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Abstract

Background—The Network for Pancreatic Organ donors with Diabetes was established to
recover and characterize pancreata and related organs from cadaveric organ donors with various
risk levels for type 1 diabetes (T1D). These biospecimens are available to investigators for
collaborative studies aimed at addressing questions related to TID natural history and
pathogenesis.

Research design and methods—Organ donors included T1D patients (new-onset to long-
term), non-diabetic autoantibody positive subjects, non-diabetic controls, and individuals with
disorders relevant to p-cell function. Pancreas recovery and transport met transplant-grade criteria.
Additional samples recovered included serum, whole blood, spleen, and pancreatic and non-
pancreatic lymph nodes. Biospecimens were processed for cryopreserved cells, fixed paraffin and
fresh frozen blocks, and snap frozen samples. T1D autoantibodies, c-peptide levels, and high-
resolution HLA genotyping for risk alleles were also determined.

Results—Over 160 donors have been enrolled (ages of 1 day to > 90 years). Standard operating
procedures were established along with a quality management system. Donor demographics,
laboratory assays, and histopathological characterizations were shared through an open online
informatics system. Biospecimens were distributed to more than 60 investigators.

Conclusions—The nPOD program provides access to high quality biospecimens without cost to
investigators. Collaborations and open data sharing are emphasized to maximize research potential
of each donor. Based on initial successes, the nPOD program is expanding to recover additional
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organs relevant to T1D pathogenesis and complications from European countries (PanFin
network).
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Introduction

Classic T1D is considered a T-cell-mediated autoimmune disease resulting from a selective
destruction of the pancreatic insulin-producing p-cells (reviewed in (1)). T1D is the most
common cause of diabetes in children but the disorder can be diagnosed at essentially any
age (2). The disease is also thought to result from a combination of genetic predispositions
in association with unknown environmental factors including viruses, diet, and geography
(3). Despite more than four decades of appreciating the autoimmune nature of T1D, multiple
questions remain regarding the exact nature of p-cell destruction in T1D. Indeed, an
improved understanding of the underlying mechanisms of insulitis development could have
profound therapeutic and preventative implications. Beyond this, explanations for p-cell
demise in T1D could represent infection due to a viral or microbial origin, alterations
secondary to hyperglycemia, unknown toxin(s), and/or a primary immunological reaction.
The possibility of an infectious cause has received considerable attention, particularly with
the observation of increasing T1D incidences in several western countries (reviewed in (4)).

In 2007, the Juvenile Diabetes Research Foundation (JDRF) established the Network for
Pancreatic Organ donors with Diabetes (nPOD) for the purpose of obtaining tissues from
cadaveric organ donors to address important questions regarding the pathogenesis and
natural history of T1D. To aid in understanding genetic and environmental factors, as well
as identifying their role in influencing the immune response underlying B-cell destruction,
nPOD recovers biospecimens from several donor groups including T1D patients (new-onset
to >75 years of disease duration), those without diabetes (controls) but representing
complementary ages, gender, and ethnicity groups, non-diabetic autoantibody-positive
donors, and those with additional conditions that impact p-cell function (e.g., gestational
diabetes, cystic fibrosis, type 2 diabetes). While each of these groups are vital for studies of
T1D, the majority of nPOD efforts are directed at the recovery of tissues from donor groups
that would be most difficult for individual investigators to obtain, namely those who are
autoantibody positive without clinical signs of T1D, as well as those at the earliest stages of
the disease.

It is generally accepted that the destructive processes underlying T1D begin months to years
before the manifestation of clinical symptoms. Autoantibodies directed against different
antigens of pancreatic p-cells, glutamic acid decarboxylase-65 antibodies (GADA),
insulinoma-associated-2ic antibodies (IA2A), insulin autoantibodies (mlAA), and the
recently identified zinc transporter 8 autoantibodies (ZnT8A), have been utilized to identify
those in this prodromal period (5, 6). Epidemiological studies also suggest that persons
having two or more islet-related autoantibodies are at highest risk of developing T1D (7).
The availability of a reliable and rapid (i.e., 90 minute) ELISA-based assay for GADA and
IA-2A allowed nPOD to screen organ donors with research consent for these markers during
the same time frame that transplant suitability is being determined (8). Analysis of all four
autoantibodies is of value, and as such, comprehensive screening is conducted by the nPOD
Autoantibody Core. To be clear, much rationale in support of such screening was drawn
from studies in Finland, Belgium, as well as in the U.S. (9-12). The major goal of the
current report is to provide an over-view of nPOD protocols as well as preliminary clinical
data for donor demographics and laboratory analyses.
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Research design and methods

