
Understanding tumor development through definition of cancer pathways 

Dongyan Song 

Cancer is a genetic disease, which can be caused by alterations of oncogenes, 
tumor-suppressor genes or stability genes, and the progression of a cancer resembles 
Darwinian evolution. Similar with species evolving but with individual cells as the unit, the 
cell carrying a random mutation may have a selective advantage and competes with 
surrounding cells. Under the forces of selection, descendants of the cell with growth 
advantages proliferate more effectively and form a large clonal population. When this 
population reaches a high number (e.g., 106, the mutation rate of a base in DNA is 10-6.), 
another random mutation may occur and confer an even higher advantage, which yields a 
subclonal population and eventually dominate the local tissue environment. If this process 
continues, mutations accumulate in cells and will eventually give raise to a tumor finally. 

From this multi-step tumor progression view, a single gene defect cannot cause cancer, 
however, the frequency of mutated genes vary a lot. For example, in colorectal cancers, a few 
genes, such as, APC, TP53 and KRAS are commonly mutated in many of patients, and they 
stand like mountains in genomic landscape, but this gene map is dominated by a much larger 
number of infrequently mutated gene hills. In another words, the mutated genes vary a lot 
among different patients even with same cancer type. The potential therapeutic targets are 
genes altered in cancers, but how can we deal with the complexity of mutated gene spectrum? 
Research has shown that pathways rather than individual genes govern the tumorigenesis 
process, which motivates studies to cleverly define molecular pathways. 

As proteins in a pathway act successively, one mutated protein may cause disruption or 
activation of a signaling pathway. Mutations within certain pathway generally obey the 
mutually exclusive principle, that is, one and only one of components of specific pathways is 
mutated in a single tumor, and the same phenotype can be achieved in different tumors by 
mutation of other genes in the same pathway. The frequently mutated pathways, such as 
TGF-β, Wnt and Notch pathways, receive signals from the body or the environment, pass the 
information through membrane receptors, and enter the nucleus to activate or suppress 
expression of specific genes. Pathways predefined by either biochemical transformations or 
sequences of signal events are static, in contrast, networks are built from binary interactions 
which are dynamic and much closer to real cell conditions. Thus, it is important for cancer 
research to find out an efficient way to analyze the complex networks. Our work aims to build 
a network containing as many mutated genes as possible and use cluster algorithm to define 
possible components of known pathways. To construct more complete networks and delineate 
them is still a further challenge. 
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