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Abstract

Background

Allergen exposure via the respiratory tract and in particular via the nasal mucosa boosts

systemic allergen-specific IgE production. Intranasal corticosteroids (INCS) represent a first

line treatment of allergic rhinitis but their effects on this boost of allergen-specific IgE pro-

duction are unclear.

Aim

Here we aimed to determine in a double-blind, placebo-controlled study whether therapeutic

doses of an INCS preparation, i.e., nasal fluticasone propionate, have effects on boosts of

allergen-specific IgE following nasal allergen exposure.

Methods

Subjects (n = 48) suffering from grass and birch pollen allergy were treated with daily flutica-

sone propionate or placebo nasal spray for four weeks. After two weeks of treatment, sub-

jects underwent nasal provocation with either birch pollen allergen Bet v 1 or grass pollen

allergen Phl p 5. Bet v 1 and Phl p 5-specific IgE, IgG1–4, IgM and IgA levels were measured

in serum samples obtained at the time of provocation and one, two, four, six and eight

weeks thereafter.

Results

Nasal allergen provocation induced a median increase to 141.1% of serum IgE levels to al-

lergens used for provocation but not to control allergens 4 weeks after provocation. There
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were no significant differences regarding the boosts of allergen-specific IgE between INCS-

and placebo-treated subjects.

Conclusion

In conclusion, the application of fluticasone propionate had no significant effects on the

boosts of systemic allergen-specific IgE production following nasal allergen exposure.

Trial Registration

http://clinicaltrials.gov/ NCT00755066

Introduction
Immunoglobulin E (IgE) plays a central role in the pathogenesis of allergy and asthma. Aller-
gen-induced cross-linking of IgE bound to the surface of mast cells and basophils via FcεRI
leads to the degranulation of these cells and the release of inflammatory mediators, proteases
and pro-inflammatory cytokines [1]. IgE also enhances allergen uptake and presentation to
T cells by antigen presenting cells (dendritic cells, monocytes and B cells) via binding to FcεRI
and the low affinity IgE receptor FcεRII (CD23) [2,3].

In addition, IgE prolongs the survival of mast cells and up-regulates the expression of its re-
ceptors (FcεRI, CD23) [4]. Furthermore, it has been demonstrated that mast cell and basophil
sensitivity correlates with the levels of allergen-specific IgE antibodies [5, 6].

Several clinical studies have demonstrated that recurrent allergen contact increases the lev-
els of allergen-specific IgE antibodies and the clinical sensitivity towards the corresponding al-
lergens [7–12], whereas prolonged lack of allergen contact will decrease allergen-specific IgE
and eventually lead to clinical unresponsiveness [13]. In this context it was shown that antigen/
allergen stimulation particularly via the nasal mucosa is followed by an increase of allergen-
specific IgE levels [11, 14–15].

For allergen-specific immunotherapy (SIT) it was demonstrated that the induction of aller-
gen-specific IgG was associated with a reduction of the boosts of allergen-specific IgE produc-
tion after allergen exposure, suggesting that SIT has a suppressive effect on allergen-specific
IgE production [16–19].

Intranasal corticosteroids (INCS) represent a first line anti-inflammatory drug used for the
treatment of allergic rhinitis but their underlying effects on the allergic immune response are
not entirely clear. While the anti-inflammatory properties of corticosteroids are well studied,
less is known about their impact on allergen-specific IgE levels. In vitro studies using cultured
peripheral blood mononuclear cells (PBMC) have demonstrated that corticosteroids enhance
interleukin (IL)-4-induced rises of IgE levels [20–23]. Similar observations were made in aller-
gic patients, who exhibited a polyclonal rise of IgE antibodies in their sera after systemic treat-
ment with prednisolone [24]. On the other hand, corticosteroids have been shown to
selectively reduce rises of nasal IL-4, IL-5 and IL-13-producing cells following in vivo allergen
exposure [25], thereby possibly being capable of down-regulating IgE production. A few studies
which investigated the effects of topical corticosteroids on IgE production showed either no or
a dampening effect [26–28].

In the present double-blind placebo-controlled study we used purified recombinant aller-
gens for controlled nasal provocation in allergic subjects to investigate whether treatment with
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a frequently used topical corticosteroid, i.e., nasal fluticasone propionate, impacts on systemic
allergen-specific IgE levels following nasal allergen exposure.

