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Abstract

HLA-DR0401, 0403 and 0405 are associated with variable T1D susceptibilities when linked with
a common HLA-DQ8 (DQA1*0301/DQB1*0302). It is unknown how the modest differences
within the peptide binding regions of DR4 subtypes lead to distinct autoimmune risks. Since all
Class 1l HLA molecules share the same intracellular compartments during biosynthesis, it is
possible that DQ and DR compete with one another to bind and present antigenic peptides. As
such, it is reasonable to hypothesize that a strong DR4 self-peptide binder down-modulates DQ8
epitope presentation more than a weak one. In this study, we first examined the binding of the
peptides derived from two putative beta-cell autoantigens — GADG65 and insulin. Protective
DRO0403 bound similar number of self-peptides as susceptible DR0401 while highly susceptible
DRO0405 bound substantially less self-peptides than rest two molecules. Kinetic assays were used
to further compare the stability of peptide:DR complexes formed between DR0401, 0403 and
selected GADG5 peptides, which also bound DQ8. Two peptides with naturally processed DQ8
epitopes bound protective DR0403 with longer half-life and lower dissociation rate than
susceptible DR0401, confirming DR0403 as a better peptide competitor than DR0401. The
distinguishing peptide binding features of DR0401, DR0403, and DR0405 highlighted in this
study help to explain the hierarchy of genetic associations between T1D and these DR4 subtypes.
The enhanced peptide competition of DR0403 leads to a down-modulation of DQ8 epitope
presentation, as compared to weak competitors such as DR0401 and DR0405, and therefore
contributes to disease protection.
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1. Introduction

Type 1 Diabetes (T1D) is a metabolic disorder caused by autoimmunity that destroys insulin
producing pancreatic beta-cells [1-3]. Although environmental mediators are involved in

© 2010 Elsevier Ltd. All rights reserved.

Address correspondence and reprint requests to: William W. Kwok, PhD, Benaroya Research Institute, 1201 Ninth Ave, Seattle, WA
98101, USA, bkwok@benaroyaresearch.org, Tel: 1-206-583-6527, Fax: 1-206-223-7638.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict-of-interest disclosure
The authors declare no competing financial interests.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Geetal.

Page 2

diabetogenesis, the family clustering of disease onset indicates that strong inherited factors
participate in diabetes etiology [4,5]. Approximately 40% of the familial aggregation of T1D
is attributed to allelic variation of Class Il HLA loci on chromosome 6p21 [6,7]. A single
amino acid difference at position 57 of DQ B-chain (non-Asp p57 for susceptibility vs. Asp
B57 for protection) remarkably changes disease susceptibility [8,9]. In Caucasians,
DQB1*0302 is the most prevalent non-Asp 57 susceptible allele in T1D patients. This
allele encodes a p-chain for HLA-DQ8, which is responsible for the generation and
activation of CD4™ T cells that recognize beta-cell derived autoantigens.

However, the disease predisposition conferred by DQB1*0302 is likely modulated by its
closely linked DR loci [10-12]. A previous study reported that DQ8/DR0401 transgenic
mice had 3-fold lower incidence (23%) of spontaneous diabetes than DQ8 single transgenic
setting (75%) [12]. In humans, when DQ8 is linked with one of the DR4 subtypes
(DRA1*0101/DRB1*0401, 0402, 0403, 0404 and 0405), there is a hierarchy of association
with the onset of disease [13,14]. One recent study from the T1D Genetic Consortium
indicated that DQB1*0302-DRB1*0405 (OR = 11.37, P = 4 x 107°) and DQB1*0302-
DRB1*0401 (OR = 8.39, P = 6 x 10736) were associated to T1D with the highest risks,
while DQB1*0302-DRB1*0403 was protective (OR=0.27, P = 0.017) [15]. Since all three
haplotypes share a common DQB1*0302, this variable association suggests that certain
underlying features allow them to “modify” the susceptibility of DQB1*0302 with variable
degrees. However, the mechanisms of this differential modification have not ever been
investigated.

