Eur. J. Biochem. 224, 717—722 (1994)
© FEBS 1994

Four recombinant isoforms of Cor a 1, the major allergen of hazel pollen,
show different reactivities with allergen-specific T-lymphocyte clones
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Purified preparations of allergenic proteins from plants, and in particular from pollens, consist
of multiple closely related isoforms. These isoforms are highly similar in their amino acid sequences,
yet they display different properties with respect to antibody binding. In this study we report of
differential potencies of cross-reacting tree pollen allergens and cloned isoforms of these allergens
to activate allergen-specific T-lymphocyte clones (T-cell clones; TCC). Six TCC with specifity for
Bet v 1, a representative tree pollen major allergen, were established from peripheral blood of five
birch-pollen-allergic donors. All TCC displayed the helper-cell phenotype. Five TCC reacted with
distinct epitopes present on natural (n) and on recombinant (r) Bet v 1. One TCC could not be
stimulated with r Bet v 1, in spite of strong reactivity with purified natural Bet v 1. The TCC were
tested in proliferation assays using purified n Bet v 1, n Cor a 1 (the homologous major allergen of
hazel pollen), r Bet v 1, four recombinant isoforms of Cor a 1 and peptides representing correspond-
ing T-cell stimulating regions (isoepitopes) on these proteins. The clones showed different patterns
of reactivity in response to stimulation with the five recombinant molecules and the corresponding
peptides. Certain exchanges of amino acids within stimulating peptides correlated with a lack of
proliferation of the TCC tested. These findings are important with respect to the use of broadly
cross-reactive recombinant allergens or allergen-derived peptides for immunotherapy of type I

allergy.

Type 1 allergy to tree pollens is very common in the
northern hemisphere. In this respect, pollens from trees of
the order Fagales, in particular birch, hazel and alder, repre-
sent the most important sources of allergens (1, 2]. The major
allergens of these pollens (Bet v 1, Cor a 1 and Aln g 1)
show a high degree of similiarity at the nucleic acid {3] and
at the amino acid levels [4], and cross-reactivity was de-
scribed for IgE antibodies [5] and for T-cell clones (TCC)
[6]. This fits well with the observation that tree pollen-aller-
gic patients develop symptoms when exposed to pollens from
all these tree species.

Natural allergens consist of multiple isoallergens [7—9].
Recently, four isoforms of Cor a 1, the major allergen of
hazel pollen, were cloned, sequenced and expressed as re-
combinant non-fusion proteins [8]. Comparison of the amino
acid sequences of these Cor a 1 isoforms revealed identities
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of 96—99%, the amino acid sequence identities between the
recombinant (r) Cor a 1 isoforms and r Bet v 1 were 71—
73% (89.3—95% similiarity). The Cor a 1 isoforms showed
different IgE-binding patterns indicating different allergenic
potencies [8].

In recent years a substantial role for allergen-specific
T helper cells could be demonstrated in type I allergy [10,
11]. Information about these cells was obtained by investiga-
tion of TCC established by special culture techniques [12,
13]. It could be shown that the majority of allergen-specific
TCC derived from atopic patients displayed a Th2-like type
of cytokine production pattern, i.e. a high ratio of secreted
mterleukin (IL)-4 versus interferon (IFN)y [14—16]. Molecu-
lar cloning techniques and the knowledge about amino acid
sequences [7, 17—19] of atopic allergens made it possible to
identify T-cell epitopes [6, 20, 21].

The aim of this study was to investigate the T-cell re-
sponse to different isoforms of allergens. Six TCC were
tested with r Bet v 1 and four recombinant isoforms of Cor
a 1. Moreover, dodecapeptides representing T-cell epitopes
on these recombinant allergens were used in proliferation as-
says. The knowledge of cross-reacting T-cell epitopes of al-
lergens will certainly have impact on the choice of immuno-
dominant isoforms of allergens for immunotherapy. More-
over, in the future, this information will be essential for the
design of peptides which represent relevant T-cell epitopes
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and are capable of modulating the T-cell response of allergic
patients [22, 23].

