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Abstract: 

The protein p27Kip1 (coded by gene Cdkn1b in mice), among others, has been reported to be both tumor-

suppressing and oncogenic, with complex roles in cancer cell proliferation, apoptosis, migration, or 

invasion. These pleiotropic functions suggest the possibility that these genes may affect the expression of 

cancer pathways non-monotonically. Although many established pathway analysis methods can rank 

pathways by their responses to experimental conditions, they were not optimized for non-monotonic 

responses to gene dosage. To overcome such limitations, we present a novel method called functional 

pathway dose-response analysis to test whether a pathway is responsive to the gene dosage without 

assuming a specific underlying functional form. Additionally, an enrichment analysis on the response 

patterns using hypergeometric probabilities shows that the dosage (e.g., zero, one, or two alleles) of the 

gene encoding p27 (Cdkn1b) has non-monotonic effects on the expression of genes in several cancer 

pathways beyond cell cycle regulation. Most importantly, the intermediate dose of p27, e.g., one allele, 

appears to be oncogenic in mouse skin papilloma; and other data support the generalization of this 

conclusion to human cancers. Complementing post-transcription modification and cellular localization 

explanations of p27’s oncogenic roles, our findings provide new insights towards p27-dependent gene 

regulation in cancer. More broadly, functional pathway dose-response analysis is applicable to the study of 

other genes with pleiotropic functions in tumor development.  

 


