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Supplementary Figure S1. Transcriptomic characterization of recurrence-associated host signals
(A) Unsupervised hierarchical clustering heatmap of the top 500 most variable genes across all samples, based on variance-stabilized expression values. Rows represent genes and columns represent individual samples. Expression levels are scaled by gene (row z-score). Samples are annotated by postoperative outcome (NRI, blue; RI, orange). Clustering was performed using Euclidean distance and complete linkage.
(B) Gene Ontology (GO) Biological Process enrichment analysis of genes with nominal differential expression (P < 0.01) between RI and NRI. Bars represent significantly enriched GO terms (FDR < 0.05), with positive enrichment scores indicating overrepresentation among genes upregulated in RI and negative scores indicating enrichment among genes upregulated in NRI.
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Supplementary Figure S2. Characterization of recurrence-associated co-expression modules
(A–C) Heatmaps of the top 30 genes from selected recurrence-associated modules (ME0, ME4, and ME10). Rows represent genes and columns represent samples; expression values are scaled by gene (row z-scores). Samples are annotated by postoperative outcome (NRI vs RI). Hierarchical clustering is shown for both genes and samples.
(D–F) MSigDB Hallmark enrichment analysis of the corresponding modules. Bars indicate −log10(adjusted P value) for enriched pathways.
[bookmark: OLE_LINK6](G–J) Distribution of module eigengenes (MEs) stratified by postoperative outcome. Boxplots display ME values in NRI and RI samples. P values were calculated using a two-sided Wilcoxon rank-sum test. MEs represent the first principal component of the scaled expression of genes within each module.
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[bookmark: OLE_LINK1]Supplementary Figure S3. Individual-level genus composition of tissue-associated microbiota
Stacked bar plots showing relative abundance of the top 20 genera across individual samples, stratified by postoperative outcome (NRI vs RI). Each bar represents one sample. Genera are colored by taxonomic identity; less abundant genera are grouped as “Other”. 
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Supplementary Figure S4. Expanded module–genus correlation map supports the directionality of host–microbiome associations
Heatmap showing Spearman correlations between all WGCNA module eigengenes (MEs) and an expanded set of bacterial genera. Genus abundances were CLR-transformed with a pseudocount prior to association testing. Genera included here are the 20 taxa with the smallest Wilcoxon P values for RI vs NRI (regardless of whether P < 0.05). Colours indicate Spearman’s ρ, and columns are annotated by bacterial family and phylum. 

[image: A graph with red and blue bars

AI-generated content may be incorrect.]
Supplementary Figure S5. Pathway enrichment analysis under a stricter recurrence definition (Rutgeerts ≥ 2)
Gene set enrichment analysis (fgsea) comparing proximal ileal resection margin tissue from patients with Rutgeerts score ≥ i2 versus those with i0. The top 20 significantly enriched Hallmark pathways (FDR < 0.05) are shown, ranked by normalized enrichment score (NES). Red bars indicate pathways enriched in the recurrence group, and blue bars indicate pathways enriched in the i0 samples. Interferon- and NF-κB–related inflammatory programs remained prominently enriched under this stricter definition, supporting the robustness of the host immune activation signature.
image1.png
GO Enrichment - Biological Processes Direction [l Down [ Up

Growp. leukocyte migration
Al leukocyte chemotaxis
cell chemotaxis

sulfation

neutrophil chemotaxis
myeloid leukocyte migration
taxis

neutrophil migration
granulocyte chemotaxis
chemotaxis

granulocyte migration
response to peptide

response to cytokine

nucleotide salvage

regulation of epithelial cell apoptotic process

homologous recombination

protein-DNA complex organization

protein-DNA complex assembly
negative regulation of epitelial cell apoptotic process

DNA strand elongation

!
~

0
= log10(adj.P)




image2.png
MEO Top 30 genes

I NRI
Group Rl

ARTN 3
LINC01503
TGM1 2
CLCA4-AS1
MIR6753 1

MEO MSigDB Hallmark (top 15)

