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Phleum pratense-specific T cells of allergic rhinitis
patients display a broader recognition pattern than Phleum
pratense-specific serum immunoglobulin E
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Summary

Background The role of allergen-specific CD41 T lymphocytes in the pathophysiology of
atopic disease is well established. Previous studies on allergen-specific T-cell responses
have focused on the recognition of single major allergens to identify T-cell epitopes.

Objective

However, it is not clear whether immune responses to allergen extracts are

exclusively targeted at major allergens or whether additional proteins are recognized.

Methods

Here we describe the Phleum pratense-specific immunoglobulin E (IgE) and

T-cell responses of six allergic rhinitis patients. Reactivity was measured to size-separated
fractions of a P. pratense extract as well as to the purified major allergens Phl p 1, Phl p 2/3
and Phl p 5.

Results The specificity of the patients’ serum IgE, measured in a fluid phase assay, was
restricted to one or two of the major allergens. Even though the majority of the patients had
IgE antibodies reactive with a single major allergen, one patient reacted with both Phl p 5
and with Phl p 2/3. Analysis of the T-cell repertoire with P. pratense-specific T-cell lines
(TCLs) and CD4" T-cell clones (TCCs) revealed that at least six different proteins were
recognized, including the three major allergens, most notably Phl p 5. Simultaneous
production of IL-5 and interferon (IFN) -y was detected in supernatants of the TCLs
stimulated with P. pratense extract and the major allergens.

Conclusion These results indicate that allergic rhinitis patients have a large pool of
circulating allergen-specific CD4™ T cells that recognize many different proteins in an
allergenic extract, whereas only a small number of these proteins are recognized by
serum IgE.
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Introduction

Grass pollen allergens from grasses belonging to the Poa-
ceae family are a major cause of seasonal allergies, giving
rise to clinical manifestations such as rhinitis, rhino-
conjunctivitis and asthma. Atopic allergies are characterized
by elevated levels of allergen-specific serum immuno-
globulin (Ig) E and tissue eosinophilia, two parameters
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that are responsible for the immediate and late phase
allergic responses, respectively.

It is well established that both IgE production and
eosinophilia are dependent on the presence of allergen-
specific CD4% T lymphocytes with a bias towards the
production of TH2 cytokines [1-3]. These TH2 cells
produce interleukin (IL)-4 that induces B lymphocytes to
switch to the production of IgE and IL-5 that plays an
important role in the differentiation and maturation of
eosinophilic granulocytes. Allergen-specific TH2 cells
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have been identified in the peripheral blood as well as in
disease sites of allergic patients [4—8] and have been shown
to play a direct role in the mucus production in affected
airways [9], further demonstrating the clinical relevance of
these cells.

Because these TH2-like T cells induce the production of
IgE in B cells, most studies characterizing T-cell responses
to allergens have focused on major allergens (reviewed in
[10]), i.e. allergens to which more than 50% of all patients
have IgE. The cloning and sequencing of cDNAs encoding
many of these major allergens has prompted the study of
T-cell epitopes on major allergens. Recombinant major
allergens are currently considered as a potential alternative
to allergenic extracts for allergy vaccination [11,12]. T-cell
responses to many of these major allergens have therefore
been studied in detail and multiple T-cell epitopes have been
identified [10].

T-cell reactivity of grass-allergic rhinitis patients with a
grass major allergen in the absence of specific serum IgE
was recently reported, suggesting that allergen-specific IgE
reactivity and T-cell reactivity may not have a complete
overlap [13]. Allergenic extracts are complex mixtures of
multiple relevant allergens, including major allergens.
Characterization of immune responses to the proteins in
these extracts is pivotal for our understanding of the disease
and for the design of novel allergy vaccination protocols,
such as peptide therapy [14,15] or the use of recombinant
allergens [11,12].

Allergenic extracts of Phleum pratense pollen contain
several important allergens, namely Phl p 1 (26—-33 kDa),
Phl p 2/3 (both at 11 kDa, proteins cannot be separated from
each other), Phl p 4 (50—60kDa), Phl p 5 (a double band at
31-33kDa, but also a clear breakdown product at 15 kDa)
and Phl p 6 (11kDa). Of these allergens, Phl p 1 and Phl p 5
are the most clinically relevant major allergens [16].
Approximately 80% of grass-allergic patients have IgE to
both of these allergens. Group 2/3 allergens bind IgE in the
sera of approximately 50% of the patients, whereas group 4
and group 6 allergens are minor allergens.

