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A. Personal Statement 
Despite continuing improvements in the ability to treat individuals with type 1 diabetes (T1D, previously 
referred to as juvenile diabetes), the need to identify a true cure for the disease remains.  In an attempt to meet 
this need, my group seeks to improve our collective understanding on the means by which T1D develops, both 
in humans as well as in mouse models of the disease. My overall research objective has been to identify the 
processes that result in the clinical symptoms of T1D. This effort has three main foci: 1) Identify the 
mechanisms whereby the pancreatic beta cell mass is functionally inhibited and reduced during the preclinical 
phase of T1D, and determine a means to prevent the beta cell dysfunction and death; 2) Elucidate the genetic 
elements that contribute to T1D as well as the mechanisms of action; and 3) Understand the interdependence 
of immunotherapy in conjunction with reviving the endogenous beta cell mass. The proposed studies tackle the 
first of these research foci 
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C. Contributions to Science 
1. Genetic resistance to autoimmune type 1 diabetes (T1D). Despite continuing improvements in the ability to 
treat individuals with T1D (commonly referred to as juvenile diabetes), the need to identify a true cure for the 
disease remains. In an attempt to meet this need, we have performed studies seeking to improve our collective 
understanding on the means by which T1D develops, both in humans and in mouse models of the disease. 
These efforts have been extremely novel in that while the majority of researchers addressing the notion of how 
the disease develops focus on identifying defects in cells of the immune system, the guiding hypothesis of my 
research is that insulin-secreting pancreatic beta cells are active contributors to the processes that leads to 
T1D. This concept was birthed through early works, demonstrating that beta cells had unusual reductions in 
their self-defense mechanisms and that this reduction was important in the initiation of T1D. Later studies 
demonstrated that beta cells from different strains of mice varied in their resistance to destruction by the 
immune system. These novel findings proved to be highly influential to the research community since prior to 
these efforts, evidence suggesting that beta cells could resist immune destruction did not exist. These findings 
also led us to postulate that genetic factors related to this feature may underlie natural resistance to T1D; a 
concept for which has recently found significant support.   Our continuing attempts to discover genes that beta 
cells naturally employ to ward off destructive mechanisms used by the immune system will undoubtedly have 
important ramifications for efforts in organ transplantation, stem cell engineering and pharmacological-based 
studies seeking to cure T1D. 

a. Mathews CE, Leiter EH, Spirina O, Bykhovskaya Y, Ringquist S, Gusdon AM, Fischel-Ghodsian N.  
2005  mt-Nd2 Allele of the ALR/Lt Mouse Confers Resistance Against both Chemically-Induced and 
Autoimmune Diabetes.  Diabetologia  48:261-267. 

b. Chen J, Gusdon AM, Piganelli J, Leiter EH, Mathews CE.  mt-Nd2a modifies resistance against 
autoimmune Type 1 diabetes in NOD mice at the level of the pancreatic beta cell.  Diabetes.  2011, 
60:355-359.  PMID: 20980458 

c. Whitener RL, Gallo Knight L, Li J, Knapp S, Zhang S, Annamalai M, Pliner VM, Fu D, Radichev I, 
Amatya C, Savinov A, Yurdagul A Jr, Yuan S, Glawe J, Kevil CG, Chen J, Stimpson SE, Mathews CE.  
The Type 1 Diabetes-Resistance Locus Idd22 Controls Trafficking of Autoreactive CTLs into the 
Pancreatic Islets of NOD Mice.  J Immunol. 2017 Dec 15;199(12):3991-4000.  PMID: 29109122 

d. Newby BN, Brusko TM, Atkinson MA, Clare-Salzler MJ, Mathews CE.  Type 1 Interferon Induced 
pSTAT4 Binds to the Granzyme B Promoter and Potentiates Human CD8+ T Cell Cytotoxicity.  
Diabetes.  2017 Dec;66(12):3061-3071. PMID: 28877912 
 