Among many yet confirmed interpretations, a peptide competition model proposed that
protective Class 11 HLA alleles compete for diabetogenic peptides with susceptible ones so
that the autoreactive T cell responses are diminished or arrested due to insufficient self-
antigen presentation [16]. Using Ag-specific T hybridomas from immunized HLA
transgenic mice as readouts to evaluate Ag presentation [17], it was demonstrated that the
co-expression of DR0401 reduced the epitope presentation by DQ8 [18], suggesting peptide
competition (or epitope stealing) between DR0401 and DQ8. However, it is not known if
other DR4 subtypes would compete with DQ8 for peptides differently from DR0401. This
present study aimed to investigate the interaction between self-peptides and those DR4
subtypes. We used both indirect (equilibrium) and direct (kinetic) peptide binding assays to
reveal how the polymorphisms within the peptide binding regions of HLA-DR0401, 0403
and 0405 lead to different capacities for binding self-peptides. These observations suggested
a mechanism through which DQ8 epitope presentation is modulated by various DR4
subtypes, leading to different degrees of T1D predisposition.

2. Materials and methods

2.1. Peptides and Recombinant HLA-DR proteins

Partially (12 amino acid residues) overlapped peptide 20-mer panels covering human
Glutamic Acid Decarboxylase 65 (GAD65), preproinsulin (PPI) and influenza A/Puerto
Rico/8/34 (HIN1) M1 matrix protein (M1MP) were purchased from Mimotopes (Clayton
Victoria, Australia). Biotinylated peptides were purchased from Genescript (Piscataway,
NJ). Recombinant cDNAs for HLA-DRA1*0101, DRB1*0401, DRB1*0403 and
DRB1*0405 fused with leucine zipper sequences were constructed as previously described
[19]. The chimeric cDNAs were cloned into the Schneider expression vectors pRmHa-3 and
co-transfected with selection plasmid pUChsneo into Schneider cells S-2 by calcium
phosphate. High expression cell clones were selected with 2 mg/mL Geneticin (Invitrogen,
Carlsbad, CA) supplemented selection medium. Cells were expanded and grown to a density
of 6x108 cells/mL. CuSO, was added at a concentration of 1 mM to induce the production
of soluble class Il molecules. The DR0401 molecules were purified by L243 affinity
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chromatography. Eluted HLA-DR recombinant proteins were dialyzed into 200 mM pH6.0
sodium phosphate buffer. For this study, all purified recombinant proteins were not
biotinylated.

2.2. Indirect binding Assay

Biotinylated influenza hemagglutinin derived peptide HA306 (PKYVKQNTLKLAT) was
used as a reference peptide for DR0401 (ED50 for HA306 to bind 0.05 uM DR0401=0.035
UM from a 16-hour direct binding assay) and DR0405 (ED50 for HA306 to bind 0.05 uM
DR0405=0.271 uM) binding assays [20]. Since HA306 was unable to bind DR0403 (ED50
for HA306 to bind 0.05 uM DR0403>>15 uM), as an alternative, biotinylated GAD65-5571
(NFIRMVISNPAAT) was used as a reference peptide for DR0403 binding assays (ED50 for
5571 to bind 0.05 uM DR0403=0.01 uM). Non-biotinylated HLA-DR proteins were diluted
into 150 mM pH5.4 citrate-phosphate buffer containing 7.5 mg/ml of n-Octyl-B-D-
Glucopyranoside and 1 mM Pefabloc. The final concentration of DR protein was 0.05 UM.
Serially diluted non-biotinylated target peptides (ranged from 0, 0.01, 0.05, 0.1, 0.5, 1, 5 and
10 uM) were incubated with DR protein respectively for 1 hour at 37 °C before adding 0.01
UM of reference peptide. The incubation was stopped after 16 hours by adding equal volume
50 mM pH8.0 Tris-ClI buffer and transferred to ELISA plate coated with anti-HLA-DR
monoclonal antibody L243 (10 pug/ml). The ELISA was performed in triplicate using
Europium-Streptavidin as detection (Perkin Elmer, Waltham, MA) to determine the binding
of reference peptides. The concentrations of target peptides required to inhibit 50% maximal
reference peptide binding (1Csq) were calculated from regression curves fitted by sigmoidal
dose-response equation provided by Prism software (GraphPad, San Diego, CA). Coefficient
of variation for europium readings from each peptide cncentration triplicate group was less
than 10 % prior to curve generation and ICsq calculation. At least 6 data points were used
for curve fitting.

