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RESEARCH PLAN
Strategic Research Agreement - Single-Project

Overview of the nPOD-Viral Group plans, project management, interactions, and leadership plans.

A. Background and Significance of this work to Type 1 Diabetes

Al. A role for viruses in Type 1 Diabetes.

Type 1 Diabetes (T1D) is thought to have a multifactorial pathogenesis, in which genetic factors create a
predisposition to the triggering of multiple autoimmune responses against pancreatic p-cells (1). The term
‘insulitis’ (2) describes the inflammation and infiltration of pancreatic islets by autoreactive lymphocytes and
other immune cell types. Insulitis is eventually followed by p-cell loss, which over time can become virtually
complete. Many of the genetic susceptibility loci linked to T1D map to regions containing genes that modulate
the immune response, its magnitude, regulation, as well as its autoantigen specificity. However, studies in
identical twins report 30-50% (higher with longer follow-up) disease concordance rates (3-5), suggesting the
involvement of factors beyond those of inherited genes. Indeed, a variety of such factors have been implicated,
including epigenetic regulation of inherited genes, dietary components, toxins and infectious agents (6-11); just
to name broad categories.

The hypothesis that viruses (and in particular enteroviruses), may play a role in T1D etiology and pathogenesis
has been extensively reviewed in recent literature (12-17). This possibility was widely recognized (for its day) in
1969 (18), based on the initial observation that seasonal variations in diabetes onset correlated with the
seasonality of enterovirus infection and (later) with increased antibody levels to Coxsackie virus B4. Since then,
an immense number of studies have continued to address the question of seasonal variation in disease
incidence and investigated the association of viral RNA and immune responses to enterovirus in relation to T1D
and islet autoimmunity (19-80). The effects of enteroviral infection might interact with exposure to cow’s milk,
another putative environmental risk factor for T1D (81;82), as well as to dietary insulin (83). Enterovirus
infections in mothers have been linked to increased T1D risk in the offspring, albeit not in all studies (84-89). As
recently reviewed by Stene and Rewers (16), results of clinical studies have not always been concordant, in part
due to methodological limitations as well as the timing and frequency of sampling. Taken collectively, an
impressive number of studies have linked enterovirus infection to islet autoimmunity and make a case for the
role of enterovirus in disease pathogenesis that cannot be ignored. However, a number of key research
questions still require answers to moving this notion forward as a contributing factor to T1D development.

Beyond serological studies, which represent most of the association studies between viruses and TI1D,
investigators had rare opportunity to examine pancreas from T1D patients. Specifically, these studies have
sought to detect both viral RNA by RT-PCR and in situ hybridization (ISH), as well as viral antigens by
immunostaining approaches. We would emphasize that several of the investigators who are participants in this
application are leading experts in this field of study and have successfully detected viral antigens and/or markers
of viral infection in the pancreas from deceased T1D patients. From an extensive review of this literature, it is
apparent that the methodological improvements that have occurred over the years have been linked to much
improved detection rates (90-97). Indeed, in a recent study from the U.K., the presence of viral antigen was
observed ten times more often in patients with T1D and, to a much lesser extent, in patients with T2D,
compared to non-diabetic donors (98). Studies have also provided evidence that enteroviruses can infect and
damage B-cells, as well as induce expression of HLA class I antigens and alpha-interferon (92-95), which could
amplify inflammation and provide a link to islet autoimmunity. Enterovirus infection may induce functional
changes and influence p-cell replication (15;99;100), and perhaps influence thymic selection of T cells (13).

Importantly, genetic studies also point at a potential role for viruses in T1D. This was suggested by the reported
association of IFIH1 gene variants with T1D risk (101-104). Such variants influence the recognition of double-
stranded RNA (dsRNA), signaling, or other functions of IFIH1 (105). This gene codes for the interferon induced
with helicase C domain protein 1, also known as MDA5 (melanoma differentiation-associated protein 5). This
helicase is involved in the cytoplasmic recognition of dsRNA, which is generated during the replication of
enteroviruses in infected cells (viral RNA polymerase produces a negative stranded RNA copy of the positive
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stranded viral RNA genome leading to the formation of dsRNA intermediate). Upon recognition of dsRNA, IFIH1
signals to promote interferon and NFxB responses followed by production of inflammatory cytokines. Functional
studies associate predisposing variants with increased expression of IFIH1 mRNA in peripheral blood
mononuclear cells, which include antigen presenting cells (104). In contrast, rare IFIH1 variants associated with
disease protection (106) are associated with reduced function when experimentally expressed in cell lines (105).
Thus, IFIH1 predisposition may be explained by stronger innate responses to viral infection. In the presence of
IFIH1 predisposing alleles, viral infection of pancreatic B-cells might be expected to lead to more sustained
interferon responses and up-regulation of MHC class I expression. This would, in turn, increase the potential to
expose self-antigens and trigger autoreactive responses leading to B-cell destruction (107). The discovery of a
mechanism of genetic predisposition linked to viral infections epidemiologically associated with T1D (10),
together with the more recent studies demonstrating enterovirus capsid protein in patients’ pancreatic islets
(98), collectively make an increasingly convincing case for a role for enteroviruses in disease pathogenesis.

