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Abstract—We have analysed the T cell receptor (TCR) « and f chain sequences of 16 human CD4"*
T cell clones (TCCs) specific for three important epitopes of the major birch pollen allergen Bet v 1.
The TCCs were raised from the peripheral blood of eight patients with birch pollen allergy, showing
allergic rhino-conjunctivitis and allergic asthma. The TCCs from these individuals were specific for
Bet v 1-derived peptides: amino acids (aa)77-92 (epitope 1), aa93-108 (epitope 2) and aall3-126
(epitope 3). The DNA sequence analysis of the TCRAV and BV regions revealed heterogeneous
repertoires for recognition of the peptides. Multiple combinations of AV/AJ and BV/BJ were used.
However, some inter-individual restriction was evident. A limited selection of AV8 and the normally
infrequently used BV1S4 was obvious in TCCs specific for epitope 1. The TCRBV13 was more
frequent in TCCs recognizing epitope 3. A very narrow distribution in length could be seen in the
CDR3 sequences of the f chain of TCRs with specificity for epitopes 1 and 2. Inter-individual
positional micro-restriction was observed for the aa motif LR in the SCDR3 (epitope 1), for the aa
residue M in the xCDR3 and for the aa residue G in the SCDR3 (epitope 3). Our results illustrate
clearly that each antigenic peptide derived from a single allergen, is capable of selecting different
characteristics in the responding repertoire of TCRs, thus increasing the complexity of allergen-
recognition by T lymphocytes. Therefore, our findings limit the potential use of TCR targeted

therapeutical strategies in Type I allergy. Copyright {C 1996 Elsevier Science Ltd.
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INTRODUCTION

The IgE-mediated Type I allergy to tree pollen is very
common in developed countries of the northern hemi-
sphere. The production of IgE specific for certain pollen
proteins by allergic individuals represents an aberrant
immune response. The CD4~ T lymphocytes (Th2-like)
play a substantial role in the regulation of this IgE pro-
duction (Coffman and Carty, 1986; Chrétien et al., 1990).
Molecular cloning techniques and the availability of
amino acid sequences of allergenic proteins made the
identification of T cell epitopes possible (Chua ef al.,
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1988; Breiteneder er al., 1989; Perez et al., 1990; Larsen
et al., 1992; Ebner et al., 1993a; Yssel ef al., 1992; Van
Neerven er al., 1993). It could be demonstrated that mul-
tiple T cell epitopes were distributed over the complete
sequence of an atopic allergen (Yssel ef al., 1992; Van
Neerven et al., 1993; Dhillon er al., 1992; Carballido et
al., 1993; Ebner et al., 1993b,¢; Van Neerven et al., 1994;
Spiegelberg et al., 1994; Higgins er al., 1994; Schenk et
al., 1995). Some of these were recognized by T cells from
almost every individual sensitized to the particular aller-
gen from which the epitope peptide was derived. There-
fore, these epitopes were designated “‘major epitopes”
(Ebner ez al., 19935, ¢; Schenk et al., 1995).

More than 90% of mature peripheral blood T lym-
phocytes utilize TCR molecules composed of « and f§
polypeptide chains, for specific antigen recognition
(Kronenberg er al., 1986, Matis, 1990). Although the
three-dimensional structure of the TCR has not been
determined yet, it has been proposed that it will closely
resemble that of immunoglobulins, containing three or
four hyper-variable loops that correspond to the comp-
lementarity determining regions (CDRs) (Clothia et al.,
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1988). Based on the homology of these hypervariable
loops with the Ig CDRs and on molecular modeling, it
has been proposed that the CDR1 and -2 loops (encoded
by the germline TCRV sequences) interact with the -
helices of the MHC molecules (Clothia er al., 1988; Cla-
verie et al., 1989; Prochnicka-Chalufour ez al., 1991). The
CDR3 loops, where the highest variability occurs, are
encoded by the V—(D)-J junctional regions and are
believed to be involved in the interaction with the peptide
bound in the groove of the MHC on the APC (Clothia
et al., 1988; Davis and Bjorkman, 1988). As the MHC
molecule selects the structurally less diverse CDR1 and
-2 regions of the TCR, the peptide can be considered
the single most important structure responsible for the
specificity of the TCR. Sequence information about
CDR3 regions of TCRs where the epitope is known, will
help to explain the interactions between T cells and APCs.

Several studies in the human system describe TCR
selection in the context of known epitope peptides and
MHC molecules. Giegerich ez al. (1992) studied the diver-
sity of o and f chains of TCRs involved in the human
autoreactivity to myelin basic protein (MBP), and found
that even TCCs recognizing the same MBP peptide
bound to identical or very similar HLA-DR molecules,
expressed diverse TCRs. By contrast, the HLA-A2.]
restricted response to the influenza A virus matrix peptide
57-68 by cytotoxic T lymphocytes showed that the usage
of AV and BV sequences was remarkably conserved, as
were certain junctional sequences of both chains (Moss
et al., 1991).

The T cell recognition of a tetanus toxin-derived pep-
tide in donors of different HLA-DR haplotypes was char-
acterized by a preferential use of a particular TCRBV
gene segment but a heterogeneous TCRAYV usage. There
was also an apparent lack of CDR3 conservation which
was interpreted as adaptation to different MHC mol-
ecules (Boitel er al.. 1992). In their study, Henwood ez al.
(1993) characterized the TCRs used by TCCs isolated
from joints of arthritis patients (Henwood et al., 1993).
The clones were restricted by either HLA-DR3 or DP4
and recognized two different epitopes within the
M. 65000 heat-shock protein (hsp65) of Mycobacterium
leprae. Although restriction in the use TCRAV and BV
segments was found, conservation of the o or f chain
CDR3 sequence was not apparent. Jones er al. (1994)
examined the TCR usage of human CD4* TCCs specific
for a T cell epitope of influenza virus hemagglutinin in
the context of HLA-DR and -DQ. Only the junctional
regions encoding the CDR3 regions were different.

Hawes et al. (1995) analysed the TCR-uaff repertoire
specific for a given peptide/MHC complex by using pairs
of HLA-identical individuals. They observed that,
although the overall TCR-«f repertoires were diverse, an
intra-individual limited restriction was evident. More-
over, a limited conservation of the use of certain V region
genes in the response to the different peptides was found.
Wedderburn er al. (1993) published the first study of
TCR usage of allergen-specific TCC isolated from atopic
individuals. Although unfractionated extracts of house
dust mites were used, oligoclonality of the TCCs studied
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was revealed. However, there was minimal conservation
among CDR3 sequences.

Data on TCRs from epitope-mapped T cells specific
for atopic allergens has been available only for a minimal
epitope (aal44-153) of Bet v 1, the major birch pollen
allergen (Breiteneder er al., 1995). Despite the hetero-
geneity in length and aa composition, all fJCDR3s showed
an arginine residue at the N-terminal end of the loops.

In this study, we characterized the TCRs of a panel of
TCCs isolated from individuals allergic to Bet v 1, the
major allergen from birch (Betula verrucosa) pollen (Brei-
teneder et al., 1989). These clones were restricted by
HLA-DR and each recognized one of three major epi-
topes within the M, 17000 Bet v | allergen. We wanted
to evaluate the possible use of TCR sequences as targets
for immunotherapy.