2. Role of Reactive Oxygen Species (ROS) in the Pathogenesis of T1D:  Beta Cells.  



Destruction of pancreatic beta cells is mediated by aberrant immune responses against islet antigens 
resulting in the development of T1D. During the early stages of disease, an insulitic infiltrate consisting of 
dendritic cells [DC], T cell subsets, macrophages, and B cells accumulates in the pancreatic islets.  Effector 
mechanisms, including direct T cell cytotoxicity and indirect methods mediated by leukocytes have been 
linked to β cell destruction and overt diabetes.  Production of reactive oxygen species [ROS] has been 
proposed to be an important contributor to β cell loss during T1D pathogenesis.  Using NADPH Oxidase 2 
deficient mice we were able to determine that cytoplasmic ROS production was not essential for T cell 
mediated beta cell death.  However, by reducing mitochondrial ROS production with mt-Nd2, beta cell 
death was significantly reduced, both in vivo and in vitro.  Further, when beta cells produced nitric oxide or 
superoxide these cells were killed, however when cells were forced to generate both NO and superoxide 
the cells survived.  Our overall novel studies have led to the conclusions that ROS production in beta cell 
death is essential, however the timing, location, and species are major contributors to beta cell life and 
death.   
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3. Role of Reactive Oxygen Species (ROS) in the Pathogenesis of T1D:  Immune Cells.   
Destruction of pancreatic beta cells is mediated by aberrant immune responses against islet antigens 
resulting in the development of T1D. During the early stages of disease, an insulitic infiltrate consisting of 
dendritic cells [DC], T cell subsets, macrophages, and B cells accumulates in the pancreatic islets.  Effector 
mechanisms, including direct T cell cytotoxicity and indirect methods mediated by leukocytes have been 
linked to beta cell destruction and overt diabetes.  Production of reactive oxygen species [ROS] has been 
proposed to be an important contributor to β cell loss during T1D pathogenesis.  However the cellular 
sources and mechanistic actions of ROS during the development of this autoimmune disease have not 
been fully defined.   
  To investigate the function of ROS in the pathogenesis of T1D, we have utilized a number of mouse 
models. These include the T1D-prone NOD, the highly T1D-resistant ALRs well as an NADPH oxidase 2 
[NOX2] deficient NOD mouse [NOD.Ncf1m1J], which harbor a point mutation in Ncf1 [a.k.a. p47phox], the 
regulatory subunit of this enzyme.  We identified that ALR mice Our recent reports, using NOD mouse 
models of T1D, have demonstrated that NOX2 modulates immune cells in the pathogenesis of T1D, as 
NOX-deficient NOD.Ncf1m1J mice were resistant to spontaneous T1D and NOD.Ncf1m1J splenocytes 
transferred T1D poorly in adoptive transfer experiments.  Furthermore, our published work as well as the 
preliminary have identified that the loss of NCF1 has a major impact on CD8+ Cytotoxic T Lymphocyte 
[CTL] function, as well as appearing to significantly hamper DC cross-presenting capability.  These findings 
are highly significant to our understanding of how ROS regulate T1D as well as CD8+ T cell mediated 
immune responses. 
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4. Metabolic Defects and Diabetes:  Beta cell dysfunction is a common theme in the pathogenesis of both 
autoimmune Type 1 Diabetes and obesity-associated Type 2 Diabetes.  Genetic as well as metabolic 
derangements at the beta cell level result in impaired beta cell function and the inability of beta cells to 
compensate for the demand of insulin resistance as well as the increasingly toxic levels of circulating lipids 
and glucose.  In type 1 diabetes the immune system is thought to play the major role and destroy the beta 
cell mass until there are no remaining beta cells and this dearth of insulin production gives way to 
hyperglycemia.  However, recent findings have called into question the severity of autoimmunity as well as 
have questioned the impact of beta cells on this disease.  Our histological studies have demonstrated that 
insulin positive beta cells exist in patients with established T1D, a finding that supports several previous 
publications that have observed the presence of meal-stimulated c-peptide release in T1D patients.  Our 
findings have also implicated mitochondria as a major site of beta cell dysfunction in pre-T1D.  
Mitochondria are essential for glucose-stimulated insulin secretion and in both NOD mice as well as 
humans.  Our results, as well as those from many other groups, have clearly demonstrated that genetics at 
the mitochondrial level can perturb beta cell insulin secretory function.  However, mitochondrial haplotypes 
can also positively impact beta cell function in response to stress.  These studies are paving the way for a 
more indepth investigation of beta cell dysfunction in human pre-T1D as well as the mechanistic 
underpinnings of beta cell failure and death that result in this devastating disease.   
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Ongoing Research Support 
5-SRA-2018-557-Q-R  Atkinson (PI)         03/01/18-12/30/22  
JDRF  
nPOD Organ Processing and Pathology Core 