Recent studies have also highlighted the concept that viral infection may not only favor the development of T1D,
but could, in some cases, be protective (11;108). Taken together, the identification of enterovirus serotypes
associated with T1D, combined with an improved molecular characterization of the virus host interaction and
relationship to pancreas pathology, could lead to the identification of novel, T1D-specific, biomarkers of infection
and, potentially, novel therapeutic targets. If a virus plays a role in islet autoimmunity, a vaccine or drugs that
target viral responses could, perhaps, open important therapeutic avenues for preventing the triggering of

autoimmunity or its progression.

This, in turn, could reduce patient burden and potential exposure to

immunosuppressive or immunomodulatory treatments, which have been associated with significant side effects
and long term concerns, especially when children are concerned.

A2. The JDRF nPOD research model.

Historically, the generalized lack of access to human pancreas and other disease relevant tissues has
represented a major obstacle towards a better understanding of T1D etiology and pathogenesis. Indeed, while
clearly beneficial and serving a noble purpose, mouse studies may not unequivocally lead to the identification of
human disease relevant molecular therapeutic targets. Recognizing this fundamental obstacle, the JDRF
supported the establishment of the Network for the Pancreatic Organ Donors with Diabetes (nPOD; please see
website www.JDRFnPOD.org). The mission of the JDRF nPOD is three-fold:

1) To collect tissues (i.e., pancreas, spleen, pancreatic lymph nodes, blood, etc.) from organ donors with T1D,
and unaffected donors who at the time of organ donation express T1D-associated autoantibodies;

2) To distribute such tissues, worldwide, to nPOD approved investigators for diverse studies of human T1D; and

3) To promote collaboration and data sharing among
nPOD investigators, to achieve an improved and more
comprehensive understanding of the human disease.

Since its inception in 2007, the nPOD program has
shown the feasibility of obtaining high quality tissues
for research. As of April 2012, nPOD has provided
specimens in support of research studies for
approximately 130 investigators worldwide. The JDRF
has recognized that the nPOD ‘organizational’ model
could be extended to other settings relevant to T1D,
including, but not limited to, the area of pancreas/islet
cell transplantation. This is in recognition that T1D
represents a clinical spectrum of conditions that
evolve from the pre-clinical stage to disease onset,

often leading to chronic complications and
transplantation to reverse kidney failure and/or
diabetes.
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Fig. 1 — The Type 1 Diabetes Spectrum

The disease process is not necessarily exhausted after clinical onset, and we know little about what happens to
autoimmunity as well as to B-cells in the long term, as well as whether any changes are brought about by
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chronic immunosuppression once patients are transplanted. The nPOD-Transplantation (nPOD-T) effort, recently
launched, will contribute specimens from both deceased pancreas transplant recipients and biopsies from live
recipients in the context of recurrent autoimmune diabetes, which has been recently shown in several patients
in the absence of rejection (109). Such nPOD-T samples are also available to the nPOD and proposed nPOD-V
group, noting that in some cases with recurrent diabetes, we found evidence of enterovirus infection in p-cells
of the transplanted pancreas (109).

A2.1. nPOD project interactions. As noted above, a critical mission goal of JDRF nPOD is to promote data
sharing and collaboration amongst nPOD investigators. Traditionally, the nPOD Tissue Prioritization Committee
(TPC), chaired by the PI of this application, reviews all incoming applications for nPOD tissues. Whenever
possible, investigators are notified of potential synergies with other nPOD projects by JDRF nPOD Administrative
staff, and are requested to coordinate activities across related projects, so that we can best utilize this limited
resource and gain scientific value from collaboration and integrated approaches. Thus, the JDRF nPOD functions
not just as a biobank, but also as a synergistic research network with multiple but well defined goals. Taking
advantage of web-based connectivity, including on line pathology, nPOD has begun regular interactions with
extended groups of investigators to review data emerging from notable nPOD donors. The nPOD program has
indeed built a substantial team of investigators who subscribe to the concepts of data sharing and collaboration,
and ongoing efforts capitalize on the collective strength of nPOD as a coordinated, scientific powerhouse.
Indeed, we envisage that this will only increase. In late April, 2012, nPOD will unveil a beta test version of a
product called “JDRF DataShare”. This innovative open source data acquisition and analysis program, based on
improvements to a product known as LabKey, has the potential to revolutionize the way collaboration occurs in
settings of T1D research.

