


Beta Cell Destruc-on QUESTIONS 
(for nPOD) 

•  Heterogeneity pancrea-c Pathology? 
•  Poten-al mechanisms? 
•  How complete Beta Cell Destruc-on? 
•  Excep-ons? 



“Stages” in Development of Type 1A Diabetes 
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nPOD 6052-02 Tail:  12 yo 1 year diabetes 
-Lobular Pseudoatrophic Islets 

Insulin and Ki67 Staining Glucagon/anti-CD3 Staining 



TRIGGERING QUESTIONS 
(for nPOD) 

•  Is there an environmental trigger? 
•  Does autoan-body appearance mark triggering? 
•  Time lag between trigger and insuli-s? 
•  Time lag between insuli-s and beta cell killing? 
•  “Best Model” 
?Kilham Rat Virus (Mul-ple Other viruses) 
ACTIVATION INNATE IMMUNITY BY VIRUS 
SPECIFIC MHC AND SPECIFIC TCR (Mordes et al) 
ANTI‐INFLAMMATORY PREVENTS (Zipris et al) 
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Insulin Autoan-bodies 

ZnT8 Autoan-bodies  IA‐2 Autoan-bodies 

GAD65 Autoan-bodies 
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Coated plate 
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Labeled Proinsulin 

Insulin 
Autoantibody 

Yu et al Diabetes Nov 2011 

Non-Radioactive Electrochemiluminexcent Insulin Autoantibody Assay 



0.001 

0.010 

0.100 

1.000 

0  2  4  6  8  10  12 

MSD 

Miaa 

gad65 

ica512bdc 

znt8 

ECL‐IAA FIRST 
AUTOANTIBODY 

+ +

+

DIABETES 

AGE (YEARS) 

INDEX  DAISY PREDIABETIC; MSD‐IAA FIRST AUTOANTIBODY 

00748‐0 



Age 1st Islet Ab+ vs Age DM Onset
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Steck et al Diabetes Care 
2011 



MEAN LOG IAA vs Time to DM from age Islet Ab first +
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 GAD65 Levels with Years to Diabetes
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ICA512 Levels with Years to Diabetes

-4 -3 -2 -1 0
0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

Mean ICA512 Levels (Log10)



Predicted Onset Age= 
2.6-1.3*log(mean IAA) =0.8* age first Ab+ 

Steck et al Diabetes Care 34:1397–1399, 2011 



 
Trimolecular Recognition Complex 

Fundamental Structure Diabetes 
Susceptibility 

  

MHC PEPTIDE 

TCR 
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B16:A Insulin 

NO EFFECT KO 
GAD, IGRP,      
IA-2, IA-2β 



Ostrov 
Model 
Insulin 
Peptide B:
9-23 in 
Register 3 
of I-Ag7 





NOD mice – peptide INSULIN B:9-23 REGISTER
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Insulin B:9-23:  S  H  L  V  E  A  L  Y  L  V  C  G  E  R  G 



Non-Expanded CD4 POSITIVE CELLS ISOLATED FROM 
8 WEEK OLD NOD ISLETS (Kappler PNAS 2011) 

Anti-B:9-23 Tetramer Anti-B:9-23 Tetramer 

CD44 

Control Tet 

Anti-”B:9-23” 