2.3. Kinetic Analysis (direct peptide binding)

Peptide:MHC binding stability was measured as the rate of peptide association and
dissociation from target Class Il HLA molecules and half-life of peptide:MHC complex as
described previously [21,22]. For dissociation biotinylated target peptide (0.1 pM) mixed
with equal amounts of purified DR protein were incubated at 37 °C for 72 hours in 150 mM
pH5.4 citrate-phosphate buffer containing 2.5 mg/ml of n-Octyl-B-D-Glucopyranoside and 1
mM Pefabloc. After removal unbound biotinylated peptide by dialysis, the protein
concentration was adjusted to 0.05 puM and incubated an additional 72 hours at 37 °C in the
presence of 100 uM non-biotinylated cognate peptide. At different time points, a small
fraction of sample was removed and stored in —20 °C with the addition of an equal volume
of 50 mM pH8.0 Tris-Cl buffer. For association, biotinylated target peptide was mixed with
0.05 puM purified DR protein and incubated at 37 °C for 72 hours, with small fractions of the
sample collected and frozen at different time points. The biotinylated peptide that remained
bound to the target DR protein in each sample was determined by ELISA. Based on the
binding results from different time points, the dissociation curve was simulated by one-
phase exponential decay equation provided by Prism software. The dissociation rate
constant (Kg), binding half-life (t12) and corresponding 95% confidence intervals were also
determined from the simulated curve.

2.4. Statistics

To calculate p-values for kinetic results, an F-test was used to evaluate the difference
between dissociation rate constant (Kq) of peptide:DR4 complexes.
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3. Results

3.1. Binding between candidate peptides and recombinant HLA-DR4 proteins

A panel of GADG5 derived peptides was tested for binding to purified HLA-DR proteins
through indirect binding assay. The observed ICgg < 10 uM (a concentration equivalent to
1000-fold labeled reference peptide input, which was 0.01 uM) was assigned as the criterion
to determine whether a candidate peptide could successfully bind target DR protein. Out of
72 GADG65-derived peptides, 21 peptides were able to bind DR0401. The best fitted 1Cgg
values of these 21 binding reactions and relevant GAD65 peptide sequences are detailed in
Table 1. DR0403 bound 23 GADG65 peptides. Only 8 peptides were able to bind DR0405.
The peptide binding assay results from preproinsulin showed that 2 peptides bound DR0401
and DR0403 (Table 2). No insulin peptide was able to bind DR0405. To assess whether the
weak binding nature of DR0405 was restricted to GAD65 and insulin (auto-antigens), we
also tested the binding of peptides derived from Influenza A M1 Matrix Protein — a foreign
antigen unrelated to T1D. Out of 30 peptides covering the entire sequence of MP1 (252
residues), 12 peptides bound DR0401 and 18 peptides bound DR0403, while only 3 peptides
were able to bind DR0405 (Table 3). Together, the binding results from two T1D-related
self-antigens and one foreign antigen suggested that DR0405 was intrinsically less capable
of binding peptides than DR0401 and DR0403. On the other hand, both DR0401 and
DR0403 bound a broad range of peptides. Since different reference peptides were used to
calculate 1C5q values for these two DR4 subtypes, a direct comparison of binding affinity
between the peptides and DR0401 or DR0403 was not possible.

3.2. Differential peptide competition: DRB1*0401 and DRB1*0403 bound GADG65 peptides
with variable affinities and competed for peptides with DQ8 differently

We next chose kinetic assays to examine binding stability between selected GADG65 derived
peptides and DR0401 or DR0403. Unlike the competition assay, kinetic assays did not rely
on a reference peptide to calculate ICs values as indicators of relative binding affinity.
Instead it measured association rate (Kgq, in hour™1), dissociation rate (Kg, in hour1) and
half-life (ty/», in hour) of a peptide:MHC complex. The difference in binding affinity was
determined by a single parameter — time. As shown in supplementary figure 1, we found that
Kg was the most meaningful parameter for comparing the relative stability of peptide
binding. Based on these results, we decided to focus on dissociation Kinetics in our study.
We were particularly interested in those peptides also bound DQ8 [23]. A previous study
suggested that the presentation of DQ8 epitopes was differentially down-modulated by the
co-expression of different DR4 subtypes [18]. Therefore, interrogating peptide binding
stability would provide biochemical evidence to explain those results. Combining our
DR0401 and DR0403 peptide binding results in Table 1 and a previous DQ8 peptide binding
study [23], we found 14 GADG5 peptides that bound DQ8 could also bind DR0401 and/or
DRO0403 (Fig. 1A). Six peptides bound DQ8, DR0401 and DR0403. Two peptides,
GADG65p26 and GAD65p67 actually contained naturally processed DQ8 T epitopes [24].
The dissociation curves showed that GAD65p25, GAD65p26, GAD65p34, GAD65p42 and
GADG65p67 dissociated from DR0403 more slowly than from DR0401 (Fig. 1C-G and
Table 4). This indicated that these peptides formed more stable complexes with DR0403
than with DR0401. On the other hand, GAD65p24 bound DR0401 with higher stability than
DRO0403 (Fig. 1B), indicated by a lower dissociation rate and higher half-life. Taken
together, kinetic measurements revealed relatively higher binding affinity between DR0403
and most selected GADG5 derived peptides than DR0401 — differences that could not be
observed using the indirect binding assay. No kinetic assays were performed for the insulin
derived peptides since none of the insulin peptides that bound DR0401 and/or DR0403 were
known to bind to bind to DQ8. For example, 9-23B,s a well studied DQ8-restrcited insulin
epitope was not bound by DR0401 or DR0403 [25, 26].
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4. Discussion

