[bookmark: _Hlk172057365]MATERIALS AND METHODS
[bookmark: _Hlk103405909]Animals 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Myd88tm1Defr/J (Strain No: 008888) and Tg (Vil1-Cre) 1000Gum/J （Strain No:021504）mice of 8 weeks of age were purchased from Jackson Laboratory (Bar Harbor, ME). To study the role of Myd88 on the gut barrier and FXR-FGF15 axis, as well as the crosstalk between intestinal flora on Myd88 and FXR-FGF15, we generated intestinal epithelial cells Myd88-specific knockout mice, Myd88∆IEC. For this purpose, Myd88flox/flox mice carrying loxP sites flanking exon 3 of the Myd88 gene were crossed to Vil1-Cre transgenic mice. We first crossed Vil1-Cre+/− mice with Myd88flox/flox mice to generate Myd88flox/+/Vil1-Cre+/− animals and then crossed these with Myd88flox/flox mice once again to obtain Myd88flox/flox/Vil1-Cre+/− mice (abbreviated as Myd88△IEC). Myd88△IEC mice were assigned to the experimental group and Myd88flox/flox/Vil1-Cre−/− (abbreviated as Myd88fl/fl) mice were as control (C57BL/6 background).
All mice were genetically phenotyped at 4 weeks and housed in the same specific pathogen-free room in individually ventilated cages with free access to a standard chow diet and water. The gene types and the number of mice used in the experimental and control groups are listed in the corresponding legends in each figure. Mice of the same genotype were grouped according to ear labels using random number table method. The person responsible for feeding and the statistician grouped the mice randomly. The experimenter was not aware of the grouping of the mice. The person who stained the sections and analyzed the images was also ignorant of the grouping of the mice from which the samples were taken. Two separate personnel collaborated on each phase of the experiment.
Experimental models
Caecal ligation puncture (CLP) surgical procedure 
[bookmark: OLE_LINK3][bookmark: OLE_LINK2]Polymicrobial sepsis induced by CLP is the most frequently used model to study the pathophysiology of sepsis because it closely resembles the progression and characteristics of human sepsis[56]. CLP procedure is as follows: (i) Mice aged 10-12 weeks were anesthetized with mixture of ketamine and xylazine intraperitoneally, then shaved and disinfected. (ii) Lower abdomen skin was incised midline, then the cecum was isolated and exteriorized, and 75% percent of the distal end of the cecum (about 1cm) was ligated. (iii) Next, the cecum was p unctured by a 22G needle. The perforation of the cecum consisted by a single through-and-through puncture midway between the ligation and the tip of the cecum in a mesenteric-to-antimesenteric direction. (iv) The cecum was then gently compressed to extrude a small amount of cecal content and returned to the abdominal cavity. (v) The abdominal musculature and the abdominal skin were closed by 3-0 silk sutures respectively. (vi) Fluid resuscitation was given by prewarmed normal saline (37°C, 50ml/kg ip.). (vii) Mice were placed on a warm blanket for recovery  for about 1h and then returned to the cage[29]. Sham group mice received the same procedure except that the cecum was not ligated or perforated. The surgical modeling of each mouse was implemented by the same person and controlled within 10 minutes. All samples were collected at 24 hours after CLP, except for the mice used to observe survival.
[bookmark: OLE_LINK5]Selective digestive decontamination (SDD) and fecal microbiota transplantation (FMT)
Donor mice, which were 10-12 weeks old C57BL/6 wild-type males, provided fresh feces samples 24 hours post-CLP. Each mouse contributed approximately 5-6 pieces of feces, which were then mixed with phosphate-buffered saline (PBS) in a 1:3 ratio, thoroughly stirred, and allowed to stand for 30 minutes. The resulting supernatant was refrigerated at 4°C and administered by gavage within 2 hours at a dosage of 100μl per mouse.
For the recipient mice, Myd88fl/fl and Myd88△IEC mice began SDD treatment at 6 weeks of age, followed by FMT at 10 weeks. A solution containing four antibiotics, metronidazole (1g/L), vancomycin (1g/L), ampicillin (1g/L), and gentamycin (160mg/L), was prepared in a 5% sucrose-water solution to replace the drinking water. One month after the initiation of this regimen, the mice received daily fecal bacterial gavage for a week, followed by the collection of tissue samples.
Throughout the FMT experimental period, daily CLP surgery was conducted on five wild-type mice to ensure the recipients received a consistent supply of fresh fecal microbiota.