Grass allergens of the Poaceae family have a high degree
of sequence homology between the different species
i.e. Lolium perennis, Phleum pratense, Poa pratensis and
Dactylis glomerata [17-19]. In addition to tree pollen
allergens [20-22], house dust mite [23,24] and ragweed
allergens [25] and multiple isoforms of grass group 1 and 5
allergens have been shown to exist in nature [18,26—28]. As
a result of these sequence homologies and isoallergenic
variation, specific IgE antibodies as well as specific T cells
display a high level of cross-reactivity, that is highly
clinically relevant.

However, T-cell responses to P. pratense have only been
addressed in studies describing responses to the major
allergens Phl p 1 and Phl p 5 [13,29,30]. In the current

study we tried to determine whether the T- and B-cell
responses of P. pratense-allergic individuals were restricted
to the major allergens or if other proteins present in
P. pratense allergen extract were also the target for
immune recognition.

Materials and methods

Patients and IgE reactivity

All six patients (a—f) are clinically allergic to grass pollen
and did not receive specific immunotherapy. Type I allergy
was further demonstrated by positive skin prick test to
P. pratense (Soluprick SQ, ALK, Hgrsholm, Denmark)
and by the presence of grass- (Phl p) pollen specific IgE
(Magic Lite SQ specific IgE, ALK). Blood samples were
drawn during the pollen season [13]. The study was
approved by the local ethics committee.

Grass pollen extract

Pollens from P. pratense (Phl p) were obtained from
Allergon A/B (Engelholm, Sweden). The pollens were
extracted 1:10 (w/v) in 0.125 NH,HCO;, pH8.3 at 4°C
for 24 h and particulate matter was removed by centrifuga-
tion (15000 g). The supernatant was filtered through What-
man filter paper, dialysed against 0.005 mol/L NH,HCO3,
pH 8.3 overnight and lyophilized.

Size exclusion chromatography (SEC)

The crude Phl p extract (200 mg) were subjected to SEC on
a Superdex 75 16/60 column (Pharmacia, Uppsala, Sweden)
equilibrated with PBS pH7.2. The column eluate was
monitored by UV (1=280 and 225nm), SDS-PAGE
(silver stained, Fig. 1) and fused rocket immunoelectro-
phoresis (FRIE) to identify known allergen groups. Frac-
tions containing proteins were pooled and diluted to the
same OD280 value (0.2) for use in IgE binding and T-cell
assays.

Purification of Phl p 1, Phl p 5 and Phl p 2/3

The major allergens of Phl p were isolated from the crude
pollen extract by a combination of hydrophobic interaction
chromatography and SEC. Phl p extract (200mg) was
dissolved in 0.1 mol/L. Na acetate pHS5.0, diluted 1:1
(v/v) with 2.0 mol/L (NH,4),SO, and applied (10 milligrams
extract per millilitre column material) on a Octyl-Sepharose
column (Pharmacia) equilibrated with 0.05 mol/L. Na
acetate pH5.0. The application volume and one column
volume (Vt) of 0.05 mol/L Na acetate pH 5.0 were pooled
(V1) and the column was further eluted with two Vt
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0.05 mol/L phosphate buffer pH 7.2 (V2), two Vt 0.05 mol/L
NaHCO; pH8.3 (V3) and finally two Vt 0.05mol/L
NaHCO; pH 8.3, 50% (v/v) ethylene glycol (V4). The V4
pool containing only Phl p 5 was dialysed against water and
lyophilized. The V1 fraction containing primarily Phl p 1
and Phl p 2/3 was subjected to SEC on a Superdex S75
column equilibrated with 0.05 mol/L NH,HCO; pH 8.3 and
the fractions containing either Phl p 1 or Phl p 2/3 were
pooled and lyophilized. The allergens were identified by
silver-stained SDS-PAGE and immunoblots of the eluted
fractions. The purity of the isolated allergens was certified
by silver-stained SDS-PAGE of the lyophilized preparations.

IgE inhibition assay

The inhibition of the binding of biotinylated crude Phl p
pollen extract to IgE by purified Phl p allergens and pooled
SEC fraction was measured in a fluid phase assay. In short,
murine monoclonal anti IgE, covalently coupled to para-
magnetic particles (PMP, BioMag) was incubated with
serum samples, washed thoroughly and further incubated
with a mixture of biotinylated Phl p and inhibitor (e.g. Phl p
1, Phl p 5, Phl p 2/3 or pooled SEC fractions). A hundred
fold excess (w/w) of inhibitors were used. The amount
of biotinylated Phl p bound to the PMP-anti-IgE-IgE
phase was estimated as the radioluminescence units
(RLU) measured after incubation with streptavidin labelled
with acridiniumester. All inhibition assays were performed
in triplicate.