It has long been established that a diabetes susceptible HLA haplotype is best defined by a
combination of HLA-DQ and -DR alleles [10,11]. The effort to dissect the roles of
individual DQ and DR allele to T1D development is extremely difficult. However, a
hierarchy of risks associated with a panel of DQ8-DR4 haplotypes provides opportunities to
investigate the differential contribution of these individual DR4 subtypes such as DR0401,
0403 and 0405. Since these haplotypes share a common DQ8, the variable genetic risks
associated with these haplotypes are unambiguously due to DRB1*04 alleles themselves.
They could either direct distinct autoimmune T cell responses independent to DQ8 or affect
DQ8-restricted autoreactive T cell responses through down-modulating DQ8 epitope
presentation in variable degrees. An essential task to address these questions is to dissect
peptide binding properties — a study that had not been systemically conducted in the context
of variable risks for T1D development.

Naturally, these three DR4 subtypes differ from each other by amino acid residues at
position 57, 71, 74 and 86 of their beta-chains (Fig. 2). These polymorphisms are critical to
shape the DR peptide binding pockets (P1-$86; P4-p71; P9-B57) and they are intrinsic
factors leading to differential peptide binding activities, especially the residues at 386 and
B57 -- two important anchoring positions [27]. Most Class 11 HLA molecules encode an
Aspartic Acid at B57 , which interacts with an Arginine at 76 (for HLA-DR) or a79 (for
HLA-DQ) through an intramolecular salt-bridge [25] -- a feature that has been considered to
stabilize peptide binding. Class Il MHC heterodimers without this feature have been
characterized as poor peptide binders such as T1D susceptible HLA-DQ?2 and DQ8 in
humans as well as H2-A97 in NOD mice [21,28]. Our results indicated that DR0405, with a
Serine instead of an Aspartic Acid at 357, bound a very limited spectrum of peptides. The
observation significantly contrasted to the results of DR0401 and DR0403 — both bearing an
Asp at B57. Since peptides from more than one protein were studied, the weak binding
nature of DR0405 was not an atypical phenomenon. Our estimation is that this distinction
will also apply for other antigens in general. The limited spectrum of self-peptide binding
for DRO405 reiterates that the ability of the MHC molecule to bind a large set of self-
peptides is not a prerequisite for being a diabetes susceptible allele. It also suggests that
DRO0405 may be less capable of competing for autoantigens with DQ8 than DR0403 and
DRO0401 simply because it doesn’t have many candidate peptides to compete for. In
addition, previous studies have shown that DRB1*0405 is a prevalent allele in Japanese
T1D populations [29-31], in which DRB1*0405 is in closely linkage disequilibrium with
DQB1*0401 — one of the B57 Asp alleles that are generally regarded as diabetes resistant
DQ alleles. This implies that without the predisposition of a non-Asp p57 DQ allele,
DRB1*0405 may also be predisposing and directly contribute to the progression of diabetes
like other non-Asp B57 alleles such as DQ2, DQ8 and H2-A%,