Methods
The protocol for this trial and supporting CONSORT checklist are available as supporting in-
formation; see S1 CONSORT Checklist and S1 Protocol. The study was approved by the ethical
committee of the Medical University of Vienna, the etical committee of the "Österreichischen
Arbeitsgemeinschaft für klinische Pharmakologie und Therapie" and the ethical committee of
the private hospital "Institut für Hypertoniker" (1090 Vienna, Kinderspitalgasse 10/15). All
study participants gave written informed consent. The study has been registered at http://
clinicaltrials.gov/ under the trial number: NCT00755066. Inclusion of patients was started be-
fore registration at clinicaltrials.gov because the importance to do so was unknown to the in-
vestigators at the time. The study was however registered at the EudraCT website before
inclusion of patients was initiated (Eudract-number: 2005-004274-24). Participants were in-
cluded in the study between November 2005 and February 2006. The authors confirm that all
ongoing and related trials for this drug/intervention are registered

Recombinant allergens
Recombinant pollen allergens (rPhl p 1, rPhl p 5, rBet v 1), were obtained from BIOMAY (Vi-
enna, Austria). rPhl p 1 [29] and rPhl p 5 [30] represent two major timothy grass pollen aller-
gens and rBet v 1 [31] is the major birch pollen allergen. The allergens were selected because
they are recognized by the vast majority of patients sensitized to the corresponding allergen
sources and are immunologically distinct from each other.

Study design
Forty eight grass and/or birch pollen allergic subjects (Fig. 1, Table 1) who were sensitized to
rPhl p 5 and/or rBet v 1 were enrolled in a randomized, double-blind, placebo-controlled
study. Volunteers were recruited using posters to advertise the study at the Medical University
of Vienna. The study design is depicted graphically in Fig. 2. Study participants were random-
ized to receive four weeks of either fluticasone propionate (100μg daily into each nostril, corre-
sponding to the recommended daily treatment dose of 200μg) or placebo nasal spray. After
two weeks of treatment, subjects underwent nasal provocation with either rPhl p 5 or rBet v 1
on two consecutive days. A pre-treatment phase of 2 weeks before allergen exposure was cho-
sen in order to comply with the ARIA guidelines (www.whiair.com) which suggest that the
maximum efficacy of corticosteroids requires up to two weeks of treatment. Serum IgE levels to
the allergen used for nasal provocation (rPhl p 5 or rBet v 1) and to a control allergen (rBet v 1
or rPhl p 5 or rPhl p 1, respectively) were the primary outcome measure and were determined
in blood samples obtained on the day of nasal provocation and 1, 2, 4, 6 and 8 weeks thereafter.
The whole study was performed in winter outside the birch and grass pollen season to exclude
effects due to natural seasonal allergen contact.

Study subjects and study medication
All 48 volunteers who participated in the study were grass and/or birch pollen allergic as as-
sessed by case history, standard skin prick testing with inhalant allergens and ImmunoCAP
measurements (Phadia, Uppsala, Sweden). All but one of the subjects was sensitized to at least
two of the three allergen molecules. Subjects’ demographic and clinical data including standard
test results and specific IgE levels to recombinant allergens are shown in Table 1. Twenty-five

Nasal Corticosteroids and Systemic IgE Production

PLOS ONE | DOI:10.1371/journal.pone.0114991 February 23, 2015 3 / 16

http://clinicaltrials.gov/
http://clinicaltrials.gov/
http://www.whiair.com


subjects were randomized to be treated with fluticasone propionate nasal spray and 23 subjects
were assigned to placebo (Fig. 1). Randomized study medication was provided in blocks of four
by GlaxoSmithKline and decoding information was kept in a sealed envelope which was
opened for de-blinding only in case of a systemic adverse reaction and after database closure
was completed and all data were deposited with an independent statistician. The compliance of
the study participants was ensured by weighing all treatment bottles after two and four weeks
of treatment. All subjects had stable lung function and did not receive antihistamines or corti-
costeroids other than the study drug during the study. Corticosteroids were not allowed within
three months and antihistamines were not allowed two weeks prior to the study. Subjects suf-
fering from perennial allergic rhinitis and signs of airway infection during the treatment period
were excluded from the study.

Nasal provocation
At the beginning of the study all study participants were asked about the severity of their nasal
symptoms during the previous birch and grass pollen season. Symptoms (i.e., nasal itching,
sneezing, rhinorrhea, nasal blockage) were graded as follows: 0 points: not present; 1 point:
present but no discomfort; 2 points: present, some discomfort, not interfering with daily life ac-
tivities; 3 points: bothersome and interfering with daily life activities or disturbing sleep [32].
The use of medication to control symptoms received 2 additional points.