MATERIALS AND METHODS
Donor selection

Blood was obtained from eight birch pollen-allergic,
unrelated adult donors (one female, seven males). All
atopic individuals showed typical case histories, positive
skin prick tests and their sera displayed IgE-binding to
Bet v 1, the major birch pollen allergen.

Ber v 1 and synthetic Bet v 1-peptides

Recombinant Bet v 1 was expressed in Escherichia coli
BL21(DE3) cells as a non-fusion protein and purified as
described (Ferreira er al., 1993). A panel of 75 over-
lapping peptides, synthesized by Cambridge Research
Biochemicals Ltd (Cambridge, U.K.) according to the
Bet v 1 sequence, was used for epitope mapping of TCCs
as described previously (Ebner er al., 1993b). In order
to make direct comparisons possible, peptide con-
centrations of 0.75 uM were applied in all experiments.

Allergen-specific T cell lines and epitope-specific T cell
clones

Short term allergen-specific T cell lines (TCL) were
generated from PBMC of birch pollen-allergic donors by
stimulation with Bet v 1 (10 ug/ml; 24). The T cell blasts
from Bet v 1-specific TCL were seeded in limiting dilution
(0.3 cells/well) into 96-well round bottom plates (Nun-
clone, Nunc, Denmark) in the presence of 10° irradiated
(5000 rad) allogeneic PBMC as ““feeder cells”, 1% PHA
v/v (Gibco, Grand Island, NY, US.A) and rIL-2
(4 U/well) in the medium. Growing microcultures were
then expanded weekly by turns of specific (Bet v 1) and
non-specific (rlL-2) stimulation. The specificity of the
TCCs was assessed as previously described (Ebner et al.,
19935). Briefly, 2-5 x 10* T cell blasts were incubated in
triplicate cultures in 96-well plates, in the presence of 10°
autologous irradiated PBMC with (i) total birch pollen
extract; (ii) purified nBet v 1; (iii) rBet v 1; and (iv)
overlapping Bet v 1-peptides. Microtiter plates were then
incubated for 48 hr at 37°C, 5% CO,, in a humidified
atmosphere. The specificity of T cell lines and clones was
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determined by a standard [*H]thymidine incorporation
assay. When the stimulation index exceeded 10, responses
were considered positive. Epitope mapping was per-
formed as described (Ebner et al., 19935) and TCCs spec-
ific for three major epitopes were selected for the study
of their TCRs.

Flow cytometry analysis of TCC phenotype

The phenotype of the TCCs was examined by flow
cytometry using a FACScan (Becton—Dickinson, Moun-
tain View, CA, U.S.A.) as previously described (Ebner et
al., 1993b).

HLA typing and restriction

The HLA typing of patients was performed as
described previously (Fischer ez al., 1992). In order to
identify the HLA molecules involved in antigen pres-
entation, murine monoclonal antibodies against human
MHC class Il determinants [ 243 (anti-HLA-DR
(IgG2a)), Leu 10 (anti-HLA-DQ (IgG1)) and B7/21 (anti-
HLA-DP (IgGl)) were purchased from Becton—Dick-
inson. Proliferation assays in the presence of blocking
antibodies were performed in 96-well plates as described
previously (O’Hehir et al., 1988).

First strand cDN A synthesis and PCR amplification

The total RNA of TCCs was isolated from 1 x 10° cells
by the single step guanidinium-isothiocyanate—phenol—
chloroform extraction method (Chomczynski and Sacchi,
1987). Single-stranded cDNA synthesis was carried out
on 1.2-1.8 ug of total RNA, with oligo(dT),, ,s and avian
myeloblastosis virus reverse transcriptase. TCR« and f
cDNAs were directly subjected to DNA amplification by
PCR using Amplitag® DNA Polymerase (Perkin Elmer,
Norwalk, CT, U.S.A.) with oligonucleotide primers
complementary to TCR V and C region sequences (Pan-
zara et al., 1992; Genevée et al., 1992), at a final con-
centration of 0.25uM. Reactions were incubated in a
DNA thermal cycler (Perkin Eimer). Reaction mixtures
were subjected to the following conditions: denaturation
at 93°C for 1 min, annealing at 55°C for 30 sec and exten-
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sion at 72°C for | min, with a further 5 sec extension after
each cycle.

Cloning and sequence analysis of TCRo and P chains

The PCR reaction products were cloned into the TA
cloning vector pCRII™ (Invitrogen Corporation, San
Diego, CA, U.S.A.) and sequenced by the enzymatic
chain termination method (Sanger et al., 1977), using a
Sequenase Version 2.0 kit (United States Biochemical
Corporation, Cleveland, OH, U.S.A)). For each of the
TCRx and f chains studied, three independent pCRII
clones were sequenced to identify possible sequence
errors caused by nucleotide mis-incorporation by the Taq
polymerase. Sequences were compared with gene data
bank entries (Genbank, Los Alamos, NM, U.S.A;
EMBL, Heidelberg, Germany) and assigned to available
published TCR V and J segments (Koop et al., 1994;
Moss et al., 1993; Roman-Roman er al., 1991; Wilson et
al., 1988; Kimura et al., 1986, 1987; Klein et af., 1987,
Yoshikai er al., 1986; Ferradini ef al., 1991; Toyonaga e¢
al., 1985). Virtually all TCRYV transcripts have the amino
acid sequence Y-(L/F)-C-A (« chain) or Y-(L/F)-C-A
with two additional serine residues in most cases (f chain)
at the 3’ end of the V gene segment and the motif F-G-
X-G-T within the J segment (Moss and Bell, 1995). The
CDR3 length was taken as the number of amino acids
between the last germline encoded residue of the V seg-
ment and the conserved phenylalanine residue.

RESULTS
T cell clones and epitope mapping

Sixteen TCCs derived from eight birch pollen-allergic
individuals were included in this study. All clones
revealed the helper cell phenotype (CD3*, CD4%) and
expressed the «f TCR. The HLA typing of the donors
revealed the MHC class 11 types, shown in Table 1. Using
the antibody L1243, which recognizes a determinant com-
mon to all DR molecules, proliferation in response to
stimulation with Bet v 1 could be blocked in all TCCs in

Table 1. The HLA-DR and -DQ haplotypes of the donors and numbers of independent
TCCs per Bet v | derived epitope—peptide

Donor HLA MHC class 11

TCCs/epitope no.

XPAA DRBI* 13, 13; DRB 3
XPAS DRBI1* 07, 14, DRB 3; DRB 4
XPBP DRBI1* 11, 16; DRB 3: DRB 5
XPGZ DRBI1* 07, 08; DRB 4
XPHC DRBI* 07, 11; DRB 3; DRB 4
XPMS DRB1* 04, 13; DRB 3; DRB 4
XPSZ DRB1* 07, 15; DRB 4
XPTF DRBI1* 07, 15: DRB 3; DRB 5

No. of TCCs/epitope
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a dose-dependent manner, indicating restriction by HLA-
DR molecules.

Each TCC recognized one of three major T cell epi-
topes of Bet v 1 (Ebner ez al., 19936, ¢). The first group
was composed of seven TCCs from five patients reco-
gnizing the Bet v 1 peptide aa77-92, termed epitope 1.
the second group contained four TCCs from four patients
specific for Bet v 1 epitope 2 (aa 93-108), and the third
group consisted of five TCCs from three patients reco-
gnizing Bet v 1 epitope 3 (aal13-126). The distribution
of the TCCs into the three groups is listed in Table 1.

TCRua and B chain analysis of epitope-specific TCCs
Epitope 1 (for an overview see Table 2)

TCRA (Fig. 1{A)). The TCCs 53 I and 173 I from the
patient XPBP used the closely related TCRAV sub-
families 2S1 and 2S2, but differed in their TCRAJ
segments. Three of the seven TCCs used members of the
TCRAVS family, two TCCs used TCRAV 12S1 and one
TCC used TCRAV17S1. The 12S1 segments were com-
bined with fairly long CDR3 regions in both TCCs stud-
ied (XPHC 51 and XPSZ 31 II), i.e. 15 or 14 amino acid
residues, respectively. The 8S1 segments were joined to
shorter CDR3 regions ranging from 10 to 12 amino acid
residues (Fig. 1(A)). The shortest CDR3 regions were
found combined with the TCRAV?2 segments (XPBP 53
I and 173 I). In general, the length of the CDR3 loop of
the TCR « chains had a fairly wide distribution with
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sequences between eight and 15 amino acids. The clone
XPSZ 31 II had two different mRNA species coding for
functionally rearranged TCR « chains.

TCRB (Fig. 1(B)). The TCCs 53 I and 173 I from
patient XPBP used the same 2S3 segments in the V
regions and the same J segments 1S4 in their CDR3
regions. At the N-terminal end of the CDR3 sequence,
both clones showed an aspartic acid residue. The TCCs
51 and 8 III from patient XPHC used the closely related
subfamilies 5S1 and 5S2/3, but differed in their J
segments. Although the use of V segments among the
TCCs studied was diverse, there was a bias towards J1S4
(4/7 TCCS) and J2S87 (2/7 TCCs). The length of the
CDR3 loop had a narrow distribution (between nine and
10 aa). A motif consisting of the aa leucine and arginine
could be observed in the N-terminal portion of the
CDR3s of four TCCs.

Epitope 2 (for an overview see Table 2)

TCRA (Fig. 2(A)). Each TCC used a different AV and AJ
segment. No particular selection of amino acid residues
could be detected in the CDR3s whose lengths varied
between nine and 12 amino acid residues.

TCRB (Fig. 2(B)). Each TCC used V and J segments
that differed from the ones detected in the other clones.
Two functional § chain mRNAs were detected for XPSZ
97 11, indicating the expression of two discrete and very
similar TCRs that only differed slightly in their CDR3s.
The usage of the closely related BV segments 5S1 and

Table 2. The V and J segments used by the TCRx and -§ chains specific for Bet v 1 epitopes 1-3

TCC TCRAV Aminoacids TCRAJ TCRBV Aminoacids TCRBD TCRBJ TCRBC
in CDR3 in CDR3

Bet v 1 epitope 1 "TNFKYNYSVIEGGPIG*
XPBP 531 282 9 1S4* 283 10 1 1S4 1
1731 281 8 8 283 9 1 184 1
XPGZ 171 8S1 10 45 9S1 10 2 283 2
XPHC 51 12S1 15 S8 5S1 9 1 154 1
8111 8S1 12 3 582/3 10 2 257 2
XPSZ 1111 17S1 15 32 6S2;3 10 2 287 2
3T 8S2 10 9S87* 1282 9 | 154 1
3111 1281 14 52

Bet v | epitope 2 *DTLEKISNEIKIVATP'®
XPHC 2111 5St 9 21 6582/3 9 | 1S1 1
XPMS 21 281 12 57 1282 10 1 1S2 1
XPSZ 97111 18S1 11 15 552/3 10 2 281 2

582/3 10 2 281 2

XPTF 11 8S1 12 44 5S1 11 2 283 2

Bet v 1 epitope 3 "“ILKISNKYHTKGDH'*
XPAA 4] 1351 10 4] 14St1 7 2 1S4 2
XPAS 161 8S1 13 52 6S2/3 10 2 287 2
271 8S2 10 11 13S5 8 1 181 1
XPHC 33111 6S1 14 28 1352 9 2 287 2
461V 2S1 9 34 1383 9 1 1S2 1
461V 1181 8 31

The TCRAJ segments were assigned according to Koop er al. (1994) and Moss et al. (1993) (marked with an asterisk).
The TCRAV, BV, BD, and BJ segments were assigned according to sequences previously published using the standardized
TCR nomenclature. The x and JCDR3s were defined according to Clothia es afl. (1988) and their lengths are listed as the

number of amino acid residues.
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7IINFKYNYSVIEGGPIGE2
T cell TCR gene
9 TCRAV COR3 TCRAJ TCRAC
clone segments
XPBP 53 1 V252J1S4*C CCCAGTGATTCAGCCACCTACCTCTGTGCAATS GGGGAAACTGGAGGCTTCAAMACTATC — TTTGGAGCAGGAACAAGACTATTIGTTAAAGCA  AATATCCAG
P S DS ATZYL AN ¢ E LG G P K T I F GAGTRLE VX A N1 Q
173 1 v2s1J8C AGTGATICAGCCACCTACCTCTGTCCGTG BACACAGGCTTTCAGBRAACTTGTIA — 2TTGGAACTGGCACCCGACTTCTGGTCAGTCCA  AATATCCAG
s DS Y L ¢ AV N.T G F Q X ¥ F 6T & R L LYV S e NoIoQ
XPGZ 17 1 V851J45C GARGACTCGGCTGTCTACTTICTGTGCA GTTASGGGAGGAGGTGCTGACGGACTCACC  TTTGGCAAAGGGACTCATCTAATCATCCAGCCC — TATATCCAG
E T S AV YF CA VR GGG ADG T TG X G L1 1Qe€® Y 1@
XPHC 5 1 V12S1J56C GTGGACTCAGCAGTATACTTCTGIGCTCTG — GAGTCCCTACTACTGATTAAGGA AGTGGCTCTAGGTTGACC — TTTGGGGAAGGAACACAGCTCACAGTGAATCCT — GATATCCAG
v oo Y F T AL E 5 L L L I K I F GEGTGCLTVNE C 10
8 III V851J3C GRAGACTCGGCTGTCTACTICTGTGCA GCAAAGACGGGGTACAGCAGTGCTTCCAAGATAAIC — TTTGGATCAGGGACCAGACTCAGCATCCSGCCA  AATATCCAG
D S AV YF C A AKX T g F GSGT®RLSIIR?®P No1oQ
XP52 11 11 V1751J32C GGAGACTCTGCAGTGTACTTCTGTGCAGCA  GACGAGTTCGTAAGGAAT TTTGGAACTGGCACTCTGCTTGCIGTCCAGCCA  AATATCCAG
G D S AV YFCAA D E v R NY G G A T NXTIL I FG=GTLLAVYZZEP N1 Q
31 II VBS2J957*C GGAGACTCAGCTCTGTACTTTTSTGCAGAG AATAACAGAGGAGGTGTTTACGGACTCACC  TTTGGTAAAGGGACTCATCTAATCATCCAGTCC  TATATCCAG
G DS AV YFCRAE NN RG GV YGILT F 6 X G THLTI I QS Y 1@
31 I1 V1251952C GTGGACTCAGCAGTATACTICTGTGCT CCCCCACCTCGIGCTGGTGGTACTAGCTACGGARMGCTGACA  TTTGGACAAGGGACCATCTTGACTGTCCATCCA  ATATCCCAG
v oD s < PP PRAGG T S Y 5 KL T F GQGTTILTUVHPE No1oQ
7T TNFKYNYSVIEGGPIGY?
T cell TCR gene
g TCRBV CDR3 (TCRBD) TCRBJ TCRBC
clone segments
XPBP 33 I  V25301J1s4C1 AGCTTCTACATCTGCAGTGCTAGA GATCTGAGGGAAACTAATGAAAAACTGTTT — TTTGGCAGTGGAACCCAGCTCTCTGICTTG GAGGACCTG
S FY I C3sS aR D L REINGETZKTILTE F 6 5 G T Q1L S5 VL E L L
173 1 v253plJlsacl AGCTTCTACATCTGCAGTGCTAGA GACGGGCCAACTAATGAAAAACTGITT — TTTGGCAGTGGAACCCAGCTCTCTGTCTTG GAGGACCTG
s F Y I C 3 R G P LN E K L F P 5 S 6 T Q VoL E D L
XPGz 17 1 v9S1D23283C2 TCTGCTGTGTATTTCTGTGCCAGE AGATTGCGCCGTAGCACAGATACGCAGTAT — TTTGGCCCAGGCACCCGGCTGACAGTGCTC GAGGACCTG
S AV Y PF CAS R L RR S T L T C X ] G T R T L L E D L
XPHC 51 VSS1DlJisécl GCCCTTTATCTTTIGCGCCAGCAGE ATGGGGGGEGCTTTGGAMMAACTGTTT — ~TTGGCAGTGGAACCCAGC TCTCTGTCTTG GAGGACCTG
ALY L CAS S 1 G 6 A L 2 K L F F G S G T QL § V L 2 D L
8 IIT  VSS2/302J287C2  GCCCIGTATCTCTGTGCCAGTAGC TTGAGAGCCAACCCGGGATACGAGCAGTAC  TTCGGGCCGSGCACTAGGE TCACGGTCACA GAGGACCTG
AL L A'S s L R ANZP G £ £ L TV T E D L
XPsz 11 II  V6S2/3D2J2§7C2  GCCGTGTATCTCIGTGCCAGCAGE TTAGCT TCICTACGAGCAGTAC — TTCGGGCCGGGTACCAGGCTCACGGTCACA GAGGACCTG
AV YL CAS S L R G F 6P G TRILTUVT E D L
31 11 V12s2p1Jis4cl TCTGIGTACTTCTG TGCCATCAGT GCAGAGACCC TZAATGAAAAACTGRTT  TTTGGCAGTGGAACCCAGLTCTCTGTICTTS GAGGACCTG
S VvV YF CA IS € T L NEKLFE F G S 6 T QLS VL E DL

