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Introduction
Type 1 diabetes, or IDDM, results from the destruc-
tion of pancreatic islet β cells by a complex autoim-
mune process to which both genetic and environmen-
tal factors contribute (1–3). In humans, as in model
NOD mice, genetic control is complex: the main genet-
ic contribution to susceptibility resides in class II loci
of the MHC, with particular sequences and structures
in haplotypes that confer susceptibility in NOD and in
diabetic patients (4–8). In mice, as in humans, a com-
plex assortment of other susceptibility “background”
genes that affect immune function also contribute to
diabetes risk (3, 9, 10). IDDM is marked by the pres-
ence and activation of autoreactive T cells, whose ori-
gin remains a puzzle. It is not clear whether they result

from a failure of central or of peripheral tolerance, and
whether MHC susceptibility alleles or background
genes play a determining role in their selection. It has
been suggested, for example, that the particular
MHC-II alleles of the NOD mouse, because they bind
peptides with peculiar kinetics or specificity, may inef-
ficiently affect negative selection of autoreactive cells
(11–13). Others have suggested that the background
genes of the NOD mouse lead to poor negative selec-
tion and central-tolerance induction (14, 15). Finally,
it is not clear whether the disease in NOD mice
depends on a central-tolerance defect that lets a large
number of high-affinity cells escape, or on a peripher-
al incapacity to control their aggressiveness (15–17).
Transgenic models have shown that, for the most part,
T cells reactive against peripheral antigens are select-
ed in the thymus much like other T cells are (18–21),
without the imprints of negative selection that mark
T cell populations reactive against antigens expressed
in the thymus (22–25). Yet these analyses only yield
examples of the fates of individual T cell receptors
(TCRs), reflecting a single affinity for self. It would be
desirable to track broader populations, but the analy-
sis has suffered from the absence of tools that would
allow, in nontransgenic animals, side-by-side compar-
ison of T cell repertoires between susceptible and
resistant individuals. The advent of MHC multimer
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reagents, with which TCRs of particular specificities
can be detected, now offers this possibility (26, 27).

Several autoreactive T cell clones isolated from dia-
betic NOD mice have been shown to be pathogenic in
transfer experiments (28–33). BDC-2.5 is the best char-
acterized of these clones. BDC-2.5 was derived from a
diabetic female NOD mouse and was shown to great-
ly accelerate disease when transferred to young ani-
mals (30–32). This CD4+ Th1 clone displays a
Vβ4/Vα1 (AV1S5) TCR heterodimer (34). BDC-2.5 is
restricted by Ag7, the lone MHC class II molecule of
NOD mice (4, 5). The nature of the presented antigen
is still unknown, although it has been shown to be
associated with the membrane fraction of β granules
(35). Mice transgenic for the BDC-2.5 TCR show a
robust positive selection of CD4+ cells in the thymus.
These are then exported, naive and fully reactive, to
peripheral lymphoid organs. Infiltration of the pan-
creatic islets is precocious and synchronized (18). It
seems, in this transgenic mouse, that the regulatory
genes (36), molecules (37), cells (36), or intercellular
milieu (38, 39) that modulate the progression to dia-
betes all act at a peripheral level, affecting the damage
wrought there by the BDC-2.5 T cells, rather than the
thymic control of their maturation.

We decided to use the BDC-2.5 system to test direct-
ly for the presence of autoreactive T cells, in nontrans-
genic animals, that might share the same antigenic
specificity. Thus, an MHC-mimetic peptide with high
agonistic activity for BDC-2.5 T cells (40, 41) was com-
plexed to the Ag7 molecule in an MHC multimer mole-
cule (26, 27). Tetramers of this Ag7/mimotope complex
did prove specific for BDC-2.5 T cells. Strikingly, in
NOD mice, they labeled a “natural” Ag7/BDC-2.5
mimotope–reactive population, whose fate we could
track. This report demonstrates the unique role of the
MHC susceptibility genes in selecting this specificity.

Methods
Antibodies, hybridomas, and T cell lines. T cell hybridomas
BDC-2.5 and R28 have been described elsewhere and
were maintained in RPMI-1640/10% FCS (30, 42). BDC
T cell clones were maintained in culture by successive
rounds of stimulation with β cell granule membranes
from β cell tumors as a source of antigen and γ-irradi-
ated NOD splenocytes as APCs as described previously
(31, 35). T cell clones were restimulated with β cell gran-
ule membrane protein for 4 days and expanded in the
presence of IL-2 prior to staining. All antibodies men-
tioned in this study were obtained from BD Pharmin-
gen (San Diego, California, USA). VβTCR-specific anti-
bodies were directed against Vβ’s 2, 3, 4, 5.1, 5.2, 6, 7, 8.1,
8.2, 8.3, 9, 10, 11, 12, 13, 14, and 17, respectively.

Mouse strains and immunization. NOD/LtJ, NOR/LtJ,
C57BL/6, BALB/c, BDC-2.5/N, RAGo/o/NOD (18, 43),
and KRN TCR transgenic mice that recognize glucose-
6-phosphate isomerase peptide 282–292 (hereafter
referred to as GPI) in the context of Ag7 MHC molecules
(23, 44) were either purchased from The Jackson Labo-

ratory (Bar Harbor, Maine, USA) or bred in our special
pathogen-free animal facility (Joslin Diabetes Center and
The Scripps Research Institute). For in vivo T cell
response studies, mice were immunized in the base of
the tail and in footpads with 10 µg of BDC-2.5 mimo-
tope peptide reconstituted in PBS and emulsified in
CFA. Animals were sacrificed 8 days after immunization.

