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Supplementary Fig. 1. Effects of WCP on body weight, dietary intake, serum aminotransferase levels, and polysaccharide characterization. (A) Body weight of mice in the indicated groups. (B) Dietary intake of mice in the indicated groups. (C,D) Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels. (E) Molecular weight distribution of WCP. (F) Monosaccharide composition of WCP. (G) Fourier-transform infrared spectroscopy analysis of WCP. Data are presented as mean ± s.e.m. 
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Supplementary Fig. 2. Serum aminotransferase levels in mice colonized with microbiota from non-responding cancer patients. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels in humanized mice colonized with pooled fecal microbiota from non-responding cancer patients and treated with the indicated regimens. Data are presented as mean ± s.e.m. 
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Supplementary Fig. 3. Gut microbiota is required but not sufficient for WCP-enhanced αPD1 efficacy in the LLC subcutaneous tumor model. (A) Schematic diagram of the antibiotic treatment experiment in the LLC subcutaneous tumor model. (B) Tumor growth kinetics in the indicated groups. The number of mice per group was as follows: Vehicle+ABX, n = 8; WCP+ABX, n = 7; αPD1+ABX, n = 7; WCP+αPD1+ABX, n = 8. (C) Endpoint tumor weights on day 21 from the experiment shown in (B). The number of mice per group was as follows: Vehicle+ABX, n = 8; WCP+ABX, n = 7; αPD1+ABX, n = 7; WCP+αPD1+ABX, n = 8. (D) Representative images of dissected tumors from the experiment shown in (B). (E) Schematic diagram of the FMT experiment. (F) Tumor growth kinetics of recipient mice after FMT. n = 8 mice per group. (G) Endpoint tumor weights on day 21 from the experiment shown in (F). n = 8 mice per group. (H) Representative images of dissected tumors from recipient mice after FMT. n = 8 mice per group. Data are presented as mean ± s.e.m. Statistical significance was assessed using unpaired two-tailed Welch’s t-tests. For predefined multiple pairwise comparisons and tumor growth curve comparisons at the indicated time points, P values were adjusted using the Holm–Šídák method. Exact adjusted P values are shown for the indicated comparisons.
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Supplementary Fig. 4. Functional contribution of T. sanguinis to WCP-enhanced αPD1 efficacy and exploratory profiling of fecal bile acid composition. (A) Relative abundance of Turicibacter at the genus level in fecal samples from the indicated treatment groups, based on 16S rRNA gene sequencing. (B) qPCR analysis of fecal Turicibacter abundance in recipient mice at the endpoint of the FMT experiment. Recipient mice received fecal microbiota from WCP-, αPD1-, or WCP+αPD1-treated donor mice. (C) Phylogenetic analysis of the Turicibacter ASV identified by 16S rRNA gene sequencing. The 429-bp ASV sequence and representative reference 16S rRNA gene sequences were aligned using MUSCLE, and a neighbor-joining tree was constructed in MEGA 11 using the p-distance method. Erysipelothrix rhusiopathiae AB034200 was used as the outgroup, and branch lengths represent substitutions per site. (D) Pairwise sequence identity between the Turicibacter ASV and representative reference sequences. (E) Tumor growth kinetics in mice receiving the indicated treatments. The number of mice per group was as follows: Vehicle, n = 8; αPD1, n = 7; αPD1+WCP, n = 8; αPD1+WCP+ABX+E. coli, n = 8; αPD1+WCP+ABX+T. sanguinis, n = 8. (F) Endpoint tumor weights on day 21 from the experiment shown in (E). The number of mice per group was as follows: Vehicle, n = 8; αPD1, n = 7; αPD1+WCP, n = 8; αPD1+WCP+ABX+E. coli, n = 8; αPD1+WCP+ABX+T. sanguinis, n = 8. (G) Representative images of dissected tumors from the experiment shown in (E). (H) Tumor growth kinetics in mice receiving vehicle, αPD1, T. sanguinis, αPD1+T. sanguinis, or WCP+T. sanguinis. The number of mice per group was as follows: Vehicle, n = 8; αPD1, n = 8; T. sanguinis, n = 8; αPD1+T. sanguinis, n = 7; WCP+T. sanguinis, n = 8. (I) Endpoint tumor weights on day 31 from the experiment shown in (H). The number of mice per group was as follows: Vehicle, n = 8; αPD1, n = 8; T. sanguinis, n = 8; αPD1+T. sanguinis, n = 7; WCP+T. sanguinis, n = 8. (J) SMPDB-based pathway enrichment analysis of differential metabolites. Bile acid biosynthesis showed relatively low enrichment compared with carbohydrate- and energy metabolism-related pathways. (K) Total detected fecal bile acid levels in Vehicle-, WCP-, αPD1-, and WCP+αPD1-treated mice. No significant difference was observed between the WCP+αPD1 group and either the WCP or αPD1 group. (L) Relative composition of major fecal bile acid classes, including unconjugated, taurine-conjugated, glycine-conjugated, and sulfated/glucuronidated bile acids. Percentages were first calculated for each individual mouse and then averaged within each treatment group. Data in (K) are presented as individual values with mean ± s.e.m.; data in (L) are shown as mean percentage of the total detected bile acid pool. Data are presented as mean ± s.e.m. Statistical significance was assessed using unpaired two-tailed Welch’s t-tests. For predefined multiple pairwise comparisons and tumor growth curve comparisons at the indicated time points, P values were adjusted using the Holm–Šídák method. Exact adjusted P values are shown for the indicated comparisons.
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Supplementary Fig. 5. Serum metabolomic profiling and construction of the FUC2-overexpression plasmid. (A) Stacked bar chart showing the relative distribution of annotated metabolite classes across the indicated groups. Values represent the median relative abundance of metabolites within each class. (B) Volcano plot of the serum metabolomic profile comparing WCP+αPD1 with WCP. Serum samples were collected at the experimental endpoint and analyzed by LC–MS. n = 4 mice per group. Red dots indicate metabolites increased in the WCP+αPD1 group compared with the WCP group, whereas blue dots indicate decreased metabolites. Differential metabolites were defined as those with |log2 fold change| ≥ 1 and P < 0.05. (C) Monosaccharide composition of six traditional Chinese medicine polysaccharides. (D) Schematic map of the pET-28a(+)-FUC2 plasmid used for overexpression of T. sanguinis α-L-fucosidase FUC2 in E. coli. (E) Relative serum fructose-1-phosphate abundance determined by untargeted metabolomics. n = 4 mice per group. Data are presented as mean ± s.e.m. Differential metabolites in volcano plots were analyzed using unpaired two-tailed Welch’s t-tests. Selected metabolite comparisons were analyzed using multiple unpaired two-tailed Welch’s t-tests with Holm–Šídák correction. Exact P values are shown in the figures or provided in the statistical source data.
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Supplementary Fig. 6. L-fucose enhances αPD1 efficacy in Mc38 and LLC subcutaneous tumor models. (A) Schematic diagram of αPD1 immunotherapy and L-fucose (L-fuc) administration in the Mc38 subcutaneous tumor model. (B) Tumor growth kinetics in Mc38 tumor-bearing mice treated with vehicle, L-fucose, αPD1, or L-fucose+αPD1. The number of mice per group was as follows: Vehicle, n = 8; L-fucose, n = 8; αPD1, n = 7; L-fucose+αPD1, n = 7. (C) Endpoint tumor weights on day 35 from the experiment shown in (B). The number of mice per group was as follows: Vehicle, n = 8; L-fucose, n = 8; αPD1, n = 7; L-fucose+αPD1, n = 7. (D) Representative images of dissected tumors from the experiment shown in (B). (E) Schematic diagram of αPD1 immunotherapy and L-fucose administration in the LLC subcutaneous tumor model. (F) Tumor growth kinetics in LLC tumor-bearing mice treated with vehicle, L-fucose, αPD1, or L-fucose+αPD1. The number of mice per group was as follows: Vehicle, n = 7; L-fucose, n = 8; αPD1, n = 7; L-fucose+αPD1, n = 7. (G) Endpoint tumor weights on day 21 from the experiment shown in (F). The number of mice per group was as follows: Vehicle, n = 7; L-fucose, n = 8; αPD1, n = 7; L-fucose+αPD1, n = 7. (H) Representative images of dissected tumors from the experiment shown in (F). Data are presented as mean ± s.e.m. Statistical significance was assessed using unpaired two-tailed Welch’s t-tests. For predefined multiple pairwise comparisons and tumor growth curve comparisons at the indicated time points, P values were adjusted using the Holm–Šídák method. Exact adjusted P values are shown for the indicated comparisons.
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Supplementary Fig. 7. WCP-enhanced αPD1 efficacy is CD8+ T cell dependent. (A) Schematic diagram of αPD1 immunotherapy and WCP administration combined with anti-CD8 antibody or isotype control antibody in the Mc38 subcutaneous tumor model. (B) Tumor growth kinetics in Mc38 tumor-bearing mice treated with WCP+αPD1 plus anti-CD8 antibody or isotype control antibody. The number of mice per group was as follows: WCP+αPD1, n = 7; WCP+αPD1+anti-CD8 antibody, n = 8. (C) Endpoint tumor weights and representative images of dissected tumors from the experiment shown in (B). The number of mice per group was as follows: WCP+αPD1, n = 7; WCP+αPD1+anti-CD8 antibody, n = 8. (D) Schematic diagram of αPD1 immunotherapy and WCP administration combined with anti-CD8 antibody or isotype control antibody in the LLC subcutaneous tumor model. (E) Tumor growth kinetics in LLC tumor-bearing mice treated with WCP+αPD1 plus anti-CD8 antibody or isotype control antibody. The number of mice per group was as follows: WCP+αPD1, n = 9; WCP+αPD1+anti-CD8 antibody, n = 8. (F) Endpoint tumor weights and representative images of dissected tumors from the experiment shown in (E). The number of mice per group was as follows: WCP+αPD1, n = 9; WCP+αPD1+anti-CD8 antibody, n = 8. Data are presented as mean ± s.e.m. Statistical significance was assessed using unpaired two-tailed Welch’s t-tests. For predefined multiple pairwise comparisons and tumor growth curve comparisons at the indicated time points, P values were adjusted using the Holm–Šídák method. Exact adjusted P values are shown for the indicated comparisons.
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