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Supplementary Fig. 1: effects of diet on SCFAs and Trp metabolites. A. diet composition, B. acetate 

and butyrate levels in feces from male Ldlr-/- mice fed either normal chow diet (NCD) (n=5 mice), high-

fat diet (HFD) (n=9 mice), or high-cholesterol diet (HCD) (n=10 mice) or the combination of both 

HFD+HCD (n=10 mice) for 13 weeks, C. short chain fatty acid (SCFA), acetate and butyrate, D. Trp 

levels in feces from Ldlr-/- mice fed HFD for 13 weeks supplemented or not with fructooligosaccharide 

(FOS) (n=5 mice/group). E. Ido-1 mRNA in the small intestines of male Ldlr-/- IEC IDO KO mice and 

littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (IEC IDO n=6 mice, IEC IDOKO 

n=5 mice). F. Ido-1 mRNA in CD45+ FACS-sorted cells from digested small intestines of male Ldlr-/- 

IEC IDO KO mice and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (n=3 

mice/group, pools of n=7-9 mice independent samples/group). G. Kyn/Trp % in the small intestine and 

colon extracts of Ldlr-/- mice at baseline (n=5 mice/group). Individual data are presented as scattered dot 

plots, with the mean and s.e.m. The p values were determined using Brown-Forsythe ANOVA test 

followed by Tukey's multiple comparison test for A, the two-tailed Mann-Whitney test for B, C, and 

two-tailed Unpaired T test for E. Source data are provided as a Source Data file. 
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Supplementary Fig. 2: effects of intestinal IDO deletion on metabolic parameters and 

atherosclerosis. A. weight curves, B. ITT, C. OGTT, and D. HOMA-IR in male Ldlr-/- IEC IDO KO, 

and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 13 weeks (IEC IDO n=8 mice, IEC 

IDOKO n=13 mice). E. plasma cholesterol, F. representative pictures and quantifications of plaque size 

in the aortic sinus of male Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed 

HFD+HCD for 13 weeks (IEC IDO n=14 mice, IEC IDOKO n=18 mice); scale bar 200µm. G. Ido-1 

mRNA in the small intestines of male Ldlr-/- mice fed HFD+HCD for 8 or 13 weeks (wk) (8wk n=6 mice, 

13wk n=5 mice). Individual data are presented as scattered dot plots, with the mean and s.e.m. The p 

values were determined using the two-tailed Mann-Whitney test. Source data are provided as a Source 

Data file. 
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Supplementary Fig. 3: effects of intestinal IDO deletion on atherosclerosis and assessing IDO 

expression in males and females. A. Ido-1 mRNA in small intestines (n=5 mice/group), B. plasma 

cholesterol, C. representative pictures and quantifications of plaque size in the aortic sinus of female 

Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (IEC IDO 

n=8 mice, IEC IDOKO n=9 mice); scale bar 200µm. D. representative photomicrographs and lipid 

quantification with en-face staining in the thoracic aorta of female Ldlr-/- IEC IDO KO, and littermate 

control Ldlr-/- IEC IDO mice fed HFD+HCD for 13 weeks (IEC IDO n=9 mice, IEC IDOKO n=12 mice); 

scale bar 2mm. E. Ido-1 mRNA in the small intestines of female Ldlr-/- mice fed HFD+HCD for 8 or 13 

weeks (8wk n=8 mice, 13wk n=10 mice). F. Ido-1 mRNA in the small intestines of male and female 

Ldlr-/- mice fed HFD+HCD for 13 weeks (male n=5 mice, female n=10 mice). G-H. esr1, esr2, and 

greb1 mRNA in the small intestines of male and female Ldlr-/- mice fed HFD+HCD for 8 or 13 weeks 

(n=6-10 mice/group). I. correlation between esr2 mRNA and Ido-1 mRNA in the small intestines of male 

and female Ldlr-/- mice fed HFD+HCD for 13 weeks (Spearman correlation) (male n=7 mice, female 

n=10 mice). Individual data are presented as scattered dot plots, with the mean and s.e.m. The p values 

were determined using the two-tailed Mann-Whitney test for A, D, E, F, and Brown-Forsythe ANOVA 

test followed by Tukey's multiple comparison test for G (esr1) and H and Kruskal-Wallis, followed by 

post-Hoc Dunn’s test for G (esr2). Source data are provided as a Source Data file. 
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Supplementary Fig.4: effects of intestinal IDO deletion on atherosclerosis under HCD. A. Ido-1 

mRNA in small intestines, B. plasma cholesterol, C. representative pictures and quantifications of plaque 

size in the aortic sinus of male Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed a 

high-cholesterol diet (HCD) for 8 weeks (IEC IDO n=10 mice, IEC IDOKO n=5 mice); scale bar 

