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Supplementary Methods
Colorectal Propulsion Test
To assess colorectal propulsion, a bead expulsion test was performed on day 7. Mice were anesthetized using 2% isoflurane (v/v) in 1 L/min oxygen following induction with 4% isoflurane in 1 L/min oxygen. Once fully anesthetized, a 2.8 mm diameter round bead was inserted 2 cm into the distal colon using a flexible plastic feeding tube. Mice were then placed individually in clean cages for recovery, and the time to bead expulsion (in seconds) was recorded as a measure of colonic motility.1–5 
Elevated plus maze (EPM) Behavioral Test
An EPM test was conducted on day 9 to assess anxiety-like behavior. The maze consisted of two opposing open arms (30 × 8 cm), two opposing closed arms (30 × 8 × 16 cm), and a central area (8 × 8 cm). Mice were placed in the center of the maze facing an open arm and allowed to explore for 5 minutes. The number of entries into the open and closed arms, dwell time in each arm, total distance traveled, and average velocity were recorded as previously described 6,7. The maze was cleaned between trials to prevent olfactory interference. Mouse behavior was recorded using a CamPark X30 Native 4K camera mounted 1.2 m above the apparatus. Video data were automatically analyzed using EthoVision XT (Noldus Information Technology, Wageningen, Netherlands), which extracted all behavioral parameters.
Meta-Analyses of Human Ulcerative Colitis Microarray Data
Microarray datasets of human UC datasets were obtained from the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO) using the GEOquery package. Datasets were included if they met the following criteria: (1) clearly defined UC disease states (active or inactive), (2) inclusion of a non-IBD control group, (3) ≥ 10 individuals per group, and (4) inclusion of INSL5 and RXFP4 in the microarray platform. The fourth criterion was based on our prior hypothesis that the INSL5–RXFP4 axis mediates protective effects of CR in colitis, as suggested by Skok et al.8 Covariates such as age and sex were not adjusted for due to lack of availability of patient-level metadata across datasets.
Microarray probe IDs were annotated to gene symbols using the AnnotationDbi package.9 When multiple probes targeted the same gene, expression values were averaged. Probes without gene symbol annotations were excluded. Datasets requiring log2 transformation were processed accordingly. DEGs were identified using the empirical Bayes moderation method implemented in the limma package, as recommended for microarray data.10,11
Meta-Analyses
A subset of samples was selected from each dataset to conduct three independent meta-analyses: (1) active UC vs non-IBD controls, (2) inactive UC vs non-IBD controls, and (3) active UC vs inactive UC. Meta-analyses were performed using the MetaVolcanoR package,12 following a modified workflow based on Linggi et al.. 13 TopTable outputs from limma, including confidence intervals, were used as the input. Meta-analysis was performed using the parameters cvar = TRUE, collaps = TRUE, and metathr = 0.01, with Benjamini–Hochberg correction applied to meta p-values. Unlike Linggi et al., we required directional consistency across all included datasets and used more stringent cutoffs. DEGs were defined as genes consistently up- or down-regulated across all datasets with |log2 fold-change| > 1 and FDR-adjusted p-value < 0.05.
Supplementary Results 
Human Meta-Analysis Disease state signatures 
Comparison of disease-specific gene signatures across meta-analyses (Table 2) revealed distinct transcriptional shifts between disease states. In the active UC vs non-IBD control comparison, canonical epithelial stress and inflammatory genes (REG1A, REG1B, LCN2, DUOXA2, PI3, MMP3, MMP7, IL1B, NOS2, UBD) were strongly up-regulated, while barrier-associated and metabolic genes (AQP8, CLDN8, GUCA2B, TRPM6, CAPN13, SLC51A, CHP2, TUBA3, HMGCS2) were down-regulated. These findings highlight the marked induction of neutrophilic inflammation and tissue remodeling alongside impaired epithelial and metabolic functions in active UC.
In the inactive UC vs non-IBD control comparison, transcriptional changes were more modest. Upregulated genes included immune and epithelial markers (CCL20, S100P, OLF4, REG4, UBD, REG3A, CXCL1), whereas downregulated genes (PDE6A, BRINP3, CLDN8) suggested suppression of regulatory or metabolic pathways that may distinguish inactive UC from full remission.
The active UC vs inactive UC comparison revealed heightened inflammatory and tissue-remodeling signals in active disease, with upregulation of (MMP1, G0S2, NNMT, LAMP3, FSTL1, S100A9, IL1B, MMP3, PROK2, MMP7) and concomitant downregulation of epithelial transport and metabolic genes (AQP8, PHLPP2, ABCG2, BMP3, FGFR2, SLC4A4, MEP1A, CHP2, PIGZ, ADH1C).
Taken together, these analyses underscore a core set of epithelial and inflammatory responses shared across active UC, while also identifying disease-state–specific signatures. Notably, several genes (REG1A, REG1B, NOS2, RHOU, CAPN13, CLDN8) were uniquely differentially expressed in active UC versus non-IBD but not in active versus inactive UC, suggesting strong association with active inflammation but limited discriminatory power between disease activity states. Conversely, genes such as FGFR2 and SCIN were uniquely altered in the active versus inactive UC comparison, pointing to potential roles in distinguishing persistent inflammatory activity from partial remission.
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