Supplementary materials and methods

Cell culture. Caco-2 cell line was obtained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in Dulbecco's modification of Eagle's medium (DMEM, gibco, Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS, Sciencell, San Diego, CA, USA) with 1% antibiotics (penicillin/streptomycin, Sigma, Louis, MO, USA) at 37 ℃ in a humidified atmosphere containing 5% CO21. 

[bookmark: OLE_LINK630][bookmark: OLE_LINK624][bookmark: OLE_LINK255][bookmark: OLE_LINK472][bookmark: OLE_LINK473]High-throughput RNA sequencing. To screen candidates in mouse small intestines that linking HFD signals to the lipid homeostasis, mice were fed with HFD for 11 weeks, as described above. Small intestine (ileum and jejunum) samples were pooled and the total RNA was isolated to construct the RNA-seq libraries. The quality of the RNA libraries was evaluated using the Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). Library preparations were sequenced on an Illumina Hiseq platform (Illumina, San Diego, CA, USA) by Novogene Co., LTD. Fragments Per Kilobase of transcript per Million mapped reads (FPKM) were calculated for additional statistics. All reads were mapped to the mouse genome (GRCm38/mm10)2. The differentially expressed transcripts of small intestine were analyzed by either DEseq2 (with biological repeat) or edgeR (without biological repeat) package of R software, p < 0.05 and |Log2 (Fold change)| ≥ 2.5 (only for screening key genes in Figure 1) or ≥1 (for other analyses) were considered to be statistically difference. The visualization of differential gene is performed by ggplot2 package of R software. ClusterProfiler package of R language was used to analyze and visualize GO terms of the differential genes. p < 0.05 was considered as a threshold of GO enrichment analysis.

[bookmark: OLE_LINK271][bookmark: OLE_LINK3][bookmark: OLE_LINK7][bookmark: OLE_LINK6]MMP-12 activity. MMP-12 activity was determined by gelatin zymography as described before3. Firstly, Protein concentrations in the mouse jejunum, ileum and Caco-2 cells were determined using the BCA method (Beyotime Biotechnology Company, Shanghai, China). All samples (total protein concentration 10 μg/lane) were separated on 10% gelatin gels. After electrophoresis, gels were stained with 0.25% Coomassie brilliant blue R-250 and then incubated in the eluent (10% acetic acid, 20% methanol in distilled water) until bands of gelatinolytic activity were visualized.

[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK137][bookmark: OLE_LINK48][bookmark: OLE_LINK159]Synthesis of PLGA-NHS. The N-Hydroxysuccinimide PLGA (PLGA-NHS) was synthesized as described before. 100 mg of PLGA was dissolved in 5 mL of acetone in which of 10 mg of NHS and 10 mg of 1-ethyl-3- (3-dimethylaminopropyl) carbodiimide (EDC). The reaction mixture was stirred at room temperature for 24 h. The final PLGA-NHS was precipitated with methanol, and collected by centrifugation. 

[bookmark: OLE_LINK448][bookmark: OLE_LINK462][bookmark: OLE_LINK423]Synthesis of PGLA-PEG. PLGA-NHS (100 mg) was used to dissolve in DMSO in which 10 mg of PEG and 10 mg of Dicyclohexylcarbodiimide (DCC). The reaction mixture was stirred at room temperature for 24 h4. The PLGA-PEG was precipitated with methanol, and collected by centrifugation. Their molecular structures were determined by 1H NMR (AVANOE, Bruker, Rheinstetten, Germany).

[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Synthesis and characterizations of CPA NPs. CPA NPs were synthesized by two-step reactions. Firstly, the PLGA NPs were prepared using a nanoprecipitation method5. In brief, 10 mg of PLGA-PEG polymer was dissolved in 1 mL of acetone to form a primary emulsion which was further emulsified in an aqueous polyvinyl alcohol (PVA) solution (12 mL, 2% w/v) to form an oil-in-water emulsion using a probe sonicator for 30 s at 180 W over an ice bath. Then, the solution was dropped into 25 mL of deionized water and stirred for 1.5 h to allow solvent evaporation. The NPs suspension was then rinsed 3 times by centrifugation (12,000 rpm, 4 ℃, 15 min) and dispersed in water by stirring for 15 min. The PLGA NPs were used fresh or kept at -80 ℃ for various studies. Secondly, we used a stable self-assembly method to prepare CPA NPs as described previously. A fixed amount of PLGA NPs were suspended in a 0.4% (w/v) sodium tripolyphosphate solution, and slowly added dropwise to a 1% (w/v) CS solution, and continuously stirred at room temperature for 1 h. The suspension was then centrifuged at 14,000 rpm for 15 min at 4 ℃, and the supernatant was removed. It was then washed twice with deionized water, and the NPs recovered by centrifugation were resuspended in buffer for further use. CPA NPs containing GM6001 (a well-known MMP-12 inhibitor) or MMP-12 siRNA were synthesized using the above method. Furthermore, the amount of GM6001 and siRNA loaded into the NPs were analyzed by ultraviolet spectrophotometer (UV-1800 PC, Mapada instruments limited, Shanghai, China). GM6001 or siRNA entrapment efficiency is the ratio of initial drug or RNA contents to that is encapsulated by the NPs. Mean particle size and zeta potential of the prepared NPs with or without CS coating were determined using a Malvern Zetasizer (ZEN3690, Malvern instruments limited, Malvern, Worcestershire, UK). Also, nanocarrier were stained with 1% phosphotungstic acid solution and observed for size and morphology using a TEM (HT-7700, Hitachi, Tokyo, Japan) operating at 200 kV.

[bookmark: OLE_LINK995][bookmark: OLE_LINK1009][bookmark: OLE_LINK1008][bookmark: OLE_LINK1026][bookmark: OLE_LINK999][bookmark: OLE_LINK1000][bookmark: _Hlk37404331][bookmark: OLE_LINK1028][bookmark: OLE_LINK1027][bookmark: OLE_LINK1012][bookmark: OLE_LINK1013][bookmark: OLE_LINK1015][bookmark: OLE_LINK1014][bookmark: OLE_LINK186]Nanocarrier stability. To evaluate the nanocarrier stability over time under physiological conditions, CPA NPs were incubated in simulated gastric fluid and simulated intestinal fluid, respectively, and the change in the average particle size and PDI of the NPs was analyzed for 5 h. These characterizations were examined using a Malvern Zetasizer system (ZEN3690, Malvern instruments limited, Malvern, Worcestershire, UK) at room temperature.

[bookmark: OLE_LINK1029][bookmark: OLE_LINK75][bookmark: OLE_LINK425][bookmark: OLE_LINK424][bookmark: OLE_LINK916][bookmark: OLE_LINK915][bookmark: OLE_LINK997][bookmark: OLE_LINK996][bookmark: OLE_LINK1035][bookmark: OLE_LINK1034][bookmark: OLE_LINK427][bookmark: OLE_LINK426][bookmark: OLE_LINK977][bookmark: OLE_LINK976][bookmark: OLE_LINK117][bookmark: OLE_LINK1075][bookmark: OLE_LINK1067][bookmark: OLE_LINK1068][bookmark: OLE_LINK975][bookmark: OLE_LINK948][bookmark: OLE_LINK790][bookmark: OLE_LINK944][bookmark: OLE_LINK272][bookmark: OLE_LINK990][bookmark: OLE_LINK993][bookmark: OLE_LINK991][bookmark: OLE_LINK994][bookmark: OLE_LINK992][bookmark: OLE_LINK151][bookmark: OLE_LINK1038][bookmark: OLE_LINK277][bookmark: OLE_LINK1006][bookmark: OLE_LINK1007]Mechanism of cellular uptake of CPA NPs. Caco-2 cells were seeded in 22 mm confocal dishes at a density of 1×104 cells per well. Free FAM siRNA and FAM siRNA NPs (NPs: PLGA NPs and CPA NPs) were added to the cells and incubated for 4 h, respectively. Then, cells were washed to remove non-internalized particles, fixed with 4% formaldehyde and nuclei were stained with 4',6-diamidino-2-phenylindole (DAPI). The process of cellular uptake was observed with a Nikon fluorescence microscope (ECLIPSE, Ts2R-FL, Tokyo, Japan). To further identify the mechanism of cellular uptake of CPA NPs, Caco-2 cells were planted in confocal dish as described above. The cells were then pre-incubated for 2 h with serum-free medium containing endocytosis inhibitors. The doses fro these inhibitor were selected according to a previous study6. The dose of CPZ was 10 μg/mL, The dose of Filipin was 1 μg/mL, and The dose of EIPA was 10 μg/mL. Then, the culture media were removed and replaced with fresh media containing FAM siRNA/CPA NPs for 4 h. Finally, intracellular FAM fluorescence was visualized under a Nikon fluorescence microscope (ECLIPSE, Ts2R-FL, Tokyo, Japan).

[bookmark: OLE_LINK116][bookmark: OLE_LINK428]Cytotoxicity assay. The CCK-8 assay was performed following the manufacturer’s protocol to quantify the toxicity of the NPs7. The percentage of cell survival was quantified using the following equation: Cell viability (%) = (absorbance of NP-treated/control cells) × 100%.

[bookmark: OLE_LINK930][bookmark: OLE_LINK931][bookmark: OLE_LINK936][bookmark: OLE_LINK937][bookmark: OLE_LINK1001][bookmark: OLE_LINK1002][bookmark: OLE_LINK914][bookmark: OLE_LINK831][bookmark: OLE_LINK668][bookmark: OLE_LINK667][bookmark: OLE_LINK1024][bookmark: OLE_LINK1023][bookmark: OLE_LINK933][bookmark: OLE_LINK934][bookmark: OLE_LINK945]In vivo biodistribution. C57BL/6J mice were fasted overnight and then randomly divided into control and experimental groups (n=3). The control group was treated with Free Cy5, the experimental groups were treated with Cy5-labeled NPs (PLGA NPs and CPA NPs) (equal amounts of dye). Ex vivo imaging was performed at 48 h after administration. Next, the internal gastrointestinal major organs were harvested from euthanized mice and examined using an IVIS Lumina III In Vivo Imaging System (Perkin Elmer, Alameda County, California, USA) to visualize the distributions of the fluorescent vehicles of Cy5 NPs (PLGA NPs and CPA NPs). Finally, the small intestinal tissue was collected and washed thrice with cold PBS and frozen in the optimal cutting temperature (OCT) compound and sectioned at a thickness of 10 μm on a cryotome. Sections were stained with DAPI to visualize nuclei. The observation of tissue sections was performed using a Nikon fluorescence microscope (ECLIPSE, Ts2R-FL, Tokyo, Japan). 

[bookmark: OLE_LINK1072][bookmark: OLE_LINK1058][bookmark: OLE_LINK1090][bookmark: OLE_LINK1091]Metabolic cage and insulin sensitivity analyses. Body weights were recorded every week. For food intake measurement, food consumption was weighed once every 3 days for 27 consecutive days. For the metabolic cage study, mice were acclimated in metabolic cages (Harvard Apparatus, Panlab, USA) for 3 days, and then the VO2, VCO2, and energy expenditure were recorded continuously for another 3 days. The heat production was calculated and adjusted to body weight. To assess the impact of small intestine-specific MMP-12 knockdown on mouse glucose tolerance and insulin sensitivity, GTT and ITT were performed. For the GTT analysis, mice were fasted for 16 h and then injected intraperitoneal (i.p.) with glucose (1 g/kg body weight). For ITT analysis, mice were fasted for 6 h and i.p. injected with insulin (2 U/kg body weight). Blood glucose levels were measured before the injection and 15, 30, 60, 120 min after the injection with a glucose monitor (Roche Diagnostics, Indianapolis, IN, USA). Areas under curve (AUC) were calculated and statistically analyzed by Origin8 (Version 8.6, OriginLab, Northampton, MA, USA). Given that the HOMA was used to quantify HOMA-IR. HOMA-IR values were then calculated using fasted glucose and serum insulin values in the following equation: HOMA-IR = fasting glucose (mg/dL) × fasting insulin (mIU/L) /4058. 