Construction, expression, and purification of BDC-2.5 TCR
and Ag7/peptide molecules; generation of tetrameric MHC mol-
ecules. The cDNA for the α and β chains of the BDC-2.5
TCR was obtained by RT-PCR using Ready-To-Go RT-
PCR beads (Amersham Pharmacia Biotech, Piscataway,
New Jersey, USA) according to the manufacturer’s
instructions, and RNA was isolated from BDC-2.5 T
cells and R28 transgenic T cells. Oligo-dT primers and
sequence-specific primers (Vα1 [AV1S5], 5′-AAAAAA-
GAATTCGGTACCGAAATGCATTCCTTACATGTTTCAC-3′;
Vβ4, 5′-AAAAAATATAGGTACCGAATTCGGAATGGGCTC-
CATTTTCCTCAG-3′; Cα, 5′-AAAAAATAAGAATTCGGTAC-
CGAAATGCATTCCTTACATGTTTCACTAGTG-3′; and Cβ,
3 ′-TTTATTTTGTCGACTCAACTGGACCACAGCCT-
CAGCGT-5′) were used for cDNA synthesis and PCR
amplification, respectively. PCR products were sub-
cloned into pCR2.1-TOPO cloning vector (Invitrogen
Corp., Carlsbad, California, USA), sequenced, and sub-
cloned into the metallothionein promoter–based fly
expression vector pRMHa3 (45). Each of the final con-
structs coded for the α1α2 and the β1β2 domains,
respectively, followed by a linker sequence (SSADL), a
thrombin site (LVPRGS), a leucine zipper (acidic for the
α chain, basic for the β chain) (46), and a hexahistidine
tag. Vectors were transfected into SC2 cells, and stable
cell lines and clones were established. Soluble TCRs
were purified from culture supernatants as described
previously (47). The generation of Ag7/peptide com-
plexes has been previously reported in detail (6, 13).
The Ag7/2.5mi and Ag7/GPI molecules bear the
sequences AHHPIWARMDA and LSIALHVGFDH,
respectively. The biotinylation sequence no. 85 from
Schatz (48) follows the acidic zipper on the α chain.
Biotinylation of purified molecules was performed
according to the manufacturer’s instructions (13).
Biotinylation was measured by immunodepletion on
streptavidin-agarose beads and subsequent analysis
by SDS-PAGE and scanning. Biotinylated molecules
were tetramerized at 4°C overnight using phycoery-
thrin-labeled (PE-labeled) or APC-labeled streptavidin
(BioSource International Inc., Camarillo, California,
USA; and ProZyme Inc., San Leandro, California, USA),
with a 5:1 molar ratio of biotinylated molecules to
labeled streptavidin.

Cell preparation, cell staining, flow cytometry analysis, and
adoptive transfer. Single-cell suspensions were prepared
by mechanical disruption of the corresponding organs
in HBSS buffer, and erythrocytes were removed by lysis.
Cells were washed in FACS buffer (PBS containing 2%
FCS and 0.04% NaN3) and incubated with 0.5 mg/ml
of streptavidin and Fc block in FACS buffer for 1 hour
at room temperature. Cells were then washed once and
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stained with PE-labeled MHC/peptide tetramers at a
final concentration of 10 µg/ml in FACS buffer for 1
hour at room temperature. For costaining of surface
markers, APC–anti-CD4, FITC–anti-CD3, FITC–anti-
CD44, PerCP–anti-B220, and PerCP–anti-CD8 from
BD Pharmingen were used, as well as PE–Cy7–anti-
CD8 and PE–Texas red–anti-CD45R (B220) from Cal-
tag Laboratories Inc. (Burlingame, California, USA).
Exclusion of dead cells was done by addition of 0.1
µg/ml of Hoechst 33342 (Molecular Probes Inc.,
Eugene, Oregon, USA) or propidium iodide. Flow
cytometry was performed using a FACSCalibur instru-
ment (Becton Dickinson Immunocytometry Systems,
Mountain View, California, USA) at The Scripps
Research Institute or a MoFlo instrument (Cytomation
Inc., Fort Collins, Colorado, USA) at the Joslin Diabetes
Center, and the data were analyzed using either Cell-
Quest software (Becton Dickinson Immunocytometry
Systems) or Summit software (Cytomation Inc.). Stain-
ing of T cell hybridomas and T cell clones with MHC
tetramers was carried out in the same way. For cell
transfer experiments, NOD splenocytes were stained
the same way, sorted on a high-speed cell sorter, and
injected intravenously into 4-week-old RAGo/o/NOD
mice (with no irradiation).

Generation of T cell hybridomas. Lymphocytes were iso-
lated either from pancreatic lymph nodes (PLNs) of
naive 8-week-old NOD females or from popliteal LNs
8 days after immunization in tail and footpads with
2.5mi peptide in CFA. Cells were stimulated with con-
canavalin A for 3 days and subsequently fused with
BW5147αβ– lymphoma cells. Hybridomas were
stained with 2.5mi tetramer, and single cells were
cloned by FACS.

T cell activation assay. Ninety-six-well flat-bottomed
plates (Corning Inc., Corning, New York, USA) were
coated with serially diluted MHC/peptide complexes in
PBS overnight at 4°C and washed three times with
PBS. T cell hybridomas were washed twice in PBS,
resuspended in complete DMEM, and added at 5 × 104

cells per well in 200 µl, for 24 hours at 37°C. Alterna-
tively, hybridomas were incubated with β cell granule
membranes from β cell tumors as a source of antigen,
or with purified pancreatic islets in the presence of 
γ-irradiated NOD splenocytes as APCs. Supernatants
were harvested, and IL-2 production was determined
using the IL-2–dependent cell line NK.

Surface plasmon resonance. A Biacore 2000 instrument
(Biacore Inc., Piscataway, New Jersey, USA) was used to
determine interactions between purified MHC/peptide
complexes and TCR molecules. BDC-2.5 TCR was
immobilized by amine-coupling chemistry on a CM5
research-grade sensor chip. Surface densities for indi-
vidual experiments are indicated in Table 1. Injections
of MHC/peptide molecules at the appropriate concen-
trations were performed in filtered and degassed PBS
at a flow rate of 20 µl/min. In all experiments, Ag7/GPI
MHC molecules were used as negative control. Kd val-
ues as well as on and off rates were obtained by nonlin-

ear curve fitting of subtracted curves using the Lang-
muir 1:1 binding model with the BIAevaluation pro-
gram (version 3.0.2; Biacore Inc.) and the global-fitting
software Clamp (version 3.3) (49). The equilibrium Kd,
under steady-state conditions, was also determined
using the BIAevaluation program.

