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Duality of interest

= | own patents for diagnostic tests for some of
the genes that will be discussed

» Research support from Eli Lilly

* | have received an Ipad and a T-shirt from
lllumina




Has life improved for T1D patientsin
the past 10 years?

= Yes

= But mostly by KT (knowledge transfer)

= However, big breakthroughs in science
Highly promising for the next decade!




Most promising developments

» Beta cell engineering
Regeneration
In vitro generation for transplant

» Closed-loop insulin delivery

= Advances in Genetics




B-cell engineering

= Regeneration of the patient’s own B-cells
Science fiction?

* Intensive research as to how [3-cells are
formed.




Transdifferentiation

» What are the precursor cells?
Ductal cells (Inada et al., Proc Natl Acad Sci USA, 2008)
Acinar cells (Zhou et al. Nature 2008)
Existing B-cells (Dor et al., Nature 2005)
— o-Cells (Thorel et al., Nature 2010)
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I B-cells generated for transplantation

= Generated in vitro, from embryonic stem cells
= Allotransplantation
= Same rejection issues as for islet transplant

= Solves the problem of supply
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3-cell generation from human pluripotent stem

”“ cells (hPSC)
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Generation of Functional Human
Pancreatic 3 Cells In Vitro

Felicia W. Pagliuca,’* Jeffrey R. Millman,"* Mads Giirtler,’* Michael Segel,' Alana Van Dervort,’ Jennifer Hyoje Ryu,’
Quinn P. Peterson,! Dale Greiner,? and Douglas A. Melton'.*
"Department of Stem Cell and Regenerative Biology, Harvard Stem Cell Institute, Harvard University, 7 Divinity Avenue, Cambridge,
MA 02138, USA
“Diabetes Center of Excellence, University of Massachusetts Medical School, 368 Plantation Street, AS7-2051, Worcester, MA 01605, USA
3 Co-first author
“Correspondence: dmelton@harvard.edu
fdx.doi.org/10.1016/j.cell.2014.09.040




Generation of B—cells from hPSC
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Glucose-stimulated insulin release
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Correct -cell phenotype

» Paglucaetal. Cell 2014
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ARTICLES

nature
biotechnology

Reversal of diabetes with insulin-producing cells
derived in vitro from human pluripotent stem cells

Alireza Rezanial, Jennifer E Bruin?, Payal Arora!, Allison Rubin!, Irina Batushansky!, Ali Asadi?,
Shannon O’Dwyer?, Nina Quiskamp?, Majid Mojibian?, Tobias Albrecht?, Yu Hsuan Carol Yang?,
James D Johnson?? & Timothy J Kieffer>?
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Encapsulation devices

Cross Section of Encaptra® Drug Delivery System
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Glucose sensing and closing the loop
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CGM: clinical effectiveness?
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pre-breakfast CGMS
r=0.7514 p=0.0000113

pre-dinner CGMS
r=0.7538 p=0.00000299
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r=0.8145 p=0.0000003

post-bedtime CGMS
r=0.6463 p=0.0004277
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= Fact

* Fingerprint testing is pretty
goodif you do it regularly!

- Zavalkoff &Polychronakos, 2003



Threshold pump interruption

Hll A Glycated Hemoglobin

10.0 . .
At randomization At 3 months
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Threshoi-suspend - Control Group = Bergenstal etal., N EnglJ Med 2013
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Outpatient studies

2 month evening and night closed-loop glucose controlin ) ™
patients with type 1 diabetes under free-living conditions: a o
randomised crossover trial

onaro, Mirko Messori, Federico Di Palma,
Patri h-Hynes, Boris P Kovatchev,

Daniela Brutto C 5™, Eric - th sortium




Evening and night closed loop

Artificial pancreas period (n=32) Control period (n=32) Paired difference* (n=32) p value
Evening and night (2000-0800 h)

Glucose concentration (mmaol/L)T 9-0(0-8) )-3(0-8) -0-3(-0-6t0-0-1) 0-0053

5D of lucose concentration’ (mmol/L 31(0-6) 34 (0-6) -0-3 (-0-4 to-0-2) <0-0001
Time spent at glucose concentration
JET Py 37 1) G- =(0-0001
3-9-10 mmol/Lt
=10 mmol/LT

