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Type 1 diabetes (T1D) in numbers

≈ 30 million cases worldwide

15% of T1D patients are children, prevalence ≈ 0.5%

In the USA, represents $14.9 billion annual costs

Ann NY Acad Sci. 2008; 1150:1-13Ph. Lysy
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1. randomly: ≥ 200 mg/dL  + symptoms
(! Glycemia during ketoacidosis may be < 200 mg/dL)

2. fasting: ≥ 126 mg/dL

2. 2h OGTT: ≥ 200 mg/dL

3. HbA1C: ≥ 6.5%

Diagnosis of T1D

Type 1

Type 1 +

others

Type 2 +
MonogenicIP
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Auto-antibodies

Islet cell autoantibodies (ICA):

• Glutamic acid decarboxylase (GAD65).

• Insulinoma-associated antigen-2 (IA2, also ICA 512 or 
tyrosine phosphatase) 

• Insulin autoantibodies (IAA)

• Zinc transporter (ZnT8)

= markers  ± « pathogens » ?
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Acute presentation = diabetic ketoacidosis

� Insulin

� glucose 

utilisation 

� counter-regulatory hormones

(catecholamines, glucagon, cortisol,

growth hormone)

� Neoglucogenesis

Lipids,

proteins
Ketone bodies

ACIDOSIS

HYPERGLYCEMIA

HYPEROSMOLALITY

DIURESIS

DEHYDRATATION

Food bolus
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• Hyperglycemia (≥ 200 mg/dL)

• pH <7.3 and/or bicarbonate < 15 mmol/L

Stages:

Mild = pH vein <7.30, bicarbonate <15 mM

Moderare = pH vein <7.2, bicarbonate <10 mM

Severe = pH vein <7.1, bicarbonate <5 mM

Diabetic ketoacidosis: diagnosis

→ Intraveinous insulin therapy
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Types of insulin

Current insulins = human biosynthetic

ANALOGUES = structurally modified

Before: porcine/bovine -> immunogenic

2 groups of insulin:

Rapids Long-acting
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microcristals

myristic acid

Lys Lys

Insulin glulisine

Structure of analogues
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Insulin treatment:

1) subcutaneous injections

• Schemes

– 2 injections

– Indications: young children
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• Schemes

– 5 injections (basal bolus / ‘multiple daily injections’)

Lantus

Insulin treatment:

1) subcutaneous injections
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Insulin treatment:

2) continuous insulin subcutaneous infusion 

(insulin pump therapy)

Medtronic 640g
Accu-Check Insight (Roche)

Omnipod

(Insulet Corporation) IP
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Insulin treatment:

2) continuous insulin subcutaneous infusion 

(insulin pump therapy): reproduce physiology
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Insulin pump therapy: efficacy?
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Johnson Diabetologia 2013

Pompe vs non pompe

Pompe vs MDI Pompe vs 2-3 injections
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Ways to explore ?
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DIABETESDIABETES

Prevent disease onset

= primary prevention

Improve care

Improve treatment efficacy Find a cure
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Clues for primary prevention ?

?

?
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Genetic susceptibility = ?

ß cell

Nucleus

Insulin

vesicles

HLA class I, II

« ID card »

Lymphocyte (CD4+, CD8+)

« ID control »

If control is ok, lymphocytes pass by…

If « accentuation » ou « attenuation » in one key step…

destruction of the ß cells
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Genetic susceptibility = ?

ß cell

Nucleus

Insulin

vesicles

HLA class I, II

« ID card »

Lymphocyte (CD4+, CD8+)

« ID control »

Each step = 1 or several genes

polymorphisms

epigenetic modifications

(mutations)

PTPN22,

CTLA4, …

IFIH1

INS (VNTR)

HLA-DR3-DQ2

HLA-DR4-DQ8

IL2RA
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Type 1 diabetes:

the origins

Ph. Lysy

HLA, 

insuline, 

PTPN22, …

Diet ?

Cow’s milk proteins ?

✖ TRIGR study, JAMA 2014

n=2159, 78 centers, 2002-> 2013

Vitamine D ?

✔ Supplements � T1D in NOD 

mice (Mathieu Diabetes 2014)

✖ Vit D deficiency not associated

to progression towards T1D 

(Ziegler Diabetologia 2014)

Gluten ?

� T1D incidence in NOD mice (Hansen 2014)

� Tregs in pancreas
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Vaccination ?

