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Outline of Project: 
 
Motivation: 
The challenge we will address is to understand how, in combination, the hundreds of 
genetic variants identified by cancer GWAS perturb cellular regulation and predispose to 
cancer. Success would have important clinical applications in defining better who is most 
at risk, and would open the possibility of mechanism-based approaches to prevention. 
The Ponder lab has novel data showing that the genetic variants associated with breast 
cancer are concentrated within the overlapping regulons1 of about 30 transcription 
factors in a transcription factor based breast cancer gene network, implying convergence 
on common mechanisms (manuscript in preparation). In a parallel approach we are 
exploring how individual genetic variation may alter airway response to cigarette smoke 
injury, and hence risk of COPD and cancer.  We need additional approaches to validate 
and extend our results, and new computational and biochemical analyses to elucidate 
the mechanisms.  
The Saez-Rodriguez lab develops pathway-based computational methods to analyze 
alterations of regulatory mechanisms in cancer and how to tackle this with therapies. 
These approaches could be transferred to the data and challenges described above to 
complement ongoing methods in the Ponder lab. Specifically, they would enhance our 
mechanistic understanding that may ultimately lead to the identification of targets that 
decrease risk. We will initiate these studies on breast cancer data sets with a view to 
transferring results to lung cancer.  
 
Aims of this study:  
To identify pathways that are associated with increased risk to breast and lung cancer 
 
Data: 
Metabric2: 2000 breast tumours, gene expression, SNP and CNV data 
iCOGS3: GWAS for breast cancer, based on 50,000 cases and 50,000 controls, SNPs 
with genome-wide significance have been published; SNP summary data is available for 
all SNPs as part of a collaboration with the Strangeways laboratory 
TCGA4: exome sequencing, SNP Arrays, CNVs, DNA methylation, microRNA 
sequencing, reverse phase protein arrays; data for both breast and lung cancer 
TRICL: lung cancer GWAS, obtained data as part of collaboration (http://u19tricl.org/) 



GTEx: http://www.gtexportal.org/home/; data available through dbGAP 
 
Methods: 
We will derive gene lists that are associated with risk, based on published risk SNPs with 
genome-wide significance as well as extending our analysis to include SNPs that are 
highly enriched for risk, but have not reached formal significance. Associations with 
target genes will be made through physical distance, eQTL analysis and correlation of 
open chromatin between risk SNPs and neighbouring genes5. We will then study these 
genes in the context of the signalling and gene regulatory networks. This will allow us to 
go beyond individual genes and identify subset of these networks (and thereby signalling 
and regulatory processes) associated with risk.  
We will complement this with analyses of gene expression data to derive signatures of 
signalling pathways and transcriptional activity. Towards this end, we will deploy various 
state-of-the-art methodologies6, published and developed at the EBI group. Specifically, 
we will derive signatures of: (1) the activity of known signalling pathways, by comparing 
expression levels to changes in expression induced by activation of pathways with 
ligands; (2) the activity of transcription factors, based on information about which genes 
are regulated by which transcription factors; and (3) active pathways by causal 
reasoning, i.e. ‘backward’ inference from transcription factor scores (signatures from (2)) 
in the signalling network to find which pathways have to be active to drive the observed 
gene expression pattern. We will focus on signatures of pathways and on transcription 
factors known to affect risk (e.g. FGFR2, ER, BRCA, identified risk transcription factors). 
These knowledge-driven methods will be combined with data-driven methods already 
implemented in the Ponder/Meyer laboratory, in collaboration with the Markowetz lab1. 
 
Expertise: 
This proposal brings together work on the understanding of breast cancer risk (Bruce 
Ponder, Cambridge Institute and Department of Oncology) with work on systems 
biomedicine and network-based analysis of genomic data (Julio Saez-Rodriguez, EMBL-
EBI). Within the Cambridge Institute close collaborations exist with Florian Markowetz 
(computational biology of gene expression), Jason Carroll (gene regulation in breast 
cancer) and Carlos Caldas (breast cancer genomics), and with Doug Easton at the 
Strangeways laboratories (GWAS in breast cancer). 
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