=3-9 mmol/L$

=0-0001

=0-0001

=0-0001
0-00014

43(1.9) -8(2-9) -5 0-0068
11(11) 22 (17) A =0-0001

Kropff et al., Lancet Diabetes Endocrinol 2015




Individual evening-night values
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Dual hormone pump

Articles

Outpatient overnight glucose control with dual-hormone 3 %, @
artificial pancreas, single-hormone artificial pancreas,

or conventional insulin pump therapy in children and

adolescents with type 1 diabetes: an open-label,

randomised controlled trial

Ahmad Haidar, Laurent Legault, Laurence Matteau-Pelletier, Virginie Messier, Maryse Dallaire, Martin Ladouceur, Rémi Rabasa-Lhoret




Dual-hormone artificial pancreas
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FDA approval!
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Genetics!!

Cover art: "Stochastic with Double Strand” Ray-tracing capture of virtual installation by Constantin
Polychronakos http: tualbeing.ca



I am ONLY a
clinician.

Why do I need to care
about the genome?




I am ONLY a

genome scientist.

Why do I need to care

about treating
diabetes ?




Genetics of type 1 diabetes
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Genetic determination of complex traits

= Why are some individuals susceptible to
disease and other are not?

= Subtle differences in DNA sequence

* Most are single-nucleotide polymorphisms




= DNA sequence identity between two
unrelated individuals




International

HapMap

Proiect

= Akilobase-scale linkage disequilibrium map of the
human genome

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



http://www.hapmap.org/index.html
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doi:10.1038/nature06010 nature

LETTERS

A genome-wide association study identifies
KIAA0350 as a type 1 diabetes gene

Hakon Hakonarson1’3*', Struan F. A. Grant"**, Jonathan P. Bradfield“’, Luc Marchand‘q, Cecilia E. Kim',
Joseph T. Glessner', Rosemarie Grabs’, Tracy Casalunovo' , Shayne P. Taback®, Edward C. Frackelton',
Margaret L. Lawson’, Luke J. Robinson’, RobertSkraban , Yang Lu’, Rosetta M. Chiavacci', Charles A. Stanleyr
Susan E. Kirsch® Eric F. Rappaport Jordan S. Orange'’, Dimitri S. f\/'if:)nn:)s,‘2 ' Marcella Devoto311 Hui-Qi Qu’
& Constantin Polychronakos®




Vol 4477 June 2007 |doi:10.1038/ nature0 5911 namre

ARTICLES

Genome-wide association study of 14,000

cases of seven common diseases and
3,000 shared controls

The Wellcome Trust Case Control Consortium™



OPEN ( ACCESS Freely available online P1.oS

A Genome-Wide Meta-Analysis of Six Type 1 Diabetes
Cohorts Identifies Multiple Associated Loci

Jonathan P. Bradfield’, Hui-Qi Qu*®, Kai Wang', Haitao Zhang', Patrick M. Sleiman’, Cecilia E. Kim',
Frank D. Mentch', Haijun Qiu', Joseph T. Glessner', Kelly A. Thomas', Edward C. Frackelton', Rosetta M.
Chiavacci’, Marcin Imielinski’, Dimitri S. Monos>?, Rahul Pandey’, Marina Bakay', Struan F. A. Grant'35,
Constantin Polychronakos®*, Hakon Hakonarson'>**

1The Center for Applied Genomics, The Children's Hospital Philadelphia, Philadelphia, Pennsylvania, United States of America, 2 Departments of Pediatrics and Human
Genetics, McGill University, Montreal, Canada, 3 Department of Pediatrics, University of Pennsylvania School of Medicine, Philadelphia, Pennsylvania, United States of
America, 4 Department of Pathology and Laboratory Medicine, Abramson Research Center, The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, United
States of America, 5 Division of Human Genetics, Abramson Research Center, The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, United States of America