The distinction between DR0401 and DR0403 was subtle in indirect binding assay results.
Despite that fact that DR0403 differs from DR0401 with three residues along the peptide
binding groove, including a Valine (instead of a Glycine) at the position of 386 — a feature
that doesn’t allow DR0403 to accommodate big side-chain residues at P1, the peptide
binding capability of DR0403 is not inferior to DR0401 at all. In fact, the number of
peptides bound by DR0403 is slightly higher than DR0401 for all three antigens studied
(Table 1, 2 and 3). Several epitopes (more than 50%) are overlapped for the two alleles. The
major finding was the differential binding stability of DR0401 vs. DR0403 when they
formed complexes with those peptides which also bound to DQ8. The majority of them (5
out of 6) bound DR0403 with enhanced stability. Two of these peptides encompassed
naturally processed DQ8 epitopes -- GAD652pg_217 and GAD65539_s54g [24]. AS
demonstrated previously, the presentation of these two epitopes by DQ8 was diminished by
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the co-expression of DR0401 and the down-modulation was enhanced if antigen presenting
cells expressed DR0403 and/or DR0406 instead of DR0401 (It should be noted that the
peptide binding ability of DR0403 and DR0406 is likely to be the same because the peptide
binding region sequences of these two alleles are identical) [18]. However, that study lacked
any direct result showing DR0403 could compete for peptide with DQ8 better than DR0401.
In this study, we provide evidence that DQ8 and multiple DR4 subtypes can bind to a shared
set of epitopes and that among these, the protective DR0403 subtype binds better to most of
these epitopes than DR0401. The enhanced binding of DR0403 provides additional support
for the peptide competition hypothesis [16], which emphasizes the relative potentials of DR4
molecules to out-compete DQ8 for epitopes binding and diminish DQ8-restricted
autoreactive CD4* T cell responses. Due to the limited knowledge of DQ8 epitopes,
especially the T cell response results, our investigation only focused on GADG65 derived
peptides. However, the concept of enhanced peptide competition of DR0403 was validated.
Given the fact that DR0403 can bind a broad range of peptides, it is unlikely that DQ8-DR4
peptide competition is limited only to GADG5 derived peptides as demonstrated here. It
appears reasonable to conclude that the differential T1D predisposition associated with
DQ8-DR0403 and DQ8-DR0401 arises (at least in part) because DR0403 is superior to
DRO0401 in its overall peptide competition potential, leading to down-modulation of DQ8-
restricted CD4* T cell responses. We also attempted to examine whether protective DR0403
was more able to direct negative selection than susceptible DR0401 using peptide loaded
tetramer to detect in vitro primed CD4 T cells from DR0401 and DR0403 subjects. A small
number of samples were examined and GAD65-specific T cells were repeatedly detected in
both DR0403 and DR0401 individuals (data not shown). A negative selection model was
not likely capable of explaining why DR0403 was so protective to T1D while DR0401 was
susceptible. However, we were not able to rule out the possibility that the DR0403-restricted
T cells detected in DR0403 donors were less pathogenic than DR0401-restricted T cells
found in DR0401 donors. This leaves some open questions for future study using more
DRO0403+ subjects and incorporating a better understanding of DR0403-restricted epitopes
within other islet auto-antigens once that information becomes available.

Both binding assays we used in this study were restricted to the cell-free circumstance and
therefore lacked the effects of HLA-DM and other chaperones. For technical reasons, our
indirect binding assay utilized a high affinity reference peptide. Using this reference peptide
probably influenced our ability to distinguish peptides with low-affinity binding, which have
been shown to be important for insulin in particular [32]. In spite of these limitations our
findings provide valuable insights about the behavior of peptides with strong to moderately
weak binding.

In summary, this study used two types of assays to differentiate peptide binding features of
highly homologous HLA-DR0401, DR0403 and DR0405 in aiming to elucidate their
distinguishable association to autoimmune type 1 Diabetes. The weak peptide binding
feature of susceptible DR0405 remarkably contrasted to the protective DR0403 and another
disease susceptible subtype DR0401. The susceptible DR0401 and protective DR0403 do
not differ from each other significantly in number of peptide binding. However, these two
DR4 subtypes bind DQ8 epitope with different stability, which can translate into their
differential effects in out-competing DQ8 to bind self-antigen derived peptides. Our findings
provide a mechanism explaining why the risk associated with the T1D-susceptible non-
Asp57b DQ8 allele is modified by different DR4 subtypes, as reported by previous genetic
studies. These results suggest that DR0403 (and perhaps other strong Class Il peptide
binders) modify the risk of autoimmune diabetes development based on the capacity to bind
and retain antigenic self-peptides. As a corollary of these findings, DR4 restricted cells are
likely to be less pathogenic than DQS8 restricted cells of the same specificity. In this case,
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therapeutic strategies aimed at T cell deletion should be designed to focus on DQ8 restricted
cells.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviation

TiD Type 1 Diabetes
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Fig. 1.