Probiotics treatment
[bookmark: _Hlk164185722]The probiotics utilized in this study were sourced from Zhongke Yikang Biological Technology Company (Beijing), and each gram contained an aggregate of 11 billion colony forming units (CFU), composed of the subsequent 15 bacterial strains: B. animalis ssp. lactis HNO19, B. animalis ssp. lactis BB-12, B. animalis ssp. lactis Bi07, B. animalis B94, B. bifidum Bb06, B longum R175, L. rhamnosus GG, L. rhamnosus R11, L. casei Lc11, L. helveticus R52, L. paracasei Lpc37, L. plantarum R1012, L. reuteri HA188, L. acidophilus NCFM, S. thermophilus St21. (Abbr: Bifidobacterium=B, Lactobacillus=L, Streptococcus=S). The cryopreserved active probiotic powder was dissolved in PBS at 4°C, and the solution was administered immediately via gavage.  The experimental mice were treated with a probiotic dose of 2*10^9 CFU/0.1ml by gavage 1 day before, 1h after, and 12h after CLP.  Mice that received PBS alone were employed as controls. To guarantee the efficacy of the active probiotics, these were freshly prepared. Intestinal tissue samples were collected at 24 hours post-treatment. 
INT-747 intervention
Obeticholic Acid, an effective selective FXR stimulant, also called INT-747 (Selleck, S7660), was diluted to 1 mg/ml and administered by gavage at 10 μg/g 30min after CLP. The Sham group merely underwent the same switch-belly operation as CLP. Mice subjected CLP surgery and gavaged with PBS or INT-747 after 30 mins were designated as the CLP+Vehicle group or CLP+INT group. The three groups of mice were divided into 2 parts, with 16 mice in each group, of which 8 were used for survival observation and the other 8 collected samples at 24 hours after CLP for testing intestinal barrier function. 
Hematoxylin & Eosin staining
The ileum and liver were collected, rinsed in phosphate-buffered saline (PBS), and fixed in 4% neutral-buffered paraformaldehyde for 48 h at 4 °C. Afterwards, the tissues were embedded in paraffin and processed for H&E staining. Tissues were sliced into 3μm slices, and the sliced tissues were dewaxed, rehydrated in 100% alcohol (II), 100% alcohol (I), 90% alcohol, 80% alcohol, 70% alcohol, and 50% alcohol sequentially, washed with ddH2O for 2 min. Thereafter, stained with hematoxylin for 2 min, differentiated with hydrochloric acid alcohol for a few seconds, washed for 5 min to return to blue, and then stained with eosin for 2 min. Finally, after dehydration, transparency, and sealing with neutral resin, the tissue pathology was observed and photographed under a microscope.  
Alcian blue stain
Sections were dewaxed and rehydrated, and circles were drawn using the immunohistochemical pen. The tissues on the sections were soaked by adding Alcain's acidifying solution for 3 min, then stained by adding Alcain's staining solution for 30 minutes, rinsed with PBS solution, restained by adding nuclear solid red staining solution for 5 minutes, rinsed again by PBS for 1 minute. The sections were dehydrated in an alcohol gradient, transparent in xylene, and sealed in neutral resin. 
Immunohistochemistry
The ileum was fixed in 4% paraformaldehyde for 48 hours, embedded in paraffin, and sliced into 3μm sections. Subsequently, the sections were baked, dewaxed, rehydrated, subjected to antigen retrieved, and the endogenous peroxidase was inactivated by 3% H2O2. They were blocked by 5% BSA and incubated overnight by the primary antibody respectively. On the next day, after the second antibody incubation, horseradish peroxidase was used for staining. Primary antibodies included human anti-FXR (1:500, Perseus Proteomics, PP-A9033A-00), mouse anti-Myd88 (1:500, Santa Cruz Biotechnology, sc-74532), mouse anti-FGF15 (1:500, Santa Cruz Biotechnology, sc-398338), Rb anti-CD45 (1:500, Abcam, ab-10558), Rb anti-CD11b (1:1000, Abcam, ab-133357). The staining positive particles in the intestinal villus were quantitatively analyzed by ImageJ software in randomly 12 high-power fields (×400, 3 mice in each group and 4 pictures of each mouse).
Western blotting
[bookmark: OLE_LINK21][bookmark: OLE_LINK8]The ileum and liver were grounded by a cryogenic grinder, and proteins were extracted using a RIPA lysis buffer containing a protease inhibitor, a phosphatase inhibitor, and PMSF (Beyotime, Shanghai, China). Protein concentrations were estimated with a bicinchoninic acid (BCA) protein assay kit (EpiZyme, Shanghai, China) and diluted to the same concentration. After adding the loading buffer, the samples were boiled at 100°C for 5 minutes. Then, whole-cell lysates were clarified via centrifugation at 4°C to remove the insoluble deposit, run on 10% polyacrylamide gels, transferred to nitrocellulose membranes (0.2μm, GE Whatman, Maidstone, UK), and the membranes were blocked for 1h in TBST containing 5% non-fat milk and then incubated at 4°C overnight with the corresponding antibody, respectively. The next day, after washing with TBST 3 times, the blots were incubated with HRP-conjugated secondary antibodies for 1 h at room temperature. After washing with TBST three times again, the immunoreactive bands were visualized using enhanced chemiluminescence substrate (ECL, Thermo Scientific, USA). Finally, the protein bands were detected by ChemiDoc Touch Imaging System (Bio-Rad, Hercules, USA). Antibodies were listed as follows: mouse anti-FXR antibody (1:1000, Biotechne), mouse anti-Myd88 (1:200, Santa Cruz Biotechnology, sc-74532), mouse anti-FGF15 (1:200, Santa Cruz Biotechnology, sc-398338), rabbit anti-BSEP antibody(1:1000,abcam), mouse anti-CYP7α1 antibody (1:100, Santa Cruz), rabbit-anti ZO-1 (1:500, Abcam, ab96587), rabbit-anti CD45 (1:1000, Abcam, ab10558), mouse anti-GAPDH (1:3000, sigma/Merck, G8795), rabbit anti-GAPDH antibody (1:2000, Proteintech), goat anti-rabbit, goat anti-mouse, and rabbit anti-goat HRP-conjugated second antibodies (1:3000, Merck, A0545, A4416, and A8919, Merck, Germany). Immunoblot quantitative analysis was conducted by analyzing the relative protein densitometry with ImageJ software. For all western blots, GAPDH probing was performed as internal control.
