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Effects of age on progression to type 1 diabetes



Age-related T1D Endotypes
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Cell Metab. 2018



Neoantigens in T1D



Residual beta cells and insulitis at different disease stages

J.Exp. Med. 2012 



β-cell plasticity

• Physiologically only 3% of β-
cells proliferate in adult mice, 
but no β-cells  proliferate in 
adult human pancreas

• Pathological conditions and 
β-cell dysfunction can lead to 
neogenesis (from exocrine 
cells) and de/ trans-
differentiation (from other 
endocrine cell types)

• Pancreas disease can 
generate different β-cells 
subpopulations



Dedifferentiated beta-cells in T1D?
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 Persistent proinsulin but
low/absent insulin protein

 Long-lasting INS messenger RNA

 Absence of actively transcribed
INS mRNA  low/no insulin
promoter activity

Insulin Proinsulin C-peptide

Wasserfall C et al. 2017, Cell Metabolism





Identification of Rapid Progressors and Slow progressor among T1D 
individuals of INNODIA 100s cohort 

Rapid Slow

UCPH Team; Jose Juan Almagro Armenteros- Caroline Brorrson- Piotr Chmura- Soren Brunak

C-peptide progression slopesProgression Clusters



Experimental Design for the analysis of miRNAs/small RNAs



INNODIA Biomarkers Research study to identify novel T1D 
endotypes

• Genotyping
• Immunomics
• Lipidomics
• Trancriptomics
• Proteomics
• Microbiome
• miRNA/Small RNAs



Number of 
Patients

(n)
Age at Onset

(years)
Diabetes Duration 

(weeks)
Gender

(F/M)
Samples
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100
(age<18y) 9,82±3,8y 4,5±1,5w 50/50

2 x 200 μl 
K2-EDTA Plasma 

Aliquots
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16 (age≥18y) 28,0±7,1y 4,6±1,4w 9/7
2 x 200 μl 

K2-EDTA Plasma 
Aliquots

A
LL 116 12,4±7,7y 4,5±1,5w 59/57

INNODIA new onset T1D cohort

 1 T1D subject (ND-06000-00019) resulted to be a MODY10, then excluded from dataset
 7/115 are in duplicate (INNODIA Technical replicates)
 20 samples (from 2 subjects) to be used as Batch Controls (in case of samples splitting). We used 4 samples.
 Total: 127 Samples 



Two-seq platforms profiling reveals two distinct T1D subjects groups 

T1D subjects/Cluster
109/115 were
consistently included
in Cluster-A or 
Cluster-B in both
platforms



T1D patient clusters do not differ for main clinical parameters at baseline

Gender

Cluster-A Cluster-B

F

F

M
M

Age

Cluster-A Cluster-B

HbA1c

Cluster-A Cluster-B

Fasting Glucose

Cluster-A Cluster-B

Fasting C-Peptide

Cluster-A Cluster-B

Fasting 
C-Peptide/Glucose

Cluster-A Cluster-B

BMI- SDS

Cluster-A Cluster-B

BMI

Cluster-A Cluster-B

Insulin dose/kg

Cluster-A Cluster-B

Logit Model (R); p-values using Wald z-statistic (p<0,05) Unpublished results



Cluster-A T1D subjects showed significantly higher IAA titers at baseline

p=0.05

Cluster-A Cluster-B

IAA titers (V1)
ns

GADA titers (V1) IA-2A titers (V1)

Cluster-A Cluster-B Cluster-A Cluster-B

ns ns
ZNT8A titers (V1)

Cluster-A Cluster-B

Logit Model (R); p-values using Wald z-statistic (p<0,05) Unpublished results



Cluster-A T1D subjects show a higher insulin requirement at 3- and 6-months

p=0.0019

Cluster-A Cluster-B

Insulin Requirement
3-months (V2), insulin dose/kg

Cluster-A Cluster-B

Insulin Requirement
6-months (V3), insulin dose/kg

Insulin Requirement
12-months (V4), insulin dose/kg

Cluster-A Cluster-B

p=0.03 ns

Logit Model (R); p-values using Wald z-statistic (p<0,05)
Median values and quartiles are shown. 
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Unpublished results



Immunophenotyping of PBMCs in T1D subjects at baseline

Prof.Timothy Tree

 A set of 67/115 T1D patients was also analyzed for circulating immunome

Frequencies of n=150 well-defined
immune cell subsets in 67 T1D patients

38 Single Colour
Flow Cytek Aurora

Unpublished results



Cluster-B T1D subjects showed higher frequencies of CD8 and CD4 exhausted Memory T-cells

CD8 Tem KLRG1+ TIGIT+ CD4 Tem TIGIT+ CD4 Tcm TIGIT+

p=0.018 p=0.04 p=0.018

Unpublished results



T-cell exhaustion in T1D

T-cell exhaustion is associated with 
reduced cytokines production 

T1D subjects, RESPONDERS to aCD3 immunotherapy,
showed higher levels of partially exhausted CD8 Tem KLRG1+ TIGIT+

Long SA, et al .2016- Sci. Immunol.





Bluestone et al., Science 373, 510–516 (2021)





Demonstrated benefit:
Anti-CD2 (Alefacept)
CTLA-4-Ig (Abatacept)
Anti-CD20 (Rituximab)
Anti-CD3 (Teplizumab)
Low-dose ATG

Demonstrated benefit:
Anti-CD3 (Teplizumab)











Functional changes in T cells are associated with improvements in metabolic function





Beta-cell
stunning

The path to progressive beta-cell stunning and death in T1D

Di Meglio L et. Al. Lancet 2018



Intervention on stunned beta-cells

Xu G. et al. 2012, Diabetes



Verapamil inhibits TXNIP activation and ameliorates beta-cell function in T1D

Ovalle F. et al. 2018 Nat.Med; 



Verapamil Effects on Glycemic Control and Insulin Requirements. 

(a) Mean percent change in total daily dose of insulin (TDDI) during the trial in the verapamil. (b) Mean values for %HbA1c as measured at 0, 
3, 6, 9, and 12 months. (c) Average number of hypoglycemic episodes of blood glucose ≤ 2.2 mmol/L per month. (d) Percent time spent at the 
target blood glucose range of 3.9–10 mmol/L (grey), above 10 mmol/L (black) or below 3.9 mmol/L (red) as assessed by CGM.



Blood Pressure and Heart Rate throughout the Trial. 
Mean values for systolic (a) and 
diastolic (b) blood pressure (BP), heart rate (c) and 
EKG-measured QT (d) and PR (e) intervals 
observed in the verapamil (n = 11) and placebo (n = 
13) groups during the 12 month trial. 









Combination therapeutic strategies



Combined intervention: anti-Interleukin-21+ Liraglutide

Inflammation reduction Improvement of the beta-cell function



Combined intervention: anti-IL21+ Liraglutide

Change Fasting C-peptide Change C-peptide AUC

Von Herrath M. et al Lancet, Diab Endocr. 2021





Failures to meet trial endpoints and advance therapies into
clinical settings can be ascribed to a series of:

 Flawed guiding hypotheses
Possible subcategories of T1D etiologies, 
Potential impact of environmental, temporal, and 

demographic/geographic factors, patterns of loss of β-cell mass/function, 
Our ability to quantify functional and dysfunctional β-cell mass in living 

patients; 
Ability of residual β-cells to compensate for declining β-cell mass/function

prior to clinical onset of the disease, 
The need for earlier intervention to prevent progression from multi-

autoantibody positivity (Stage 1 disease) to dysglycemia (Stage 2).
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