Based on this score the allergen from the source which had caused more severe symptoms
was chosen for nasal provocation. Twenty-six subjects were assigned to nasal provocation with
rPhl p 5 and 20 subjects to nasal provocation with rBet v 1 (Fig. 1). Nasal provocation with re-
combinant allergens was performed as previously described [11, 33]. Subjects underwent nasal
application of the same allergen on two consecutive days after a two week period of treatment
with either fluticasone propionate or placebo (Fig. 2). Purified recombinant allergens were di-
luted to 20μg/ml in sterile 0.9% sodium chloride solution and administered using a metered-
dose nasal pump spray delivering 40 μl of solution per spraying action. On each day of nasal
provocation, two sprays of the solution were given into one nostril, resulting in a dose of 1.6μg

Fig 1. Distribution of study subjects.Of the 48 volunteers who were randomized, 45 completed the trial.
Drop-outs are marked in yellow. INCS: intranasal corticosteroid; NPT: nasal provocation test; URTI: upper
respiratory tract infection; i.m.: intra-muscular

doi:10.1371/journal.pone.0114991.g001
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of allergen per study day and in a cumulative dose of 3.2 μg of recombinant allergen per sub-
ject. The dose used for nasal provocation was chosen because it has been used in previous stud-
ies [11] and because it is in the same range as the daily dose of allergen which a patient would
be exposed to during high pollen season [34]. In fact, it has been shown that during the peak
pollen season, a grass pollen allergic patient inhales approximately 5000 pollen grains per day,
corresponding to 0.6μg of Phl p 5 allergen [34]. As Phl p 5 represents only one of 11 allergens
contained in grass pollen [35], the amount of allergen used by us (i.e., 1.6μg of one recombinant
allergen per study day) is in a dose range occurring during natural exposure.

Measurement of changes in nasal flow and nasal symptoms were recorded merely in order
to ensure that nasal provocation was successful in all subjects. Therefore, these data were only a
secondary endpoint of this study. Nasal flow was determined by active anterior rhinomanome-
try at 150 Pa measured before administration of test substances, 10 minutes after application of

Table 1. Demographic and clinical data of study participants.

Fluticasone propionate Placebo

Characteristic (N = 23) (N = 22)

Male sex—no (%) 15 (65) 10 (45)

Age—yr

Mean 26.1±4.5 25.2±4.1

Range 20–40 19–37

No. of years with seasonal rhinitis 14.3±4.7 11.7±6.1

Specific IgE (kUA/l)

Allergen used for nasal provocation

Median 11.6 11.0

IQR 20.7 24.4

Control allergen
Median 7.1 6.7

IQR 13.3 17.1

Skin prick test—wheal area (mm2)

Allergen used for nasal provocation 40.3 47.2

Control allergen 37.6 47.1

Symptom score during previous pollen season

Allergen used for nasal provocation 9.5±3.4 8.7±4.2

Control allergen 8.2±3.7 7.0±4.0

Total IgE (kU/l)

Median 197 196

IQR 235.3 233.0

Sensitivity to other allergens—no. (%)

Dust mites 10 (43) 17 (77)

Cat dander 8 (35) 11 (50)

Mold 2 (9) 3 (14)

Coexisting conditions—no. (%)

Asthma 4 (17) 5 (23)

Conjunctivitis 23 (100) 21 (95)

*Plus-minus values are means +/- SD. Wheal areas were determined by computer-aided planimetry. IQR =

Interquartile range.

doi:10.1371/journal.pone.0114991.t001
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0.9% sodium chloride, and 10 and 20 minutes after administration of test substances. Flow re-
duction was calculated by subtracting nasal flow after administration of test substances from
nasal flow after administration of 0.9% sodium chloride solution. Subjective nasal symptoms
after provocation were determined by adding scores (maximum: 12 scores) for the symptoms
nasal itching, nasal congestion and nasal discharge using a 4-point scale (0: no symptoms, 1:
mild symptoms, 2: moderate symptoms, 3: severe symptoms) and by counting the number of
sneezes (0: no sneezes, 1:�5 sneezes, 2: 6–10 sneezes, 3:>10 sneezes) [36, 37]. In addition,
subjects recorded how long it took for their nasal symptoms to subside after nasal provocation.

