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Amazing advances during the last 35 years

• Improved understanding of T1D pathogenesis and natural history
• Identification of target autoantigens
• Identification genetic factors modulating risk and progression
• Improved prediction and biomarkers – moving into secondary and primary 

prevention (also in the general population)
• Therapeutic effects observed in clinical trials, at least with some treatments, pre 

and post diagnosis
• Improvements in transplantation and beta cell replacement
• Availability of sophisticated disease models (in vivo, in vitro)
• Technologies for improved insulin therapy, delivery and glucose monitoring
• And much more….

Critically, team science approaches and collaborative networks
have played a key role in discovery



Selected Team Science efforts in T1D research

• The Type 1 Diabetes Genetics Consortium (T1DGC) (NIDDK)

• The Type 1 Diabetes TrialNet (NIDDK)
• Immune Tolerance Network (ITN) (NIH)

• The Environmental Determinants of Diabetes in the Young (TEDDY) (NIDDK) 

• Diabetes Prediction and Prevention (DIPP), Finland
• INNODIA (Europe)

• Human Islet Research Network (HIRN) (NIDDK)
• Network for the Pancreatic Organ Donor with Diabetes (nPOD) (JDRF, 

Helmsley Charitable Trust)

• And more…..
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The JDRF nPOD (Network for the Pancreatic Organ Donor with Diabetes)

• Established in 2007, supported by JDRF & the Helmsley Charitable Trust
• Aims at promoting a comprehensive understanding of human T1D and at identifying new therapeutic targets
• nPOD obtains tissues from organ donors with T1D and from donors without diabetes who test positive for 

autoantibodies in our screening program (>12,000 screened since inception)
• As of May 25, 2022:

• 246 non-diabetic “control” donors
• 185 donors with T1D - Average age 25.4 years (Range 3.75-71.2) - Average T1D 12.3 years (Range 0-57)
• 45 Aab+ (33 single Aab+; 12 multiple Aab+) – “prediabetes”

• Distribute tissues to approved projects (~275 since 2007), internationally
• Promote tissue and data sharing, collaboration, manage project interactions and collaborative working groups
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Organ donors with multiple autoantibodies are rare; some may have evidence of 
beta cell loss and insulitis

Yet less than 50% of such donors are recovered for research

No evidence of insulitis/beta cell loss in nPOD donors with a single autoantibody

However, donors with a single autoantibody (most often GAD-Ab) have several 
alterations, including dysfunction of alpha cells and beta cells

GLUCAGON CD3 INSULIN Ki-67

Insulitis and beta cell loss in a non-
diabetic, organ donor with 2 
autoantibodies and high-risk HLA 
alleles for T1D



Single 
AAb

Multiple AAb
(Stage 1 T1D)*

T1D 
onset
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T1D 

duration
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T1D 

duration
Beta cell loss - + ++ +++ ++++
Insulitis - + +++ ++ -
Increased  HLA-I - + +++ ++ -
Viral Infection +/- + ++ ++ -

*nPOD has not recovered pancreas from donors at Stage 2 T1D

Pathology of the T1D Pancreas
according to stage and disease duration

current nPOD evidence

Hypotheses
• Beta cell loss may be limited before onset, perhaps occurs late, closer to diagnosis, is not always 

complete at onset and becomes more severe over time
• Insulitis/islet autoimmunity/inflammation is chronic; could it be more prevalent after diagnosis (at least for a 

few years)?
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Side-by-side summay of Trials in INNODIA and INNODIA HARVEST

MELD-ATG IMPACT VER-A-T1D „Iscalimab“

Age groups (years) 5 – 25 18 – 45*
(*pediatric study Q4 2022)

18 – 45 6 – 21 

Number of 
participants

N=114 N=108 N=120 N=102

Design Randomised to different 
parallel arm of amount of 
trial medication
(total 32 placebo)
(ATG)

Randomised to different 
cohorts based on treatment  
arm and age
(Immotope)

Randomised 2:1 
(Verapamil SR: placebo)

Randomised 2:1 (CFZ533: 
placebo)
(fully-human anti-CD40 
monoclonal antibody non-
depleting for B lymphocytes )

Treatment Infusion
2 consecutive days

SC Injections
6 times fortnightly
(booster dose at 24 weeks)

Tablets
Once daily for 1 year
(titrated 120mg to 360mg)