Culture conditions

T cells were cultured in RPMI 1640 medium (Gibco,
Paisley, UK) supplemented with 2mm L-glutamine
(Gibco), 100 TU/mL of Penicillin-Streptomycin (Gibco)
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Fig. 1. Silver-stained SDS-PAGE of size-
separated P. pratense allergen extract. P.
pratense allergen extract was fractionated
by size exclusion chromatography on a
Superdex S75 column in PBS. Fractions
containing protein were pooled and
visualized on a reduced SDS-PAGE gel
(20 pL/lane undiluted). The mobility of
known allergen groups are indicated on the
right of the gel.
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and 5% heat-inactivated, screened human AB 4+ serum
(Harlan, UK)(later referred to as complete medium). All
cultures were grown under sterile conditions at 37 °C in a
humidified atmosphere of 5% CO,.

Generation of P. pratense-reactive T-cell lines and clones

Peripheral blood mononuclear cells (PBMCs) were isolated
from freshly drawn heparinized blood by gradient centrifu-
gation on Lymphoprep (Nycomed, Torshov, Norway).
PBMCs (10°/mL) were stimulated with 25 pg/mL P. pra-
tense extract (Phl p) in complete medium. Phl p-reactive T-
cell lines (TCLs) were established by adding IL-2 on days 5,
6 and 7 (10U, 5U and 5 U, respectively) (Chiron, Amster-
dam, The Netherlands). This was followed by a restimula-
tion on day 12 of T cells (2% 105/mL) with irradiated EBV
(JY), allogeneic PBMCs, 10U IL-2 and 0.5 ug/mL PHA-P
(Difco, Detroit, MI, USA) in complete medium. IL-2 was
added on days 3, 4 and 5 (10U, 5U, 5U, respectively).
Cultures were split and expanded in complete medium every
3 days. The short-term P. pratense-specific T-cell lines
were tested for proliferation and cytokine production after
the first or second round of restimulation with feeder cells.

Phl p-reactive T-cell clones (TCC) were generated from
such short-term lines by limiting dilution and plated at 0.3 or
1 cells/well in 96-well, flat-bottom tissue culture plates in
the presence of irradiated EBV (JY), allogeneic PBMC,
10U IL-2 and 0,5 pg/mL PHA. After 7—14 days growing
clones were expanded in 96-well plates and afterwards in
24-well plates. Fresh feeder cells, antigen and PHA were
added every 10days.

Proliferative responses of Phl p-specific TCLs and TCCs

T-cell lines or cloned T cells were washed twice in RPMI
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1640 medium to remove excess PHA and IL-2. Antigen
specific proliferation was assessed by stimulation of
the T cells, 2—4x 10* cells/well, by antigen using 3000
rad-irradiated autologous or matched PBMCs as antigen-
presenting cells (10° cells/well). The fractionated grass extract
was tested at two different concentrations in each experiment
(15 pg/mL and 1.5 ug/mL). The cells were cultured for 72h,
followed by a 16-h pulse in the presence of titrated methyl
thymidine (3H—TdR) (NEN DuPont, Wilmington, DE, USA),
0.5 uCi/well. Proliferation was expressed as mean c.p.m. of
*H-TdR incorporation of triplicate cultures.

Analysis of phenotype of T-cell clones

Phenotype analysis of the TCCs was performed using anti-
CD3 (OKT3, ATCC, MD), CD4 (OKT4, Ortho), CDS8
(OKTS8, ATCC, MD) and anti-mouse IgG-coated Dyna-
beads (Dynal, Oslo, Norway), adapted from [31]. Viable
T cells were obtained from TCC cultures by gradient
centrifugation on lymphoprep. The cells were washed
twice in RPMI-1640 medium and resuspended in complete
medium at 4x10° cells/mL. Cells were incubated for
30 min with anti-CD3, anti-CD4 and anti-CD8 mAb and
washed twice. Anti-mouse IgG-coated Dynabeads were
prepared according to the manufacturer’s recommendations.
The TCC cells, 250 uL/sample, were incubated for 10 min at
room temperature with excess amounts (7x10° beads/
sample) the anti mouse-IgG Dynabeads. Non-bound cells
were magnetically separated from the Dynabead cell com-
plex and the phenotype of the cells was established by
conventional microscopy. This method was compared with
regular FACS analysis with comparable results.