Immunocytochemistry. Immunocytochemistry was per-
formed essentially as previously described (50). Briefly,
organs of interest were removed, embedded in Tissue-
Tek OCT compound (Sakura Finetek USA Inc., Tor-
rance, California, USA), and immediately frozen on dry
ice. Sections of 6 µm thickness were cut at –16°C on a
microtome (Cryocut 1800; Reichert-Jung, Leica
Microsystems, Bannockburn, Illinois, USA). Staining
was performed at 4°C. Sections were incubated with
APC-labeled Ag7 tetramers (5 µg/ml in PBS containing
2% FCS) and a rat anti-CD4 antibody (L3T4) for 15
hours. Sections were then washed briefly with PBS and
fixed with paraformaldehyde. After 3 hours of incuba-
tion with a rabbit anti-APC antibody (Biomeda Corp.,
Foster City, California, USA), the signal was amplified
by staining with a Rhodamine Red-X–conjugated goat
anti-rat antibody and a Cy5-labeled goat anti-rabbit
antibody (Jackson ImmunoResearch Laboratories Inc.,
West Grove, Pennsylvania, USA). Insulin was detected
on paraformaldehyde-fixed sections by successive incu-
bation with a guinea pig anti-insulin antibody (DAKO
Corp., Carpinteria, California, USA) and a FITC-conju-
gated anti–guinea pig antibody. Staining was visualized
using a Bio-Rad MRC1024 laser scanning confocal
microscope (Bio-Rad, Hercules, California, USA) fitted
with a krypton/argon mixed-gas laser (excitation at 488
nm, 568 nm, and 647 nm) using a ×40 oil objective.

Results
Production of functional BDC-2.5 TCR and Ag7/2.5 mimotope
complexes. A surrogate ligand for BDC-2.5 T cells was
isolated from a chemically synthesized random-peptide
library based on its ability to stimulate BDC-2.5 T cells
(41). We hypothesized that a strong agonistic peptide
selected solely on the basis of its biological activity,
without prior regard to the affinity of the
peptide/MHC complex for the TCR, would be the opti-
mum ligand to construct MHC class II tetramers. The
peptide AHHPIWARMDA, hereafter referred to as
BDC-2.5 mimotope (2.5mi), was isolated and opti-
mized using this strategy. A fusion MHC β chain/2.5mi
peptide was engineered as previously reported (6, 13).
Similar molecules with Ag7-binding peptides from glu-
cose-6-phosphate isomerase (282LSIALHVGFDH292,
hereafter referred to as GPI) and hen-egg lysozyme
(11AMKRHGLDNYRGYSL25, hereafter referred to as
HEL) were also produced. The Ag7/GPI complex is rec-
ognized by the R28/KRN TCR (44, 51). The Ad α chain
cDNA was modified at its 3′ end to harbor an acidic
zipper sequence followed by the biotinylation sequence
no. 85 from Schatz (48) and a histidine tag (46). Puri-
fied molecules were biotinylated using the BirA enzyme
and repurified by size exclusion chromatography (Fig-
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ure 1a). Ag7/2.5mi MHC molecules were functional
when coated onto plates, stimulating BDC-2.5
hybridoma cells to secrete IL-2 (Figure 1b). Control
Ag7/GPI molecules had no such effect (but did stimu-
late the R28 hybridoma; data not shown). In parallel,
the α and β chains of the BDC-2.5 TCR were cloned by
RT-PCR from thymocytes of BDC-2.5 transgenic mice
and modified to produce zippered soluble recombi-
nant TCR (47) (Figure 1a).

The interaction between the recombinant BDC-2.5 TCR
and Ag7/2.5mi MHC molecules was measured by surface
plasmon resonance using Ag7/GPI MHC molecules as a
negative control. Association and dissociation rates were
calculated by global fitting from subtracted sensorgrams
(Figure 1c and Table 1). The calculated Kd was approxi-
mately 0.5 µM, whereas equilibrium data gave a value of
4.4 µM at 25°C. These values were relatively low compared
with those for most TCR/MHC class II agonistic-peptide
interactions (52), suggesting that the mimotope is a very
strong agonistic peptide for the BDC-2.5 TCR in the con-
text of Ag7. Measurements at 37°C showed a slight
decrease of calculated Kd to approximately 1.5 µM (data
not shown). The same MHC molecules were tetramerized
with streptavidin and tetramers purified by gel filtration.
Over a high-density surface (∼8,000 resonance units [RU])
of immobilized BDC-2.5 TCR, Ag7/GPI tetramers exhibit-
ed no binding, whereas Ag7/2.5mi tetramers showed spe-
cific binding and an increase of half-life to 22.4 hours
compared with 144 seconds for the monomers (Figure 1,
c and d). These results suggest that the interaction

between the Ag7/2.5mi tetramer and the BDC-2.5 TCR is
long lasting. The affinity of Ag7/GPI molecules for their
cognate TCR was also measured by surface plasmon res-
onance using recombinant soluble TCR and was evaluat-
ed to be approximately 1 µM (T. Stratmann and L. Teyton,
unpublished observations).

Ag7/2.5mi tetramers are specific for the BDC-2.5 TCR.
Ag7/2.5mi and Ag7/GPI molecules were then tetramer-
ized with streptavidin-phycoerythrin conjugate and the
specificity of these reagents was tested against a panel
of T cells. First, we stained T cell hybridomas for flow
cytometry. As expected, Ag7/2.5mi multimers stained
the BDC-2.5 but not the control hybridoma (Figure
2a), whereas Ag7/GPI multimers stained only R28 cells
(data not shown).

Second, we tested the original BDC-2.5 T cell clone, as
well as five other NOD-derived clones that are all spe-
cific for β cell antigens (31, 35) (Figure 2b). Ag7/2.5mi
multimers stained specifically both BDC-2.5 and BDC-
5.10 T cells, but not any of the other clones. This obser-
vation was consistent with the ability of the BDC-2.5
mimotope peptide to stimulate both these clones to
produce IFN-γ (data not shown). Finally, we tested our
reagent with primary T cells from transgenic BDC-2.5
mice or another Ag7-restricted TCR transgenic mouse,
KRN (23). The staining of naive T cells with MHC class
II multimers has been a consistent hurdle for these
reagents, and, in our hands at least, most of them failed
even though they could stain hybridomas of similar
specificity. When splenocytes from a BDC-2.5 trans-