200µm. D. plasma cholesterol, E.  representative pictures and quantifications of plaque size in the aortic 

sinus of female Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed HCD for 8 weeks 

(IEC IDO n=9 mice, IEC IDOKO n=7 mice); scale bar 200µm. Individual data are presented as scattered 

dot plots, with the mean and s.e.m. The p values were determined using the two-tailed Mann-Whitney 

test. Source data are provided as a Source Data file. 
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Supplementary Fig. 5: effects of intestinal IDO deletion on inflammation. A. TNF-α mRNA by qPCR 

in the small intestine of male Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed 

HFD+HCD for 8 weeks (IEC IDO n=10 mice, IEC IDOKO n=5 mice). B. Ifn-γ, XCL1, CCR10, and 

CXCR6 mRNA by nanostring in the small intestine of male Ldlr-/- IEC IDO KO, and littermate control 

Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (n=5 mice/group). Individual data are presented as 

scattered dot plots, with the mean and s.e.m. The p values were determined using the two-tailed Mann-

Whitney test. Source data are provided as a Source Data file. 
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Supplementary Fig. 6: effects of intestinal IDO deletion on immune cells by flow cytometry. A. 

flow cytometry analysis of CD45+, CD4+, and CD8+ cells (count) in the lamina propria of the small 

intestines of male Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 

weeks (n=5 mice/group), B. Th subset (%), C. Pseudocolor plot examples show the gating strategy. A 

dump channel represents dead cells as well as CD11b+ and CD11c+ cells, which were excluded. T cells 

were gated as single cells dump- CD45+ CD4+. The different T cell subsets were identified according to 

the T-bet, ROR-γt, and FoxP3 expression. D. Occludin-1 mRNA in the small intestines of male Ldlr-/-

IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (IEC IDO n=9 

mice, IEC IDOKO n=5 mice). Individual data are presented as scattered dot plots, with the mean and 

s.e.m. The p values were determined using the two-tailed Mann-Whitney test. Source data are provided

as a Source Data file.
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Supplementary Fig. 7: effects of intestinal IDO deletion on the gut, blood immune cells, and 

lesional necrotic cores. A. colon pathohistological scoring in female Ldlr-/- IEC IDO KO and littermate 

control Ldlr-/- IEC IDO mice fed HFD+HCD for 13 weeks (IEC IDO n=9 mice, IEC IDOKO n=11 mice); 

scale bar 100µm. B. flow cytometry analysis of blood CD4+, CD8+, and CD19+ cells (count) in male 

Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (IEC IDO 

n=9 mice, IEC IDOKO n=7 mice). C. representative pictures and quantifications of necrotic cores 

visualized by Masson’s Trichrome staining in the aortic sinus of male Ldlr-/- IEC IDO KO and littermate 

control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (n=10 mice/group); scale bar 100µm. D. 

representative pictures and quantifications of necrotic cores visualized by Masson’s Trichrome staining 

in the aortic sinus of female Ldlr-/- IEC IDO KO and littermate control Ldlr-/- IEC IDO mice fed 

HFD+HCD for 13 weeks (n=8 mice/group); scale bar 100µm. E. representative pictures and 

quantifications of macrophages (MOMA2+ in red) accumulation within plaques in the aortic sinus of 

male Ldlr-/- IEC IDO KO, and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (n=10 

mice/group); scale bar 100µm. Individual data are presented as scattered dot plots, with the mean and 

s.e.m. The p values were determined using the two-tailed Mann-Whitney test. Source data are provided

as a Source Data file.
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Supplementary Fig. 8: effects of Kyn supplementation and the inhibition of 5-HT production. A. 

Kynurenine (Kyn) levels in feces of male Ldlr-/- IEC IDO KO mice supplemented or not with Kyn and 

fed high-fat and high-cholesterol diet (HFD+HCD) for 8 weeks (n=5 mice/group), B. correlation 

between plaque size and fecal Kyn in Ldlr-/- IEC IDO KO mice supplemented or not with Kyn during 

the 8 weeks of HFD+HCD (Spearman correlation). C. 5-hydroxytryptamine (HT) levels in the small 

intestine extracts of male Ldlr-/- mice fed NCD or HFD+HCD for 8 weeks (n=5 mice/group). D. 5-HT 

levels in blood, E. fecal IAA and indole levels, F. Kyn/Trp ratio (%) in the small intestine extracts of 

male Ldlr-/- mice treated with LP533401 or vehicle and fed HFD+HCD for 8 weeks (n=5 mice/group). 

