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Abstract

Impaired host defense against intestinal pathogens contributes to inflammatory bowel disease (IBD). Adherent-invasive Escherichia
coli (AIEC) is reported as a pathogenic trigger for IBD. IL-22, a signature cytokine from ILC3 (innate lymphoid cell type 3) or
Th17, shows clinical relevance to IBD because of its capability to promote epithelial repair and induce the production of anti-
microbial peptides (AMP). In IL-22 signaling cascade, IL-18 is recently emerging as an IL-22-induced and epithelium-derived
cytokine. However, the role for IL-18 in epithelial barrier has not been revealed or defined. Here, using a clinical isolate AIEC, we
explore the coordinated responses of IL-22 and IL-18 to intestinal AIEC infection and show that these two cytokines have integrated
regulatory functions in Paneth cells and epithelial stem cells during early host defense. We reveal that IL-18 is a bona fide IL-22-
related gate-keeper for epithelial barrier. IL-22 coordinates with IL-18 for an early host defense against Crohn’s AIEC, via induction
of stem cell-mediated epithelial regeneration and Paneth cell-directed AMPs. IL-22 induces phospho-Stat3 binding to the IL-18
promoter in gut epithelial cells and additively promotes crypt immunity with IL-18. In organoid culture, while IL-22 primarily
increases organoid size and inhibits stem cells, IL-18 robustly promotes organoid budding and induces Lgr5+ stem cells in a Stat3-
independent but Akt-TCF4 dependent manner. At the early stage of infection, administration of IL-18 into mice corrects
compromised T-cell IFNg production and restored Lysozyme+ Paneth cells in IL-22-/- mice, however, IL-22 injection failed to do so
in IL-18-/- mice. Taken together, we show that IL-22-Stat3 signaling triggers an IL-18 response circuit for early host defense at the
frontline barrier: an IL-18-Stat3 signaling to boost Paneth cells for anti-microbial response, an IL-18-Akt-TCF4 signaling to
promote Lgr5+ stem cells for tissue regeneration, and an IL-18/IL-12 signaling to promote IFNg+ T cells for AIEC clearance.

1.Both IL-22 and IL-18 regulate Paneth cells via Stat3 for AIEC host defense.
2.IL-22-induced IL-18 is through pStat3 in epithelial cells.
3.IL-22-IL-18 axis controls IFNg-producing CD8+ T cells and lysozyme+ Paneth cells.
4.Differential role of IL-22 and IL-18 in organoid culture.
5.IL-18-Akt-TCF4 signaling upregulates Lgr5+ stem cells. Nat Commun 13, 874 (Feb, 2022)

Result

Fig. 1. IL-22-Stat3 axis upregulates Paneth cells for AIEC host defense and induces epithelial IL-18.
(a) Quantitative real-time PCR and ELISA analyses of ileum lamina propria cells for IL-22 in uninfected or AIEC-infected mice. (b, d, e) Immunofluorescence analysis of ileum crypts or organoid for Lysozyme+ Paneth or
Ki67+ proliferating cells in the indicated mice. (c) Quantitative real-time PCR analysis of IL-22-stimulated ileum organoids, derived from the indicated mice, for anti-microbial peptides. (f, g) Colony-forming unit of AIEC
was analyzed in feces and intestinal tissues isolated from the indicated mice at day-6 (d6) post AIEC infection. (h) Western blot analysis of ileum crypts from the indicated mice for IL-18. (i) Quantitative real-time PCR
analysis of IL-22 or IL-18-stimulated ileum organoids, derived from the indicated mice, for IL-18 mRNA levels. (j) Chromatin immunoprecipitation and PCR analyses of IL-22-stimulated ileum crypts for the binding of
phospho-Stat3Y705 to the mouse IL-18 promoter regions.

Fig. 2. IL-18 is a bona fide regulator of Paneth cells during AIEC host defense.
(a) Quantitative real-time PCR and ELISA analyses of ileum crypts or tissues for IL-18 in uninfected or AIEC-infected mice. (b, f, g, i) Immunofluorescence analysis of ileum crypts or
ileum organoids for Lysozyme+ or Paneth Ki67+ proliferating cells in the indicated mice. (c) Quantitative real-time PCR analysis of IL-18-stimulated ileum organoids, derived from the
indicated mice, for anti-microbial peptides. (d) Flow cytometry analysis of ileum crypts, derived from IL-22 or IL-18-injected mice, for phospho-Stat3 (pStat3) in the indicated epithelial
subsets. Mean fluorescence intensity (MFI) of pStat3 is indicated. (e) Quantitative real-time PCR analysis of IL-18-stimulated sorted Paneth cells. Sorted non-Paneth cells are included as a
control. (h, j) Colony-forming unit of AIEC was analyzed in feces and intestinal tissues isolated from the indicated or IL-18-injected mice at d6 post infection.

Fig. 3. IL-22 links IL-18 for IFNγ and Paneth cell responses during AIEC infection.
(a, b) Flow cytometry analysis of PMA/Ionomycin (P/I)-stimulated ileum lamina propria cells for intracellular IFNγ in CD4+
or CD8+ T cells in AIEC-infected mice. (c) The cartoon figure of IL-22-IL-18 axis signaling. (d, h) The instruction of
experiment design. (e, i) Colony-forming unit (CFU) of AIEC was analyzed in cecum and colon tissues isolated from the
indicated PBS or IL-18/IL-22-injected mice at d6 post infection. (f, j) Immunofluorescence analysis of ileum crypts for
Lysozyme+ Paneth cells at the crypt base in the indicated mice at d6 post infection. (g, k) Flow cytometry analysis of
PMA/Ionomycin-stimulated ileum lamina propria cells for intracellular IFNγ in CD4+ or CD8+ T cells in the indicated PBS or
IL-18/IL-22-injected mice.

Fig. 4. The role of IL-22/IL-18 in stem cells and IL-18-Akt-TCF4 signaling upregulates Lgr5+ stem cells.
(a) Quantitative real-time PCR analysis of IL-22 or IL-18-stimulated ileum organoids, derived from the indicated mice, for stem
cell marker. (b) Quantification of the number of buds per organoid and size in IL-22 or IL-18-stimulated ileum organoids. (c)
Flow cytometry analysis of IL-18-stimulated ileum organoids, derived from the indicated mice, for Lgr5+ stem cells. (d)
Chromatin immunoprecipitation (ChIP) and PCR analyses of IL-22 or IL-18-stimulated wild-type ileum organoids for the binding
of TCF4 to the mouse Lgr5 promoter regions. (e) Western blot and flow cytometry analyses of IL-18/Akt inhibitor-stimulated
CMT93 cells for Akt phosphorylation and Lgr5. (f) ChIP and PCR analyses of IL-18/Akt inhibitor-stimulated CMT93 cells for the
binding of TCF4 to the mouse Lgr5 promoter regions.
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