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Abstract—Tree pollens are responsible for type I allergies during the flowering season in spring.
Pollens from birch, hazel and alder constitute the most important allergen sources in this respect
in the northern hemisphere. Human 1gE antibodies. specitic for the major allergens of these pollens.
are known to crossreact, and in general every tree pollen allergic patient is sensitized to these three
pollen allergens. In this study we investigated eight T-helper cell clones (CD3+. CD4+, TCRx/f)
with specificity for Ber v I, the major birch pollen allergen, as proved by reactivity with purified
natural as well as with recombinant allergen. The T cell clones were used to investigate common T
cell epitopes of the Ber v I molecule with Cor a 1. the major allergen of hazel pollen and Aln g 1.
the major allergen of alder pollen. All eight T cell clones reacted with all three proteins with different
intensity. Moreover, three T cell clones. which were known to react with immunodominant T cell
epitopes on the Bet v I molecule, were tested for reactivity with dodecapeptides synthesized according
to the corresponding homologous regions of the Cor a I and 4ln g | sequence. All the peptides
induced strong T cell proliferation, indicating the existence of multiple cross-reacting epitopes. These
findings will have an impact on the production of vaccines for immunotherapy of tree pollen allergies.

INTRODUCTION

Type I allergy to tree pollens is a common disease in
Northern and Central Europe as well as in certain areas
of Northern America. Pollens from birch (Berula
verrucosa), hazel (Corylus avellana) and alder (Alnus
glutinosa), all of the order of Fagales, represent three
important allergen sources which cause tree pollen al-
lergy (Ipsen et al., 1985: Jarolim et al.. 1989a). Previous
studies showed that 93% of all tree polien ailergic
patients display IgE-binding to Ber ¢ 1. the major
allergen of birth pollen (BP). and that 60% react exclu-
sively with this protein, indicating the importance of this
protein in tree pollen allergy (Jarolim et al., 1989a).
Characterization of the major tree pollen allergens Ber -
[ (birch), Cor a1 (hazel) and 4/n g I (alder) by 2D PAGE
(two-dimensional polyacrylamide gel electrophoresis)
and inhibition studies showed extensive cross-reactivity
of patients’ IgE (Rohac er al, 1991). Furthermore.
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Abbreviations: TCC, T cell clone; BP, birch pollen: n-Ber ¢ 1,
natural Ber v I; r-Bet t 1. recombinant Ber ¢ I; SDS-PAGE.
sodium dodecy! sulphate~polyacrylamide gel electrophor-
esis; cDNA, complementary deoxyribonucleic acid;
PBMC, peripheral blood mononuclear cells: PBS, phos-
phate buffered saline; r-IL-2, recombinant IL-2; TCR, T
cell receptor.

monoclonal antibodies raised against Ber ¢ 1 bound
strongly to related proteins in hazel and alder pollen
extracts (Rohac er al.. 1991), and cross-hybridization
studies using a Ber v I encoding cDNA (Breiteneder
et al., 1989) as a probe revealed high homology between
Bet v 1, Cor a1 and Aln g 1 at the nucleic acid level
(Valenta er al.. 1991a) and between the deduced amino
acid sequences (Ipsen and Hansen, 1991). In spite of the
fact that the cross-reactivity of patients’ IgF among the
major aliergens of ditferent pollens of the order Fugales.
leading to cross-allergy. is very well documented (Ipsen
et al., 1985; Ipsen and Hansen, 1991; Niichel-Petersen
et al., 1988; Valenta er al., 1991a), nothing is known
about putative cross-reactive T cell epitopes.

In this study. we investigated whether the major
allergens Bet v I, Cor al and Aln g I share T cell epitopes.
For this purpose, Bet v I-specific T cell clones (TCC)
were tested for reactivity with the purified major aller-
gens of birch. hazel and alder pollens. In three cases we
also investigated the TCC proliferation with dodecapep-
tides representing immunodominant T cell epitopes of
Bet v I (Ebner et al., 1993a, b). and corresponding amino
acid sequence regions of the Cor a I (Breiteneder et al.,
1993) and Aln g I (Breiteneder et al., 1992) molecule.