Fig. 1. Nucleotide and deduced amino acid sequences of TCRx (A) and TCRJ (B) junctional regions of independent TCCs

specific for Bet v 1 epitope 1 (aa77-92). Gene segments were assigned as described in Table 2. For each sequence, only the last 7—

10 V gene amino acid residues are shown, followed by the presumed Ig-like loops (CDR3) and by the first three residues of the C

region. The underlined CDR3 aa are encoded by the J segments. Nucleotides that represent possible contributions from the

TCRBD gene segments are printed in bold type. These sequence data are available from EMBL/GenBank/DDBJ under the
accession numbers X92766-X92780.

552/3 were detected in two of the four TCCs, i.e. XPSZ
97 111 and XPTF 1 1. The CDR3 lengths were between
nine and 11 amino acids.

Epitope 3 (for an overview see Table 2)

TCRA (Fig. 3(A)). The two clones 16 I and 27 I of patient
XPAS which were derived from one cloning procedure
used the same AV segment 8S2. but differed in their AJ
usage and length of the CDR3s. Each other TCC used
different AV and AJ segments, with the CDR3 sequences
spanning from eight to 14 amino acid residues. The amino
acid methionine appeared in the N-terminal portion of
the CDR3s of three out of five clones tested. Two func-
tionally rearranged mRNAs for « chains were detected
for clone XPHC 46 IV.

TCRB (Fig. 3(B)). Three of five TCCs tested used
closely related BV13 subfamily segments (1382, 13S3,

13S5). The CDR3 sequences, which ranged between
seven and 10 amino acids, were different in amino acid
composition for each f chain tested. The TCC XPAA 4
[ showed the assembly of a TCRBC2 positive transcript
with a J gene from the BJI cluster.

Comparison of the CDR3 (N-D—-N) regions of TCRs with
the same epitope specificity

A limited selection within the amino acid composition
of the CDR3 (N-D-N) regions was observed for some
but not all of the clones sharing peptide specificity,
regardless of the individual. There was a greater variation
in the TCRa CDR3 sequences, where only the selection
of a methionine residue as the first amino acid at the N-
terminus of the CDR3 loop could be observed in three
TCCs specific for epitope 3 (Fig. 3(A), XPAA 41, XPAS
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93DTLEKISNEIKIVATP 108
T cell TCR gene
9 TCRAV CDR3 TCRAJ TCRAC
clone segments
XPHC 2 III VSS1J21C  GCAGACTCAGCTACCTACCTCTGTGCTCTC CGGGTATAGAACTTCAACARATTTTAC T’I""GGATCTGuGACCAAACTCAA’NTAAA}\CCA AARTATCCAG
A DS AaTZYLC AL R vV X 8§ F N KFE Y F K vV K P NI Q
XoM$ 2 I V2S1J57C AGTGATICAGCCACCTACCTCTGTGCCGTGAAC — ATTGTGGGTACTCAGGGCGGATCTGAAMAGCTGGIC — TTTGGAAAGGGAACGAAACTGACAGTAAACCCA — TATATCCAG
$ b SATYLCAUVN I Ve I.0.G & S F KLY F 6 X 6 T K L P Y 1 Q
XPSZ 97 111 V1851J15C TCAGACTCAGCGGTGTACTTCTGTGCTCTC TCACCCCTCAACCAGGCAGGAACTGCTCTGATC TTTGGGAAGGGAACCCACCTA"CPG‘IGAGT:TC AATATCCAG
S DS AV YF AL s P L N O A G T AL F G XK G T H L s N I Q
XPTE 11  VBS1J44C cmmcmeecrc-cmcncmemca GCAAG TAGGAAGGACCGCACTGCCAGTABACTCACC — TTTGGGACTGGAACAAGACTTCAGGTCACGCTC — GATATCCAG
F C A A S R KDRIASKTILT F G TG T LoV THL I 0
93DTLEKISNEIKIVATP108
T cell TCR gene
g TCRBV CDR3 (TCRBD) TCRBJ TCRBC
clone segment s
XPHC 2 III  V6S2/3DLJ151C1  GCCGTGTATCTCTGTGCCAGCAGC CCTCAACAGGTCC TCGOTGARGCTTIC T'I‘"’GGACAAGGCACCAGRCTCACAGTTGTA GAGGACCTG
A v L C A S § P QQV L G EAE Q¢ TRLTUV YV E D
XPMS 2 I V1252D15152C1  TCTGTGTACTTCTGTGCCATC AGAGAGGACAGAAATAACTATGGCIACAAC TTTGGTTCGGGGACCAGGTTAACCGTTGTA  GAGGACCTG
S VYF CATI R EDRNXNYG YT F G S G 7 R TV oV E 3
Xpsz 97 III  V552/3D2J251C2  GCCCTCTATCTCTGTGCCAGCAGC CCOCGGGSGGCGICCTACAATGAGCAGTTC. TTCGGGCCAGGGACACGCCTCACCGTGCTA GAGGACCTG
AL YLGCAS S P RGG S Y NEOF F P vV L E D L
97 IIT  VSS$2/3D2J281C2 CTCTATCTC TGTGSCAGCAGT CGGGEOCGEEECICCTACAATGAGCAGTTC — TTCGGGCCAGGGACACGGCTCACCGTGCTA  GAGGACCTG
ALY LCASS R 6 R G S_Y N B OF F GPGTRLTUV L E DL
XPTE 11 V551D2J253C2 GCCCTTTATCTTTCCGCCAGCAGT AAGGGGACAGGGGTTTCGACAGATACGCAGTAT — TTTGGCCCAGGCACCCGGCTGACAGTGCTC — GAGGACCTG
AL Y L AS S K ¢ TGV S I D T OY §F 6 P G TRTLTUV L E D L

Fig. 2. The TCR« (A) and TCRp (B) chain sequence analysis of Bet v 1 epitope 2
data are available from EMBL/GenBank/DDBJ under the accession numbers X92781-X92789. See legend to Fig. 1.