G. Kyn/Trp ratio (%) in the plasma of male Ldlr-/- mice treated with LP533401 or vehicle and fed

HFD+HCD for 8 weeks (Ldlr-/- Vehicle n=8 mice, Ldlr-/- LP533401 n=7 mice). H. Reg3g, Reg3b mRNA

in the small intestines of male Ldlr-/ - mice treated or not with LP533401 during the 8 weeks of

HFD+HCD (Ldlr-/- Vehicle n=8 mice, Ldlr-/- LP533401 n=5 mice), I. Occludin-1 mRNA in the small

intestines of male Ldlr-/ - mice treated or not with LP533401 during the 8 weeks of HFD+HCD (n=7

mice/group). J. representative photomicrographs and lipid quantification with en-face staining in the

thoracic aorta; scale bar 2mm, K. plasma cholesterol levels in male Ldlr-/- treated with LP533401 or

vehicle and fed HFD+HCD for 8 weeks (Ldlr-/- Vehicle n=8 mice, Ldlr-/- LP533401 n=7 mice).

Individual data are presented as scattered dot plots, with the mean and s.e.m. The p values were

determined using the two-tailed Mann-Whitney test. Source data are provided as a Source Data file.
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Supplementary Fig. 9: effects of serotonin supplementation. A. blood 5-hydroxytryptamine (HT) 

levels, B. serum FITC-dextran levels, C. plasma cholesterol, D. representative images and plaque 

quantifications in the aortic sinus of male ldlr-/- fed high-cholesterol diet (HCD) supplemented or not 

with 5-hydroxytryptophan (HTP) (Ldlr-/- Vehicle n=7 mice, Ldlr-/- 5-HTP n=11 mice); scale bar 200µm. 

E-F. correlations between plaque size with serum FITC-dextran and blood 5-HT (Spearman correlation).

Individual data are presented as scattered dot plots, with the mean and s.e.m. The p values were

determined using the two-tailed Mann-Whitney test. Source data are provided as a Source Data file.
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Supplementary Fig. 10: characterization of serotonin production in the model with intestinal IDO 

deletion. A. 5- (hydroxytryptamine) HT levels in the intestines in male Ldlr-/- IEC IDO KO and 

littermate control Ldlr-/- IEC IDO mice fed high-fat and high-cholesterol diet (HFD+HCD) for 8 weeks 

(n=5 mice/group), B. correlation between plaque size and 5-HT levels in the gut (Spearman correlation). 

C. plasma cholesterol levels in male Ldlr-/- IEC IDO KO and littermate control Ldlr-/- IEC IDO mice

treated with LP5333401 or vehicle and fed HFD+HCD for 8 weeks (IEC IDO Vehicle n=11 mice, IEC

IDO KO Vehicle n=7 mice, IEC IDO LP533401 n=11 mice, IEC IDO KO LP533401 n=9 mice). D.

correlation between plaque size and blood 5-HT (Spearman correlation). Individual data are presented

as scattered dot plots, with the mean and s.e.m. The p values were determined using the two-tailed Mann-

Whitney test for A. Source data are provided as a Source Data file.
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Supplementary Fig. 11: characterization of gut microbiota in mice expressing or deficient for 

intestinal IDO. A. PCoA plot based on bacterial 16S rDNA gene relative abundance using the Bray-

Curtis dissimilarity in fecal contents of male Ldlr-/- IEC IDO KO and littermate control Ldlr-/- IEC IDO 

mice fed with either normal chow diet (NCD) or high-fat and high-cholesterol diet (HFD+HCD) for 8 

weeks (n=5 mice/group). Axes correspond to principal coordinate axis 1 (x-axis) and 2 (y-axis). Ellipses 

were drawn around the centroids of each emerging community (PERMANOVA: F = 6.4231, df = 3, P 

= 0.001) at 95% (inner) and 97% (outer) confidence intervals. B. bacterial diversity based on the 

Shannon index in the fecal samples (n=5 mice/group). C. Barplots at the family level in the fecal samples 

of male Ldlr-/- IEC IDO KO and littermate control Ldlr-/- IEC IDO mice fed either NCD or HFD+HCD 

for 8 weeks (n=5 mice/group). D. fecal acetate levels in male Ldlr-/- IEC IDO KO and littermate control 

Ldlr-/- IEC IDO mice fed with either NCD or HFD+HCD for 8 weeks (n=5 mice/group). Individual data 

are presented as scattered dot plots, with the mean and s.e.m. The p values were determined using 

Brown-Forsythe ANOVA test followed by Tukey's multiple comparison for B and D. Source data are 

provided as a Source Data file. 
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Supplementary Fig. 12: effects of antibiotics and co-housing in mice expressing or deficient for 

intestinal IDO A. lipocalin-2 (Lcn2) levels in feces of male Ldlr-/- IEC IDO KO and littermate control 