MATERIALS AND METHODS
Patients

Peripheral blood was collected from seven tree pollen-
allergic patients. Type I allergy to BP was proved by
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typical case history. positive skin te:’s and positive
RAST (classes 2.8-5). Morcover. [gE-binding to puritied
natural Bet v [ (n-Ber v 1) as well as to puritied
recombinant Bet ¢ 1 (r-Bet ¢ 1) and to the purified major
allergens of hazel (Cor a D and alder (Ain g B was
investigated by immunoblot experiments. Peripheral
blood mononuclear cells (PBMC) were used for cell
culture experiments. All patients’ PBMC displayed posi-
tive lymphocyte proliferation in response to stimulation
with extracts from birch pollen. hazel pollen. alder
pollen and the respective purified major allergens.

Allergen protein preparations

n-Ber v T was purified from agueous extracts (farolim
ot al.. 1989a) of pollen (Berulu vorriosd. Allerzon AB.
Engelhom, Sweden) by affinity chromatography using
the immobilized monoclonal antibody BIP 1 as de-
scribed (Jarolim et al.. 1989h4). The eluted material was
dialvsed against phosphate buffered saline (PBS). precip-
itated by addition of a four-told volume of acetone and
centrifuged (Minifuge RE. Hereus: 3000 rpm). The pellet
was dried in a desiccator. dissolved in 5M urea. exten-
sively dialysed against PBS. and after sterile filtration
used for cell culture.

Expression and purification of recombinant non-fusion
Bet v /. The recombinant non-fusion protein wds ex-
pressed in Escherichiu coli by using the pKK 223-3
expression plasmid (Amann o7 4l 19%3: Pharmacia.
Uppsala. Sweden) and purified as described (Ebner ¢z al..
1993a: Ferreira er al.. 1992).

Purification of Cor a | and Aln g I. Aqueous extracts
of pollens from hazel and alder were prepared as pre-
viously described (Jarolim er al.. 19894) and loaded onto
a preparative reversed-phase high-performance liquid
chromatography column. Cor [ and An g 1 were
subsequently eluted emploving a linear gradient within
AU min ol roem wemperatund.

The protein concentration of all purified samples was
determined by the micro-Kjeldahl method using glycine
as standard (Jacobs. 1939). Ahquots were analysed by
SDS-PAGE and subsequent silver staining (Merril er al.,
1981) and immunoblot.

Peptides

A panel of peptides was svnthesized by Cambridge
Research Biochemicals (Cambridge. U.K.. Maeji et al..
1990). The clones BELS. DE15 and HCS were tested in
proliferation assays as described by Ebner et al. (1993a).
The concentration of peptides was 1 pg well (5 pg/mi).
The following T cell clones were tested with the peptides
shown (sequences in the international one-letter code for
amino acids)

BE15:
LRAVESYLLAHS (Bertv L. amino acids 144-153)
LRAVETYLLAHS (Cor aI; amino acids 144-155)
LKAVESYLLAHS (4/n g I, amino acids 144-155)

DF16: :
PFKYVKDRVDEV (Bet v I; amino acids 63-74)
RYKYVKERVDEV (Cor a I; amino acids 63-74)
PFKYVKERVDEV (Aln g I amino acids 63-74)

HCS:
TNFKYNYSVIEG  (Ber v I amino acids 77-88)
TNEKYSYTVIEG  (Cor a I: amino acids 77-88)
VNEKYSFSVIEG  (Aln g I: amino acids 77-88).

IgE immunoblots

[gE-immunoblots  were performed as described
Jarolim et al.. 1989a). Sera of the seven patients were
incubated in a 1:4 dilution with nitrocellulose strips
coated with n-Ber ¢ Lo r-Ber v [. Coraland 4in g L
respectively Bound el was detected using & radio-
Jabelled polycional rabbit anti-human 1gE antibody
(Pharmacia).