Figure 1
Biophysical and functional characterization of Ag7/2.5mi and Ag7/GPI MHC molecules. (a) SDS-PAGE analysis of the various recombinant
MHC and TCR molecules used in this study. Molecules were purified from culture supernatants of transfected Drosophila melanogaster cells.
The peak fractions of the final size exclusion chromatography are shown. (b) Recombinant Ag7/2.5mi molecules can activate the BDC-2.5
T cell hybridoma. Ag7/2.5mi MHC monomers were coated at the indicated concentrations into 96-well plates. IL-2 production was meas-
ured from the supernatants after 24 hours of culture. (c) Surface plasmon resonance analysis of the Ag7/2.5mi MHC/BDC-2.5 TCR inter-
action. Left: BDC-2.5 TCR molecules were randomly immobilized on a CM5 chip, and Ag7/2.5mi or Ag7/GPI (negative control) MHC mole-
cules were flown over the surface. Subtracted curves are shown in blue lines, calculated curves in red. A Langmuir 1:1 binding model was
used for analysis. Concentrations of injected MHC molecules were 10 µM, 2.5 µM, 1.25 µM, and 0.625 µM. The inset shows a steady-state
analysis of the same interaction. (d) Tetramers of Ag7 with either peptide were flown over a high-density BDC-2.5 TCR surface. Unsubtract-
ed curves corresponding to a tetramer concentration of 1 µM are presented.
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genic animal were stained with Ag7/2.5mi multimers
and analyzed by FACS, 79.0% of the CD4+ T cells were
positive for the Ag7/2.5mi multimers (Figure 2c), con-
sistent with the known frequency of clonotype expres-
sion in these mice (N. Martin-Orozco, unpublished
observations). The same reagent was unable to stain T
cells from the KRN transgenic mouse used as a control
(Figure 2c). With the nontransgenic NOD control, the
staining was also largely absent, but we were intrigued
by a small, but clear, population of CD4+ T cells that
stained with the same intensity as in the BDC-2.5 trans-
genic mouse (Figure 2c).

BDC-2.5–like T cells in the NOD mouse. Several experi-
ments were performed to ascertain the relevance of the
small population of CD4+ T cells that stained with the
Ag7/2.5mi multimer (hereafter referred to as 2.5mi+ T
cells). The 2.5mi+ T cells were alive, judging from scat-
ter and vital dye exclusion, and expressed normal lev-
els of CD4 and CD3 (not shown). The staining
appeared specific, since it was not observed with con-
trol multimers loaded with GPI or HEL peptides (Fig-
ure 3a), which gave frequencies close to the back-
ground level (around 0.05% in most of our
experiments). No CD8+ T cells of similar specificity
were identified (not shown). The genetic control pro-
vided by B6 mice (Ab haplotype) showed that the
2.5mi+ T cells were indeed specific to NOD mice (Fig-
ure 3a). Dual-label experiments were also performed,
with two tetramer reagents added together. The 2.5mi+

T cells did not bind the GPI tetramer simultaneously,
arguing against nonspecific “sticking” of the reagents
(Figure 3b). To verify the responsiveness of these cells,
NOD mice were injected subcutaneously with the
mimotope peptide in adjuvant. Eight days after immu-
nization, 2.5mi+ T cells increased in frequency from

about 0.2% to 3.7% in the draining
LNs (Figure 3c), demonstrating that
the 2.5mi+ T cell population was not
anergized but responsive to anti-
genic challenge. To further demon-
strate the specificity of Ag7/2.5mi
tetramer staining, we tested the
capacity of 2.5mi+CD4+ cells to pro-
liferate in response to homeostatic
cues, after transfer into lym-
phopenic RAGo/o/NOD mice. As
shown in Figure 3d, 2.5mi+ T cells

expanded significantly in these recipients, forming a
very distinct population among LN cells 20 days after
transfer. Insulitic attack was noted in one of the recip-
ients, but not in all (data not shown), consistent with
the requirement for CD8+ cells, and conversely the
blockade by other CD4+ cells, in the development of
autoimmunity in BDC-2.5 transgenic mice (18, 36).

To more directly visualize these results, in situ stain-
ing was carried out with MHC multimers and anti-CD4
antibodies. To date, only a few reports have mentioned
using MHC class I tetramers for immunocytochemical
staining (50, 53–55), and, to our knowledge, none has
used MHC class II multimers. A technique for frozen
nonfixed tissues was developed (50), and antibody-
and tetramer-stained sections were analyzed by confo-
cal microscopy (costained with anti-CD4 to identify T

Table 1
Kinetic constants from the interaction of BDC-2.5 TCR with Ag7/2.5mi MHC complexes

Experiment kon (M–1s–1) koff (s–1) KD (nM)
1 0.8 × 104 5.1 × 10–3 650
2 1.17 × 104 5.9 × 10–3 505
3 1.07 × 104 3.5 × 10–3 330
Average ± SD 1.01 × 104 ± 0.19 × 104 4.83 × 10–3 ± 1.22 × 10–3 494 ± 160

Constants were obtained by surface plasmon resonance analysis. Surface densities of immobilized
BDC-2.5 TCR for experiments 1, 2, and 3 were 895 RU, 447 RU, and 747 RU, respectively. KD values
were calculated from the ratio of kinetic constants (koff/kon).

Figure 2
Specific recognition of 2.5mi+ T cells by Ag7/2.5mi multimers. (a)
BDC-2.5 T cell hybridoma and 19.2B T cell hybridoma (specific for
glutamic acid decarboxylase peptide 282–292) were labeled with
either Ag7/2.5mi tetramers (solid line) or Ag7/GPI tetramers (dot-
ted line). (b) Staining of T cell clones specific for β cell granule
membranes with Ag7/2.5mi tetramers. After 4 days of stimulation
in vitro with islet-membrane preparations, BDC clones were stained
with Ag7/2.5mi tetramers. (c) Inguinal LN cells from young adult
BDC-2.5/NOD, KRN, and NOD (Non-Tg) mice were stained for
CD4 and Ag7/2.5mi tetramers.
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cells). In spleen or pancreas sections from BDC-2.5
transgenic mice, clear staining with the Ag7/2.5mi mul-
timer could be identified, coincident with anti-CD4
staining (Supplemental Figure 1, http://www.jci.org/
cgi/content/full/112/6/902/DC1). In sections from
nontransgenic NOD mice, 2.5mi+ T cells were also
identified in situ by immunocytochemistry (Figure 4).
Typically, we found between one and two 2.5mi+ T cells
per T cell zone in the spleen (not shown). Interesting-
ly, they were also seen in PLNs and in islets in the infil-
trating CD4+ T cell population (Figure 4). Thus, by all
these criteria, the prediabetic NOD mouse contains in
its lymphoid organs a small but clearly identifiable
population of 2.5mi+ T cells that stains specifically
with the Ag7/2.5mi reagent, is responsive to antigenic
stimulation, and localizes to the expected organs.