Kinetic stability of peptide:MHC complex composed by DR0401 or DR0403 with selected
GADG5 derived peptides. (A) DQ8 bound GADG65 peptides also bind DR0401 (within black
line circle) and/or DR0403 (within blue line circle). The dissociation of GAD65p24 (B), p25
(C), p26 (D), p34 (E), p42 (F) and p67 (G) from HLA-DR0401 (black circles, solid lines)
and HLA-DRO0403 (open circles, dotted lines) was measured as the remaining amount of
biotinylated target peptides against experimental time. The dissociation curves were
generated with a single-exponential decay fit [Equation: Y= Span*exp(—Kg4*X)+Plateau].
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Fig. 2.

The peptide binding groove sequence alignment of DR4 B-chains. The amino acid sequences
of DRB1*0403 and DRB1*0405 peptide binding region were aligned to DRB1*0401. The
dashes represent amino acid residues identical to DRB1*0401 reference.
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HLA-DR4 binding results of 72 GADG65-derived 20-mer peptides.

Table 1

J Autoimmun. Author manuscript; available in PMC 2012 March 1.

1.D Sequence 1Csp (UM)
04017 04038 o405t

pl IMASPGSGFWSFGSEDGSCDS,, - -

p2 WEFGSEDGSCGDSENPGT ARA, ¢ - -

p3 17SGDSENPGT ARAWCQVAKF 34 - -

p4 SSTARAWCQVAQKFTGE GNKL 44 - -

p5 SSAQKFTGGE GNKLCALLYGDAs, - -

p6 41GNKL CAL L YGDAEKPAESGGy, - -

p7 49YGDAEKPAESGGSQPPRAAA, - -

p8 STESGGSQPPRAAARKAACACDy¢ - -

p9 65RAAARKAACACDQKPCSCSKg, - -

p10 73CACDQKPCSCSKVDVNYAFL,, 035 355

pll 81SCSKVDVNYAFLHATDLLPA, oo 0.67 -

p12 89YAFLHATDL L PACDGERPTL 145 0.54 -

p13 97LLPACDGERPTLAFLQDVMN, 16 - -

pl4 105SRPTLAFLQDVIWNI LLQYWWVK ;54 - -

p15 113DVIWNI LLQYVWKSFDRSTKV, 3, 5.08 0.30

p16 121YVWKSFDRSTKVI DFHYPNE, 40 - -

pl7 129STKVI DFHYPNELL QEYNVE, 45 - -

p18 137YPNEL L QEYNWEL ADQPQNL ;56 - -

pl9  145YNWELADQPQNLEE! LMHCQy, - -

p20 153PONLEEI LMHCQTTLKYAI K7, - 4.81

p21  161VHOQTTLKYAI KTGHPRYFNsg0 - -

p22 169YAl KTGHPRYFNQLSTGLDMgg 1.04 1000  0.03

P23 17RYFNQLSTGLDMVGLAADW ., 034 134 013

p24 185GL DMVGLAADW. TSTANT NV g4 9.68 2.67

p25 1B ADW. TSTANTNMFTYEI APV, 0.69 0.55

p26 20INTNVFTYEI APVFVLLEYVT,5 0.82 0.90 0.15

p27 209] APVFVLLEYVTLKKVREI | 554 - 4.49

p28 2ITEYVTLKKMREI | GAPGGSGD, 54 - -

p29 225RE| | GWPGGESGEDA FSPGGA, 44 - -

p30 233GSEDAE FSPGGAI SNMYAMVE 5, 0.35 -

p31 241PGGAI SNMYAMM ARFKIMFP,6 - -

P32 249YAMM ARFKMFPEVKEKGMAsq - 1000 039

p33 25TKMFPEVKEKGVRAL PRLI AF,7¢ - -
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1D Sequence 1Cs0 (UM)