Production of supernatants for cytokine measurements

T cells (2—-4x 104/W611) were activated for 24h in the
presence or absence of P. pratense extract (25 ug/mL) in the
presence of autologous, irradiated PBMCs (10° cells/well) as
described above. Cell-free supernatants were collected for
cytokine measurements after a 24-h culture period.

IL-4, IL-5 and IFN~y ELISA assays

The presence of IL-4 and IFNy in the TCC supernatants
was measured using an IL-4, IL-5 and interferon (IFN) -y
ELISA according to the manufacturer’s description
(Genzyme, Cambridge, MA, USA).

Results

Size exclusion chromatography

A Phl p pollen extract was subjected to size exclusion

chromatography on a Superdex 75 column and fractions
were collected throughout the elution profile. Three neigh-
bouring protein-containing fractions were pooled resulting
in a total of 17 different fractions. The protein profile of
these fractions are visualized in Fig. 1. The allergens were
further identified by electrophoretic mobility and fused
rocket immuno-electrophoresis using monospecific rabbit
antibodies raised against Phl p 1, Phl p 2/3, Phl p 5 and Phl p
6 (summarized in Table 1).

IgE inhibition

The inhibitory capacity of each of the 17 pooled SEC
fractions on the reaction between IgE from six individual
allergic sera and biotinylated P. pratense pollen extract
were estimated by a fluid phase inhibition assay. IgE
binding of two of the patients (patients b and d) was
inhibited by fractions containing Phl p 2/3 and Phl p 6,
IgE binding of one patient was inhibited by fractions
containing Phl p 1 (patient f), IgE binding of two patients

Table 1. Distribution of known P. pratense allergens in SEC
fractionst

Fractionno. Phlp1l Phlp2/3 Phlp4 PhlpS5 Phlp6
22-24 - - - — -
25-27 — — — — —
28-30 - - - + -
31-33 - - + + -
34-36 - - ++ ++ -
37-39 - - ++ +++ -
40-42 + - + +++ -
43-45 ++ - - + -
46-48 ++ - - + -
49-51 ++ ++ - ++ ++
52-54 + +++ - +++ +++
55-57 - +++ - +++ +++
58-60 - ++ - +++ ++
61-63 - + - + +
64-66 - - - — —
67-68 - - - — -
70-72 — - - — —

fDistribution of P. pratense major allergens in the fractions eluted
from the size exclusion column (Sephadex 75). The allergens were
identified by electrophoretic mobility in silver stained SDS-PAGE,
immunoblotting of the SDS-PAGE using murine mAb anti-Phl p 1
or Phl p 5 and by fused rocket immune electrophoresis (FRIE)
using poly-specific rabbit anti-Phl p antibodies or with mono-
specific rabbit anti-Phl p 1, Phl p 5, Phl p 6 or Phl p 2/3 in the
intermediate gel. Scores represent estimated relative amounts of
the major allergens
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was inhibited by Phl p 5 (patients a and e) and the remaining
patient (patient c) appeared to have both Phl p 5- and Phl p
2/3-specific serum IgE (Fig. 2). To exclude the presence of
substantial amounts of IgE to other proteins specific to
the fractions, inhibition experiments were performed with
purified Phl p 1, Phl p 2/3 and Phl p5 (Fig. 3). These
experiments confirmed the IgE reactivity patterns of
patients with the major allergens. Notably, patients b and
d both reacted with fractions containing Phl p 2/3 and Phl p
6, and were shown to react with Phl p 2/3 (b) or with
(an)other protein(s) in the fraction, most likely Phl p 6 (d).

Reactivity of Phl p-specific T-cell lines with separated Phl p
fractions

P. pratense-specific T-cell lines generated from all six
patients reacted with all of the SEC fractions (Fig. 4).
When the TCLs were tested with purified major allergens
and Phl p extract, a strikingly higher response was seen in
response to the allergen extract than to any of the major
allergens (Fig. 5). Reactivity with the major allergens
partially reflected their IgE reactivity pattern in four of the
patients (a: Phl p 5, f: Phl p 1, e: Phl p 5 and d: none of the
major allergens tested). The other two patients did not have
a Phl p 5/Phl p 2/3 (c or a Phl p 2/3 (b) dominant T-cell

response, as their serum IgE did. These results clearly indicate
that T cells recognize additional proteins present in all TCLs.