KnownTaD locito date

P values OR (95% CI)f

SNP? Chr. LD region (Mb)® Gene of interest (#)° GWwad Replication Combined Risk allele MAF® Case-control Families

rs3024505 1q32.1 204.87-205.12 IL10(5) 2.2 x10-6 0.00015 19 x 10-° C 0.169 0.84(0.77-0.91) 0.96 (0.88-1.04)
rs10517086 4pl5.2  25.64-25.75 (0) 2.8 x 10-7 0.00021 46 x 10-10 A 0.299 1.09(1.02-1.17) 1.09 (1.02-1.16)
159388489 6q22.32 126.48-127.46  Céorf173(1) 51 %108 1.4x 106 42 x10-13 G 0.452 1.17 (1.10-1.24} 1.05(0.99-1.12)
57804356 7pl5.2  26.62-27.17 (10) 3.3« 107 0.0051 53 x 1077 T 0.238 0.88 (0.82-0.94) 0.99 (0.92-1.06)
54948088 7pl2.1 50.87-51.64 COBL (1) 2.7 «107% 0.0019 44 x 1078 C 0.047 0.77 (0.67-0.90) 0.93 (0.79-1.10)
rs7020673 9p24.2 4.22-431 GLIS3 (1) 1.9 x 10~ 0.00013 54 x 10-12 G 0.502 0.88 (0.83-0.93) 0.97 (0.91-1.03)
rs10509540 10g23.31 90.00-90.27 Cl0of59(1) 6.9 x 10~ 4.9x 10-# 13 x 10-28 T 0.285 0.75(0.70-0.80) 0.81 (0.76-0.87)
54763879 12p1331  9.51-987 CDEY (6) 2.8 %1077 1.1x10°% 19 x 101 A 0.368 1.09(1.02-1.16) 1.12 (1.05-1.19)
51465788 14g24.1  68.24-68.39 (2) 1.4 x 108 1.5x10°% 1.8 x 10-12 G 0.287 0.86 (0.80-0.91) 0.95 (0.89-1.02)
rs4900384 14g322  97.43-97.60 (0) 1.1 x10°® 0.00042 3.7 x 1079 G 0.288 1.09(1.02-1.16) 1.08 (1.01-1.16)
rs4788084 16pll2  28.19-28.94 1127 (24) 5.2 %1078 B4x 107 26 x 10713 G 0.424 0.86 (0.81-0.91) 0.94 (0.88-1.00)
57202877 16g23.1  73.76-74.09 (7) 5.7 x 10~ 1.2 x 10-% 3.1 x 10-15 G 0.096 1.28(1.17-1.41) 1.09 (0.99-1.20)
152290400 17ql2 34.63-35.51 ORMDL3(23) 1.3 x10-7 8.2x10°7 55 x 10-13 G 0.495 0.87 (0.82-0.93) 0.92 (0.87-0.98)
57221109 17q212  35.95-36.13 (3) 9.9 x 10-1° 0.0083 1.3 x 10-9 C 0.353 0.95(0.89-1.01) 0.94 (0.88-1.00)
rs425105 191332 51.84-52.02 (5) 1.5 x 1077 26x 10°° 2.7 x 1071} A 0.162 0.86 (0.79-0.93) 0.90 (0.82-0.98)
rs2281808 20pl3 1.44-1.71 (3) 5.0x 107 48x10°% 12 x107Y C 0.362 0.90(0.84-0.95) 0.90 (0.85-0.96)
rs5753037 22ql2.2  28.14-29.00 (14) 1.8 x 107" 58 x 107° 2.6 x 1076 T 0.391 1.10(1.04-1.17) 1.08 (1.02-1.15)
152664170 Xg28 153.48-154.10 (16) 30x105 58x10°5 78« 10°° G 0.316 1.16(1.07-1.24) 1.06 (0.97-1.16)
52269241 1p31.3  63.87-63.94 PGMI (1) 5.9 x 10-6  0.0069 42 x 1077 G 0.192 1.10(1.02-1.18) 1.05 (0.98-1.14)
151534422 2p25.1 12.53-12.60 (0) 6.7 x 10-6  0.025 2.1 x 10-6 G 0.460 1.08 (1.02-1.15) 1.01 (0.95-1.08)
512444268 16pl2.3  20.17-20.28 (2) 2.0 x 107% 0.0045 1.7 x 1077 A 0.295 1.10(1.03-1.17) 1.04 (0.97-1.11)
1516956936 17pl3.1 7.56-7.66 (2) 3.2 %« 107% 0.0097 53 x 1077 C 0.135 0.92 (0.84-1.00) 0.92 (0.83-1.01)
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Nature Reviews Genetics, 2011