Human subjects. Human serum and fecal samples were freshly isolated from control and hyperlipdemic persons (serum TC levels ranging from 0.78 to 2.68 mmol/L and serum TC levels ranging from 3.86 to 6.33 mmol/L). Pearson correlation analysis was performed to examine the correlation of fecal MMP-12 levels with serum TG or TC. This study was approved by the Ethics Committee at Nanjing Qixia Hospital (Permit number 20191202), all patients gave written informed consent.
 
Gene and protein analyses. The gene mRNA and protein expression are examined as described in our previous study9. Note that the gene expression levels were normalized to 36B4 (for mouse tissues) and β-actin (for human Caco-2 cells). A complete list of qPCR primers is shown in online supplementary table 12. For the protein expression analysis, antibodies against MMP-12 (Cat. No. 22989-1-AP; 1:1000 dilution), ApoB-48 (Cat. No. 20578-1-AP; 1:2000 dilution), ZO-1 (Cat. No. 21773-1-AP; 1:5000 dilution), Occludin (Cat. No. 27260-1-AP; 1:3000 dilution) and FABP4 (Cat. No. 12802-1-AP; 1:2000 dilution) were purchased from Proteintech (Chicago, IL, USA). The antibody against β-ACTIN (Cat. NO. BS6007MH; 1:1000 dilution) was purchased from Bioworld Technology (Nanjing, Jiangsu, China). 

[bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK126][bookmark: OLE_LINK179][bookmark: OLE_LINK197][bookmark: OLE_LINK111][bookmark: OLE_LINK81][bookmark: OLE_LINK173][bookmark: OLE_LINK170]Histological and immunofluorescent analyses. H&E and IHC staining were performed according to standard protocols10. The slides were brought to room temperature, and then incubated with individual primary antibodies against MMP-12, Occludin, and ZO-1 at 4 ℃ for overnight. The slides were incubated with appropriate horseradish peroxidase (HRP)-conjugated secondary antibodies at room temperature for 30 min. Finally, the slides were incubated with DAB (3,3′-diaminobenzidine) for visualization by using a microscopy (ECLIPSE, Ts2R-FL, Tokyo, Japan). To visualize lipid deposition in the liver, we performed ORO staining. To this end, liver samples were embedded in Tissue-Tek OCT Compound (Sakura Finetek, Torrance, CA, USA), sectioned at 7 μm and stained with 0.3% ORO (Sigma-Aldrich, St., Louis, MO, USA) in 60% (v/v) isopropanol for 15 min. Sections were then counterstained with hematoxylin for 5 min. For studying intestinal inflammation, intestinal sections were incubated with antibodies against F4/80 (Cat. No. GB11027; 1:1000 dilution, Servicebio, Wuhan, Hubei, China), Gr-1(Cat. No. GB11229; 1:1000 dilution, Servicebio, Wuhan, Hubei, China) and CD4 (Cat. No. GB11064; 1:1000 dilution, Servicebio, Wuhan, Hubei, China) at 4 ℃ overnight, respectively, followed by an incubation with the secondary antibody Alexa flour 555 goat anti-mouse IgG (Cat. No. 4409S; 1:200 dilution, Cell Signaling Technolog, Danvers, MA, USA) for 1 h at room temperature. The nuclei were identified with DAPI. Furthermore, small intestine goblet cell staining was carried according to the manufacturer’s instructions. The sections were scanned with a Digital slide scanner (NanoZoomer 2.0 RS, Hamamatsu, Japan) and photographed with Nikon microscopy (ECLIPSE, Ts2R-FL, Tokyo, Japan). 
[bookmark: OLE_LINK1005]
[bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK130]ICC analysis. Caco-2 cells were seeded in a confocal dish and fixed with 4% paraformaldehyde after different treatments. Then, cells were permeated with 0.3% Triton X-100 for 3 min and incubated with 5% goat serum for 30 min at room temperature. The cells were then incubated overnight at 4 ℃ with the primary antibodies against MMP-12, OCCLUDIN and ZO-1, followed by an incubation with their corresponding secondary antibodies conjugated to either Alexa Fluor 488 anti-rabbit IgG or Alexa Fluor 555 anti-rabbit IgG for 1 h at room temperature. The nuclei were identified with DAPI. The sections were photographed with a Nikon fluorescence microscopy (ECLIPSE, Ts2R-FL, Tokyo, Japan).

[bookmark: OLE_LINK662][bookmark: OLE_LINK623][bookmark: OLE_LINK1077][bookmark: OLE_LINK1078][bookmark: OLE_LINK474][bookmark: OLE_LINK1074][bookmark: OLE_LINK1076]TEM analysis. The TEM analysis was performed by Servicebio company (Wuhan, Hubei, China) according to a previous study11. Images were taken by using Hitachi HT7800 electron microscope (HT-7800, Hitachi, Tokyo, Japan).

SCFAs analysis. Quantification analysis of fecal SCFAs, including acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, and isovaleric acid, were performed on an Agilent 7890A gas chromatography equipped with an Agilent 5975C mass spectrometric detector. To this end, 100 mg of fecal samples was added to a microfuge tube containing 1 mL of 0.5% H3PO4, then homogenized for 2 min, centrifuged at 17,949 × g for 10 min. Then 800 μL of supernatant was extracted with equal amounts of ethyl acetate and allowed to vortex for 2 min. Samples were centrifuged at 17,949 × g for 10 min. The internal standard of 4-methylpentanoic acid was spiked into the supernatant, and transferred to a gas chromatograph (GC) vial. Concentrations of individual SCFAs were analyzed with a polar TG-WAS capillary column (30 mm × 0.25 mm × 0.25 μm, Thermo, Waltham, MA, USA). Helium was used as a carrier gas at a constant flow rate of 1 mL/min. The injector temperature was 280 ℃ and the ion source temperature was 280 ℃. The initial oven temperature was 80 ℃, rising to 200 ℃ at 10 ℃/min, then to 225 ℃ at 5 ℃/min, and finally to 250 ℃ at a rate of 2 ℃/min, with a final hold at this temperature for 5 min.

[bookmark: OLE_LINK1064][bookmark: OLE_LINK1063][bookmark: _Hlk25764666][bookmark: OLE_LINK1061][bookmark: OLE_LINK1062][bookmark: OLE_LINK1060]Serological analysis. Serum samples were collected in a centrifuge tube and centrifuged at 4,000 rpm for 10 min at 4 ℃. Serum levels of AST, ALT, TG, TC, low density lipoprotein cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-C), BA, BUN, creatine, and NEFAs, as well as inflammatory cytokines including MCP-1, TNF-α and IL-6 were determined by using commercial kits (Jiancheng Institute of Biotechnology, Nanjing, Jiangsu, China). Serum levels of LPS and D-Lac were measured with by ELISA assay according to instruction of the manufacturer (Jiancheng Institute of Biotechnology, Nanjing, Jiangsu, China). Serum and fecal MMP-12 levels were measured using the MMP-12 ELISA kit (Ruixin Biotech, Quanzhou, Xiamen, China).

[bookmark: OLE_LINK983][bookmark: OLE_LINK982][bookmark: OLE_LINK143][bookmark: OLE_LINK142][bookmark: OLE_LINK768][bookmark: OLE_LINK789][bookmark: OLE_LINK1057][bookmark: OLE_LINK1055][bookmark: OLE_LINK1054][bookmark: OLE_LINK1053]Fecal DNA extraction and pyrosequencing. Total DNA was extracted from fecal samples using a DNA microbiomics kit (Qiagen, Valencia, CA, USA) as recommended by the manufacturer. The extracted DNA was then used as a template to amplify the V4 regions of 16S rRNA genes using the universal primers 515F (5′-GTGCCAGCMGCCGCGGTAA-3′) and 806R (5′-GGACTACHVGGGTWTCTAAT-3′). Replicate PCRs were combined and were subsequently purified using the OMEGA Gel Extraction Kit (Omega Bio-Tek, Doraville, GA, USA). Using the Qubit 2.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA), PCR products were quantified and pooled at equimolar amounts. The completed library was sequenced using an Illumina HiSeq system with a HiSeq Rapid SBS Kit V2 (Illumina, San Diego, CA, USA). For gut microbiota pyrosequencing data, generated and demultiplexed sequences were analyzed using the QIIME software package (version 1.9.1). The sequences were clustered into OTUs using the UPARSE algorithm with a 97% threshold of pairwise identity and classified taxonomically using the Silva database and Uclust classifier in QIIME. Non-metric Multi-Dimensional Scaling (NMDS) was performed using Vegan package. Differences in microbial abundance were analyzed using one-way ANOVA followed by a Tukey’s multiple comparison post-hoc test. Weighted unifrac PCoA was performed with R package phyloseq. Functional profiles of microbial communities were predicted by using PICRUSt (Phylogenetic Investigation of Communities by Reconstruction of Unobserved States) and LEfSe analysis (threshold of two) were performed to identify the pathways that were statistically different between the groups. Differential analysis of OTUs between groups was identified using limma package of R software. p value < 0.05 was considered as a significant difference. R package Vegan and ggvegan were used for RDA sorting analysis. 

[bookmark: OLE_LINK169][bookmark: OLE_LINK139][bookmark: OLE_LINK136][bookmark: OLE_LINK150][bookmark: OLE_LINK167][bookmark: OLE_LINK152]Paracellular transport measurements. TEER of Caco-2 cells was evaluated by a Millipore Millicell®-ERS meter (Millipore, Bedford, MA, USA) as described previously12. 

Transfection and reporter gene assays. Promoter activity assays were conducted in Caco-2 cells. The human FABP4 promoter (-200 to -1 bp) was amplified from the mouse genomic DNA by using primers shown in online supplementary Table 12. The poly (A) tract of the MMP-12 binding sites were mutated and synthesized by Tsingke company (Nanjing, Jiangsu, China). All transient transfections were conducted as previously described13. 

