
Supplemental Figure legends
Supplemental Figure 1. Research design and flow chart. We analysed the faecal metagenomic sequences and faecal LC‒MS/MS metabolomics of 83 individuals from Luzhou, including 18 MEG patients, 35 glioma patients, 12 BM patients, and 18 HCs. In this cohort, our aim was to characterize the bacterial classification and metabolic characteristics of intestinal microorganisms in HCs and disease populations and to determine the relationship between different taxa, metabolites and bacterial functions. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 2. The α-diversity of the overall structures of the faecal microbiota among the four groups depicted according to Chao1 and ACE. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 3. The differentially abundant species signatures in the MEG, glioma, BM and HC groups were assessed by LDA coupled with effect size analysis (LEfSe) algorithms between the (A) MEG and HC groups, (B) glioma and HC groups, and (C) BM and HC groups. A total of 30 species between the MEG and HC groups, 36 species between the glioma and HC groups and 28 species between the BM and HC groups were identified as differentially abundant bacterial species with LDA scores >2.0 and p<0.05. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 4. Supplemental Figure 4: Significantly altered bacteria between the three disease groups. The box plot shows the relative abundance of representative bacteria that were changed significantly in MEG, glioma and BM. Bacterial abundances are visualized after log2 transformation. MEG, meningioma; BM, brain metastasis.
Supplemental Figure 5. Comparison of the representative taxonomic abundance between MEG, glioma and BM vs. HCs. (A) Based on the Gram staining properties of the bacteria, the relative abundance of gram-negative bacteria increased significantly, while the gram-positive microbes decreased significantly in the MEG, glioma and BM (MEG vs. HCs: p=0.016; glioma vs. HCs: p=0.044; BM vs. HCs: p=0.020). (B) The relative abundance of Lachnospiraceae was significantly reduced (MEG vs. HCs: p<0.001; glioma vs. HCs: p<0.003; BM vs. HCs: p<0.013), while the relative abundance of Enterobacteriaceae was substantially enriched. (C) Of the 6 genera belonging to Lachnospiraceae, two genera were depleted, Dorea was significantly depleted in all disease groups (MEG vs. HCs: p=0.001; glioma vs. HCs: p=0.037; BM vs. HCs: p=0.025), and Roseburia was reduced significantly in the MEG (p=0.003) and glioma groups (p=0.001). (D) The three genera of Enterobacteriaceae, including Escherichia, Klebsiella and Enterobacter, were more abundant in the three disease groups. The relative abundance of the genera is plotted on a logarithmic scale, and values of zero are assigned 1e-06. (Blue, HCs; orange, MEG; green, glioma; red, BM). *p<0.05, **p<0.01 and ***p<0.001 compared to HCs. HCs, healthy controls; MEG, meningioma; BM, brain metastasis; G+, gram-positive bacteria; G-, gram-negative bacteria.
Supplemental Figure 6. Quantitative real-time PCR analysis of the Roseburia genus and Escherichia genus in all participants. Relative abundance of Roseburia and Escherichia between HCs and three disease groups as verified by qPCR. Note that Roseburia were undetected in some samples. There were 5, 10 and 7 undetected samples in MEG, glioma and BM, respectively. *p<0.05 compared to HCs. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 7. Significantly changed metabolites between the three disease groups. The box plot shows the relative abundance of representative metabolites that were altered significantly in MEG, glioma and BM. Metabolite abundances are shown after log2 transformation. MEG, meningioma; BM, brain metastasis.
Supplemental Figure 8. Forest plots of relative risk or protective effect based on random forest screening for bacteria and metabolites from the HCs and three different brain tumors. (A) Forest plots of OR for MEG. (B) Forest plots of OR for glioma. (C) Forest plots of OR for BM. The squares and bars represent the OR and 95% CIs. OR, odds ratio; HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 9. Faecal metabolome changes in HCs and three disease groups. Volcano plots demonstrated metabolite changes (A) between HCs and MEG, (B) between HCs and glioma, and (C) between HCs and BM. The X-axis indicates the log2-transformed fold change of faecal metabolite abundances, and the Y-axis denotes log10-transformed Q-values (p value adjusted using the tail area-based FDR). The horizontal lines represent p<0.05. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 10. The species as the signature for each disease group based on random forest models. Boxplots of the relative abundances of the species selected for the random forest model used to distinguish samples in the MEG (A), glioma (B), and BM (C) from those in the HCs. HCs, healthy controls; MEG, meningioma; BM, brain metastasis. ※ indicates that the special has been selected as the signature for the corresponding group. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
Supplemental Figure 11. The metabolites as the signature for each disease group based on random forest models. Box plots of the relative abundances of the metabolites selected for the random forest model used to distinguish samples in the MEG (A), glioma (B), and BM (C) from those in the HCs. HCs, healthy controls; MEG, meningioma; BM, brain metastasis. ※ indicates that the metabolite has been selected as the signature for the corresponding group. HCs, healthy controls; MEG, meningioma; BM, brain metastasis.
[bookmark: OLE_LINK195]Supplemental Table 1. Baseline characteristics of the healthy control, meningioma, glioma, and brain metastasis groups
Mean values are provided with standard deviation in parentheses, unless otherwise noted as n (%). Abbreviations: HCs, healthy controls; MEG, meningioma; BM, brain metastasis, BMI, body mass index; WBCs, white blood cells; NEUs, neutrophils; LYMs, lymphocytes; MONs, monocytes; EOSs, eosinophils; BASs, basophils; GLU, blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TP, total protein; GLO, globulin; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; TBA, total bile acid; GGT, G-glutamine transferase; ALP, alkaline phosphatase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides. *p value determined by chi-square or F test from ANOVA. Superscripts indicate individual significant mean differences between α HCs vs MEG, β HCs vs glioma and δ HCs vs BM.
[bookmark: OLE_LINK109]Supplemental Table 2. Metabolites and their abundances measured by faecal metabolomics in each group.
Data are given as the median (P25, P75). Abbreviations: HCs, healthy controls; MEG, meningioma; BM, brain metastasis; Md: median.