Allergen-specific TCC

Allergen-specific TCC were obtained by a technique
described elsewhere (Parronchi et al., 1991). Briefly.
0.5 x 10° PBMC were stimulated with individual optimal
n-Betr v 1 concentrations (5-20 g ml), determined in a
proliferation assay by titration in Alm V medium
(Gibco. Grand Island. NY) supplemented with 2 mM/1
gluamine and 2+ 10 ‘A1 2-ME in 24-well flat-bot-
tomed culture plates (3324 Costar. Cambridge. MA) for
five days. Then. human recombinant IL-2 (r-IL-2:
20 U ml, Genzvme. Cambridge. MA) was added and the
culiure continued tor an additional seven days. Viable T
cell blasts were then separated by Ficoll Hypaque
(Pharmacia), and Ber v I specificity was assessed by a
’H-thymidine (Amersham International, U.K.) incor-
poration assay. Thereafter. T cell blasts were seeded in
limiting dilution (0.3 cells well) in 96-well round-
bottomed plates (Nunclone. Nunc. Denmark) in the
presence of 107 irradiated (3000 rad) allogeneic PBMC as
vy PHA (Gibeor and r-1L-2 (4
U well) in the above described medium. Growing micro-
cultures were expanded at weekly intervals with fresh
feeder cells and r-IL-2. The specificity of TCC was
assessed as previously described (Parronchi et al.. 1991).
Briefly. 2 x 10° T cell blasts were incubated in triplicate
cultures in 96-well plates in the presence of 10° au-
tologous irradiated (500 rad) PBMC, with whole BP
extract and purified n-Ber v 1. Microtiter plates were then
incubated for 48hr at 37°C. in 5045 CO,. and in a
humidified atmosphere. After pulsing for 16 hr with
0.5 uCi per well of ‘H-thymidine, cells were harvested
and the incorporated radioactivity was measured by
scintillation counting. When the stimulation index [ratio
between counts per min (cpm) obtained in cultures with
TCC plus autologous irradiated PBMC plus antigen and
cpm obtained in cultures containing TCC and PBMC
alone] was greater than 10. responses were considered as
positive. Clones with proved specificity for Ber v I were
retested as described above using BP extract, n-Ber v 1.
r-Bet v 1. Cor a1 and Aln g L using the same procedure.
In all TCC proliferation assays BP extract was used in

tecder Colis



.,‘.“

Bet v 1. Cor a 1. Aln g 1T cell clones 1325

a concentration of 20 ug'ml (4 ug'well), the purified
allergens were used in S g wetl (1 ug well).
Analysis of the phenotype of TCC

The FITC-labelled monoclonal antibodies (mAb)
anti-Leu 4 CD3. ant-Leu 3a CD4. anti-Leu 2a CDS,
anti-T cell Antigen Receptor (TCR) x f# WT31 and
anti-TCR 3.8 1 (Becton-Dickinson, Mountain View,
CA) were used to analyse the phenotype of the TCC on
a FACScan (Becton-Dickinson).

RESULTS
Purification of recombinant and natural allergens

By the methods described. all tour proteins (r-Ber ¢ L
n-Ber v [ Cor a I and Al ¢ D couid be purified
to homogeneity. Protein staining (silver stain) in

1234 567 Co

r-Bet v | —~~

-

1234 567 Co

n-Bet v | —*’O

SDS-PAGE showed the single bands in the molecular
weight range described for these allergens (not shown).

[g E-immunoblots

All seven patients exhibited specific [gE against Ber ¢
[. Natural as well as recombinant Ber ¢ [ was used for
immunoblotting (Figs la. b). In addition. the patients’
sera showed comparable IgE-binding to both. purified
Cor a Il and Aln g I (Figs lc. d).

Proliferation assays using r-Bet v [ n-Bet v I, Cor a I and
Aln g [

Two TCC, cloned from different T cell lines of patient
SAZ. and six TCC derived from specific T cell lines of
patients AS. BE. DF. HC. MB. SS were investigated.
Speatticity of TCC fur Ber ¢ 1 was demonstrated in
proliferation assays using n-Ber v I as well as r-Ber v |

1234 567 Co

Coral —

1234 567 Co

Alngl —

Fig. I. Immunoblot analysis with purified allergens: the reactivity of patient’s IgE with recombinant
(r-Ber v 1), natural Bet v I (n-Bet v 1), Cor a l and Aln g 1 is compared. (1)(7) Patients sera: HC,
MB. SAZ, SS. AS. DF, BE. Co represents the control, a serum pool of 13 non-allergic donors.
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Table 1. Proliferation assays

‘H-thymidine incorporation (cpm x 10°)

Clone AS27

BEIS DFl6 HCS MBX0  SSio SAZ4:1 SAZ28 2

Control 0.1 0.06 0.4 0.2 0.2 26 0.2 1.2
BP 8 73.6 SR8.7 106.8 17.5 1372 12.7 249
r-Bet v 1 4.5 75.7 3.0 87.7 0.8 80.7 ND ND
n-Bet v 1 5.7 66.8 2 90.4 6.8 133.7 8.1 25.5
Coral 10.4 65.9 2301 57.4 14.7 103 11.6 26.8
Aln g 1 93 28.7 9.2 28.5 10.5 167 7.5 293

“TCC + autologous irradiated PBMC, no antigen.