[bookmark: OLE_LINK1052][bookmark: OLE_LINK1051][bookmark: OLE_LINK965][bookmark: OLE_LINK972][bookmark: OLE_LINK964][bookmark: OLE_LINK974][bookmark: OLE_LINK973][bookmark: OLE_LINK963][bookmark: OLE_LINK112]ChIP assay. ChIP assays were performed in Caco-2 cells with/without MMP-12 overexpression as previously described.13 For the antibody information, the anti-MMP-12 (Cat. No. ab52897, Abcam, Cambridge, MA, USA) and anti-AcH3 (Cat. No. 06-599, Millipore, Bedford, MA, USA), anti-H3K9-Me2, Cat. No. ab1220, Abcam, Cambridge, MA, USA), or normal mouse IgG (Cat. No. SC-2025, Santa Cruz, Dallas, TX, USA) in the presence of bovine serum albumin (BSA) and salmon sperm DNA. In addition, the qPCR using primers flanking the proximal binding sites for MMP-12 on the human FABP4 promoter were presented in supplementary Table 12.
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[bookmark: OLE_LINK344][bookmark: OLE_LINK345]Supplementary Fig. 1. MMP-12 responses to HFD signals in mouse small intestines. (a) Semi-quantitative analyses of eight clustered genes mRNA expression in Fig. 1c. (b, c) Quantitative analysis of MMP-12 protein expression in Fig. 1e, n=6 for each group. *p<0.05, **p<0.01 vs. ND group. (d, e) Quantitative analysis of MMP-12 enzymatic activity in Fig. 1f. *p<0.05, **p<0.01 vs. ND or control group. One-way ANOVA followed by Tukey’s multiple comparisons test. All values are presented as the mean ± SD. Jej: jejunum; Ile: ileum.
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[bookmark: OLE_LINK433][bookmark: OLE_LINK434][bookmark: OLE_LINK397][bookmark: OLE_LINK396]Supplementary Fig. 2. Biosafety analysis of CPA NPs in vivo and in vitro. (a, b) Cell viability of Caco-2 cells treated with indicated doses of CPA NPs and different materials. ND mice were treated with CPA NPs (at a dose of 40 μg/kg body weight once every 3 days) for total 27 days. (c) Body weight. (d) Food intake. (e) Serum transaminases. (f) Serum creatinine. (g) Serum BUN. All values are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. (h) Representative images of H&E staining for liver, kidney, jejunum and ileum sections (scale bars: 100 μm), n=5 for each group. N.S.: no significance; Jej: jejunum; Ile: ileum.
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[bookmark: OLE_LINK378][bookmark: OLE_LINK379][bookmark: OLE_LINK374][bookmark: _Hlk49287900][bookmark: _Hlk49287950]Supplementary Fig. 3. MMP-12-siRNA-CPA NPs improve HFD feeding-induced obesity and insulin resistance in mice. (a) Encapsulation efficiency (EE, %) of siRNA in CPA NPs. (b, c) RT-qPCR and Western blot analyses of MMP-12 expression in the mouse jejunum, ileum and colon. (d, e) T-qPCR and Western blot analyses of MMP-12 expression in the mouse liver, eWAT and sWAT. (f) Serum and fecal MMP-12 levels. (g) The levels of fasting glucose and insulin, and HOMA-IR. (h) Serum levels of HDL-C, LDL-C and NEFA levels. (i) Fecal lipid levels. (j) The AUC of GTT and ITT. n=6 for each group. *p<0.05, **p<0.01 vs. ND scra siRNA/NPs group, #p<0.05, ##p<0.01 vs. HFD MMP-12 siRNA/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. N.S.: no significance; Jej: jejunum; Ile: ileum.
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[bookmark: OLE_LINK380]Supplementary Fig. 4. MMP-12-siRNA-CPA NPs improve lipid transportation and BA reabsorption in the small intestine of HFD-fed mice. (a, b) Liver and WAT weight. (c) Quantitative analysis of cell size in eWAT (Fig. 2d). (d) Quantitative analysis of cell size in sWAT (Fig. 2d), n=6 mice per group. *p < 0.05, **p < 0.01 vs. ND scra siRNA/NPs group, #p < 0.05, ##p < 0.01 vs. HFD MMP-12 siRNA/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. N.S.: no significance.
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[bookmark: OLE_LINK381][bookmark: _Hlk49288003]Supplementary Fig. 5. MMP-12-siRNA-CPA NPs attenuate inflammation and maintain the permeability of mouse small intestines. (a, b) Quantification of chylomicron particle size in figure 4E (fasting (left), refeeding (right)). (c) Quantitative analysis of ApoB-48 protein expression in figure 4F (jejunum and ileum). (d) RT-qPCR analyses of mRNA expression of Asbt, Ibabp, Osta and Ostb in the mouse jejunum and ileum. (n=6 mice per group). *p<0.05, **p<0.01 vs. ND scra siRNA/NPs group, #p<0.05, ##p<0.01 vs. HFD MMP-12 siRNA/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. N.S.: no significance; Jej: jejunum; Ile: ileum.
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[bookmark: OLE_LINK382][bookmark: OLE_LINK383][bookmark: OLE_LINK386][bookmark: OLE_LINK393][bookmark: OLE_LINK392][bookmark: _Hlk49288136]Supplementary Fig.6. MMP-12-siRNA-CPA NPs attenuate inflammation and maintain the permeability of mouse small intestines. (a) RT-qPCR analyses of IL-1β, Il-6, Il-18 and Tnf-α expression in the jejunum and ileum. (b) Serum levels of D-Lac. (c) Representative photographs of IHC for Occludin (upper) and Zo-1 (below) (scale bars: 200 μm). (d) Western blot analyses of Occludin and Zo-1 expression in the mouse jejunum (left) and ileum (right). n=6 for each group. *p<0.05, **p<0.01 vs. ND scra siRNA/NPs group, #p<0.05, ##p<0.01 vs. HFD MMP-12 siRNA/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. N.S.: no significance; Jej: jejunum; Ile: ileum.
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Supplementary Fig.7. MMP-12-siRNA-CPA NPs maintain the permeability of Caco-2 cells. (a) Immunofluorescent analysis of OCCLUDIN (upper) and ZO-1 (below) in monolayers of Caco-2 cells (scale bars: 20 μm). (b) Western blot analyses of OCCLUDIN, ZO-1 and MMP-12 expression in Caco-2 cells, n=3 for each group. (c) The TEERs levels, n=5 for each group. *p<0.05, **p<0.01 vs. control scra siRNA/NPs group, #p<0.05, ##p<0.01 vs. FFA+ MMP-12 siRNA/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test.
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[bookmark: OLE_LINK435]Supplementary Fig.8. MMP-12-siRNA-CPA NPs alter the composition of gut microbiota and SCFAs. (a) Rarefaction analysis. (b) Shannon index. (c) PCoA plot of weighted UniFrac distance. (d) UPGMA analysis based on (c). (e, f) Relative abundance of top 10 abundant bacterial phyla in indicated groups or in indicated individuals. (g) Cladogram generated from linear discriminant analysis effect size analysis. (h) Linear discriminant analysis scores of differentially abundant taxa shown in (g). (i) Serum LPS levels. (j) RDA comparing OTUs between groups. n=5 for each group. *p<0.05, **p<0.01 vs. HFD scra siRNA/NPs group, #p<0.05, ##p<0.01 vs. HFD MMP-12 siRNA/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test.
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[bookmark: _Hlk49288196]Supplementary Fig.9. GM6001-CPA NPs modestly affects the HFD feeding-induced obesity and insulin resistance in mice. (a) EE (%) of GM6001 in CPA NPs. ND and HFD mice were treated with either GM6001/NPs or NPs every 3 days for total 27 days through intragastric administration. (b) Zymographic analysis of MMP-12 enzymatic activity in small intestine of HFD-fed mice. (c) Body weight evolution. (d) Food intake. (e Fasting glucose levels. (f) GTT analyses. (g) Morphologic photos of mice (upper) and mouse livers (below). (h, i) Liver and eWAT weight. (j) The mouse liver and eWAT were stained with H&E to illustrate histological structure. (k) Quantitative analysis of cell size in eWAT. (l) Serum transaminases. (m) Serum TG and TC contents. n=6 for each group. *p<0.05, **p<0.01 vs. ND NPs group, #p<0.05, ##p<0.01 vs. HFD GM6001/NPs group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. N.S.: no significance; Jej: jejunum; Ile: ileum.
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[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: _GoBack]Supplementary Fig. 10. FABP4 serves as an effector of MMP-12 in the small intestine of HFD-fed mice. (a, b) Western blot analysis of Fabp4 protein expression levels in the mouse jejunum, ileum, *p<0.05, **p<0.01 vs. ND group, #p<0.05, ##p<0.01 vs. HFD scra siRNA/NPs group. (c, d) Western blot analysis of Fabp4 protein expression levels in Caco-2 cells, *p<0.05, **p<0.01 vs. Control group, #p<0.05, ##p<0.01 vs. FFA scra siRNA group. (e, f) RT-qPCR and Western blot analyses of FABP4 expression in Caco-2 cells transfected with MMP-12 overexpression plasmids for 36 h, *p<0.05, **p<0.01 vs. Vehicle group. (g) Western blot analyses of OCCLUDIN, ZO-1 and MMP-12 expression in Caco-2 cells, *p<0.05, **p<0.01 vs. FFA+ scra siRNA group, #p<0.05, ##p<0.01 vs. FFA + MMP-12 OE + Fabp4 siRNA group. All data are presented as the mean ± SD. One-way ANOVA followed by Tukey’s multiple comparisons test. N.S.: no significance; Jej: jejunum; Ile: ileum.
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Supplementary Table 1. FPKM value of genes clustered from jejunum and ileum RNA sequencing.
	FPKM value of genes clustered from jejunum and ileum RNA sequencing.

	Tracking_ID
	Gene
name
	FPKM value
	jejunum (HFD vs. ND)
	ileum (HFD vs. ND)

	
	
	HFD_ ileum
	ND_ jejunum
	HFD_ ileum
	ND_ jejunum
	｜Log2 (Fold change)｜≥ 2.5
	｜Log2 (Fold change)｜≥ 2.5

	ENSMUSG00000032315
	Cyp1a1
	0.037457
	32.67208
	0
	1.059777
	-9.67415
	-9.1297

	ENSMUSG00000052229
	Gpr17
	0.552614
	5.687469
	0.196343
	3.726166
	-3.34998
	-4.22968

	ENSMUSG00000054417
	Cyp3a44
	0.13302
	1.084469
	0.679842
	11.90426
	-2.98676
	-4.11525

	ENSMUSG00000066072
	Cyp4a10
	8.216866
	0.091716
	1.320717
	0
	6.450193
	9.054799

	ENSMUSG00000021609
	Slc6a3
	3.458649
	0.209885
	0.828661
	0
	4.041452
	9.094802

	ENSMUSG00000058743
	Kcnj14
	0.422647
	0.017798
	1.718246
	0.11707
	4.411501
	3.8629

	ENSMUSG00000059201
	Lep
	13.80401
	1.960827
	69.9933
	4.497935
	2.824998
	3.96896

	ENSMUSG00000049723
	Mmp12
	0.31735
	0.040092
	0.672188
	0.012558
	2.968268
	5.671823



[bookmark: OLE_LINK1]Supplementary Table 2. Relative mRNA expression levels of genes clustered from jejunum and ileum RNA sequencing.
	Gene name
	Relative mRNA expression
	Relative mRNA expression

