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Abstract:[ Purposes] Precisely identifying key genes at different stages of cancer and understand-
ing their biological functions are essential for a deeper understanding of cancer pathogenesis. A new
computational framework is proposed to improve the accuracy of identifying genes associated with dis-
ease stages. [Methods] Through gene expression integrat and analysis, DNA methylation, copying
of multiple variant breast cancer sample pair data, and combining protein—protein interaction (PPI) net-
works to screen key genes, gene regulatory networks at different stages were constructed. Weighted
gene co—expression network analysis (WGCNA) method was used to identify stage—specific network
modules, and they were validated through enrichment analysis, survival analysis, and network topolo-
gy analysis.[Results] Disease stage-specific candidate genes associated with various stages of cancer
are identified. A total of seven stage—specific gene modules are obtained, and 29, 20, and 25 key
genes in three stages of breast cancer are screened, among which 89.7%, 75%, and 72% of the

genes are significantly associated with the development of breast cancer, and the effectiveness of the
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computational framework in identifying genes related to cancer progression is verified.

Keywords: breast cancer; multi—omics; stage specificity; gene regulatory network; WGCNA;
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Table 2 Genes obtained from screening at each stage and gene
regulatory network information
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Table 3 Distributions of specific genes in each stage module
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Table 4 Candidate disease genes at each stage
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Fig. 3 Joint enrichment analysis of stage—specific modules
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Fig.4 Results of GO and KEGG enrichment analyses of the preserved genes in each stage module
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Table 5 Analysis results of module preservation for each stage
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