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Summary
Background Allergen-specific immunotherapy represents a causal form of treatment for IgE-

mediated allergies. The allergen extract-based analyses of immunotherapy-induced effects yielded

highly controversial results regarding a beneficial role of therapy-induced IgG antibodies.

Objective We analysed allergen-specific IgE, IgG subclass, and IgM responses in patients treated

with a grass pollen allergy vaccine adjuvanted with monophosphoryl lipid A (MPL), a Th1-inducing

agent, and in a placebo group using recombinant timothy grass pollen allergen molecules (rPhl p 1,

rPhl p 2, rPhl p 5).

Results The strong induction of allergen-specific IgG1 and IgG4 antibodies observed only in the

actively treated group was associated with significant clinical improvement. Therapy-induced

allergen-specific IgM and IgG2 responses were also noted in several actively treated patients. An

inhibition of allergen-dependent basophil histamine release was only obtained with sera containing

therapy-induced allergen-specific IgG, but not with sera obtained before therapy or from placebo-

treated patients. Moreover, patients with therapy-induced allergen-specific IgG antibodies showed a

reduced induction of allergen-specific IgE responses during seasonal grass pollen exposure.

Conclusion Successful immunotherapy with the MPL-adjuvanted grass pollen allergy vaccine is

associated with the production of allergen-specific IgG antibodies. These blocking antibodies may

have protective effects by inhibiting immediate-type reactions and systemic increases of IgE

responses caused by seasonal allergen exposure.
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Introduction

The only causal and specific therapy for IgE-mediated
allergies is allergen-specific immunotherapy [1]. It was
developed long before the discovery and characterization of
IgE antibodies and is based on the administration of the
disease-eliciting allergens or modifications thereof in order to
reduce allergic symptoms in an allergen-specific manner [2].
The potential mechanisms underlying specific immunother-
apy include the induction of blocking antibodies, a shift from
Th2 to Th1 responses, and the induction of tolerance [3, 4].
Since its introduction into clinical practice in 1911, injection
immunotherapy is developing more and more towards the
principle of vaccination, mainly by using depot adjuvant-
bound allergen, extracts, allergen-derived peptides, recombi-

nant allergens and their derivatives [1, 3, 4]. The fact that the
imbalance within the Th1/Th2 system observed in allergic
patients gives rise to the preferential production of IgE
antibodies to otherwise harmless antigens (i.e. allergens) has
been a major argument to seek for therapeutic strategies or
adjuvants that may promote Th1 immune responses [5–7].
Besides strategies that are based on the use of allergen-

encoding DNA [8] or allergen-coupled oligonucleotides (CpG
motifs) [9] to induce Th1-like cytotoxic immune responses,
liposome-entrapped allergen extracts have been suggested for
immunotherapy [10].
Recently it has been demonstrated that monophosphoryl

lipid A (MPL), a 3-deacylated monophosphoryl lipid A,
derived from the lipopolysaccharide (LPS) of Salmonella
minnesota, in conjugation with antigens adsorbed to L-
tyrosine, induced a Th1-skewed immune response and also
led to enhanced IgG responses [11, 12].
In this study humoral immune responses (IgE, IgG1–4, and

IgM) were investigated in patients who had received grass
pollen-specific immunotherapy with a tyrosine-adsorbed,
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glutaraldehyde-modified grass pollen extract containing MPL
as an adjuvant [13]. Recombinant major timothy grass pollen
allergens, rPhl p 1, rPhl p 2, and rPhl p 5 [14], were used in
order to measure immune responses towards defined allergen
molecules. It was investigated whether therapy-induced
allergen-specific IgG antibodies can inhibit allergen-depen-
dent histamine release from human basophils. Furthermore,
the increases of allergen-specific IgE antibodies induced by
seasonal allergen exposure were compared between patients
who had received active or placebo treatment.

