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Summary

Background Allergic individuals respond to only a few specific antigens, therefore allergic diseases
are characterized by antigen specificity. Clarification of the mechanism of antigen specificity will lead
to progress in the therapy of allergic diseases.

Objectives The purpose of this study is to determine the specific association among T cell epitopes,
antigen-presenting molecules and T cell receptor (TCR), and to determine the TCR usage in the
pathogenesis of allergies using antigen-specific T cell clones (TCCs). The results can clarify the
mechanism of the antigen specificity of allergic diseases, and provide new therapeutic possibilities
using analogue peptides.

Methods Short-term T cell clones specific to B-lactoglobulin (BLG) were established from periph-
eral blood mononuclear cells (PBMCs) collected from five patients allergic to cow’s milk. We then
identified the T cell epitopes and antigen-presenting molecules, and examined TCR usage. We also
determined the sequence of the TCR-complementarity-determining region 3 (CDR3).

Results Six TCCs established from the five patients recognized three different peptides, and
BLGpP97-117 was recognized by four of the six TCCs. BLGp101-112 (KYLLFCMENSAE) was
the core sequence in the fragment. Sequence analysis of TCR by the RT-PCR method revealed a
marked heterogeneity in TCR usage, and similar amino acid sequences were recognized in the CDR3
region. Four of the six TCCs recognized BLG in association with human leucocyte antigen (HLA)-
DRBI1*0405 as antigen-presenting molecules.

Conclusion We proposed the motif of the interaction between the HLA-DRB1*0405 allele and
antigen peptide, and suggested that HLA-DRB1*0405 is an immunoregulatory gene product for T
cell responses to BLG.
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Introduction

Antigen specificity is one of the most important features in
allergic diseases. At the molecular level, interaction among the
human leucocyte antigen (HLA), a peptide and the T cell recep-
tor (TCR) is the first step to antigen recognition, and these
molecules determine the onset of the disease. Exogenous anti-
gens are engulfed and processed by endosomal proteases into
peptides in antigen-presenting cells (APCs), which are then
presented to T cells by the appropriate HLA class II molecules
present on the cell surface. The CD4™ T helper cells are acti-
vated upon recognition of these peptide-HLA complexes by
TCR molecules and exert effector functions through various
biological activities of the secreted lymphokines. T cell epitopes
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of several major allergens have been reported [1-10]. Although
little information has been reported on T cell epitopes that
recognize food antigens, we identified T cell epitopes and anti-
gen-presenting molecules recognized by T cells from patients
withcow’smilk allergy[11]. The T cellepitopes presented by HLA
are recognized by TCR, then complementarity-determining
region 3 (CDR3) interacts directly with the peptide as deter-
mined by structural analysis [12]. In the case of birch pollen
allergy, studies of Bet v1-specific T cell clones (TCCs) revealed a
marked heterogeneity in TCR Vaand VP genesusage [13,14]. In
another paper, it was reported that the peribronchial lymph
node of ovalbumin-sensitized mice has an increased number of
OVA-reactive T cells expressing VB8.1/8.2 [15]. To identify T
cell epitopes of B-lactoglobulin (BLG), antigen-presenting
HLA class II molecules, TCR usage, and CDR3 sequence, we
established six BLG-specific T cell clones from five patients with
cow’s milk allergy.

© 2002 Blackwell Science Ltd



Materials and methods

Subjects

Five patients with cow’s milk allergy were studied, and the
diagnosis of allergy to cow’s milk was based on clinical symp-
toms, challenge test and positive CAP system results for reactiv-
ity to cow’s milk and BLG, or an increased antigen-specific
lymphocyte proliferative response (LPR). The control group is
composed of 33 individuals who are not allergic to cow’s milk.

BLG-specific lymphocyte proliferative responses

BLG-specific LPR were determined as described previously
[16]. Blood samples were mixed with preservative-free heparin
and were separated by gradient centrifugation using Ficoll-
Paque (Pharmacia, Uppsala, Sweden). Peripheral blood mono-
nuclear cells (PBMCs) were harvested from the interface and
washed three times in PBS. PBMCs were cultured at 10°/mL of
the RPMI1640 culture medium supplemented with 10% pooled
AB* serum, 10mM N-2-hydroxyethyl-piperazine-N’-ethane-
sulphonic acid, 2mMm L-glutamine, 100 ITU/mL penicillin, and
100 pg/mL streptomycin. Cultures were grown in triplicate at
0.2 mL per well in round-bottomed microtest plates (A/S Nunc,
Roskilde, Denmark) with or without various concentrations of
a crude BLG antigen (Sigma Chemical Co., St Louis, MO,
USA) at 37°C in a humidified atmosphere of 5% CO, for 4
days. The BLG protein was used at a final concentration of
25 ng/mL. The amount of DNA synthesized was measured by
adding 0.5 uCi[*H] thymidine (specific activity: 43 Ci/mmoL,
Amersham, Tokyo, Japan) per well of the microtest plates 4 h
before harvesting using glass fibre filters. The amount of [*H]
incorporated was measured by liquid scintillation counting, and
the results were expressed as the mean of triplicate cultures.
To compare responses between individuals, we expressed the
results as the stimulation index (SI):

SI =mean CPM in cultures stimulated with BLG/mean CPM

in unstimulated cultures.