Recent methodological breakthroughs




Massively parallel sequencing

. Data Management
& Storage for
. Next-Generation
-~ Sequencing



Massively parallel sequencing

$ MILLIONS

$ BILLIONS




HII Massively para

40421551 46421561 46421571 46421581 46421591 40421601 40421611 46421621 46421631 46421641 48421651 40421661 46421671 48421681 48421691 48421701 48421711 46421
721tttgagcagacctatataagatggttatgaagattcacacageggctcatgectgtoatcecageact ttgggaggctgaggcaagtggageacctgagatcatgagt tcaagaccagectggecaacatggtgasaccecatctctactaaagatac tatccaggtgtogty
L

el sequenc

A gaacagacc'aialaagaog gaaga' ' cacacagiggcicalgccigigal cccageac qggaggcgagcaag ggagcaccigagaicagag ACCAGCC TGGCCAACA TGG TGAAACCCCATCTCTACTAAA ATACAAMMATTATCCAGG'G GGG
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ACATTTGAACAGAC CAGATGG T TATGAAGA T TCACACAG TGGC TCATGCC 6T ATCCCAGCAC T TGGGAGGT TGAGGCAAGGGGAGCACC TG ATGAGT TCAAGACCAGCC TGGCCAACA TGG TGAAACCCCA CTCTACTAAAGATACAAMAATTA  209'9'Q9'q
aca''gaacagcccia’a sagalgQlalgaagalcacacagiggceicaigeciglg TCCCAGCACT T TGGGAGCC T GAGGCAAG T GGAGCACCTGA ATGAG T TCAAGACCAGCC TGGCCAACA TGG TGAAACCCCA  TATACTAAAGAT CAAMMATTATCCAGG'G'GG'G
aca''lgaacagacc aiala galgglialgaagalicacacagiagcicaigecigiga AGCAC T 1 GGGAGGC ' GAGGCAAGGGGAGCACG ' GA GAG T TCAAGACCAGCC TGGCCAACA TGG TGAMCCCCATC CTACTAAAGA TACAAAAATTATCCAGG'GTGGTG
ACA gaccialalaagalgg' lalgaagalicacacagiggcic CTGTAATCCCA TCACT T TGGGAGGL 'GAGGCAAG TGGAGE CCTGAGA TCATGAG T TCAAGA AGCCTGGCCAACA TCGTGAAACCCCATATCTACTAAAGAT caaaaa' 'a'cc209'9'09'g
ACATTTGAACAGACCTATATAA  TGGT TATGAAGA T TCACACAGTGGCTCATGCCTGTGATCC  cac' ! 10QQatgc gaggcaag ggageacc gagatca CAAGACCAGCC TGGCCAACA TGGTGAAACCCCATCTCTAC AGAAATACAAAAATTATCCATGTGTGGTG
ACATTIG ACCTATATAAGATGG T TATGAAGA T TCACACAGTGGC TCA GGATCCCAGCACT T TGGGAGGL 1 GAGGCAAG TGGAGCA CTGAGA TCACGAG T TCAAGACCAGCC TGCCCAACATGGTC AACCCCATCTCTACTAAAGA T ACAAAAA T TACCCAGG'G GC
ACATTTGAACAGACCTATATAAGA GGT TACGAAGA T TCACACAGTGGC TCATGCCTGTGATCCC  caca' ' gQQagQc  gaggcaag  ggageacc gaga’ ca AAGACCAGCC TGGCCAACA 1GGTGAAMCCCCATCTCTACT AAGATACAAMAATTATCCAGG GGG TGE
aca'!igaacagacciataiaaga a'gaaga’ cacacagiggcicaigecigigaicecag 7 TGGGAGGC T GAGGCAAG | GGAGCACC 'GAGA TCATGA 2QCC1QQCCaaca’ gQ i gasacccca i Clac asaga AAAATTATCCAGG G166 GE
aca''igaacagacc atalasgagg aaga’ ‘cacacag ggcicaigecagigaicecageac | GGGAGGC T GAGGCAAG  GGAGCACC TGAGA TAATGAGT TC GCCTGGCCAACATGG TGAAA CCCATCTCTACTAAAGA TACAAMAA T TATCCAGG'GTGGT €
ACATTTGAACAGACCTATATAAGATGG TA  aga' | cacacagagqc!catgeciqigalcceageac AGGL GAGGCAAG | GGAGCACC 'GAGA 'CATGAGT TCAAG CCTGGCCAACA TGG TGAAACCCCATCTCTACTAAAGA TAC ATCCAGG GGG GC
