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Results: Among 302 participants (64 pre-CD, 238 controls), we identified 21 uri-
nary metabolites significantly associated with subsequent CD development 
(q = 0.019–0.047). These included microbiota-derived products of aromatic amino 
acid fermentation (e.g., phenol sulfate, phenylacetyl conjugates) and metabolites 
from host and microbial tryptophan catabolism (e.g., indoxyl, quinolinate deriv-
atives). Fifteen of these significant metabolites correlated with CRP, nearly all pos-
itively. FCP correlated only with 3,5-dihydroxyphenylpropionate (ρ=–0.19, 
q = 0.03), while no significant correlations were observed with LMR.

Conclusions: In this large prospective cohort of healthy FDRs, we identified urinary 
metabolomic signatures that predict the future onset of CD. Urine-based metabolomics 
may offer a promising, non-invasive approach to identify individuals at high risk of 
developing CD, with potential applications in risk stratification and prevention strategies.
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SHOTGUN METAGENOMICS IDENTIFIES RUMINCOCCUS TORQUES  
AND ITS METABOLIC FUNCTION AS AN IMPORTANT CONTRIBUTOR TO 
CROHN’S DISEASE RISK
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Background: Crohn’s disease (CD) incidence is rising worldwide. Prior work linked 
gut microbiome to CD risk, but species-level drivers and their functions before 
diagnosis remain poorly defined.

Aims: Identify pre-diagnostic microbial species and metabolic pathways associated 
with future CD.

Methods: Healthy first-degree relatives in the CCC-GEM cohort provided baseline 
stool for deep shotgun metagenomics (>30M reads/sample). Species profiles and 
MetaCyc pathway abundances were derived using HUMAnN3. Cox PH models 
related microbiome features to time-to-CD, adjusting for age and sex. We estimated 
taxon-level contributions to CD-associated pathways. High-quality Ruminococcus 
torques metagenome-assembled genomes (MAGs) were built and annotated with 
eggNOG-mapper to assess whether they encode HUMAnN-identified CD-risk 
MetaCyc pathways.

Results: Among 955 participants, 85 developed CD during follow-up. Based on 
metagenomics sequencing there was a higher prevalence of R. torques, Dorea 
formicigenerans, Clostridiaceae bacterium, species that were significantly associated 
with future risk of CD in the 85 participants who developed CD. For metagenomics 
derived pathways, purine deoxyribonucleosides degradation, superpathway of 
purine nucleotide salvage, purine nucleobases degradation I (anaerobic), guanosine 
nucleotides degradation II and superpathway of glycerol degradation to 
1,3-propanediol were significantly associated with increased risk of CD. 
Interestingly, R. torques contributed the most to nucleotide salvage/turnover and 
glycerol/glycerophospholipid metabolism pathways. Representative R. torques 
MAGs contained open reading frames consistent with glycerol utilization/glycer-
ophospholipid remodeling and purine salvage/turnover, providing genomic support 
for these functional signals.

Conclusions: Upon deep shotgun metagenomics analysis, pre-diagnostic enrichment 
of R. torques and its contribution to nucleotide and glycerol metabolic pathways 
were associated with increased risk of CD. These findings suggest that R. 
torques–mediated nucleotide turnover and lipid metabolism represent a putative 
functional pathway in CD pathogenesis. Ongoing work includes comparative 
R. torques pan-genome analysis between pre-CD and healthy relatives to localize 
risk-linked gene modules. Unraveling this pathway and its inhibition may lead to 
novel preventive and therapeutic interventions for CD.
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DIETARY TRACKING REVEALS PERSONALIZED DIET RESPONSES  
LINKED TO GUT INFLAMMATION AND MICROBIOME VARIATION IN 
CROHN’S DISEASE FIRST-DEGREE RELATIVES
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Background: Although diet is a key modifiable risk factor for Crohn’s disease (CD), 
the extent of individual variability in dietary effects remains poorly understood.

Aims: This study addressed this gap by integrating picture-based dietary monitoring 
with fecal calprotectin (FCP) measurements to investigate personalized dietary 
influences on CD risk biomarkers and the gut microbiome.

Methods: We conducted a 7-week longitudinal study in healthy first-degree relatives 
(FDRs) of CD patients to assess personalized dietary effects on FCP and gut micro-
biome dynamics. Participants recorded 3–5 daily meals using RxFood, an app that 
applies convolutional neural network analysis to food pictures to generate dietary 
assessments. FCP was quantified by ELISA, and diet–FCP associations were cap-
tured by mixed-effects Bayesian network (MEBN) model. K-means clustering anal-
ysis revealed distinct, individualized patterns across nutrient predictors. Gut 
microbiome profiling was performed by shotgun metagenomic sequencing and 
processed to genus level using HUMAnN3 pipeline. Microbiome differences across 
diet-FCP response clusters were assessed using Kruskal-Wallis, Wilcoxon, PCoA, 
and PERMANOVA.