HALLMARK_KRAS_SIGNALING_DN 4
HALLMARK_P53_PATHWAY
HALLMARK_MYOGENESIS 4
HALLMARK_INTERFERON_GAMMA_RESPONSE 4
HALLMARK_INTERFERON_ALPHA_RESPONSE 4
HALLMARK_INFLAMMATORY_RESPONSE 4
HALLMARK_IL2_STAT5_SIGNALING 4
HALLMARK_HYPOXIA 4
HALLMARK_HEME_METABOLISM
HALLMARK_GLYCOLYSIS
HALLMARK_ESTROGEN_RESPONSE_EARLY
HALLMARK_E2F_TARGETS 4
HALLMARK_COMPLEMENT 4

HALLMARK_CHOLESTEROL_HOMEOSTASIS 4

HALLMARK_ANDROGEN_RESPONSE 4

ME4 MSigDB Hallmark (top 15)

ATAD3C
COL6A6
EYA2
APCDD1L
RNU1-100P
SLC26A7
AGAP5
HYDIN
STARDS
EFCAB5
MEG3
OR2AG2
SH2D1B
KLRF1
LINCO1118
KIR2DL4
LNCSRLR
KCND2
RNF32
SNORA49
HS1BP3-IT1
LNCOCH1
KIF23-AS1
NPY4R2
ZNF709

-0

I -
-3

ME4 Top 30 genes

i

NRI
Group Rl

RASAL3
PIK3CD

FGD3 2
CD6

T™C6

CORO1A
TBCID10C
CARDT11

ZAP70

CR1 -1
SASH3
cD37 I o
SPN

ARHGAP9
IL2RB

RHBDF2

PIK3R5
HLA-DOA

LAT2

ITGB2

JAK3

LSP1

FMNL1

CIITA

FGD2

IL1ORA

cD38

WDFY4

PLCB2

PLCG2

o]
o

—log10(p.adjust)

1.0

HALLMARK_ALLOGRAFT_REJECTION 4
HALLMARK_IL6_JAK_STAT3_SIGNALING 4
HALLMARK_IL2_STAT5_SIGNALING 4
HALLMARK_KRAS_SIGNALING_UP 4
HALLMARK_INTERFERON_GAMMA_RESPONSE 4
HALLMARK_PI3K_AKT_MTOR_SIGNALING 4
HALLMARK_REACTIVE_OXYGEN_SPECIES_PATHWAY 4
HALLMARK_P53_PATHWAY
HALLMARK_MYOGENESIS 4
HALLMARK_MTORG1_SIGNALING -
HALLMARK_MITOTIC_SPINDLE 4
HALLMARK_INFLAMMATORY_RESPONSE 1
HALLMARK_DNA_REPAIR 4

HALLMARK_COMPLEMENT 4

HALLMARK_APOPTOSIS 4

—log10(p.adjust)

ME10 MSigDB Hallmark (top 15)

HALLMARK_MYOGENESIS 4
HALLMARK_KRAS_SIGNALING_UP -
HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 4
HALLMARK_APICAL_JUNCTION
HALLMARK_XENOBIOTIC_METABOLISM 4
HALLMARK_WNT_BETA_CATENIN_SIGNALING
HALLMARK_UV_RESPONSE_DN 4
HALLMARK_SPERMATOGENESIS -
HALLMARK_PI3K_AKT_MTOR_SIGNALING 4
HALLMARK_KRAS_SIGNALING_DN 4
HALLMARK_G2M_CHECKPOINT 4
HALLMARK_ESTROGEN_RESPONSE_LATE
HALLMARK_ESTROGEN_RESPONSE_EARLY

HALLMARK_COMPLEMENT 4

HALLMARK_COAGULATION 4

14
o

04
—log10(p.adjust)