MATERIALS AND METHODS
Patients

Peripheral blood was collected from five tree pollen aller-
gic patients. HLA typing was performed as described [24].
type I-allergy to birch and hazel pollen was proven by typical
case history, positive skin tests, and positive radio-
allergosorbent test (RAST class 2.5-6).

Allergen protein preparations
Purification of natural (n) Bet v 1and n Cor a 1

Hazel pollen and birch pollen were purchased from Aller-
gon AB. Aqueous extracts of these pollens were prepared as
previously described [2] and resolved in double-distilled
water. Biocryl BPA 1000 (TosoHaas) was added (2500 parts/
million) followed by centrifugation in an Eppendorf centri-
fuge for 10 min. The clear supernatants were subjected to
HPLC employing a linear gradient of 2-propanol created
over 60 min at room temperature (Cg Hypersil WP 300,
10 pm, 8 mmX250 mm; solvent A, 0.1% trifluoroacetic acid
in water; solvent B, 90% 2-propanol, 0.1% trifluoroacetic
acid; gradient from 0 to 80% B ; flow rate, 1.8 ml/min; moni-
toring absorbance at 280 nm). The purity of n Bet v 1 and n
Cor a 1 samples was established in immunoblots and on
silver stained polyacrylamide gels [25]. Protein concentra-
tions of purified protein samples were determined by micro-
Kjedahl [26] using glycine as standard.

Expression and purification
of the recombinant non-fusion proteins

R Ber v 1 and the four r Cor a 1 isoforms (Cor a 1/5,
Cor a 1/6, Cor a 1/11 and Cor a 1/16) were expressed as
non-fusion proteins in Escherichia Coli IM 105. r Bet v 1
was cloned into the expression plasmid pKK 233—2 and r
Cor a 1 isoforms were inserted into pKK 223-3 (Pharmacia)
[8, 27]. Expression of the recombinant allergens was induced
by adding isopropyl-thio-f-D-galactoside (1.5 mM) to the
culture medium. After 3 h, cells were harvested and recombi-
nant proteins purified from bacterial protein extracts as de-
scribed [8, 27]. The protein concentration of all purified sam-
ples was determined by the micro-Kjeldahl method [26]. Ali-
quots were analyzed by SDS/PAGE using silver staining and
immunoblotting. Proteins were dissolved in tissue culture
medium, sterile filtered, then used for cell-culture.

IgE immunoblots

IgE immunoblots were performed according to pro-
cedures described previously [2]. Protein estimation was per-
formed before loading identical protein amounts onto SDS/
polyacrylamide gels in order to make comparison of the IgE-
binding capacities of Cor a 1 isoforms possible [8]. Plasma
of five patients was incubated in 1:5 dilution with nitrocellu-
lose strips coated with r Bet v 1, r Cor a 1/5, r Cor a 1/6,
r Cor a 1/11 and r Cor a 1/16. A serum pool of 13 non-
allergic donors and buffer were used as controls. IgE binding
to proteins was detected with a 1251-1abelled polyclonal rab-
bit anti-human IgE antibody (Pharmacia).

