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	Project Title 

	Metabolomic Analysis of Pathways Leading to Type 1 Diabetes 


	Objective 

	Here we are proposing to carry out a large metabolomic study of serial plasma samples obtained at regular intervals, starting from birth, in children who developed islet cell autoantibodies and have progressed to diabetes. 


	Background/Rationale 

	Type 1 diabetes (T1D) affects 1.4 million people in the U.S. and at least 30 million globally 1. The incidence of T1D worldwide has doubled every 20 years, since the 1950’s 2,3. It is the leading cause of end-stage renal disease, blindness, and amputation, and a major cause of cardiovascular disease and premature death in the general population. In the U.S., T1D results in over $14 billion in medical care expenditures per year, with costs for patients over 10 times those for persons without diabetes. While it is generally accepted that T1D is caused by an environmental factor interacting with a relatively common genetic background, the specific cause remains elusive. Islet autoimmunity, marked by the presence of autoantibodies to pancreatic ¿-cell antigens such as insulin 4, glutamic acid decarboxylase (GAD65) 5, protein tyrosine (IA-2) 6, and zinc transporter (ZnT8)7 precedes clinical T1D. This preclinical period provides a theoretical opportunity for prevention, however, it is quite variable and additional biomarkers are needed to more accurately predict the time to diabetes in clinical trials and help to monitor effectiveness of an intervention or treatment. 


	Description of Project 

	Here we are proposing to carry out a large metabolomic study of serial plasma samples obtained at regular intervals, starting from birth, in children who developed islet cell autoantibodies and have progressed to diabetes. These high-risk children have participated in the prospective Diabetes Autoimmunity Study in the Young (DAISY) at the Barbara Davis Center for Childhood Diabetes in Denver, Colorado (R37 DK32493, M. Rewers P.I., 1993-2011). We will use an unbiased approach that is capable of identifying 2,200 named metabolites. 


	Anticipated Outcome 

	The study is powered to confirm the previously reported associations, and to identify potential new metabolic pathways involved in triggering of islet autoimmunity and progression to overt diabetes. In addition, longitudinal changes in the metabolic profiles identified in the study participants will be related to detailed dietary records, infections, and other environmental stressors, e.g., antibiotic use, during the follow-up period leading to diabetes. 


	Relevance to Type I Diabetes 

	Novel biomarkers identified through metabolomic analyses may point to previously unrecognized pathways and inform design of new therapies. 
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	Project Title 

	Immunogenetic pathways to T1D and other autoimmune diseases 


	Objective 

	The overarching goal of this proposal is to identify new markers of the processes leading to type 1 diabetes (T1D), as well as to the most common autoimmune complications of T1D: celiac disease, autoimmune thyroiditis and rheumatoid arthritis. Our goal is to develop novel diagnostic tests based on genotyping, gene expression and cytokine profiles. This work will also shed new light on the common triggers of autoimmunity and pathways amenable to interventions. 


