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Background: The combination of anti-IgE (omalizumab)
therapy with ragweed injection immunotherapy for seasonal
allergic rhinitis results in a significant reduction in systemic
side effects and enhanced efficacy compared with
immunotherapy alone. One proposed mechanism of
immunotherapy is to induce regulatory antibodies that inhibit
facilitated antigen presentation.
Objectives: We sought to determine whether the combination
protocol has a cumulative effect on inhibition of facilitated
antigen presentation both during and after discontinuation of
treatment.
Methods: Ragweed allergen immunotherapy with and without
omalizumab therapy was tested in a 4-arm, double-blind,
placebo-controlled study. Flow cytometry was used to detect
serum inhibitory activity for IgE-facilitated CD23-dependent
allergen binding to B cells as a surrogate marker for facilitated
antigen presentation. Serum ragweed-specific IgG4 was
measured by means of ELISA.
Results: Immunotherapy alone resulted in partial inhibition of
allergen-IgE binding after 5 to 19 weeks of treatment compared
with baseline (P < .01). Complete inhibition of allergen-specific
IgE binding was observed in both treatment groups receiving
omalizumab (P < .001). Allergen-specific IgG4 levels were only
increased after immunotherapy (P < .05), both in the presence
and absence of anti-IgE treatment. Combined treatment resulted
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in the induction of long-lasting inhibitory antibody function for
up to 42 weeks compared with either treatment alone.
Conclusion: Ragweed immunotherapy induced serum
regulatory antibodies that partially blocked binding of
allergen-IgE complexes to B cells. Additional treatment with
anti-IgE, by directly blocking IgE binding to CD23, completely
inhibited allergen-IgE binding.
Clinical implications: The combination of ragweed
immunotherapy and anti-IgE resulted in prolonged inhibition
of allergen-IgE binding compared with either treatment alone,
events that might contribute to enhanced efficacy. (J Allergy
Clin Immunol 2007;120:688-95.)
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Allergen immunotherapy is the only known antigenspecific immunomodulatory treatment for seasonal allergic
rhinitis.1 Immunotherapy reduces immediate allergeninduced symptoms and concentrations of inflammatory
mediators in nasal lavage fluid, including histamine and
prostaglandin D2.2 Successful treatment is associated
with blunting of seasonal increases in allergen-specific
IgE levels, together with increasing levels of allergen-specific IgG, particularly IgG4.3-5 Other proposed mechanisms of immunotherapy include immune deviation6 and
the induction of regulatory T cells producing suppressive
cytokines, such as IL-10 and TGF-b.4,7
T-cell activation is dependent on the processing and
presentation of allergens by antigen-presenting cells (APCs).
In allergy an additional mechanism of antigen processing
exists in which allergen-specific IgE bound to allergen can
be internalized and presented to T cells through lowor high-affinity IgE receptors expressed on APCs. This
process occurs preferentially at low allergen concentrations and results in a 10- to 100-fold reduction in threshold
levels required to trigger T-cell activation in vivo.8 A number of studies have demonstrated that sera obtained from
subjects receiving allergen immunotherapy can inhibit
IgE-facilitated antigen presentation to allergen-specific
clones or, more simply, inhibit binding of allergen-IgE
complexes to B cells (IgE-facilitated allergen binding
[FAB] assay).9-12 This activity has been copurified with
IgG11 and, more recently, with IgG4.5 Therefore, IgG4
can suppress not only allergen-induced IgE-dependent
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histamine release by basophils13 but also allergen-specific
T-cell responses in vitro by inhibiting the binding of allergen-IgE complexes to APCs.14
Therapy with anti-IgE, using the humanized monoclonal anti-IgE antibody omalizumab, acts to reduce circulating levels of free IgE, inhibits early- and late-phase
responses to allergen, and decreases tissue eosinophils,
lymphocytes, and IL-41 cells.15-19 Clinically, treatment
with anti-IgE is well tolerated and can reduce the requirements for inhaled corticosteroids and protects against disease exacerbation.20-22 A combination of anti-IgE therapy
and allergen immunotherapy might offer advantages that
neither method provides separately.23 A recent doubleblind, placebo-controlled trial of anti-IgE therapy with
rush immunotherapy has investigated this possibility in
the context of ragweed-induced allergic rhinitis.24 Results
demonstrate that patients receiving anti-IgE and immunotherapy had reduced seasonal severity scores and had
fewer adverse events compared with those receiving immunotherapy alone.
Here we validated the IgE-FAB assay using ragweed
allergen. Furthermore, we aimed to test serum samples
obtained from subjects treated with a combination of
anti-IgE and ragweed immunotherapy, anti-IgE or immunotherapy alone, or placebo in the IgE-FAB assay. We
hypothesized that we would detect synergy between
anti-IgE therapy and inhibitory IgG activity by means
of ragweed immunotherapy in inhibiting allergen-IgE
binding to B cells.