Allergen-specific TCC

Allergen-specific TCC were established according to pre-
vious publications [11, 12]. Briefly, 10° peripheral blood mo-
nonuclear cells (PBMC) were stimulated with individual op-
timal Ber v 1 concentrations (5—20 pg/ml) in Ultra Culture
medium (BioWhittaker) supplemented with 2 mM/1 gluta-
mine and 20 pM 2-mercaptoethanol in 24-well, flat-bottomed
culture plates (3524 Costar). After 5 days of culturing human
r IL-2 (5 U/ml, Boehringer) was added and the culture con-
tinued for an additional 7 days. Viable T-cell blasts were
then separated on Ficoll/Hypaque (Pharmacia), and Ber v 1
specificity was assessed by an [*H]thymidine (Amersham)
incorporation assay. Thereafter, T-cell blasts were seeded in
limiting dilution (0.5 cells/well) in 96-well round-bottomed
plates (Nunclone, Nunc) in the presence of 2X10° irradiated
(50 Gy) allogeneic PBMC as feeder cells, 1% phytohaemag-
glutinin (by vol., Gibco) and r IL-2 (4 U/well) in the above
described medium. Growing microcultures were then ex-
panded at weekly intervals with fresh feeder cells and r IL-
2. The specificity of TCC was assessed as previously de-
scribed [12]. Briefly, 2X10* T-cell blasts were incubated in
triplicate cultures in 96 well plates in the presence of 10°
autologous PBMC, as antigen-presenting cells (APC), puri-
fied Bet v 1 and whole birch pollen extract. Microtiter plates
were then incubated for 48 h at 37°C, 5% CO,, humidified
atmosphere. After treatment for 16 h with 0.5 pCi/well of
[*H]thymidine, cells were harvested and the incorporated ra-
dioactivity was measured by scintillation counting. When the
stimulation index (ratio between radioactivity obtained in
cultures with TCC plus autologous irradiated PBMC, plus
antigen and radioactivity obtained in cultures containing
TCC and PBMC alone) was greater than 10, responses were
considered positive.

Phenotyping and specific stimulation of TCC
for eytokine production

The phenotype of TCC was analyzed by Flow cytometry
using a FACScan (Becton-Dickinson). For analyses the fluo-
rescein-isothiocyanate-labelled mAb anti-(Leu 4/CD3), anti-
(Leu 3a/CD4), anti-(Leu 2a/CD8), anti-(TCR «/f WT 31)
and anti-(TCR /6 I) (TCR, T-cell receptor; Becton-Dickin-
son) were used [13].

For cytokine production, 10° clone cells were incubated
with 5X10° irradiated (50 Gy) autologous APC (PBMC or
Epstein-Barr-virus-transformed B cells) and n Bet v 1 (10 pg/
ml) in 1 ml of the ulture medium described above. Superna-
tants were collected after 24 h of incubation. Cytokine levels
in the supernatants were measured using ELISA systems pro-
vided by Quantakine R&D systems, Minneapolis MN (IL-
4); Medgenix Diagnostix, Fleurus, The Netherlands (IFN-
y, IL-2) and BioSource International, Camarillo CA (IL-10).
Cultures containing APC alone and TCC plus APC without
allergen were used as negative controls.

TCR analysis

Analysis of TCR Vf region was performed using the
polymerase chain reaction (PCR) as described [28 —30].

Peptides

Epitope mapping of TCC was performed using
dodecapeptides overlapping for two residues (neighbours



share 10 amino acids) as described previously [12]. Peptides
representing homologue isoepitopes on the four Cor a 1
isoallergens were synthesized (Cambridge Research Bio-
chemicals Limited). According to the mapped Bet v 1 epi-
topes, TCC were tested with following peptides. TCC SS 10,
VIPAARLFKAFI (r Bet v 1, amino acids 12—23), VI-
SAARLFKSYV (r Cor a 1/16, amino acids 12—23), VI-
PAARLFKSYYV (r Cor a 1/5, r Cor al/6, r Cor a 1/11, amino
acids 12—23); TCC HC 31, TNFKYNYSVIEG (r Bet v 1,
amino acids 77—88), TNFTYSYTVIEG (r Cor a 1/5, r Cor
a 1/11, amino acids 77—88), TNFKYSYTVIEG (r Cor a 1/
6, r Cor a 1—16, amino acids 77—88); TCC MS 2 and HC
4, KISNEIKIVATP (r Bet v 1, amino acids 97—108),
KVCHQLKIVAAP (r Cor a 1/5, r Cor a 1/11, amino acids
97-108), KVCSQLKIVAAP (r Cor a 1/6, r Cor a 1/16,
amino acids 97—108); TCC AA 4, GSILKISNKYHT (r Bet
v 1, amino acids 111—122), GSILKISSKFHA (r Cor a 1/5,
r Cor a 1/6, r Cor a 1/11, amino acids 111-122),
GSTLKISSKFHA (r Cor a 1/16, amino acids 111-—-122);
TCC BE 15, LRAVESYLLAHS (r Bet v 1, amino acids
144—155); LRAVETYLLAHS (r Cor a 1/5, r Cor a 1/6, t
Cor a 1/11, r Cor a 1/16, amino acids 144—155).

RESULTS
Purification of recombinant and natural allergens

All proteins (r Bet v 1, r Cor a 1/5, r Cor a 1/6, r Cor a
1/11, r Cor a 1/16, n Bet v 1, n Cor a 1) were purified to
homogeneity. Silver staining revealed single bands in the mo-
lecular-mass range described [8, 27] for these allergens (data
not shown).

IgE immunoblots

All patients displayed strong IgE binding to recombinant
Ber v 1 (Fig. 1) and exhibited specific IgE antibodies to the
four recombinant isoforms of Cor a 1 (Fig. 2). Differential
IgE reactivity of the plasma samples with each isoform could
be observed. Controls did not show IgE binding to any of
the recombinant proteins.

Fig. 1. Reactivity of patients’ IgE with purified r Bet v 1. 135,
patients’ plasma, SS, HC, MS, AA, BE. Co, negative control, a
serum pool of 13 non-allergic donors.
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Phenotyping, cytokine production
and TCR analysis of the TCC

According to HLA typing, patients revealed different
MHC class II phenotypes. Six TCC (SS 10, HC 31, MS 2,
HC 4, amino acids 4, BE 15), established from Ber-v-1-spe-
cific T-cell lines of five patients were investigated. Flow
cytometry analysis revealed the Th phenotype (CD 34, CD
4+, CD 8-) for all clones. TCC were stimulated with 10 pg/
ml n Bet v 1. Cytokine production in response to specific
stimulation is summarized in Table 1. TCR could in all cases
be identified as TCR &/f. PCR analysis of the TCR Vi re-
gion revealed monoclonality for all TCC. Results of Pheno-
type, cytokine production and TCR analysis are summarized
in Table 1.

Proliferation assays using r Bet v 1, four r Cor a 1
isoforms, and natural allergen preparations

The specificity of six TCC (SS 10, HC 31, MS 2, AA 4,
BE 15) for Bet v 1 was proved by proliferation assays using
n Bet v 1. All TCC except TCC HC 4, could be stimulated
with recombinant Bet v 1. Upon stimulation with four r Cor
a 1 isoforms and with n Cor a 1, the clones showed distinct
responses (Table 2): BE 15 and AA 4 could be stimulated
with n Cor a 1 and with all four r Cor a 1 isoforms. TCC
HC 31 showed proliferation upon stimulation with n Cor a
1, r Cor a 1/6 and r Cor a 1/16, but failed to react with r
Cor a 1/5 and r Cor a 1/11. TCC SS 10 reacted with n Cor
al,rCorall5 rCora1/6andr Cor a 1/11, but could not
be stimulated with r Cor a 1/16. MS 2 showed no reaction
with n Cor a 1 or any r Cor a 1 isoform. TCC HC 4 did not
proliferate upon stimulation with r Bet v 1, n Cor a 1, r Cor
al/Sorr Coral/ll,butn Betv 1,r Cora 1/6 and r Cor a
1/16 induced proliferation (Table 2).

Proliferation assays using epitope-representing peptides

Each TCC was tested with peptides representing its epi-
tope on r Bet v 1 and the homologous regions (isoepitopes)
on the r Cor a 1 isoforms. These dodecapeptides differed in
one to six amino acids. Proliferation assays with peptides
confirmed the results obtained with complete recombinant
molecules (Fig. 3).