(aa 93-108)-reactive TCCs. These sequence

1i3ILKISNKYHTKGDHIZ6
T cell TCR gene
g TCRAV cDR3 TCRAT TCRAC
clone segments

XPAA 4 1 51241C  GGAGACTCAGCCACCTACTTCTGTGCAGCARGC ATGGGGSTTARITCCGGGTATGCAGTCAAC  TTCGGGAAAGSCACCTOGCTGTTGGTCACACCC  GATATCCAG
G 35 AT Y F T A A S M G L K : LN  F &8 K G T s L v 7 c I Q2
XKPAS 16 1 V8S2J52C  GGAGACTCAGCTCTGTACTTTIGTGCAGAG AATACGOGT SAGCTAT x TTTGGACAAGGGACCATCTTGACTGTCCATCCA  AATATCCAG
G [ Y F C A E N R G A G I8 Y G K L T £ 6 Q6 T I L = V H P N I Q
27 1 V8352J11C  GGAGACTCAGCTGTCTACTTTIGTGCAGAG ATGAZGAATTCAGGATACAGCACCCICACS  TTTGGGAAGGGGACTATGCTTCTAGTCTCTCCA  GATATCCAG
S P s A VvV Y F C A E M M N 3 6 Y S T 2 F 5 K ¢ 7 M 1 L VvV s P 2 I Q
XPHC 33 TII V631J28C GGGACTCAGCAATG TACTTCTSTGCA ATGAGACATC TTZACTC TGGGGCTGGGAST TACCAASICACT GGGAAGGGGACCAAACTCTCCGTCATCCCA  AATATCCAS
G D S A M Y F T A M R 2 L Y S ¢ a G 3 ¥ ¢ L T G K 6 T XK L s VvV I N I Q
46 IV V251J34C  AGTGATTCAGCCACCTACCTCTGTGCCGIG CCCTTCIATAACACCGACAAGCISATC  TTTGGGACTGGGACCAGATTATAAGTCTTICCA  AATATCCAG
5 D Ty T oA v PV Y N K I £ 6 T 6 T R L 3 ¥V F N I Q
46 Iv V1i51J31C  GCAGATGCTGCTGTTTACTACTGTGCTGTG AGCAGIAACAATGCCAGACICATG  TTTGGAGATGGAACTCAGCTGGTSGTGAAGCCC  AATATCCAG
A D A AV Y c AWV 5 s NN 2 R L ¥ F 6 D 6 T Q L VvV V X P N I Q

113TLKISNKYHTKGDH126

T cell TCR gene TCREY .

clone seqments CDR3 (TCRBD) RBJ TCRBC
XPAA 41 V1451D2J154C2 TCTCTG’IACTT~TGTGCCPG~,AGC CGGA_(; AATCAAAAAC g; TTTGGCAGTGGAACCCAGCTCTCTGTCTTG GAGGACCTG
F C A s § TN E_X E 6 S 6T QL S E D L
XPAS 16 I V6s2/3D2J287¢C2 uCCGTGTA"'CTC'ICTGCCAGCAGk. AG”TACN:CGAC’“MCW TTGGGGCCCGGCACCAGGCTCACGETCACA GAGGACCTS
A vV Y L C S 6 T L Y E QO ¥ F G el R L T v T E D L
271 V1355DiJ1S1CI  TCTGTGTACTTCTGTGCCAGCAGT SAAGAACAGGGGGCTATCGCIITC — TTTGGACAAGGCACCAGACTCACAGTTGTA GAGGACCTG
5 v Y F ¢ A § 5 T E Q G A I AFX F &6 Q G R L T VvV Vv E 2 L
XPHC 33 III Vv13s2D2Rs7C2 "'Cl'GTuTACT'IC TGCCAuCAC' CTCAC "JGCGGOCTGAAAW TTCCGGCCGGGCACCAGGTTCACGETCACA GAGGACCTG
c L T s G L K X F 6 P G T R L T V T E D L
46 IV V.3s3D1Jlszcl TCTGIGTACTTCTGTSCCAGTAGT GAATCGGGGGGT T TAGGCEGCTACACC TTCGGTTCGGGGACCAGGTTAACCGTTGTA GAGGACCTG
5 VY F C A S s £ 5§ G G L G ¢ Y F 6 S G T R L v v D L

Fig. 3. The TCRa (A) and TCRf (B) chain sequence analysis of Bet v | epitope 3 (aa 113-126)-reactive TCCs. These sequence

data are available from EMBL;/GenBank/DDBJ under the accession numbers X92875-X92885. See legend to Fig. 1.
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271, XPHC 33 II). For epitope 1 specific TCRs, the motif
LR was seen in three SCDR3 sequences at the N-terminal
portion of the loop (Fig. 1(B), TCCs XPBP 53 I, XPGZ
17 I, XPHC 8 III). In a fourth sequence the L and R
residues were separated by an A residue, but still located
at the N-terminus (Fig. 1(B), XPSZ 11 II). Four out of
five TCCs specific for epitope 3 revealed a G residue as
the fourth amino acid in their SCDR3 sequences (Fig.
3(B), XPAS 16 1, XPAS 27 I, XPHC 33 I, XPHC 46
IV). Among these, the CDR3s of the f chains of three
clones were rearranged to TCRBV13 family members
(Fig. 3(B), XPAS 27 I, XPHC 33 III, XPHC 46 V).

Promiscuous Bet v 1 peptide recognition mediated by ident-
ical TCRB chains

The TCCs XPSZ 11 Il and XPAS 16 I expressed diverse
TCRA chains, but they utilized identical TCRB chains.
Both TCCs expressed TCRBV6S2/3 rearranged via BD2
to BJ2S7 and shared identical aa sequences in the CDR3.
The TCRB chain nucleotide sequences of both clones
were also identical, in spite of the fact that these TCCs
recognized different peptides (Figs 1(B) and 3(B)).

Dual receptor T cells

Two signals for TCRAV families were obtained from
RNAs two of the TCCs (Fig. 1(A): XPSZ 31 II; Fig.
3(A): XPHC 46 1V) when amplified with TCR « primers.
One clone yielded two signals for TVCRBYV families (Fig.
2(B): XPSZ 97 II1). Sequence analysis of the PCR prod-
ucts showed that all were rearranged in frame and coded
for functional « or f§ chains. In all cases the second chain
of the heterodimer of the same clone was present only as
a single rearrangement.