	
	ND_ jejunum
	HFD_ jejunum
	ND_ ileum
	HFD_ ileum

	Cyp1a1
	1.020242008
	0.017565779
	0.880810671
	0.003300508

	
	0.925889165
	0.010590477
	0.86868429
	0.01602984

	
	0.992343436
	0.002722054
	1.076914603
	0.013762667

	
	1.078414208
	0.017444444
	1.178460867
	0.00737523

	
	0.882037201
	0.016276242
	0.918214966
	0.00558938

	
	1.101073983
	0.069295785
	1.076914603
	0.013202032

	Gpr17
	1.015554258
	0.061310047
	0.811314696
	0.288838213

	
	1.008539312
	0.05084562
	0.85757427
	0.271370072

	
	0.954136328
	0.059221602
	1.212793164
	0.353145233

	
	1.036893212
	0.054494987
	1.01278892
	0.309569132

	
	1.088444103
	0.054874029
	0.958156702
	0.251448269

	
	0.896432786
	0.05840628
	1.147372247
	0.263949443

	Cyp4a10
	2.538344031
	15.07292618
	0.78941159
	20.37671532

	
	1.089667225
	14.16135704
	0.721389138
	23.73344472

	
	1.002698324
	16.95792349
	1.514508428
	22.60938126

	
	0.464544148
	12.15845169
	0.888134207
	23.56950584

	
	0.474305208
	12.15845169
	1.147782757
	19.27754735

	
	0.430441062
	10.36672014
	0.93877388
	20.80487343

	Lep
	0.994257346
	2.871274418
	1.318951583
	6.677886654

	
	1.126378125
	2.931605997
	0.932639609
	6.40585706

	
	1.549380213
	3.034988859
	1.196973827
	5.935590678

	
	1.934138652
	2.931605997
	0.823243777
	6.102462845

	
	0.295594477
	2.623860866
	1.006531
	6.060310056

	
	0.100251187
	2.448148753
	0.721660205
	4.110721424

	Kcnj14
	0.864082376
	5.386099048
	1.510744932
	4.42372009

	
	0.978904999
	2.427112129
	1.380566232
	3.798053169

	
	0.811825049
	2.28032706
	0.798442324
	5.224380962

	
	0.939028442
	14.41242066
	0.803995929
	4.243515956

	
	1.536066591
	5.934970095
	0.729641707
	1.711498588

	
	0.870092544
	13.07954782
	0.776608876
	7.337355071

	Slc6a3
	0.97696538
	5.264802254
	0.662019934
	15.83392002

	
	0.990603309
	6.132092011
	0.662019934
	21.78021913

	
	0.9178812
	3.880867949
	0.699767014
	17.81408606

	
	1.061702338
	5.085463762
	0.704634278
	12.16737935

	
	1.069087062
	3.546459186
	1.075454556
	16.0549533

	
	0.983760712
	4.276348247
	2.196104284
	17.69103518

	Cyp3a44
	0.951294979
	0.215829604
	0.897385499
	0.337696651

	
	0.984842324
	0.1958695
	0.897385499
	0.354485808

	
	0.925281768
	0.223440819
	1.120233733
	0.364451761

	
	1.033805419
	0.202776823
	1.120233733
	0.366986723

	
	1.085202796
	0.178991709
	0.955150367
	0.280058433

	
	1.019572714
	0.187890583
	1.00961117
	0.372109667

	Mmp12
	1.476701955
	3.121801213
	1.011866544
	5.684443131

	
	1.126914979
	3.299800201
	0.761554412
	8.616004625

	
	1.233175963
	3.322752127
	1.289685257
	6.43981402

	
	1.321685272
	2.912743525
	1.047549941
	7.765178154

	
	0.189777212
	2.553327639
	0.911945191
	5.30377298

	
	0.65174462
	3.100237357
	0.977398655
	6.43981402



Supplementary Table 3. Physical Stability of CS@PLGA NPs in simulated intestinal fluids.
	Time (h)
	In SIF Particle Size (nm)
	PDI

	0.5
	1090.67±134
	0.24±0.01

	1
	1749.50±449
	0.53±0.21

	2
	3511.00±751
	0.18±0.14




Supplementary Table 4. Normalized abundance of OTUs filtered by microflora differential analysis.
	Groups
	OTU_1
	OTU_2
	OTU_26
	OTU_30
	OTU_89
	OTU_125
	OTU_129
	OTU_144
	OTU_153
	OTU_160
	OTU_367
	OTU_573
	OTU_1252
	OTU_1513

	ND scra siRNA/NPs-1
	266
	24336
	2
	398
	0
	0
	22
	0
	18
	0
	0
	0
	547
	206

	ND scra siRNA/NPs-2
	289
	23719
	3
	213
	0
	0
	17
	0
	11
	0
	0
	0
	812
	126

	ND scra siRNA/NPs-3
	261
	24558
	0
	520
	0
	0
	57
	0
	22
	0
	0
	0
	1071
	294

	ND scra siRNA/NPs-4
	227
	25741
	1
	404
	0
	0
	24
	0
	63
	0
	0
	0
	607
	135

	ND scra siRNA/NPs-5
	353
	16461
	5
	110
	0
	0
	20
	0
	10
	0
	0
	0
	271
	88

	HFD scra siRNA/NPs-1
	29014
	385
	614
	26
	27
	4
	0
	29
	10
	2
	13
	24
	125
	19

	HFD scra siRNA/NPs-2
	25692
	313
	938
	20
	17
	0
	2
	13
	10
	2
	0
	3
	113
	22

	HFD scra siRNA/NPs-3
	21979
	428
	236
	21
	32
	27
	2
	118
	8
	11
	5
	7
	127
	18

	HFD scra siRNA/NPs-4
	24715
	303
	167
	41
	27
	11
	0
	60
	11
	22
	1
	18
	88
	47

	HFD scra siRNA/NPs-5
	32151
	148
	142
	37
	14
	2
	0
	12
	16
	5
	13
	11
	58
	28

	HFD MMP-12 siRNA/NPs-1
	37130
	127
	108
	77
	4
	12
	0
	22
	4
	16
	7
	18
	48
	32

	HFD MMP-12 siRNA/NPs-2
	32349
	149
	104
	23
	1
	34
	5
	7
	6
	5
	12
	9
	47
	33

	HFD MMP-12 siRNA/NPs-3
	34751
	91
	77
	21
	7
	12
	3
	15
	2
	15
	20
	60
	34
	24

	HFD MMP-12 siRNA/NPs-4
	31433
	152
	117
	88
	9
	64
	2
	9
	9
	11
	19
	13
	55
	123

	HFD MMP-12 siRNA/NPs-5
	35892
	104
	95
	121
	20
	7
	3
	12
	2
	15
	9
	29
	29
	66




Supplementary Table 5. The concentrations of fecal SCFAs.
	Groups
	Acetic acid
	Propionic acid
	Isobutyric acid
	Butyric acid
	Isovaleric acid
	valeric acid

	ND scra siRNA/NPs-1
	1193.065035
	689.1703331
	117.9477827
	1604.685904
	65.18956629
	176.4139149

	ND scra siRNA/NPs-2
	1638.348796
	856.2300931
	103.9783727
	1764.6827
	72.90064414
	203.8201156

	ND scra siRNA/NPs-3
	1356.95421
	876.1307061
	146.5444561
	1652.032902
	89.79758363
	200.2986242

	ND scra siRNA/NPs-4
	1237.852309
	835.2282223
	100.3106517
	1727.808083
	74.25871489
	189.2546766

	ND scra siRNA/NPs-5
	1241.365067
	789.3836904
	128.2825381
	1667.209127
	78.16844863
	187.5008362

	HFD scra siRNA/NPs-1
	791.69
	313.17
	140.28
	601.7
	88.59
	165.09

	HFD scra siRNA/NPs-2
	769.95
	319.19
	133.48
	617.34
	88.62
	183.71

	HFD scra siRNA/NPs-3
	751.36
	303.02
	123.75
	590.5
	88.94
	160.37

	HFD scra siRNA/NPs-4
	803.82
	289.37
	132.18
	595.73
	94.16
	164.64

	HFD scra siRNA/NPs-5
	805.13
	281.57
	164.25
	621.83
	88.91
	165.36

	HFD MMP-12 siRNA/NPs-1
	1004.609048
	617.1088823
	243.3958982
	1176.730263
	172.889413
	315.7297329

	HFD MMP-12 siRNA/NPs-2
	1035.131552
	640.9328685
	284.5933523
	1272.253433
	198.1552599
	373.9120886

	HFD MMP-12 siRNA/NPs-3
	933.1862791
	492.1807443
	178.5892644
	846.0286316
	121.8447203
	198.9595181

	HFD MMP-12 siRNA/NPs-4
	1032.347691
	518.8317327
	244.8002291
	1056.616971
	153.475133
	304.227048

	HFD MMP-12 siRNA/NPs-5
	976.2116554
	555.0684006
	254.705942
	1380.700712
	166.4242744
	328.2877194





Supplementary Table 6. Spearman correlation coefficients between OTUs and SCFAs.
	
	Acetic acid
	Propionic acid
	Isobutyric acid
	Butyric acid
	Isovaleric acid
	Valeric acid

	OTU_1
	-0.442857143
	-0.478571429
	0.835714286
	-0.407142857
	0.767857143
	0.389285714

	OTU_2
	0.467857143
	0.546428571
	-0.796428571
	0.442857143
	-0.753571429
	-0.314285714

	OTU_26
	-0.889285714
	-0.864285714
	0.235714286
	-0.885714286
	0.25
	-0.421428571

	OTU_30
	0.806077176
	0.745308609
	-0.302055527
	0.795353311
	-0.3306525
	0.282395108

	OTU_89
	-0.926465787
	-0.888242248
	0.265744607
	-0.900983428
	0.347652191
	-0.435020281

	OTU_125
	-0.422742416
	-0.470739372
	0.649804937
	-0.533504621
	0.793795803
	0.2159863

	OTU_129
	0.776542139
	0.857997608
	-0.338492727
	0.807314205
	-0.362024307
	0.313151026

	OTU_144
	-0.902803596
	-0.839097697
	0.247542922
	-0.911904439
	0.418638764
	-0.41135809

	OTU_153
	0.377025217
	0.290848025
	-0.662487167
	0.32495983
	-0.703780406
	-0.402160232

	OTU_160
	-0.604159467
	-0.646140337
	0.58043115
	-0.637014061
	0.772082945
	0.069359697

	OTU_367
	-0.448586931
	-0.57411743
	0.714416223
	-0.507660107
	0.611038165
	0.143990867

	OTU_573
	-0.604295956
	-0.635238821
	0.662541349
	-0.593374944
	0.655260675
	0.089188259

	OTU_1252
	0.457142857
	0.503571429
	-0.817857143
	0.414285714
	-0.789285714
	-0.367857143

	OTU_1513
	0.871428571
	0.785714286
	-0.239285714
	0.814285714
	-0.267857143
	0.371428571






Supplementary Table 7. P value of Spearman correlation analysis between OTUs and SCFAs.
	
	Acetic acid
	Propionic acid
	Isobutyric acid
	Butyric acid
	Isovaleric acid
	Valeric acid

	OTU_1
	0.158782721
	0.129891041
	0.000731128
	0.187950233
	0.002902654
	0.208639388

	OTU_2
	0.137602905
	0.07013332
	0.00181616
	0.158782721
	0.003956679
	0.302578923

	OTU_26
	0.000134398
	0.000302715
	0.417588093
	0.000134398
	0.402377773
	0.179759077

	OTU_30
	0.001493618
	0.004612269
	0.319522555
	0.00181616
	0.282499197
	0.349432691

	OTU_89
	5.92E-05
	0.000134398
	0.374038086
	9.62E-05
	0.259879652
	0.166589224

	OTU_125
	0.179759077
	0.136830096
	0.022938528
	0.079206526
	0.00181616
	0.45571855

	OTU_129
	0.002528238
	0.000359953
	0.272276543
	0.001493618
	0.238872792
	0.302578923

	OTU_144
	9.62E-05
	0.000702716
	0.402474099
	9.25E-05
	0.180609721
	0.184904411

	OTU_153
	0.224850958
	0.33708904
	0.019935162
	0.288870881
	0.010231789
	0.192180274

	OTU_160
	0.037718646
	0.023561012
	0.048917057
	0.026253045
	0.002717856
	0.805977128

	OTU_367
	0.157098875
	0.051652242
	0.008608835
	0.101906729
	0.036219873
	0.623513972

	OTU_573
	0.037718646
	0.026253045
	0.019935162
	0.042456141
	0.021704926
	0.760995179

	OTU_1252
	0.148591074
	0.103888432
	0.001260882
	0.183791178
	0.001962772
	0.232761568

	OTU_1513
	0.000243983
	0.002065819
	0.415086863
	0.001316195
	0.374038086
	0.230466329






Supplementary Table 8. Spearman correlation coefficients between genes and OTUs.
	