Blood samples, measurement of antibodies
For the preparation of serum, blood samples were taken by puncture of the antecubital vein on
the day of nasal provocation as well as 1, 2, 4, 6 and 8 weeks thereafter (Fig. 2). Serum samples
were stored at -20°C until use and analyzed for IgE, IgA, IgM and IgG1–4 antibodies to the aller-
gen used for nasal provocation and to an unrelated control. For subjects who had received rPhl
p 5 by nasal provocation, rBet v 1 or rPhl p 1 served as control allergen, whereas for subjects
who had received rBet v 1 for nasal provocation, rPhl p 5 or rPhl p 1 were used as control aller-
gens (control allergen: Phl p 1: n = 17; Bet v 1: n = 8; Phl p 5: n = 19; no control allergen: n = 1).

Total and allergen-specific IgE levels were determined by ImmunoCAP measurements
(Phadia, Uppsala, Sweden). All serum samples collected during the study were measured at the
end of the study in a blinded manner. Allergen-specific IgA, IgM and IgG1–4 levels were mea-
sured by ELISA as described [33].

The six serum samples obtained from each subject during the course of the study were ana-
lyzed for each isotype and subclass against each of the recombinant allergens on one plate to as-
sess accurately the time course of antibody responses. Each serum sample was tested in
duplicate and mean values of the optical densities (OD) were calculated. Differences between
duplicate wells were consistently<10%. Reference sera for each isotype and subclass were in-
cluded on each plate to avoid plate-to-plate variations.

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics, Version 20.0 (IBM Corp. Armonk,
NY) and SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Sample size calculations were based on
the following assumptions: It was expected that during the eight weeks period rPhl p 5/rBet v
1-specific serum IgE antibody levels would increase after challenge to a level of at least one
standard deviation above baseline [11]. Our hypothesis was that this increase would be pre-
vented by INCS by a true effect of at least 1 standard deviation at one time point. Assuming a
moderate correlation of 0.4 between repeated measurements within a patient, a sample size of
19 per group (placebo, fluticasone) was calculated to result in a power of 80% to detect the

Fig 2. Study design. Patients administered nasal spray containing either nasal fluticasone propionate or placebo (black arrows) for 2 weeks before and after
nasal allergen provocation (NP) performed on two consecutive days. Blood samples for measurement of allergen-specific antibodies (white arrows) were
obtained at the time of the first nasal provocation (day 1 = t1) and on days 8 (t2), 15 (t3), 29 (t4), 43 (t5) and 57 (t6).

doi:10.1371/journal.pone.0114991.g002
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assumed difference between groups using an F-Test from a repeated measures design at a sig-
nificance level of 0.05. A higher number of patients was included to account for possible drop-
outs.

The changes in Phl p 5- and Bet v 1-specific IgE-levels between t1 and t2, t3, t4, t5 and t6, re-
spectively, were assessed by linear mixed effect models. The data were log-transformed before
the analyses, due to the right skewed distribution of the raw data. The differences between the
IgE values at time-points t2 to t6, respectively, and the baseline value at t1 were calculated for
the log-transformed data. A linear mixed model was fit to explain the differences in log-IgE val-
ues by the categorical variable time-point, treatment group (placebo vs. fluticasone) and the in-
teraction between time-point and treatment. A random intercept for the patient was included
to account for the within-patient correlation of repeated observations.

From this model, the null hypothesis of no effect of time and the null hypothesis of no treat-
ment effect at any time point were tested by F-tests.

The effect of treatment was estimated at each time-point as the mean log-IgE difference in
the fluticasone group minus the mean log-IgE difference in the placebo group. A correspond-
ing 95% confidence interval was calculated. In addition, the average effect of treatment on the
log IgE difference over all five time-points was estimated.

Following back-transformation, the estimated effects can be interpreted as median of the
ratio of relative changes from t1.

The analysis was performed for Phl p 5-specific IgE levels, Bet v 1-specific IgE and com-
bined Phl p 5- and Bet v 1-specific IgE levels.

Including the baseline (t1) value of log-IgE in the regression model was considered, to ac-
count for a possible influence of the initial amount of IgE on the change. However, for both,
Phl p 5 and Bet v 1, and the combination of both allergens the effect of baseline IgE was not sig-
nificant and small in magnitude and it was not included in the final models.

The calculations were done using PROCMixed in SAS 9.4. The method due to Kenward
and Roger was used to calculate degrees of freedom and standard errors.