	Background/Rationale 

	Patients with T1D are more likely to develop other autoimmune disease, compared to the general population. Confirming previous reports, among 814 T1D patients studied by us, 26% had thyroid peroxidase autoantibodies (TPO) – a marker of autoimmune thyroid disease and 10% were positive for tissue transglutaminase autoantobody (tTG) – a marker of celiac disease. Follow-up testing has already led to clinical diagnoses in most of these patients, while the others are likely to develop clinical thyroid or celiac disease in the future. In addition to being an important clinical issue, the presence of other autoimmune disorders in T1D patients points to shared genetic and, possibly, environmental determinants. In addition to well-known associations between HLA Class II alleles and pre-T1D, celiac, thyroid and rheumatoid autoimmune phenotypes, the PTPN22, CTLA-4 and other non-MHC genes are important but have not been comprehensively studied in pre-diabetic children. Children participating in DAISY, now 13 yrs old on average, have had multiple serial measurements of islet autoantibodies (to insulin, GAD65, IA-2, and ZnT8) and the celiac tTG autoantigen as well as have been genotyped for key genetic susceptibility markers. Adding the measurement of autoantibodies to TPO and autoantibody to citrulline-containing peptide (CCP) – the specific aim #1 - will enable us to characterize prospectively the development of autoimmune thyroiditis and rheumatoid arthritis (RA). Combined with already available prospectively assessed phenotypes of pre-T1D and celiac disease autoimmunity, this work will shed new light on the common genetic determinants and ontogeny of the four most common human autoimmune diseases. Subclinical autoimmunity preceding T1D is accompanied by changes in gene expression in peripheral blood mononuclear cells (PBMCs) due to dysregulation of adaptive and innate immunity, counterregulatory responses to immune dysregulation and, eventually, overt insulinopenia and hyperglycemia. The effect of hyperglycemia, per se an inflammatory state, can be difficult to disentangle from gene expression imprints of triggers of autoimmunity and promoters of progressive loss of beta cells. Therefore, studying immunologic “signatures” in pre-diabetic subjects, from the earliest age possible, is more likely to identify key pathways amenable to intervention. This is likely to be also true for the events leading to celiac, thyroid disease or RA. In studies described under specific aim 2 we will develop transcriptional signatures that can distinguish pre-T1D, celiac, thyroid and rheumatic phenotypes. We will explore commonalities and differences among signatures of these four autoimmune phenotypes. Microbial infections activating the TLR-> IFN-alpha pathway have been shown to trigger or aggravate autoimmune diseases through activation of antigen presenting cells by TLR9 or 4 ligands or attraction of self-reacting CD8+ T cells. Studies using genetically manipulated mice, mic 


	Description of Project 

	The overarching goal of this proposal is to identify new markers of the processes leading to type 1 diabetes (T1D), as well as to the most common autoimmune complications of T1D: celiac disease, autoimmune thyroiditis and rheumatoid arthritis. Our goal is to develop novel diagnostic tests based on genotyping, gene expression and cytokine profiles. This work will also shed new light on the common triggers of autoimmunity and pathways amenable to interventions. The specific aims include: 1: In the Diabetes Autoimmunity Study in the Young (DAISY) cohort of 2,400 children at high risk of T1D and followed from birth determine a) the cumulative incidence of pre-T1D, celiac, thyroid and rheumatoid autoimmune phenotypes, by the age of 15 years; b)systematically evaluate the associations between multiple genetic markers, including the the HLA-DR,DQ, PTPN22, CTLA-4, INS, VDR, IL-4R and other candidate genotypes and pre-T1D, celiac, thyroid and rheumatoid autoimmune phenotypes. 2: To identify peripheral blood mononuclear cell transcriptional “signatures” for pre-T1D, celiac, thyroid and rheumatic autoimmunity phenotypes using Affymetrix GeneChips These “signatures” will show which genes are active in each of the autoimmune conditions, if there are pathways common to several autoimmune diseases and what are the notable differences. 3: To evaluate the response to antigen-specific, e.g., flu vaccine or strep infection and non antigen-specific stimuli in children with the four most common autoimmune phenotypes by: a) microarray (Illumina) analysis of whole blood genomic transcriptional responses to polyI:C, LPS and CpG DNA; b) flow cytometry analysis to determine the level of IFN-alpha produced by plasmacytoid DCs following Toll-like receptor (TLR) upregulation; and c) multiplex analysis (Luminex) of cytokine/chemokine profile of peripheral plasma, including measurement of key substances used by immune response cells to communicate. The type of naturally occurring infections will be determined using novel chip technology allowing to simultaneously look fro nearly all known microbes. 


	Anticipated Outcome 

	Our goal is to develop novel diagnostic tests based on genotyping, gene expression and cytokine profiles. This work may also help to identify common triggers of autoimmunity and pathways amenable to interventions. 


	Relevance to Type I Diabetes 

	Type 1 diabetes is not curable, at the present time. Additional autoimmune disorders of the thyroid, celiac disease and rheumatoid arthritis affect at least 20-30% of T1D patients. The proposed investigation will help to screen for these diseases, diagnose them and treat early, as well as understand why they occur more frequently in T1D patients. Our hope is to idendify critical points in the causation of these diseases to target future preventive and therapeutic trials on common mechanisms of autoimmunity. 