MEO eigengene

ME10 eigengene

ME10 Top 30 genes

NRI
Group RI

ENAH
LRRC17
PPP1R12A || 2
CHRM2
TMEM47 4
STRN3

MIPOL1

SSPN

BAG2

DIXDC1 -1
SORBST

SMAD9 5

NEXMIF

HAND2
ITGA1

| RBM24
PGR
C30rf70
PRKAA2
RAB23

MAP3K20

MYLK

| | PPP1R12B

SYNPO2

DSTN

PARVA
LPP
CALD1
DCBLD2

TEAD1

e
w

I
o

0.3

p=0.0011

RI

0.254

igengene

0.001

ME4 e

—0.254

~0.504

p=0.056

RI

0.50

e
5]
o

e
Q
S

-0.25

-0.50

p=0.056

0.504

°
k]

ME11 eigengene
=]
3

—0.254





image3.png
Relative abundance (%)

Genus-level composition per sample

=

RI

RI

100% A

75% A

50%

25% A

0%

D11.NRI

D14.NRI

D24.NRI

D4.NRI

D6.NRI

D10.RI

D15.RI

D16.RI

D20.RI

D21.RI

D22.RI

D3.RI

D7.RI

D8.RI

Genus

Acinetobacter
Cutibacterium
Listeria
Escherichia—Shigella
Bacteroides
Faecalibacterium
Streptococcus
Cupriavidus
Lactobacillus
Akkermansia
Corynebacterium

Christensenellaceae_R-7_group
Sphingobium

Enhydrobacter

Staphylococcus

Blautia

Romboutsia

Pseudomonas

Cetobacterium

Bacillus

Other




image4.png
=

M

o
3.
)

C
=
Q
Q
7]
@
=
(0]
o
(@)
(0]
=}
c
»
(&)
'

g|laisogng
Jesielq
ouqiAoynseqg

g'snusy_palyisse|oun

/°sSnuan palsse|oun

SN020oBIESSE|
2y snuan payisseloun

wnuepeqauiion
dnoifb~ /-y eeeoe|jBUaSULISLIYD .

£6°snuay)_palsse|oun

P snuen paiisse|oun

Gg'snuan) palssejoun

/e||e10na1d
sadisodoyy

19]oBqOIBUIOY

wins1oBqoA.|4

dnoiB6TIn6" DY oradR|IBUSNIY

TEEE e Family

Phylum
MEO
ME11
ME14
ME1
ME13
ME9
ME4
ME6
ME2
MES8
ME10
ME7
ME15
ME12
ME5
ME17
ME3

=
T
o

0.4
0.2
0
02
~0.4
0.6

Family

Acetobacteraceae
Carnobacteriaceae
Christensenellaceae
Corynebacteriaceae
Desulfovibrionaceae
Enterobacteriaceae
Erysipelotrichaceae
Flavobacteriaceae
lamiaceae
Intrasporangiaceae
Micromonosporaceae
Moraxellaceae
Prevotellaceae
Propionibacteriaceae
Pseudomonadaceae
Rikenellaceae
Roseiflexaceae
Veillonellaceae

Phylum

Acidobacteriota
Actinobacteriota
Bacteroidota
Chloroflexi
Desulfobacterota
Firmicutes
Proteobacteria




image5.png
Pathway

Top 20 enriched pathways (fgsea, FDR < 0.05)

INTERFERON_GAMMA_RESPONSE
TNFA_SIGNALING_VIA NFKB
INFLAMMATORY_RESPONSE
INTERFERON_ALPHA RESPONSE
ALLOGRAFT_REJECTION

COMPLEMENT
IL6_JAK_STAT3_SIGNALING
EPITHELIAL_MESENCHYMAL_TRANSITION

APOPTOSIS
Direction

. Down
W

COAGULATION

ANGIOGENESIS

IL2_STAT5_SIGNALING

KRAS_SIGNALING_UP

HYPOXIA

ESTROGEN_RESPONSE_EARLY

P53_PATHWAY

ESTROGEN_RESPONSE_LATE

XENOBIOTIC_METABOLISM

E2F_TARGETS

MYC_TARGETS_V1

I
-
o

1
Normalized Enrichment Score (NES)

N




