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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | L cell GLP-2 drives GLP-2R- and TSLP-dependent 
ILC2 activation. a, Flow cytometric analysis of TSLP-tdTomato+ cells in ileal 
lamina propria (LP) after 3 daily GLP-2[Gly2] injections. Biological replicates 
N = 4-5 for each group. b-e Flow cytometric analysis of TSLP-tdTomato+ cells 
in jejunal and ileal lamina propria (LP) at 2 hr after GLP-2[Gly2] administration. 
b, Percentage of total TSLP-tdTomato+ cells among CD45− cells in jejunal (left) 
and ileal LP (right). Biological replicates N = 7-10 (left) and N = 8-9 (right) for 
each group. c, Proportion of CD31+PDPN+ LECs, CD31−PDPN+ and CD31−PDPNlo 
stromal populations within TSLP-tdTomato+ cells in jejunum (left) and in ileum 
(right). Biological replicates N = 3-4 each group. d-e, Characterization of CD201+ 
and CD34+ cells within CD45− PDPN+CD31−TSLP-tdTomato+ stromal cells. d, 
Representative flow cytometric analysis. e, Quantification. Biological replicates 
N = 3-4 each column group. f, Intracellular antibody staining for TSLP protein in 
sorted CD45−CD31−TSLP-tdTomato+ stromal cells from small intestinal LP 4 hr 
after incubation with 10 µg/ml GLP-2[Gly2] with Brefeldin A in vitro. g-h, Mouse 
fibroblasts treated with agonists (g) and/or inhibitors (h). TSLP levels were 
assessed by flow cytometric analysis using frequency of TSLP+ cells among total 

cultured fibroblasts characterized by CD45−PDPN+. Biological replicates N = 7 
each group. i, Mouse intestinal explants treated with agonists and/or inhibitors. 
TSLP protein levels in the supernatants were measured by ELISA. Biological 
replicates total N = 77. j, TSLP protein levels in supernatants of human fibroblast 
cultures treated with agonists and/or inhibitors. Paired t-tests were performed 
for statistical analysis. Biological replicates N = 3. k, TSLP protein recovered 
from jejunal and ileal tissue homogenates from fasted Glp2r−/− mice 2 hr after 
food gavage. Biological replicates N = 3-4 each group. l-m, Flow cytometric 
analysis of ILC2s in jejunal LP in Tslpr±+ and Tslpr−/− mice after 3 daily injections 
of GLP-2[Gly2]. l, Percentage of ILC2s among Lin−CD45+ cells. m, Quantification 
of percentage of Ki67+ cells among ILC2s. ILC2s were gated on CD45+Lin−GATA3+ 
cells. Biological replicates N = 9-14 for each group. Graphs represent data pooled 
from at least two experiments. Error bars indicate samples mean± SEM. Unless 
specified, upaired t-test was used for analyses of difference between 2 groups. 
ANOVA test was used for analyzing experiments with >2 groups adjusted for 
multiple comparisons. *P < 0.05, **P < 0.01, ***P < 0.001.
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Extended Data Fig. 8 | T. muris infection drives stromal TSLP-dependent 
ILC2 activation. a-c, Flow cytometric analysis of ILC2s in large intestinal lamina 
propria (LILP) on day 21 post T. muris infection. Percentage of IL-13 (Smart13)+ 
ILC2 among ILC2s in LI LP in Tslpr−/− or Tslpr±+ mice, biological replicates N = 4-8 
each column group, ****P < 0.0001 (a), Tslprfl/flIl5Cre+ or WT controls, biological 
replicates N = 3-10 each column group, *P < 0.05, ***P < 0.001 (b), and Tslpfl/fl 
PdgfraCreERT2+ or Tslpfl/fl controls, biological replicates N = 3-12 each column  
group, **P < 0.01 (c). ILC2s were gated on Lin−CD45+GATA3+ cells. d, RT-qPCR 
analysis for Nes expression in sorted cells from the small intestine, including 
CD45−EPCAM+epithelial cells, tuft cells, CD45+PDPN− hematopoietic cells, 
CD45−CD31+PDPN+ LECs, CD45−CD31−PDPN+, CD45−CD31−CD201+, and 
CD45−CD31−CD34+ stromal cells. Biological replicates N = 3-4 each column group. 
e-f, Flow cytometric analyses of LILP ILC2s in Tslpfl/flNesCreERT2+ or control mice on 