Cytokine production by P. pratense-specific TCLs

The results shown above might suggest that the T cells that
had the same reactivity pattern as the corresponding serum
IgE were more biased to the production of TH2-type
cytokines than the T cells recognizing additional proteins.
To investigate this, supernatants were collected from all six
T-cell lines after specific activation with P. pratense extract
or with the purified major allergens. As is shown in Table 2,
all TCLs simultaneously produced IL-5 and IFN+y in
response to P. pratense extract, which reflects the high
levels of specific proliferation to the extract. However, IL-
4 was only detected in two of the lines, possibly because
several in vitro stimulations are required before IL-4 pro-
duction can be measured [32]. Production of relatively low
levels of IL-5 and IFN+y were seen to each of the major
allergens, reflecting a lower frequency of T cells specific for
a single major allergen than an allergenic extract. This
production varied between the six TCLs, dependent on the
level of T-cell activation. No qualitative differences in
cytokine production were observed between the extract
and the major allergens in single patients.
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Fig. 2. Inhibition of binding of serum IgE from six allergic rhinitis patients patients (a—f) to P. pratense allergen extract by size-separated
fractions of P. pratense allergen extract. Values shown are mean RLU of triplicate measurements. The control shown in the figure is a
measurement without any inhibiting P. pratense proteins present. One of two experiments shown.
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Fig. 3. Inhibition of binding of serum IgE from six allergic rhinitis patients patients (a—f) to P. pratense allergen by purified major
allergens. Values shown are mean RLU of triplicate measurements.
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Fig. 4. Reactivity of P. pratense-specific T-cell lines of six allergic rhinitis patients (a—f) with size-separated fractions of P. pratense
allergen extract. The T cells (2—4 x 10%well) were incubated for 48 h with autologous, irradiated PBMCs (10°/well) in the presence or
absence (control) of pooled fractions of size-separated P. pratense extract. Cultures were terminated with a 16-h 3H-TdR pulse, followed
by liquid scintillation counting. Values shown are mean c.p.m. of triplicate cultures tested at a total protein concentration of 15 ug/mL for
each pooled fraction. The control values shown represent the proliferation of cells without antigen. Results at other concentrations were
consistent with the data presented. One out of two experiments shown.
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Fig. 5. Reactivity of P. pratense-specific T-cell lines of six alergic rhinitis patients (a—f) with P. pratense allergen extract and with purified
major allergens. The T cells (2—4 x 10*/well) were incubated for 48 h with autologous, irradiated PBMCs (10°/well) in the presence or
absence of three concentrations of P. pratense extract, Phl p 1, Phl p 2/3 or Phl p 5. Cultures were terminated with a 16-h 3H-TdR pulse,
followed by liquid scintillation counting. Values shown are mean c.p.m. of triplicate cultures. SEmM are shown as error bars. One out of two

experiments shown.

Reactivity of Phl p-specific TCCs with separated Phl p
extract and purified major allergens

The P. pratense-specific T-cell lines reacted with very low
concentrations of grass allergens. Therefore, one cannot
completely exclude that reactivity to all of the SEC fractions
was the result of reactivity to minute amounts of a single
protein present in all fractions. To exclude this possibility, a
panel of P. pratense-specific TCCs was generated from four
of the patients. The patients selected for cloning had pre-
dominantly Phl p 1-specific IgE (f), Phl p 2/3-specific IgE
(b), Phl p 5-specific IgE (e) or IgE that reacted with other
protein(s) in the low molecular weight area (d). A total of 21
(nine of patient e, nine of patient d, two of patient f and one
of patient b) P. pratense extract-specific TCCs was gener-
ated. All TCCs were CD3™", CD4™", CD8™ and reacted with
a limited number of SEC fractions only, with clear peak
reactivities (Fig. 6). Interestingly, five of nine TCCs
derived from patient e that primarily had Phl p 5-specific
IgE reacted with fractions 34—42 or showed a double peak

with fractions 34—42 and 49—-63, the fractions that contain
Phl p 5 (34-42) or its 15-kDa breakdown product (49—-63).
As Phl p 5 consists of multiple isoallergenic variants, the
reactivity pattern of the TCCs that react with two peaks
may possibly be explained by reactivity with a subgroup
of isoallergens that is more easily subjected to protein
degradation.