(Table 1). Stimulation of these eight TCC with Cor a L.
and Aln ¢ in the same concentration also led to strong
proliferative responses. The reactivity  patlerns were
quite different: 5/8 Bet v I-specific TCC reacted distinctly
more strongly upon stimulation with Cor a I than with
A4ln g 1 (BE1S, DF16, HC5, MB20. SAZ 4/1: Table 1),
1 8 clone (SS10; Table 1) showed stronger reactivity with
Ain g 1. In two TCC (MB20. AS2T: Table 1) the
reactivity to the cross-reacting proteins seemed to be
even more pronounced than the response to Bet v 1. One
clone (MB20) did not react with the r-Ber v I allergen.

BEI1S

TCC + ADC, No Ag

The results of the proliferation assays are summarized ir
Table 1.

Proliferation assavs using epitope -representing pe tide:
Rk g £

Three clones were tested with peptides representing
the epitope on Bet v T and homologous peptides on Co
a 1l and Aln ¢ 1. respectively. Each of the TCC reactec
strongly with the peptides derived from these source:
(Fig. 2). TCC HCS5 displayed a 10-fold weaker prolifer
ation following stimulation with the Aln g T derive
peptide. than with the Bet ¢ I and Cor a I derive

LRAVESYLLAHS (Bet v 1)

LRAVEIYLLAHS (Cor a i)

LKAVESYLLAHS (Aln g 1)~

DF16

TCC + APC, NO Ag
PFKYVKDRVDEY (Bet v D)
RYKYVKERVDEV (Cor a 1)

PFKYVKERVDEV (Aln g 1)

0 2000 4000 6000 8000 cpm

HCS

TCC + APC, No Ag
TNFKYNYSVIEG (Bet v )
TNFKYSYIVIEG (Cor a 1)

YNFKYSESVIEG (Aln g 1)

=

0 10000

Fig. 2. Response of three respresentative TCCs to stimulation with peptides synthesized according
to the Bet v I. Cor a 1 and Aln g I sequence. The letters represent amino acids in the international
one-letter code.

20000 30000 40000 50000 60000 cpm
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peptide: Bet v 17 *: 53 872 cpm, Cor a I **: 58.667 cpm.
Aln g U7*: 5036 cpm (background value: 216 cpm).

Flow cytometry analysis

FACS analysis revealed the helper cell phenotype
(CD3+. CD4+.CD8—) tor all clones. The TCR could
be identified in all cases as TCR x f5.

DISCUSSION

It has been demonstrated that Ber ¢ 1. the major
allergen of BP shares IgE-binding epitopes with tree
pollen allergens derived from pollen of other trees of the
order Fagales (Ipsen et al.. 1985; Ipsen and Hansen,
1991; Rohac er af.. 1991: Valenta er af.. 1991u). and that
a molecule homologous to Ber ¢ Tis present in different
fruits and vegetables (Halmepuro er wi.. 1984 Ebner
et al., 1991). Ber v [ is an important major tree pollen
allergen. More than 95% of all tree pollen allergic
patients exhibit IgE to this protein and 60% react
exclusively with this allergen (Jarolim er al.. 1989a).
Thus, this protein i1s very umportant tor diagnosis and
therapy of tree pollen allergy (Valenta et al.. 19915). In
this respect, the definition of T cell specificities and
cross-reactivities seems to be essential. In this study. Ber
v I-specific TCC were used to investigate T cell epitopes
common to the major allergens of birch. hazel and alder
poilens. since these major tree pollen allergens are
known to cross-react at the B cell epitope level.

