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            Abstract
Intestinal T cells and group 3 innate lymphoid cells (ILC3 cells) control the composition of the microbiota and gut immune responses. Within the gut, ILC3 subsets coexist that either express or lack the natural cytoxicity receptor (NCR) NKp46. We identified here the transcriptional signature associated with the transcription factor T-betâ€“dependent differentiation of NCRâˆ’ ILC3 cells into NCR+ ILC3 cells. Contrary to the prevailing view, we found by conditional deletion of the key ILC3 genes Stat3, Il22, Tbx21 and Mcl1 that NCR+ ILC3 cells were redundant for the control of mouse colonic infection with Citrobacter rodentium in the presence of T cells. However, NCR+ ILC3 cells were essential for cecal homeostasis. Our data show that interplay between intestinal ILC3 cells and adaptive lymphocytes results in robust complementary failsafe mechanisms that ensure gut homeostasis.
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                    Figure 1: RNA-seq analysis of ILC3 subsets.[image: ]


Figure 2: Targeting of NCR+ ILC3 cells during infection with C. rodentium.[image: ]


Figure 3: C. rodentium infection in the absence of IL-22 production by NCR+ ILC3 cells.[image: ]


Figure 4: Effect of deletion of Tbx21 and Mcl1 or expression of DTA on NCR+ ILC3 cells.[image: ]


Figure 5: Infection with C. rodentium in the absence of NCR+ ILC3 cells.[image: ]


Figure 6: Role of NCR+ ILC3 cells in immunocompetent and immunodeficient hosts during infection with C. rodentium.[image: ]


Figure 7: Role of NCR+ ILC3 cells in cecal homeostasis during infection with C. rodentium.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Characterization of Il22eGFP/eGFPNcr1-iCre mice.
(a) Schematic representation of the Il22eGFP allele. (b) Spleen and liver, (c) small intestine and colon were isolated from Il22eGFP/eGFPNcr1-iCre mice. The frequency of major lymphoid populations was assessed by flow cytometry. Data shown are from (b) one of two independent experiments (n = 4 mice per group in each) and (c) 2 pooled independent experiments (n=4-8 mice per group in total). (d) Small intestinal lymphocytes were stimulated in vitro with IL-23 for 4-5 hr in the presence of brefeldin A to elicit IL-22 production. The frequency of IL-22+ NCRâˆ’ ILC3 was assessed by flow cytometry. Data shown are from one of two independent experiments (n = 3 mice per group in each). Statistical analyses were performed with unpaired Studentâ€™s t-test. n.s., not statistically significant (P > 0.05)


Supplementary Figure 2 IL-22 production by ILC3 subsets in Stat3fl/flNcr1-iCre mice.
Male Stat3fl/flNcr1+/+ and Stat3fl/flNcr1-iCre mice were orally inoculated with 2 Ã— 109 CFU of C. rodentium. Histograms show total numbers (left) and frequency (right) of IL-22 producing Linâˆ’CD45+NCR+ ILC3 and Linâˆ’CD45+NCRâˆ’ ILC3 from the small intestine of Stat3fl/flNcr1+/+Rorc+/GFP and Stat3fl/flNcr1-iCreRorc+/GFP mice on day 8 of C. rodentium infection. Cells were stimulated in vitro with IL-23 for 4-5 hr in the presence of brefeldin A to elicit IL-22 production. Data shown are from one of two independent experiments (n=3-4 mice per group in each) and the mean Â± s.d. values are shown. Statistical analyses were performed with unpaired Studentâ€™s t-test. n.s., not statistically significant (P > 0.05), **P < 0.01 and ***P < 0.001.


Supplementary Figure 3 C. rodentium infection in Tbx21fl/flNcr1-iCre mice.
(a) Numbers of Linâˆ’CD45+ small intestine lymphocytes among naÃ¯ve Tbx21fl/flNcr1-iCre and their respective controls. Counts were calculated from flow cytometry plots of intracellular RORÎ³t and surface NKp46 expression. Numbers show the cell counts within the indicated gate. Data were pooled from 2 independent experiments (n = 3-4 mice per group in each) and the mean Â± s.d. values are shown. Statistical analyses were performed with unpaired Studentâ€™s t-test. n.s., not statistically significant (P > 0.05), ***P < 0.001 and ****P < 0.0001 (bâ€“d) Control and Tbx21fl/flNcr1-iCre mice were orally inoculated with 2 Ã— 109 CFU of C. rodentium. (b) H&E staining of formalin-fixed paraffin-embedded sections (left micrographs) and histological scores (right histogram) for colons from wild-type and Tbx21fl/flNcr1-iCre mice, 8 days after infection. The scale bar represents 1000 Âµm. Histological scores were determined on 1-2 H&E sections per mouse colon. (c) Colon length and (d) C. rodentium bacterial loads (CFU) in the spleen (left histogram) and liver (right histogram) 8 days after infection. (b-d) Data are pooled from 2 independent experiments and are shown as means Â± s.d. (n=5-9 mice per group in total). Statistical analyses were carried out with unpaired Studentâ€™s t-test. n.s., not statistically significant (P > 0.05).