The specificity of proliferative responses of PBMCs to each
BLG peptide was previously confirmed in children with atopic
dermatitis [17].

Synthesis of BLG-derived peptides

Peptides were synthesized corresponding to the amino acid
sequence of BLG reported previously [18], using a solid-phase
simultaneous multiple peptide synthesizer PSSM-8 (Shimadzu,
Kyoto, Japan), based on the Fmoc strategy. Peptides of 12-21
amino acid residues overlapped each other by 11 residues as
described previously [11], and corresponded to the entire se-
quence of BLG (genetic variant of A). All peptides were purified
by C18 reverse-phase HPLC (Millipore Waters, Milford, MA,
USA).

Generation of antigen-specific T cell lines and clones

T cell lines were generated by stimulating PBMCs (1.5 x 10%/
well) with a mixture of 22 synthetic BLG-derived peptides at
a final concentration of 0.1 um each in the RPMI 1640
medium (Gibco, Grand Island, NY, USA) supplemented with
2mMm L-glutamine, 100 units/mL penicillin, 100 pg/mL strep-
tomycin, and 10% pooled, heat-inactivated normal human
male plasma in 96-well flat-bottomed culture plates (Falcon,
Becton Dickinson, Lincoln Park, NJ, USA). After 7-10 days,
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irradiated (3000cGy) autologous PBMCs (1.5 x 10%/well)
pulsed with the BLG-derived peptide mixture (1 um each for
5h), human rIL-2 (50 U/mL), and human rIL-4 (10 U/mL) were
added only to culture wells containing T cell blasts, which were
maintained for another 7 days. Aliquots of cultures were com-
bined as a bulk T cell line for each patient, and reactivity against
the overlapping peptides was determined. Cloning was carried
out using Terasaki plates (Nunc), by a limiting dilution at 0.3
cell per well in the presence of irradiated (3000 cGy) autologous
PBMCs (3 x 10%well) pulsed with the BLG-derived peptide
mixture (1um), human rIL-2 (50 U/mL), and human rIL-4
(10 U/mL) in the same medium described above. Growing mi-
crocultures (approximately 5% of all culture wells) were then
expanded at weekly intervals, first in a 96-well plate, and then in
a 24-well plate by feeding irradiated feeder cells (1.5 x 10%/well)
pulsed with the BLG-derived peptide mixture (1pum) in the
presence of rIL-2 and rIL-4.

Antigen-induced proliferative responses of T cells

Antigen-induced proliferation of the T cell lines was assayed
by culturing the T cells (3 x 10%well) in 96-well flat-bottomed
culture plates in the presence of the soluble BLG-derived
peptide mixture (1 pm each), appropriate overlapping peptides
(1um), or BLG protein (25 or 50pg/mL) and 3000cGy-
irradiated autologous PBMCs (1.5 x 10%well). Cells were
cultured for 72h, in the presence of 1uCi/well of [°’H] TdR
during the final 16-h period, and the incorporated radioactivity
was measured by liquid scintillation counting. To determine
restriction molecules for antigen presentation, the T cell lines
were cultured with irradiated autologous PBMCs, with or with-
out anti-HLA class II monoclonal antibodies (mAbs) HU-4
(anti-HLA-DRB1 + DRBS5 1gG2a, monomorphic) [19,20],
L243 (anti-HLA-DRBI + DRB4 IgG2a, monomorphic, re-
activity to DRB3 and DRBS5 yet to be determined) [21],
HU-11 (anti-HLA-DQ4+ DQ5+DQ6 IgG2a) [22], HU-18
(anti-HLA-DQ7 4+ DQ8 + DQ9 1gG2a) [23], HU-46 (anti-
HLA-DQ4 IgG2a) [22], and B7/21 (anti-HLA-DP IgGl,
monomorphic) [24]. The percentage inhibition was calculated
using the following formula: [1 - (value obtained with a peptide
and a mAb-that with the medium alone)/(value obtained
with a peptide and without a mAb -that with the medium
alone)] x 100. Other experiments were performed using
PBMC:s of two donors: one haplotype-shared donor and one
donor with irrelevant HLA haplotypes as APCs. In this
experiment, allogeneic PBMCs (3 x 10°/well) were cultured in
plates with peptides (1 pm each) in the culture medium for 2 h at
37° C, then, excess peptides and non-adherent cells were re-
moved by gently washing the plates three times with the
RPMI 1640 medium containing 3% human serum. The
remaining adherent cells were irradiated at 3000 cGy and used
as APCs.