	OTU_1
	OTU_2
	OTU_26
	OTU_30
	OTU_89
	OTU_125
	OTU_129
	OTU_144
	OTU_153
	OTU_160
	OTU_367
	OTU_573
	OTU_1252
	OTU_1513

	Fabp4
	-1
	0.8857143
	0.7714286
	-0.550782
	0.9428571
	-0.115954
	0.1234427
	0.3142857
	0.579771
	-0.735612
	-0.6
	-0.657143
	0.8857143
	-0.771429

	Lpl
	-0.942857
	0.7714286
	0.8857143
	-0.637748
	0.8285714
	-0.347863
	0.1234427
	0.0857143
	0.7247138
	-0.85331
	-0.657143
	-0.714286
	0.7714286
	-0.657143

	Hp
	-0.771429
	0.9428571
	0.7142857
	-0.289886
	0.8285714
	-0.20292
	-0.46291
	0.7142857
	0.5217939
	-0.529641
	-0.714286
	-0.485714
	0.9428571
	-0.828571

	Lep
	-0.828571
	0.8857143
	0.7714286
	-0.463817
	0.7714286
	-0.260897
	-0.308607
	0.5428571
	0.5217939
	-0.529641
	-0.885714
	-0.714286
	0.8857143
	-0.771429

	Plin4
	-0.542857
	0.6571429
	0.7714286
	-0.492805
	0.6
	-0.753702
	-0.493771
	0.5428571
	0.6377481
	-0.676763
	-0.6
	-0.2
	0.6571429
	-0.771429

	Abca12
	-0.771429
	0.7714286
	0.6571429
	-0.666737
	0.7142857
	-0.40584
	-0.185164
	0.6571429
	0.3478626
	-0.441367
	-0.828571
	-0.542857
	0.7714286
	-0.885714

	Npr3
	-0.714286
	0.8285714
	0.9428571
	-0.231908
	0.7714286
	-0.463817
	-0.46291
	0.2571429
	0.9276337
	-0.912159
	-0.542857
	-0.428571
	0.8285714
	-0.6

	Sncg
	-0.942857
	0.7714286
	0.6571429
	-0.753702
	0.8857143
	-0.260897
	0.2468854
	0.4285714
	0.4058397
	-0.647339
	-0.542857
	-0.485714
	0.7714286
	-0.885714

	Sod3
	-0.542857
	0.6571429
	0.7714286
	-0.492805
	0.6
	-0.753702
	-0.493771
	0.5428571
	0.6377481
	-0.676763
	-0.6
	-0.2
	0.6571429
	-0.771429

	Nnmt
	-1
	0.8857143
	0.7714286
	-0.550782
	0.9428571
	-0.115954
	0.1234427
	0.3142857
	0.579771
	-0.735612
	-0.6
	-0.657143
	0.8857143
	-0.771429

	Lbp
	-0.942857
	0.9428571
	0.8285714
	-0.40584
	0.8857143
	-0.115954
	-0.154303
	0.3714286
	0.6377481
	-0.676763
	-0.771429
	-0.771429
	0.9428571
	-0.714286

	Prkar2b
	-0.828571
	0.8857143
	0.7714286
	-0.463817
	0.7714286
	-0.260897
	-0.308607
	0.5428571
	0.5217939
	-0.529641
	-0.885714
	-0.714286
	0.8857143
	-0.771429

	Serpinf1
	-0.714286
	0.8285714
	0.6
	-0.492805
	0.7714286
	-0.347863
	-0.339467
	0.8285714
	0.3478626
	-0.441367
	-0.657143
	-0.314286
	0.8285714
	-0.942857

	Slc37a2
	-0.942857
	0.7714286
	0.8857143
	-0.637748
	0.8285714
	-0.347863
	0.1234427
	0.0857143
	0.7247138
	-0.85331
	-0.657143
	-0.714286
	0.7714286
	-0.657143

	Slc7a10
	-0.771429
	0.9428571
	0.7142857
	-0.289886
	0.8285714
	-0.20292
	-0.46291
	0.7142857
	0.5217939
	-0.529641
	-0.714286
	-0.485714
	0.9428571
	-0.828571

	Steap4
	-0.771429
	0.7714286
	0.8857143
	-0.550782
	0.6571429
	-0.492805
	-0.308607
	0.3142857
	0.6667367
	-0.647339
	-0.942857
	-0.771429
	0.7714286
	-0.657143

	Lrg1
	-0.771429
	0.9428571
	0.8285714
	-0.144943
	0.8857143
	-0.231908
	-0.46291
	0.4857143
	0.7826909
	-0.794461
	-0.485714
	-0.371429
	0.9428571
	-0.714286

	Apol6
	-0.885714
	0.6571429
	0.7714286
	-0.840668
	0.7714286
	-0.492805
	0.2468854
	0.2
	0.5507825
	-0.765037
	-0.6
	-0.542857
	0.6571429
	-0.771429

	Lctl
	-0.942857
	0.7714286
	0.6571429
	-0.753702
	0.8857143
	-0.260897
	0.2468854
	0.4285714
	0.4058397
	-0.647339
	-0.542857
	-0.485714
	0.7714286
	-0.885714

	Dram1
	-0.714286
	0.8285714
	0.6
	-0.492805
	0.7714286
	-0.347863
	-0.339467
	0.8285714
	0.3478626
	-0.441367
	-0.657143
	-0.314286
	0.8285714
	-0.942857

	Pltp
	-0.771429
	0.9428571
	0.8285714
	-0.144943
	0.8857143
	-0.231908
	-0.46291
	0.4857143
	0.7826909
	-0.794461
	-0.485714
	-0.371429
	0.9428571
	-0.714286

	Nrg1
	-0.771429
	0.7714286
	1
	-0.40584
	0.7142857
	-0.521794
	-0.308607
	0.0857143
	0.9276337
	-0.912159
	-0.714286
	-0.657143
	0.7714286
	-0.542857

	Zbtb16
	-0.771429
	0.6
	0.8285714
	-0.753702
	0.7142857
	-0.666737
	0.092582
	0.1428571
	0.6957252
	-0.882735
	-0.485714
	-0.371429
	0.6
	-0.714286

	Mest
	-0.657143
	0.5428571
	0.7714286
	-0.811679
	0.6
	-0.811679
	-0.061721
	0.3142857
	0.579771
	-0.735612
	-0.6
	-0.314286
	0.5428571
	-0.771429

	Atp6v0d2
	-0.657143
	0.5428571
	0.7714286
	-0.811679
	0.6
	-0.811679
	-0.061721
	0.3142857
	0.579771
	-0.735612
	-0.6
	-0.314286
	0.5428571
	-0.771429

	Fam20c
	-0.714286
	0.6571429
	0.7714286
	-0.753702
	0.6
	-0.637748
	-0.185164
	0.4285714
	0.4928054
	-0.559065
	-0.885714
	-0.6
	0.6571429
	-0.771429

	Paqr9
	-0.771429
	0.7714286
	0.6571429
	-0.492805
	0.8857143
	-0.376851
	-0.061721
	0.5428571
	0.5507825
	-0.765037
	-0.257143
	-0.085714
	0.7714286
	-0.885714

	Tenm4
	-0.771429
	0.7714286
	0.6571429
	-0.666737
	0.7142857
	-0.40584
	-0.185164
	0.6571429
	0.3478626
	-0.441367
	-0.828571
	-0.542857
	0.7714286
	-0.885714

	Tph2
	-0.885714
	0.6571429
	0.7714286
	-0.840668
	0.7714286
	-0.492805
	0.2468854
	0.2
	0.5507825
	-0.765037
	-0.6
	-0.542857
	0.6571429
	-0.771429

	Serpine1
	-0.828571
	0.8857143
	0.7714286
	-0.289886
	0.9428571
	-0.231908
	-0.185164
	0.4285714
	0.7247138
	-0.85331
	-0.314286
	-0.257143
	0.8857143
	-0.771429

	Trem2
	-0.714286
	0.8285714
	0.9428571
	-0.231908
	0.7714286
	-0.463817
	-0.46291
	0.2571429
	0.9276337
	-0.912159
	-0.542857
	-0.428571
	0.8285714
	-0.6

	Hmox1
	-0.771429
	0.9428571
	0.7142857
	-0.289886
	0.8285714
	-0.20292
	-0.46291
	0.7142857
	0.5217939
	-0.529641
	-0.714286
	-0.485714
	0.9428571
	-0.828571

	Cd300lb
	-0.942857
	0.9428571
	0.8285714
	-0.40584
	0.8857143
	-0.115954
	-0.154303
	0.3714286
	0.6377481
	-0.676763
	-0.771429
	-0.771429
	0.9428571
	-0.714286

	Kcnj14
	-0.942857
	0.9428571
	0.8285714
	-0.40584
	0.8857143
	-0.115954
	-0.154303
	0.3714286
	0.6377481
	-0.676763
	-0.771429
	-0.771429
	0.9428571
	-0.714286

	Palmd
	-0.771429
	0.7714286
	0.6571429
	-0.492805
	0.8857143
	-0.376851
	-0.061721
	0.5428571
	0.5507825
	-0.765037
	-0.257143
	-0.085714
	0.7714286
	-0.885714

	Tmem182
	-0.714286
	0.6571429
	0.7714286
	-0.753702
	0.6
	-0.637748
	-0.185164
	0.4285714
	0.4928054
	-0.559065
	-0.885714
	-0.6
	0.6571429
	-0.771429

	Inhbb
	-0.771429
	0.7714286
	0.6571429
	-0.666737
	0.7142857
	-0.40584
	-0.185164
	0.6571429
	0.3478626
	-0.441367
	-0.828571
	-0.542857
	0.7714286
	-0.885714

	Sfrp5
	-0.657143
	0.5428571
	0.7714286
	-0.811679
	0.6
	-0.811679
	-0.061721
	0.3142857
	0.579771
	-0.735612
	-0.6
	-0.314286
	0.5428571
	-0.771429

	Timp1
	-0.6
	0.7714286
	0.6571429
	-0.40584
	0.7142857
	-0.521794
	-0.493771
	0.7714286
	0.4928054
	-0.559065
	-0.542857
	-0.142857
	0.7714286
	-0.885714

	Slc6a13
	-0.771429
	0.9428571
	0.7142857
	-0.289886
	0.8285714
	-0.20292
	-0.46291
	0.7142857
	0.5217939
	-0.529641
	-0.714286
	-0.485714
	0.9428571
	-0.828571