Results

Study participants
Forty-eight birch and grass pollen allergic subjects participated in the study and were random-
ized to the two treatment groups (Table 1; Fig. 1). Two subjects from the actively treated group
were excluded from the study at the time of nasal provocation, one because he had used oral
antihistamines, and the other because he had a viral upper respiratory tract infection. Another
subject from the placebo group was excluded after nasal provocation because he had received
intramuscular corticosteroids for a medical problem that was unrelated to the study (Fig. 1).

Demographic characteristics of placebo- and INCS-treated subjects are displayed in Table 1.
The two groups were comparable regarding demographic parameters, allergic history, symp-
toms as well as total and specific IgE levels to the allergens used for nasal provocation and the
control allergens.

Allergen-specific systemic IgE levels are boosted by nasal allergen
exposure
After two weeks of treatment with 200μg fluticasone propionate or placebo nasal spray, 26 sub-
jects were exposed to Phl p 5 and 20 subjects to Bet v 1 by nasal provocation (Fig. 2). Symptoms
and flow reduction after nasal provocation were recorded to ensure that the provocation proce-
dure was performed successfully in all patients but these results were not a primary outcome of
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this study. Nasal provocation was followed by an increase in the symptom scores in all 43 pa-
tients. There was however no relevant difference between those subjects who had been pre-
treated with steroid and placebo nasal spray regarding their nasal symptoms after the first
nasal provocation (median placebo: 7 scores, median steroid: 6 scores, n.s.) and second nasal
provocation (median placebo: 6 scores, median steroid: 6 scores, n.s.). Also, we observed a de-
crease in nasal flow in 21 of the 22 subjects in the placebo group (median decrease: day 1:
223 ml/s, p<0.001, day 2: 217 ml/s, p<0.001) and in 19 of the 21 subjects in the steroid treated
group (median decrease: day 1: 185 ml/s, p<0.001, day 2: 167ml/s, p<0.001). There was a
trend towards lower flow reduction in the INCS group which was however not statistically sig-
nificant. Subjects recovered significantly more quickly from their nasal symptoms after nasal
provocation if they had been pre-treated with nasal steroids (median time to recovery: placebo:
165 minutes, steroids: 60 minutes, p-value: 0.019).

Systemic allergen-specific IgE-levels were the primary endpoint of this study. Two, 4, 6 and
8 weeks after nasal provocation we observed a substantial and statistically significant (p< 0.001)
rise of allergen-specific IgE levels to the allergen used for nasal provocation but not to the con-
trol allergen (average of the median increases for Phl p 5 and Bet v 1 at t4: 141.1%, Fig. 3). The
maximum rise of specific IgE was measured four weeks after provocation. This rise was fol-
lowed by a plateau/slight decline of specific serum IgE levels until week 8 (Fig. 3). No relevant
changes of IgE levels to the control allergens were observed (Fig. 3). There was no statistically
significant difference between the placebo- and nasal steroid-treated group regarding the devel-
opment of allergen-specific IgE (Fig. 3, Table 2). In more detail, the ratio of IgE increase in the
fluticasone versus placebo treated patients was almost 1 at all time-points, indicating no differ-
ence, in both the group exposed to nasal Phl p 5, Bet v 1, and a combination of the two groups
(Table 2, column: “Ratio of relative changes from t1”). A calculation of confidence intervals re-
vealed that the risk of overlooking a beneficial average blunting effect of fluticasone on IgE in-
creases of more than 14% was less than 2.5% (Table 2). Furthermore, no relevant correlations
were found between the baseline IgE-levels at t1 and the magnitudes of the relative changes in
IgE-levels in the subsequent observation period (data not shown).

Rises of allergen-specific antibody isotypes other than IgE induced by
nasal provocation were only moderate
Rises of allergen-specific antibody isotypes/subclasses other than IgE were observed for Phl
p 5-specific IgG4 levels in both placebo- and INCS-treated subjects who had received rPhl p 5
intranasally (p<0.001, difference between placebo and INCS-treatment: n.s., Fig. 4). However,
the statistical significance of this result should be regarded with caution because of the small ef-
fect size and of the high number of secondary analyses that were performed. Also a small in-
duction of Phl p 5-specific IgA levels was noted in the placebo group after nasal exposure to
Phl p 5 (Fig. 4, n.s.). IgG4 levels to Bet v 1 and IgG1–3, IgA and IgM levels were very low in most
subjects before provocation and did not change substantially during the weeks after provoca-
tion (Fig. 5).