HLA typing

HLA class II (DR and DQ) alleles were determined by hy-
bridization of HLA-DR and -DQ genes amplified by
polymerase chain reaction using sequence-specific oligonucleo-
tide probes distributed during the 11th International Histo-
compatibility Workshop, as described elsewhere [1]. The
nomenclature of the HLA-DR and -DQ alleles was according
to the WHO Nomenclature Committee for factors of the HLA
system [25].
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Epitope mapping of BLG-specific TCCs

To determine the T cell activation-inducing epitopes that are
recognized by TCCs, the T cells were screened for reactivity
with 22 short overlapping peptides. Next, the peptide recog-
nized by most BLG-specific TCCs was fragmented into C1-C9
(Fig. 1a). One to nine amino acids were excised from the N and
C termini of that peptide.

First-strand cDNA synthesis and PCR amplification

The total RNA of TCCs was isolated from 1 x 10° cells by the
single-step guanidinium-phenol-chloroform extraction method
[26]. Single-stranded cDNA synthesis was carried out using
1.2-1.8 pug of total RNA with oligo(dT) and avian myeloblas-
tosis virus reverse transcriptase. TCRa and TCR 3 cDNAs were
directly subjected to DNA amplification by polymerase chain
reaction (PCR) using Amplita DNA polymerase (Perkin Elmer,
Norwalk, CT, USA) with oligonucleotide primers complemen-
tary to TCR V and C region sequences [27] at a final concen-
tration of 0.25 uM. Reaction mixtures were incubated in a DNA
thermal cycler (Perkin Elmer) under the following conditions:
denaturation at 93 °C for 1 min, annealing at 55 °C for 30 s and
extension at 72°C for 1 min, with a further 5-s extension after
each cycle.

Cloning and sequence analysis of TCRx and TCRf chains

The PCR reaction products were cloned into the TA cloning
vector pCR II ™ (Invitrogen Corporation, San Diego, CA,

USA) and sequenced by the enzymatic chain termination
method [28], using a sequence version 2.0 kit (United States Bio-
chemical Corporation, Cleveland, OH, USA). For each of the
TCRo and TCR chains studied, three independent pCR 1™
cloning vectors were sequenced to identify possible sequence
errors caused by nucleotide misincorporation by the Taq poly-
merase. Sequences were compared with gene data bank entries
(GenBank, Los Alamos, NM, USA; EMBL, Heidelberg, Ger-
many) and assigned to available published TCR V and J seg-
ments [29-32]. Virtually all TCRV transcripts have the amino
acid sequence Y-(L/F)-C-A (a chain) or Y-(L/F)-C-A with two
additional serine residues in most cases (B chain) at the 3’ end of
the V gene segment and the motif F-G-X-G-T within the J
segment [33]. The CDR3 length was taken as the number of
amino acids between the last germline-encoded residue of the V
segment and the conserved phenylalanine residue.

Results

T cell clones

The six BLG-specific T cell clones (HA3.1, HAS.7, IR1.9,
AHi5, PK9.3, YA4) were established from PBMCs of five pa-
tients with cow’s milk allergy. Patient HA had shown an imme-
diate hypersensitivity type of symptoms such as systemic
urticaria, which occurred within 30 min after the antigen chal-
lenge (Table 1). Patients IR, AHi and PK had shown symptoms

(a) AHi5 PK9.3 YA4 (b)
[3H]-TdR incorporation (A cpm X 103)
BLGp97-117  °7 PDYKKYLLFCMENSAEPEQSL'!’
c1 TDYKKYLLFCMENSAEPEQ
c2 TDYKKYLLFCMENSAE
c3 TDYKKYLLFCMENS
ca TDYKKYLLFCME
ce YKKYLLFCMENSAEPEQSL
c7 KYLLFCMENSAEPEQSL
c8 LLFCMENSAEPEQSL i i
co FCMENSAEPEQSL . . . | . .
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Fig. 1. Epitope mapping of BLG-specific TCCs. (a) The BLG-specific TCCs (1-3 x 10*/well) were incubated with synthetic peptides (1 pmol/mL) in the
presence of autologous PBMCs (1.5 x 1oslwell). Peptides truncated from the N or C terminal were used in this assay. Reactivity pattern of BLG-specific
TCCs that react with BLGp17 :97-117. All TCCs that reacted with BLGp17 recognized the same region (p101-112: KYLLFCMENSAE). Values shown
represent A c.p.m. values of triplicate cultures. Standard deviations are indicated by error bars. (b) Space filling model of BLG with the minimal T cell
epitope (cyan).