A2.2. The nPOD Working Groups. Based on an intense desire to change the way research in T1D is performed,
we are at the stage where we have assembled a “cloud” of investigators with diverse expertise, who are
interested in collaborative studies across a broad range of topics we deem of potential interest to the JDRF.
Based on the data generated so far, we believe we are in a position to take the nPOD research model to a
higher level: the nPOD working groups. These groups are intended to collectively tackle key questions in T1D
research, which were main topics of discussion at the JDRF nPOD Annual meeting, held in January 2012 in
Miami. Addressing these questions, as well as others deemed of interest by JDRF and the T1D research
community, should improve our understanding of the disease pathogenesis and lead to the identification of new,
T1D-specific and human-specific therapeutic targets. Critical areas of research include, but are not limited to: 1)
viral infections, which could perhaps be averted by vaccination if responsible viruses were identified and
isolated; 2) autoreactive T and B cells, which could be targeted by phenotypic and functional features, by
antigen specificity and by knowledge of T cell receptor sequences; 3) pathways of B-cell regeneration, which
could perhaps be stimulated with drugs; 4) potentially, additional pathogenic mechanisms that may have yet to
be uncovered and could contribute to disease heterogeneity, and perhaps help explaining the limited success of
clinical trials, which mostly have relied on manipulation of single pathways of the immune system (110;111).
Thus, there is clear need for coordinated research through the study of human tissues from T1D patients as well
as those deemed of interest to address important issues in the disease. Results could inform strategies for
combinatorial therapies that target multiple disease pathways, both immune and non-immune.

A2.3. The JDRF nPOD-V working group. The nPOD-V group proposed here represents the first of the newly
formed “workgroup” based efforts, and as such will develop much of the logistics, operational models, policies
and conceptual framework that will guide the formation of future working groups (i.e., the beta test). An
innovative operational concept that will be implemented here is “real-time" data sharing, made available through
the above-mentioned “JDRF DataShare” to help coordinate studies as progress is being made and to inform
strategy adjustments. This approach should accelerate the rate of discovery and maximize the potential for new
and robust advances with the contribution of many investigators to the development of a synergistic research
strategy. As samples are studied by multiple investigators, with a variety of synergistic approaches, this will help
developing a comprehensive and integrated understanding of the role of enteroviruses in disease pathogenesis.
Importantly, the sharing of tissues and analysis by multiple investigators affords a key unifying element in
science and the rare opportunity to coordinate studies that take into account multiple approaches and design
input from multiple investigators. Importantly, the nPOD-V Working Group largely self assembled in response to
solicitation provided in the form of webinar discussions promoted by the nPOD leadership. The nPOD-v group
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began activities last summer recognizing that demonstrating a pathogenic role for one or more viruses in T1D
could have very important therapeutic implications. Several investigators in this group have already made key
contributions that support a role for viruses, and especially enteroviruses (66;95;98;99;112-117). At that Miami
nPOD meeting, there were preliminary presentations from the nPOD-V group and since that occasion, this group
has worked enthusiastically to develop plans for a comprehensive strategy to address the viral question in T1D.
Indeed, this effort has culminated in this grant proposal, following the successful approval by JDRF of a letter of
intent submitted by the nPOD-V group.

B. Proposed research (What?)
The overarching hypothesis of the nPOD-V Working Group is that enteroviruses (possibly an individual
enterovirus species or a subgroup of these viruses) play an important role in the pathogenesis of human T1D.
Furthermore, the group believes that such viruses can be detected and identified more frequently in tissues from
organ donors with islet autoimmunity and/or T1D than in unaffected organ donors without evidence of islet
autoimmunity; finally, based on heterogeneous patterns of p-cell loss identified in the nPOD cases (118), there
could be correlations with different pathological patterns.

Based on the above background and hypothesis, the nPOD-V investigators have extensively discussed what
methodological approaches are required to address the key outstanding questions that will allow for
significant progress in understanding the role of enteroviruses (or other viruses) in the pathogenesis of T1D.
These questions form the major strategic objectives of our proposal:

1. Is enteroviral infection (often or rarely) associated with T1D?
Can a relevant virus be isolated?

Can this virus be identified and sequenced?

Is there an acute or chronic (i.e., persistent) viral infection?
Is there a defective enterovirus associated with T1D?

Can viral proteins be identified in the tissues of T1D patients?

What tissue/cells are infected (e.g., pancreas, islets cells, p-cells, spleen, PBMC)?

® N o b WD

What are the functional consequences of infection (e.g., replication, cell death,
inflammation) in key cell types?

9. Is viral infection in peripheral blood a marker of pancreatic infection?

To address these questions, the nPOD-V group has organized itself into 6 Task groups, with specific aims that
will synergistically contribute to address the key questions. We propose a multi-faceted approach, that includes a
variety of methodologies (e.g., immunohistochemistry, RNA sequencing and gene expression, protein analysis,
immunology, etc.) to study viruses in T1D. To the best of our knowledge, and perhaps the most important aspect
of this application to emphasize, there has never been a study that has brought together this diversified
expertise, multiplicity of approaches, and innovative techniques (e.g., RNAseq and proteomics, and
more) and applied them to the examination of human tissues from patients with T1D. Further, and to
the merit of nPOD-V investigators, they recognize the need to cross-validate reagents and standardize readouts,
and are contributing their own novel reagents and reference samples to apply to the study of nPOD specimens.
Collectively, we believe that this will provide the best chance of generating robust results and new assays that will
become available to the scientific community. Put bluntly, the goal of nhPOD-V is not to provide another mere
incremental advance to our understanding of the potential role for viruses in T1D, but to provide the most
significant thrust forward in this area since interest first arose more than 40 years ago. We acknowledge that this
represents a lofty goal. Nevertheless, it is our belief that without addressing the issue with an approach similar
to that proposed here, it could be that many more years, if not decades, will pass, without a clear picture
emerging with reasonable confidence about the roles (if any) for viruses in T1D. We believe, therefore, that the
time is right and the correct infrastructure is in place to make a significant advance.