nPOD Organization

The nPOD program consists of administrative, organ processing and pathology core
(OPPC), autoantibody, and data management cores. The OPPC was primarily responsible
for donor sample processing, analysis, storage, and distribution. The Autoantibody Core
performed autoantibody analyses of serum or plasma obtained from the donor screening
processes and at the time of organ recovery. The Data Management Core acquired donor
clinical data through the United Network for Organ Sharing (UNOS) and maintained an
online database for autoantibody screening and autoantibody core results.

Organ donor recovery

The OPO coordinators evaluated potential donors for nPOD inclusion and exclusion criteria
and autoantibody status for those participating in autoantibody screening. Donor recovery
was performed either directly with the OPO or through subsequent referral to the National
Disease Research Interchange or the International Institute for the Advancement of
Medicine. In addition to T1D donors, donors with no history of diabetes (i.e., controls),
autoantibody positive donors with no diabetes (screened for GADA and 1A-2A), and those
with other diseases (e.g., type two diabetes, gestational diabetes, cystic fibrosis) are
recovered as deemed of research significance for T1D investigators. Control donors are
accepted to match demographic characteristics (i.e., age, gender, ethnicity, BMI) of the T1D
donors or for specific initiatives such as p-cell developmental studies.

Autoantibody Screening

nPOD screening labs utilized a modified, rapid ELISA kit (Kronus, Star, ID) with internal
standard curve and recorded results as either positive or negative. The screening laboratory
was responsible for contacting the OPO coordinators when positive. If the organ donor was
autoantibody positive, nPOD was contacted by the OPO for research placement. As part of
the quality assurance process, an aliquot of the positive screening serum sample was
reanalyzed with a Kronus ELISA kit in Gainesville FL, and at the autoantibody core for
GADA, IA-2A, mIAA, and ZnT8A by radioligand-binding assay (RIA) as previously
described (7).

Donor sample processing

Pancreas recovery was performed as for a standard transplantation and included intra-
operative flushing in the majority of cases. The pancreas with fat containing pancreatic
lymph nodes and proximal duodenum (stapled closed) were placed in a sterile container with
additional media, submerged in ice, and shipped by standard organ courier to the University
of Florida. Spleen and non-pancreatic lymph nodes were also recovered as were serum and
whole blood tubes and shipped with the pancreas. The donor processing team dissected
tissues and prepared a variety of storage formats for each sample type. The pancreas was
weighed then divided into regions (head, body, tail). Each region was transected into
alternating sections for fixed (formalin) and fresh frozen blocks. Minced samples were snap
frozen in liquid nitrogen with or without RNAse inhibitor (RNAlater, Ambion, CA). Spleen
and lymph node samples were processed in two main formats, the first as for the pancreas
and the second for cryopreserved cells. In addition, fresh spleen and pancreatic lymph nodes
were also minced and placed into sterile media for immediate shipment to investigators.
Whole blood was processed to peripheral blood mononuclear cells (PBMC) using Ficoll
density gradient followed by cryopreservation (13). All samples and aliquots were
inventoried in an online database with reservation of approximately 30% of each sample
type to ensure availability for next generation analytics.
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Histopathological analyses

Six pancreas (two from each region) and one spleen paraffin block from each donor were
serially sectioned and stained by hematoxylin and eosin (H&E) and immunohistochemistry.
Two double immunohistochemistry stains were used to identify cell replication (Ki67) and
B-cells (insulin), or T cell infiltration (CD3) and alpha cells (glucagon) according to
published methods (14). Histopathological review was conducted with an emphasis on islet
morphology, size, and numbers, alpha- and p-cell composition, and presence of
inflammation (i.e., insulitis, pancreatitis). Insulitis was distinguished by the presence of 6 or
more CD3+ cells adjacent to or within an islet. Stained slides were digitized by whole slide
scanning using an Aperio CS scanner and were organized by each donor using the Spectrum
Plus information management system (version 11, Aperio, Vista, CA). All paraffin blocks
from the autoantibody positive donors were reviewed for the presence of insulitis following
H&E staining.