Table 1. Profile of the patients

CAP (Ua/mL)

Age Total IgE LPR*
Patient (years) Sex Symptom Food challenge (lU/mL) Milk BLG (Sht
HA 1 F Urticaria Positive 249 23 1.5 NDi
IR 3 M Eczema Positive 177.2 0.51 0.42 35.1
AHi 31 F Eczema Positive 41.4 < 0.34 <0.34 3.3
PK 52 M Eczema Positive 260 < 0.34 <0.34 29
YA 2 F Eczema Positive 1136.8 94 55.4 1.29

*Lymphocyte proliferative responses. tStimulation index. {Not done.
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such as systemic eczema, which occurred more than 24 h after
the antigen challenge. Patient YA had shown the immediate
hypersensitivity type of symptoms of systemic rash and itching,
as well as the symptom of systemic eczema, which occurred
more than 24 h after the antigen challenge.

HLA class Il alleles involved in antigen presentation to BLG-
specific TCRs

Using the mAbs, we define the restriction element of BLG-
specific TCCs (Fig. 2). HLA class IT (DR, DQ) alleles of all
the subjects from whom we could established BLG-specific
TCCs in this study are shown in Table 2. Four (HA3.1,
HAS.7, AHiS5, YA4) of the six TCCs required HLA
DRB1*0405 as the antigen-presenting molecule during prolifer-
ation in the presence of the antigen, and three of these TCCs
recognized BLGp97-117 (Table 3).

T cell clones and epitope mapping of BLG-specific TCCs

Six TCCs derived from five individuals allergic to cow’s milk
were included in this study. All clones exhibited the helper T cell
phenotype (CD3", CD4") and expressed the o TCR (data not
shown). All TCCs proliferated in the presence of only one
fragment of all peptides, namely, BLGp30-47, BLGp97-117
and BLGp142-162. Four (HAS.7, AHi5, PK9.3 and YA4) of
the six TCCs recognized BLGp97-117 (TDYKKYLLFC-
MENSAEPEQSL). This fragment formed B sheet (Fig. 1b)
[34], and was regarded as a major T cell epitope among the
five patients studied. To define the minimal T cell activation-
inducing epitope, we compared proliferative responses of
TCCs using peptides of BLGp97-117 truncated into fragments
from N and C termini (Fig. 1a). Figure 1(a) shows patterns of
TCC reactivity to truncated peptides of BLGp97-117. Three
TCCs (AHi5, PK9.3, YA4) which recognized BLGp97-117
did not proliferate when stimulated with C3, C4, C8 and C9,
indicating that they recognized BLGpl01-112 (KYLLF-
CMENSAE).

TCR o and TCRp chain analysis of epitope-specific TCCs

Sequence analysis showed a marked heterogeneity of TCRVa
and TCRVp gene usage by the BLG-specific TCCs like our
recent report of heterogeneous usage of BLG-specific TCCs
[10] (Figs 3a and b). HAS.7, AHi5, PK9.3 and Y A4 were specific
to the same epitope (BLGp97-117), but had different V and J
gene segments. Interestingly, HA3.1 and HAS.7 were cloned
from the same patient, but these clones had different VB and J3
gene segments. In the o-chain, these TCCs had the same Jo
segment gene (Ja13), but different Vo gene segments.

Comparison of CDR3 loops of TCRs

CDR3a The six CDR3a loops had lengths varying between
nine to 13 amino acid residues, and all loops contained a posi-
tively charged amino acid (Fig. 3a). In addition, five of them
shared ‘QKV’, ‘NKF’ or ‘NKL’. These sequences are composed
of an amide-bearing residue, a positively charged residue and a
hydrophobic residue, and YA4 also have ‘NDM’ that is closely
similar to these sequences. Moreover, the N-terminus of these
characteristic amino acids of CDR3 loops is rich in glycine.

CDR3p Six CDR3p regions had lengths varying between
eight and 15 residues, and five of them (HA3.1, HAS.3, IR1.9,

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:762-770
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AHi5, PK9.3) contained a positively charged residue ‘R’, ‘Q’ or
‘K’. All CDR3ps contained an amide-bearing residue ‘Q’ or‘'N’,
and an OH-group-bearing residue Y’ or ‘T’ (Fig. 3b). HA3.1,
AHiS and PK9.3 shared ‘EQY’, composed of a negatively
charged ‘E’, an amide-bearing residue and a positively charged
‘Q’, and a hydrophobic ‘Y’. The other three CDR3f loops did
not share these sequences, but contained a similar amino acid
group.

HLA-DRBT allele in the patients with cow’s milk allergy

Table 4a shows the comparison of frequency of the HLA-
DRB1*0405 allele between the control group and cow’s milk
allergy group. The frequency in the cow’s milk allergy group
was higher than that in the control group, but there was no
significant difference (P =0.1087 >0.05) between the two
groups. Among the patients with cow’s milk allergy from
whom we could establish the BLG-specific TCCs, 71.4% of the
subjects had the HLA-DRB1*0405 allele (Table 4b). However,
only 7.7% of the patients from whom we could not establish
BLG-specific TCCs had the HLA-DRB1*0405 allele. There
was a significant difference (P=0.0065<0.05) between the
two groups, indicating that the HLA-DRB1*0405 allele is
highly involved in BLG recognition.