Life history of the 2.5mi+ T cell population. The dynamics
of CD4+/2.5mi+ T cells were characterized further by

FACS analysis. A representative experiment is shown in
Figure 5, a and b, and compiled data are shown in Fig-
ure 5c. 2.5mi+ T cells were clearly detectable among
mature CD4+CD8–CD3hi thymocytes (Figure 5a) but
not among CD4–CD8+CD3hi cells, as might be expect-
ed. These cells colonize the peripheral lymphoid organs:
CD4+ T cells in the spleen and subcutaneous LNs also
showed clear staining above background, indicating
that 2.5mi+ T cells are exported and survive efficiently
in the peripheral immune system (indeed, expand
slightly, when thymus and LN frequencies are com-
pared; Figure 5c). This proportion increased further in
the LNs of the pancreatic group (PLNs) and among
pancreas-infiltrating cells, suggesting that they were
expanding in response to antigen. The expansion of
BDC-2.5–like CD4+ T cells in the pancreas has also been
recently observed by You and colleagues using a very
similar mimotope/Ag7 molecule to identify those cells

Figure 3
Presence of 2.5mi+ T cells in NOD mice. (a) Specific 2.5mi+CD4+ T cells were identified in subcutaneous LNs from young adult NOD but not
from B6 mice. Control stains for either Ag7/GPI or I-Ag7/HEL tetramers are shown in the lower panels. (b) Lack of cross-reactivity of Ag7/2.5mi
tetramers with nonspecific T cells. Splenocytes from a NOD mouse were stained with PE-labeled Ag7/2.5mi tetramers, followed by incuba-
tion with APC-labeled Ag7/GPI tetramers. T cells were only stained by either of the tetramers, not by both simultaneously, indicating specif-
ic recognition. (c) 2.5mi+CD4+ T cells expansion after immunization with the 2.5 mi+ peptide. Popliteal LN cells from nonimmunized and
immunized NOD mice were stained with either Ag7/2.5mi or Ag7/GPI tetramers. (d) Expansion of 2.5mi+CD4+ cells in a lymphopenic mouse
reconstituted with 2.5mi+CD4+ cells (or 2.5mi–CD4+ cells as control), sorted from splenocytes of 5-week-old NOD mice and immediately
analyzed for sort purity. Twenty thousand sorted cells were injected into RAGo/o/NOD mice. Inguinal LN cells were stained 20 days after
transfer for the presence of 2.5mi+CD4+ cells. The number of injected cells was not corrected for the presence of nonviable cells and is there-
fore likely to be overestimated. The number of 2.5mi+CD4+ cells present in the whole mouse (n) was extrapolated to a full lymphoid com-
partment from the number of 2.5mi+CD4+ cells observed in the inguinal LN by flow cytometry (taking into account multiple losses during
the staining procedures and the flow cytometry acquisition itself).
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(56). This expansion and accumulation in the PLN and
pancreas was suggestive of activation of the 2.5mi+ T cell
population by pancreatic antigens, similar to that of
BDC-2.5 transgenic mice. This was confirmed by exam-
ination of T cell activation markers in the CD4 popula-
tion and its 2.5mi+ T cell subset. As shown in Figure 5d,
an increased proportion of CD44hi cells was found
among 2.5mi+ T cells in the PLNs of young NOD mice,
mirroring BDC-2.5 transgenics. This difference was not
observed in bulk CD4+ T cells of the same mice (10% ± 2%
and 12% ± 2% of CD44hi cells in inguinal LN and PLN,
respectively). This hallmark of activation was detected,
to a lesser extent, in the neighboring superior mesen-
teric LNs, into which some drainage of the pancreas
likewise occurs, but not in the spleen or other LNs unre-
lated to the pancreas (axillary, iliac, renal, and lower
mesenteric), whereas almost no 2.5mi+ cells were detect-
ed in Peyer’s patches (data not shown). These data indi-
cate that the 2.5mi+ T cells do share the autoimmune
specificity of the BDC-2.5 clonotype.

We were curious whether the percentage of 2.5mi+ T
cells in the CD4+ T cell population increases with age in
NOD females, paralleling the development of insulitis
and diabetes. PLNs and iliac LNs were removed from ani-
mals ranging from 2 to 16 weeks of age (four animals
combined per time point), and the CD4 T cell popula-
tion was analyzed for 2.5mi+ T cells. Frequencies of
2.5mi+ T cells varied from 0.05% to 0.15% over the course
of the experiment (Figure 6). In the PLN, cells were
found as early as week 2, and their frequency increased
to peak at week 3 or 4. In the iliac LNs, 2.5mi+ cells
appeared later and climbed to a steady level from week 4
to week 16. The early wave of expansion in the PLN sug-
gests site-specific activation and is also reminiscent of
the 3- to 4-week checkpoint 1 that has been described in
the 2.5 transgenic mouse (57). The control GPI-reactive
cells remained at background level in both locations for
the entire period of the experiment (Figure 6).

To further address the islet reactivity of these T cells,
we immunized NOD female mice by injection of 2.5mi
peptide into the footpads and generated hybridomas
from T cells isolated from the draining LNs. A total of
120 hybridoma lines were generated, of which 80 were
analyzed for their reactivity to coated peptide/MHC
complexes and to free peptide in the presence of APCs,
as well as by FACS analysis for staining with 2.5mi
tetramers (Table 2, Table 3, and Figure 7a). About half
of the lines were negative in both assays. Out of 39 and
38 lines, respectively, that tested positive for either reac-

tivity toward coated peptide/MHC complexes or stain-
ing by FACS, 22 clones were positive in both assays.
With three exceptions, there was a clear positive corre-
lation between IL-2 secretion and intensity of tetramer
staining (data not shown). Of the remaining clones,
about half tested positive in the activation assay, where-
as the other half were only positive in the FACS analy-
sis. However, staining by FACS of these clones was very
low (medium fluorescence intensity [MFI] < 10 vs. 7 for
the negative control). Double-positive lines were tested
for islet reactivity. Of those clones, only one (clone
A162.7) tested clearly positive (Table 3 and Figure 7c).