Laboratory analyses

Sera obtained from the screening process and/or at donor organ recovery were analyzed by
the autoantibody core. Donor C-peptide levels were determined by radioimmunoassay at the
Northwest Lipid Metabolism and Diabetes Research Laboratories (Dr. Santica Marcovina,
University of Washington, Seattle, WA) with the lower limit of detection at <0.05 ng/ml.
Genomic DNA was extracted from frozen spleen and quality and concentration assessed by
spectrophometry and agarose gel electrophoresis. Genomic DNA was analyzed for T1D
genetic susceptibility on human leukocyte antigen (HLA) genotypes at the Children’s
Hospital Oakland Research Institute (Dr. Janelle Noble, Oakland, CA) using sequence-
specific oligonucleotide hybridization, as previously described (15).

Disease Classification

Clinical history was obtained through current hospital admission records and the UNOS
questionnaire for donation. Donors with T1D were classified based on the available clinical
history (e.g., past medical history including diabetic ketoacidosis, pre-transplant HLA,
medications, BMI, HbA . levels). Autoantibody status, C-peptide levels, and the presence of
high-risk HLA alleles were considered (reviewed in (16)).

Ethical aspects

Statistics

All procedures were in accordance with federal guidelines for organ donation and the
University of Florida Institutional Review Board.

For descriptive statistics, number and % were reported for all categorical variables. The
measure of central tendency was described using either mean (+ 1 SD) or median (min,
max) for all continuous variables, as noted. P-values were generated for continuous
parametric variables using an analysis of variance (ANOVA). The Kruskall-Wallis test was
used to determine the P-values for continuous non-parametric variables. P-values for
nominal categorical variables were determined using Pearson’s chi square when values in all
cells exceeded 5. Fisher’s exact test was used only when values from 1 or more cells in a
contingency table was found to be less than 5. If values from 2 or more cells in any table
were equal to 0, p-values were not reported. All statistical analysis was performed using
SAS software version 9.2 (SAS Institute, Cary, NC).
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Results

Organ donor autoantibody screening

The rapid screening assay was established at 5 laboratories during the initial phase of the
nPOD program. A total of 1677 donor sera were screened of which 135 were autoantibody
positive (average 8.1%, range 4%-10% between labs). Twenty-one donors were recovered
for the nPOD program (15.6%, range 10%—-45%). Analysis of donor sera obtained at organ
recovery showed that 13 donors were positive for one or more autoantibodies by RIA (62%).

Organ donor characteristics and disease specific factors

Organ donors consisted of 161 patients and general characteristics are presented in Table 1
for the no diabetes, autoantibody positive, and T1D donor groups. Age, gender, ethnicity,
weight, and body mass index showed no significant differences between groups. As well,
donation after cardiac death, hypertension, heavy alcohol use, and cocaine or other drug use
was not significant between groups. Cigarette use was significantly different between the
groups with the highest proportion in autoantibody positive donors. Additional donors
recovered included T1D Medalists (12), type 2 diabetes (15), gestational diabetes (1), cystic
fibrosis-related diabetes (2) and others (6; Turner Syndrome, acute hyperglycemia (2), acute
eclampsia, and unknown diabetes duration (2)).

Disease specific factors in the three major donor groups are presented in Table 2. Duration
of diabetes, age at onset, history of diabetes, and insulin dependence were only applicable to
the T1D group resulting in an expected significant difference from the other two groups.
Diabetes-related laboratory data were also significantly different between groups. C-peptide
and hemoglobin Alc levels were similar between the no diabetes and autoantibody positive
groups while the T1D group had significantly lower and higher levels, respectively.
Autoantibodies were exclusive to the autoantibody positive (100%) and T1D groups (83%)
(Tables 2-3). Within the autoantibody positive group, the majority were positive for a single
autoantibody (GADA (8), mIAA (3), ZnT8A (1)) with only one double autoantibody donor
(nPOD 6080; GADA, mIAA+). Autoantibody-positivity in T1D donors included seven with
no autoantibodies and the remainder with 1-4 autoantibodies (Table 3). Diabetes risk HLA
alleles were also significantly different between groups with the T1D group having the
highest proportion of DR3 and/or DR4 alleles (Table 2). Of note, all T1D donors were
lacking the HLA-DQB1*0602 protective allele while 75% of the autoantibody positive
donors had the protective allele.