DISCUSSION

This study was designed to investigate the diversity of
TCR usage by CD4" T cells in atopic individuals sen-
sitized to the major birch pollen allergen Bet v 1, in
order to evaluate the potential of therapeutical strategies
targeted at allergen-specific TCRs. We have analysed the
TCR « and f chain expression by 16 TCCs from eight
patients, which recognized three MHC class II restricted
major epitopes of Bet v 1 (aa77-92, aa93-108, aall3-
126). We have observed different TCR selection criteria
for each epitope peptide studied.

The most obvious selection of sequence characteristics
was found for the TCRs utilized by the seven TCCs
specific for epitope 1 (aa77-92). Three out of seven TCCs
used an AVS8 family member. Two TCCs from one indi-
vidual expressed an AV2 family member and the BV2S3
segment. Six of the seven TCCs rearranged either BJ1S4
or BJ2S7. TCRBJ1S4 is rarely used by T cells from peri-
pheral blood, as opposed to the frequent use of BJ2S7
(Rosenberg et al., 1992). This makes it very likely that
BJ1S4 was positively selected for recognition of epitope
1. The length of the § chain CDR3 was conserved to from
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nine to 10 amino acids. The x CDR3 showed no obvious
conservation in length (ranging from eight to 15 amino
acid residues) or in amino acid composition. Four of
eight CDR3 sequences were from 12 to 15 amino acids
long, which is above the average length found for CDR3
regions in T cells from peripheral blood (Moss and Bell,
1995). Although the TCRs specific for epitope 2 did not
show conservation of particular motifs, their TCRB
CDR3 loops revealed a fairly narrow distribution of
lengths between nine and 11 amino acids (Table 2).

Epitope 3-specific TCRs exhibited a wider distribution
in CDR3 lengths with the x chain loops ranging from
eight to 14 amino acids and the f chain loops from
seven to 10 (Table 2). Selection of TCRAVSE within an
individual and selection of TCRBV13 between indi-
viduals was evident in the response to epitope 3. Whereas
some Vf families predominate the peripheral repertoire,
others are only rarely used, such as TCRBV13 (Rosen-
berg et al., 1992). This makes the selection of this family
in TCCs specific for epitope 3 rather plausible.

The TCRAVS appeared in six out of 16 TCCs in
response to all three Bet v 1 epitopes. Although TCRAVS
belongs to the most frequently observed TCR « families
(its frequency is generally around 10% in the a chain
repertoire in peripheral blood: Robinson, 1992), it
occurred with an increased frequency of 38% in the aller-
gen specific TCCs. In this context, it is interesting to note
that the TCRs of two out of five TCCs specific for a
previously described minimal epitope (aal44—153) of Bet
v |, also used an AV8 segment (Breiteneder e? al., 1995).
Moreover, Wedderburn ez al. (1993) found that 50% of
their Der f 1-specific TCCs (3/6) used AV8 segments.

The length of the TCRB CDR3 loops of all TCCs
investigated here was distributed between seven and 11
amino acids. It is interesting to note that the TCRB
CDR3 loops for another Bet v 1 epitope (aal44-153, ref.
31) were between six and 14 amino acids long. In this
study, we also found that the TCRa chain sequences
showed a greater variation in sequence characteristics
when compared to the f chains. Selection of certain fea-
tures was more obvious in the f chains. Therefore, it is
tempting to speculate that the TCRf chain might be more
involved in the interaction with the peptide than the
TCRa chain. From the variety of sequences in the CDR3
regions of TCRs with the same epitope specificity, we
also conclude that these junctional regions are likely to
interact with the MHC II molecules as well.

The expression of two identical TCRf chains by two
unrelated TCCs with specificity for different peptides and
diverse « chains, was described by Giegerich ez al. (1992)
and termed promiscuous peptide recognition. Although
the two TCCs described in that paper shared identical
TCRB aa sequences, they differed by four nucleotides in
the VDJ junctional regions. In contrast, we found that
the g chains of our clones XPSZ 11 II (specific for aa77—
92) and XPAS 16 I (specific for aal13-126) were not only
identical on the aa level but also on the nucleotide
level.

An absence of conservation of the junctional region
was apparent in TCRs specific for two atopic allergens,
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i.e. house dust mite total extract (Wedderburn er al.,
1993) and a defined epitope of Bet v 1 (Breiteneder ez al.,
1995). These findings, which are consistent with our data
on all three Bet v 1 epitopes, would imply interaction of
the CDR3 loop not only with the antigenic peptide but
also the MHC molecule.

In two TCCs (XPSZ 31 11, Fig. 1(A); XPHC 46 1V,
Fig. 3(A)), two distinct in-frame TCRA sequences were
detected. Sequencing of several independent f cDNAs
of these clones did not reveal the presence of a second
TCRBYV. It has been shown that up to one-third of mature
T cells express two TCRA chains as part of two functional
and independent TCRs (Padovan ez al., 1993). One TCC
(XPSZ 97 11, Fig. 2(B)) was found to have a second
functionally rearranged f chain product. A second «
chain was not detected. The two f chain sequences which
were obtained from several independent pCRII clones
only differed in the N-D-N portion of the CDR3 region.
They were also of the same length (four aa residues). This
indicates that the addition of D and N elements occurred
on a single precursor product and produced two closely
related TCRp chains judged by primary sequence stan-
dards. It cannot be stated which of the § chains was
paired with the single a product for antigen recognition.
The presence of a proline residue which significantly
alters protein conformation makes it very unlikely that
both B chains share the same specificity. It was shown
that the expression of two f§ chains on close to 1% of
human T cells is likely to be due to the escape of allelic
exclusion (Davodeau ez al., 1995).

Each donor used in this study showed a distinct HLA-
DR haplotype (Table 1). Therefore, it can be assumed
that different HLA-DR alleles were used to present a
given epitope peptide. The polypeptides encoded by each
HLA-DR allele of a given individual are also involved in
many different peptide-MHC complexes. The struc-
turally less diverse CDR1 and -2 loops of TCRs are
selected by the a-helical regions of the MHC molecule.
Therefore, the most specific constraints on the TCR
sequence are most likely imposed in the CDR3 region by
the peptide bound to the MHC molecule.

Elucidation of the ways in which the TCR CDR3 inter-
acts with the peptide-MHC class II complex will have
important implications for understanding the function
of the immune system, as well as for the treatment of
immunologically mediated diseases. New concepts for
immunotherapy will also be centered around the TCR.
If a TCR-based therapeutical approach for atopic dis-
eases is envisioned, it will have to take into account all
peptides that are produced by processing a single allergen
by the APCs. It will only be cost-effective if the peptide-
specific populations of TCRs from different individuals
can be targeted by a single agent, such as an antibody or
a ligand. Any therapeutical approach that targets the
TCR relies on its three-dimensional structure. Structural
predictions made by computer modeling, based on the
primary TCR sequences, are still unreliable. Definitive
three-dimensional structures can only be obtained by X-
ray crystallography. Even if the in vivo response to aller-
gens is characterized by a limited TCR repertoire, it will
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not be feasible to crystallize each distinct receptor. There-
fore, only empirical data will tell whether peptide-specific
TCRs of different primary sequences share three-dimen-
sional structures.

Acknowledgements—This work was supported by grants
S06704-MED (to author D.K.) and S06707-MED (to author
0.8.) of the “‘Fonds zur Férderung der Wissenschaftlichen For-
schung”, Vienna, Austria.