Enzyme-linked immunosorbent assay (ELISA)
Serum inflammatory factors such as IL-6, IL-1β, AST, ALT, AKP, and TBA were measured by mouse-specific ELISA kits (NJJC Bio, Nanjing, China & PC-biotech, Shanghai, China) in accordance with the manufacturer’s instructions. The results were normalized by protein content and cell number. All assays were performed in duplicate by different researchers, and each experiment was carried out three times.
ZO-1 immunofluorescence
For the in vivo study, the murine was deeply anesthetized with isoflurane. Intestine samples were removed, frozen embedded by OCT (SAKURA 4583, USA), and stored at -80°C. The intestinal samples were cut into 5μm frozen sections in a cryostat. The frozen sections were dried, fixed in 4% PFA, washed with PBS (including 0.1% Triton X-100), and blocked with 10% fetal bovine serum respectively. Subsequently, the sections were incubated overnight at 4°C with rabbit-anti ZO-1 (1:500, Abcam, ab96587). Then, the sections were incubated for 1 h at room temperature with Alexa Fluor 488 conjugated goat anti-rabbit IgG (1:500, Beyotime A0423, China), plus with DAPI (Sigma Aldrich, USA) to stain the cell nuclei. The stained sections were observed by fluorescence microscope (Olympus, Tokyo, Japan). Fluorescence quantitative analysis was performed by two different individuals using ImageJ software.
Mucin-2 immunofluorescence
The ileum tissue containing feces was thoroughly removed and soaked in the Metheca solution (60% Methanol: 30% Chloroform: 10% Glacial acetic acid) for 48 hours. Subsequently, it was embedded in paraffin, and cut into 3μm slices. Then the slices were dewaxed, rehydrated, repaired in the microwave oven, cleaned with PBS, blocked with 5% BSA, and incubated with Mucin-2 (1:1000, Santa Cruz, sc-15334) overnight. On the next day, PBS was used for cleaning again, and the slices were stained with a fluorescent secondary antibody (1:500, Beyotime A0423, China) for 1 hour. After another PBS cleaning, DAPI was used for sealing, and the slices were photographed with a fluorescent microscope.
[bookmark: _Hlk103802226]Intestinal permeability measurement
The intestinal barrier permeability was evaluated by 4kDa fluorescein isothiocyanate-conjugated (FITC) dextran after CLP 24 hours. As the FITC dextran measured in plasma 1 h after its oral application is a marker of small intestinal permeability. Briefly, overnight fasted mice were orally administered with 25 mg/mL of 4 kDa FITC-Dextran (0.5 mg/g; Sigma-Aldrich). Plasma was collected after 1.5h, and the fluorescence concentration was measured at excitation and emission wavelengths of 485nm and 535nm, respectively.
High throughput sequencing of 16S rRNA
[bookmark: OLE_LINK6][bookmark: OLE_LINK122][bookmark: OLE_LINK121]Microbial DNA was extracted from fecal samples by employing the Mag-Bind Soil DNA Kit (Omega Bio-Tek, USA) in accordance with the manufacturer’s protocols. The final DNA concentration and purification were ascertained using NanoDrop 2000 UV-vis spectrophotometer (Thermo Scientific, Wilmington, USA), and the DNA quality was inspected by 1% agarose gel electrophoresis. The V3-V4 hypervariable regions of the bacteria 16S rRNA gene were amplified with primers 338F (5’- ACTCCTACGGGAGGCAGCAG-3’) and 806R (5’-GGACTACHVGGGTWTCTAAT-3’) through the thermocycler PCR system (GeneAmp 9700, ABI, USA). The PCR reactions were conducted using the following program: 3 min of denaturation at 95°C, 30 cycles of 30 s at 95°C, the 30s for annealing at 55°C, and 45s for elongation at 72 °C, and a final extension at 72°C for 10 min. PCR reactions were executed in triplicates 20 μl mixture containing 4 μl of 5 × FastPfu Buffer, 2 μl of 2.5 mM dNTPs, 0.8 μl of each primer (5 μM), 0.4 μl of FastPfu Polymerase and 10 ng of template DNA. The resultant PCR products were extracted from a 2% agarose gel and further purified using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA) and quantified by means of QuantiFluor™-ST (Promega, Wisconsin, USA) according to the manufacturer’s protocol. All data about 16s rRNA sequences, analysed in our study, have been deposited in the Sequence Read Archive (SRA) under the accession number: PRJNA1043046, PRJNA1167785, PRJNA1043466. The 16S rRNA sequence data generated in our study have been deposited in the Sequence Read Archive (SRA) under the accession numbers PRJNA1043046, PRJNA1167785, and PRJNA1043466.