DISCUSSION

Pollens from birch and hazel (both of the order Fagales)
contain major allergens with highly similar amino acid se-
quences [4, 8]. Previous studies demonstrated that these ma-
jor allergens, proteins with a molecular mass of about

Cor a 1 Cor a 1 Cor a 1

1716 56 1116 56 1116 5 6 1116 56 1116 561116

patient 4 patient 5 Control

Fig. 2. The reactivity of patients’ IgE with four r Cor a 1 isoforms. Patients 1—35, plasma of patients SS, HC, MS, AA, BE. Control, a

serom pool of 13 non-allergic donors.
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Table 1. Characterization of allergen-specific TCC for phenotype, cytokine production upon specific stimulation, TCR Vg gene

usage and HLA phenotype. n.d., not determined.

TCC Phenotype Production TCR Vg Patients’ HLA phenotype
IL-2 IL-4 IFN-y  IL-10 DRp DQp
U/ml pg/ml U/ml pg/ml
SS10 CD3+,CD4+,CD 8- >10 300 46 nd n.d. 1,13;52 5,6
HC31 CD3+,CD4+,CD 8- < 1.0 980 0.5 60 5.2/3 7,11; 52, 53 2,7
MS 2 CD 3+, CD 4+, CD 8— 1 <3 5 <5 12 4,13;52,53 3,6
HC 4 CD 3+, CD 4+, CD 8- < 0.1 34 26 117 2 7,11; 52,53 2,7
AA 4 CD 3+, CD 4+, CD 8- < 0.1 526 27 243 14 13; 52 3
BE15 CD3+,CD4+,CD 8- 12 4635 <01 <5 24 7;53 2,3

Table 2. Proliferative responses of TCC upon stimulation with
natural and recombinant allergens. Stimulation indices of greater
than 10 were considered as positive. TCC were SS 10, HC 31, MS
2, HC 4, AA 4, BE 15.

Allergen Proliferative response of
SS10 HC31 MS2 HC4 AA4 BEI1S

nBetv1 + + + + +
r Bet v 1 + + + — + +
r Cor a1/5 + - - — + +
r Corall6 + + — + + +
r Cor a 1/11 + - — — + +
r Cora 1/16 - + - + + +
nCoral =+ + - — + +

17 kDa, share IgE-binding epitopes [5]. Recently, it has been
reported that cross-reactivity between Bet v 1 and Cor a 1
also exists at the T-cell level, as was demonstrated by activa-
tion of Bet-v-1-reactive TCC by purified pollen-derived Cor
a 1 [6]. Like many other plant-derived proteins, natural aller-
gens consist of different closely related isoforms (isoaller-
gens; [7—9, 18]). Moreover, we recently demonstrated that
natural preparations of an allergen contain isoforms which
are highly similiar, yet possess distinct immunogenic proper-
ties in terms of IgE binding [8]. Regarding pollen allergens,
the quantitative ratio of different isoforms present in an aller-
gen extract may vary depending on environmental factors
and genetic background of the individual plant. From an al-
lergologic point of view, a certain immunodominant isoform
of a natural allergen would be of special interest. Moreover,
if that isoform was cloned, expressed as a recombinant pro-
tein and used for diagnosis of type I allergies, reproducibility
and comparability of routine tests would be increased [31,
32]. Concerning tree pollen allergy, r Bet v 1 seems to be
suited for that purpose [31]. Other than the Cor a 1 isoforms
(Fig. 2; [8]), it reacts strongly with IgE antibodies of every
patient sensitized to the major allergens of tree pollens
(Fig. 1; [31]). Moreover, binding of patients’ IgE to the ma-
jor allergens of other trees of the order Fagales can be
blocked by prior incubation of patients’ sera with r Bet v 1
[33].