0401t 04038 04057
p34  265KQVAALPRLI AFTSEHSHFS,;, 031 044
p35 273 | AFTSEHSHFSLKKGAAAL 55,  0.96 :
P36 281SHFSLKKGAAALG GTDSVI 40 - ;
p37  289AAALG GTDSVI LI KCDERGyos - -
p38  297DSVI LI KCDERGKM PSDLE;y, - -
p39 305DERGKM PSDLERRI LEAKQ;,4 0.51 -
p40  313SDLERRI LEAKQKGFVPFL V3, - -
P4l 3UEAKQKGFVPFLVSATAGTTVi,, 005 187
P42 329PFLVSATAGITVYGAFDPLLgs 207 127
p43  WGTTVYGAFDPLLAVADI CKKae - 128 582
p44  345DPLLAVADI CKKYKI WHVDs5, - ;
p45  353] CKKYKI WWHVDAAWGGGLL;;, 285 :
pa6 361 VHVDAAWGGGL L MSRKHKWK 34 - )
P47 369GGLLNMBRKHKVWKLSGVERAN;g, 109 042
P48 377HKVKL SGVERANSVTWNPHK g6 - 019
p49 385 ERANSVTWAPHKIVMGVPL QC,4 . .
P50 393NPHKMVGVPLQCSALLVREE,;, ; ’
p51  401PLQCSALLVREEGLMINCNQ,,0 . i
p52 409VREEGL MONCNQVHASYL FQy5 . i
P53 417NCNQVHASYLFQQDKHYDL S5 - :
P54 425Y| FQQDKHYDL SYDTGDKAL 444 - -
p55 433YDLSYDTCGDKALQCGRHVDV,5,  10.00 )
D56 441 DKAL QCGRHVDVFKLW.-MARy¢, ) i
p57  “SHVDVFKLW. MARAKGTTGFE,; - 820
P58 457 MARAKGT TGFEAHVDKCL E476 . .
P59 465TGFEAHVDKCLELAEYLYNI 4g, - -
pe0  473KCLELAEYLYNI | KNREGYEq, - ;
p61 481 YNI | KNREGYEMVFDGKPQ,o0 . i
P62 489EGYEMVFDGKPQHTNVCFWY ;g ; ’
P63 497GKPQHTNVCFWYI PPSLRTLsy6 - -
pe4  SSCFWYI PPSLRTLEDNEERMSs,, - 100 057
P65 513 RTLEDNEERVSRL SKVAPV:s, - 34
p66 52 ERVBRLSKVAPVI KARMVEYs.0 - Al
P67 529VAPVI KARMVEYGTTM/SYQs ~ 064 161
P68 SITMVEYGTTMVSYQPLGDKVNFss6 - -
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1.D Sequence 1Cs (UM)
0401t 04038 04057
p69 545V/SYQPL GCDKVNFFRWI SNPs¢, 046 086 061
p70 553KVNFFRWI SNPAATHQDI Dy, 003 003 007
p71 561] SNPAATHQDI DFLI EEI ERsgo - -
p72 569CQDI DFLI EEI ERLG(QDL 555 - -
Number of peptides with detectable binding reaction 21 23 8

TUsing HA307-319 (PKYVKQNTLKLAT) as reference peptide.

§Using 5571 (NFIRMVISNPAAT) as reference peptide.
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HLA-DR4 binding results of 13 preproinsulin-derived 20-mer peptides.

Table 2

1.D Sequence 1Csp (UM)
0401t 04038  o0405T

pl IMALWVRLLPLLALLALWGPD, - -

p2 9PLLALLALWGPDPAAAFVNQ 5 - -

p3 T\WEPDPAAAFVNQHL CGSHL V34 - -

p4 2SFVNQHLCGSHLVEALYLVCG,, - -

p5 33SHLVEALYLVCGERGFFYTPs, - -

pé 4L VCGERGFFYTPKTRREAED;, - -

p7 49FYTPKTRREAEDL QVGQVEL 45 - -

p8 STEAEDL QVGQVEL GGGPGAGS6 - -

p9 65QVEL GCGPGAGSLQPLALEG;, - -

p10 SGAGSLQPLALEGSLQKRG Vg, 8.75 -

p1l 81AL EGSLQKRA VEQCCTSI Cypp - -

p12 89RG VEQCCTSI CSLYQLENY 08 022 189

p13 97TSI CSLYQLENYCN; 4 - 0.47

Number of peptides with detectable binding reaction 2 2 0

TUsing HA307-319 (PKYVKQNTLKLAT) as reference peptide.