Microbiota analysis
Total DNA was extracted from the fecal samples of mice. Hypervariable V3-V4 regions of the bacterial 16S rRNA gene were amplified by PCR specific with 338F-806R primers, and the PCR products were sequenced by the NovaSeq platform (Illumina, San Diego, USA). Feature sequence also named OTU (Operational Taxonomic Units) were quality-filtered, denoised, merged and non-chimeric using the DADA2 plugin of QIIME 2 software. The abundance and diversity index were analyzed based on OTUs, and cluster analysis and statistical comparison were conducted based on the composition of species in different groups to identify significantly related flora. Alpha diversity was used to describe the microbial richness. Indices such as observed features, Chao1 richness estimator, Shannon entropy and Simpson index were calculated to estimate the microbial diversity within an individual sample. Beta diversity was performed to investigate the structural variation of microbial communities. The distances of Bray Curtis, unweighted UniFrac, and weighted UniFrac were calculated and analyzed by principal coordinate analysis (PCoA) and non-metric multidimensional scaling (NMDS). Redundancy analysis (RDA) analysis, also known as multivariate direct gradient analysis, is a combination of correspondence analysis and multiple regression analysis, and each step of calculation is regression with environmental factors. RDA was conducted to reveal the association of microbial communities with environmental factors based on relative abundances of microbial species at different taxa levels. 
[bookmark: _Hlk112423382]Quantitative real-time PCR 
[bookmark: _Hlk131184381]To determine relative gene expression in the ileum, RNA was isolated by using TRIZOL (Invitrogen, Carlsbard, CA, USA) following the manufacturer’s instructions, and quantified by a NanoDrop1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). cDNA was processed with the cDNA synthesis kit (Thermo Fisher Scientific, Waltham, MA, USA) according to the standard protocol. RT-qPCR was conducted on the QuantStudioTM 7 Flex System using one step PrimeScript® RT-PCR Kit (Takara, RR064A, Tokyo, Japan). The primer sequences are as follows: FXR, forward primer, 5′-GCTTGATGTGCTACAAAAGCTG-3′, reverse primer, 5′-CGTGGTGATGGTTGAATGTCC-3′. FGF15, forward primer, 5′- GAG GACCAAAACGAACGAAATT-3′, reverse primer, 5′- ACG TCCTTGATGGCAATCG-3′. Myd88, forward 5′- TGTTCTTGAACCCTCGGACG-3′, reverse, 5′- CGAAAAGTTCCGGCGTTTGT-3′. CD45, forward 5′- GCTGATCTGGGACGTGAACA-3′, reverse, 5′- TTATCCCCTTCTGATGCGCC-3′. ZO-1, forward 5′-TGAACGTCCCTGACCTTTCG -3′, reverse, 5′- CTGTGGAGACTGCGTGGAAT -3′. IL-1β, forward 5′- TGCCACCTTTTGACAGTGATG -3′, reverse, 5′- TTCTTGTGACCCTGAGCGAC -3′. GAPDH, forward 5- CGTCCCGTAGACAAAATGGT-3′, reverse, 5′- GAATTTGCCGTGAGTGGAGT’. The amplification of Gapdh was utilized as an internal control. The relative mRNA expression was quantified by using the comparative CT (ΔCt) method and expressed as 2−ΔΔCt. All qRT-PCR experiments were repeated at least three times. 
Fluorescence in situ hybridization
Intact intestinal segments containing faecal pellets were immersed in Metheca solution for 48 hours, embedded in paraffin wax and cut into 3 μm thick sections. Paraffin sections of intact tissue with intestinal tract and intestinal contents slides were dewaxed at 60℃ for 10 minutes. The slides were soaked in xylene for two 10-min periods at 60℃, 100% Ethanol for 5 minutes, and in 95% ethanol for another 5 minutes. The sections were air-dried, and the paraffin was completely removed. The probe (5’-GCTGCCTCCCGTAGGAGT-3’ conjugated with Alexa 546) was prepared in a 1:100 buffer dilution to form a hybridization solution. Pre-warmed 50μl probe-hybridization solution was added to each section and incubated overnight at 50℃ in a humidity chamber. After the washing solution, the slides were washed with PBS for 10 minutes each time and sealed with DAPI, and photographed by a fluorescence microscope (Leica, Wetzlar, German).