With this lofty goal in mind, the main aims of each task are summarized below to provide an integrated overview
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of the scope of work. Importantly, several investigators serve on multiple tasks, inherently facilitating
coordination and data sharing. Each task also has designated Task Leaders who will help coordinating the
activities within each task and promoting cross-fertilization of ideas and data discussion across tasks. They will
also assume responsibility for coordinating progress reports, publications etc. A diagram illustrating how the
various tasks will perform synergistic work and how they are expected to contribute to address the key questions
is shown in Fig. 2.

Task 1: Controls and cross-validation

Investigators (in alphabetical order): Campbell-Thompson, Martha; Chapman, Nora; Dotta, Francesco; Frisk,
Gun; Giepmans, Ben; Hyoty, Heikki; Kusmartseva, Irina; Morgan, Noel; Oikarinen, Maarit; Richardson, Sarah;
Toniolo, Antonio.

Task Leaders: Sarah Richardson and Martha Campbell-Thompson.

Circumstantial evidence has implicated enteroviruses in T1D pathogenesis. In earlier work, several viral
workgroup members have shown that pancreatic B-cells of patients with T1D display clear evidence of an
enteroviral infection by immunohistochemistry (IHC). One antiserum in particular has been used extensively in
these studies (VP-1, Dako). Task 1 addresses the need to demonstrate viral infection with multiple approaches
and reagents, as each will also generate additional information about the biology of the virus. Task 1
investigators will develop and validate methods to identify and screen additional enteroviral antibodies as well as
other methodologies for detection of viruses that are capable of reproducibly detecting the relevant enteroviral
strains in human islet cells. It is also believed that enterovirus infection of pancreatic p-cells does not lead to
large-scale viral replication and extensive cell lysis. Rather, the infections appear to be persistent and do not
cause acute damage to islet cells. These infections appear to exist in @ more persistent form with minimal virus
replication. This may lead to subtle changes in islet cell physiology, which ultimately culminate in the
development of autoimmunity rather than cell lysis. It is clear that there are quantitative differences between the
viral protein expression in acute and persistently infected cells, therefore it is key for future studies that we
identify suitable models and enteroviral antisera capable of efficiently detecting the persistent enteroviral
infections, when viral protein expression is likely to be reduced. These models will also be utilized to fully
characterize the serotype recognition profile of the enteroviral specific in situ hybridization (ISH) probes. This
effort will take advantage of controls samples and reagents, which were developed and/or contributed by task
investigators. The proposed cross-validation will support the work proposed in other tasks and advance the field
overall by validating reagents and resources. Importantly, a key strength is the direct access to unique serotype
information from large epidemiological studies (Hyoty’s group) and a viral biobank, which contains viruses
originating from T1D cases or from viruses that have been passaged in human pancreatic islets (Frisk and Lloyd).
Systematic screening of different enterovirus serotypes in large clinical series has recently supported the role of
certain CBV serotypes in the pathogenesis of T1D (ISPAD meeting, 2012). Based on this information, Task 1 will
aim at validating serotype-specific reagents which can specifically detect these T1D-associated enterovirus
serotypes in nPOD samples, but which do not react with other enterovirus types and confirm the presence of viral
RNA or particles through in situ hybridization and electron microscopy, respectively.

TASK 2: Virus RNA Analysis

Investigators (in alphabetical order): Ferreira, Ricardo; Gerling, Ivan; Hydéty, Heikki; Lloyd, Richard;
Oikarinen, Maarit; Plagnol, Vincent; Petrosino, Joseph; Thackray, Larissa; Virgin, Skip.

Task Leaders: Joseph Petrosino and Larissa Thackray.

This task plays a fundamental role towards the ultimate goal of the nPOD-V Working Group: to evaluate the
association of viruses with nPOD samples. To this end, Task 2 investigators will apply an innovative and
integrated approach for RNA analysis towards the identification of viruses associated with T1D. Due to the
inherent genetic diversity of viruses, use of nucleic acid dependent-analyses is a key component of our efforts
towards these detection goals. Collaboration across tasks will guide our efforts in Task 2 and help prioritize the
work while, conversely, Task 2 work will guide other tasks. We will focus on identifying enteroviruses in nPOD
samples in order to test our hypothesis that enteroviruses play a role in the generation of T1D and can
consequently be found more frequently in tissues from patients with T1D than in control tissues. However, it is
important to emphasize that the analysis tools used in the sequencing arm of this task includes unbiased mining
for virus sequences and signatures that would permit identifying novel enteroviruses and/or additional viruses, if
these existed. This effort will leverage the controls and resources in Tasks 1 and 6, and will inform work
conducted in Tasks 3, 4 and 5, and vice versa. Thus, state of the art next generation deep sequencing
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technologies, including HiSeq, RNA-Seq, and 454 platforms, will be applied to study nPOD tissues in an attempt
to provide a definitive test for the presence of viruses as well as providing specific identification of species
and variants. To our knowledge, this is the first time that this approach is applied to the study of viruses in tissue
specimens, including pancreas, from T1D patients. Importantly, RNA analysis will also include in situ hybridization
and RT-PCR approaches, as well as laser capture microscopy to enrich for islet cell RNA.