However, immunization with peptide could lead to the
preferential selection of T cell specificities distinct from
the fine specificity inherent to the original BDC-2.5 clone.
To better understand the natural 2.5mi+ T cell popula-
tion, we generated another set of T cell hybridomas, from
PLNs of naive animals. One hundred fifty-three lines
were generated, and tetramer-positive cells were sorted by
FACS and cloned. Ninety-nine clones were generated in
such a way and reanalyzed by FACS for staining with the
2.5mi tetramer. Of these clones, 40 tested positive, with
MFIs ranging from 17 to 138, indicating the heterogene-
ity of these clones in terms of avidity. (MFI > 10 defined
positive clones, and MFI < 2 defined negative clones. TCR
expression was identical for all clones.) Twenty-five of
these clones were analyzed for IL-2 secretion in an activa-
tion assay using coated peptide/MHC complexes (Figure
7b). All clones positive for tetramer staining secreted

Table 2
Summary of the T cell hybridomas generated for this study from NOD female mice

Source of T cells Total lines/ Stained by Ag7/ Reactive with coated Ag7/ Tetramer+ and reactive Reactive with 
colnes analyzed 2.5mi tetramer 2.5mi moleculesA with coated MHC islets

NOD females, immunized 80 38 39 22 1B

NOD females, naive 99 40 25C 25 6D

AAg7/2.5mi molecules were coated at 1 µg/ml for these experiments. BOut of four subclones tested. COut of 25 clones tested. DOut of 14 clones tested.

Figure 4
Histological detection of 2.5mi+CD4+ T cells. In situ staining of
2.5mi+CD4+ T cells in PLNs (a and b) and pancreatic islets (c–e). 
I-Ag7/2.5mi MHC tetramer stains are shown in green (a and c). Stain-
ing with an anti-CD4 antibody is shown in red and overlaid by the
tetramer staining (b and d). Insulin staining is shown in e.
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robust amounts of IL-2 (<200,000 counts for 95% of the
clones in an NK assay, 1,500 counts for the negative con-
trol; Table 3 and data not shown). A selection of clones
(with different MFIs) was further analyzed for their reac-
tivity toward peptide and islets in the presence of APCs
(Figure 7b and Tables 2 and 3). Most of the clones
responded toward the peptide, though some of them
with a much lower functional avidity than others (IC50

ranging from 0.0003 to >10 µg/ml). We analyzed 14
clones for their reactivity to islets. Six of these clones
showed reproducibly various degrees of IL-2 production
(between 8% and 38% compared with BDC-2.5; Table 3
and Figure 7) as compared two five negative clones
included in each experiment (a representative clone, A64,
is shown in Table 3 and Figure 7). The Vβ TCR usage of
the various clones, analyzed by FACS (Table 2 and Table
3), was as diverse as the staining and reactivity toward
peptide, pMHC, and islet antigen.

The fact that some of these clones reacted to both
peptide and islet antigen indicated strongly that the
cross-reactivity between the 2.5mi peptide and a pan-
creatic antigen extended beyond the sole BDC-2.5 T cell
to other 2.5mi-reactive T cells. These results confirmed
a previous observation on the cross-reactivity of six
islet-reactive, diabetogenic T cell clones with the same
or similar mimotopes (41). As for the hybridomas,
these clones were heterogeneous in terms of Vα/Vβ

usage and dose-response curves. They also indicate that
the anti–2.5 antigen CD4+ T cell response is diverse in
terms of repertoire and range of functional avidity.

2.5mi+ T cells are present in H-2g7 mice with diabetes-resist-
ant genetic backgrounds. What is required for the selection
of 2.5mi+ T cells? Do they represent defective negative
selection, imparted by the diabetes-susceptibility alleles
of the NOD background (15), or do they only require
the presence of the Ag7 molecule for their selection? To
test the relative contribution of MHC and background
genes, we analyzed B6.H2g7 and NOR, two congenic
strains that carry the same H-2g7 MHC haplotype as the
NOD mouse but differ in other background loci. Both
are fully resistant to diabetes. The 2.5mi+CD4+ T cells
were easily detectable in lymphoid organs of these con-
genic mice. Their tissue distribution (Figure 8a) and
numbers (Figure 8b) were very comparable in the three
H-2g7 strains. Although frequencies in NOR mice tend-
ed to be slightly lower, the peripheral expansion in PLNs
was always present, and, upon immunization, the
expansion of 2.5mi+ cells was as important as the one
seen on the NOD background (Supplemental Figure 2,
http://www.jci.org/cgi/content/full/112/6/902/DC1).
Furthermore, signs of antigen-specific activation were
also present in the congenic mice: the increased fre-
quency in PLNs (Figure 8b), and the increased frequen-
cy of CD44hi cells in the PLN (more pronounced in the

Figure 5
T cells with the 2.5mi+ reactivity are positively selected in the thymus and expand in the periphery. (a and b) Thymocytes, splenocytes,
inguinal LNs (ILNs), PLNs, and infiltrated pancreatic T cells were stained for CD4, CD8, CD3, and Ag7/2.5mi tetramer. The percentage
of Ag7/2.5mi+CD4+CD3hi T cells was electronically calculated from the rectangle gate of each profile. (c) 2.5mi+CD4+ T cells expand in
the periphery after leaving the thymus, and they accumulate in the PLNs. Average values represent independent experiments for seven
mice analyzed. (d) Specific activation of 2.5mi+CD4+ T cells in PLNs. ILNs, PLNs, or superior mesenteric LNs (MLNs) from BDC-2.5 trans-
genic (Tg) mice (open squares) or from groups of 3-week-old (diamonds) or 4-week-old or older NOD mice (triangles) were costained
with Ag7/2.5mi tetramers and anti-CD44.
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B6.H2g7 animals) (Figure 8c). Again, the B6 mice used as
a control showed no such populations. As for NOD
mice, 2.5mi+ T cells expanded after peptide immuniza-
tion with the 2.5 mimotope in NOR mice, arguing
against anergy of this cell population in a diabetes-
resistant background (Supplemental Figure 2,
http://www.jci.org/cgi/content/full/112/6/902/DC1).

These observations allow three key conclusions: (a)
MHC alleles of the H-2g7 haplotype are necessary and
sufficient for the selection of the 2.5mi+ T cells; (b) neg-
ative selection of 2.5mi+ T cells is identical in suscepti-
ble or resistant mice; and (c) 2.5mi+ T cells are activat-
ed in pancreas-draining LNs regardless of the genetic
background and diabetic status of the mouse.

Discussion
The MHC multimer reagent, with its highly efficient
binding to the BDC-2.5 TCR, offers a glimpse of the
development of a “normal” repertoire of T cells reactive
against a peripheral antigen.