Methods

Patients and clinical data

Sera analysed in this study were obtained from 20 grass pollen
allergic patients (active treatment: n5 11; placebo: n5 9) who
had participated in a randomized, double-blind, placebo-
controlled multicentre immunotherapy study that was con-
ducted strictly according to the declaration of Helsinki [13].
The study employed a preseasonal immunotherapy regimen
comprising a course of four subcutaneous injections of
L-tyrosine-adsorbed, glutaraldehyde-modified grass pollen
extract containing the Th1-driving adjuvant MPL or, for
control purposes (placebo group), injections with L-tyrosine
(2% w/v) in an excipient solution alone [13]. The aqueous
grass pollen extract was prepared from a mixture of equal
amounts of 13 temperate grasses (Secale cereale: rye;
Alopecurus pratensis: Meadow foxtail; Cynosurus cristatus:
Dogtail grass; Dactylis glomerata: Orchard grass; Lolium
perenne: Rye grass; Poa pratensis: Kentucky bluegrass;
Anthoxanthum odoratum: Vernal grass; Festuca pratensis:
Fescue meadow; Agrostis tenuis: Bentgrass; Phleum pratense:
Timothy grass; Bromus spp.: Brome grass; Arrhenatherum
elatius: Oat grass; Holcus lanatus: Velvet grass) and has been
standardized for group 1 allergens. The IgE reactivity of the
extract was reduced by glutaraldehyde treatments as
described [15]. The last injection was given approximately
2–4 weeks before the start of the main grass pollen season.
Blood samples were taken before treatment (point 1), after
treatment, (point 2), in the middle of the assessment period
(i.e. grass pollen season: May/June) (point 3), and in autumn
(point 4).

Assessment of clinical efficacy

Over 4 weeks during the main grass pollen season, clinical
efficacy was determined according to diary cards containing
the patients’ daily assessment of eye, nose, and lung
symptoms (scores: no (0), mild (1), moderate (2), severe (3)
symptoms) [13]. In parallel medication, intake was scored
[13]. Symptom scores as well as symptom medication scores
of the verum- and the placebo-treated groups were analysed
before (time-point 1) and after treatment (time-point 3: grass
pollen season).

ELISA measurements of IgE, IgG subclass, and IgM
responses

ELISA plates (GREINER Labortechnik GmbH, Kremsmün-
ster, Austria) were coated either with natural timothy grass

pollen extract (100 mg/mL in PBS) (phosphate-buffered
saline) or rPhl p 1, rPhl p 2, or rPhl p 5 (5mg/mL in PBS)
at 4 1C overnight. Plates were washed twice with PBS/0.05%
v/v Tween 20 (buffer A) and blocked with PBS/1% w/v BSA/
0.05% v/v Tween 20 (bovine serum albumin) at 37 1C for
2.5 h. Sera were diluted in buffer B as follows: IgE 1 : 5, IgG1–4

1:50, IgM 1 : 100. Plate-bound allergens were incubated with
100mL/well of the diluted sera at 4 1C overnight. After five
washes with 250mL/well of buffer A, bound antibodies were
detected with mouse monoclonal anti-human IgE, IgG1,
IgG2, IgG3, IgG4, IgM antibodies (PharMingen, San Diego,
CA, USA), and a horseradish peroxidase-labelled sheep anti-
mouse antiserum (Amersham, Pharmacia) as described [14].
The differences in antibody levels between time-points 1

and 3 were calculated (OD7SD time-point 3�OD7SD
time-point 1) (optical density) and analysed with the
Wilcoxon two-sample test. The alterations in OD levels
corresponding to antibody levels between time-points 1 and 3
were expressed as mean percentage increases for the placebo
and verum group.

