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Type 1 diabetes (T1D) in numbers

= 30 million cases worldwide
15% of T1D patients are children, prevalénce = 0.5%

In the USA, represents $14.9 billion annual costs

T1D Incidence (# new cases/yr)
70 - is doubling every 20 yrs

60 -

50 Cases/100,000/yr
in children 0-14 yr

== Finland

-+ Sweden
40 -

30 === Colorado

20 -

0 '@7

1950 1960 1970 1980 1990 2000
SAINT-LUC

ucL BRUXELLES

Ph. [_ysy Ann NY Acad Sci. 2008; 1150:1-13



Diagnosis of T1D

. randomly: =200 mg/dL + symptoms

(! Glycemia during ketoacidosis may be < 200 mg/dL)

. fasting: 2126 mg/dL

2. 2h OGTT: 2 200 mg/dL
3. HbA1C: > 6.5%

Type 1

| Type 1+
others

Type 2 +

Monogenic




Auto-antibodies

Islet cell autoantibodies (ICA):

e Glutamic acid decarboxylase (GAD65).

* Insulinoma-associated antigen-2 (1A2, also ICA 512 or
tyrosine phosphatase)

e Insulin autoantibodies(IAA)
e Zinc transporter (ZnT8)

= markers * « pathogens » ?



Acute presentation = diabetic ketoacidosis

N Insulin A counter-regulatory hormones
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l growth hormone)
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Diabetic ketoacidosis: diagnosis

e Hyperglycemia (=200 mg/dL)
e pH <7.3 and/or bicarbonate < 15 mmol/L

Stages:

Mild = pHwvein«<7.30, bicarbonate <15 mM
Moderare = pH vein <7.2, bicarbonate <10 mM
Severe = pH vein <7.1, bicarbonate <5 mM

— Intraveinous insulin therapy



Types of insulin

Current insulins = human biosynthetic

ANALOGUES = structurally modified
Before: porcine/bovine -> immunogenic

2 groups of insulin:

Rapids Long-acting



Structure of analogues

myristic acid

microcriste

Fast-acting analogues Long-acting analogues

~ Insulin glargine . Datermir insulin

Q Insulin glulisine Nature Reviews | Drug Discovery



Insulin treatment:
1) subcutaneous injections

e Schemes
— 2 injections

** Rapid or Short-acting
= == |ptermediate-acting

Insulin | » \ M 2 P P
Effect | J P e &> s W =~

— Indications: young children



Insulin treatment:
1) subcutaneous injections

e Schemes
— 5injections (basal bolus / ‘multiple daily injections’)

- - Humalog/NovoRapid/Apidra
— Lantus/Levemir
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Insulin treatment:
2) continuous insulin subcutaneous infusion
(insulin pump therapy)

Omnipod
(Insulet Corporation)

Medtronic 640g

Accu-Check Insight (Roche)



Insulin treatment:
2) continuous insulin subcutaneous infusion
(insulin pump therapy): reproduce physiology
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Insulin pump therapy: efficacy?

Diabatologia. 2008 Jun;31(6):841-51. doi: 10.1007/s00125-008-0874-3. Epub 2008 Mar 20.

Continuous subcutaneous insulin infusion versus multiple daily insulin injections in patients with diabetes
mellitus: systematic review and meta-analysis.

Jeitler I{1. Harvath K, Berghold A, Gratzer TW, Neeser K, Pieber TR, Siebenhofer A.

Exp Clin Endocrinol Dj Nat Rev Endocrinol. 2013 Nov;9(11):629-30. doi: 10.1038/nrendo.2013.190. Epub 2013 Oct 1.

Benefits of conl pjapetes: Insulin pumps in children with T1DM--we told you so.
Levy-Shraga ¥', Lef 1
Tamborlane WV', Sherr JL.

