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Background 
Immune diseases range from rare disease such as primary immunodeficiencies that lead to a 
severely impaired immune system in newborn children to common complex immune diseases 
that can manifest in adulthood with less severe symptoms. These are debilitating conditions 
that collectively affect 5-10% of individuals and often have very poor treatment options1,2,3. 
Despite the fact that there are more than 300 different drugs available for the treatment of 
immune diseases, responses vary widely and can include severe adverse drug reactions. 
Underlying genetic variation can influence this heterogeneity in drug response. For example, 
anti-TNF is the most common therapy for rheumatoid arthritis yet up to 40% of patients do 
not respond to initial treatment while other patients develop resistance to treatment4,5. 
Mercaptopurine, used in treatment of Crohn’s disease and ulcerative colitis6, can cause 
myelosuppression as a side effect and genetic variation in the TPMT and NUDT15 genes have 
been shown to increase the risk of this adverse drug reaction (ADR). Importantly, therapeutic 
guidelines for mercaptopurine based on a patient’s genotype are available7.  
 
Genetics can therefore inform the likelihood of response or risk of toxicity to known drugs 
and provide an understanding of the underlying mechanisms behind this effect. Despite some 
key examples being well-established, little is still known regarding the underlying effect of 
diverse genetic variation on the majority of immune disease treatments. Our project aims to 
establish this information for currently available immune disease treatments. This will enable 
therapeutic hypothesis generation for novel drugs, prioritising new drug targets, as well as 
the potential for repurposing of existing drugs and stratification of patients for more effective 
and safer treatment.  
 
Objectives 
 
Aim 1: Establish a curated knowledgebase for investigation 
Curate information on all current drugs used for immune disease treatment, and their targets 
(if known). Establish pathways of upstream and downstream genes, and add genes associated 
with common and rare immune disorders. From the scientific literature and clinical trials, 
identify relevant response measurements for these drugs with appropriate clinical identifiers 
and cellular models, which will include non-response, toxicity, drug resistance (for example 
discontinuation and dose escalation).  
 
Aim 2: Analysis of pharmacogenetic associations in population cohorts 
Assessment of large population sets with longitudinal pharmacy data (for example UK 
BioBank, 100,000 Genomes Project, East London Health Genes) will allow the analysis of: 

a) Characterisation of variation in the gene set established in Aim 1 in diverse 
populations. 

b) Correlation of this genetic variation with response to drugs that treat immune 
diseases (curated in Aim 1). Analysis of responders versus non-responders may also 
reveal novel genes outside of the curated gene set.  



c) Establishing models of the mechanism of variation that underlie particular responses, 
and key genes involved across different immune drug responses. 

 
Aim 3: Validation of results in suitable cellular models 
The results from Aim 2 will be validated using cellular assays in order to confirm the 
mechanism of genetic variation in key genes and the subsequent effect on drug response to 
inform therapeutic hypothesis generation, target prioritisation and novel drug development 
for immunological diseases. Using publicly available data we will investigate gene expression 
and eQTL effects across immune cell types to define the most relevant cell types for the 
validation experiments. The experiments will be informed by the results from Aim 1 and Aim 
2 and we envisage investigating variation of drug response in CRISPR screens.  
 
Training Support 
Dr. McDonagh at EMBL-EBI will contribute expertise in pharmacogenetic curation and 
genomic analysis. Dr. Trynka at the Sanger Institute brings the experimental component to 
the project and expertise in functional genomics analysis and study of immune system 
regulations. Dr. Davenport at the Sanger Institute will contribute computational expertise in 
integrating clinical data with functional genomics and investigating human variation in drug 
responses. 
 
Computational resources and datasets 
Available resources will be used for Aim 1 which include the scientific literature, Open Targets 
Platform and Genetics Portal, Pharmacogenomics Knowledgebase and Clinicaltrials.gov. For 
Aim 2, access to population biobanks and studies will be sought through already established 
collaborations – these include UK BioBank (a project application will be filed) and the 100,000 
Genomes Project (the postdoctoral fellow will apply to become a GeCIP research member and 
file the project proposal). Access to further datasets will also be investigated with the aim of 
investigating diverse population sets and utilising Dr. McDonagh, Dr. Trynka and Dr. 
Davenport’s existing extensive collaborations.  

 
The initial curation and informatics component of this proposal (Aim 1 and 2) provides the 
opportunity for achieving results in the event that social distancing measures are still in place 
and laboratory capacity is still restricted.  
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