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Three reasons why we havenôt cured cancer 

1. Cancer consists of an unknown number of sub-

types whose origins and conditions are not well 

known: which genes and cellular functions are 

important? 

1. Cancer research in the 21st century 

 

Daily Mail BBC 



Three reasons why we havenôt cured cancer 

2. A given tumor tends to consist of many different 

sub-populations. Thus any treatment tends to be 

like cutting off some of the heads of a hydra.  

Ding et al, Nature 2012 

A relatively minor subpopulation of tumor cells survives chemotherapy and 

arises to become the dominant sub-type at relapse 



Three reasons why we havenôt cured cancer 

3. Most often cancer is driven by alterations in a 

complex gene network. The biological picture of 

the network state is still largely incomplete.  

In this case knowing the transduction pathway involved gives 

biological understanding to why treatments work.  

Unfortunately, these are not known for most pathways! Engelmann et al, Nature Med. 2008 

In ordinary 

tumors with 

RAF activated 

you only need 

to inhibit MEK 

to put the 

cancer into 

remission. 

But when RAS 

is mutant, you 

have to inhibit 

PI3K and MEK! 



Modern tools in cancer genomics 

ÅWe now have the technology to study cancer at 

the level of entire genomes:  

Gene 

expression 

Copy 

number 



Finding cancer genes: the traditional approach 

ÅGiven genomic disease data it is natural to ask 

which parts of the genome are different in the 

disease and how that has affected the biological 

function of the system.  

 

 

Rank genes according to 

size of change and select 

those such that only 5% 

are expected to be false 

positives. 

Check to see 

which known 

biological 

functions of the 

cell contain 

significantly 

many of these 

genes. Control 

for false 

discovery! The network 

structure is ignored 

in this approach 



Network approaches in cancer 

Å It is now known that most cancers are not caused by 

malfunctions in a single protein.  

Å In fact most tumors are characterized by hundreds of 

alterations (copy number, DNA methylation, é), often of 

different unknown levels of importance (drivers vs 

passengers). 

ÅTo address this challenge, biological data are often 

combined with interaction network models, giving rise to 

so-called integrated approaches.  



The protein interaction network (PIN) 

Å The approximately 20,000 genes in the human genome are 

synthesized into proteins. These proteins interact, although we believe 

ourselves only to know a small proportion of all interactions; perhaps 

only 10%. 

Å The current interaction network models are obtained from 

agglomerating results of vast amounts of experiments. 

Å http://www.pathwaycommons.org/ 

It is believed that around 50% 

of the interactions in the yeast 

protein interaction network are 

known. 


