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Necessary student background: Calculus-based statistics course, an applied statistics 
class (Regression analysis), familiarity with R. 

Project description: 

Autoimmune disease is a self-destructive disease that causes people’s immune system 
to mistakenly attack their own tissues.  Approximately 5% of the population suffers 
from one or more types of immune system disorders (Kochi, 2016). Some of the 
commonly known autoimmune diseases are Type I diabetes, rheumatoid arthritis, 
inflammatory bowel disease, psoriatic arthritis, celiac, multiple sclerosis, Vitiligo, and 
Hashimoto’s thyroiditis. Patients with one autoimmune disease are more likely to 
develop another; about 25% of patients suffering from one autoimmune disease 
develop additional autoimmune diseases (Cojocaru , 2010, Steinman et al., 2011,Gill et 
al., 2016). The comorbidity or co-occurring of several autoimmune diseases is 
suggested to be a consequence of shared genetic factors (Kochi, 2016). Identifying a 
set of genes linked with autoimmune comorbidities may lead to better understanding of 
the mechanisms of action and targets for treatments.  
 

 
Figure 1: Genes implicated in multiple autoimmune diseases. https://www.benaroyaresearch.org/blog/post/mystery-multiple-
autoimmune-diseases 

We propose a Bayesian hierarchical model to simultaneously model associations 
between a gene and multiple diseases. Modeling multiple diseases at once can improve 



power, reduce type 1 error, and help to identify biological pathways important in 
disease development.  

 In this project, students will retrieve gene expression studies related to multiple 
autoimmune diseases from the publicly available GEO website. They will have hands-on 
experience in genomic data preprocessing and analysis using the software R. In the first 
step, students will analyze each of the individual autoimmune data set. In the second 
step, they will combine the findings from the individual data sets using hierarchical 
Bayesian modeling in OpenBUGS, an open source application for doing Bayesian data 
analysis.    
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