Bile acid test
The bile acid profile in the study samples was analyzed by the BAP Ultra (Metabo-Profile, Shanghai, China), a bile acid detection kit provided by Metabo-Profile. Liver samples were homogenized, lysed in acetonitrile/methanol, centrifuged, lyophilized, rehydrated and the supernatant was extracted before being analyzed by ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS, ACQUITY UPLC-Xevo TQ-S, Waters Corp., Milford, MA, USA) for the quantitative determination of bile acids. The raw data files generated by UPLC-MS/MS are processed in MassLynx software (v4.1, Waters, Milford, MA, USA), which integrates each bile acid, creates a standard curve, and quantifies the process. Mass spectrometry-based quantitative metabolomics acquires actual concentrations by comparing metabolites in a sample of unknown concentration with a set of standards of known concentration (quantitative curve).
Statistics
All values are presented in the figures as mean ± SEM, with *P <0.05, **P <0.01, ***P < 0.001, ****P < 0.0001; n.s., no significance. The number of animals (n) utilized in the experiments is indicated in the figures. One dot represents one mouse or one section. The statistical differences were determined by unpaired, two-tailed Student’s t-test for two-group comparisons. Moreover, differences between groups were compared using analysis of variance (ANOVA) test (normal) or Kruskal-Wallis test (non-normal). The survival rate was statistically analyzed by Mantel-Cox log-rank. Statistical charts and the data analysis were conducted using GraphPad Prism V.7.00 for Windows (GraphPad Software, San Diego, California, USA). 
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Figures and legends
Figure 1 Abnormal liver function, cholestasis, and intestinal damage following sepsis may be linked to metabolic imbalances in the enterohepatic axis involving FXR.
[image: ] 
A Comparison of 48h survival rate between mice in the Sham and the CLP group. n=10 per group. 
B Comparison of liver injury scores between the Sham group and the CLP group. n=6 per group.
C Comparison of liver and gallbladder gross specimens as well as HE staining of liver between the Sham group and the CLP group. HE staining of the liver indicated liver lobular damage and inflammatory infiltration in the CLP group. Scale bars represent 100 μm.
D Serum TBAs, AKP, ALT, AST, and IL-6 levels at 24h after CLP surgery in the Sham and CLP mice were detected by ELISA. n=6 per group.
E Immunohistochemistry staining and quantitative analysis revealed the expression of FXR and FGF15 was significantly reduced in the liver 24 hours after CLP. 3 mice with 4 sections in each group were randomly measured. Scale bars represent 50 μm. 
F Protein abundance analysis of BSEP, FXR, and FGF15 was conducted by western blot in the liver. All measurements were normalized by using GAPDH expression as an internal standard. n=3 per group.
G Intestinal H&E staining and Chiu score of mice in Sham and CLP groups. n=6 per group. Immunohistochemistry staining and quantitative analysis disclosed that the expression of FXR and FGF15 was significantly reduced in the intestine 24 hours after CLP. 3 mice with 4 sections in each group were randomly measured. Scale bars represent 100 μm.
H Protein abundance analysis of FXR and FGF15 was conducted by western blot in the intestine. All measurements were normalized by using GAPDH expression as an internal standard. n=3 per group.
All data were graphed as mean ± SEM and were considered statistically significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). Unpaired two-tailed t-tests were used, and the bars represent the mean and 95% CI. 


Figure 2. Intestinal barrier function was severely compromised in sepsis
[image: ]
A Alcian blue staining revealed a reduced number of goblet cells in the ileum of the CLP group. n=6 per group. Scale bars represent 100 μm.
B Representative of ZO-1 and Mucin-2 immunofluorescence staining and quantitative analysis in Sham and CLP groups. n=6 per group. Scale bars represent 100 μm.
C Western blot (up) and quantitative analysis (down) of ZO-1 and CD45 protein in ileum from Sham and CLP mice. All measurements were normalized by using GAPDH expression as an internal standard. n=3 per group.
D Immunohistochemical staining and quantitative analysis for CD45 and CD11b. n=6 per group. Scale bars represent 100 μm. 
E V3-V4 hypervariable regions of the bacteria 16S ribosomal RNA (rRNA) gene extracted from cecal samples were detected by Illumina MiSeq sequencings. Mouse cecal bacterial communities were clustered using Non-metric multidimensional scaling (NMDS) analysis of the UniFrac weighted distance matrix. The stress value is indicated on the graph (stress<0.05).  Each dot represents a cecal community. n=6 per group. 
F Venn diagram of differential amplicon sequence variants in Sham and CLP groups. n=6 per group.
G Volcanic maps with statistically significant distributions (log p values) and magnitude of change (log2 fold change) of differentially expressed miRNAs in two groups. The right dots represent significantly upregulated genes, while the left dots represent significantly downregulated genes. n=6 per group.
H-I Histogram of microbiome diversity were used to compare the relative abundances of the Sham and CLP groups at the family and genus levels. n=6 per group.