The sera collected from our tree-pollen-allergic patients
displayed IgE binding to r Bet v 1. In the case of the four
r Cor a 1 isoforms, different intensities of IgE reactivity were
found, as described previously [8], within single individuals
(Figs 1 and 2). To find out whether different cross-reacting
allergens and isoforms of allergens [8] also showed distinct

potencies in inducing T-cell activation we tested six allergen-
specific TCC. All clones were known to be reactive with
different epitopes on the homologous proteins. Individual
patterns of reactivity in response to stimulation with recom-
binant isoforms of Cor a 1 and with r Bet v 1 occured; these
differences could be correlated with amino acid exchanges
within the TCC-stimulating epitopes [8]. For example, TCC
SS 10 reacted with the epitope amino acids 12—23 on r Bet
v 1and onr Cor a 1/5, r Cor a 1/6 and r Cor a 1/11. The
amino acid exchange at position 14, from proline to serine,
inr Cor a 1/16 correlated with non-recognition of the peptide
by the clone (Fig. 3). Within the epitope of HC 31, the substi-
tution of lysine (r Bet v 1, r Cor a 1/6 and r Cor a 1/16) by
threonine (r Cor a 1/5 and r Cor a 1/11) at position 80 led
to non-reactivity of the respective clone (Fig. 3). The replace-
ment of serine (r Cor a 1/6 and r Cor a 1/16) by histidine
(r Cor a 1/5 and r Cor a 1/11) at position 100 caused a lack
of proliferation of HC 4, which reacted with amino acids
97—108 on 1 Cor a 1/6 and r Cor a 1/16 (Fig. 3). Other
amino acid exchanges between the Cor a 1 isoforms and r
Bet v 1 did not influence the proliferative responses of TCC
[6], even if amino acids of different groups were exchanged.
(Fig. 3; SS 10, serine/alanine; AA 4, isoleucine/threonine,
threonine/alanine).

Most of the TCC raised with natural, pollen-derived Bet
v 1 react with preparations of n Bet v 1 and purified r Bet v
1 with comparable intensity [13, 34]. However, the fact that
some natural Bet v 1-reactive TCC do not recognize recombi-
nant Bet v 1 [6, 13, 34] led us to the assumption that such
clones were specific for Ber v 1 isoforms which are present
in natural preparations but obviously not represented by r Bet
v 1. In this respect TCC HC 4 is of special interest: it reacted
strongly with n Ber v 1 but did not respond to stimulation
with r Bet v 1. However, the clone could be stimulated with
two of the r Cor a 1 isoforms, indicating the presence of
corresponding epitopes in n Bet v 1, which represents a mix-
ture of isoforms [9]. Recently three new Bet v 1 isoforms
were cloned and sequenced in our laboratory (EMBL data
bank accession numbers 77200, 77265, 77272) displaying
cysteine at position 99 like the r Cor a 1 isoforms 5 and 11
within the HC 4 epitope.

Our data adds new information to the described situation:
T cells specific for an allergen recognize different linear epi-
topes on the protein [13, 35]. Moreover, natural allergens
consist of multiple isoallergens, T-cell-stimulating epitopes
and non-stimulating regions can be found, at corresponding
positions, on these isoforms and on other cross-reacting aller-
gens. There is evidence that successful allergen-specific im-
munotherapy modulates the immune response at the T-cell
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Fig. 3. Response of the TCC to stimulation with peptides (I-V) synthesized according to the sequences of the recombinant allergens.
LrBetv1;1II, 1t Cora1/5;1l, r Cor a 1/6; IV, r Cor a 1/11; V, r Cor a 1/16. Co, background control (TCC + APC, no peptide).

level [36] which then leads to a decrease of clinical symtoms.
Considering the use of recombinant allergens for immuno-
therapy it would certainly be necessary to identify immuno-
dominant isoforms. Moreover, hyposensitation with a mix-
ture of highly antigenic recombinant isoforms of one aller-
genic protein, or multiple allergen-derived peptides [22, 23]
with the characteristics of T-cell but not B-cell epitopes,
should be considered as another approach to affect T-cell
reactivity.
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