This Core provides organ procurement, processing, analysis, and distribution services for a human pancreas 
initiative 
Role: Co-Investigator 
  

2018PG-T1D053    Atkinson (PI)         01/01/18-12/31/20  
Helmsley Charitable Trust 
Collaborative Type 1 Diabetes Research Project: The Network for Pancreatic Organ donors with Diabetes 
(nPOD) 
The goal of this project is Pancreas collection from organ donors, when combined with modern assessments of 
metabolic activity, immune function, clinical history, beta cell biology, developmental biology, as well as new 
areas of research (e.g., single cell technologies, “omics” in many forms) will allow for major improvements in 
our understanding of the pathogenesis of T1D. 
Role: Co-Investigator 
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The major goal of the project is to establish a repository of carrier cells transduced with TCRs obtained from 
laboratories worldwide. 
Role: Co-Investigator 
 

T32DK108736    Atkinson (PI)        09/01/17-08/31/22   
NIH          
Interdisciplinary Graduate Program in Type 1 Diabetes and Biomedical Engineering 
The goal of this proposal is to propose that a training program designed for co-mentoring of pre-doctoral 
students in an environment and culture providing strong interdisciplinary support for bioengineering and type 1 
diabetes, will result in a new generation of researchers poised to contribute to a fuller understanding of, and 
new technologies for disease management, prevention and reversal. 
 

R01 DK112865    Sunny (PI)         04/01/17-03/31/22   
Univ. of Maryland/NIH     
Metabolic Origins of Nonalcoholic Steatohepatitis 
The goal of this proposal is to identify how dysfunctional mitochondrial oxidative flux leads to the pathogenic 
development of NASH. 
Role: Co-Investigator 
 

P01 AI42288        Atkinson (PI) 6/20/2018-05/31/2023 
NIH/NIAID 
Immune function and the progression to Type 1 Diabetes 
This is a program project investigating the relationship between genetic susceptibility for IDD and various 
immune functions. The project monitors same/similar patient populations and provides technical support 
including nurse time for subject recruitment.  
Role: Co-Principal Investigator (project 1), Co-Investigator (Core B, director of immunology core) 
 

UC4 DK104194  Mathews (PI) 09/30/14-06/30/19 
NIH 
Genetic regulation of human beta cell destruction 
Our goal is to create an innovative platform to study how Type 1 Diabetes genetic risk factors precipitate 
autoimmunity leading to the loss of insulin producing cells. 
Role: Principal Investigator 
 

F30DK105788     Newby (PI)        05/16/16-05/15/20 
NIH/NIDDK 
Type 1 IFN in Type 1 Diabetes: Influencing Beta-Cell and CD8 + T Cell Interactions 
The goal of this preparatory program is to develop the infrastructure and to generate critical preliminary data to 
allow our team to submit competitive program project grant (PPG) to the NIH and DOD within two years on the 
emerging field of immune metabolism. 
Role: Mentor 
 

323521      Qian (PI)         10/14/16-06/30/19   
PNNL/NIH/NIDDK      
Serum protein biomarkers for predicting type 1 diabetes development 
The goal of the subproject is to provide clinical samples from the UFDI Study bank to address the notion of 
early biomarker development from serum/plasma/whole blood. 
Role: Co-Investigator 
 

Completed Research Support 
UC4 DK104167  Qian/Kulkarni/Mathews (MPI) 09/20/14-08/31/18 nce 
PNNL/NIH 
Regulatory Networks and Biomarkers of Beta-cell Dysfunction and Apoptosis 
Our goals are to identify novel signaling pathways and networks that contribute to early stage β-cell stress and 
death by applying highly sensitive mass spectrometry-based quantitative proteomics focusing on 
posttranslational modifications (PTMs) and using unique sets of clinical samples. 
Role: Principal Investigator 