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ACAT T TGAACAGACC TATATAAGA GG TATGAAG CAGTGGC CATGCC TGIGATC ACT1CGGGAGGL | GAGGCAAG | GGAGCACC 'GAGA TCATG AACA GG TGAAACCCCA TC TC TAC TAAAGA TACAGAAA 5999 09 ' gt
ACA 7 TGAACAGACC TATATAAGA 1GGT 1A TGAAGA CAGTGGCICATGECTGIGATCE  CCTC GGGAGGL | GAGGCAAG | GGAGCACT 'GAGA 'CATG ACATGG TGAAACCCCA TCTCTAC TAAAGA TACAAAAA T TA GG IGGGE
ACAT T TGAACAGACC TATCTAAGA GG TATGAAGA GCGGC I CATGLC G AT C17 /GGGAGGL ' GAGGCAAG | GGAGCACC |GAGA 'CATGA ACA GG TGAAACCCCATCTATACTAAAGA TACAAAAA T TA G GG GC
ACAT T TGAACAGACC TATATAAGA 1GG' TATGAAGA 1 1C C1C716CC G TGA TCCCAGCAC T T 1GGGAGGL 'GACGCAA | GGAGCACC 1GAGA |CA 1GAG ' 1 CAAGACCAGCC 1GGLCA GG IGAAACCCCA TCTCTACTAAAGA TACAAAAA 1 TATCC 09 gt
ACATT TGAACAGACCTATATAAGA GG TATGAAGA T 1C CICATGLC G /GA'CCCAGCAC | 1 1GGGAGGL 'GAGGCAA 1GGAGCACC 'GAGA 'CATGAG | | CAAGACCAGCC 1GGLCA GGGAAACCCCA 1CGC TACTAAAGA TACAAAAA T TATCCA G
ACA T T TGAACAGACC TATA TAAGA 1GG T TATGAAGA | TCA G GACCCAGCAC T T 1 GGGAGGL ' GAGGCAAG | GGAGCAC GA /CAGAG | 1 CAAGACCCGCC TGGCCAACA 'GG TGAAAL CCa'CiCiac asaga’ acasasa’ a1 ccagy g'eg gl
AGA GG’ 'ATGAAGA ' ' CACACAG 'GGCICATGLC G GA  CCAGCACT | GGGAGGL | GAGGCAAG 1 GGAG T ACC GAGA GAG" 1 CAAGACCAGCC | GGCCAACA 1GG/GAAMACCCCATC  TACTAAAGA TACAAMAA | 1ATCCAGG G666
ACATGGT 'ATGAAGA | 1 CACACAG 1GGCTCATGLCTG GA 17 1 GGGAGGL ' GAGGCAAG | GGAGCACC GAGA (CA1GA CATGG'GTAACCCCA ICICTACTAAAGA TACAAAAA T TA ot
GG TATGAAGA ' | CACACAG 'GGC T CATGLC G GAICCC C1CGGGAGGL 'GAGGCAAG G agcaccigaga’ ca ' gag' (casgaccagece | g**caaca gaaaccccalciclaciasaga tacaaasat latccagy ¢
ATGAAGA | TCACACAG TGGCTCA ga’ cccageac’ |1 gagagqac  gaggeasg i ggageace 2g' 1 CA8QaCCAQCC i ggeeaaca ggigasacceeatct TACTAAAGA T ACAAAAA | TATCCAGG GGG GE
ATGAAGA ' TCACACAG 'GGC 1 CATGCC G GA 'CCCAGCA 'C1GGGAGGL  GAGGCAAG | GGAGCACC 'GAGA ' CATGAG CATGG 'GAAACCCCA 'CTCTAC TAAAGA TACAAAAA T TA ¢
ga‘cccage’ a8t i 1gggagec  gaggasag  ggagrace CATGG 'GAAACCCCA 'CICT CTAAAGATACAAAAA T TATCCAGG GGG GL
arcccageac’ | 'gggaggc i gaggcang i ggageaccig CA'GG 1 GAACCCCA 1CTCTAC T AAAGA TACAAAAA 1GA ¢
CGAGAGGC ' GAGGCAAG | GGAGCACC 'GAGA ' CA 1GAG GGAAACCCCA 'CTCTACTAAAGA ' ACAAAAA | TATCCAG ¢
GGGA 'GC | "AGTCAA T 1G AGCACCIGAGA 'CATGAG 1 C G GAMCCCCA TCTCTAC T AAAGA T ACAAMAA | TATCCAG (4
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GAGGCAAG | GGAGCACC 1GAGA | CATGAG ' ' CAAGACCAG GAAACCCCACTCTACTAAAGA TACAAAAA T A TCCAGG ¢
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GAGA 'CA'GAG CATCTC AAAGA ) G G6'G
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The Mitchell-Riley syndrome

