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            Abstract
Colonic antigen-experienced lymphocytes such as tissue-resident memory CD8+ Tâ€‰cells can respond rapidly to repeated antigen exposure. However, their cellular phenotypes and the mechanisms by which they drive immune regulation and inflammation remain unclear. Here we compiled an unbiased atlas of human colonic CD8+ Tâ€‰cells in health and ulcerative colitis (UC) using single-cell transcriptomics with T-cell receptor repertoire analysis and mass cytometry. We reveal extensive heterogeneity in CD8+ T-cell composition, including expanded effector and post-effector terminally differentiated CD8+ Tâ€‰cells. While UC-associated CD8+ effector Tâ€‰cells can trigger tissue destruction and produce tumor necrosis factor (TNF)-Î±, post-effector cells acquire innate signatures to adopt regulatory functions that may mitigate excessive inflammation. Thus, we identify colonic CD8+ T-cell phenotypes in health and UC, define their clonal relationships and characterize terminally differentiated dysfunctional UC CD8+ Tâ€‰cells expressing IL-26, which attenuate acute colitis in a humanized IL-26 transgenic mouse model.
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                    Fig. 1: Colonic CD8+ T-cell transcriptional atlas.[image: ]


Fig. 2: Colonic CD8+ T-cell remodeling in active UC.[image: ]


Fig. 3: Transcriptional modules, pseudotime and clonality define UC CD8+ T-cell lineages.[image: ]


Fig. 4: Combined transcriptomic and proteomic profiles of CD8+ T cells using CITEâ€“seq and Cell Hashing.[image: ]


Fig. 5: Functional CyTOF analysis of UC CD8+ T cells.[image: ]


Fig. 6: IL-26 attenuates acute colitis severity.[image: ]
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Extended data

Extended Data Fig. 1 Cluster-specific single cell gene expression.
UMAP plot overlays showing selected gene expression distribution across clusters. Cells from nâ€‰=â€‰3 donors per group.


Extended Data Fig. 2 Differential gene expression and pathway activities in UC.
a, Volcano plot highlighting significantly differentially expressed genes (< 5% FDR, in blue) in selected CD8+ sub-clusters between healthy (nâ€‰=â€‰3 donors) and UC (nâ€‰=â€‰3 donors) samples. Selected genes are labelled. Hurdle model likelihood ratio test for differential expression, Benjamini-Hochberg multiple testing correction. b, Emap plot showing clusters of Gene Ontology biological process terms enriched in differentially expressed genes between cells in UC (nâ€‰=â€‰3 donors) and health (nâ€‰=â€‰3 donors). Hypergeometric over-representation test, Benjamini-Hochberg multiple testing correction. c, Individual cell AUC score overlay for selected differential canonical pathway activities in cells in health (nâ€‰=â€‰3 donors) and UC (nâ€‰=â€‰3 donors). d, UMAP of CD8+ T cells in health (nâ€‰=â€‰3 donors) and UC (nâ€‰=â€‰3 donors), clustered by gene expression profiles, demonstrating the expression of selected genes associated with higher risks of developing UC (as identified by GWAS studies) by particular clusters of cells.


Extended Data Fig. 3 Receptor-ligand interactions between CD8+ T-Cells and Epithelial Sub-population.
a, Heatmap displaying the total number of paracrine CD8+ and epithelial cell sub-cluster receptor-ligand interactions discovered using CellphoneDB in clusters in health (left) and UC (right). b, Circos plot showing all putative alterations of cell-cell interaction events in active UC via receptor-ligand pair signalling between T-cell GZMK+ effector cells and epithelial cell sub-types. Putative gain of interaction events and loss of interaction events are shown separately for each CD8+ cluster viewpoint. Abbreviations: SCs: Stem Cells. SPs: Secretory Progenitors. TAs: transit-amplifying cells. APs: absorptive progenitors. CT Colonocytes: Crypt-top colonocytes. EECs: enteroendocrine cells. NC: No change. c, Dotplot of selected significant paracrine receptor-ligand interactions between GZMKâ€‰+â€‰Effector CD8+ cells (cells from nâ€‰=â€‰3 donors per group) and epithelial cells (cells from nâ€‰=â€‰3 donors per group) discovered using CellphoneDB. CellphoneDB empirical permutation p-value.