Task 3: Viral Protein Identification

Investigators (in alphabetical order): Campbell-Thompson, Martha; Dotta, Francesco; Gianani, Roberto;
Giepmans, Ben; Frisk, Gun; Hyodty, Heikki; Morgan, Noel; Morris, Margaret; Nadler, Jerry; Nyalwdhe, Julius; ;
Oikarinen, Maarit Richardson, Sarah.

Task Leaders: Noel Morgan and Heikki Hyoty.

The goal of Task 3 is to obtain robust evidence for the presence of virus in pancreas specimens and other tissues
from patients with T1D. This will be achieved by using a multi-faceted and a sophisticated approach that involves
the study of multiple and novel viral antigens, with increased ability to define viral serotypes, tissue distribution
and the identity of viral proteins. To this end, the task will utilize a series of complementary methodologies,
including immunohistochemistry, immunofluorescence, electron microscopy (EM) and proteomics. Importantly,
EM and proteomics have rarely been applied to the study of the virus question in T1D; preliminary data show the
power of these methodological approaches (95). The work in Task 3 interfaces closely with the activities of Task
4, where correlations will be made between islet immune responses and markers of enteroviral infection. It will
make use of reagents generated in Task 1 (plus others that are available independently) and it also interfaces
with parallel studies in Task 2, where methods will be employed to identify viral genomic material in the sample
collection. The data will be made available and analyzed via Task 6. Together, these tasks will advance the
understanding of the role of viruses in T1D and should lead to the generation of more robust evidence of viral
infection and identification of serotypes, with implications for future diagnostic and therapeutic developments.

Task 4: Viral Immunity and Autoimmunity

Investigators (in alphabetical order): Campbell-Thompson, Martha; Coppieters, Ken; Dotta, Francesco;
Homann, Dirk; Hyoty, Heikki; Kent, Sally; Morgan, Noel; Oikarinen, Maarit; Richardson, Sarah; Sarkar, Suparna;
Schneider, Darius; Toniolo, Antonio; von Herrath, Matthias.

Task Leaders: Sally Kent and Dirk Homann.

Task 4 will investigate viral infection in other tissues besides the pancreas, the extent to which infection of other
tissues may relate to pancreas infection, and what changes and responses are induced in the target cells, both
within and outside the pancreas, particularly in relation to autoimmunity. We hypothesize that viral infection may
affect also the spleen, gut and lymph nodes in patients with T1D, where immune cells relevant to disease
pathogenesis reside. Thus, we propose to examine tissues (pancreas, spleen, lymph node, gut tissue) from
subjects with T1D and from control and/or subjects with autoantibodies (preclinical) and Type 2 diabetes (control
for hyperglycemia) for evidence of prior enteroviral exposure. Markers of prior viral infection of tissue will include
evidence of the virus, of cellular responses to virus, and of immunological viral challenge. We will examine non-
pancreatic tissues for viral proteins (cross-talk with Task 3) and cellular signaling proteins responding to virus. We
will examine tissue for evidence of immunological challenge including infiltration of immune effector cells, hyper-
expression of MHC and MHC-related molecules, pro-inflammatory cytokine signatures, cytokine response proteins,
chemokine profiles and for evidence of enterovirus infection of autoreactive T and B cells. This effort also
interfaces with independent studies by Drs. Oikarinen and Hy6ty, who are examining the type of enteroviruses
that are associated with T1D in large prospective studies and with ongoing studies from the Persistent Virus
Infection in Diabetes Network (PEVNET), directed by Dr. Hy6ty. Reagents developed by PEVNET will be applied to
the study of nPOD samples, for example type-specific tetramers detect enterovirus-reactive T cell responses.
These collaborative studies will provide evidence of prior viral infection of tissues contributing to the environment
of pancreatic B-cells, and for responses to virus that may provide novel insight into the viral pathogenesis of
human T1D. As this task overall examines the immune response to the virus, in pancreas and other tissues, this
is also an area where advances can be made towards novel therapeutic approaches.

TASK 5: Virus isolation and amplification

Investigators (in alphabetical order): Chapman, Nora; Frisk, Gun; Lloyd, Richard; Petrosino, Joseph;
Toniolo, Antonio.

Task Leaders: Richard Lloyd and Gun Frisk.

Isolating virus from pancreas, spleen, blood or other tissues is essential to implicate viruses in T1D pathogenesis.
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Moreover, it will aid and facilitate studies into the biology of the virus, including the eventual development of
novel therapeutic strategies and assays to detect infection and help improved prediction, if an association is
confirmed. This task will use a combination of approaches to ensure the most sensitive and effective virus
amplification and recovery methodology is applied to nPOD and EuroPOD samples.