Discussion

This study was designed to investigate the mechanism of anti-
gen specificity in allergic diseases. We analysed the TCR usage
and its CDR3 sequence in CD4" T cells of patients allergic to
the major cow’s milk allergen BLG, in order to evaluate the
potential of therapeutical strategies targeted at the allergen-
specific TCR/antigen/HLA complex. We analysed the TCRa
and TCRp chains that are expressed in six TCCs established
from five patients allergic to cow’s milk and recognize
three HLA class II restricted epitopes of BLG (p30-47,
p97-117, pl42-162), especially HLA-DRB1*0405-BLGp97-
117 complex.

Three peptides regarded as the T cell epitope formed the 3
sheet in the BLG molecule as revealed by crystal analysis [34]. In
particular, BLGp97-117, regarded as the major epitope, is
buried in the BLG molecule, and its edge is orientated toward
the surface (Fig. 1b). Three TCCs recognized 12 amino acid
residues ‘KYLLFCMENSAE’ (Fig. 1a).

Our study revealed heterogeneity in TCR usage of BLG-
specific TCCs. Three TCCs (HAS.7, AHi5 and Y A4) recognized
the same peptide BLGp97-117 presented by the same restric-
tion element HLA-DRBI1*0405. However, these three TCCs
used different TCR genes. We expected that the factor partici-
pating in antigen specificity may exist in the CDR3 loop, be-
cause there is a greater variation in the TCR-CDR3 that
interacts directly with various peptides presented by HLA mol-
ecules. A marked heterogeneity in TCR usage and differences in
the TCR-CDR3 length were observed (Figs 3a and b). In con-
trast, Wang et al. reported that the length of the CDR3f loop is
important for the recognition of the vesicular stomatitis virus
peptide and its variants [35], that is, a particular substitution at
residue position 6 of the VSV peptide with which the CDR3f3
loops interaction requires a particular length of CDR3f loops.

However, TCR-CDR3 loops, which are directly in contact
with the antigenic peptide presented by the HLA molecule,
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Fig. 2. Proliferation-inhibition of six TCCs using anti-HLA class |l mAbs. T cells (3 x 10*/well) were incubated with HU4 (anti-HLA-DRB1 + DRB5), 243
(anti-HLA-DRB1 + DRB4), HU11 (anti-HLA-DQ4 + DQ5 + DQ6), HU18 (anti-HLA-DQ7 4 DQ8 4 DQ9), HU46 (anti-HLA-DQ4), B7/21 (anti-HLA-DP) and
irradiated autologous PBMCs (1.5 x 105/well), with or without BLG peptides (1 um each). Results are expressed as the geometric mean of triplicate
determinations + standard error. All mAbs were tested at a final dilution of 1:200.
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Table 2. HLA class |l DNA typing of the patients

Patient DRB1* DRB3* DRB4* DRB5* DQA1* DQB1*

HA 0405/0901 —/— 0101/0101 —/— 0301/0301 0303/0401
IR 0405/1401 —/0202 0101/— /- 0302/0101  0401/0503
AHi 0405/1401 -/0202 0101/— —/- 0301/0101  0401/0503
PK 0901/0803 —/— 0101/- /- 0301/0302 0303/0601
YA 0405/1302 —/0301 0101/— /- 0301/0102 0401/0609

Table 3. Antigen-presenting molecules of BLG-specific TCCs

TCC T cell epitope APC

HA3.1 BLGp30-47 DRB1*0405
HA5.7 BLGp97-117 DRB1*0405
IR1.9 BLGp142-162 DRB1*1401
AHi5 BLGp97-117 DRB1*0405
PK9.3 BLGp97-117 DQB1*0601
YA4 BLGp97-117 DRB1*0405

To determine restriction molecules for antigen presentation, the TCCs
were cultured with irradiated autologous PBMCs, with or without anti-
HLA class Il monoclonal antibodies (mAbs) HU-4, L243, HU-11, HU-18,
HU-46, and B7/21. Other experiments were performed in which PBMCs
from two donors, one haplotype-shared donor and one donor with
irrelevant HLA haplotypes, were used as APC.