Morphological characterization

Pancreas cell morphology was excellent in organ donors with maximum preservation of
cellular details while pancreata collected at autopsy (donors including T1D Medalists)
showed autolysis in varying degrees. Histopathological characterization for pancreata
provided a high degree of added value as investigators reviewed donor samples using the
online pathology system and selected specific blocks for their studies. To show
representative pancreas morphology, adult female Caucasian donors were randomly selected
each donor group. Images were taken from the pancreas tail from H&E and
immunohistochemistry stained slides (Figure 1). Donors without diabetes or autoantibody
positive donors showed the expected predominance of B-cells in islets with fewer glucagon-
positive a-cells and no CD3+ cells. Small islets and single p-cells were also present in these
two donor groups. Donors with diabetes showed the absence (T1D) or decreased intensity
(type 2 diabetes) of insulin immunopositivity in islets with a greater proportion of a-cells. A
CD3+ infiltrate indicating insulitis is shown in the islet from the T1D donor. One of the two
cystic-fibrosis related diabetes donors is shown demonstrating the profound absence of
exocrine tissue and presence of infrequent, small islets. All donor digital images can be
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viewed through the online pathology system (http://www.jdrfnpod.org/online-
pathology.php).

Discussion

The nPOD program demonstrated the feasibility of screening organ donors for diabetes-
related autoantibodies and subsequent recovery of high quality pancreatic biospecimens
suitable for a wide-range of investigations. This success was based on a highly interactive
OPO and nPOD administrative and laboratory infrastructure and is exemplified in research
projects by multiple investigators found worldwide (17-23).

As noted, a major effort for the nPOD program was involved in establishing a process for
the recovery of organs from donors with preclinical (i.e., autoantibody positive only) T1D.
Many OPOs use centralized laboratories to conduct transplant related serologies including
HLA matching and infectious disease screening and several large laboratories were enrolled
as screening sites. On-site training was initially provided and subsequent screening data
monitored continuously for inter-lab variability. Autoantibody levels were further tested by
the autoantibody core and those positive levels used to designate autoantibody positive
status. The current nPOD screening data show the predominance of single GADA-positivity
in organ donors, similar to current reports of the general US population (24). As well,
different steps in the donor recovery process had issues that impacted overall recovery rates
of the autoantibody positive donors. These issues included the screening laboratories
(delayed contact of OPO), OPOs (inclusion/exclusion criteria adherence, recall by Medical
Examiners), and operating room (pancreas used instead for transplantation or was damaged,
staff not available).

An additional finding of note from the nPOD program has been that recoveries of donors
with recent onset T1D were exceedingly rare, with only six T1D donors with disease
duration <5 years. Difficulties in obtaining recent onset donors in the U.S. was multi-
factorial and in part related to the majority of organ donors being middle aged adults
compared to the younger average age of T1D onset (children and young adults). A second
limitation was found in that patients with acute diabetic ketoacidosis (DKA) were only
rarely considered for organ donation due to their inherent metabolic instability. Excellent
medical emergency management for DKA in emergency departments has also made this
devastating complication rare compared to past decades.

The nPOD program instituted several unique features uncommon to most biorepositories.
Some of these features include the distribution of biospecimens at no cost and concerted
efforts to distribute samples from the same donor to multiple investigators. A significant
commitment is made to the end user to ensure that issues are addressed and
recommendations for improvement are implemented in a timely manner. As for other large
biobanking operations, the nPOD program required dedicated staffing (i.e., 24/7/365) for
both donor acceptance and case processing on-call teams. Quality assurance and quality
control were applied to all aspects of the project using best practices from national
biorepository organizations (e.g., National Cancer Institute, International Society of
Biological and Environmental Repositories) along with external audit and scientific advisory
committee oversight. Support labs for autoantibody testing, C-peptide levels, and high
resolution HLA genotyping were selected based on nationally established reputations and
commitment to long-term participation to ensure assay consistency. nPOD established broad
communication and outreach systems, including a highly interactive, continuously updated
website, webinars that offer continuing education credit for OPO coordinators, continuously
updated online pathology of each donor, and representation at multiple scientific meetings
(e.g., American Diabetes Association, Association of Organ Procurement Organization,
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NATCO Organization for Transplant Processionals). Quarterly electronic newsletters were
also provided to both OPO and investigator groups.