8

Using 5571 (NFIRMVISNPAAT) as reference peptide.
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HLA-DR4 binding results of 30 HIN1 Matrix Protein-derived 20-mer peptides.

Table 3

1.D Sequence 1Csp (UM)
0401t 04038  o0405T

pl IMSLLTEVETYVLSI VPSGPL 5 005 149

p2 STYVLSI VPSCGPLKAEI AQRL 55 136 116

p3 17SGPLKAEI AQRLENVFAGKN:g - 2.63

p4 25ACQRLENVFAGKNTDLEAL VE,, - -

p5 33AGKNTDLEALMVEWLKTRPI Ls, - -

pé ALALMVEWLKTRPI LSPLTKG Lgg - -

p7 49RP| LSPLTKG LGFVFTLTVgg - -

p8 57KA LGFVFTLTVPSERGLQRy6 017 018 141

p9 6STLTVPSERGLQRRRFVQNAL g, - -

p10 73GL QRRRFVONAL NGNGDPNNg, 210 012

p1ll 8IQNAL NGNGDPNNIVDRAVKL Y1 99 - -

p12 89DPNNIVDRAVKL YRKLKREI T, g - -

p13 9"VKLYRKLKREI TFHGAKEI A6 026 049

pl4 105REl TFHGAKEI ALSYSAGAL ;5,4 301 012

p15 113KEl ALSYSAGALASCMGLI Y3, - 0.55

p16 12LAGALASCMCLT YNRMGAVT T 140 - 0.26

p17 129GL1 YNRMGAVTTESAFGLI Cy48 076 073  10.00

p18 1TAVTTESAFGLI CATCEQ AD; 56 - -

p19 145GL1 CATCEQ ADSQHKSHRQ 64 - -

p20 153Q ADSCQHKSHRQWTTTNPL 7, - 9.45

p21 161SHRQWTTTNPLI RHENRW g4 297 179

p22 169TNPLI RHENRMWVLASTTAKA gg 046  0.04

p23 TT"NRMWWLASTTAKAVEQVAGSS, 6 016  0.04

p24 185T AKAVEQVAGSSEQAAEANE4 - 0.81

p25 193 AGSSEQAAEAVEVASQARQML - -

p26 201EAVEVASQARQWQANMRAI Gy, - 1.69

p27 209ARQWQAMRAI GTHPSSSTG,;,5 292 040

p28 217RAl GTHPSSSTAKNDLLEN, 34 - -

p29 225SSTGLKNDLLENL QAYQKRM 44 - 0.80

p30 233 | ENL QAYQKRMGVQVIQRFK 5, 0.82 - 4.47

Number of peptides with detectable binding reaction 12 18 3

TUsing HA307-319 (PKYVKQNTLKLAT) as reference peptide.

§

Using 5571 (NFIRMVISNPAAT) as reference peptide.
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Table 4
Binding kinetics of HLA-DR0401 and DR0403.
Peptide 8t/ (hour) bid

0401 0403 0401 0403 (F-fest)
GAD65p24  3.92 (2.87, 6.16) 151 (1.40,165)  0.0030 (0.0019, 0.0040) 0.0076 (0.0070, 0.0083) < 0.0001
GAD65p25  0.70 (0.57, 0.91) 507 (4.48,5.83)  0.0165(0.0127,0.0203)  0.0023 (0.0020, 0.0026) < 0.0001
GAD65p26  3.30 (2.31, 5.80) s> €3340 0.2098 (0.1195, 0.3001) ~ 0.0208 (0.0001, 0.0640)  0.0047
GAD65p34  13.13(10.30, 18.11)  22.72 (14.86,48.22)  0.0528 (0.0382, 0.0672)  0.0305 (0.0144,0.0466)  0.0728
GAD65p42  0.06 (0.04, 0.09) 0.16(0.13,0.20)  0.1952 (0.1267,0.2636)  0.0727 (0.0574,0.0879)  0.0001
GAD65p67 129 (1.13, 1.50) 251(2.25,2.83)  0.5377(0.4621,0.6133)  0.2762 (0.2446, 0.3079) < 0.0001

aHalf life of peptide:MHC complex, in hour

b . .
Dissociation constant, the best fit value 95 % CI

Page 17

Unable to estimate the half life from the dissociation curve since the dissociation is not completed by 72 hours when the assay was stopped.
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