NPOD Annual Meeting 1/16/12

George Eisenbarth — Islet
Autoantigens, Autoreactive T
Cells and the MHC-TCR-Peptide
Molecular Complex - Therapeutic
Targetsin T1D

Donors with Diabetes




Beta Cell Destruction QUESTIONS
(for nPOD)

Heterogeneity pancreatic Pathology?
Potential mechanisms?

How complete Beta Cell Destruction?
Exceptions?



“Stages” in Development of Type 1A Diabetes

(?Precipitating Event)

Beta cell mass

Genetic
Predisposition

Overt
immunologic
abnormalities

Normal insulin

' release

! Progressive
1 loss insulin
| release

I Overt

Glucose diabetes,
1

normal
1

|

|

|

|

|

|

|

| |
| |
! _ )

! C peptidé
I present ! No
|

! C-peptide
|

|

I

1

|

|

|

1

|
Age (years)

| T
Eisenbarth NEJM 1986



“Stages” in Development of Type 1A Diabetes

(?Precipitating Event)

1

i Overt
1 immunologic

: abnormalities |Progressive

1 . -
1 loss insulin

Genetic
Predisposition

Beta cell mass

1
] 1
: ' release
— ' Normal insulin |
| release ! ! Overt
! : Glucose | diabetes,
/ I 1 normal ! I
i i | i
! ! C-peptitdqs
I I present ' __
! . I Mlnlma}I
! | C-peptide
| |
| |
| |
| 1
1 1
1 1
1 1
| 1
|

|
Age (years)



10

ORDERS OF MAGNITUDE: linear plot




ORDERS OF MAGNITUDE: Log Plot
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TRIGGERING QUESTIONS
(for nPOD)

Is there an environmental trigger?

Does autoantibody appearance mark triggering?
Time lag between trigger and insulitis?

Time lag between insulitis and beta cell killing?

“Best Model”

?Kilham Rat Virus (Multiple Other viruses)
ACTIVATION INNATE IMMUNITY BY VIRUS
SPECIFIC MHC AND SPECIFIC TCR (Mordes et al)
ANTI-INFLAMMATORY PREVENTS (Zipris et al)



Insulin
autoantibodies

GAA
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(GADgs)
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Non-Radioactive Electrochemiluminexcent Insulin Autoantibody Assay

Insulin
Autoantibody

Sulfo-TAG
Labeled Proinsulin

Biotin
Labeled Proinsulin

Streptavidin
Coated plate

Yu et al Diabetes Nov 2011



INDEX

DAISY PREDIABETIC; MSD-IAA FIRST AUTOANTIBODY

1.000

0.100

0.010

DIABETES
. l
/] N
N
/ RN =& MSD
I, f\ . X =& -Miaa
ECL-IAA FIRST \ ' - gads
ALITAANTIDANY \\ =—=ijca512bdc
+\ N: . \\'. == znt8
»
N\

0.001

AGE (YEARS) 00748-0



AGE DIABETES ONSET

Age 1st Islet Ab+ vs Age DM Onset

Steck et al Diabetes Care

15 2011

R2=.47 p<.0001
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MEAN LOG IAA vs Time to DM from age Islet Ab first +
15 . R2=.37 P<.0001
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GAD6S Levels with Years to Diabetes ICA512 Levels with Years to Diabetes
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Predicted Onset Age=
2.6-1.3*log(mean I1AA) =0.8* age first Ab+
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Trimolecular Recognition Complex

Fundamental Structure Diabetes
Susceptibility
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(ating’®ne Amino Acid of Insulin
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NOD mice — peptide INSULIN B:9-23 REGISTER

InsulinB:9-23: SHLVEALYLVCGERG

S HL EA Y VA ERG
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Non-Expanded CD4 POSITIVE CELLS ISOLATED FROM
8 WEEK OLD NOD ISLETS (Kappler PNAS 2011)
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V(D)J Rearrangement
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Clone