	Igfals
	-0.771429
	0.7714286
	0.5428571
	-0.637748
	0.8285714
	-0.347863
	-0.061721
	0.7714286
	0.2898855
	-0.500216
	-0.485714
	-0.2
	0.7714286
	-1

	Prr32
	-0.657143
	0.7142857
	0.9428571
	-0.463817
	0.6
	-0.666737
	-0.46291
	0.2571429
	0.8116794
	-0.765037
	-0.828571
	-0.6
	0.7142857
	-0.6

	Clec10a
	-0.6
	0.7714286
	0.8857143
	-0.289886
	0.6571429
	-0.60876
	-0.617213
	0.4285714
	0.8116794
	-0.765037
	-0.657143
	-0.371429
	0.7714286
	-0.657143

	Ccl7
	-0.6
	0.7714286
	0.6571429
	-0.40584
	0.7142857
	-0.521794
	-0.493771
	0.7714286
	0.4928054
	-0.559065
	-0.542857
	-0.142857
	0.7714286
	-0.885714

	Clps
	0.6571429
	-0.885714
	-0.771429
	0.2029199
	-0.771429
	0.3768512
	0.6172134
	-0.657143
	-0.666737
	0.6473389
	0.6
	0.3142857
	-0.885714
	0.7714286

	Capn13
	0.7142857
	-0.657143
	-0.771429
	0.7537023
	-0.6
	0.6377481
	0.185164
	-0.428571
	-0.492805
	0.5590654
	0.8857143
	0.6
	-0.657143
	0.7714286

	Hhip
	0.5428571
	-0.657143
	-0.771429
	0.4928054
	-0.6
	0.7537023
	0.4937707
	-0.542857
	-0.637748
	0.6767634
	0.6
	0.2
	-0.657143
	0.7714286

	Rbp7
	0.6571429
	-0.542857
	-0.771429
	0.8116794
	-0.6
	0.8116794
	0.0617213
	-0.314286
	-0.579771
	0.7356124
	0.6
	0.3142857
	-0.542857
	0.7714286

	A4gnt
	0.7247138
	-0.753702
	-0.579771
	0.6029412
	-0.811679
	0.4411765
	0.1409005
	-0.753702
	-0.367647
	0.5672274
	0.4348283
	0.1159542
	-0.753702
	0.9856108



Supplementary Table 9. P value of Spearman correlation analysis between genes and OTUs.
	
	OTU_1
	OTU_2
	OTU_26
	OTU_30
	OTU_89
	OTU_125
	OTU_129
	OTU_144
	OTU_153
	OTU_160
	OTU_367
	OTU_573
	OTU_1252
	OTU_1513

	Fabp4
	0
	0.1503256
	0.2060747
	0.3805261
	0.0845128
	0.84282
	0.8390145
	0.6159208
	0.3592179
	0.2467532
	0.3333832
	0.2887763
	0.1503256
	0.2060747

	Lpl
	0.0845128
	0.2060747
	0.1503256
	0.3067875
	0.2060747
	0.5814732
	0.8390145
	0.8807305
	0.2467532
	0.2060747
	0.2887763
	0.2467532
	0.2060747
	0.2887763

	Hp
	0.2060747
	0.0845128
	0.2467532
	0.6419179
	0.2060747
	0.7464359
	0.4504426
	0.2467532
	0.4004119
	0.3957951
	0.2467532
	0.4279013
	0.0845128
	0.2060747

	Lep
	0.2060747
	0.1503256
	0.2060747
	0.4504426
	0.2060747
	0.6813907
	0.6205326
	0.3805261
	0.4004119
	0.3957951
	0.1503256
	0.2467532
	0.1503256
	0.2060747

	Plin4
	0.3805261
	0.2887763
	0.2060747
	0.4270951
	0.3333832
	0.2212238
	0.4270951
	0.3805261
	0.3067875
	0.2887763
	0.3333832
	0.7464359
	0.2887763
	0.2060747

	Abca12
	0.2060747
	0.2060747
	0.2887763
	0.2887763
	0.2467532
	0.5128846
	0.7609232
	0.2887763
	0.5814732
	0.4780302
	0.2060747
	0.3805261
	0.2060747
	0.1503256

	Npr3
	0.2467532
	0.2060747
	0.0845128
	0.7101325
	0.2060747
	0.4504426
	0.4504426
	0.6813907
	0.1252088
	0.1503256
	0.3805261
	0.4883303
	0.2060747
	0.3333832

	Sncg
	0.0845128
	0.2060747
	0.2887763
	0.2212238
	0.1503256
	0.6813907
	0.6927362
	0.4883303
	0.5128846
	0.3011533
	0.3805261
	0.4279013
	0.2060747
	0.1503256

	Sod3
	0.3805261
	0.2887763
	0.2060747
	0.4270951
	0.3333832
	0.2212238
	0.4270951
	0.3805261
	0.3067875
	0.2887763
	0.3333832
	0.7464359
	0.2887763
	0.2060747

	Nnmt
	0
	0.1503256
	0.2060747
	0.3805261
	0.0845128
	0.84282
	0.8390145
	0.6159208
	0.3592179
	0.2467532
	0.3333832
	0.2887763
	0.1503256
	0.2060747

	Lbp
	0.0845128
	0.0845128
	0.2060747
	0.5128846
	0.1503256
	0.84282
	0.8043866
	0.5560138
	0.3067875
	0.2887763
	0.2060747
	0.2060747
	0.0845128
	0.2467532

	Prkar2b
	0.2060747
	0.1503256
	0.2060747
	0.4504426
	0.2060747
	0.6813907
	0.6205326
	0.3805261
	0.4004119
	0.3957951
	0.1503256
	0.2467532
	0.1503256
	0.2060747

	Serpinf1
	0.2467532
	0.2060747
	0.3333832
	0.4270951
	0.2060747
	0.5814732
	0.5923961
	0.2060747
	0.5814732
	0.4780302
	0.2887763
	0.6159208
	0.2060747
	0.0845128

	Slc37a2
	0.0845128
	0.2060747
	0.1503256
	0.3067875
	0.2060747
	0.5814732
	0.8390145
	0.8807305
	0.2467532
	0.2060747
	0.2887763
	0.2467532
	0.2060747
	0.2887763

	Slc7a10
	0.2060747
	0.0845128
	0.2467532
	0.6419179
	0.2060747
	0.7464359
	0.4504426
	0.2467532
	0.4004119
	0.3957951
	0.2467532
	0.4279013
	0.0845128
	0.2060747

	Steap4
	0.2060747
	0.2060747
	0.1503256
	0.3805261
	0.2887763
	0.4270951
	0.6205326
	0.6159208
	0.2887763
	0.3011533
	0.0845128
	0.2060747
	0.2060747
	0.2887763

	Lrg1
	0.2060747
	0.0845128
	0.2060747
	0.81571
	0.1503256
	0.7101325
	0.4504426
	0.4279013
	0.2060747
	0.2060747
	0.4279013
	0.5560138
	0.0845128
	0.2467532

	Apol6
	0.1503256
	0.2887763
	0.2060747
	0.2060747
	0.2060747
	0.4270951
	0.6927362
	0.7464359
	0.3805261
	0.2119813
	0.3333832
	0.3805261
	0.2887763
	0.2060747

	Lctl
	0.0845128
	0.2060747
	0.2887763
	0.2212238
	0.1503256
	0.6813907
	0.6927362
	0.4883303
	0.5128846
	0.3011533
	0.3805261
	0.4279013
	0.2060747
	0.1503256

	Dram1
	0.2467532
	0.2060747
	0.3333832
	0.4270951
	0.2060747
	0.5814732
	0.5923961
	0.2060747
	0.5814732
	0.4780302
	0.2887763
	0.6159208
	0.2060747
	0.0845128

	Pltp
	0.2060747
	0.0845128
	0.2060747
	0.81571
	0.1503256
	0.7101325
	0.4504426
	0.4279013
	0.2060747
	0.2060747
	0.4279013
	0.5560138
	0.0845128
	0.2467532

	Nrg1
	0.2060747
	0.2060747
	0
	0.5128846
	0.2467532
	0.4004119
	0.6205326
	0.8807305
	0.1252088
	0.1503256
	0.2467532
	0.2887763
	0.2060747
	0.3805261

	Zbtb16
	0.2060747
	0.3333832
	0.2060747
	0.2212238
	0.2467532
	0.2887763
	0.8768625
	0.81571
	0.2770404
	0.1562851
	0.4279013
	0.5560138
	0.3333832
	0.2467532

	Mest
	0.2887763
	0.3805261
	0.2060747
	0.2060747
	0.3333832
	0.2060747
	0.9075356
	0.6159208
	0.3592179
	0.2467532
	0.3333832
	0.6159208
	0.3805261
	0.2060747

	Atp6v0d2
	0.2887763
	0.3805261
	0.2060747
	0.2060747
	0.3333832
	0.2060747
	0.9075356
	0.6159208
	0.3592179
	0.2467532
	0.3333832
	0.6159208
	0.3805261
	0.2060747

	Fam20c
	0.2467532
	0.2887763
	0.2060747
	0.2212238
	0.3333832
	0.3067875
	0.7609232
	0.4883303
	0.4270951
	0.3805261
	0.1503256
	0.3333832
	0.2887763
	0.2060747

	Paqr9
	0.2060747
	0.2060747
	0.2887763
	0.4270951
	0.1503256
	0.554426
	0.9075356
	0.3805261
	0.3805261
	0.2119813
	0.6813907
	0.8807305
	0.2060747
	0.1503256

	Tenm4
	0.2060747
	0.2060747
	0.2887763
	0.2887763
	0.2467532
	0.5128846
	0.7609232
	0.2887763
	0.5814732
	0.4780302
	0.2060747
	0.3805261
	0.2060747
	0.1503256

	Tph2
	0.1503256
	0.2887763
	0.2060747
	0.2060747
	0.2060747
	0.4270951
	0.6927362
	0.7464359
	0.3805261
	0.2119813
	0.3333832
	0.3805261
	0.2887763
	0.2060747

	Serpine1
	0.2060747
	0.1503256
	0.2060747
	0.6419179
	0.0845128
	0.7101325
	0.7609232
	0.4883303
	0.2467532
	0.2060747
	0.6159208
	0.6813907
	0.1503256
	0.2060747

	Trem2
	0.2467532
	0.2060747
	0.0845128
	0.7101325
	0.2060747
	0.4504426
	0.4504426
	0.6813907
	0.1252088
	0.1503256
	0.3805261
	0.4883303
	0.2060747
	0.3333832

	Hmox1
	0.2060747
	0.0845128
	0.2467532
	0.6419179
	0.2060747
	0.7464359
	0.4504426
	0.2467532
	0.4004119
	0.3957951
	0.2467532
	0.4279013
	0.0845128
	0.2060747

	Cd300lb
	0.0845128
	0.0845128
	0.2060747
	0.5128846
	0.1503256
	0.84282
	0.8043866
	0.5560138
	0.3067875
	0.2887763
	0.2060747
	0.2060747
	0.0845128
	0.2467532

	Kcnj14
	0.0845128
	0.0845128
	0.2060747
	0.5128846
	0.1503256
	0.84282
	0.8043866
	0.5560138
	0.3067875
	0.2887763
	0.2060747
	0.2060747
	0.0845128
	0.2467532