None of three TCCs from patient f (that had Phl p
1-specific IgE) reacted with fractions containing Phl p 1 and
the remaining three TCC reacted with two different pro-
teins. Four of nine TCCs from patient d (that had IgE
directed to a low molecular weight protein other that Phl
p 2/3) reacted with low molecular weight fractions and none
of one TCC from patient b (that had Phl p 2/3-specific IgE).
The other 12 TCC (four of patient a, two of patient f, one of
patient b and five of patient d) reacted with fractions that did
not contain the major allergens their IgE reacted with. It is
clear from Table 4 that in addition to the major allergens
at least five or six other proteins are recognized by these
TCCs.
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Table 2. Cytokine production patterns of P. pratense-specific T-
cell lines

T-cell line c.pm. (x1073) IFNy IL-4 1L-5
a

Control 6.3 < < <
P. pratense 34.9 2854 < 76
Phlp 1 20.2 110 < <
Phl p 2/3 12.5 139 < <
Phlp 5 19.8 680 < <
b

Control 8.0 < < <
P. pratense 48.1 2162 < 497
Phlp 1 8.4 < < <
Phl p 2/3 11.3 < < <
Phlp 5 29.0 726 < 227
c

Control 9.4 < < <
P. pratense 37.0 3037 138 >2000
Phl p 1 13.7 79 < 81
Phl p 2/3 14.6 70 < 101
Phlp5 15.1 132 < 121
d

Control 5.3 110 < <
P. pratense 45.9 1141 73 1288
Phl p 1 27.5 108 < 175
Phl p 2/3 27.1 123 < 186
Phlp 5 28.1 204 < 203
e

Control 2.0 < < <
P. pratense 15.0 3900 < 1006
Phl p 1 1.1 171 < <
Phl p 2/3 7.5 200 < <
Phlp5 12.0 450 < 78
f

Control 5.2 107 < <
P. pratense 27.4 999 < 593
Phl p 1 14.0 128 < 157
Phl p 2/3 10.5 110 < <
Phlp 5 16.6 214 < 86

Cytokine production patterns of P. pratense-specific T-cell lines of
six allergic rhinitis patients in response to P. pratense allergen
extract and purified major allergens. The T cells (2—4 x 10%/well)
were incubated for 24 h with autologous, irradiated PBMCs (10°/
well) in the presence or absence of three concentrations of P.
pratense extract, Phl p 1, Phl p 2/3 or Phl p 5. After a 24-h culture
period, supernatants were removed and the content of IL-4, IL-5 and
IFNy was measured by ELISA. <: below detection level (50 pg/mL)

When the TCCs were tested for reactivity with the
purified major allergens, only eight of 20 TCCs tested
were shown to react with major allergens (Table 3). Five
of these TCCs reacted with Phl p 5 and three TCCs reacted
with Phl p 1. The reactivity pattern of these TCCs was fully
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Fig. 6. Reactivity of P. pratense-specific T-cell clones of four allergic
rhinitis patients (a) patient e, (b) patient d, (c) patient f and (d) patient
with size-separated fractions of P. pratense allergen extract. The T
cells (2—-4 x 104/we11) were incubated for 48 h with autologous, irra-
diated PBMCs (10°/well) in the presence or absence of pooled
fractions of size-separated P. pratense extract. Cultures were termin-
ated with a 16-h 3H-TdR pulse, followed by liquid scintillation
counting. Values shown are the percentage of T-cell stimulation relative
to the maximum stimulation obtained with any of the fractions. The
maximum stimulation indexes obtained ranged from 12 (GO2TL9-629
(RM20). All cultures were performed as triplicate cultures.

consistent with reactivity patterns of the TCCs to the SEC
fractions.

However, some TCCs reacted exclusively with major
allergen-containing fractions but did not react with the
corresponding purified major allergen, indicating that
additional proteins are recognized. These results cannot
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Table 3. Reactivity of P. pratense-specific TCCs with purified major allergens

TCC Control Phl p Phlp 1 Phl p2/3 Phlp 5 Specificity
b

TLHOS8 22 9.9 13.1 24 24 Phlp 1
d

RMO03 33 214 0.9 1.2 22 other
RM04 0.1 6.4 0.0 0.0 0.1 other
RMO05 0.1 3.9 0.0 0.0 1.0 other
RMO09 0.1 32.7 25.3 1.4 1.0 Phip1
RM12 1.2 21.7 0.1 0.7 0.6 other
RM18 0.3 17.2 0.4 0.2 1.2 other
RM20 0.1 12,5 3.5 0.0 0.0 Phip1
RM21 0.7 2.8 0.4 0.4 0.2 other
RM23 1.8 6.7 1.6 1.3 1.3 other
e

GO1TL 0.3 24.1 0.2 0.2 12.8 Phlp 5
GO2TL 0.2 12.0 0.1 0.3 7.1 Phlp 5
GO7TL 1.0 1.7 0.9 0.5 0.6 other
GO8TL 29 14.3 3.5 6.4 15.1 Phlp 5
G13TL 0.3 15.1 04 0.6 1.2 other
G14TL 0.2 5.2 0.1 0.2 0.1 other
GI15TL 0.2 18.2 0.1 0.2 0.9 other
f