Discussion
Increases of allergen-specific IgE production in allergic patients after nasal or respiratory aller-
gen contact may have unfavourable effects for several reasons. In fact it has been demonstrated
that higher levels of allergen-specific IgE caused increased clinical sensitivity to the culprit al-
lergens [7–12]. Furthermore, increases of IgE levels have been shown to prolong the survival of
and to up-regulate the expression of Fcε receptors on mast cells, basophils and antigen present-
ing cells [5]. The latter leads to enhanced degranulation and release of inflammatory mediators,
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proteases and pro-inflammatory cytokines from mast cells and basophils [38] and to increased
IgE-facilitated antigen presentation to T cells and thus to their activation [2, 3].

Therapies such as SIT which can reduce allergen-specific IgE production offer the advantage
that they modulate the course of allergic disease in addition to the reduction of allergic symp-
toms [16–19]. In fact, it has been demonstrated that SIT can prevent the transition from mild
(i.e., rhinitis) to severe (i.e., asthma) manifestations [39] and that SIT has long-term effects
even after discontinuation [40].

Fig 3. Development of allergen-specific IgE levels.Relative changes of IgE-levels (y-axes) to Phl p 5, Bet v 1 and Phl p 1 (top to bottom: right labels of
each chart) compared to t1 (day 1) are shown for all visits (t2: day 8; t3: day 15; t4: day 29; t5: day 43; t6: day 57, x-axes). Results for the steroid-treated group
are shown in blue, the placebo-group in green. Results from participants challenged with Phl p 5 are depicted in the left column, those for the Bet v 1-
challenged group on the right side. Outliers that lie between 1.5 and 3 times the interquartile range below the first or above the third quartile are shown as
open circles (“o”), those that lie beyond 3 times the interquartile range are depicted by asterisks (“*”).There were no significant differences between the
fluticasone and placebo groups at any time point.

doi:10.1371/journal.pone.0114991.g003
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The effects of other frequently used forms of anti-allergic treatment on allergen-specific IgE
antibody production have not yet been studied in defined experimental model systems. INCS
are a first line of treatment for seasonal and perennial allergic rhinitis [41] as well as for other
chronic inflammatory diseases of the nose and paranasal sinuses (e.g., nasal polyps, chronic si-
nusitis) [42]. They seem to provide excellent control of local inflammatory conditions and are
therefore widely used in adult as well as paediatric patients [43, 44]. In asthmatic patients, it
has been shown that early and sustained treatment with corticosteroids may even prevent
some of the irreversible airway dysfunction [45–46]. Since steroids have mainly an effect on
chronic and late phase allergic inflammation but not on acute IgE-mediated mast cell degranu-
lation, it was not unexpected that we did not find statistically significant differences between
the symptoms and nasal patency in the placebo-treated and steroid-treated subjects, which was
measured shortly after nasal provocation. Steroid-treated subjects recovered significantly more
quickly after provocation, indicating an effect of nasal steroids on the late phase response. Fur-
thermore, there was a trend towards less severe reduction of nasal flow after provocation in
patients treated with INCS. It may thus be speculated that while the beneficial effect of steroid
treatment was not measurable immediately after an acute single provocation, it should be
much more obvious during prolonged allergen contact.

It has been shown earlier in an experimental model of allergic sensitization in rhesus mon-
keys and in clinical studies in ragweed allergic patients that the application of steroids may pre-
vent boosts of IgE production following allergen contact [27, 47].

We therefore felt that it is important to investigate in a well-controlled clinical study utiliz-
ing defined and clinically relevant allergen molecules, whether a frequently used INCS, i.e.,

Table 2. Effect of fluticasone versus placebo on the median relative change in allergen-specific IgE levels.