Basophil histamine release experiments

Heparinized blood samples from grass pollen allergic patients
were obtained by venipuncture after informed consent was
given. Granulocytes were isolated by dextran sedimentation
[16]. Purified rPhl p 5 was dissolved in histamine release
buffer (Immunotech, Marseille, France) at different concen-
trations (10� 4mg/mL, 10� 3mg/mL, 10� 2 mg/mL, 10� 1mg/
mL, 1mg/mL). In one set of experiments, allergen dilutions
were incubated with equal volumes of sera obtained from
patients before (time-point 1) or after (time-point 3) treat-
ment, for 30min at 37 1C as described [17]. Granulocytes were
then exposed to the allergen-containing samples and hista-
mine release into the cell-free supernatants was determined by
radioimmunoassay (Immunotech). Histamine releases were
measured in triplicate and were expressed as percentages of
total histamine determined after cell lysis [16].

Statistical analysis

The comparison between treatment groups was analysed with
a test for independent groups, i.e. the Wilcoxon two-sample
test.

Results

Effects of the grass pollen allergy vaccine on antibody
responses as monitored with natural and recombinant
timothy grass pollen allergens

Most of the patients (10/11) who had received active
treatment (e.g., patients #6, #3) (Figs 1 and 2), but not the
placebo-treated patients (e.g. patients #15, #13) (Figs 3 and
4), exhibited a strong induction of IgG1 and/or IgG4

responses to natural timothy grass pollen extract and to rPhl
p 5 in the course of treatment. IgG subclass responses induced
by the vaccine were mainly directed against rPhl p 5, whereas
rPhl p 1- and rPhl p 2-specific IgG subclass responses were
low and found in only a few patients (Figs 1 and 2).
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An induction of IgG2 antibodies occurred in certain cases
(4/11 patients) to components of timothy grass pollen extract
other than major allergens (Phl p 1, Phl p 5, Phl p 2) (e.g.
patient #6, Fig 1) and to rPhl p 5 (patient #7, data not
shown).
In most of the patients, timothy grass pollen-specific IgE

antibodies were directed mainly against rPhl p 5. The patterns
of alteration in the IgE responses were different from those
observed for IgG subclasses. Patients who had received active
treatment (e.g. patients #3, #6) showed a reduced increase of
allergen-specific IgE antibodies after the beginning of the
grass pollen season compared to patients who had received
placebo treatment (e.g. patients #13, #15) (Figs 1–4).

Treatment with MPL-adjuvanted grass pollen allergoid
induces allergen-specific IgM and pollen extract-specific
IgG2 responses

MPL has been mainly used as an adjuvant for vaccines
against viral infections [18–20]. During immunotherapy with
MPL-adjuvanted grass pollen allergoid, an induction of IgM
responses to timothy grass pollen extract as well as to
recombinant timothy grass pollen allergens (e.g. patient #3,
rPhl p 1, and rPhl p 5, Fig 2) was observed in five out of the

11 actively treated patients. In agreement with previous data,
showing that MPL induces a Th1 immune response in animal
models [12], we observed an induction of IgG2 antibodies to
natural timothy grass pollen extract in four out of the 11
actively treated patients (e.g. patient #6, Fig 1).

Actively treated patients exhibit a strong induction of
allergen-specific IgG1 and IgG4, which is associated with
significant clinical improvement

Optical density values corresponding to allergen-specific IgG1

and IgG4 levels in serum samples obtained before and after
therapy were compared in patients who had received active or
placebo treatment Fig. 5). After treatment (time point 3),
timothy grass pollen extract-specific IgG1 levels had increased
on an average for 208.1% in the active group (Fig 5a)
whereas in the placebo group only a 46% average increase
was observed (Fig. 5b). A statistically significant difference
between the alterations in the placebo (0.3270.17) and verum
(1.0070.51) group was found (Po0.001). An even more
pronounced increase of rPhl p 5-specific IgG1 was found for
the treated group (218.6% vs. 38.6% in the placebo group)
(Figs 5c and d). Again, the difference between the placebo
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Fig. 1. Courses of IgE, IgG1–4, and IgM responses to timothy grass pollen extract and recombinant timothy pollen allergens. Patient #6 who had received
active treatment is shown. The optical densities corresponding to the amounts of bound IgE, IgG1-4, and IgM antibodies are displayed on the y-axis. The time-
points of serum collection are displayed on the x-axis.