The growth of nPOD, in terms of the number of investigators it serves, has been remarkable.
In 2007, nPOD provided biospecimens to seven investigators. nPOD currently provides
biospecimens to over 60 investigators on four continents whose research has been supported
by funding from the JDRF, National Institutes of Health, American Diabetes Association,
Helmsley Foundation, the European Union, and from their host institution. nPOD’s online
pathology system has over 200 registered users from around the world. Applications were
reviewed for scientific merit and feasibility by the Tissue Prioritization Committee using
current sample availability plus considerations for prospective donor recoveries. Here, a
somewhat unique evaluation system was used wherein rather than a strictly critical
evaluation, potential proposals were subjected to a process wherein improvements were
suggested (i.e., try to make a project better). Indeed, potential use of data sharing through a
“data cloud” network is underway to facilitate sharing of research data for each donor.
Progress as deemed by numbers of publications is increasing and demonstrates new
collaborations facilitated by the active role that nPOD has taking in promoting synergies.

nPOD’s efforts to screen referrals from OPO for T1D referrals have met with some
challenges. These include, in some cases, lack of prior medical history, increasing rates of
T2D in the adolescent population, and generalized confusion between T1D, T2D and
“insulin dependent” diabetes. In addition, the donor’s representative may not have complete
knowledge of the donor’s diabetes medical history yet completes the donor questionnaire.
nPOD identified a need for greater training of OPO coordinating staff in distinguishing T1D
from T2D as both were listed as “insulin-dependent” in the current UNOS organ donor
questionnaire and addressed this need through online webinar training. As a result, OPO
partners began obtaining additional clinical information, including insulin use at diagnosis,
history of anti-diabetic oral medication, and type and dose of current insulin regimen. The
nPOD program endeavored to provide strict characterization of each donor’s clinical
phenotype; however, it was well appreciated that without a complete medical history,
correct donor classification would be inexact in certain donors just as it may be for certain
patients in the clinical setting.

In sum, this review details the current organization and donors of the nPOD biorepository.
The ultimate mission of this network is to accelerate the discovery process for many key
issues for T1D. Additional programmatic expansions are underway, including the
implementation of mechanisms to promote the collaborative, multidisciplinary and
comprehensive review of the nPOD cases, new efforts for autoantibody positive and recent
onset T1D donor recovery in Europe (nPOD-E), studies of native and transplanted pancreas
from transplanted patients (nPOD-T), and of diabetic complications from donors enrolled in
clinical trials (nPOD-C). Amongst the many significant observations emanating from nPOD,
our initial analyses highlighted the diversity of histopathology of T1D and the paucity of
insulitis in humans contrasts with its remarkable severity in mouse models of T1D (1, 19).
Researchers can be encouraged, and aided by access to rare biospecimens, to add studies of
human tissues alongside of those of animal models for the disease. The entire community of
T1D researchers is encouraged to utilize this resource and additional information can be
found at the nPOD website (www.jdrfnpod.org).
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Figure 1.

Donor Type
(nPOD Case ID)
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Type 1 Diabetes
(6070)

Type 2 Diabetes
(6059)

Other (Cystic
Fibrosis) (6136)

H&E

Ki67+Insulin

CD3+Glucagon
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Islets in nPOD donors. Donors were selected from adult female Caucasians from each of
five donor groups (no diabetes, autoantibody positive, type 1 diabetes, type 2 diabetes, and
cystic fibrosis). Islets were photographed from serially sections stained by H&E and two
double immunohistochemistry assays (Ki67+Insulin, CD3+Glucagon, see Methods) using
the online pathology system. Original magnifications: 10x, (1000 x 1000 pixel).
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