One question must be addressed at the outset. The
BDC-2.5 TCR confers reactivity to a uniquely pancreat-
ic antigen and cross-reacts with the AHHPIWARMDA
mimotope analog. The 2.5mi+ population of CD4+ T
cells binds the mimotope, but does that necessarily
imply that it recognizes the original BDC-2.5 pancreat-
ic antigen? This was not a foregone conclusion, as T
cells are broadly cross-reactive but T cells of identical
specificity need not share cross-reactive recognition
(58). Here, the phenotype of 2.5mi+ T cells in the PLN
provides a decisive clue: activation of a substantial pro-
portion of the cells is seen quite exclusively in the PLN.
We and others (57, 59) have shown that activation of
pancreas-specific transgenic TCRs occurs solely in the
draining PLN. That a substantial proportion of the
2.5mi+ T cells is also specifically activated in that LN
shows these to be also reactive to a pancreas-specific
antigen, and thus most likely to the BDC-2.5 antigen
itself. We further confirmed this hypothesis by charac-

terizing a series of tetramer-positive T cell hybridomas.
All the cells that we tested were reactive toward the 2.5
peptide, the recombinant peptide/MHC molecules, and
pancreatic islets cells, confirming the cross-reactivity
between the mimotope peptide and the islet antigen
seen in BDC-2.5. This cross-reactivity had been previ-
ously established by characterization of mimotopes for
six diabetogenic T cell clones isolated in two separate
laboratories (41). All clones reacted against mimotopes
retaining the central P5 tryptophan residues and com-
mon P6–P9 segments. Optimization of reactivity was
achieved by changing of P2 and P3 residues. All six
clones had different Vα/Vβ pairing, and three of them
were activated by the mimotope that we used in the
present study. The BDC-2.5 mimotope published by
Judkowski et al. (40) shares the same characteristics
(similar P5–P9 segment, variation at P2 and P3) and was
shown to be cross-reactive with our mimotope by induc-
tion of a similar 2.5mi+ cell expansion after immuniza-
tion (data not shown). The relative variability of the 
N-terminal part of the mimotope suggests that the
2.5mi+ population will be more variable in its Vα usage
than in its Vβ usage. This assumption is supported by
the initial TCR usage characterization that we have

Table 3
Characterization of selected 2.5mi+ T cell hybridomas isolated from naive and peptide-immunized NOD females

HybridomaA Coated Ag7/2.5mi (ml)B 2.5mi peptide (ml)C Islet PositiveB MFI of Ag7/2.5mi tetramer stainingD Vb
BDC-2.5 +++++ 0.002 100% 52 4
C87 ++ >1 21% 138 11
A162.7 +++++ >1 20% 25 14
C36 ++++ 0.3 8% 25 14
C26 +++++ 0.0006 25% 25 NDE

C42 +++++ 0.0003 38% 17 NDE

C1 +++++ >10 9% 56 NDE

C33 +++++ >10 12% 57 NDE

A64 0 0 0% 7 NDE

AHybridomas isolated from naive NOD females. Hybridomas whose names begin with “A” were isolated from NOD females after 2.5mi peptide immu-
nization. B+, 0–20%; ++, 20–40%; +++, 40–60%; ++++, 60–80%; +++++, 80–100% of IL-2 production as compared with that of BDC-2.5 hybridoma. To test
for islet reactivity, hybridomas were incubated in triplicate with irradiated APCs in the absence or presence of dissociated pancreatic islets for 24 hours in
three independent experiments, and the cell supernatants were tested for IL-2 by NK cell assay. For each experiment, BDC-2.5 was used as positive control
and reference. The percentage of islet reactivity relative to BDC-2.5 was calculated after subtraction of values from the non-islet control obtained from
each individual hybridoma. CConcentration of 2.5mi peptide to reach 50% of activation. DMFIs for hybridomas not stained by the tetramer ranged from 2
to 2.5. END, not determined; hybridomas did not stain with either of the Vβ-specific antibodies used in this analysis (see Methods). The table compiles
data from three independent experiments.

Figure 6
Time course analysis of 2.5mi+ T cells in naive NOD females. PLNs
and iliac LNs (ILLNs) were removed and analyzed for 2.5mi+ T cells
at the indicated ages. Harvested lymphocytes were pooled from four
animals before analysis.
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done on the 2.5mi+ population (Supplemental Figure 3,
http://www.jci.org/cgi/content/full/112/6/902/DC1).
Altogether, these data strongly suggest that BDC-2.5
and 2.5mi+ T cells indeed recognize a common antigen,
and that the usage of mimotope is warranted for the
identification of T cell populations.

That T cells with an autoimmune specificity can exist
in a healthy individual has been observed previously
(43, 60). On the other hand, the very number of these
2.5mi+ T cells was the first surprise. Even if more recent
sequencing reports (61) have downgraded the size of
the effective T cell repertoire from the 1013 originally

predicted (62), the combinatorial arrangements that
can make up a repertoire are such that one would not
have expected nearly 0.5% of CD4+ cells to bind a single
MHC/peptide complex. Indeed, for other tetramer
analyses, the precursor frequency in the naive repertoire
was considerably lower, often not detectable but esti-
mated to be in the range of 1 or fewer in 20,000 (27,
63–66). The frequency is already high at the outcome
of thymic selection (0.18% on average) and is reflected
in the naive cells of peripheral LNs (0.25% on average).
In the present instance, the overrepresentation is not
due to any particular Vα/Vβ combination, as the αβ

Figure 7
Reactivity of 2.5mi+ T cell hybridomas to 2.5mi peptide and pancreatic islet cells. T cell hybridoma clones obtained from NOD females after
immunization with 2.5mi peptide (a and c) or from naive animals (b and c) were incubated in the presence of APCs with increasing concentra-
tions of 2.5mi peptide (a and b) or pancreatic islet cells (c), and their IL-2 response was measured by incorporation of 3H-thymidine during an
NK cell proliferation assay. Clone numbers were as follows: (a) A42, open squares; A162.7, filled circles; A202.2, filled squares; A64, open dia-
monds; A129, filled triangles; A129, filled diamonds; A72, open upward-pointing triangles; A86, open circles; and A166, open downward-
pointing triangles; (b) C26, open squares; C20, open circles; C33, filled upward-pointing triangles; C87, filled circles; BDC-2.5, filled squares;
C36, open upward-pointing triangles; C1, filled downward-pointing triangles; C26, open downward-pointing triangles.