Table 4. HLA-DRB1 haprotypes in the patients with cow’s milk allergy

Comparison of CDR3 loops of TCRs specific for BLG 767

contained the characteristic amino acid residue. Analysis of the
CDR3a sequence showed that ‘QKV’, ‘NKF’ or ‘NKL’ com-
posed of an amide-bearing residue, a positively charged residue
and a hydrophobic residue is shared by five of six TCCs specific
to BLG. There may be a specific interaction between the posi-
tively charged ‘K’ in these conserved residues and the negatively
charged ‘E’ in position 6 of the T cell epitope. Moreover, the
utilization of the hydrophobic residue ‘V’, ‘F’ or ‘L’ suggests
that this residue may be involved in packing interactions with
the hydrophobic residue in the T cell epitope. Moreover, we also
suggest that the presence of ‘G’ at the N terminal of this con-
served motif is required to provide maximal flexibility of the
main chain in association with ‘G’ in the frame of the J segment.
This flexibility may be necessary to allow the CDR3 loops to
access a number of different conformations. Because of a lack in
a side chain, ‘G’ may allow a closer contact between a peptide
and CDR3 loops than other amino acid residues would.
Analysis of the CDR3 sequence showed another motif
‘EQY’ which is composed of a negatively charged residue, an
amide-bearing residue and a hydrophobic residue. This com-
position closely resembles that of the motif of CDR3a loops.
There may also be a specific interaction between the negatively
charged ‘E’ in these conserved residues and the positively
charged ‘K’ in position 1 of the T cell epitope. The utilization
of the hydrophobic residue Y’, ‘F” or ‘L’ suggests that this
residue may have been involved in packing interactions with
the hydrophobic residue in the T cell epitope, the same as in the
case of CDR3a loops. Several studies demonstrated that TCRs

(a) Milk allergy group Control group
n 18 33
non-DRB1*0405 13 29
DRB1*0405 5 4

frequency of DRB1*0405 27.8%

P=0.1516 > 0.05

12.1%

(b) Patient DRB1 allele Patient DRB1 allele
1HA 0405/0901 6 TR 0901/0101
2IR 0405/1401 7AY 0901/1403
3 AHi 0405/1401 8 MY 0405/0901
4 PK 0901/0803 90S 1302/1405
5YA 0405/1302 100M 0101/1302
11KS 0404/1502
12 KT 0901/1403
13 MH 0901/1502
14 KR 1401/1501
15 MK 1302/1502
16 KF 0901/1302
17 MW 1302/1502
18 TK 0403/0803
frequency of DRB1*0405 80.0% 7.7%

P =0.0077 < 0.05

(a) Comparison of the frequency of HLA-DRB1*0405 between the cow’s milk allergy group and the control group. There is not a significant difference
between the two groups (P=0.1516 > 0.05). (b) BLG-specific TCCS could be established for patients 1-5 but not for patients 6—20. HLA-DRB1*0405 is
indicated in bold. There is a significant difference between both groups in the frequency of DRB1*0405 allele (P =0.0077 < 0.05).
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(e)

contact with ‘K’ in position 1 of the T cell epitope, and the

CDR3p loop is in contact with ‘E’” in position 8 of the T cell

epitope presented by the HLA class II system.

interact with peptide/MHC complexes in a diagonal orienta-

tion, in which the CDR3 loops of TCRa and TCRf chains bind

to the N and C termini of the peptide, respectively [12,36-38].
These previous studies were performed using the class I system:

However, these conserved amino acid sequences of CDR3a

and CDR3p loops are encoded by the J segment gene. The

results of our present study suggest that the CDR3a loop is in
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heterogeneous usage of the J segment gene is shown in Fig. 3.
Based on the results of this study, we propose that the HLA-
DRB1*0405 allele participates in BLG recognition. In this
study, five of the six TCCs were restricted by the HLA-DR
molecules which is consistent with our previous report [10].
Only PK9.3 was restricted by the HLA-DQ molecule.
Moreover, four of the five TCCs restricted by the HLA-DR
molecule required a particular restriction element, HLA-
DRBI1*0405. Therefore, we suggest that HLA-DRB1*0405 is
an immune-response gene product that induces T cell responses
to BLG. However, there is no correlation between HLA-
DRB1*¥0405 and allergy to cow’s milk. Therefore, HLA-
DRB1*0405 does not seem the major susceptible gene to the
cow’s milk allergy. Indeed, we have established BLG-specific
TCCs that are restricted by HLA-DRB1*0405 from healthy
individuals (data not shown). However, comprehension of the
interaction among components of the HLA-DRB1*0405-BLG
peptide-TCR complex contributes to clarifying the artificial
regulation of T cell activation.

We are going to analyse the interaction between the HLA-
DRBI1*0405 allele and an antigenic peptide using analogue
peptides of BLGp101-112. In the future, these studies may
clarify further the mechanism of antigen specificity. Consider-
ing the linkage between BLGp97-117 and HLA-DRB1*0405,
we expect the therapeutical possibility using analogue peptides
of BLGp97-117. These observations indicate that peptides for
the desensitization of T cells need to be designed keeping in
mind the different requirements of different ethnic groups.