	Palmd
	0.2060747
	0.2060747
	0.2887763
	0.4270951
	0.1503256
	0.554426
	0.9075356
	0.3805261
	0.3805261
	0.2119813
	0.6813907
	0.8807305
	0.2060747
	0.1503256

	Tmem182
	0.2467532
	0.2887763
	0.2060747
	0.2212238
	0.3333832
	0.3067875
	0.7609232
	0.4883303
	0.4270951
	0.3805261
	0.1503256
	0.3333832
	0.2887763
	0.2060747

	Inhbb
	0.2060747
	0.2060747
	0.2887763
	0.2887763
	0.2467532
	0.5128846
	0.7609232
	0.2887763
	0.5814732
	0.4780302
	0.2060747
	0.3805261
	0.2060747
	0.1503256

	Sfrp5
	0.2887763
	0.3805261
	0.2060747
	0.2060747
	0.3333832
	0.2060747
	0.9075356
	0.6159208
	0.3592179
	0.2467532
	0.3333832
	0.6159208
	0.3805261
	0.2060747

	Timp1
	0.3333832
	0.2060747
	0.2887763
	0.5128846
	0.2467532
	0.4004119
	0.4270951
	0.2060747
	0.4270951
	0.3805261
	0.3805261
	0.81571
	0.2060747
	0.1503256

	Slc6a13
	0.2060747
	0.0845128
	0.2467532
	0.6419179
	0.2060747
	0.7464359
	0.4504426
	0.2467532
	0.4004119
	0.3957951
	0.2467532
	0.4279013
	0.0845128
	0.2060747

	Igfals
	0.2060747
	0.2060747
	0.3805261
	0.3067875
	0.2060747
	0.5814732
	0.9075356
	0.2060747
	0.6419179
	0.4270951
	0.4279013
	0.7464359
	0.2060747
	0

	Prr32
	0.2887763
	0.2467532
	0.0845128
	0.4504426
	0.3333832
	0.2887763
	0.4504426
	0.6813907
	0.2060747
	0.2119813
	0.2060747
	0.3333832
	0.2467532
	0.3333832

	Clec10a
	0.3333832
	0.2060747
	0.1503256
	0.6419179
	0.2887763
	0.3333832
	0.3333832
	0.4883303
	0.2060747
	0.2119813
	0.2887763
	0.5560138
	0.2060747
	0.2887763

	Ccl7
	0.3333832
	0.2060747
	0.2887763
	0.5128846
	0.2467532
	0.4004119
	0.4270951
	0.2060747
	0.4270951
	0.3805261
	0.3805261
	0.81571
	0.2060747
	0.1503256

	Clps
	0.2887763
	0.1503256
	0.2060747
	0.7464359
	0.2060747
	0.554426
	0.3333832
	0.2887763
	0.2887763
	0.3011533
	0.3333832
	0.6159208
	0.1503256
	0.2060747

	Capn13
	0.2467532
	0.2887763
	0.2060747
	0.2212238
	0.3333832
	0.3067875
	0.7609232
	0.4883303
	0.4270951
	0.3805261
	0.1503256
	0.3333832
	0.2887763
	0.2060747

	Hhip
	0.3805261
	0.2887763
	0.2060747
	0.4270951
	0.3333832
	0.2212238
	0.4270951
	0.3805261
	0.3067875
	0.2887763
	0.3333832
	0.7464359
	0.2887763
	0.2060747

	Rbp7
	0.2887763
	0.3805261
	0.2060747
	0.2060747
	0.3333832
	0.2060747
	0.9075356
	0.6159208
	0.3592179
	0.2467532
	0.3333832
	0.6159208
	0.3805261
	0.2060747

	A4gnt
	0.2467532
	0.2212238
	0.3592179
	0.3333832
	0.2060747
	0.4780302
	0.8174553
	0.2212238
	0.5608563
	0.378261
	0.4867912
	0.84282
	0.2212238
	0.0424066



Supplementary Table 10. Spearman correlation coefficients between genes and SCFAs.
	
	Acetic acid
	Propionic acid
	Isobutyric acid
	Butyric acid
	Isovaleric acid
	Valeric acid

	Fabp4
	-1
	-0.942857
	-1
	-0.942857
	-0.771429
	-0.942857

	Lpl
	-0.942857
	-0.828571
	-0.942857
	-0.828571
	-0.828571
	-0.828571

	Hp
	-0.771429
	-0.828571
	-0.771429
	-0.828571
	-0.657143
	-0.828571

	Lep
	-0.828571
	-0.771429
	-0.828571
	-0.771429
	-0.6
	-0.771429

	Plin4
	-0.542857
	-0.6
	-0.542857
	-0.6
	-0.771429
	-0.6

	Abca12
	-0.771429
	-0.714286
	-0.771429
	-0.714286
	-0.542857
	-0.714286

	Npr3
	-0.714286
	-0.771429
	-0.714286
	-0.771429
	-0.942857
	-0.771429

	Sncg
	-0.942857
	-0.885714
	-0.942857
	-0.885714
	-0.714286
	-0.885714

	Sod3
	-0.542857
	-0.6
	-0.542857
	-0.6
	-0.771429
	-0.6

	Nnmt
	-1
	-0.942857
	-1
	-0.942857
	-0.771429
	-0.942857

	Lbp
	-0.942857
	-0.885714
	-0.942857
	-0.885714
	-0.714286
	-0.885714

	Prkar2b
	-0.828571
	-0.771429
	-0.828571
	-0.771429
	-0.6
	-0.771429

	Serpinf1
	-0.714286
	-0.771429
	-0.714286
	-0.771429
	-0.6
	-0.771429

	Slc37a2
	-0.942857
	-0.828571
	-0.942857
	-0.828571
	-0.828571
	-0.828571

	Slc7a10
	-0.771429
	-0.828571
	-0.771429
	-0.828571
	-0.657143
	-0.828571

	Steap4
	-0.771429
	-0.657143
	-0.771429
	-0.657143
	-0.657143
	-0.657143

	Lrg1
	-0.771429
	-0.885714
	-0.771429
	-0.885714
	-0.885714
	-0.885714

	Apol6
	-0.885714
	-0.771429
	-0.885714
	-0.771429
	-0.771429
	-0.771429

	Lctl
	-0.942857
	-0.885714
	-0.942857
	-0.885714
	-0.714286
	-0.885714

	Dram1
	-0.714286
	-0.771429
	-0.714286
	-0.771429
	-0.6
	-0.771429

	Pltp
	-0.771429
	-0.885714
	-0.771429
	-0.885714
	-0.885714
	-0.885714

	Nrg1
	-0.771429
	-0.714286
	-0.771429
	-0.714286
	-0.885714
	-0.714286

	Zbtb16
	-0.771429
	-0.714286
	-0.771429
	-0.714286
	-0.885714
	-0.714286

	Mest
	-0.657143
	-0.6
	-0.657143
	-0.6
	-0.771429
	-0.6

	Atp6v0d2
	-0.657143
	-0.6
	-0.657143
	-0.6
	-0.771429
	-0.6

	Fam20c
	-0.714286
	-0.6
	-0.714286
	-0.6
	-0.6
	-0.6

	Paqr9
	-0.771429
	-0.885714
	-0.771429
	-0.885714
	-0.885714
	-0.885714

	Tenm4
	-0.771429
	-0.714286
	-0.771429
	-0.714286
	-0.542857
	-0.714286

	Tph2
	-0.885714
	-0.771429
	-0.885714
	-0.771429
	-0.771429
	-0.771429

	Serpine1
	-0.828571
	-0.942857
	-0.828571
	-0.942857
	-0.942857
	-0.942857

	Trem2
	-0.714286
	-0.771429
	-0.714286
	-0.771429
	-0.942857
	-0.771429

	Hmox1
	-0.771429
	-0.828571
	-0.771429
	-0.828571
	-0.657143
	-0.828571

	Cd300lb
	-0.942857
	-0.885714
	-0.942857
	-0.885714
	-0.714286
	-0.885714

	Kcnj14
	-0.942857
	-0.885714
	-0.942857
	-0.885714
	-0.714286
	-0.885714

	Palmd
	-0.771429
	-0.885714
	-0.771429
	-0.885714
	-0.885714
	-0.885714

	Tmem182
	-0.714286
	-0.6
	-0.714286
	-0.6
	-0.6
	-0.6

	Inhbb
	-0.771429
	-0.714286
	-0.771429
	-0.714286
	-0.542857
	-0.714286

	Sfrp5
	-0.657143
	-0.6
	-0.657143
	-0.6
	-0.771429
	-0.6

	Timp1
	-0.6
	-0.714286
	-0.6
	-0.714286
	-0.714286
	-0.714286

	Slc6a13
	-0.771429
	-0.828571
	-0.771429
	-0.828571
	-0.657143
	-0.828571

	Igfals
	-0.771429
	-0.828571
	-0.771429
	-0.828571
	-0.657143
	-0.828571

	Prr32
	-0.657143
	-0.6
	-0.657143
	-0.6
	-0.771429
	-0.6

	Clec10a
	-0.6
	-0.657143
	-0.6
	-0.657143
	-0.828571
	-0.657143

	Ccl7
	-0.6
	-0.714286
	-0.6
	-0.714286
	-0.714286
	-0.714286

	Clps
	0.6571429
	0.7714286
	0.6571429
	0.7714286
	0.7714286
	0.7714286

	Capn13
	0.7142857
	0.6
	0.7142857
	0.6
	0.6
	0.6

	Hhip
	0.5428571
	0.6
	0.5428571
	0.6
	0.7714286
	0.6

	Rbp7
	0.6571429
	0.6
	0.6571429
	0.6
	0.7714286
	0.6

	A4gnt
	0.7247138
	0.8116794
	0.7247138
	0.8116794
	0.7247138
	0.8116794



Supplementary Table 11. P value of Spearman correlation analysis between genes and SCFAs.
	