Figure 8
Ag7 is sufficient to select 2.5mi+CD4+ T cells. (a) Thymocytes, inguinal LNs (ILNs), and PLNs from young adult NOD mice, NOR mice,
C57BL/6 mice congenic for H-2g7 (B6.H2g7), and C57BL/6 (B6) mice were stained for CD4, CD8, CD3, and Ag7/2.5mi tetramer. The per-
centage of Ag7/2.5mi+CD4+CD3hi T cells was electronically calculated from the rectangle gate of each profile. (b) 2.5mi+ T cells accumulate
in PLNs of mice that do not get insulitis or diabetes but share Ag7. Average representation (percent) of 2.5mi+CD4+ T cells from NOD, NOR,
and B6.H2g7 mice (five to seven mice per group) was measured in four independent experiments. (c) 2.5mi+ T cells are activated in PLNs of
mice that do not get insulitis or diabetes but share Ag7. The percentage of CD44hiCD4+Ag7/2.5mi+ T cells in ILNs, PLNs, and MLNs of NOD,
NOR, and B6.H2g7 mice (five to seven mice per group) was measured in four independent experiments.
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composition of the 2.5mi+ T cell repertoire is broad (T.
Stratmann, unpublished observations). The overrepre-
sentation is also reminiscent of “canonical” TCRs that
dominate the response to particular antigens (67),
which have been suggested to correspond to selection
and maintenance on particular MHC/peptide combi-
nations. The peculiarity, in the case of the 2.5mi+ T cell
population, is that this overrepresented specificity cor-
responds to an autoimmune clonotype. One might
hypothesize that the mimotope yields a “promiscuous”
surface, able to bind a variety of TCRs.

From a practical standpoint, the present observation
could also mean that the prediction or early detection
of diabetes based on the identification of antigen-spe-
cific T cells in at-risk patients will be difficult. If, as for
the 2.5mi+ specificity, frequencies are roughly the same
in peripheral lymphoid organs of at-risk and healthy
individuals (the human counterparts of high-risk
NOD and resistant B6.H2g7 mice), the sheer number of
islet-reactive T cells in blood or nonpancreatic LNs may
not be a good indicator of disease activity. This would
be consistent with the difficulty in reproducibly dis-
tinguishing patients from controls in antigen-specific
proliferation assays.

The most far-reaching conclusion that can be
drawn from the present study is that the diabetes-
susceptible H-2g7 MHC haplotype, not the back-
ground genes, determines the selection of this
autoimmune repertoire. Several lines of evidence
have suggested that the genetic composition of the
NOD mouse favors inefficient central tolerance, lead-
ing to the emergence of an autoimmune repertoire
(14, 15). This is clearly not the case for this specifici-
ty, as the 2.5mi+ T cells share similar frequencies of
thymic selection and peripheral representation on
the NOD, B6, or NOR background. Only H-2g7 is
required. On nonsusceptible B6 and NOR back-
grounds, 2.5mi+ T cells are fully reactive, as shown by
their specific activation in the PLN (Figure 8) or by
peptide-injection experiments (not shown).

But then why are NOR or B6.H2g7 mice not
insulitic and diabetic? Where do background genes
come into play to control diabetogenesis? Clearly,
these strains can select an autoreactive repertoire of
competent 2.5mi+ T cells. We cannot rule out fine
affinity differences in NOD versus other back-
grounds, but the cells do appear similar in numbers,
staining intensity, activation potential, and reper-
toire bias. Further, they are activated in the PLN in all
strains, indicating that their presence and activation
there is not pathogenic by itself. The implication is
that NOD background genes are peculiar in how they
allow the consequence of autoimmune selection and
activation to play out after autoantigen recognition:
subtle phenotypic differences imparted by APCs,
which allow the activated T cells to become fully
aggressive; differences in regulatory T cell popula-
tions that control the initial response; differences in
tissue infiltration. That NOD background alleles

play a role by perturbing secondary immunoregula-
tion has been proposed previously (3, 17, 43), and the
notion is consistent with the fact that the recognized
idd regions contain immunoregulatory loci: the co-
stimulation complex on chr1, and the IL-2 locus (10).

Indeed, the present observations with 2.5mi+ T cells
reproduce, to a striking extent, the behavior of the T
cells in the original BDC-2.5 transgenic mice: robust
positive selection in the thymus unencumbered by any
signs of negative selection, export to the periphery in
large numbers, and PLN-specific activation, all occur-
ring with a similar independence from background
genes (18, 43, 57). The present observations thus rein-
force the validity of the transgenic system in analyzing
immunoregulatory pathways. There is one apparent
paradox: while BDC-2.5/B6.H2g7 transgenic mice
progress to diabetes quite readily (in fact more effi-
ciently than mice on the NOD background) (43),
B6.H2g7 mice never do. If they share, at least in part, the
same specificity as BDC-2.5 cells, why do 2.5mi+ T cells
not generate disease? The difference likely resides in the
sheer numbers of clonotype-positive cells in the trans-
genic mouse, where allelic exclusion strongly limits the
number of regulatory cells. Accordingly, the aggression
of diabetes in the transgenic mouse is correlated with
the number of nonclonotypic cells and is far greater if
the mouse is crossed onto a RAG-deficient background
(36). Here again, the difference between pathogenicity
and nonpathogenicity may lie in the regulatory envi-
ronment, rather than in autoimmune cells themselves.

MHC haplotypes that confer susceptibility to par-
ticular autoimmune diseases can be thought of in
two different ways. First, they may favor an autoim-
mune repertoire by inefficient negative selection of
unwanted specificities; because of poor or promiscu-
ous binding of self-peptides imparted by the unusu-
al structure of MHC-II molecules devoid of an Asp
residue at β-57, specificities that are normally nega-
tively selected would appear in the repertoire (12, 68,
69). On the other hand, one can also imagine that
susceptible alleles play their role by positively selecting
a repertoire reactive against a particular self-antigen.
The binding of the similar immunodominant epi-
topes of islet antigens by Ag7 and DQ8 argues in favor
of such a view (70, 71). Indeed, the DQ8 molecule can
positively select the BDC-2.5 transgenic TCR (72).
Here, the 2.5mi+ T cells are selected in high numbers
in the thymus, in a manner solely dependent on the
susceptible MHC haplotype. Of course, we cannot
rule out that H-2b molecules select a parallel, 
Ab-restricted population that recognizes the same
antigen. Yet it is striking that the diabetes-suscepti-
ble H-2g7 haplotype can select such an abundant
repertoire reactive to pancreatic self. MHC-II mole-
cules were first identified by their capacity, as
immune response genes, to present defined foreign
antigens and allow the selection of a repertoire that
can recognize them (73). Some alleles may selectively
bring forth a repertoire targeted to self.
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