REFERENCES

Boitel B., Ermonval M., Panina-Bordignon P., Mariuzza R. A .,
Lanzavecchia A. and Acuto O. (1992) Preferential Vb gene
usage and lack of junctional sequence conservation among
human T cell receptors specific for a tetanus toxin-derived
peptide: evidence for a dominant role of a germline-encoded
V region in antigen/major histocompatibility complex rec-
ognition. J. exp. Med. 175, 765-777.

Breiteneder H., Pettenburger K., Bito A., Kraft D., Rumpold
H., Scheiner O. and Breitenbach M. (1989) The gene coding
for the major birch pollen allergen, Betvl, is highly hom-
ologous to a pea disease resistance response gene. EMBO J.
8, 1935-1938.

Breiteneder H., Scheiner O., Hajek R., Hulla W., Hiittinger R.,
Fischer G., Kraft D. and Ebner C. (1995) Diversity of
TCRAYV and TCRBYV sequences used by human T-cell clones
specific for a minimal epitope of Bet v 1, the major birch
pollen allergen. Immunogenetics 42, 53-58.

Carballido J. M., Carballido-Perrig N., Kidgi M. K., Meloen
R. H., Wiithrich B., Heusser C. H. and Blaser K. (1993) T
cell epitope specificity in human allergic and non-allergic
subjects to bee venom phospholipase A2. J. Immun. 150,
3582--3591.

Chomeczynski P. and Sacchi N. (1987) Single-step method of
RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Anal. Biochem. 162, 156159.

Chrétien 1., Péne J., Briére F., De Waal Maljefit R., Rousset F.
and De Vries J. E. (1990) Regulation of IgE synthesis. I.
Human IgE synthesis in vitro is determined by the reciprocal
antagonistic effects of interleukin 4 and interferon- y. Eur. J.
Immun. 20, 243-251.

Chua K. Y., Stewart G. A., Thomas W. R., Simpson R. J.,
Dilworth R. J., Plozza T. M. and Turner K. J. (1988)
Sequence analysis of cDNA coding for house dust mite aller-
gen Der p 1. J. exp. Med. 167, 175-182.

Claverie J.-M., Prochnicka-Chalufour A. and Bougueleret L.
(1989) Implications of Fab-like structure for the T cell recep-
tor. Immun. Today 10, 10-14.

Clothia C.. Boswell D. R. and Lesk A. M. (1988) The outline
structure of the of the T-cell 2§ receptor. EMBO J. 7, 3745~
3755.

Coffman R. L. and Carty J. A. (1986) T cell activity that
enhances polyclonal IgE-production and its inhibition by
IFN 7. J. Immun. 136, 949-954.

Davis M. M. and Bjorkman P. J. (1988) T-cell antigen receptor
genes and T-cell recognition. Nature 334, 395-402.

Davodeau F., Peyrat M. -A., Romagné F., Necker A., Hallet
M.-M., Vié H. and Bonneville M. (1995) Dual T cell receptor
B chain expression on human T lymphocytes. J. exp. Med.
181, 1391-1398.

Dhilion M., Roberts C., Nunn T. and Kuo M. (1992) Mapping
human T cell epitopes on phospholipase A2: the major bee-
venom allergen. J. Allergy Clin. Immun. 90, 42-51.



TCR sequences from epitope-specific TCCs of atopic patients

Ebner C., Ferreira F., Hoffmann-Sommergruber K., Hir-
schwehr R., Schenk S., Szépfalusi Z., Breiteneder H., Par-
ronchi P., Romagnani S., Scheiner O. and Kraft D. (19934)
T-cell clones specific for Bet v I, the major birch pollen
allergen, cross-react with the major allergens of hazel, Cor a
I and alder Aln g 1. Molec. Immun. 30, 1323-1329.

Ebner C., Szépfalusi Z., Ferreira F., Jilek A., Valenta R., Par-
ronchi P., Maggi E., Romagnani S., Scheiner O. and Kraft
D. (1993b) Identification of multiple T cell epitopes on Bet v
1, the major birch pollen allergen, using specific T cell clones
and overlapping peptides. J. Imnun. 150, 1047-1054.

Ebner C.. Schenk S., Szépfalusi Z., Hoffmann K., Ferreira F..
Willheim M., Scheiner O. and Kraft D. (1993¢) Multiple T
cell specificities for Bet v I, the major birch pollen allergen.
within single individuals. Studies using specific T cell clones
and overlapping peptides. Eur. J. Immun. 23, 1523-1527.

Ferradini L., Roman-Roman S., Azocar J.. Michalaiki H.. Tni-
ebel F. and Hercend T. (1991) Studies on human T cell
receptor x/f variable region genes. 1. Identification of four
additional V; subfamilies. Eur. J. Immun. 21, 935-942.

Ferreira F., Hoffman-Sommergruber K., Breiteneder H., Pett-
enburger K., Ebner C., Szépfalusi Z., Steiner R., Bohle B..
Rumpold H., Kraft D. and Scheiner O. (1993) Purification
and characterization of recombinant Bet v I, the major birch
pollen allergen. J. Biol. Chem. 268, 19574-19580.

Fischer G. F., Faé 1. and Pickl W. F. (1992) Distribution of
polymorphic HLA-DR and -DQ alleles as determined by
restriction fragment length polymorphism analysis in an Aus-
trian population. Vox Sang 62, 236-241.

Genevée C., Diu A., Nierat J., Caignard A., Dietrich P.-Y..
Ferradini L., Roman-Roman S., Triebel F. and Hercend
T. (1992) An experimentally validated panel of subfamily-
specific oligonucleotide primers (V,1-w29/V,1-w24) for the
study of human T cell receptor variable V gene segment usage
by polymerase chain reaction. Eur. J. Immun. 22, 1261-
1269.

Giegerich G., Pette M., Meinl E., Epplen J. T., Wekerle H. and
Hinkkanen A. (1992) Diversity of T cell receptor « and f
chain genes expressed by human T celis specific for similar
myelin basic protein peptide/major histocompatibility com-
plexes. Eur. J. Immun. 22, 753-758.

Hawes G. E., Struyk L.. Godthelp B. C. and Elsen P. van den
(1995) Limited restriction in the TCR-xf# V region usage of
antigen-specific clones. Recognition of myelin basic protein
(amino acids 84-102) and Myvcobacterium boris 65 kDa heat
shock protein (amino acids 3—-13) by T cell clones established
from peripheral blood mononuclear cells of monozygotic
twins and HLA-identical individuals. J. Immun. 154, 555—
566.

Henwood J.. Loveridge J., Bell J. I. and Gaston J. S. H. (1993)
Restricted T cell receptor expression by human T cell clones
specific for mycobacterial 65 kDa heat-shock protein: selec-
tive in vivo expansion of T cells bearing defined receptors.
Eur. J. Immun. 23, 1256-1265.

Higgins J. A., Thorpe C. J., Hayball J. D., O'Hehir R. E. and
Lamb J. (1994) Overlapping T-cell epitopes in the group 1
allergen of Dermatophagoides species restricted by HLA-DP
and HLA-DR class Il molecules. J. Allergy Clin. Inumun. 93,
891-899.

Jones C. M., Lake R. A.. Lamb J. R. and Faith A. (1994)
Degeneracy of T cell receptor recognition of an influenza
virus hemagglutinin epitope restricted by HLA-DQ and -DR
class I molecules. Eur. J. Immun. 24, 1137-1142.