1241
1244
412
643
610.14
PCR1-10
8.1
12320
843
819
4482
4
8.1
ASY1
T3
129
IIT-37
2H6
6.4
12419
12:2.35
12:24
AS150

Author  V ALPHAIMGT / ARDEN V SEQUENCE CDR3

Wegmam  TRAVSD-4"04/Valpha 13 MYFCAAS  GAN
Wegmam  TRAVSD-4'04/Valpha 13 WYFCAAS A
Wegmann  TRAVSD-4°04 Valpha 13 AN
Wegmann  TRAVSD-4*04 | Valpha 13 ASG
Wegmann  TRAVSD-4°04  Valpha 13 SR
Nakayama TRAVAD-4°04 /Vialpha 13 K
Wegmam  TRAVSD-'04/Valpha 13 WYFCAAS K
Wegmann TRAVSD-404 / Valpha 13 KI
Wegmann TRAVAD-4°04 / Valpha 13 ARG
Wegmann  TRAVSD-4*04 | Valpha 13 RP

Unanue ~ TRAVA-4 or 50-4 /Valpha * MYFCAAS ~ AIG
Unane  TRAVS- or 504 /Valpha * MYFCARS 6
Wegmann  TRAVSD-4*04/ Valpha 13 A
Unane ~ TRAVA-1 RGN
Unane  TRAVS- or 504 /Valpha * MYFCAAS R
Unanve ~ TRAVAOor 10D/ Vlpha 1 IYFCAAS S
Unanve ~ TRAVAOor 10D/ Valpha 1§ IYFCAAS I

Iekzer /3 YHCILRV D
Wegmam  TRAV2 Q
Wegmam 13-119 TYLCAVE RS
Wegmamn 13-1/74 LYFCAA 10
Wegmann
Unanue

J SEQUENCE

SCOSNYKLTFGKGTL
SCOSNYKLTFGKGTL
1SGESNKLTFGKGTL
1SGESNKLTFGKGTL
1S66SMKLTFGKGTL
TGMNKLTFGOGTVLS\
TGGMNKLTFQGTLS\
LSGBSNAKLAFGKGTKLS VK
LSGGSNAKLAFGKGTKLS VK
LSGGSNAKLAFGKGTKLS VK
TONKYVFGAGTRLK
TONKYVFGAGTRLK
NILGLTRGLELGQNSKSFQ
NSNNRIFFGDGTQLVVKP
NYAQGLTFGLGTRVSY
NSGOSNYKLTFGKGTL
NSGRSINKLTFGKGTL
NSGOSNYKLTFGKGTL
NQGGSAKLIFGEGTKLTVS
SGYNKLTFGKGTVLLVSP
NYNQGKLIFGQBTKLSIKP

TRAJ ALPHA

TRAJS3(1
TRAJS3'01
TRAJS3'01
TRAJS3(1
TRAJS3'01
TRAJ%H
TRAJ
TRA
TRAKZ
TRAM
TRAM)
TRAM0
TRAUM3
TRAL31
TRAJZS
TRAJ 83
TRAJ
TRAJS3'01
TRAJY
TRAUM1
TRAIZS

Vbeta SEQUENCE TCRBET/  nDn  JSEQ

LYCTCS 112 PGLGN KEQYFGPGTRLTV 27/28

JBETA

FCASSQ  5/f2 DT TNTGLY 22013
5/1 QSR 3
112 AAGGG 4114
16 DGGAGL 27

YLCASS  15/12 LGWGD EQYFGPGTRLTVL 27/26
3/14 RLGG 25125
9/6 TS6TGQG 15/18
2/4 PONA /11
Vbetad.1

CTCS  Vheta? ADQNQAPLF

CASS  Vbeat! AVPGHQDTQYF
112 AGAGY 2

CASS  Vbelal! PRLGASAETLYF

YLCAWS 3 PRONFP YFGSGTRLTVL 23
410 WGQGG 25125

FLCASS 19/6 1LGQ
YFCASS  131/83 PSGR

NTEVFFGKGTRL /11
NSPLYFAAGTRLT 16/16
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MHC
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Zhang et al Diabetes

Metab Res Rev. 2011 Mordes abstract
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, In silico, large chemical

of drug-like

small molecules for their abilities to interact with I-A9/
structural pockets by high-throughput molecular docking
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Early Prevention Study with Inhibitor
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Michels et al Unpublished

Treatment starting at 4 weeks of age & ending at 12 weeks.
IAA measured at 4, 8, 10, & 12 weeks of age; all negative at 4 weeks prior to treatment.

Jax NOD mice.



NEEDED- Trimolecular Anatomy of
Human Type 1A Diabetes

 DQ8 and DQ2 relevant human T cell receptor
sequences.

» Crystal structures pathogenic trimolecular
complexes.

e TCR based biomarkers.

* Optimized therapeutic monoclonals and small
molecules(medicinal chemistry).
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