1200 N. Mothes et al.

r 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:1198–1208



(0.2070.22) and verum group (0.8670.41) was statistically
significant (Po0.001).
Phl p 1-specific IgG1 responses in both groups (active,

placebo) were lower than rPhl p 5-specific IgG1 responses
before therapy. Only low increases of Phl p 1-specific IgG1 of
approximately 30% were observed, and there was no
statistically significant difference between placebo and verum
groups (Figs 5e and f).
Alterations of allergen-specific IgG4 responses were similar

to those observed for IgG1: a 427.7% average increase of
IgG4 against natural timothy grass pollen extract occurred in
actively treated patients (Fig. 6a) compared to a 50.7%
increase in placebo-treated patients (Fig. 6b). The difference
between the groups (placebo: 0.1570.19; verum: 0.9470.67)
was significant (Po0.01). rPhl p 5-specific IgG4 antibodies
increased to 532.3% in the active group, but only a 32.9%
increase was observed in the placebo group (Figs 6c and d).
Again, the difference between the groups (placebo: 0.047
0.06; verum: 0.8670.71) was significant (Po0.01). rPhl p 1-
specific IgG4 levels showed a 133% increase in the active
group and a 45% increase in the placebo group and there was
no significant difference between the groups (Figs 6e and f).
In conclusion, none of the placebo-treated patients showed
increases of IgG as observed in the active group.
After treatment (time-point 3), a statistically significant

difference (Po0.01) between the placebo (2.270.5) and

verum group (1.670.6) was demonstrated for symptom
scores. Verum-treated patients also showed a significant
improvement in their symptom medication score (1.770.5)
when compared with the placebo-treated patients (2.470.7)
(P5 0.04). No significant difference regarding symptoms and
medication intakes between the placebo- and verum-treated
patients was observed during the previous pollen season.

Actively treated patients show a reduced boost of IgE
production during the grass pollen season

It is well established that allergic patients exhibit strong
increases of allergen-specific IgE levels after seasonal allergen
exposure [21]. In order to study whether specific immunother-
apy may reduce boosts of IgE production caused by seasonal
allergen exposure, we compared specific IgE levels in serum
samples of actively and placebo-treated patients before and at
the end of the grass pollen season. Figures 7a and b showed a
72.4% increase in IgE antibodies against timothy grass pollen
extract in the actively treated group and an 85% increase in
the placebo group, respectively. rPhl p 5-specific IgE
antibodies showed an increase of 144.7% in the active group
and a 195% increase in placebo-treated patients (Figs 7c and
d). rPhl p 1-specific IgE levels rose 51.3%, whereas placebo-
treated patients displayed a 77.7% increase of Phl p 1-specific
IgE antibodies (Figs 7e and f). Although statistically not
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Fig. 2. Courses of IgE, IgG1–4, and IgM responses to timothy grass pollen extract and recombinant timothy pollen allergens. Pateint #3 who had received
active is shown. The optical densities corresponding to the amounts of bound IgE, IgG1–4, and IgM antibodies are displayed on the y-axis. The time-points of
serum collection are displayed on the x-axis.
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significant, increases of allergen-specific IgE were always
lower in the actively treated patients compared to the group
who had received placebo (Fig. 7).

Sera containing therapy-induced IgG antibodies inhibit
allergen-dependent basophil histamine release