Diabetes Care. 20134 oo Author information

Insulin regime| Youth study.
Pihaker ¢, Badaru| COmMment on Klingensmith GJ:
SEARCH for Diabef Long-term outcome of insulin pump therapy in children with type 1 diabetes assessed §

2013]

Diabetologia. 2013 Nov
Long-term outcome of insulin pump therapy in children with type 1 diabetes assessed in a large population-based
case-control study.

Johnson SR!, Cooper MN, Jones TW, Davis EA.

Pediatr Diabetes, 2014 Feb 4. doi: 10.1411/pedi.12121. [Epub ahead of print]
Insulin pump use in young children in the T1D Exchange clinic registry is associated with lower hemoglobin A1c
levels than injection therapy.

Blackman SM1, Raghinaru D, Adi S, Simmons JH, Ebner-Lyon L, Chase HP, Tamborlane WV, Schaiz DA, Block JM, Lition JC, Raman ¥, Foster NC, Kollman
CR, Dubpse SN, Miller KM, Beck BW, Dimeglio LA.




Johnson Diabetologia 2013

Demographics Pump Matched p value
cohort non-pump
a cohort
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Severe hypoglycaemia rate®  14.7 6.8 0.001**
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Ways to explore ?




Prevent disease onset Improve care
= primary prevention

DIABETES

Improve treatment efficacy Find a cure



Clues for primary prevention ?

trigger

Environmental 'p

Genetic |,|:. Autoantibodies”  Clinical,  Loss of
susceptibility |/ [? Insulitis . onset | C-peptide
Iy, 1 l
| 1 | |
o | I | |
4! 1o " | |
= .- < I l
ﬁ | I | |
O | | | |
! [N | | |
o | | | |
I | | |
| 1 I |
[r—] | |
| I | 1 |
—] 1 |
] | | |

Time



Genetic susceptibility = ? BAREIUC

LU  hopital I

HLA class |, II Lymphocyte (CD4+, CD8%)
3 cell « ID card » « ID control »

Nucleus

),

Insulin R

vesicles

If control is ok, lymphocytes pass by...

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

destruction of the R cells



Genetic susceptibility = ? SAINT-LUC
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Gluten ?

N T1D incidence in NOD mice (Hansen 2014)
2 Tregs in pancreas
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-> CURRENTLY NO DIET RECOMMANDATION



Primary prevention = block immunity ?

1. Target lymphocytes ? infections, side effects,
ex: cyclosporin no anti-diabetic effect
2. « Desensitize » lymphocytes ? no anti-diabetic effect

ex: insulin, GAD65, Diap277

3. Block « receptors »? no anti-diabetic effect
ex: anti-CD3, anti-CD20

-> CURRENTLY NO EFFICACIOUS STRATEGY
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Improve diabetes care

Constraint #1 = daily glucose check
(25x/day)...

Glycemia reflects health status = indispensable

What are the novelties in glucose monitoring ?



Improve diabetes care:
1. make glucose monitoring more ‘useful’

Insulin bolus calculators: 9

ACCU-CHEK® "%y
Aviva Expery 2

' "Suggested dose

Adjust if needed

Baseline Témo Tl8mo
Time (months)

® Control

® experienced carbC Rabene 2014

» experienced carbC+ABC
® unexperienced carbC+ABC
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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’

Glycated hemoglobin /A

Real-time monitoring = continuous glucose monitoring (CGM)



Several systems

Freestyle Libre (Abbott) [\ ma":;:aﬂmm\

nexcomG4

Dexcom G4 PIatmunw



Continuous glucose monitoring (CGM)
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Improve treatment efficacy

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

US, HbAlc <7.5%: 22%
Diabetologia 2014

HOW ? New insulins
New insulin pumps

Artificial pancreas



NEW INSULINS

ULTRAFAST INHALED

LISPRO

Technosphere Insulin

VIAJECT given by inhalation

-]
7% i Insulin Levels
30 =14 USC
E =B UTH -
20 £
- : Afrezza®
" % 5 H . x
Time [min]
WV post-prandial hyperglycemia T e e
WV hypoglycemia Non inferiority for T2D
Less concerns for lung function
ULTRALONG ~
Category Trials ~ Change in HbA,. (%-points): IDeg-1Glar
# (total) Estimate  95% CI Non inferior to
Degludec  T'PMun 3583  IDeg 637 0.06 —0.04; 0.15 glargine
3770 IGlar 321 |
T2DM,innawe 3579 [Deg 1,290 0.08 ~0.01; 0.16 Less nocturna

3586  IGlar 632 hypoglycemia

3672



New methods of insulin administration ?