GS01 0.1 27.2 0.1 0.2 31.8 Phlp 5
GS03 0.4 5.9 0.7 0.6 0.5 other
GS09 0.9 17.0 1.0 0.6 18.4 Phlp 5

Reactivity of P. pratense-specific T-cell clones of four allergic rhinitis patients with P. pratense allergen extract and with purified major
allergens. The T cells (2—4 % 10%/well) were incubated for 48 h with autologous, irradiated PBMCs (10°/well) in the presence or absence of
three concentrations of P. pratense extract, Phl p 1, Phl p 2/3 or Phl p 5. Cultures were terminated with a 16-h 3H-TdR pulse, followed by
liquid scintillation counting. Values shown are mean c.p.m. X 107> of triplicate cultures. Values with a stimulation index >3 and a total

c.p.m. of >1500 are considered positive and are shown in boldface

be explained by toxicity of the major allergen prepara-
tions, as both Phl p 1 and Phl p 2/3 are recognized in a
dose-dependent fashion by the TCLs (Fig. 5).

Discussion

The present study clearly shows that the reactivity pattern of
P. pratense-specific CD4™ T cells is much broader than the
reactivity pattern of serum IgE of allergic rhinitis patients.
In a recent study we reported that some grass-allergic
rhinitis patients displayed T-cell reactivity to group 5
grass allergens in the absence of detectable group 5-specific
serum IgE [13]. The present report confirms and extends this
observation to additional grass allergens, indicating that
T-cell reactivity to proteins in allergenic extracts in the
absence of serum IgE may be a general rule rather than an
exceptional finding.

The patients studied had serum IgE that was primarily
directed against the major allergens Phl p 1, Phl p 2/3 and

Phl p 5. The IgE reactivity was relatively narrow, as only a
few fractions and only one or two of the major allergens
appeared to be able to inhibit binding of Phl p-specific
serum IgE for each of the patients. In contrast T-cell
reactivity was much broader with T cells recognizing not
only the major allergens, but also several other proteins even
including high molecular weight proteins, to which IgE
reactivity has not been reported (summarized in Table 4).
Only a few other studies have described T-cell reactivity
towards proteins other than purified major allergens, but no
comparisons with IgE from the same patients have been
made [33,34].

This finding raised the question whether T cells reacting
with proteins in allergenic extracts to which there is no
detectable IgE is the result of a different cytokine production
pattern or the mere result of a frequency that is too low
to induce detectable serum IgE levels. The Phl p-specific
TCLs described here all produced IFN+y and IL-5 simulta-
neously, but in contrast with previous observations no

© 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 242-254



Phleum pratense-specific IgE and -T cells 251

Table 4. Summary of T-cell and IgE-reactivity patterns from results shown in Figs 1-6 and Tables 1-3

IgE (fractions)

Patient IgE (major) TCL (major) TCC (major) TCL (fractions) TCC (fractions)
a Phlp 5 Phlp 5 nd? 34-42, 49-57 All ND
(Phl p 5)
b Phl p 2/3 Phlp 5, Phl p2/3 Phlp 1 49-63 All 40-48 (Phlp 1)
(Phl p 2/3)
c Phl p 5 +Phl p 2/3 None ND 34-42,49-57 All ND
(Phl p 2/3, Phl p 5)
d None None Other, Phl pl 49-63 All 40-51 (Phlp 1)
(not Phl p 2/3) Unidentified:
49-63 (not Phl p 2/3)
22-23,22-33, 31-39,
37-48,
e Phlp 5 Phlp 5 Phl p 5, other 34-42,49-57 All 34-45 = 49-63 (Phl p5),
(Phlp 5) Unidentified:
40-51 (not Phl p 1),
22-23,28-33,31-42
f Phl p 1 Phlp 1 Phl p 5, other 40-51 All 34-42 (Phl pS)
(Phl p 1)* Unidentified:
31-39

ND - not done. *Reactivity of TCC that did not react with any of the major allergens tested

qualitative differences were observed in responses to the
major allergens. A possible explanation may be that the
TCLs were generated in vitro with a P. pratense pollen
allergen extract. This means that all TCLs, irrespective of
their fine specificity, have been selected in vitro under the
same circumstances, resulting in identical cytokine profiles
in all TCLs.