Allergen Time-point Ratio of relative changes from t1 95% CI low 95% CI up

Phl p 5 t2 0.899 0.654 1.236

t3 1.064 0.775 1.459

t4 1.220 0.890 1.674

t5 1.091 0.796 1.497

t6 1.189 0.865 1.634

average 1.086 0.822 1.436

Bet v 1 t2 1.039 0.710 1.521

t3 0.948 0.649 1.385

t4 1.040 0.712 1.518

t5 1.080 0.739 1.577

t6 1.050 0.719 1.533

average 1.030 0.727 1.460

Combined t2 0.964 0.758 1.227

t3 1.013 0.798 1.286

t4 1.142 0.899 1.449

t5 1.090 0.858 1.384

t6 1.127 0.887 1.432

average 1.065 0.861 1.317

The ratio of relative changes from t1 is the relative change in the fluticasone group divided by the relative change in the placebo group. A ratio of 1

corresponds to no differential effect between fluticasone and placebo, a ratio below 1 corresponds to a beneficial blunting effect of fluticasone on allergen-

induced IgE levels. 95% CI low and 95% CI up indicate the lower or upper bound of a 95% confidence interval, respectively.

doi:10.1371/journal.pone.0114991.t002
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nasal fluticasone propionate, has effects on boosts of IgE production induced by nasal allergen
contact.

Although there is considerable evidence for local IgE production in the nasal mucosa [48],
we found that even a two week pre-treatment before allergen provocation, followed by a two
week treatment after provocation with fluticasone propionate compared to placebo had no sig-
nificant effects on the boosts of allergen-specific IgE production. Similar results were obtained
for two different pollen allergens, the highly immunogenic major grass pollen allergen Phl p
5 and the less immunogenic major birch pollen allergen, Bet v 1 [49].

There are at least two explanations for the discrepancy between our study and earlier studies
describing a reduction of allergen-specific IgE levels upon administration of corticosteroids. In
the rhesus monkey study [47] triamcinolone acetonide was given systemically and, in the rag-
weed trial, steroids (i.e., beclomethasone propionate, triamcinolone acetonide) with a high bio-
availability of more than 40% and a systemic immunosuppressive effect were used, whereas the
bioavailability of nasal fluticasone propionate used in our study is less than 1% [50].

In a recent study we found that boosts of allergen-specific IgE production can only be ob-
tained with intact folded allergen which is capable of interacting with the B cell receptor but
not by unfolded allergen derivatives which contain the allergen-specific T cell epitopes but can-
not bind to the B cell receptor [33]. The failure of steroids to suppress allergen-specific IgE pro-
duction may therefore be explained by their inability to influence secondary IgE production in
memory B cells and plasma cells.

Fig 4. Development of Phl p 5-specific antibody responses. Percentage changes of Phl p 5-specific IgG1, IgG2, IgG4, IgA and IgM antibody levels (y-
axes) at the day of the first nasal provocation (0) and thereafter (x-axes). Uninterrupted lines: Patients with steroid spray; dotted lines: Patients with placebo
spray; black squares: provocation with rPhl p 5; grey dots: provocation with rBet v 1.

doi:10.1371/journal.pone.0114991.g004
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In summary, we found that intranasal application of 200 μg of fluticasone propionate over 4
weeks, a regimen which corresponds to the recommended treatment for allergic patients, had
no blunting effect on the boost of systemic allergen-specific IgE production following nasal
provocation with 1.6 μg of Phl p 5 or Bet v 1, two major pollen allergens, administered on two
consecutive days, and did not affect the production of allergen-specific IgE antibodies. Thus,
other effects of intranasal corticosteroids, like a reduction of Th2-cytokine producing cells [25]
as well as decreased eosinophil and mast cell numbers [51] may account for the beneficial clini-
cal effect of intranasal corticosteroids.

One limitation of our study is that nasal provocation exposed patients to relatively high
doses of allergen, corresponding to a day´s worth of allergen exposure, in a short time. We can-
not exclude that INCS affect systemic IgE levels differently in patients who encounter lower
doses of allergens over a more prolonged period of time. Therefore, it will certainly be interest-
ing to study the effects of INCS on allergen-specific IgE production and subsequent allergen
sensitivity in large groups of patients exposed to allergen in a pollen chamber or under condi-
tions of natural allergen exposure. Furthermore, it will be interesting to study local allergen-
specific antibody production in nasal secretions of allergic patients after allergen contact. How-
ever, the results from our trial indicate that unlike SIT, INCS cannot down-modulate allergen-
specific IgE production.

Fig 5. Development of Bet v 1-specific antibody responses. Percentage changes of Bet v 1-specific IgG1, IgG2, IgG4, IgA and IgM antibody levels (y-
axes) at the day of the first nasal provocation (0) and thereafter (x-axes). Uninterrupted lines: Patients with steroid spray; dotted lines: Patients with placebo
spray; black squares: provocation with rPhl p 5; grey dots: provocation with rBet v 1.

doi:10.1371/journal.pone.0114991.g005
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