Acknowledgements
This work was supported in part by a Grant-in Aid for Science

Research no. 12670742 from the Ministry of Education,
Culture, Sports, Science and Technology of Japan.

References

—

Ikagawa S, Matsushita S, Chen YZ, Ishikawa T, Nishimura Y.
Single amino acid substitution on a Japanese cedar pollen allergen
(Cry j I)-derived peptide induced alterations in human T cell
responses and T cell receptor antagonism. J Allergy Clin Immunol
1996; 97:53-64.

2 van Neerven RJ, van t’'Hof W, Ringrose JH et al. T cell epitopes of
house dust mite major allergen Der p 2. J Immunol 1993;
151:2326-34.

O’Brien RM, Thomas WR, Nicholson I, Lamb JR, Tait BD. An
immunogenetic analysis of the T-cell recognition of the major house
dust mite allergen Der p 2: identification of high- and low-responder
HLA-DQ alleles and localization of T-cell epitopes. Immunology
1995; 86:176-82.

4 Verhoef A, Higgins JA, Thorpe CJ et al. Clonal analysis of the atopic
immune response to the group 2 allergen of HLA-DR and -DQ
restricted T cell epitopes. Int Immunol 1993; 5:1589-97.

Matsuoka T, Kohrogi H, Ando M, Nishimura Y, Matsushita S.
Dermatophagoides farineae-1-derived peptides and HLA molecules
recognized by T cells from atopic individuals. Int Arch Allergy
Immunol 1997; 112:365-70.

6 Yssel H, Johnson KE, Schneider PV et al. T cell activation-inducing
epitopes of the house dust mite allergen Der p I. Proliferation and
lymphokine production patterns by Der p I-specific CD4" T cell
clones. J Immunol 1992; 148:738-45.

w

W

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:762-770

o

=]

10

—
—

12

13

14

15

16

17

18

19

20

2

—_

22

23

24

Comparison of CDR3 loops of TCRs specific for BLG 769

Inoue R, Matsuoka T, Kondo N, Nishimura Y, Matsushita S.
Identification of Dermatophagoides farineae-2-derived peptides and
class I HLA molecules recognized by T cells from atopic
individuals. Int Arch Allergy Immunol 1997; 114:354-60.

Holen E, Elsayed S. Specific T cell lines for ovalbumin, ovomucoid,
lysozyme and two OA synthetic epitopes, generated from egg
allergic patients’ PBMC. Clin Exp Allergy 1996; 26:1080-8.
Katsuki T, Shimojo N, Honda K, Tsunoo H, Kohno Y, Niimi H.
Establishment and characterization of ovalbumin-specific T cell
lines from patients with egg allergy. Int Arch Allergy Immunol 1997,
114:354-60.

Eigenmann PA, Huang S-K, Sampson HA. Characterization of
ovomucoid specific T-cell lines and clones from egg-allergic subjects.
Pediatr Allergy Immunol 1996; 7:12-21.

Inoue R, Matsushita S, Kaneko H et al. Identification of
B-lactoglobulin-derived peptides and class II HLA molecules
recognized by T cells from patients with milk allergy. Clin Exp
Allergy 2001; 31:1126-34.

Garcia KC, Degano M, Stanfield RL et al. An a8 T cell receptor
structure at 2.5A and its orientation in the TCR-MHC complex.
Science 1996; 274:209-19.

Breitender H, Friedl-Hajek R, Ebner C et al. Sequence comparisons
of the CDR 3 hyper-variable loops of human T cell receptors specific
for three major T cell epitopes of the Birch pollen allergen Bet v 1.
Molecular Immunol 1996; 13:1039-48.

Friedl-Hajek R, Spangfort MD, Schou C, Breiteneder H, Yssel H,
Joost Van Neerven RJ. Identification of highly promiscuous and an
HLA allele-specific T cell epitope in the birch major allergen Bet v 1:
HLA restriction, epitope mapping and TCR sequence comparisons.
Clin Exp Allergy 1999; 29:478-87.

Renz H. T cells expressing specific Vf} elements regulate
immunoglobulin E production and airway responsiveness in vivo.
Allergy 1993; 177:1175-80.

Kondo N, Agata H, Fukutomi O, Motoyoshi F, Orii T.
Lymphocyte responses of food antigens in patients with atopic
dermatitis who are sensitive to foods. J Allergy Clin Immunol 1990;
86:253-60.

Agata H, Kondo N, Fukutomi O, Shinoda S, Orii T. Effect of
elimination diets on food-specific IgE antibodies and lymphocyte
proliferative responses to food antigens in atopic dermatitis patients
exhibiting sensitivity to food allergens. J Allergy Clin Immunol
1993; 91:668-79.

