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	I. Project Title

	Incorporating multiple GWAS and annotations in secondary analysis of lung cancer GWAS to look for shared and causal genetic factors

	Date: 

November 10, 2015

	II. Project Group Investigators

	Hongyu Zhao, Christopher Amos

	III. Background

	Lung cancer is a leading cause of cancer-related mortality in many countries. Non-small-cell lung cancers (NSCLSc), the most common type of lung cancer, are identified with diverse pathological features. Recent advances in epidemiologic studies reveal molecular alteration of driver oncogenes and cellular heterogeneity dependent on genetic, biologic, ethnic, and social backgrounds of patients. The most well known case is the frequent mutation of the epidermal growth factor receptor (EGFR) gene observed in East Asian non-smoking female patients, irrelevant from the major cause of lung cancer – tobacco. Although recent progress in targeted therapy against driver oncogenes have significantly improved patient outcome, high heterogeneity has been observed in the response to different drugs. Therefore, efforts to understand the basis for different susceptibilities to lung cancer among individuals are important to help develop effective preventive measures.

While genome wide association studies (GWAS) have identified many lung cancer susceptibility loci such as 5p15 (TERT-CLPTMIL) and 15q25 (CHRNA3). We hypothesize that novel statistical methods that can incorporate multiple GWAS results and annotations can identify additional loci associated with lung cancer risk. 
Pleiotropy refers to the phenomenon where a genetic factor affects more than one phenotype. GWASs have identified hundreds of genetic factors related with various cancer types, including lung cancer. Some SNPs in gene LSP1 and TERT have been identified to affect lung cancer risk, as well as some other cancer types. Study of pleiotropy between lung cancer and other cancer types might help reveal the common mechanism of cancer development. Apart from cancer, GWASs have been carried out for many other traits, with publically accessible summary statistics. Recent studies suggest the immune system plays a significant role in the pathogenesis of autoimmune diseases, chronic inflammatory diseases and cancer. Such rich information could be utilized to explore the underlying mechanism of lung cancer and its connections with other traits. 
The rich collection of epigenomic data generated by large consortia provides great insight for understanding the functional effects of the genome, especially in terms of non-coding regulatory machinery. Recent studies have shown that information from these annotation data can enhance GWAS signal prioritization and interpretation, thereby guiding human genetics research at multiple resolutions. Through integrated analysis of lung cancer GWAS results and functional annotations, novel insights regarding the disease etiology behind each risk locus may be gained.


	IV. Specific Aims

	Aim 1. We aim to explore genetic pleiotropy between lung cancer and immune diseases, to explore the shared underlying mechanisms of lung cancer and immune diseases.
Aim 2. We aim to generate tissue-specific genomic functional annotations to enhance the performance of signal prioritization and functional SNP fine-mapping for lung cancer GWAS. 


	V. Methods

	1. Data resources
Many studies have released their GWAS summary statistics, which are now publically accessible, including social science traits (education and cognitive performance), psychiatric disorders (schizophrenia, bipolar disorder, major depressive disorder, etc.), neurodegenerative disorder (Alzheimer and Parkinson’s disease), anthropometric traits (body mass index, height, head circumference, etc.), cardiovascular traits (blood pressure and coronary artery disease), metabolic traits (type II diabetes, fasting glucose and insulin, etc.), immune related disorders (Crohn’s disease, type I diabetes, multiple sclerosis, etc.). For this proposed projects, we will focus on immune related disorders analyzed in our previously published paper, including Crohn’s disease (CD), ulcerative colitis (UC), multiple sclerosis (MS), psoriasis (PS), rheumatoid arthritis (RA), systemic lupus erythematosis (SLE), and insulin-dependent diabetes mellitus (T1D).
Epigenomics Roadmap Consortium has generated high throughput epigenomic data (H3K4me1, H3K4me3, H3K36me3, H3K27me3, H3K9me3, H3K27ac, H3K9ac, and DNase I Hypersensitivity) for 111 cell types. These data are available for download on the Roadmap Consortium server at http://www.roadmapepigenomics.org 
2. The GPA model
To study pleiotropy of two traits and test the enrichment of genome annotations in GWAS signal, we developed GPA (Genetic analysis incorporating Pleiotropy and Annotation). GPA adopts a mixture model (mixture of uniform and beta distributions) to model GWAS p-values and estimates the underlying true association status via the Expectation-Maximization (EM) algorithm.
3. The GenoCanyon tool

We developed GenoCanyon, an unsupervised-learning-based tool to predict non-tissue-specific functional non-coding regions in the human genome through integrating ENCODE epigenomic data and multiple conservation measures. We then further extended this framework to multiple cell groups from Roadmap data and developed GenoSkyline, a statistical tool to identify tissue-specific functionality. Currently, GenoSkyline annotations for seven tissues (brain, GI, lung, heart, blood, muscle, epithelium) are available at http://genocanyon.med.yale.edu/GenoSkyline. Using mixture model and empirical Bayesian techniques, we demonstrated that GenoSkyline annotations can identify tissues most enriched of GWAS signals, measure the relatedness between each risk locus and multiple tissues, and better prioritize GWAS signal thereby increasing power to identify novel risk loci.


	VI. Materials or variables needed from the study PIs

	We wish to gain access of summary statistics, from eight GWAS studies contributing to the consortium of TRICL. We would like to have access to histology specific GWAS summary statistics as well. 


	VII. Time line

	The time is dependent on the amount of GWAS summary statistics involved based on the calculating server resources. The primary results would be generated within two months after receiving the data sets.