J Linear discriminant analysis (LDA) effect size (LEfSe) analysis identified the taxa with the greatest differences in abundance at the genus level between the Sham and CLP groups. Only significant taxa meeting a LDA threshold value of >3.6 are shown here. Each transverse column represents a species, and the length of the column correspond to the LDA value, the higher the LDA value, the greater the difference. n=6 per group.
All data were displayed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). Unpaired two-tailed t-tests were used, and the bars represent the mean and 95% CI. 


Figure 3. INT-747 improved gut barrier function and protected against intra-abdominal sepsis. 
[image: ]
A The 7-day survival rate was compared in the Sham, CLP+Vehicle, and CLP+INT groups. Log-rank (Mantel-Cox) test were used for statistical analysis. n=8 per group.
B Gross specimens of the gastrointestinal tract in the Sham, CLP+Vehicle and CLP+INT groups. A standard centimeter scale was used. The gastrointestinal tract length in three groups were statistically compared. n=8 per group.
C Immunohistochemical staining and quantitative analysis of FXR and FGF15 in the ileum were compared among the Sham, CLP+Vehicle, and CLP+INT group of mice. 3 mice in each group with 4 sections in each group were randomly measured. Scale bars represent 50 and 100 μm respectively.
D The structure and function of the gut barrier were compared among the three groups. H&E staining and Chiu scores, ZO-1 immunofluorescence staining and fluorescence quantitative analysis, Mucin-2 immunofluorescence staining and the thickness of mucus, and ileal CD45 IHC staining and quantitative analysis were presented in three groups respectively. Scale bars represent 100 μm.
All data were graphed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). ns means that there was no statistical difference between the two groups. One-way ANOVA was used in three group comparisons, and the bars represent the mean and 95% CI.


Figure 4. Intestinal epithelial cell Myd88-specific deficiency improves gut barrier function
[image: ]
A Compared with Sham group mice, the expression of intestinal Myd88 protein (up and middle) and mRNA (down) were abundantly detected in the intestine 24 hours after CLP. All measurements were normalized by using GAPDH expression as an internal standard.  n=3 per group.  
B Protein expression and the abundance analysis of FXR, FGF15, Myd88, ZO-1 and CD45 in the ileum were compared among the four groups, namely Myd88fl/fl-Sham, Myd88fl/fl-CLP, Myd88∆IEC-Sham, and Myd88∆IEC-CLP four groups by western blot. All measurements were normalized by using GAPDH expression as an internal standard.  n=3 per group.  
C The structure and function of the gut barrier were compared among the four groups. Intestinal H&E staining and Chiu scores, representative CD45 IHC staining and quantitative analysis, ZO-1 immunofluorescence staining and fluorescence quantitative analysis, Mucin-2 immunofluorescence staining and the thickness of mucus were shown. Fluorescence in situ hybridization (FISH) test were implemented among the four groups. The red stain is the bacteria in the intestinal cavity, the blue DAPI stain is the nucleus, and the white arrow indicates leaking bacteria. 3 mice in each group with 4 sections were randomly measured. Scale bars represent 50 μm. 
All data were displayed as mean ± SEM. An unpaired two-tailed t-test was used between the two groups and a two-way ANOVA with Tukey's multiple comparison test was performed among multiple groups. Bars represent the mean and 95% CI. Considered statistically significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). ns means that there was no statistical difference between the two groups. The bars represent the mean and 95% CI.


Figure 5. Intestinal epithelial cell Myd88-specific deficiency upregulates FXR expression and prevents CLP-induced BAs metabolic disturbance 
[image: ]A The mice in Myd88fl/fl-Sham, Myd88fl/fl-CLP, Myd88∆IEC-Sham, and Myd88∆IEC-CLP groups were observed for survival up to 30-days after CLP modeling. Mantel-Cox log-rank test was used for statistical analysis. n=10 per group.
B Comparison of body weight loss 24h after CLP modeling in four groups of mice: Myd88fl/fl-Sham, Myd88fl/fl-CLP, Myd88∆IEC-Sham, and Myd88∆IEC-CLP. n=10 per group.
C Comparison of H&E staining of liver (up) and the liver injury scores (down) in four groups of mice. n=6 per group. Scale bars represent 100 μm.
D Protein abundance analysis of Myd88, BSEP, CYP7A1, FXR, and FGF15 were conducted by western blot in hepar. All measurements were normalized by using GAPDH expression as an internal standard. n=3 per group.
E The levels of TBA in the serum of mice were detected by ELISA in four groups. n=5 per group.
F A comparison of the bile acid spectrum of four groups of mice liver samples, including primary and secondary BAs, bound and free BAs. n=5 per group.
CA: cholic acid, CDCA: chenodeoxycholic acid, GCA: glycocholic Acid, TCA: taurocholic acid, TCDCA: taurochenodeoxycholic acid, αMCA: α-muricholic acid, TαMCA: taurocholic α-muricholic acid, βMCA: β-muricholic acid, TβMCA: taurocholic β-muricholic acid, ωMCA: ω-muricholic acid, TωMCA: taurocholic ω-muricholic acid, DCA: deoxycholic acid, LCA: lithocholic acid, UDCA: ursodeoxycholic acid.
