d0 CD1_d6 CD2_d6 CD3_d6 CD4_d6 CD5_d6 CD6_d6 HC15_d6 HC16_d6 HC14_d6 MeanExp

IFNGR1 738 598 645 726 460 581 671 385 590 1076 613 1441 451 591 1028 706

IFNGR2 25 55 36 44 51 17 70 247 231 361 171 96 104 26 42 105

IFNG-AS1 8 0 12 19 7 28 17 0 0 12 0 0 12 0 34 10

IFNG 8 8 0 0 15 23 41 6 0 0 0 0 0 0 0 7