Autosomal recessive NDM with intestinal atresia
Chromogranin
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Glucagon

Somatostatin
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Autosomal recessive

fam"ym ﬁ | 1 | fam“yUZG_CE[l
cTEED | [ S50 S

58
560h o+ 6608 Eb

v 03 family 04

el ©© OIDO;j

F— type 2 gestational
diabetes G diabetes

Two siblings of a consanguineous family




Detection of homozygosity by descent
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i Areas of homozygosity

ring of second cousins
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! Overlap with a second consanguineous cas

Offspring of first cousins
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RFX6 : developmental regulation

Parallels the development of the endocrine pancreas
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Knockout mouse
recapitulates the human phenotype




Back to the future: weak genetic effects

» 1-Gene notimportantin the disease

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

= 3—Important gene, strong effect of polymorphism
but the allele is rare
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ymus-specific transcriptional regulation
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Vafiadis et al. Nature Genetics 1997 and Durinovic et al. Diabetes, in press




ymus-specific transcriptional regulation
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T-lymphocytes are
selected in the thymus
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http://upload.wikimedia.org/wikipedia/commons/0/0e/Intrathymic_T_Cell_Differentiation.JPG

The thymus expresses hundreds of tissue-specific antigens
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Mice with specific targeting of insulin in thymus
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Therapeutic applications

High-throughput drug
screening
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Type 1 diabetes: a long process
accent on prediction/prevention

Stages in Development of Type 1 Diabetes
GENETICALLY AT RISK
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Imputation of rare variants

ExXAC repository: >60,000 exomes

Tens of millions of DNA variants, some quite rare

Rich source of data, permitting imputation of
rare variants.




Rare variant imputation

= \We used the data from Bradfield et al., 2011
» Plus 1k new Canadian samples
= Total of 7k TaD cases and 10k controls
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New low-frequency high-risk TaD alleles

Locus MAF p-value Odds ratio
0.30% 4.00E-12
1.30% 2.43E-11
0.01% 6.93E-13
1.29% 1.84E-12
0.10% 7.95E-12

20% 1.05E-10

0.70% 2.91E-09
27.44% 1.44E-160
0.20% 2.72E-14
0.30% 8.63E-17
0.10% 1.73E-13
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Type 1 diabetes: a long process
accent on prediction/prevention
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Prediction through autoantibodies
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Genetic prediction: clinically useful?
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Predictions for the next 10 years

= Spectacular progress in
understanding T1D
predictingTaD
curing TaD with B-cell replacement
Perfect management of T2D with the closed loop

* |[mmune Rx to prevent TaD

= Very little has affected patient’s lives for now

= [t will, in the next 10 years