V(D)J Rearrangement 

Kuby Immunology 



Clone Author V ALPHA IMGT / ARDEN V SEQUENCE CDR3 J SEQUENCE TRAJ ALPHA Vbeta SEQUENCE TCR BETA nDn J SEQ J BETA

12-4.1 Wegmann TRAV5D-4*04 / Valpha 13 MYFCAAS GAN   SGGSNYKLTFGKGTL TRAJ53*01 LYCTCS 1 / 2 PGLGN KE Q Y F G P G T R L T V L 2-7 / 2.6
12-4.4 Wegmann TRAV5D-4*04 / Valpha 13 MYFCAAS A   SGGSNYKLTFGKGTL TRAJ53*01 FCASSQ 5 / 12 DT ??NTGQLY 2-2 / 1.3
4-7.2 Wegmann TRAV5D-4*04 / Valpha 13 AN   ?SGGSNYKLTFGKGTL TRAJ53*01 5 / 1 QSRT 1-3
6-4.3 Wegmann TRAV5D-4*04 / Valpha 13 ASG   ?SGGSNYKLTFGKGTL TRAJ53*01 1 / 2 AAGGG 1-1 /1.1
6-10.14 Wegmann TRAV5D-4*04 / Valpha 13 SR   ?SGGSNYKLTFGKGTL TRAJ53*01
PCR1-10 Nakayama TRAV5D-4*04 / Valpha 13 K   TGGNNKLTFG QGTVLSVI TRAJ56 16 DGGQGL 2-7
 8-1.1 Wegmann TRAV5D-4*04 / Valpha 13 MYFCAAS K   TGGNNKLTFG QGTVLSVI TRAJ56 YLCASS 15 / 12 LGWGD E Q Y F G P G T R L T V L 2-7 /2.6
12-3.20 Wegmann TRAV5D-4*04 / Valpha 13 KI ?L S G G S N A K L  A F G K G T K L S V K TRAJ42 31 / 14 RLGG 2-5 / 2.5
8-1.3 Wegmann TRAV5D-4*04 / Valpha 13 ARG ?L S G G S N A K L  A F G K G T K L S V K TRAJ42 19 / 6 TSGTGQG 1-6 / 1.6
8-1.9 Wegmann TRAV5D-4*04 / Valpha 13 RP ?L S G G S N A K L  A F G K G T K L S V K TRAJ42 2 / 4 PDNA 1-1 / 1.1
4E4-62 Unanue TRAV5-4 or 5D-4 / Valpha 13MYFCAAS AIG        TGNYKYVFG AGTRLK TRAJ40 Vbeta8.1
4-E7 Unanue TRAV5-4 or 5D-4 / Valpha 13MYFCAAS G        TGNYKYVFG AGTRLK TRAJ40 CTCS Vbeta2 ADQNQAPLF
8-1.15 Wegmann TRAV5D-4*04 / Valpha 13 A ?Q I L G L T R G L E L G Q N S K S F Q TRAJ13
AS91 Unanue TRAV5-1 RGN ?N S N N R I F F G  D G T Q L V V K P TRAJ31
IIT-3 Unanue TRAV5-4 or 5D-4 / Valpha 13MYFCAAS R         NYAQGLTFG LGTRVSV TRAJ26 CASS Vbeta11 AVPGHQDTQYF
I.29 Unanue TRAV10 or 10D / Valpha 15 IYFCAAS PS NSGGSNYKLTFGKGTL TRAJ 53 1 / 2 AGAGY 2-7
IIT-37 Unanue TRAV10 or 10D / Valpha 15 IYFCAAS IP NSGGSNYKLTFGKGTL TRAJ53 CASS Vbeta11 PRLGASAETLYF
2H6 Zekzer 21/31 YHCILRV D NSGGSNYKLTFGKGTL TRAJ53*01 YLCAWS 31 PRQNFP Y F G S G T R L T V L 2-3
6-6.4 Wegmann TRAV12 Q ?N Q G G S A K L  I F G  E G T K L T V S TRAJ57  4/ 10 WGQGG 2-5 / 2.5
12-1.19 Wegmann 13-1/19 TYLCAME RS S G Y N K L T F G  K G T V L L V S P TRAJ11 FLCASS 19 / 6 ILGQ N T E V F F G K G T R L T V V1-1 / 1.1
12-2.35 Wegmann 13-1/7.4 LYFCAA IQ N Y N Q G K L  I F G  Q G T K L S I K P TRAJ23 YFCASS 13-1 / 8.3 PSGR  N S P L Y F A A G T R L T V T1-6 / 1.6
12-2.4 Wegmann
AS150 Unanue
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Michels et al J. Immunol 2011 

Zhang et al Diabetes 
Metab Res Rev. 2011  Mordes abstract 
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Early Preven-on Study with Inhibitor 

Treatment star-ng at 4 weeks of age & ending at 12 weeks. 
IAA measured at 4, 8, 10, & 12 weeks of age; all nega-ve at 4 weeks prior to treatment. 
Jax NOD mice. 

p=0.01 

p=0.03 

28 

Michels et al Unpublished 



NEEDED- Trimolecular Anatomy of 
Human Type 1A Diabetes 

•  DQ8 and DQ2 relevant human T cell receptor 
sequences. 

•  Crystal structures pathogenic trimolecular 
complexes. 

•  TCR based biomarkers. 
•  Optimized therapeutic monoclonals and small 

molecules(medicinal chemistry). 
 



•  Aaron Michels 
•  Li Zhang 
•  Maki Nakayama 
•  Tomasz Sosinowski 
•  Liping Yu 

•  John Kappler 
•  David Ostrov 
•  Mark Atkinson 
•  Marian Rewers 