METHODS
Patients
Patients (21-51 years of age) with a minimum 2-year history of
ragweed-induced allergic rhinitis and no recent immunotherapy were
selected (Table I). Subject groups showed similar baseline characteristics, except for total IgE, which was lower in the omalizumab-only
group compared with the immunotherapy-only group (P < .05).
Patients were required to have a positive skin prick test result to short
ragweed extract (ALK-Abelló, Round Rock, Tex), as defined by a
wheal 3 mm greater in diameter than that elicited by the saline control
and a baseline serum IgE level of greater than 10 and less than 700 IU/
mL. The protocol was reviewed and approved by the National
Institute of Allergy and Infectious Diseases Allergy and Asthma
Data and Safety Monitoring Board and the relevant institutional
review boards. Additional serologic analyses were approved by the
Royal Brompton Hospital Ethical Committee.

Clinical study
A randomized, 4-arm, double-blind, placebo-controlled study was
previously carried out and described in detail elsewhere.24 Briefly,

4 groups included patients treated with immunotherapy combined
with omalizumab, immunotherapy alone, omalizumab alone, and a
placebo group. Omalizamab (Xolair; Novartis Pharmaceuticals
Corp, East Hanover NJ; Genentech Inc, South San Francisco, Calif;
Tanox, Inc, Houston, Tex) was administered during a 9-week pretreatment phase (29 to 0 weeks) and during the 12-week period of immunotherapy (0 to 12 weeks). Immunotherapy with aqueous short
ragweed extract (ALK-Abelló; Greer Laboratories, Lenoir, NC) was
administered by using a rush regimen, as previously described.
Serum samples were collected before omalizumab treatment (week
29), before the start of immunotherapy (week 0), and at weeks 5, 9,
13, and 19. Long-term follow-up samples were collected at study
weeks 31, 43, and 55 (corresponding to weeks 18, 30, and 42 after
treatment). For this study, randomly selected serum samples from
the Creighton University study site were tested in a blinded manner
at the National Heart and Lung Institute, Imperial College London.

Specific antibody measurement
Total serum free IgE levels were measured by Novartis
Pharmaceuticals (Basel, Switzerland) by using solid-phase ELISAs
with a fluorometric technique and human serum as standard. Ragweedspecific IgG4 was measured by means of ELISA (coating allergen
concentration, 5 mg/mL; 1:100 dilution of sera; pooled IgG4 from
subjects receiving standard immunotherapy; detection with biotinylated anti-human IgG4 mAb [BD PharMingen, San Diego, Calif]).

B-cell culture
The EBV-transformed B-cell line (a kind gift from ALK-Abelló,
Hørsholm, Denmark)25 was grown in RPMI 1640 (Invitrogen,
Paisley, United Kingdom) supplemented with 10% heat-inactivated
FCS (PAA laboratories, Yeovil, United Kingdom), 1% (vol/vol)
L-glutamine, and 1% (vol/vol) penicillin/streptomycin (Invitrogen)
at 378C, 5% CO2, and 95% relative humidity. Cell density was
maintained at less than 0.5 3 106 cells/mL.

IgE-FAB assay
Indicator serum from a subject with ragweed pollen allergy
containing high concentrations of ragweed-specific IgE (RAST
>100 IU/mL; PlasmaLab, Everett, Wash) was incubated with crude
short ragweed allergen extract (Greer laboratories, Lenoir, NC) for
1 hour at 378C. EBV-transformed B cells (2 3 105) were incubated
together with the allergen-IgE complexes for 1 hour at 48C (Fig 1).
Cells were washed, and allergen-IgE complexes bound to B cells
were detected by means of flow cytometry (FACS Calibur; Becton
Dickinson, Mountain View, Calif) by using a polyclonal human
anti-IgE fluorescein isothiocyanate (FITC)–labeled antibody
(DakoCytomation, Cambridge, United Kingdom). Equal volumes
of indicator serum and patients’ sera were incubated with 0, 0.1,
and 1 mg/mL crude short ragweed allergen extract to assess the potential inhibitory activity of serum samples obtained from the clinical
study or from ragweed immunotherapy donors. Results from these
studies are expressed as ‘‘relative B-cell binding,’’ where binding observed by indicator serum alone is normalized to 100% and changes
in binding induced by the addition of patients’ serum to the indicator
is related to this value. Some experiments used biotinylated allergen
to detect allergen-IgE complex binding, where B cells were stained
with streptavidin-phycoerythrin (BD Biosciences) and FITC-labeled
anti-IgE and analyzed as previously. In blocking experiments EBVtransformed B cells were preincubated with anti-CD23 antibody
(DakoCytomation) or an isotype control for 1 hour at 378C before being added to allergen-IgE complexes. In an additional experiment,
crude ragweed allergen extract was replaced by the major ragweed
allergen Amb a 1 (a kind gift from Dynavax, Berkeley, Calif) at a
concentration of 0.03 mg/mL.
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Abbreviations used
APC: Antigen-presenting cell
FAB: Facilitated allergen binding
FITC: Fluorescein isothiocyanate
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TABLE I. