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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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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy
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0.05, as reported by GSEA, were considered statistically significant.

The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier
PXD041412 [https://proteomecentral.proteomexchange.org/cgi/GetDataset?ID=PXD041412]. The raw images for Fig. 2a-d, Fig. 4c-e, and Fig. 5a, along with all
isotropic analysis datasets used in this study, are available on Zenodo at https://doi.org/10.5281/zenodo.13848766. Source data are provided with this paper.

Tissue regions from both male and female patients were randomly selected from FFPE slides, with no analysis of sex or
gender differences.

Not applicable

We included three colorectal tissue samples from patients with histologically confirmed cancer, representing various subtype
regions, including normal, low-grade dysplasia, high-grade dysplasia, and carcinoma. No specific demographic factors, such as
age, were analyzed.

Samples were retrospectively collected from archived FFPE material acquired at the Second Affiliated Hospital of Zhejiang
University School of Medicine.

This study complies with all relevant regulations for human study participants and was conducted in accordance with the
Declaration of Helsinki. The collection and use of human tissue were approved by the Institutional Ethics Committee of the
Second Affiliated Hospital of Zhejiang University School of Medicine and the Ethics Committee of Westlake University.

No statistical methods were used to estimate sample size. Sample sizes for each experiment are provided in the figure legends, and they were
selected to ensure they are sufficient for statistical comparisons between groups. The sample sizes were determined based on similar
published studies (Nat Commun. https://doi.org/10.1038/s41467-022-34824-2).

One file failed due to an MS bug during acquisition, resulting in a total of 131 files.

All attempts for replication were included in the manuscript.

The experimental design for the colorectal cancer samples proteomics acquisition was randomized into six batches to reduce potential batch
effects.

Blinding was not applied in this study, as the experimental design did not necessitate it due to the specific objectives of the research.