	Acetic acid
	Propionic acid
	Isobutyric acid
	Butyric acid
	Isovaleric acid
	Valeric acid

	Fabp4
	0
	0.0470857
	0
	0.0470857
	0.1252034
	0.0470857

	Lpl
	0.0470857
	0.1252034
	0.0470857
	0.1252034
	0.1252034
	0.1252034

	Hp
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.1921148
	0.1252034

	Lep
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.2145684
	0.1252034

	Plin4
	0.2657026
	0.2145684
	0.2657026
	0.2145684
	0.1252034
	0.2145684

	Abca12
	0.1252034
	0.151495
	0.1252034
	0.151495
	0.2657026
	0.151495

	Npr3
	0.151495
	0.1252034
	0.151495
	0.1252034
	0.0470857
	0.1252034

	Sncg
	0.0470857
	0.0826951
	0.0470857
	0.0826951
	0.151495
	0.0826951

	Sod3
	0.2657026
	0.2145684
	0.2657026
	0.2145684
	0.1252034
	0.2145684

	Nnmt
	0
	0.0470857
	0
	0.0470857
	0.1252034
	0.0470857

	Lbp
	0.0470857
	0.0826951
	0.0470857
	0.0826951
	0.151495
	0.0826951

	Prkar2b
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.2145684
	0.1252034

	Serpinf1
	0.151495
	0.1252034
	0.151495
	0.1252034
	0.2145684
	0.1252034

	Slc37a2
	0.0470857
	0.1252034
	0.0470857
	0.1252034
	0.1252034
	0.1252034

	Slc7a10
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.1921148
	0.1252034

	Steap4
	0.1252034
	0.1921148
	0.1252034
	0.1921148
	0.1921148
	0.1921148

	Lrg1
	0.1252034
	0.0826951
	0.1252034
	0.0826951
	0.0826951
	0.0826951

	Apol6
	0.0826951
	0.1252034
	0.0826951
	0.1252034
	0.1252034
	0.1252034

	Lctl
	0.0470857
	0.0826951
	0.0470857
	0.0826951
	0.151495
	0.0826951

	Dram1
	0.151495
	0.1252034
	0.151495
	0.1252034
	0.2145684
	0.1252034

	Pltp
	0.1252034
	0.0826951
	0.1252034
	0.0826951
	0.0826951
	0.0826951

	Nrg1
	0.1252034
	0.151495
	0.1252034
	0.151495
	0.0826951
	0.151495

	Zbtb16
	0.1252034
	0.151495
	0.1252034
	0.151495
	0.0826951
	0.151495

	Mest
	0.1921148
	0.2145684
	0.1921148
	0.2145684
	0.1252034
	0.2145684

	Atp6v0d2
	0.1921148
	0.2145684
	0.1921148
	0.2145684
	0.1252034
	0.2145684

	Fam20c
	0.151495
	0.2145684
	0.151495
	0.2145684
	0.2145684
	0.2145684

	Paqr9
	0.1252034
	0.0826951
	0.1252034
	0.0826951
	0.0826951
	0.0826951

	Tenm4
	0.1252034
	0.151495
	0.1252034
	0.151495
	0.2657026
	0.151495

	Tph2
	0.0826951
	0.1252034
	0.0826951
	0.1252034
	0.1252034
	0.1252034

	Serpine1
	0.1252034
	0.0470857
	0.1252034
	0.0470857
	0.0470857
	0.0470857

	Trem2
	0.151495
	0.1252034
	0.151495
	0.1252034
	0.0470857
	0.1252034

	Hmox1
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.1921148
	0.1252034

	Cd300lb
	0.0470857
	0.0826951
	0.0470857
	0.0826951
	0.151495
	0.0826951

	Kcnj14
	0.0470857
	0.0826951
	0.0470857
	0.0826951
	0.151495
	0.0826951

	Palmd
	0.1252034
	0.0826951
	0.1252034
	0.0826951
	0.0826951
	0.0826951

	Tmem182
	0.151495
	0.2145684
	0.151495
	0.2145684
	0.2145684
	0.2145684

	Inhbb
	0.1252034
	0.151495
	0.1252034
	0.151495
	0.2657026
	0.151495

	Sfrp5
	0.1921148
	0.2145684
	0.1921148
	0.2145684
	0.1252034
	0.2145684

	Timp1
	0.2145684
	0.151495
	0.2145684
	0.151495
	0.151495
	0.151495

	Slc6a13
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.1921148
	0.1252034

	Igfals
	0.1252034
	0.1252034
	0.1252034
	0.1252034
	0.1921148
	0.1252034

	Prr32
	0.1921148
	0.2145684
	0.1921148
	0.2145684
	0.1252034
	0.2145684

	Clec10a
	0.2145684
	0.1921148
	0.2145684
	0.1921148
	0.1252034
	0.1921148

	Ccl7
	0.2145684
	0.151495
	0.2145684
	0.151495
	0.151495
	0.151495

	Clps
	0.1921148
	0.1252034
	0.1921148
	0.1252034
	0.1252034
	0.1252034

	Capn13
	0.151495
	0.2145684
	0.151495
	0.2145684
	0.2145684
	0.2145684

	Hhip
	0.2657026
	0.2145684
	0.2657026
	0.2145684
	0.1252034
	0.2145684

	Rbp7
	0.1921148
	0.2145684
	0.1921148
	0.2145684
	0.1252034
	0.2145684

	A4gnt
	0.151495
	0.1252034
	0.151495
	0.1252034
	0.151495
	0.1252034




Supplementary Table 12. List of primers used for qPCR analysis, promoter construction and siRNA oligonucleotides for gene knockdown.

	List of Primers used for qPCR analysis.

	Mouse Genes
	Forward Primer Sequences (5'-3')
	Reverse Primer Sequences (5'-3')

	Slc6a3
	CTGCAACAACACCTGGAACA
	GGTCATCAATGCCACGACTC

	Kcnj14
	GCAATGTGCGCTTCGTGAATC
	CCACTTGCGAGAAACAGGGA

	Cyp3a44
	TGGATTCCCTCAACAACCCA
	GCTTTCCTGCATTCTGTCCA

	Glp-1
	CATTCACCAGCGACTACAGC
	ATGGCGACTTCTTCTGGGAA

	apoB48
	ACTTCGCTGCTTCCAACAAG
	TGGTCGCACTGGTTGATAGT

	Il-1β
	ACTCATTGTGGCTGTGGAGA
	TTGTTCATCTCGGAGCCTGT

	Tnf-a
	ACCCTCACACTCACAAACCA
	GGCAGAGAGGAGGTTGACTT

	Il-6
	TACCACTCCCAACAGACCTG
	ACTCCAGAAGACCAGAGGAA

	Bmi1
	TGGAGAAGAAATGGCCCACT
	AAACAGGAAGAGGTGGAGGG

	Slc6a3
	TGTGAGGCATCTGTGTGGAT
	ACAACGAAGCCAGAGGAGAA

	Cyp4a10
	AGCTTGTCAACTTGCCCATG
	TGCTGTCCCCATTCTCCATT

	Mmp-12
	GATGAGGCAGAAACGTGGAC
	GCGAAATGTGCTGGGGTTAA

	Lep
	TCAAGCAGTGCCTATCCAGA
	AGCACATTTTGGGAAGGCAG

	Cyp3a44
	CGATATGGGACCCGTACACA
	TAATCGTCTCTGGGTCCGTG

	Gpr17
	ACCCTGTCAAGTCCCTCAAG
	AGGTGACCGTGGTGATGAAT

	Cyp1a1
	GCTATCTCGTGGAGCCTCAT
	CGAAGGATGAATGCCGGAAG

	Mcp-1
	TAAAAACCTGGATCGGAACCAAA
	GCATTAGCTTCAGATTTACGGGT

	Nnmt
	GAAGAAGGAACCAGGAGCCT
	GGCATCTACCATCACCAGGA

	Asbt
	GGGTATCTTCGTGGGCTTCC
	AGGCATCATTCCAAGGGCAA

	Ibabp
	GTGGGTGACAAGTTGGTGGA
	TGCTTACGCGCTCATAGGTC

	Osta
	ATACGGGACAGAAACCTCGC
	GCTGTGTACCTGGGGTCAAG

	Ostb
	GAAGCAGCCACAAGACAAAGA
	GGGGCGTTATGGGGTACTCT

	Il-18
	GTGAACCCCAGACCAGACTG
	CCTGGAACACGTTTCTGAAAGA

	Fabp4
	TTTCCTTCAAACTGGGCGTG
	CATTCCACCACCAGCTTGTC

	Human Genes
	Forward Primer Sequences (5'-3')
	Reverse Primer Sequences (5'-3')

	SLC6A3
	TTTCTCCTGTCCGTCATTGGC
	TGAAGCCCACACCTTTCAGTAT

	MMP12
	CATGAACCGTGAGGATGTTGA
	GCATGGGCTAGGATTCCACC

	LEP
	TGCCTTCCAGAAACGTGATCC
	CTCTGTGGAGTAGCCTGAAGC

	KCNJ14
	TCGTCCATGAGATCGACTCTG
	GAACTGGCTCAAAACGATGGC

	GPR17
	TCACCTTCCCGTTCATCACC
	CAGCACTATGGCGATCATGC

	CYP1A1
	ACATGCTGACCCTGGGAAAG
	GGTGTGGAGCCAATTCGGAT

	FLT1
	GTCGTGTAAGGAGTGGACCA
	GCAGATTTCTCAGTCGCAGG

	IFNA1
	GCCATCTCTGTCCTCCATGA
	CTCTCCTCCTGCATCACACA

	IL-6
	AGTCCTGATCCAGTTCCTGC
	CTACATTTGCCGAAGAGCCC

	TNF-α
	GTCAACCTCCTCTCTGCCAT
	CCAAAGTAGACCTGCCCAGA

	IL-1β
	GGAGAATGACCTGAGCACCT
	GGAGGTGGAGAGCTTTCAGT

	FABP4
	GGGCCAGGAATTTGACGAAG
	AAGTGACGCCTTTCATGACG

	NNMT
	CCTAGACGGTGTGAAGGGAG
	TGGACCCTTGACTCTGTTCC

	[bookmark: RANGE!A43]Sequences of siRNA oligonucleotides targeting Mouse MMP-12.

	[bookmark: RANGE!A44]siRNA oligonucleotides
	sense（5'-3'）
	antisense（5'-3'）

	Scra siRNA
	UUCUCCGAACGUGUCACGUTT
	ACGUGACACGUUCGGAGAATT

	Mmp-12 siRNA 1
	GGACAUGAAGCGUGAGGAUTT
	AUCCUCACGCUUCAUGUCCTT

	[bookmark: RANGE!A47]Mmp-12 siRNA 2
	GCAGUCCACCAUCAACUUUTT
	AAAGUUGAUGGUGGACUGCTT

	Mmp-12 siRNA 3
	CCACCAACAUUACUUCUAUTT
	AUAGAAGUAAUGUUGGUGGTT

	[bookmark: RANGE!A50]Sequences of siRNA oligonucleotides targeting Human MMP-12.

	[bookmark: RANGE!A51]siRNA oligonucleotides
	sense（5'-3'）
	antisense（5'-3'）

	MMP-12 siRNA 1
	GCACUUCUUGGGUCUGAAATT
	UUUCAGACCCAAGAAGUGCTT

	MMP-12 siRNA 2
	GCCUCUCUGCUGAUGACAUTT
	AUGUCAUCAGCAGAGAGGCTT

	MMP-12 siRNA 3
	CCAAGGAUCUAACCAAUUUTT
	AAAUUGGUUAGAUCCUUGGTT

	Sequences of siRNA oligonucleotides targeting Human Fabp4.

	siRNA oligonucleotides
	sense（5'-3'）
	antisense（5'-3'）

	Fabp4 siRNA 1
	GCAUGGCCAAACCUAACAUTT
	AUGUUAGGUUUGGCCAUGCTT

	[bookmark: RANGE!A61]Fabp4 siRNA 2
	UCAAGAGCACCAUAACCUUTT
	AAGGUUAUGGUGCUCUUGATT

	Fabp4 siRNA 3
	CCACGAGAGUUUAUGAGAGTT
	CUCUCAUAAACUCUCGUGGTT

	[bookmark: RANGE!A64]Lists of primers used for the plasmid construction

	Plasmid
	Forward Primer Sequences (5'-3')
	Reverse Primer Sequences (5'-3')

	Fabp4 promoter
	CGACGCGTCCAGTGACTATTTGCCAGGGA
	GGAAGATCTAGCTGCAGTTTTCAGGAGGG

	Primers for FABP4 promoter ChIP

	ChIP primers
	Forward Primer Sequences (5'-3')
	Reverse Primer Sequences (5'-3')

	FABP4 promoter
	CCAGTGACTATTTGCCAGGG
	CAAGGTGAGAAGGAAGCTGC
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