21 d.p.i. Percentage of IL-13 (Smart13)+ ILC2 among ILC2s in LI LP in  
Tslpfl/flNesCreERT2+ or control (e) and the expression levels of ILC2s activation 
markers including HuCD4 (Smart13) and ICOS were lower in Tslpfl/flNesCreERT2+ 
mice than controls (f). ILC2s were gated on Lin−CD45+GATA3+ cells. Biological 
replicates N = 3-9 each column group, **P < 0.01, ***P < 0.001. g-h, Flow 
cytometric analysis of LILP ILC2s in Glp2r−/− and Glp2r±+ mice 21 d.p.i. Flow 
charts represent IL-13 (Smart13) levels (g) and percentage of IL-13 (Smart13)+ 
ILC2s among total ILC2s in LI LP (h). ILC2s were gated on Lin−CD45+GATA3+ cells. 
Biological replicates N = 4-11 each column group, *P < 0.05, **P < 0.01. Data are 
representative of at least two independent experiments. Statistical analyses were 
performed using ANOVA with correction for multiple comparisons. Error bars 
indicate samples mean ± SEM.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | GLP-2 drives ILC2-dependent amplification of the tuft 
cell circuit. a, Representative imaging of jejunal tuft cells in Tslpr−/−, Tslprfl/fl 
Il5Cre+, Il4ra−/−, Il13ra1−/− and Il4rafl/flVil1Cre+ mice. Green, EdU; Red, DCLK1; White, 
EPCAM; Blue, DAPI. 20x objective. Scale bar, 100 µm. b, Quantification of jejunal 
tuft cells after 3 daily GLP-2[Gly2] injections in WT, Tslpr−/−, Tslprfl/flIl5Cre+, Il4ra−/−, 
Il13ra−/− and Il4rafl/flVil1Cre+ mice. For tuft cell quantification, images were acquired 
using 20x objective and total DCLK1+EPCAM+ cells in each field were counted and 
normalized by total number of villus-crypt axes in the field. Each dot represents 
a mouse, N = 3-10 each column. Statistical analysis was performed using ANOVA 
with correction for multiple comparisons, ****P < 0.0001. Error bars indicate 
samples mean± SEM. c, Representative imaging of jejunal tuft cells in Tslpfl/fl, 
Tslpfl/flNesCreERT2+, and Tslpfl/flPdgfraCreERT2+mice. Green, EdU; Red, DCLK1; White, 
EPCAM; Blue, DAPI. 20x objective. Scale bar, 100 µm. d, Quantification of jejunal 
tuft cells after 3 daily GLP-2[Gly2] injections in Tslpfl/fl, Tslpfl/flNesCreERT2+, and  
Tslpfl/flPdgfraCreERT2+ mice. Each dot represents a mouse, N = 3-6. Statistical analysis 
was performed using ANOVA with correction for multiple comparisons, *P < 0.05, 

**P < 0.01. Error bars indicate samples mean± SEM. e, Schematic illustrating 
the Vil1FlpCckCreR26Dual−hM3Dq DREADD and CNO system. f-g, Quantification of 
jejunal tuft cells in Vil1FlpCckCreR26Dual−hM3Dq mice after administration of clozapine 
N-oxide (CNO) or vehicle control. Each dot represents a mouse. f, Representative 
imaging of tuft cells. Red, DCLK1; White, Vil1-GFP; Blue, DAPI. 20x objective. 
Scale bar, 100 µm. g, Quantification of tuft cells. Two experiment repeats, each 
dot represents a mouse, N = 6 for each column group. Statistical analysis was 
performed using two-tailed unpaired t-test,*P < 0.05. Error bars indicate samples 
mean± SEM. h, Proposed model for the mechanism of GLP-2 – TSLP – ILC2 
signaling pathway in promoting intestine tissue remodeling. GLP-2 from L cells 
(1) stimulates telocytes to produce TSLP (2) that activates ILC2s (3), thus linking 
nutrient ingestion and IL-13-mediated amplification of epithelial tuft cells.  
(4) N. brasiliensis short circuits the physiologic pathway by directly stimulating 
tuft cells to release IL-25 that activates ILC2s and drives the ILC2–tuft cell circuit 
amplification. Panels e and h created using BioRender.com.
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