Extended Data Fig. 4 Distribution of IL26 receptor expression in epithelial and mesenchymal compartments.
a, tSNE plots showing expression distribution of IL10RA and IL-26 receptor genes, IL10RB and IL20RA, in single cell colonic epithelium dataset in health (nâ€‰=â€‰3 donors) and UC (nâ€‰=â€‰3 donors) from (a) Parikh et al, 2019; (b) colonic mesenchymal dataset in health (nâ€‰=â€‰2 donors) and UC(nâ€‰=â€‰2 donors) from Kinchen et al, 2018. c, Violin plots (median shown) comparing expression of IL-26 receptor genes in health (cells from nâ€‰=â€‰3 donors) and UC (cells from nâ€‰=â€‰3 donors) in colonic epithelium. d, Violin plots (median shown) comparing expression of IL10RA and IL-26 receptor genes in health (cells from nâ€‰=â€‰2 donors) and UC (cells from nâ€‰=â€‰2 donors) in colonic mesenchyme. Undifferentiated cells, encompassing stem cells, transit amplifying cells and secretory and absorptive progenitor cells are denoted as â€˜Undiff.â€™.


Extended Data Fig. 5 Cluster-specific transcription factor module activities.
a, Heatmap visualising relative transcription factor module activity (as AUC scores) for all detected transcription factor modules in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors. b, UMAP overlay showing selected transcription factor network activity distribution at single cell level in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors.


Extended Data Fig. 6 Exploration of innate-like CD8+ T-cells in health and UC.
a. UMAP plot visualising MAIT cell sub-populations in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors. b. Violin plots (median shown) visualising distributions of selected marker genes for MAIT cell sub-clusters in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors. c. UMAP plot overlay visualising single cell expression of selected genes in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors. d. Boxplot showing expression cluster distribution of IEL-specific marker genes in CD8+ sub-populations in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors. Boxplots show the median, first and third quartiles, 5th percentile as minima and 95th percentile as maxima e. UMAP plot overlay visualising single cell expression of selected genes in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors.


Extended Data Fig. 7 CD8+ TILs share features of exhaustion, but not Type 17 signature with colonic IL26+ cells.
a, Hierarchical clustering of CD8+ sub-populations detected in UC (cells from nâ€‰=â€‰3 donors) together with CD8+ sub-populations detected in liver cancer tumor-infiltrating lymphocytes (TILs) (left) (cells from nâ€‰=â€‰6 donors), colorectal cancer TILs (middle)(cells from nâ€‰=â€‰11 donors) and breast cancer TILs (right) (cells from nâ€‰=â€‰1 donor). b, Boxplot showing expression of selected exhaustion (top panels) and Type-17/ILC3 (bottom panels) signature genes in colonic CD8+ populations and tumour CD8+ TILs. Boxplots show the median, first and third quartiles, 5th percentile as minima and 95th percentile as maxima.


Extended Data Fig. 8 Distribution of transcriptomic and proteomic CITE-Seq profiles in health and UC.
a, UMAP overlay of donor cell-of-origin distribution for mRNA clusters obtained from integrated scRNA-Seq (cells from nâ€‰=â€‰3 donors per group) and CITE-Seq cohorts (cells from nâ€‰=â€‰7 UC donors and nâ€‰=â€‰5 HC donors). b, Overlay of original clusters obtained from scRNA-Seq clusters onto the integrated scRNA-Seq (cells from nâ€‰=â€‰3 donors per group) and CITE-Seq (cells from nâ€‰=â€‰7 UC donors and nâ€‰=â€‰5 HC donors) cohorts, c, Boxplots showing the proportion of all CD8+ cells for each joint cluster, split by original scRNA-Seq (cells from nâ€‰=â€‰3 donors per group) and CITE-Seq cohorts (cells from nâ€‰=â€‰7 UC donors and nâ€‰=â€‰5 HC donors). Boxplots show the median, first and third quartiles, 5th percentile as minima and 95th percentile as maxima. d, Overlay of protein expression for selected proteins onto UMAP driven by mRNA expression (cells from nâ€‰=â€‰7 UC donors and nâ€‰=â€‰5 HC donors). e, Quantification of IL-26 protein levels from colonic CD8+ T cells of healthy (nâ€‰=â€‰6) and UC-inflamed donors (nâ€‰=â€‰6) following polyclonal activation with anti-CD3/anti-CD28. Mean and SEM are shown; *Pâ€‰=â€‰0.0152, two-tailed Mannâ€“Whitney test.
Source data


