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Diabetes subtypes





Di Meglio L et. Al. Lancet 2018



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 



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



INNODIA Biomarkers Research study to identify novel T1D 
endotypes

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



Experimental Design for the analysis of miRNAs/small RNAs



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
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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
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Insulin dose/kg
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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0,05) Unpublished results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0,05) Unpublished results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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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.



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
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LL-(PINS + IL10) (n=13) 15%
anti-CD3 + LL-PTNX (n=22) 23%

anti-CD3 + LL-IL10 (n=30) 40%
anti-CD3 (n=32) 25%

anti-CD3 + LL-PINS (n=35) 49%

anti-CD3 + LL-PINS + IL10 (n=61) 59%

**

**

**

*

J.Cin.Invest 2012,; Diabetes 2015 & 2017; 
Front. Immunol. 2020

pT1NX

Lactococcus lactis
anti-CD3 antibodies

Combination of Ag-specific and non-specific intervention in T1D



AG019 Phase 1b/2a in Recent-Onset T1D – Clinical Study Design

(*) Recent-onset in this study is defined as within 150 days of diagnosis. Other studies (e.g. teplizumab studies PROTECT and Protégé) use other definitions, e.g. 42 days.. 
(**) In a subset of patients, preproinsulin (PPI) and islet specific CD4+ and CD8+ T-cell responses were measured using a peptide activation assay and Class I MHC tetramers, respectively.

AG019 Monotherapy (Open Label Phase 1b): ): n=8 SD, n=19 RD

Population:
• 12-42 years of age
• Stimulated C-peptide >0.2 

nmol/L
• Treatment start within 150 

days of diagnosis (*)

ClinicalTrials.gov-NCT03751007

Primary endpoint: 
Safety & tolerability at 6 months 
follow-up
Secondary endpoints – PK/PD
• Systemic and local exposure of  L. 

lactis and hPINS/hIL-10
• C-peptide preservation 
• Mechanistic assessments & 

biomarkers for immunological 
changes (**)

Primary 
Endpoint 6M

Follow-up
(12M)

OPEN LABEL Phase 1b Monotherapy
High & low dose AG019: n=8 SD; 19 RD

DOUBLE BLIND  placebo-controlled Phase 2a Combination Therapy
High dose AG019 and teplizumab: n= 15 active, n=3 placebo

AG019 (oral, 8 wks)

Primary 
Endpoint 6M

Follow-up
(6/12M)

AG019 (oral, 8 wks) and 
teplizumab (infusion, 12d) 

OR double placebo

“A Study to Assess the Safety and Tolerability of Different Doses of AG019 Administered Alone or in Combination
With Teplizumab in Participants With Recently Diagnosed Type 1 Diabetes Mellitus (T1D)”

 Treatment of new-onset T1D within 5 months from diagnosis (Stage 3)
 Oral antigen-specific immunotherapy intended to restore immune tolerance -> preserve functional β-cell mass
 AG019 Monotherapy and  AG019 + Teplizumab Combination therapy



AG019 Phase 1b/2a in Recent-Onset T1D  - Favorable stabilization of C-peptide & 
Antigen-Specific Immunological Effects

OVERALL CONCLUSIONS AG019 MONOTHERAPY

 Excellent safety profile for AG019 either as
monotherapy or in association with teplizumab, no
serious adverse events were reported - Primary
endpoint met for both Phase 1b & Phase 2a.

 Stabilization/increase of C-peptide levels (marker for
disease progression) was shown during the first 6
months in 56% (5/9) of adult patients for AG019
monotherapy. C-peptide stabilization/increase was
shown in 79% (11/14) of all patients after 6 months for
AG019/teplizumab combination therapy which
remained stable up to 12 months in 77% (10/13) of all
patients.

 Stabilization of HbA1c and IDAA1c levels (indicators of
long-term glycemic control in T1D) was shown for
AG019 monotherapy and AG019/teplizumab
combination therapy.

 Increase in islet- and PPI-reactive memory Tregs and
Tr1 cells and decline in frequency of proinflammatory
conventional T-cells & disease-specific CD8 T cells was
shown for both therapies.

Full line = adult 
Dotted line = adolescentAG019/TEPLIZUMAB COMBINATION THERAPY

‘Responders’ were designated if the coefficient of variance on
C-peptide AUC was ≤ 9.7%, or if change from baseline was non-
negative (Greenbaum et al. 2012) - Per Protocol population





Roadmap for precision medicine in type 1 diabetes



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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Strategies for identifying diabetes subtypes
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