Supplementary Figure 4 Gastrointestinal lymphocytes and C. rodentium infection in R26DTA/+Ncr1-iCre mice.
(a) Numbers of Linâˆ’CD45+ small intestine lymphocytes from naÃ¯ve R26DTA/+Ncr1-iCre and their respective Ncr1-iCre controls. Counts were obtained from flow cytometry plots showing intracellular RORÎ³t and surface NKp46 expression. Numbers show cell counts within the indicated gate. Data were pooled from at least three independent experiments (n=2-4 mice per group in each) and are shown as the mean Â± s.d. Statistical analyses were performed with unpaired Studentâ€™s t-test. **P < 0.01. (b) Characterization of colon ILCs in R26DTA/+Ncr1-iCre mice at steady state. Flow cytometry analyses (left panels) showing expression of RORÎ³t and NKp46 within Linâˆ’CD45.2+ cells from the colons of the indicated mice. Representative profiles show the frequency of the indicated populations (right panel). Data are pooled from two independent experiments (n=6 mice per group in total) and show the mean. Statistical analyses were carried out with unpaired Studentâ€™s t-test, ****P < 0.0001. (c-f) R26DTA/+Ncr1-iCre and Ncr1-iCre control mice were infected with 1010 CFU of C. rodentium. (c) The percentages of several myeloid and lymphoid populations were assessed in the colonic lamina propria, draining mesenteric lymph nodes and spleen from R26DTA/+Ncr1-iCre and Ncr1-iCre control mice, 12 days after infection. (d,e) Total cells were restimulated with PMA/ionomycin for 4 hours in the presence of brefeldin, to assess the percentage of IFN-Î³- and IL-17A-producing CD4+ and CD8+ T cells, as indicated. Data shown are representative of two independent experiments. (f) Explants of distal colon were weighed, homogenized and incubated for 24 hours in complete RPMI. Cytokine levels were determined in the supernatants. Data shown are one of two independent experiments (n=6-7 mice per group in each) and show the mean.


Supplementary Figure 5 C. rodentium infection in Mcl1fl/flNcr1-iCre mice.
Mcl-1fl/flNcr1-iCre mice and controls were orally inoculated with 2 Ã— 109 CFU of C. rodentium on day 0.
(a) Pathological features of the colons of the indicated mice, on day 8 after infection. Representative H&E staining of formalin-fixed paraffin-embedded sections (micrographs) of colons are shown. The scale bar represents 1000 Âµm and the insets are x 3.4 magnifications. (b) Colon length of Mcl-1fl/flNcr1-iCre and Ncr1-iCre control mice 8 days after infection. Data were pooled from three independent experiments (n=8-9 mice per group in total) and are shown as mean Â± s.d. Statistical significance was determined in unpaired Studentâ€™s t-test. n.s., not statistically significant (P > 0.05). (c) C. rodentium bacterial loads (CFU) in the spleen (left histogram) and liver (right histogram) 8 days after infection. Data shown are representative of three independent experiments (n=3 mice per group in each).


Supplementary Figure 6 The intestinal bacterial microbiota is unaffected by the absence of NCR+ ILC3 cells.
(a) Left panel: bar plots depicting the microbiota composition, at family level, in R26DTA/+Ncr1-iCre mice (n=13) and Ncr1-iCre control littermates (n=12). Right panel: principal coordinates analysis based on weighted unifrac distances describing the similarity between mice microbiota. (b) Relative amounts of SFB DNA in the feces of R26DTA/+Ncr1-iCre and Ncr1-iCre control mice at the ages of 10 and 15 weeks. (c) Quantification of IL-17A-producing CD4+ T cells from the small intestinal lamina propria from R26DTA/+Ncr1-iCre (n=24) and Ncr1-iCre control (n=18) mice, with or without stimulation with PMA/ionomycin. Data were pooled from three independent experiments.


Supplementary Figure 7 Regional distribution and phenotype of gut ILCs.
(a) NK1.1 expression on NCR+RORÎ³tâˆ’, NCR+ ILC3 and NCRâˆ’ ILC3 in different regions of the gastrointestinal tract. Representative flow cytometry plots show RORÎ³t and surface NKp46 expression within Linâˆ’CD45+ cells isolated from the lamina propria of the small intestine (S.I.), cecum and colon of naÃ¯ve wild-type mice. The histogram shows the expression of NK1.1 and the frequency of NK1.1-positive cells within the indicated population. Data shown are representative of two experiments (n=6 per group in each). (b) Depletion of NK1.1-positive cells in the gastrointestinal tract. Wild-type mice were injected with 50 Âµg of anti-NK1.1 antibody or control PBS and they were then killed 5 days later. Bars represent the percentage of remaining NCR+ RORÎ³tâˆ’ cells, NCR+ ILC3 and NCRâˆ’ ILC3 after treatment, in small intestine, cecum and colon, relative to that in control PBS-injected animals. Data shown are representative of two independent experiments (n=3 mice per group in each) and are showed as means Â± s.d. Statistical significance was determined in unpaired Studentâ€™s t-test. *P < 0.05, ***P < 0.001 and ****P < 0.0001.
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