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Has life improved for T1D patients in 
the past 10 years?

ÁYes

ÁBut mostly by KT (knowledge transfer)

ÁHowever, big breakthroughs in science

ĞHighly promising for the next decade!



Most promising developments

ÁBeta cell engineering

ĞRegeneration

ĞIn vitro generation for transplant

ÁClosed-loop insulin delivery

ÁAdvances in Genetics



-cell engineering

Á2ÅÇÅÎÅÒÁÔÉÏÎ ÏÆ ÔÈÅ ÐÁÔÉÅÎÔȭÓ Ï×Î -cells

ĞScience fiction?

ÁIntensive research as to how -cells are 
formed.



Transdifferentiation
ÁWhat are the precursor cells?
ĞDuctal cells (Inada et al., Proc Natl AcadSci USA, 2008)

ĞAcinar cells (Zhou et al. Nature2008)

ĞExisting -cells (Doret al., Nature 2005)

-Cells (Thorelet al., Nature 2010)

ÁWhat drives this transformation?



-cells generated for transplantation

ÁGenerated in vitro, from embryonic stem cells

ÁAllotransplantation

ÁSame rejection issues as for islet transplant

ÁSolves the problem of supply

ÁMay make encapsulation more effective



-cell generation from human pluripotent stem 
cells (hPSC)



Induced pluripotent stem cells

R&D systems website





Generation of cells from hPSC

Á Paglucaet al. Cell 2014



Glucose-stimulated insulin release

Á Pagluca et al. Cell 2014



Correct -cell phenotype

Á Paglucaet al. Cell 2014



Transplanted to mice

Á Paglucaet al. Cell 2014

Á Vegas et al. Nature Medicine 2016





Rezania et al. Nature Biotechnology 2014



Encapsulation devices



Glucose sensing and closing the loop



CGM: clinical effectiveness?

Á The JDRF study New EnglJ Med 2008



ÁFact

ÁFingerprint testing is pretty 
goodif you do it regularly!

¶ Zavalkoff &Polychronakos, 2003



Threshold pump interruption

Á Bergenstalet al., N EnglJ Med2013





Outpatient studies



Evening and night closed loop

Á32 adults

Á

Kropff et al., Lancet Diabetes Endocrinol 2015



Individual evening-night values

Kropff et al., Lancet Diabetes Endocrinol 2015



Dual hormone pump



Dual-hormone closed loop

Á Haider et al., Lancet Diabetes Endocrinol2015



FDA approval!

Basal use only. Boluses need to be calculated



Genetics!!



Body text





Genetics of type 1 diabetes

Multifactorial disorder familial clustering and twin studies

strong genetic component.

monozygotic twins ~50% concordance

dizygotic twins ~5%, no different from sibs

sibs   ~5%

general population ~02-0.5

polygentictrait                S= 15



Genetic determination of complex traits

ÁWhy are some individuals susceptible to 
disease and other are not?

ÁSubtle differences in DNA sequence

ÁMost are single-nucleotide polymorphisms



ÁDNA sequence identity between two 
unrelated individuals

99.9 %



ÁA kilobase-scale linkage disequilibrium map of the 
human genome

ÁMost (~80%) of genetic variation can be captured 
by genotyping ~500,000 SNPs

http://www.hapmap.org/index.html


Illumina 
SNP
microarray

ÁMicroarray-based 

genotyping of 550,000 SNPs









Known T1D loci to date



Known T1D loci to date



Constantin Polychronakos & Quan Li,

Nature Reviews Genetics, 2011













Autosomal recessive NDM with intestinal atresia

Chromogranin

Insulin

Glucagon

Somatostatin

Complete absence of islets

Mitchell et al., Diabetologia2004



Two siblings of a consanguineous family





Offspring of second cousins

No known islet development gene in these regions



Offspring of first cousins





Parallels the development of the endocrine pancreas



Knockout mouse 

recapitulates the human phenotype



Back to the future: weak genetic effects

Á1 - Gene  not important in the disease

Á2 - Important gene but weak effect of the 
polymorphism on its function

Á3 ɀImportant gene, strong effect of polymorphism 
but the allele is rare



a ACA GGGG TG T GGGG

b --- ---- - C - ----

C --- ---- - CC- ----

d --- ---- - CCC ----

e - T- ---- -- - - A--



Thymus-specific transcriptional regulation

Vafiadis et al. Nature Genetics 1997 and Durinovic et al. Diabetes, in press



Thymus-specific transcriptional regulation

Vafiadis et al. Nature Genetics 1997 and Durinovic et al. Diabetes, in press



T-lymphocytes are 
selected in the thymus

http://upload.wikimedia.org/wikipedia/commons/0/0e/Intrathymic_T_Cell_Differentiation.JPG


The thymus expresses hundreds of tissue-specific antigens



Mice with specific targeting of insulin in thymus

Chentoufi & Polychronakos Diabetes 2002



Therapeutic applications

ɆHigh-throughput drug 
screening

ɆmTECswith luciferase under 
the INS promoter 

Yang et al., Eur J Pharmacol, 2012



Type 1 diabetes: a long process
accent on prediction/prevention



Imputation of rare variants

ExACrepository: >60,000 exomes

Tens of millions of DNA variants, some quite rare

Rich source of data, permitting imputation of 
rare variants.



Rare variant imputation
ÁWe used the data from Bradfield et al., 2011

ÁPlus 1k new Canadian samples

ÁTotal of 7k T1D cases and 10k controls



New low-frequency high-risk T1D alleles
Locus MAF p-value Odds ratio

rsxxxx 0.30% 4.00E-12 2.46

rsxxxx 1.30% 2.43E-11 1.63

rsxxxx 0.01% 6.93E-13 11.83

rsxxxx 1.29% 1.84E-12 1.83

rsxxxx 0.10% 7.95E-12 2.12

rsxxxx 20% 1.05E-10 1.17

rsxxxx 0.70% 2.91E-09 1.97

rs689 27.44% 1.44E-160 2.21

rsxxxx 0.20% 2.72E-14 9.44

rsxxxx 0.30% 8.63E-17 6.51

rsxxxx 0.10% 1.73E-13 11.25



Type 1 diabetes: a long process
accent on prediction/prevention



Prediction through autoantibodies

Gianani and Eisenbarth 2005



Genetic prediction: clinically useful?

Polychronakos and Li, Nature Reviews Genetics 2011



Predictions for the next 10 years

ÁSpectacular progress in

Ğunderstanding T1D

Ğpredicting T1D

Ğcuring T1D with -cell replacement

ĞPerfect management of T1D with the closed loop

ÁImmune Rx to prevent T1D

Á6ÅÒÙ ÌÉÔÔÌÅ ÈÁÓ ÁÆÆÅÃÔÅÄ ÐÁÔÉÅÎÔȭÓ ÌÉÖÅÓ ÆÏÒ ÎÏ×

ÁIt will, in the next 10 years