JDRF nPOD-Virus Working Group Grant I
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KEY QUESTIONS
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Fig. 2. Organizational flow-chart of scientific interactions of proposed tasks, and how each task
contributes to address the key questions that represent the major strategic objectives of the nPOD-
V group.

This will provide assurance that sufficiently exhaustive testing for rare or defective enteroviruses in samples is
achieved. Thus, the goal of Task 5 is to amplify, isolate and recover virus from as many nPOD samples as
possible so that definitive virus sequences can be derived to: (i) identify the specific virus (in conjunction with
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Task 2), (ii) determine the degree that virus may reoccur in multiple patients, (iii) produce statistical rigor of virus
isolates for the whole project, (iv) produce internal reproducibility of isolates, and (v) recover live virus that can
be examined for terminal deletions or other types of mutations that may influence T1D pathogenesis. The virus
isolation approaches proposed here will complement each other, and will operate in synergy with the efforts of
Tasks 2, 3 and 4, providing the greatest probability that any infectious viruses present in nPOD samples will be
detected and identified. Determining the virus sequence will allow an exploration to establish if these viruses are
prevalent within the population during relevant periods or if they are recombinants or perhaps even new
enteroviruses with properties differing from those currently recognized among enterovirus types. Ultimately,
these data may guide the development of diagnostics. Of course, a primary output from Task 5 will be the
isolation of live virus(es) from nPOD tissues that will provide a rich resource of new clinical virus isolates that can
be characterized for “diabetogenic” potential and other detailed analysis in follow-up studies. The major
advantage with virus isolation as compared to just showing the presence of virus is that it will allow construction
of in vivo and in vitro models for understanding the pathogenic mechanisms of virus-induced T1D. Such
experiments will ultimately lead to development of a vaccine or other therapeutic approaches.

TASK 6: Data Sharing and Joint Statistical Analysis

Investigators: All nPOD-V Investigators

Task Leaders: John Kaddis, Suparna Sarkar, and Vincent Plagnol.

Task 6 addresses the need for tools and plans for data collection, sharing and analysis that are typical of
collaborative studies of this magnitude. Indeed, given the multitude of approaches and types of data to be
generated, we must develop means to effectively manage the documented complexities and challenges of the
biological information life cycle, including generation, storage, sharing, preservation, re-use, and analysis of
data. Rapidly advancing fields, such as genomics, other high throughput approaches, and imaging must in
addition contend with the burgeoning growth rate in the size of the data. The collaborative analysis of the role
of viruses in T1D etiology perfectly exemplifies this trend as this multi-center project brings together scientists
with different expertise. As a consequence, this project will generate heterogeneous datasets, all directly or
indirectly linked to the nPOD sample collection. Task 6 will address two main goals: data management and
sharing plus statistical analysis. The first aim of Task 6 is to facilitate and encourage real-time data sharing and
collaboration through standardization of data definitions, formats, and provision of common platforms for data
analysis and quality control so that all results and datasets are searchable, accessible and reproducible. The
statistical analysis aspects build on the data sharing and management goals of the first aim. Given these aims,
task 6 plays a central role in this project by providing a link across all research groups. Ultimately, it is from the
data sharing and analysis supported by this task that data generated by this effort can be interpreted and used
to inform robust conclusions about the role of viruses in T1D.

C. Rationale for proposed research (Why?)
The rationale for this proposal stems from several decades of studies providing evidence for viruses, and in
particular enteroviruses, as having a key role in T1D pathogenesis. This notion, while subject to much
investigation over the years, still remains viable; yet the concept has to be fully proven. The reasons for this are
complex and multiple. We believe that the approaches proposed here offer unique strengths, which have never
come together before in such a way, and will empower this group to make seminal contributions to address the
viral question in T1D. These strengths are listed below:

1. The diverse and outstanding expertise of the nPOD-V members, individually and collectively; the group
includes experts in virology and other relevant disciplines who will work together with investigators with
considerable knowledge of islet autoimmunity.

2. The focus on the study of tissues from JDRF nPOD cases, which affords the opportunity to compare data
from multiple relevant tissues in individual T1D donors, and across cases.

3. The coordinated study of shared samples and a scientific plan that will rely on real-time data sharing.

4. A multi-disciplinary approach, which involves state of the art methodologies, affording complementarity and
allowing for a pre-determined level of overlap between labs to address reproducibility.



Applicant (Last, First, Middle): Pugliese, Alberto Page 9 of 21 Pages

5. The inclusion of all the necessary cross-validation studies, including the validation of key reagents and the
study of control specimens, several contributed by the investigators themselves, which will lead to the
generation of new and validated resources.

6. The cross-fertilization with other working groups and investigators within the nPOD cloud, who examine other
relevant aspects of T1D pathogenesis, as well as collaboration with other viral study initiatives that already
exist, such as PEVNET and the Virus in Diabetes International Study Group (VIDIS).

7. The focus on key questions, with a blend of basic and clinically relevant questions, with the intention to
achieve the highest clinical impact possible.