G NMDS based on the UniFrac weighted distance matrix to analyze the beta diversity of cecal bacterial communities in Myd88fl/fl-CLP and Myd88∆IEC-CLP group mice. The stress value was indicated on the graph (stress<0.1).  Each dot represented a cecal community. n=7 per group.
H Alpha-diversity of gut microbiota profiles in Myd88fl/fl-CLP and Myd88∆IEC-CLP groups by Chao1 index.
All data were displayed as mean ± SEM. An unpaired two-tailed t-test was used between the two groups and a two-way ANOVA with Tukey's multiple comparison test was performed among multiple groups. Bars represent the mean and 95% CI. Considered statistically significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). And ns indicates no statistical difference.
Figure 6. Sepsis-derived microbiota exacerbates the disorder of intestinal microbiota by activating intestinal Myd88
[image: ]

A Schematic diagram of fecal microbiota transplantation (FMT) experiment. Normal feces from WT-Sham and septic feces from WT-CLP separately transplanting to WT mice to explore the direct effects of septic flora on intestinal epithelial Myd88 (left). To clarify whether the septic flora affects intestinal flora, intestinal barrier function, and the FXR-FGF15 axis via intestinal Myd88, we conducted FMT from WT-CLP mice to intestinal epithelial cell Myd88-specific knockout mice (Myd88△IEC) and their control Myd88fl/fl mice (right). After SDD, FMT was carried out for 7 consecutive days. 
B The mRNA expression of Myd88 in ileum was detected in Myd88fl/fl-FMT and Myd88∆IEC-FMT group of mice by qPCR. Gapdh was used as an internal control. Relative mRNA expression was quantified using the comparative CT (ΔCt) method and expressed as 2−ΔΔCt. n=3 per group.
C Immunohistochemical staining and quantitative analysis of ileum Myd88, FXR, and FGF15 were compared in the Myd88fl/fl-FMT and Myd88∆IEC-FMT group. 3 mice with 4 sections in each group were randomly measured. n=3 per group. Scale bars represent 50 μm.
D Western blot (up) and quantitative analysis (down) of Myd88, FXR, and FGF15 protein in ileum were compared in the Myd88fl/fl-FMT and Myd88∆IEC-FMT group. All measurements were normalized by using GAPDH expression as an internal standard. n=3 per group.
E The structure and function of the gut barrier were compared between the Myd88fl/fl-FMT and Myd88∆IEC-FMT group. H&E staining and the reduction of goblet cells in each crypt-villus unit, ZO-1 immunofluorescence staining and fluorescence quantitative analysis, and CD11b IHC staining and quantitative analysis were presented in two groups. 3 mice with 4 sections in each group were randomly measured. n=3 per group. Scale bars represent 100 μm. 
F Western blot (up) and quantitative analysis (down) of CD45 and ZO-1 protein in the ileum were compared between the Myd88fl/fl-FMT and Myd88∆IEC-FMT groups. Equal amount of total protein from each sample was loaded and GAPDH was used as loading control. n=3 per group.
All data were graphed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). An unpaired two-tailed t-test was used between the two groups. Bars represent the mean and 95% CI. 


Figure 7.  Probiotics treatment improved septic gut flora, downregulated Myd88, upregulated FXR-FGF15, and modulated BAs metabolism, ultimately promoted barrier function and survival rate
[image: ]
A Body weight changes in CLP+Vehicle and CLP+Probiotic mice at 0h, 1h, 6h, 24h after CLP. n=6 per group. Two-way ANOVA had been used and Bonferroni statistical hypothesis test was used for multiple comparisons in different times of two groups. There was a statistically significant difference in weight change between the two groups at 24h (p=0.0159).
B Survival analysis of CLP+Vehicle and CLP+Probiotic group mice at 24h after probiotics and PBS administration to CLP mice. Survival rates were not statistically different between the two groups, but were slightly better in the CLP+Probiotic group. Mantel-Cox log-rank test were used for statistical analysis. n=6 per group. 
C The mRNA expressions of intestinal FXR, FGF15, ZO-1, Myd88, CD45 and IL-1β were determined by RT-qPCR, and GAPDH was used to normalize. n=3 per group.
D Immunohistochemical staining and quantitative analysis of ileal Myd88, FXR, and FGF15 in CLP+Vehicle and CLP+Probiotic group mice were shown. 3 mice with 4 sections in each group were randomly measured. n=3 per group. Scale bars represent 100μm and 50 μm.
E Western blot (up) and quantitative (down) of Myd88, FXR, ZO-1, and CD45 protein in ileum from CLP+Vehicle and CLP+Probiotic groups. All measurements were normalized using GAPDH expression as an internal standard. n=3 per group.
F The structure and function of the gut barrier were compared between the CLP+Vehicle and CLP+Probiotic groups. Intestinal H&E staining and Chiu scores, Mucin-2 and ZO-1 immunofluorescence staining and fluorescence quantitative analysis were shown in two groups. 3 mice in each group with 4 sections were randomly measured. Scale bars represent 50 μm. 