IV infusion / SC injections
1st dose IV, then
home SC injections 
for 1 year

Visits 1, 2, 4 weeks
3, 6, 12 months

4, 24 and 48 weeks 4 and 6 weeks
3, 6, 9, 12 months

Monthly for 1st year, then 
twice per year

Duration ~12 months ~12 months ~12 months 12 mo treatment
~16 - 36 mo total



TrialNet Goals
• Delay, prevent, or modify the course of T1D

– Secondary prevention – antibody-positive relatives “at risk” of T1D
– Primary prevention – high genetic risk infants without evidence of autoimmunity 
– New-onset T1D
– Further define epidemiology, natural history, and risk factors of T1D
– Advance translational science to lay groundwork for future generations of trials 

and clinical use
• Clinical trial organization with sites in the U.S., Europe, and Australia, since 2000



Jay S. Skyler Diabetes Care 2015;38:997-1007

Anti-CD3 Anti-CD3

Rituximab Abatacept

Immunotherapies at onset typically reduce but do not block the 
decline of insulin secretion, or effects wanes over time
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Percent Decline C-Peptide AUC

ATG

Placebo

58%
26%

38%
23%

74%
43%

ATG treatment reduces but does not fully prevent 
further decline in C-peptide AUC



Conversion from single to multiple
autoantibody positivity Progression to T1D diagnosis



Diabetes Care, 2018



Increased serum levels of miR-21-3p are associated with higher risk of progression to T1D among high-risk individuals with 
multiple autoantibodies
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• β cell loss only occurs at or near T1D onset (with high inter-
donor variability)

• Increasing recognition that beta-cell mass at diagnosis is 
greater than previously thought

• Earlier studies estimated ~10% but more recent estimates 
suggest greater residual beta cell mass (30-50%), but this is 
impacted by age

Assessment of Beta Cell Loss in nPOD Donors 
by Imaging Mass Cytometry

Nicolas Damond, Bernd Bodenmiller (unpublished)
Presented at the ADA 2022 by Mark Atkinson



Undetectable C-peptide
1 year 1%
2 years 7%

C-peptide >0.2 pmol/mL
1 year 88%
2 years 66%

C-peptide decline after diagnosis

88%

66%

Diabetes 2012

Proportions of patients with peak stimulated C-peptide >0.2 pmol/mL



• A set of circulating miRNAs is 
associated with C-peptide AUC 
at baseline and predict its 
future loss

• Many associated miRNAs are 
predicted to impact insulin and 
TCR signaling pathways
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C-peptide AUC at baseline and 12 months, and its decline (top) and Glucose/C-peptide Ratio curves for
patients separated by levels of miR-3187-3p at baseline (bottom). Patients with lower (Q1) circulating
levels of this microRNA have better preservation of C-peptide at baseline and on follow-up, and the
Glucose/C-peptide Ratio curves are flatter, lower and more to the right, indicating less severe
hyperglycemia and better insulin secretion during the MMTT at baseline, 6 and 12 months.



After adjustment for age of diagnosis and sex, the risk 
of DKA remained markedly lower at 5.4% compared to 
30.7% in the general population, or a decrease in DKA 
frequency of 82% (p < 0.001).

ADDN (General Population)
TrialNet AAb+ relatives



As T1D risk increases, the proportion of people at 
risk decreases - implications for prevention

C. Dayan et al. Lancet 2019

1 in 10,000 in the 
general population!















• Median time to the diagnosis of type 
1 diabetes was 48.4 months in the 
teplizumab group and 24.4 months in 
the placebo group

• T1D developed in 43% of treated 
participants vs 72% of those who 
received placebo

• The hazard ratio T1D (teplizumab vs. 
placebo) was 0.41 (95% CI, 0.22 to 
0.78; P = 0.006 by adjusted Cox 
proportional-hazards model

• The annualized rates of diagnosis of 
diabetes were 14.9% per year in the 
teplizumab group and 35.9% per year 
in the placebo group



The Impact of Team Science efforts in T1D research

• The examples of Team Science efforts described today illustrate how these 
have been instrumental in advancing type 1 diabetes research at multiple levels

• Further advancing prevention and treatment strategies will continue to require 
team science approaches and well-organized consortia, partnerships with the 
biomedical industry, private and governmental agencies, and participation from 
patients and their family members

• Collaboration and flow of communication within and across consortia is 
essential for progress

• Studies have advanced our ability to identify those at risk in the general 
population

• Implementation of screening strategies in the general population and early 
diagnosis have important benefits for prevention and better control of 
morbidities 



THANK