Braunitzer G, Chen R, Schrank B, Stangl A. Die sequenzanalyze des
B-lactoglobulins. Hoppe-Seyler’s Z Physiol Chem 1973; 354:867-78.
Sone T, Tsukamoto K, Hirayama K et al. Two distinct class IT
molecules encoded by the genes within the HLA-DR subregion of
HLA-Dw2 and Dw12 can act as stimulating and restriction
molecules. J Immunol 1985; 135:1288-98.

Hirayama K, Nishimura Y, Tsukamoto K, Sasazuki T. Functional
and molecular analysis of three distinct HLA-DR4 B-chains
responsible for the MLR between HLA-Dw4, Dw15, and DKT2.

J Immunol 1986; 137:924-33.

Robbins PA, Evans EL, Ding AH, Warner NL, Brodsky FM.
Monoclonal antibodies that distinguish between class II antigens
(HLA-DP, DQ, and DR) in 14 haplotypes. Human Immunol 1987;
18:301-13.

Kasahara M, Takenouchi T, Ikeda H et al. Serologic dissection of
HLA-D specificities by the use of monoclonal antibodies. II.
Distinction between HLA-Dw2 and HLA-Dw12. Immunogenetics
1983; 18:525-36.

Kasahara M, Takenouchi T, Ogasawara K et al. Serologic
dissection of HLA-D specificities by the use of monoclonal
antibodies. Immunogenetics 1983; 17:485-95.

Ishikawa N, Kojima H, Nakayama T et al. Detection of a

novel HLA-DQ specificity: Serological and immunochemical
analyses by a monoclonal antibody. Immunogenetics 1987,
26:143-9.



770 H. Sakaguchi et al.

25

26

27

28

29

30

31

Bodmer JG, Marsh SG, Albert ED et al. Nomenclature for factors
of the HLA system, 1996. In: Charron D, ed. Proceedings of the 12th
International Histocompatibility Workshop and Conference Vol. I.
Paris: Medical and Science International Publisher, 1997:505.
Chomczynski P, Sacchi N. Single-step method of RNA isolation by
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem 1987; 162:156-9.

Manfras BJ, Rudert WA, Trucco M, Boehm BO. Analysis of the o/
T-cell receptor repertoire by competitive and quantitative family-
specific PCR with exogenous standards and high resolution
fluorescence based CDR3 size imaging. J Immunol Meth 1997,
210:235-49.

Sanger F, Nicklen S, Coulson AR. DNA sequencing with chain-
terminating inhibitors. Proc Natl Acad Sci 1977; 74:5463-7.

Koop BF, Hood L. Striking sequence similarity over almost 100
kilobases of human and mouse T-cell receptor DNA. Nat Genet
1994; 7:48-53.

Roman-Roman S, Ferradini L, Azocar J, Genevee C, Hercend T,
Triebel F. Studies on the human T cell receptor alpha/beta variable
region genes. . Identification of 7 additional V alpha subfamilies
and 14 J alpha gene segments. Eur J Immunol 1991; 21:927-33.
Wilson A, Ewing T, Owens T, Scollay R, Shortman K. T cell antigen
receptor expression by subsets of Ly-2-L.3T4-(CD8-CD4-)
thymocytes. J Immunol 1988; 140:1470-6.

32

33

34

35

36

37

38

Ferradini L, Roman-Roman S, Azocar J, Michalaki H, Triebel F,
Hercend T. Studies on the human T cell receptor alpha/beta variable
region genes. II. Identification of four additional V beta subfamilies.
Eur J Immunol 1991; 21:935-42.

Moss PAH, Bell JI. Sequence analysis of the human o T-cell
receptor CDR3 region. Immunogenetics 1995; 42:10-8.

Uhrinova S, Smith MH, Jameson GB, Uhrin D, Sawyer L, Barlow
PN. Structural changes accompanying pH-induced dissociation of
the beta-lactoglobulin dimer. Biochemistry 2000; 39:3565-74.
Wang F, Ono T, Kalrgis AM et al. On defining the rules for
interactions between the T cell receptor and its ligand: a critical role
for a specific amino acid residue of the T cell receptor 3 chain. Proc
Natr Acad Sci 1998; 95:5217-22.

Garboczi DN, Ghosh P, Utz U, Fan QR, Biddison WE, Weily DC.
Structure of the complex between human T-cell receptor, viral
peptide and HLA-A2. Nature 1996; 384:134-41.

Sant’Angelo DB, Waterbury G, Preston-Hurlburt P et al. The
specificity and orientation of a TCR to its peptide-MHC class 11
ligands. Immunity 1996; 4:367-76.

Sun R, Shepard SE, Geier SS, Thomson CT, Sheil JM, Nathenson
SG. Evidence that the antigen receptors of cytotoxic T lymphocytes
interact with a common recognition pattern on the H-2Kb molecule.
Immunity 1995; 3:573-92.

© 2002 Blackwell Science Ltd, Clinical and Experimental Allergy, 32:762-770