G A comparison of the hepatic bile acid spectrum between the CLP+Vehicle and CLP+Probiotic groups of mice was conducted, and the typical types of bile acids were listed here. n=3 per group. CA: cholic acid, βMCA: β-muricholic acid, TCA: taurocholic acid, DCA: deoxycholic acid, LCA: lithocholic acid, UDCA: ursodeoxycholic acid. 
All data were graphed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). And ns indicates no statistical difference. An unpaired two-tailed t-test was used between the two groups. Bars represent the mean and 95% CI. 
Figure S1. INT-747 improved gut barrier function and protected against intra-abdominal sepsis. Related to Figure 3.
[image: ]
A Counts of goblet cells per crypt-villus unit was compared in the Sham, CLP+Vehicle and CLP+INT group of mice. 3 mice in each group with 4 sections were randomly measured.
B Villi/Crypt height ratio was compared in three groups. 3 mice in each group with 4 sections were randomly measured. 
C Western blot (up) and quantitative (down) of FXR and FGF15 protein in liver from three groups. All measurements were normalized by using GAPDH expression as an internal standard. n=3 per group.
D Venn diagram representing the overlap of taxa in the microbiota of Sham mice, CLP+Vehicle and CLP+INT group of mice. n=6 per group. 
E Mouse cecal bacterial communities in the Sham, CLP+Vehicle and CLP+INT groups were clustered using NMDS analysis of the UniFrac weighted distance matrix. The stress value was indicated on the graph (stress<0.1).  Each dot represented a cecal community. n=7 per group.
F Redundancy analysis (RDA) sequence of family horizontal species. RDA analysis adopted R language VEGAN and ggplot2 toolkit, which combined correspondence analysis and multiple regression analysis, and established a linear regression model for each step calculation and environmental factors. The length of the arrow line represented the degree of correlation between the environmental factors and the grouping. The longer the arrow, the greater the correlation, and the smaller the vice versa. The level of TBA was positively correlated with sepsis, and levels of acute infection indicators such as IL-6, TNF-α, and IL-1β were positively correlated with sepsis. n=6 per group.
G The phylum-level and genus-level diversity histogram of microbiome in cecal contents of mice in Sham, CLP+Vehicle and CLP+INT groups were analyzed by 16S rRNA. n=6 per group.
All data were graphed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****), ns indicates no statistical difference. One-way ANOVA was used in three group comparisons. Bars represent the mean and 95% CI.


Figure S2. Flora dysbiosis, inflammatory response, and gut barrier function were improved in intestinal epithelial cell Myd88-specific knockout (Myd88△IEC) septic mice. Related to Figure 5.
[image: ]
Alpha-diversity of gut microbiota profiles, partial barrier functions, and serum inflammatory factor levels were compared in Myd88fl/fl-Sham, Myd88fl/fl-CLP, Myd88∆IEC-Sham, and Myd88∆IEC-CLP four groups.
A-B The villi/crypt height ratio and the number of goblet cells were compared among the Myd88fl/fl-Sham, Myd88fl/fl-CLP, Myd88∆IEC-Sham, and Myd88∆IEC-CLP groups. 3 mice in each group with 4 sections were randomly measured.
C-D Serum samples from four groups 24 hours after CLP were collected for ELISA measurements of IL-6 and IL-1β. n=5 per group.
E FITC dextran measured in plasma 1 h after oral application is a marker of small intestinal permeability. Intestinal permeability to FITC-dextran was measured in Myd88fl/fl-Sham, Myd88fl/fl-CLP, Myd88∆IEC-Sham, and Myd88∆IEC-CLP groups of mice. Each point represented an individual mouse. n=6 per group.  
F-H Alpha diversity, as revealed by the Observed index, the Shannon index, and the Simpson index was analyzed in Myd88fl/fl-CLP and Myd88∆IEC-CLP mice. 16S rRNA of cecal samples were detected by Illumina MiSeq sequencings. n=7 per group.
All data were graphed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). ns means that there was no statistical difference between the two groups. One-way ANOVA was used among multiple groups. The bars represent the mean and 95% CI.


Figure S3. Probiotics treatment promoted gut function in sepsis. Related to Figure 7.
[image: ]
A The villi/crypt height ratio was presented in CLP+Vehicle and CLP+Probiotic group mice. 3 mice in each group with 4 sections were randomly measured. 
B The number of goblet cells was compared in CLP+Vehicle and CLP+Probiotic group mice. 3 mice in each group with 4 sections were randomly measured.
C Immunohistochemical staining and quantitative analysis of CD45 and CD11b in the ileum were compared between the CLP+Vehicle and CLP+Probiotic groups. Scale bars represent 100μm and 50 μm. n=3 per group.
All data were graphed as mean ± SEM and were considered significant at p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), and p < 0.0001 (****). An unpaired two-tailed t-test was used between the two groups. Bars represent the mean and 95% CI. 
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