A key requirement for establishing a role for enteroviruses in T1D is to distinguish whether any virus resident
within tissues results from transient seasonal acute infection, or from a long-term or persistent infection. This
requires the retrieval of virus sequence in sufficient depth and completeness to assign a precise quasispecies
molecular signature to any virus found in a given tissue. The availability of nPOD tissues offers for the first time
the opportunity to perform this essential comparison across multiple tissues from the same patient case, and to
assess rapidly evolving sequences of circulating enterovirus that have been isolated during the last 30 years. The
approach applies novel, next generation deep sequence analysis to multiple tissues and amplified viruses from
the same cases, affording a unique opportunity to make a significant impact towards proving or disproving the
enterovirus hypothesis. Further, the nPOD-V multidisciplinary approach allows cross-validation of results across
platforms and examination of various aspects of detected virus and associated changes in the host tissue.
Indeed, a variety of approaches undertaken by leading investigators in the field will be applied in an integrated
strategy to optimally harness information from the nPOD tissues. Approaches and sample use will be prioritized
and informed by real-time data emerging from the various laboratories. Indeed, we propose that real-time data
sharing is a critical concept being applied here, together with the study of samples from the same patient by
multiple investigators, and the sharing of samples, including those generated through the research (e.g., virus
isolates, cell lines, etc) across laboratories.

D. Research Design and Methods (How?)
The experimental aspects of this work are described in detail in the research plan of the 6 Tasks. In this
overview, our goal is to cover the leadership plan and management strategies which we believe are necessary to
ensure that the nPOD-V Working Group will function effectively and will reach its goals.

The PI is in ideal position to manage this effort because of the following:

1. He has over two decades of research in the T1D field but, importantly, not a major involvement in research
regarding viruses; hence, he does not have an inherent intellectual stake or bias.

2. The PI serves as Executive Co-Director of the JDRF nPOD, and also as Chair of the nPOD Tissue Prioritization
Committee, which requires close interaction with the nPOD Organ Procurement and Processing Core (OPPC)
run by Dr. Campbell-Thompson. Thus, the PI has first-hand knowledge of the nPOD program, of all nPOD
investigators and their projects, and together with the TPC and OPPC, has effectively managed prioritization
of tissue distribution and scientific project, also promoting project interactions. The PI is also Director of the
nPOD-Transplantation program, which may contribute additional samples to this effort, and thus he could
inform about which samples could be best suited for analysis by the nPOD-V Working Group.

3. The PI will be responsible for the overall management and coordination of the project. He will constructively
interact with nPOD-V Investigators, and Task Leaders, providing guidance and direction through open
discussion and evaluation of progress and challenges. To the largest extent, the leadership plan is one based
on collective review and decision making, where the success of the nPOD-V effort is the primary goal.

4. Given the scope of the proposed work and the innovative nature of the proposed approaches, the project will
require active management and both strategic and resource prioritization. It is expected that new findings,
approaches and hypotheses will emerge during the course of the study. As proposed by the JDRF, the PI will
manage a pilot and feasibility/discretionary fund designed to support emerging needs. For example, we have
initiated a dialogue with Drs. Imagawa and Hanafusa, to deaw comparisons with fulminant diabetes, in which
a viral etiology is also suspected (119-121).
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When an executive decision becomes necessary, every effort will be made to take that in fairness, and
whenever appropriate after consultation with nPOD-V Investigators, Task Leaders, the nPOD Director (Dr.
Mark Atkinson with whom, the PI, has an extremely close, i.e., literally daily, interaction), the nPOD Scientific
Advisory Board Chair (Dr. Ronald Gill) and an nPOD-V Advisory Board. While this has not been finalized, we
would like to propose the following individuals: Steve Tracy, PhD; George Eisenbarth, MD, PhD; Richard Insel,
MD; and any others deemed fit by the JDRF or its expert reviewers. We would also rely on this board should
any dispute arise, or in case of potential conflict of interest.

In terms of managing the project, the following types of interactions are envisioned:

a.

Monthly web-based discussions (60-120 minutes), to review progress, data, challenges and solutions.
This will include update presentations on a rotational basis but also prioritize on scientific importance.

Monthly calls with individual Task Leaders, as above. Moreover, these calls will be important to
coordinate inter-task interactions and for the preparation of progress reports.

Regular data submissions to the data management system created by Task 6, with group notifications.

Together with the investigators and Task 6 Leaders, we will develop key policies to ensure an effective
and fair management of data sharing and communication, that also takes into account the need for
blinding samples during certain phases of the study.

Face to face work meetings are also planned. The first is to occur in Berlin (September, 2012), attached
to the EASD meeting. An additional opportunity will occur at the next JDRF nPOD annual meeting.

E-mail and web-based communications: group has made fantastic use of this unlimited resource during
the preparation of this grant application. Not only there has been an exchange of data and grant
documents, but there has essentially been an open forum for discussions that have effectively
contributed to bring all up to speed and ‘on the same page’. While there is consideration for establishing
a dedicated web-site or blog, e-mail does not require login in and affords an immediacy of
communication that remains unparalleled.

Project management will be assisted by the JDRF nPOD Administrative Core at the University of Florida,
with whom the PI has constant interactions via telephone and e-mail means of communications.

