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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Step 4 The regions of individual cells in all images were segmented at the pixel level using cytoplasm pattern with adaptive calibration
diameter in Cellpose to generate masks. Other default parameters were in Supplementary Table 10. The mask for single-cell segmentation in
each ROI was manually adjusted and selected. Single-cell segmentation mask and TIFF images of the 14 channels were overlaid to extract the
average expression of markers and spatial features (cell area, perimeter, long-axis length and short-axis length) of single cell using the
MATLAB toolbox regionprops. Single-cell marker expressions were summarized by mean pixel values for each channel. The single-cell data
were censored at the 99-th percentile to remove outliers, and normalized to the 99-th percentile, as was suggested for these algorithms.

Step 5 Single cells from clinical cohorts were clustered into groups with functionally similar using two unsupervised clustering methods,
FlowSOM and PhenoGraph. Both methods were implemented using the python package in the download path provided in the literature. The
FlowSOM was repeated 10 times using default parameters within each determined cluster number interval. Every 5 clusters were set as one
interval, for a total of 12 intervals between 1 and 60 of cluster numbers. The PhenoGraph was used for the case where the clustering number
was not determined, and was repeated 120 times with the nearest neighbour parameter of 30.

Step 6 The clustering results with the highest CH in Step 5 were used for the subsequent analysis. Functionally similar clusters were
aggregated into larger groups based on the expression and correlation of markers. For visualization, high-dimensional single-cell data were
reduced to two dimensions using the nonlinear dimensionality reduction algorithm t-SNE.

Step 7 Statistical analysis (correlation, difference) was performed on clusters with high expression of G- and G+ bacteria.

https://github.com/DingLabSJTUChenRui/SpiDe-Sr. (DOI:10.5281/zenodo.10669093).

Sex and gender were not used in any scenario as criteria for sample collection.

No race, ethnicity or socially relevant groupings were performed in this study.

A cohort of 20 patients covering 4 major breast cancer subtypes (HER2, LA, LB, TNBC) .

De-identified tissue samples were collecte with previous patient consent in strict observance of the legal and
institutionathical regulations. This was performed by the clinic and no recruitment criteria were used. Because we have no
demographic information about either our samples or the patient population, we cannot comment on how any bias may or
may not be present. While this would be scientifically helpful, this wall is essential for the patient confidentiality of sensitive
procedures and patient privacy trumps our interest.

All of our experiments on mouse were ethically proved by Institutional Animal Care and Use Committee (IACUC) of Shanghai
Jiao Tong University (approval # 202201309) and the experiments on human samples were ethically cleared by Institutional
Review Board for Human Research Protections of Shanghai Jiao Tong University (approval # B2022357P).

Samples were collected until the sample size was sufficient to give comparison and reliable estimates. No sample size calculations were
performed. No statistical method was used to predetermine sample size.

No data were artificially excluded from the analysis.
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Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems
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Antibodies
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Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

As the laser ablation during IMC imaging process precludes the same sample being acquired twice, IMC experiments were completed once for
all samples. For consistency, confocal experiments were also snapped once for all samples. However, for each sample, we generated several
biological replicates when it was possible. For MCF-7 cell, we analyzed n = 814 paired cells; For mouse fatty tissue, we analyzed n = 860 paired
cells; For breast cancer tissue, we analyzed n = 691 paired cells.

No randomization was performed, as this was not a case-control study.

As there was no therapeutic intervention in this study, no blinding was performed.

Antibody information is supplied in Supplementary Table1 1, which contains information about antigen; clone; vender; catalog
number and working concentration as follows:

Tubulin; /; Beyotime; AF1216; 20 "g/mL;

CD45; /; Beyotime; AF7839; 20 "g/mL;

CD34; /; Beyotime; AF1387; 20 "g/mL;

Donkey anti-rabbit secondary antibody; Poly4064; Biolegend; 406416; 10 "g/mL;

PKCD; EPR17075; Abcam; ab222229, 5 "g/mL;

PR; YR85; Abcam; ab206926), 1 "g/mL;

IFI6; /; Abcam; ab192314; 5 "g/mL;

HER2; EP1045Y; Abcam; ab194979, 0.25 "g/mL;

Ki67; SP6; Abcam; ab197547; 0.15 "g/mL;

ISG15; /; Abcam; ab285370; 5 "g/mL;

ER; EPR4097; Abcam; ab167610, 3 "g/mL;

ZC3HAV1; /; Abcam; ab154680; 5 "g/mL;

LPS; WN1 222-5; HycultBiotech; HM6011; 1 "g/mL;

LTA; mAb 55; HycultBiotech; HM2048; 0.5 "g/mL;

CD45; HI30; Biolegend; 304045; 0.15 "g/mL;

CD68; Abcam; 283667; 5 "g/mL;

CD8a; CAL66; Abcam; ab251596; 1 "g/mL;

CD19; 6OMP31; Invitrogen; 14-0194-95; 2.5 "g/mL.

Primary antibodies were validated by both the manufacturers (showed below) and negative control experiments omitting the
primary antibody.

Antigen; species; applications; validation from company’s website; relevant citations

!-Tubulin; Rabbit; WB, IF, IHC, ICC, FC; https://www.beyotime.com/product/AF1216.htm;

CD45; Rabbit; WB, IF, IHC; https://www.beyotime.com/product/AF7839.htm;

CD34; Rabbit; WB, IP, IF, IHC, ICC; https://www.beyotime.com/product/AF1387.htm;

PKCD; Rabbit; WB, IHC-P, ICC/IF, Flow Cyt (Intra); https://www.abcam.cn/products/primary-antibodies/pkc-delta-antibody-
epr17075-bsa-and-azide-free-ab222229.html; https://onlinelibrary.wiley.com/doi/10.1002/cyto.a.24550;

PR; Rabbit; IHC-P, IP, WB, Flow Cyt (Intra), ICC/IF; https://www.abcam.cn/products/primary-antibodies/progesterone-receptor-
antibody-yr85-bsa-and-azide-free-ab206926.html; https://onlinelibrary.wiley.com/doi/10.1002/cyto.a.24550;

IFI6; Rabbit; WB, IHC-P, ICC/IF; https://www.abcam.cn/products/primary-antibodies/ifi6-antibody-ab192314.html; https://
onlinelibrary.wiley.com/doi/10.1002/cyto.a.24550;

HER2; Rabbit; WB, ICC/IF, IHC-P, IP; https://www.abcam.cn/products/primary-antibodies/erbb2--her2-antibody-ep1045y-bsa-and-
azide-free-ab194979.html; https://onlinelibrary.wiley.com/doi/10.1002/cyto.a.24550;

Ki67; Rabbit; WB, mIHC, Flow Cyt (Intra), IHC-P, ICC/IF; https://www.abcam.cn/products/primary-antibodies/ki67-antibody-sp6-bsa-
and-azide-free-ab197547.html; https://onlinelibrary.wiley.com/doi/10.1002/cyto.a.24550;