Results: The study analyzed data from 23 participants, including 13,753 food items 
from 6,616 meals and 682 stool samples. Using an MEBN model, 55% of the dietary 
components showed consistent associations with FCP with cholesterol positively and 
fiber negatively associated, while the remaining dietary components displayed 
individual-specific effects. Clustering analysis of personalized nutrient-FCP estimates 
revealed four distinct clusters, each characterized by unique nutrient-FCP associations. 
These clusters also showed significant differences in gut microbiome composition, includ-
ing genus-level variations (Faecalibacterium, Bacteroides, Roseburia, Ruminococcus, 
Collinsella) and distinct community structures (PERMANOVA, p = 0.001).

Conclusions: Dietary monitoring using image recognition provides a practical and 
objective approach to assess nutrition in individuals at risk for CD. Our findings 
demonstrate that diet has personalized effects on FCP levels, and that these dietary 
response patterns are accompanied by distinct differences in gut microbiome com-
position. Together, these results highlight the potential for developing tailored 
dietary interventions to modulate intestinal inflammation and reduce the risk of CD.
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DIETARY CARRAGEENANS FUEL INFLAMMATION AND  
IMPAIR EPITHELIAL BARRIER IN SELECT INFLAMMATORY BOWEL 
DISEASE PATIENTS
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Background: Dietary carrageenans are thought to contribute to inflammatory bowel 
disease (IBD), increasing epithelial permeability and promoting inflammation, but studies 
have demonstrated conflicting evidence to date. Carrageenans are common food addi-
tives derived from red seaweed. In vitro and animal model evidence suggest that carra-
geenans may promote inflammatory response, altering the gut microbiome and mucosal 
thickness, disrupting the gut epithelial barrier, and activating innate immune pathways. 
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Here, we investigated how carrageenan exposure in cell lines, human IBD biopsy-derived 
organoids, and human tissue explant cultures, affects inflammatory signalling, immune 
activation, and epithelial tight junction integrity and permeability.

Aims: The specific aims are to examine the impacts of λ, κ, or ι carrageenans on: 
1) barrier function, and 2) immune responses.

Methods: T84 and Caco-2 epithelial cell lines and organoids derived from human 
colonic biopsies from IBD and non-IBD patients were used to interrogate barrier 
function and wound healing in response to λ, κ, or ι carrageenan (1mg/mL) using 
transepithelial electrical resistance (TEER) and FITC-dextran permeability assay, 
western blotting of cell protein lysates, scratch-wound assays, and Hematoxylin 
and Eosin (H&E) staining of organoid monolayers. THP-1 macrophages and 
human tissue explants were cultures with carrageenans to evaluate immune 
response using multi-plex ELISA and immunohistochemistry.

Results: Addition of λ, κ, or ι carrageenan resulted in significantly lower TEER as 
compared to untreated controls, suggesting reduced barrier integrity. This response 
was exaggerated in organoids derived from active UC patients. Despite the alteration 
in TEER, there was no significant difference in tight junction proteins including (e.g., 
Claudin, Occludin). Wound healing was impaired by λ and κ carrageenan but not ι 
carrageenan. Organoids showed altered cell morphology and reduced crypt heights. 
All carrageenans induced pro-inflammatory cytokine secretion and immune activation 
in select gut biopsy explant cultures, although personalized responses were uncovered.

Conclusions: These findings demonstrate that carrageenans can induce immune 
activation and inflammation, along with altering epithelial barrier integrity. This 
highlights the importance of understanding the effects of commonly consumed 
additives and warrants further investigation into the factors involved in personal-
ized response to carrageenans.
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DETAILED COMPARISON OF MUCUS FUNCTION, HOST-MICROBE 
INTERACTIONS, AND COLITIS SUSCEPTIBILITY IN HUMANIZED MICE 
LACKING TERMINAL CORE STRUCTURES ON MUCINS

D. Kniffen, M. Dirks, E. Howard, P. Daneshgar, W. Zandberg,  
K. Bergstrom, Biology, The University of British Columbia Okanagan, 
Kelowna, BC, Canada

Background: Mucus maintains colonic homeostasis by forming a barrier around 
the fecal mass to limit microbial contact. Mucus, a polymer of MUC2, is ∼80% 
carbohydrate due to dense O-glycans composed of Gal, Fuc, GalNAc, GlcNAc and 
Sialic acid (Sia), added by glycosyltransferases in the Golgi. Each O-glycan derives 
from a core (e.g. core 1 Galβ1,3GalNAcαSer/Thr) that can be branched and capped 
by Fuc or Sia. Mutations in enzymes controlling fucosylation, sialylation, and core 
synthesis are linked to IBD; however, their relative contribution to mucus function 
in a humanized setting remains unclear.

Aims: To assess how lthe oss of fucosylation, sialylation, or core glycan synthesis 
impacts mucus structure and colitis susceptibility in mice with humanized micro-
biota and diet.