In the last few years. new cell culture techniques have
provided us with information about the particular re-
sponse of allergen-specitic T helper lvmphocytes upon
stimulation with allergens. The CD4+ T cells could be
divided into several subsets according to their pattern of
lymphokine production (Mosmann and Coffman, 1989;
Chrétien er al., 1990; Maggi er al.. 1992). Also. a
pathway of IgE regulation. mainly depending on the
ratio of IL-4 and IFN » production by these T helper
cells was dosentbad for mico NMosmuenn wnd Cofmen,
1989) and could recently also be shown tor humans
(Chrétien er al.. 1990; Maggi ¢t al., 1992). Immunother-
apy that means inducing tolerance in an allergic patient
by application of increasing doses of allergen. is an
approved method in the treatment of type [ allergy. The
effectiveness of this method is well known (Bousguet
et al., 1991), however, the mechanisms taking place are
not completely understood. Many studies reported no
correlation between therapy success and changes in the
levels of antibodies of whichever class or subclass
(Birkner er al., 1990). It is conceivable that during
immunotherapy a modulation of the immune response
of allergen specific T-helper cells takes place. Severe
cases of tree pollen allergy are treated by hyposensitiza-
tion using mixtures of representative tree pollen extracts
(normally a mixture of birch. hazel and alder extract) to
which patients display specific IgE (Niche-Petersen
et al., 1988). In our opinion it i1s important also to
investigate such cross-reactivities at the T cell level. To
avoid errors we used highly specific systems like Ber v 1
specific T cell clones and purified natural allergens and

additionally, in case of Ber v 1, a recombinant protein.
Our experiments revealed common T cell epitopes on Bet
v 1. Cor al and A4ln g 1. Each of the eight T cell clones
tested. reacted with all three major allergens. but with
different intensity (Table 1). This was probably due to
the fact. that distinet clones recognize different T cell
epitopes (Yssel er al., 1992: Ebner er al.. 1993a. h) in the
amino acid sequence of the protein. To answer this
question. peptides were synthesized according to three
immunodominant T cell epttopes of Ber ¢ 1. and TCCs
reacting with the respective sequences were tested with
the corresponding parts of Cor a I and A4in g L. Prolifer-
ation assays revealed that the amino acid changes taking
place in these 12-mer peptides were not essential. How-
ever, clone HCS reacted with the Alk-g I-derived peptide
positively (5036 vs 216 cpm in the negative control). but
jy-fold weaker than with the birch or hazel-derived
peptide (Fig. 2). In this case, three amino acid changes
could be observed within the T cell epitope (Thr vs Val,
Asp Tyr vs Ser‘Phe). The peptide synthesized according
to the published sequence of 4/n ¢ 1 (Breiteneder et al.,
1992) also displaved weaker antigenicity than purified
natural A/n g 1. indicating that this allergen preparation
comprises a mixture of isoforms with different antigenic-
ity (i.e. amino acid changes within partcular T cell
epitopes: Breiteneder er «l.. 1993). It has been described
in the literature that distinct amino acids of an epitope
are crucial cither for peptide-MHC class I or pepiide-
TCR-binding (Alen er «f.. 1990; Suhrbier er ai.. 1991
Krieger er /.. 1991). Within the sequences of the three
molecules. minor changes in pepudes representing T cell
epitopes could reduce or increase specific T cell affinity.
One of the tested clones (MB20; Table 1) showed
reactivity to n-Bet v I, to which this TCC was originally
raised, and responded even stronger to the hazel and
alder proteins. Surprisingly. this clone did not react with
r-Ber ¢ 1 in all the experiments performed (Table 1). We
believe that a crucial amino acid change within the T cell
enitapr pronorie roncin s with the parnoeinr iseform
represented by our recombinant matenial. Trrs sumulat-
ing sequence is obviously present in the mixture of
isoforms in the natural preparations of Ber v 1. Cor a1
and A/n g 1. Interestingly. the patients’ IgE bound to the
r-Ber v I (lane 2. Fig. 1a).

In conclusion. a complete characterization of aller-
genic molecules that considers B as well as T cell epitopes
is necessary. Moreover. an involvement of particular
MHC class II restriction elements (Fischer er al.. 1992:
Ansari er al.. 1989) and TCR molecules (Renz and
Gelfand. 1992) in reactivity of T helper cells with
immunodominant (cross-reacting) epitopes has to be
investigated. This knowledge might provide us with new
insights into mechanisms leading to tolerance (IT) and
disclose how specific T cells recognize structures on
allergenic proteins. Single proteins (e.g. recombinant
allergens) should be used in the therapy of type I allergy.
In future, peptides representing epitopes of allergens
(maybe also present on other cross-reacting proteins
showing amino acid sequence homology) could also be
good tools for IT (Berzofsky et al., 1987; Litwin et al.,
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1991). They could modulate the immune response to
allergens at the T cell or B cell level without the risk of
anaphylactic side effects.
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