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	Project Title 

	CD40 As A Functional Biomarker in Autoimmune Disease 


	Objective 

	The over-arching objective of this grant is to better understand Th40 T cells in T1D and MS. We will determine if this unique T cell subset proves predictive for autoimmunity specifically T1D and MS by examining peripheral levels in blood. Another feature of this proposal is that CD40 occurs in 3 different isoforms in human. We found distinct differences in the isoform signature between T1D and controls. MS subjects T cells have an identical CD40 isoform signature as T1D T cells. This suggests that the isoform signature may be predictive for autoimmunity. We will further address to what antigens Th40 cells respond and if certain antigens can be protective, by altering the CD40 isoform signature to make T cells less reactive. Finally we will explore immuno-modulation to determine how to affect Th40 cells so that they are no longer pathogenic. 


	Background/Rationale 

	It has been shown that T cells are a dominant factor in T1D pathogenesis. We showed that a unique T cell subset, CD4+CD40+ described as Th40, play a dominant role in mouse and recently human disease. The rationale for these studies is that Th40 cells may prove pathogenic in both T1D and MS. We are proposing that this T cell subset is abnormal in both T1D and MS, thus suggesting a commonality that would otherwise be missed. Furthermore, straight-shot genetic studies will not reveal CD40 as a candidate gene in autoimmunity. CD40 does play a prominent role in pathogenesis of disease nonetheless. The CD40 receptor occurs as a configuration of 3 different CD40 isomers. These protein isoforms are generated by RNA splicing, downstream of genetics, thus a gene systems approach would miss this element. We demonstrate noticeable differences in the CD40 isoform signature between T1D and controls. The MS CD40 isoform signature is identical to that of T1D. The proposed studies will determine how the CD40 receptor is involved in T1D and MS, suggesting further study into other autoimmune diseases. More importantly, understanding Th40 cells in T1D could lead to an early diagnostic biomarker, prior to hyperglycemia, as we have seen in NOD mice. Understanding Th40 cells in T1D further will lead to necessary therapeutics not only to affect current disease status but controlling the T cell subset that attacks pancreatic beta cells, will drastically improve the success rate for islet transplants. 


	Description of Project 

	Autoimmune diseases arise because cells of the immune system mistakenly attack self tissue. There are a variety of cells in the immune system associated with autoimmunity; however T cells and more specifically CD4 helper T cells tend to be central players. Numerous studies show that CD4+ T cells are required for development of autoimmunity and histology of autoimmune lesions demonstrates the presence of T cells. We identified a unique T cell subset within the CD4 population that expresses CD40. We have termed these T cells Th40. Th40 cells in both mouse and human studies have proven to be instrumental in type 1 diabetes. We showed that Th40 cells occur at low percentages in non-autoimmune subjects, but occur at drastically increased levels in T1D. In the mouse model of T1D, the NOD mouse, we showed that Th40 cells isolated from pre-diabetic mice transferred T1D rapidly to NOD.scid recipients. CD40- T cells do not cause T1D. In human studies, Th40 but not CD40- T cells from T1D subjects respond to diabetes – associated self antigens, suggesting the mechanism for expansion of the Th40 percentages in T1D. Th40 cells from non-diabetic subjects do not respond to diabetes – associated antigens, but do respond to tetanus antigens. In recent preliminary data we discovered that Th40 cells also are expanded in multiple sclerosis (MS) subjects. This finding is intriguing because it demonstrates a commonality that occurs in two disparate autoimmune diseases. We hypothesize that Th40 cells may be driver effector T cells throughout autoimmunity, but certainly in T1D and MS. The disparity in the disease would depend upon HLA haplotypes; T cells develop with specificity for self-antigens appropriate to each autoimmune disease. Thus autoaggressive T cells in T1D attack pancreatic beta cells, while autoaggressive T cells from MS attack nerve sheaths. Understanding these T cells will provide important clues as to how to control each autoimmune disease perhaps through a common treatment regimen. CD40 occurs as three different isoforms in human cells. We determined that distinct differences occur between T1D and control subjects in the distribution of the CD40 isoforms, a CD40 isoform signature. We found that Th40 cells for MS subjects have the same CD40 isoform signature as cells from T1D, and both are distinctly different from controls. We hypothesize that the CD40 isoform signature will be predictive for T1D and MS, potentially able to predict disease prior to clinical onset. In this grant we will address the potential to use CD40 isoform signatures as a predictor to T1D or MS and address ways to control Th40 cells perhaps leading to useful therapeutics or even preventative treatments for T1D and MS. 


	Anticipated Outcome 

	We anticipate that CD40 levels and CD40 isoform signatures will prove to be predictive of both T1D and MS. In fact we should be able to diagnose either T1D and/or MS prior to clinical presentation. We further anticipate that the more effective treatments for T1D and MS will directly affect CD40 levels or CD40 isoform signatures, making these T cells less reactive. We anticipate determining specific antigens that these T cells will respond to and will be able to determine if cross-reactivity in T1D with MS or other autoimmune antigens occurs. 


	Relevance to Type I Diabetes 

	These studies are highly relevant to T1D studies. By determining the pathogenic, even causal T cell subset in T1D, we will much better be able to design appropriate therapies. It is essential not to damage the overall immune system but focus only on rogue T cells, such as we are proposing. Defining a commonality between T1D and MS may help to explain the root cause for many of the later complications in T1D including retinopathy, neuro-muscular degeneration etc. These complications may prove to be of an autoimmune nature and require appropriate modulation of the Th40 T cell subset. 