In order to study whether therapy-induced IgG antibodies
can inhibit allergen-induced immediate allergic reactions,
basophil histamine release experiments were performed as
described earlier for venom allergy [22]. rPhl p 5 was
preincubated with two sera obtained before or after active
treatment and then exposed to basophils from a Phl p
5-allergic person (Figs 8a and b). Sera containing therapy-
induced rPhl p 5-specific IgG1 and IgG4 antibodies inhibited
the Phl p 5-dependent histamine release strongly: when rPhl p
5 was preincubated with patients’ sera obtained before
treatment, a 30–50% induction of histamine release was
observed at a concentration of 10� 4 mg/mL allergen. Pre-
incubation of rPhl p 5 with sera from the same patients
containing therapy-induced rPhl p 5-specific IgG antibodies
reduced the histamine release at the 10� 4mg/mL allergen
dose down to 0–5% (Figs 8a and b: patients #5, #7).
Furthermore, sera containing therapy-induced IgG antibo-
dies shifted the point of maximal histamine release to 10-(Fig.
8b: patient #7) or to 100-fold (Fig. 8a: patient #5) higher

allergen concentrations. Sera from Phl p 5-sensitized,
placebo-treated patients had no significant effects on aller-
gen-induced histamine release (e.g. Fig. 8c: patient #13). The
spontaneous histamine release observed in these experiments
never exceeded 10% (Fig 8a–c).

Discussion

In this study, we used recombinant major timothy grass
pollen allergens (rPhl p 1, rPhl p 2, rPhl p 5) [15] to study
allergen-specific IgE, IgG1–4, and IgM responses in grass
pollen allergic patients who had received a preseasonal course
of four injections with MPL-adjuvanted, tyrosine-adsorbed
grass pollen allergoid or placebo. The strong induction of
IgG4 and IgG1 antibodies and, to a lower degree, of IgG2 and
IgM against timothy grass pollen extract in the actively but
not in the placebo-treated group indicates the vaccination
character of this treatment. However, a detailed analysis with
recombinant timothy grass pollen allergens revealed a great
variation of IgG responses against the individual grass pollen
allergen molecules.
In our opinion, the heterogeneous induction of IgG

antibodies to different components in a therapeutic allergen
extract deserves attention for several reasons. It demonstrates
that it is impossible to correlate IgG antibody levels and
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Fig. 3. Courses of IgE, IgG1–4, and IgM responses to timothy grass pollen extract and recombinant timothy pollen allergens. Pateint #15 who had received
placebo treatment is shown. The optical densities corresponding to the amounts of bound IgE, IgG1-4, and IgM antibodies are displayed on the y-axis. The time-
points of serum collection are displayed on the x-axis (in the middle of the assessment period, June 99).
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clinical improvement using crude allergen extracts because
the proportion of allergen extract-specific IgG directed to the
individual disease-eliciting allergens cannot be determined
and evaluated using allergen extracts. In this context, we
found it noteworthy that in some patients IgG antibodies
were induced primarily against extract components other
than the major grass pollen allergen groups (e.g. Fig. 1:
patient #6, IgG2) and very low or undetectable IgG responses
were induced against certain major allergens (e.g. Phl p 1, Phl
p 2). The reason for the low induction of antibody levels to
certain allergens may be their low representation in the
extract, their intrinsic low immunogenicity, or a glutaralde-
hyde-induced reduction of their immunogenicity. Our data
thus suggest that the outcome of specific immunotherapy
might be improved if allergy vaccines would contain equally
immunogenic allergens or allergen derivatives in equivalent
and defined molarities [23].
Even if the analysis of antibody reactivities and clinical data

performed with single-allergen molecules, the protective
activity of IgG antibodies may vary, depending on other
factors (e.g. epitope specificity, affinity/avidity, level/titre,
class/subclass). It is thus possible that many of the
controversial results obtained regarding the role of ‘blocking
antibodies’ were caused by the use of natural allergen extracts
for treatment and analysis [4, 24–26].
In this study, the strongest induction of IgG antibodies was

observed against rPhl p 5, a finding that may be explained by

the fact that group 5 allergens are stronger inducers of
antibodies than group 1 allergens [23, 27]. Group 5 allergens
are major allergens for more than 80% of the grass pollen
allergic patients. They induce high IgE antibody levels in
patients and belong to the most potent allergen molecules
described to date [28–31].
For Phl p 5, our data strongly suggest that therapy-induced