Supplemental method 1
[bookmark: OLE_LINK346]Study population
Proposed inclusion criteria:
(1) All participants completed the basic information collection and biological specimen collection.
(2) All participants had no history of antibiotic, probiotic, prebiotic, or synbiotic use within 2 months prior to the biological specimens were collected and had known active bacterial, fungal, or viral infections.
(3) All participants had no history of radiotherapy or chemotherapy.
(4) All participants had no history of digestive tract disease or operation.
(5) All participants had no history of central nervous system diseases.
(6) All participants had no history of hypertension, diabetes, viral hepatitis B, or cirrhosis.
(7) Patients were diagnosed with glioma, meningioma or metastatic tumor by head imaging and were willing to undergo surgical treatment in our hospital.
Exclusion criteria:
(1) The following diseases were found in this time health check: hypertension. cardiovascular disease; diabetes mellitus; liver cirrhosis; fatty liver disease.
(2) Patients who had not undergone surgical treatment.
Final inclusion criteria:
[bookmark: OLE_LINK338][bookmark: OLE_LINK339](1) Participants who met the proposed inclusion criteria for the proposed group and passed the exclusion criteria.
[bookmark: OLE_LINK342][bookmark: OLE_LINK343](2) The patients received surgical treatment in our hospital and were diagnosed with glioma, meningioma or lung cancer brain metastasis by postoperative pathology.
(3) The healthy controls were family members and caregivers who lived with the patient.
Supplemental method 2 Quantitative real-time PCR analysis of the Roseburia genus and Escherichia genus in all participants.
Faecal microbial DNA was extracted from each sample using the QIAamp® Fast DNA Stool Mini Kit (QIAGEN, Hilden, Germany) following the manufacturer’s instructions. Real-time PCR assays were performed using an Applied Biosystems ViiA 7TM Real-Time PCR System (Applied Biosystems, Foster City, CA, USA). The abundance of the total bacterial community (16S rRNA gene) and the genera of the Roseburia and Escherichia communities (16S rRNA gene) in the faecal samples was determined. Real-time PCR was performed for each extraction in triplicate, and the average values were then transformed to Log of gene copies per gram of dry faeces. The following table summarizes the primers and real-time PCR conditions.
Description of the primer sets and amplification conditions for the quantitative real-time PCR assays.
	Bacteria
	Gene
	Primers
	Real-time PCR conditions
	References

	Total bacterial quantity
	16s rRNA gene
	Uni331modF
	TCCTACGGGAGGCAGCAGTG
	95℃ 5 min; 45 cycles 95°C 15”, 60°C 60”, 95°C 15”
	Cindy et al., 2020

	
	
	E533modR
	TTACCGCGGCTGCTGGCACG
	
	

	Escherichia/Shigella spp
	16s rRNA gene
	EcoliPenF
	CATGCCGCGTGTATGAAGAA
	95℃ 5 min; 45 cycles 95°C 15”, 60°C 60”, 95°C 15”
	Fanny B. et al., 2015

	
	
	EcoliPenR
	CGGGTAACGTCAATGAGCAAA
	
	

	Roseburia intestinalis
	16s rRNA gene
	RrecF
	GCGGTRCGGCAAGTCTGA
	95℃ 5 min; 45 cycles 95°C 15”, 60°C 60”, 95°C 15”
	Gui Q, et al., 2020

	
	
	Rrec630mR
	CCTCCGACACTCTAGTMCGAC
	
	


Supplemental method 3
[bookmark: OLE_LINK199]Targeted faecal metabolomics profiling
Targeted metabolomics profiling of faecal samples was performed by Metabo-Profile (Shanghai, China). The order of all test samples was randomly selected before the preparation. Ten milligrams of lyophilized faeces was homogenized with 25 μL of water and extracted with 185 μL of cold ACN-methanol (8/2, v/v). After centrifugation, 30 μL of supernatant was used for derivatization with 20 μL of freshly prepared derivative reagents on a Biomek 4000 workstation (Biomek 4000, Beckman Coulter, Inc., Brea, California, USA), followed by mixing with internal standards. Subsequently, the derivatized samples and serial dilutions of derivatized stock standards were randomly analysed and quantified using an ultra-performance liquid chromatography coupled to tandem mass spectrometry (UPLC‒MS/MS) system (ACQUITY UPLC-Xevo TQ-S, Waters Corp., Milford, MA, USA). A total of 201 standard substances, including 3 subclasses, were obtained from Sigma‒Aldrich (St. Louis, MO, USA), Steraloids Inc. (Newport, RI, USA) and TRC Chemicals (Toronto, ON, Canada). Three types of quality control samples, i.e., test mixtures, internal standards, and pooled biological samples, are routinely used in the metabolomics platform. The derivatized pooled quality control samples were injected every 14 test samples. Raw data generated by UPLC‒MS/MS were processed using QuanMET software (v2.0, Metabo-Profile, Shanghai, China) to perform peak integration, calibration, and quantification for each metabolite.