Methods: Fut2-/- (lacking α1,2Fuc), Tamoxifen-inducible (TM)-IEC Slc35a1-/- 
(lacking the activated nucleotide Sia transporter needed for sialylation), and 
TM-IEC DKO (lacking core 1 and 3 synthases and thus all major complex 
O-glycans) mice were colonized with human microbiota and maintained on a 
human-profile diet, with TM used to induce epithelial deletion where applicable. 
3 weeks later, mucus structure, microbiota (16S rRNA profiling), histology, and 
gene expression were analyzed in proximal/distal mucosal and luminal compart-
ments. Mucus glycan profiles were determined by glycomics.

Results: Lectin staining with Ulex europaeus agglutinin 1 (UEA1, targeting 
Fucα1,2Gal) Sambucus nigris agglutinin 1 (SNA1, targeting Siaα2,6Gal) and con-
firmed selective loss of α1,2Fuc (UEA1-) in humanized (Hu):Fut2-/- mice with intact 
Sia (SNA+), and loss of Sia (SNA-) but not α1,2Fuc in Hu:TM-IEC Slc35a1-/- mice. 
Glycomics confirmed absence of fucosylated or sialylated structures respectively. 
Fut2 loss led to an altered niche layer but preserved barrier integrity and did not 

induce colitis. In contrast, loss of Sia expanded the niche layer, reduced the barrier, 
and allowed microbial penetration. TM-DKO mice showed complete mucus deg-
radation despite goblet cells retaining N-glycan Fuc and Sia. All mutants displayed 
microbiota compositional shifts. Histologically, Hu:Fut2-/- remained normal, while 
Hu:TM-IEC Slc35a1-/- developed spontaneous colitis. Disease was most severe in 
Hu:TM-DKO mice, correlating with mucus loss.

Conclusions: In a human-relevant ecosystem, terminal sialylation may be more 
critical than fucosylation for maintaining mucus integrity and preventing colitis 
but full homeostatic function requires coordinated contributions of core and cap-
ping glycan structures.
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PRECLINICAL CROHN’S DISEASE IS MARKED BY YEAST EXPANSION 
AND LOSS OF FILAMENTOUS FUNGI
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Background: Alterations in the bacterial microbiome that precede Crohn’s disease 
(CD) have been described in prospective cohorts, but comparable data on gut fungi 
are limited. Patients with established CD, report expansion of Candida and 
Malassezia, reduced fungal diversity, and immune responses to fungal glycans. 
Genetic associations in fungal-sensing pathways (e.g., CARD9, Dectin-1) further 
support a possible role for fungi in IBD pathogenesis. Despite these implications, 
the contribution of the gut mycobiome to the earliest, preclinical phase of CD 
remains unknown.

Aims: To establish whether specific fungal features are associated with risk of CD.

Methods: A nested case-control subgroup from the CCC-GEM cohort was used 
for this study. Deep shotgun sequencing was done using baseline stool DNA. Reads 
were assembled with SPAdes, open reading frames predicted with Prodigal, and 
annotated by DIAMOND and MEGAN against NCBI nr. Fungal species-level 
abundances and functional profiles were tested with conditional logistic regression 
stratified by nested groups, yielding odds ratios (ORs) for future development of 
CD with multiple-testing correction with a significance of < 0.1.

Results: The study population included 66 incident CD cases and 285 matched 
controls, with a median time to diagnosis of 2.5 years after sampling. The median 
age at baseline was 17 years, and 59% of participants were female. Several signif-
icant alterations in fungal species were evident years before diagnosis. Among those 
who went on to develop CD, filamentous fungi were depleted, including Laccaria 
bicolor (OR = 0.6, q = 0.005), Fonsecaea nubica (OR = 0.6, q = 0.005), and 
Dacryopinax primogenitus (OR = 0.7, q = 0.02). In contrast, Malassezia sp. 
(OR = 1.5, q = 0.1), Candida sojae (OR = 1.2, q < 0.1), and Blastomyces silverae 
(OR = 1.3, q = 0.009) were enriched in preCD. Functionally, enzymes such as chitin 
deacetylase (OR = 0.6, q0.005), cellulase (OR = 0.7, q = 0.02), and xyloglucanase 
(OR = 0.6, q0.01) were reduced in pre-CD, while prolyl oligopeptidase (OR = 1.3, 
q = 0.01), hydroxymethylglutaryl-CoA synthase (OR = 1.4, q = 0.005), and catalase 
(OR = 1.3, q = 0.04) were enriched.

Conclusions: The pre-CD phase is marked by an association with reduced ecolog-
ically diverse filamentous fungi and enrichment of opportunistic yeast. Notably 
filamentous fungi, which are typically associated with ecological stability and plant 
polysaccharide metabolism, were significantly reduced. Functionally, a shift corre-
sponding to a loss of fungal carbohydrate-degrading capacity, reflected by depleted 
enzymes involved in processing structural polysaccharides was observed. These 
alterations, detectable years before CD onset, suggest that environmental fungal 
differences may contribute to the earliest phases of CD pathogenesis.
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