No specific viral strain clearly 

identified so far

Type 1 diabetes:

the origins

Ph. Lysy

HLA, 

insuline, 

PTPN22, …

Viral infections ?

Enteroviruses+ in pancreas of

T1D patients (DiViD study, 2014)

-> CURRENTLY NO DIET RECOMMANDATION
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Primary prevention = block immunity ?

1. Target lymphocytes ?

ex: cyclosporin

infections, side effects, 

no anti-diabetic effect 

2. « Desensitize » lymphocytes ? 

ex: insulin, GAD65, Diap277

no anti-diabetic effect 

3. Block « receptors »?

ex: anti-CD3, anti-CD20

no anti-diabetic effect

-> CURRENTLY NO EFFICACIOUS STRATEGY 
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Staeva Diabetes 2013TARGET ß CELLS
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Improve diabetes care

Constraint #1 = daily glucose check 

(≥5x/day)…

Glycemia reflects health status = indispensable

What are the novelties in glucose monitoring ?
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Improve diabetes care:

1. make glucose monitoring more ‘useful’

Insulin bolus calculators:
GLYCEMIA

+

CARBOHYDRATES

=

DOSE

Rabbone 2014
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Improve diabetes care:

2. make glucose monitoring more ‘fun’
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Improve diabetes care:

3. make glucose monitoring more ‘real’

� � �
� �

Real-time monitoring = continuous glucose monitoring (CGM)
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Several systems

Freestyle Libre (Abbott)

iPro – Minilink (Medtronic)

Dexcom G4 Platinum

IP
S 2

01
7



Continuous glucose monitoring (CGM)
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Improve treatment efficacy

WHY ? Germany/Austria, HbA1c <7.5%: 56%

US, HbA1c <7.5%: 22%

HOW ? New insulins

New insulin pumps

Artificial pancreas

Diabetologia 2014

IP
S 2

01
7



NEW INSULINS

ULTRAFAST

VIAJECT
LISPRO

� post-prandial hyperglycemia

� hypoglycemia

INHALED

Non inferiority for T2D

Less concerns for lung function

Afrezza®

ULTRALONG

Degludec

Non inferior to 

glargine

Less nocturnal 

hypoglycemia
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Current insulin pumps are efficacious

BUT need for a tier to administer boluses

Represents a problem for young children

New methods of insulin administration ?
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Objective = artificial pancreas

= closed-loop system

Goals: better glycemic control + lower hypoglycemia
IP

S 2
01

7



Wearable system

Hovorka

Cambridge, UK

« Off-the-shelf »
IP

S 2
01

7



Artificial pancreas: results

Recent study: 8 patients, mean age 14.3 years (Diabetes Care 2012)

Better glycemic means

Less hypoglycemias
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Development of bihormonal system

E. Damiano

Boston University

S. Russell

MGH, Boston

Bihormonal = insulin + glucagon
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Bihormonal ‘closed-loop’: results

Science Translational Medicine 2010
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http://sites.bu.edu/bionicpancreas/aboutus/

� Glycemic mean

� hypoglycemia in real situation

(NEJM 2014)

File to FDA in 2017
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CURE 

DIABETES

CURE 

DIABETES

Pancreas transplantation Islet transplantation

Proliferation of endogenous

ß cells

Stem cell transplantation

Find a cure
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Pancreas transplantation

- Not always curative !

- Insulin independance in 30%

after 5 years and in 10% after 

10 years post-transplant

- Mortality : up to 10% after

10 years

- Shortage of donors !

-> not in the pediatric setting
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Transplantation of islets of Langerhans

1 x 106 islets per pancreas

Need of ≈ 500,000 islets to cure diabetes in humans

Insulin independance in 44% of patients

3 years after transplant, 10% after 5 years

Shortage of donors

Lifetime immunosuppression

IP
S 2

01
7



Alternative sources of transplantable 

β cells

Embryonic stem cells Induced pluripotent stem cells

β-cell replication
Pancreas progenitors:

Pancreatic ducts

Adapted from Aguayo-Mazzucato & Bonner-Weir Nat. Rev. Endocrinol. 2010
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Embryonic stem cells

IP
S 2

01
7



Embryonic stem cells

Differentiation yield = 10-15%
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Embryonic stem cells

Difficulties:

- ethically sensitive sampling of embryos

- tumor formation in vivo
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