blocking antibodies have protective activity if they compete
with IgE antibodies with respect to their epitopes. Support for
the latter assumption comes from the following observations
made in this study. First, we found a significant improvement
of symptom as well as symptom medication scores in actively
treated patients who developed Phl p 5-specific IgG
responses. Second, we could demonstrate that only sera
containing therapy-induced allergen-specific IgG, but not sera
without such IgG (i.e. sera obtained before treatment or from
patients who had received placebo), inhibited allergen-
induced basophil histamine release. This finding is in
agreement with previous results showing that sera containing
therapy-induced allergen-specific IgG inhibited basophil
degranulation [17], but it cannot be excluded at this point
that in addition to allergen-specific IgG antibodies other
therapy-induced, allergen-specific humoral factors may also
contribute to the inhibition of immediate type-reactions.
Therapy-induced blocking antibodies may have beneficial

effects by reducing immediate allergic symptoms (e.g.
suppression of basophil histamine release). As previously
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Fig. 4. Courses of IgE, IgG1–4, and IgM responses to timothy grass pollen extract and recombinant timothy pollen allergens. Pateint #13 who had received
placebo treatment is shown. The optical densities corresponding to the amounts of bound IgE, IgG1–4, and IgM antibodies are displayed on the y-axis. The
time-points of serum collection are displayed on the x-axis (after the pollen season, September/October 99).
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reported for birch pollen immunotherapy, it is possible that
they may also down-regulate IgE-mediated allergen presenta-
tion to T cells and eosinophil activation and thus decrease the
late-phase symptoms of allergy [32]. The following finding

may perhaps be important for the long-term effects of
immunotherapy: that patients having therapy-induced aller-
gen-specific IgG already exhibited in the first grass pollen
season, immediately after the first treatment course, a lower
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Figs. 5. Levels of IgG1 to timothy grass pollen extract and recombinant allergens. Patients who had received active (active: patients 1–11) or placebo
treatment (placebo: patients 12–20) before (left: point 1) and during the pollen season (right: point 3, May/June) are shown. The horizontal black bars
represent the means of the IgG1 responses. The OD values are displayed on the y-axis. Percentage increases of antibody levels are shown in the diagrams.
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Figs. 6. Levels of IgG4 to timothy grass pollen extract and recombinant allergens. Patients who had received active (active: patients 1–11) or placebo
treatment (placebo: patients 12–20) before (left: point 1) and during the pollen season (right: point 3, May/June) are shown. The horizontal black bars
represent the means of the IgG4 responses. The OD values are displayed on the y-axis. Percentage increases of antibody levels are shown in the diagrams.
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induction of IgE responses by seasonal allergen contact than
the placebo group. The lower increase of IgE in the actively
treated group during the grass pollen season may be caused
by blocking antibodies preventing the stimulation of IgE
memory cells or may result from a modulation of the Th2/

Th1 balance caused by the MPL-adjuvanted grass pollen
allergoid. The latter explanation (i.e. a modification of the
memory Th2 response) is, however, less likely because an
allergen-specific IgG2 response indicating a shift to a Th1-like
immunity was noted in only few patients [33–35].
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Figs. 7. Levels of IgE to timothy grass pollen extract and recombinant allergens. Patients who had received active (active: patients 1–11) or placebo
treatment (placebo: patients 12–20) before (left: point 1) and during the pollen season (right: point 3, May/June) are shown. The horizontal black bars
represent the means of the IgE responses. The OD values are displayed on the y-axis. Percentage increases of antibody levels are shown in the diagrams.
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In summary, our study demonstrates that a preseasonal
course of four injections of MPL-adjuvanted, tyrosine-
adsorbed grass pollen allergoid has vaccination character.
Clinical improvement was associated with the production of
allergen-specific IgG antibodies, which may inhibit allergen-
induced immediate reactions. Furthermore, treated patients
having allergen-specific IgG exhibited reduced increases in
allergen-specific IgE after seasonal allergen exposure.
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