Kimura N., Toyonaga B., Yoshikai Y.. Du R. -P. and Mak T.
W. (1987) Sequences and repertoire of the human T cell

1047

receptor # and f§ chain variable region genes in thymocytes.
Eur. J. Immun. 17, 375-383.

Kimura N.. Toyonaga B., Yoshikai Y.. Triebel F., Debre P.,
Minden M. D. and Mak T. W. (1986) Sequences and diversity
of human T cell receptor /i chain variable region genes. J.
exp. Med. 164, 739--750.

Klein M. H.. Concannon P., Everett M., Kim L. D. H., Hun-
kapiller T. and Hood L. (1987) Diversity and structure of
human T-cell receptor x-chain variable region genes. Proc.
nain. Acad. Sci. U.S. 4. 84, 6884-6888.

Koop B. F., Rowen L., Wan K., Kuo C. L., Seto D., Lenstra
J. A.. Howard S.. Shan W., Deshpande P. and Hood L.
(1994) The human T-cell receptor TCRAC/TCRDC (Cx/C
&) region: organization, sequence, and evolution of 97.6 kb
of DNA. Genomics 19, 478-493.

Kronenberg M., Siu G., Hood L. E. and Shastri N. (1986) The
molecular genetics of the T-cell receptor and T-cell antigen
recognition. Annu. Rer. Immun. 4, 529-591.

Larsen J. N., Stroman P. and Ipsen H. (1992) PCR based
cloning and sequencing of isogenes encoding the tree pollen
major allergen Car b 1 from Carpinus betulus, hornbeam.
Molec. Immun. 29, 703-711.

Matis L. A. (1990) The molecular basis of T-cell specificity.
Annu. Rev. Immun. 8, 65-82.

Moss P. A. H. and Bell J. [. (1995) Sequence analysis of the
human «f T-cell receptor CDR3 region. Immunogenetics 42,
10-18.

Moss P. A. H.. Moots R. J., Rosenberg W. M. C., Rowland-
Jones S. J., Bodmer H. C.. McMichael A. and Bell J. L. (1991)
Extensive conservation of « and f chains of the human T-
cell antigen receptor recognizing HLA-A2 and influenza
A matrix peptide. Proc. natn. Acad. Sci. U.S.A. 88, 8987—
8990.

Moss P. A. H.. Rosenberg W. M. C., Zintzaras E. and Bell J.
[. (1993) Characterization of the human T cell receptor a-
chain repertoire and demonstration of a genetic influence on
V z usage. Eur. J. Immun. 23, 1153-1159.

O'Hehir R. E.. Eckels D. D.. Frew A. J., Kay A. B. and Lamb
J. R.(1988) MHC class 11 restriction specificity of cloned
human T lymphocytes reactive with Dermatophagoides far-
inae (housedust mite). Inumunology 64, 627-631.

Padovan E., Casorati G.. Dellabona P., Meyer S., Brokhaus
M. and Lanzavecchia A. (1993) Expression of two T cell
receptor a chains: dual receptor T cells. Science 262, 422—
424,

Panzara M. A.. Gussoni E.. Steinmann L. and Oksenberg J. R.
(1992) Analysis of the T cell repertoire using the PCR and
specific oligonucleotide primers. BioTechniques 12, 728-
735.

Perez M.. Ishioka G. Y.. Walker L. E. and Chesnut R. W,
(1990) cDNA cloning and immunological characterization of
the rye grass allergen Lol p 1. J. Biol. Chem. 265, 16210~
16215.

Prochnicka-Chalufour A.. Casanova J.-L.. Avrameas S., Cla-
verie J.-M. and Kourilsky P. (1991) Biased amino acid dis-
tributions in regions of the T cell receptors and MHC
molecules potentially involved in their association. Int.
Immun. 3, 853-864.

Robinson M. A. (1992) Usage of human T-cell receptor Vf, Jf,
C p and Vz gene segments is not proportional to gene
number. Hum. Immun. 35, 60-67.

Roman-Roman S.. Ferradini L., Azocar J., Genevée C.. Her-
cend T. and Triebel F. (1991) Studies on the human T cell
receptor o/ variable region genes. 1. Identification of 7
additional V, subfamilies and 14 J, gene segments. Eur. J.
Inmimun. 21, 927-933,



1048

Rosenberg W. M. C., Moss P. A. H. and Bell J. 1. (1992)
Variation in human T cell receptor Vf and J § repertoire:
analysis using anchor polymerase chain reaction. Eur. J.
Immun. 22, 541-549.

Sanger S., Nicklen S. and Coulsen A. R. (1977) DNA sequ-
encing with chain-terminating inhibitors. Proc. natn. Acad.
Sci. U.S.A. 74, 5463-5467.

Schenk S., Breiteneder H., Susani M., Najafian N., Laffer S.,
Duchéne M., Valenta R.. Fischer G., Scheiner O., Kraft D.
and Ebner C. (1995) T cell epitopes of Phl p 1, the major
allergen of timothy grass (Phleum pratense). Evidence for
cross-reacting and non-cross-reacting T cell epitopes within
grass group 1 allergens. J. Allergy Clin. Immun. 96, 986
996.

Spiegelberg H. L., Beck L., Stevenson D. and Ishioka G. Y.
(1994) Recognition of T cell epitopes and lymphokine
secretion by rye-grass allergen Lolium perenne-specific human
T cell clones. J. Immun. 152, 4706-4711.

Toyonaga B., Yoshikai Y., Vadasz V., Chin B. and Mak T. W.
(1985) Organization and sequences of the diversity. joining,
and constant region genes of the human T-cell receptor f§
chain. Proc. natn. Acad. Sci. U.S.A. 82, 8624-8628.

Van Neerven R. J. J., Van't Hof W., Ringrose J. H., Jansen H.
M., Aalberse R. C., Wierenga E. A. and Kapsenberg M.

H. BREITENEDER et al.

(1993) T cell epitopes of house dust mite major allergen Der
p 11 J. Immun. 151, 2326-2335.

Van Neerven R. J. J., Van de Pol M. M., Van Milligen F. J.,
Janse H. M., Aalberse R. G. and Kapsenberg M. (1994)
Characterization of cat dander-specific T lymphocytes from
atopic patients. J. fmmun. 152, 4203-4210.

Wedderburn L. R.. O'Hehir R. E., Hewitt C. R. A., Lamb J.
R. and Owen M. J. (1993) In vivo clonal dominance and
limited T-cell receptor usage in human CD4% T-cell rec-
ognition of house dust mite allergens. Proc. natn. Acad. Sci.
U.S.4.90, 8214-8218.

Wilson R. K., Lai E., Concannon P., Barth R. K. and Hood
L. E. (1988) Structure, organization and polymorphism of
murine and human T-cell receptor x and f chain gene famil-
ies. Immun. Rev. 101, 149-172.

Yoshikai Y., Kimura N., Toyonaga B. and Mak T. W. (1986)
Sequences and repertoire of human T cell receptor o chain
variable region genes in mature T lymphocytes. J. exp. Med.
164, 90-103.

Yssel H., Johnson K. E., Schneider P. V., Wideman J., Terr A.,
Kastelein R. and De Vries J. E. (1992) T cell activation-
inducing epitopes of the house dust mite allergen Der p L. J.
Immun. 148, 738-745.



