Supplementary files [image: ]
Supplementary Figure 1. Effects of antibiotic treatment and cohousing approach on gut microbiota composition and immune response. 
A. The percentages of gut microbiota abundance at the phylum level of fecal microbiota from different groups. B. The percentages of gut microbiota abundance at the genus level of fecal microbiota from different groups. C.The count of white blood cells. D. The count of monocytes. E. The count of granulocytes. F. The count of lymphocytes. G. The percentage of monocytes. H. The percentage of granulocytes. I. The percentage of lymphocytes. Data are expressed as mean ± SEM, analyzed by two-tailed Student’s t-test or one-way ANOVA with Tukey’s post-hoc test using Prism 8.0. *P < 0.05, **P < 0.01 and ***P < 0.001.
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Supplementary Figure 2. Effects of alteration of gut microbiota by antibiotics and cohousing approach on apolipoprotein profile. A-B. The distribution of cholesterol (A) and triglycerides (B) in pooled plasma samples from the indicated groups after 12-week HCHF diet feeding (n = 6/group). C. Representative Western blots of ApoB, ApoE, and ApoA1 in eluted fractions from the indicated groups. n = 6/group.
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Supplementary Figure 3. Antibiotics and cohousing approach do not affect lipolysis and thermogenesis genes expression in adipose tissue. The LDLR−/− hamsters fed HFHC diet were given placebo or antibiotics for 12 weeks through a separate or cohousing approach (n = 6/group). A. mRNA levels of LPL, HSL, MGL, CIDEA, UCP1 and PGC1α in the BAT of LDLR-/- hamsters. B. mRNA levels of LPL, HSL, MGL, UCP1 and PGC1α in the eWAT of LDLR-/- hamsters. 
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Supplementary Figure 4. Modulation of gut microbiota by antibiotics and cohousing approach alleviate HFHC diet-induced NASH. The LDLR-/- hamsters fed a HFHC diet were given placebo or antibiotics for 12 weeks by a separate or cohousing approach (n = 6 /group). A. qPCR for total bacterial 16S rRNA gene in liver. B. Plasma LPL activities. C. VLDL secretion was analyzed in LDLR-/- hamster after intraperitoneal injection P-407 (1500 mg/kg, n = 6/group). D. The area under the curve for (C). E. The level of total cholesterol in liver. F. The level of total triglyceride in liver. Data are expressed as mean ± SEM, analyzed by two-tailed Student’s t-test or one-way ANOVA with Tukey’s post-hoc test using Prism 8.0. Data are analyzed by Prism 8.0. *P < 0.05, **P < 0.01 and ***P < 0.001.
[bookmark: _Hlk117947023][bookmark: _Hlk117947040][bookmark: _Hlk117947121][image: ] Supplementary Figure 5. Antibiotics application and cohousing approach improve hepatic metabolic profiles. The LDLR-/- hamsters fed HFHC diet were given placebo or antibiotics for 12 weeks by a separate or cohousing approach (n = 6/group). RNAs and proteins were extracted from livers and quantified by qPCR and Western blot, respectively. A. mRNA expression levels of inflammation and fibrosis genes in liver. B. mRNA expression of genes involved in lipid uptake, synthesis and transport in liver. C. mRNA expression of genes involved in fatty acid synthesis and oxidation in liver. D. Western blot showing the levels of p-AKT and AKT in liver. E. The quantitative analysis for (D). Data are expressed as mean ± SEM, analyzed by two-tailed Student’s t-test or one-way ANOVA with Tukey’s post-hoc test using Prism 8.0. *P < 0.05, **P < 0.01 and ***P < 0.001.
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Supplementary Figure 6. Effects of antibiotics application on the composition of the gut microbiota. A. LEfSe comparison of the gut microbiota between LDLR-/- hamsters in PS (green) and AS (red) group. LDA score > 6 are shown. The length of the bar represents the LDA score. B. LEfSe comparison of the gut microbiota between LDLR-/- hamsters in PM (green) and AM (red) group. LDA score > 6 are shown. The length of the bar represents the LDA score. C. Similarity percentage analysis of top 10 species and their abundances in terms of differential contribution between PS and AS groups. D. Similarity percentage analysis of top 10 species and their abundances in terms of differential contribution between PM and AM groups. E. T-test analysis of differences of the gut bacteria at the species level between PS and AS groups. F. T-test analysis of differences of the gut bacteria at the species level between PM and AM groups.
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Supplementary Figure 7. Effects of different housing on the composition of the gut microbiota. 
A. LEfSe comparison of the gut microbiota between LDLR-/- hamsters in PS (green)
and PM (red) group. LDA score > 6 are shown. The length of the bar represents the LDA score. B. LEfSe comparison of the gut microbiota between LDLR-/- hamsters in AS (green) and AM (red) group. LDA score > 6 are shown. The length of the bar represents the LDA score. C. Similarity percentage analysis of top 10 species and their abundances in terms of differential contribution between PS and PM groups. D. Similarity percentage analysis of top 10 species and their abundances in terms of differential contribution between AS and AM groups. E. T-test analysis of differences of the gut bacteria at the species level between PS and PM groups. F. T-test analysis of differences of the gut bacteria at the species level between AS and AM groups.
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[bookmark: _Hlk120221390]Supplementary Figure 8. Influence of antibiotics application and cohousing approach on SCFAs and BAs metabolic profiles. The LDLR-/- hamsters fed HFHC diet were given placebo or antibiotics for 12 weeks by a separate or cohousing approach (n = 6/group). The relative levels of SCFAs and BAs were detected by fecal and hepatic metabolomics. A. Fecal acetate content. B. Fecal propionate content. C. Fecal butyrate content. D. Fecal indole-3-lactic acid content. E. Fecal 3-phenyllactic acid content. F. BA profiles in the liver. G. BA profiles in the feces. Data are expressed as mean ± SEM, analyzed by two-tailed Student’s t-test or one-way ANOVA with Tukey’s post-hoc test using Prism 8.0. *P < 0.05, **P < 0.01 and ***P < 0.001.
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