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Type 1 diabetes (T1D) results from an autoimmune destruction of the insulin-producing islet beta 

cells. Genetic and functional studies have highlighted a critical role for the interleukin-2 (IL-2) pathway 

in disease susceptibility, through failure to maintain tolerance to antigens in beta cells. The 

JDRF/Wellcome Trust Diabetes and Inflammation Laboratory (DIL) is an interdisciplinary team 

bringing clinical, immunological, statistical expertise to understanding the effect of ultra-low dose 

(ULD) interleukin-2 (IL-2) therapy in participants with recently diagnosed T1D.  

The Marioni lab at the EBI focuses on developing computational methods for analysing high-

throughput data, with a particular focus on RNA-sequencing. More recently, a major research area in 

the group has been single-cell RNA-sequencing and, to this end, we play a major role in the Sanger-

EBI Single-Cell Genomics Centre. 

In this project, we will use RNA-Seq to characterise the transcriptome of relevant immune cell subsets 

that are responsive to IL-2: PBMCs, and highly purified regulatory and effector T cell and natural killer 

(NK) cell subpopulations from the DILT1D study, which will also provide for single-cell analyses.  The 

DILT1D trial was a 9 week, single centre, open label, mechanistic adaptive dose finding trial that was 

competed in May 2014.  Using longitudinal samples from each participant in DILT1D, we will examine 

the effect of different doses of IL-2 on these cell-specific transcriptomes, in other words, the effect of 

in vivo stimulation on sorted (within 1 hour), human, T cell subpopulations, with samples before IL-2 
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(Day 0) administration and after in 40 patients over a period of 60 days (post 90 minutes, Day 

1,2,3,4,7,9,14,21,60) . There are many research questions that can be addressed using this unique 

data, including quantification of cell, cell type-specific and isoform-specific transcriptional changes 

induced by IL-2 administration in humans with T1D.  One key question is whether there are genes 

expressed on the cell surface whose cell-specific differential expression can serve as cell-specific 

biomarkers of IL-2 response thereby differentiating the responses and markers of effector T cells from 

regulatory T cells.  In human immunology this differentiation (with cell surface markers) remains to be 

achieved. However, to date no one has been able to take the novel, detailed and in vivo stimulation 

approach that we have applied in our trial, DILT1D.  Such biomarkers can then be validated and used 

in future clinical trials as key secondary endpoints, or as possible therapeutic targets. For example, 

small molecule inhibitors of intracellular signalling kinases such as the JAKs or TYK2 are in 

development for treating common autoimmune and inflammatory diseases: nevertheless, reagents 

that could selectively inhibit effector T cells and NK cells but not T regulatory cells could have 

considerable therapeutic potential.  

Additional analyses will involve the development and application of an 'integrative genomics' 

approach to incorporate these RNA-seq data with both public and in-house genetic and functional 

datasets to elucidate the tissue- or cell-specific mechanisms of IL-2 response and how it relates to 

T1D genetic susceptibility.  For example, the genomic DNA samples from the 40 patients are being 

genotyped (using the ImmunoChip platform) and with the RNA-seq analysis results we will be able to 

assess for common SNPs (and in T1D the most associated SNPs are highly prevalent across the 

population) if certain alleles and haplotypes (across ImmunoChip and for SNPs contained in RNA-

encoding sequences, from which we can extract information on phase) are associated with alterations 

in transcript levels and/or abundance of certain splice forms. Furthermore, we have developed a 

targeted next generation sequencing assay for quantifying the degree of methylation of key immune 

response genes, and we have DNA samples from DILT1D suitable for both this targeted approach as 

well as conventional methylation analyses at genome-wide levels. The computational strategy for 

integrating these different data types will build upon generalised linear mixed-effect modelling based 

approaches, where gene/transcript expression levels correspond to the response variable and 

genotype, methylation status, IL-2 dose and time since dose the explanatory variables. We will also 

attempt to build models that can test the interaction between combinations of genotype, DNA 

methylation and IL-2 dose and how they together influence gene expression levels. Leveraging the 

computational, statistical and immunological expertise across groups available to interpret these 

analyses will help us identify the causal SNPs, genes and pathways in T1D, and the key molecular 

events and interactions of ultra-low dose IL-2 response in vivo in humans. 