Extended Data Fig. 9 Heterogeneity of colonic CD8+ T-cells in health and UC by CyTOF.
a, Representative gating strategy to identify CD45+ CD3+ CD8+ cell population in Mass Cytometry experiments used for further analysis; representative of six samples (nâ€‰=â€‰6 donors) where same sorting strategy was applied. b, tSNE plot to visualise proportion of Phenograph clusters within CD45+CD3+CD8+ cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors. Selected clusters are annotated based on their phenotype. c, Bar graph showing significant sub-population changes in UC (nâ€‰=â€‰3 donors) compared to healthy (nâ€‰=â€‰3 donors). Cluster 1, tâ€‰=â€‰10.78, DFâ€‰=â€‰4, ***Pâ€‰=â€‰0.0004; Cluster 3, tâ€‰=â€‰4.354, DFâ€‰=â€‰4, *Pâ€‰=â€‰0.0121; Cluster 4, tâ€‰=â€‰3.072, DFâ€‰=â€‰4, *Pâ€‰=â€‰0.0372; Cluster 9, tâ€‰=â€‰3.476, DFâ€‰=â€‰4, *Pâ€‰=â€‰0.0254; Cluster 12, tâ€‰=â€‰3.287, DFâ€‰=â€‰4, *Pâ€‰=â€‰0.0303; Cluster 14, tâ€‰=â€‰5.911, DFâ€‰=â€‰4, **Pâ€‰=â€‰0.0041. Mean and SEM are shown; two-tailed unpaired t-test. d, tSNE overlay of selected protein expression markers in cells from healthy (nâ€‰=â€‰3) and UC (nâ€‰=â€‰3) donors.
Source data


Extended Data Fig. 10 IL26 attenuates severity of acute DSS colitis and induces transcriptional changes at baseline in a humanised mouse model.
a, Representative photomicrographs of H&E-stained colonic tissues of wild-type (WT, nâ€‰=â€‰4) and humanized IL-26 transgenic (hIL-26Tg, nâ€‰=â€‰4) mice (original magnification: 20Ã—) at steady state. b, Colonic inflammatory scores for chronic inflammation, active inflammation, transmural index and percentage of ulceration (nâ€‰=â€‰4 control mice, nâ€‰=â€‰6 DSS treatment mice, nâ€‰=â€‰5 DSS treatment + anti-IL26 mice) in hIL-26Tg and WT mice at steady state and post-DSS challenge. Fâ€‰=â€‰4.230, DFâ€‰=â€‰2, *Pâ€‰=â€‰0.0438 (hIL26Tg DSS vs. hIL26Tg with anti-IL26 DSS); mean and SEM shown, one-way ANOVA (Tukeyâ€™s multiple comparison test). c, Comparative expression of selected genes under DSS challenge between WT (nâ€‰=â€‰3 DSS, nâ€‰=â€‰4 control mice) and hIL-26Tg mice (nâ€‰=â€‰4 mice per group), demonstrating lower inflammatory signatures in hIL-26 expressing Tg mice. Boxplots show the median, first and third quartiles, 5th percentile as minima and 95th percentile as maxima d, Cytokine, chemokine and epithelial cell markers mRNA expression measured by qPCR in whole-colon tissue from experimental mice (nâ€‰=â€‰4 control, nâ€‰=â€‰6 DSS treatment, nâ€‰=â€‰5 DSS treatment + anti-IL26 mice). Expression was averaged for mice within each group and converted to z scores.
Source data
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