Current insulin pumps are efficacious
BUT need for a tier to administer boluses

Represents a problem for young children




Objective = artificial pancreas

= closed-loop system

Glucose
level

Sensmg Delivery
(glucose sensor) (insulin pump)
Modulation J
(control
algorlthm

Goals: better glycemic control + lower hypoglycemia



Wearable system

Hovorka
Cambridge, UK

Elamert o f che Maradigm Vep:
ML ™ Trensrmimer ﬁ
Paradigrm Ve N :
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« Off-the-shelf »



Artificial pancreas: results

Better glycemic means

Dinner & Snack &
insulin inzulin
balus bolus

| Less hypoglycemias

Plasma glucose (mg/dl)
z

18:00 20:00 22:00 00:00 0Z2:00 04:00 O0&:00 O0B:00

Time (hh:mm)

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



Development of bihormonal system

S. Russell
MGH, Boston

E. Damiano
Boston University

Bihormonal = insulin + glucagon
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Bihormonal ‘closed-loop’: results
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Science Translational Medicine 2010



http://sites.bu.edu/bionicpancreas/aboutus/

W Glycemic mean

0 hypoglycemia in real situation
(NEJM 2014)

BOSTON

UNIVERSITY

File to FDA in 2017



Find a cure

Pancreas transplantation Islet transplantation

\ DIABETES

Proliferation of endogenous Stem cell transplantation

w

R cells




Pancreas transplantation

Donor duodenoum attached
to the recipient small intestine

- 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

Donor pancreas

SADAM. ~ Shortage of donors !

-> not in the pediatric setting



Transplantation of islets of Langerhans

1 x 10° islets per pancreas

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



Alternative sources of transplantable

Embryonic stem cells

Pancreas progenitors:

B-cell replication Pancreatic ducts

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



Embryonic stem cells

Stem Cell Therapy

Fertilized 0gg

Blastocyst
(64 to 200 cell stage,

\ cross-section)
. - trophaoblasts

b ie stem cell
Transplantation e i »

Calls I, lod inta patient with
Diabetes, Alrheimers, inson’s,

gl cord infury, Low 5 Disease,
ms‘arwr. cwm‘aumgu%m.
rhawmaloid arthritis, elc.



Embryonic stem cells

Pancreatic Endoderm &
Endocrine Precursors

Definitive Endoderm Primitive Gut Tube Posterior Foregut

hES cell

RPMI 1640 =——» DMEMF12 ——3» DMEM(H) >
FBS: 0.2% —» 05% —» 2% > 1% B2T >
Wnt3a —>» FGF7 > Noggin >
ACTiVIN A —— Retinoic Agid——3> Alk5 inhibitor =

SANT-1 &———>» TBP —>»

Brghtfield Insulin Glucagon DAPI

)




Embryonic stem cells

Difficulties:

- ethically sensitive sampling of embryos
- tumor formation in vivo
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To date, over a thousand VC-01 pre-clinical study implants have matured into insulin-producing grafts. The VC-01 therapy has consistently been capable of
controlling blood glucese in mice ata human set point. The main efforts of the company are focused on the completion of pre-clinical safety studies with a goal

of beginning human trials within two years.
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After 16 weeks, PEC-01 cells have developed into isleflike sififctures The mature cells in the VC-01 combination product produce insulin, glucagen

and somatostatin.

20M 2012 2013 2014 2015

Pre-clinical Development

Clinical Phase 1/2a

Investigational New Drug (IND)
Submission