Ldlr-/- IEC IDO mice treated with antibiotics (ATB) during the 8 weeks of HFD+HCD feeding period 

(IEC IDO ATB n=11 mice, IEC IDO KO ATB n=8 mice. B. plasma cholesterol levels in male Ldlr-/- 

IEC IDO KO and littermate control Ldlr-/- IEC IDO mice either separated by the genotype or mixed (co-

housing) in the same cages from the weaning. The mice were fed HFD+HCD for 8 weeks (IEC IDO 

n=8 mice, IEC IDO KO n=7 mice, IEC IDO co-housing n=8 mice, and IEC IDO KO co-housing n=8 

mice). C. IAA levels in feces from male Ldlr-/- IEC IDO KO and littermate control Ldlr-/- IEC IDO mice 

after 8 weeks of HFD+HCD feeding period (n=5 mice/group). D. fecal AhR agonist (IAA, IAld, and 

tryptamine) levels from male Ldlr-/- IEC IDO KO and littermate control Ldlr-/- IEC IDO mice after 8 

weeks of HFD+HCD feeding period. The mice were either separated according to the genotypes, or 

mixed (co-housing), or treated with ATB (IEC IDO n=9 mice, IEC IDOKO n=7 mice, IEC IDO co-

housing n=7 mice, IEC IDO KO co-housing n=9 mice, IEC IDO ATB n=7 mice, IEC IDO KO ATB 

n=8 mice). E. Parabacteroides distasonis relative abundance (%) in feces of male Ldlr-/- IEC IDO KO 

and littermate control Ldlr-/- IEC IDO mice fed HFD+HCD for 8 weeks (IEC IDO n=4 mice, IEC 

IDOKO n=5 mice). F-G. correlation between Parabacteroides distasonis relative abundance and fecal 

IAA and plaque size (Spearman correlation). Individual data are presented as scattered dot plots, with 

the mean and s.e.m. The p values were determined using the two-tailed Mann-Whitney test for C, E, and 

two-tailed Unpaired T test for D. Source data are provided as a Source Data file. 
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Supplementary Fig. 13: characterization of the effects of aryl hydrocarbon receptor (AhR) 

agonists. A. representative pictures and quantifications of macrophages (MOMA2+ in red) 

accumulation within plaques in the aortic sinus of male Ldlr-/-mice treated with 6-Formylindolo(3,2-

b)carbazole (Ficz) or vehicle (n=8 mice/group) during the 8 weeks of high-cholesterol diet (HCD)

feeding period); scale bar 100µm. B. 5-HT and Kyn/Trp (%) in the small intestine of female Ldlr-/-mice

supplemented or not with indole derivatives (IAA, IPA, and tryptamine) (n=10 mice/group). C. flow

cytometry analysis of CD45+, CD64+, CD4+, CD8+, and CD19+ cells (count) in the lamina propria of

the small intestines of female Ldlr-/-mice supplemented or not with indole derivatives (IAA, IPA, and

tryptamine) (Ldlr-/- Vehicle n=7 mice, Ldlr-/- Indole n=6 mice). Individual data are presented as scattered

dot plots, with the mean and s.e.m. The p values were determined using the two-tailed Mann-Whitney

test. Source data are provided as a Source Data file.
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Supplementary Fig. 14: characterization of effects of indole supplementation on Th subsets by 

flow cytometry in small intestines and PPs. Representative plots and flow cytometry analysis of Th 

subset (as % of CD4+). The different T cell subsets were identified according to the T-bet, RORγt and 

FoxP3 expression in the lamina propria of small intestines (A) and Peyer’s Patches (PP) (B), of female 

Ldlr-/-mice supplemented or not with indole derivatives (IAA, IPA, and tryptamine) (n=7 mice/group). 

Individual data are presented as scattered dot plots, with the mean and s.e.m. The p values were 

determined using the two-tailed Mann-Whitney test. Source data are provided as a Source Data file. 
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Supplementary Fig. 15: characterization of effects of indole supplementation on Th subsets by 

flow cytometry in MLNs and spleens. Representative plots and flow cytometry analysis of Th subset 

(as % of CD4+). The different T cell subsets were identified according to the T-bet, RORγt and FoxP3 

expression in the lamina propria of Mesenteric Lymph Nodes (MLNs) (A), and spleens (B) of female 

Ldlr-/-mice supplemented or not with indole derivatives (IAA, IPA, and tryptamine) (n=7 mice/group). 

Individual data are presented as scattered dot plots, with the mean and s.e.m. Source data are provided 

as a Source Data file. 
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