Interestingly, evidence is accumulating from many
studies that the cytokine profiles of allergen-specific T
cells may vary with the allergen studied and the clinical
manifestations of the allergy. Clearcut mite- and cat dander-
specific TH2 cells have been isolated from the peripheral
blood of allergic asthma patients or atopic dermatitis
patients [35-37]. These patients have significantly higher
IgE responses than do rhinitis patients. In addition, the
exposure to ‘typical’ asthma-inducing allergens such as
mite and cat is perennial, whereas exposure to ‘typical’
rhinitis allergens such as grass and tree pollen allergens is
season related. Most studies with grass and tree pollen-
specific T cells from the peripheral blood of rhinitis patients
to date have demonstrated a more THO-like response which
is only slightly biased towards a higher production of TH2
cytokines than the response of control donors [38]. In situ,
however, it appears that there is a more TH2-like response
[39-42] and the production levels of IL-5, that is not
detected in PBMCs of nonallergic donors, have been

linked to disease severity [43]. This may indicate that
rhinitis patients have a TH2-like response in the nasal
mucosa and after subcutaneous allergen challenge as a
result of local end-stage differentiation or, alternatively, of
specific homing of TH2 cells [44].

The recently identified differential expression of chemo-
kine receptors and chemokine chemotaxis by TH2 vs TH1
cells may play a role in this selective homing. Most TH2
cells have been shown to preferentially express CCR8 [45]
and CCR3 [44], whereas TH1 cells preferentially express
CCRS [46]. This may result in a selective influx of CCR3/
CCRS8-expressing TH2 cells after the production of certain
chemokines in affected tissues.

This pool of tissue-residing TH2 cells may continuously
be replenished by immature, circulating allergen-specific
THO-like cells that express low levels of CCR3 or CCR8
and that locally mature into TH2 cells. However, in this
model there still is a large pool of circulating allergen-
specific T cells that still have the ability to differentiate into
THO or TH1, rather than TH2 cells.

Specific immunotherapy, recently termed specific allergy
vaccination in the WHO report on specific allergy treatment
[47], has been shown to induce a multiplicity of immuno-
logical effects, including a notable change in the production
of primarily TH2 to the production of THI1 type cytokines
[48—51], an increased production of IL-10 [52], a decreased
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proliferative response of peripheral allergen-specific T cells
[51,53], a decrease in the influx of both CD4™ T cells and
eosinophils [48,54], a sharp increase of specific IlgG4 serum
antibodies [55,56], an increase in the number of IL-127 cells
[57] and a decreased number of circulating basophils [58].
All these changes may contribute to the improvements in
symptom and medication scores and paraclinical effects
such as decreased late phase reactivity. It is not clear at the
present time exactly how these effects are exerted on the
immune system. High antigen doses and the subcutaneous
injection route, in contrast with low doses introduced on
mucosal surfaces as is the case in natural exposure, may
preferentially result in IFN<y-dominated responses. The
results shown here may indicate that there is another
factor that may have an impact on the outcome of specific
allergy vaccination. The apparent lack of a complete overlap
between T-cell specificity and IgE specificity may indicate
that circulating allergen-specific T cells that do not induce
IgE are activated when allergic patients undergo specific
allergy vaccination, and that these cells may contribute to a
biasing of the immune response towards a more TH1 or
THO-like response that is characterized by the production of
IgG4, rather than IgE [59]. A discrepancy between the
occurrence of allergen-specific IgG and IgE in allergic
patients has been described previously [60,61], supporting
this theory. New SIT protocols are currently focusing on the
use of peptides or recombinant allergens. However, it is not
clear if allergy to, for example, grass pollen allergens can
be treated by a single allergen or whether the presence
of additional molecules is required. A clinical study
by sterballe et al. has shown that patients that are only
sensitized to Phl p 1 and Phl p 5 can be treated equally
effective with these two purified allergens, whereas patients
that reacted to additional proteins were treated more effec-
tively with the P. pratense extract than with the purified
major allergens only [16]. The results of the present study
indicate, that T-cell responses to many allergens can be
detected in the peripheral blood of all allergic patients,
including those patients that have specific IgE to a limited
number of allergens only. This may indicate that treatment
with recombinant allergens (representing single isoforms)
or peptides thereof may only cover a part of the specific
immune repertoire of any given patient. Additional clinical
studies on the use of single major allergens vs allergenic
extracts may yield further information on the feasibility of
such an approach. Considering the present results, the
discrepancy between T-cell specificity and IgE specificity
may indicate that a large number of allergen-specific T cells
do not support the induction of IgE production. These cells
may become activated when allergic patients are under-
going specific allergy vaccination with allergen extracts and
may be instrumental in biasing the immune response from a
TH2-like profile towards the THO or THI type.
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