Fig. 3. Organizational structure of the nPOD-V Working Group.
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E. Milestones and timelines (Deliverables) (When?)
From the broad perspective of what this project may achieve, we believe that nPOD-V represents the first
formally coordinated effort to study nPOD tissues for addressing a key question regarding the pathogenesis of
T1D. The proposed plan is comprehensive in design, international in its membership, collaborative amongst its
investigators, utilizes the most modern and novel of techniques, and utilizes the highly valuable nPOD tissues.

The potential for obtaining solid evidence associating a virus with T1D as well as molecular information
regarding any such virus, together with information regarding changes induced by the virus, will help to define
novel therapeutic strategies and targets for this disease. Indeed, we believe viral infections are potentially
preventable and/or that the response to virus could be modifiable.

As the molecular features of a virus are identified and its tissue distribution determined, this could allow for the
development of biomarkers for this infection. This would have clear translational implications. For example, such
information could synergize with other biomarker validation efforts organized by the JDRF to assess whether
populations (including relatives of T1D patients as well as otherwise ‘control’ populations) have disease-relevant
viral infections. This, we believe, could lead to improved prediction and prevention.

Scientific milestones for each task are reported in the individual task research plan.
From the point of view of project management, we expect to reach the following milestones:

1. Year 1: Implementation and refinement of effective management and policies that regulate the activity
of the group.

2. Years 2 and 3: as more nPOD working groups are expected to be launched in the future, contribute the
experience gained towards the formation of those groups, and promote inter-group interactions.

3. Throughout the 3 years, effective management of the pilot and feasibility fund to support emerging
needs and novel ideas.

4. Throughout the 3 years, further management of collaborations and ensure the commitment and
participation of all nPOD-V investigators, and maximize their intellectual contribution to the project.

5. Throughout the 3 years, effective management of the project and scientific direction that will lead to
addressing of the key questions identified by the nPOD-V group, with the goal of enriching the nPOD
dataset with novel and useful data, and to disseminate the information in form of publications and
presentations at meetings.

6. Throughout the 3 vyears, provide effective sample prioritization and utilization among approved
investigators and workgroups. As demonstrated to date, sample distribution has been achieved with a
high degree of transparency in the overall nPOD program without conflict of interest. The Tissue
Prioritization Committee is committed to finding to new ways to achieve continued fair and equitable
allocation to this resource. A recent discussion from an internal nPOD meeting revolved around
expanding by inviting new members into the TPC committee. Current members will be given an option
to retire and replaced and at least two new members will also be installed. The first new member will be
a representative from PevNet; many of whom are involved directly in the viral workgroup missions. The
second new member may be selected from the broader research community, through requests for
volunteers.

7. Throughout the 3 years, this viral workgroup will be to create an internal sample utilization committee
comprised of 1 representative from each of the 5 Tasks and a representative of each of the 3
“investigator collections” that are also contributing biosamples to this initiative (Dotta, Hyoty/Frisk,
Morgan/Richardson). Members of this nPOD-V utilization committee will have over-sight on sample
allocations within tasks and assist the director with equitable distribution and prioritization.

F. Advantages over alternative approaches that would address goal.
Decades of research, largely from individual laboratories, have led to important data that make a persuasive case
for a role of enterovirus in the pathogenesis of T1D. Yet, individual approaches and limitations with samples and
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reagents have not allowed a complete analysis of the role for viruses in T1D. This collaborative effort recognizes
those limitations and addresses them with an integrated and multidisciplinary approach proposed here.
Furthermore, the proposed approach will now include many innovative and powerful technologies that have not
been traditionally used for studying viruses in T1D. The availability of shared tissues from the same patients and
their coordinated analysis provide an unprecedented opportunity that investigations can be exhaustive and fully
informative. The premise underlying this collaboration, based on the nPOD research model and the concept of
data sharing and collaboration promoted by the nPOD leadership, has been fully embraced by the nPOD-V
investigators; we believe that this in itself represent a major step-forward and innovation in the study of complex
questions in human disease. Further, the nPOD-V working group expands the potential of nPOD to fully exploit its
potential, and paves the way for more working groups to follow.

G. Future plans if research is successful.

We anticipate that the nPOD-V group will interface and collaborate with additional nPOD working groups, which
will be formed over the next several months. Thus, the group will become part of the nPOD Investigator Cloud.
Again, we believe that this is the ultimate goal of nPOD, to create a collaborative framework and a scientific
powerhouse that through analysis of shared samples and collaboration, can and will advance our knowledge of
human T1D. Findings from this effort, we believe, will lead to improvements in other research questions/areas of
JDRF research interest including additional mechanistic studies, biomarker identification, understanding p-cell
biology, and the development of druggable targets capable of effectively intervening in this disease. Thus, we
predict that this translational effort will facilitate progress towards clinically applicable diagnostics and
therapeutics, which could involve partnerships with the biomedical industry and other clinical organizations.

H. Please list any Intellectual Property (IP) filed or any commercial efforts pursued
for the approach described in the current application.
N/A
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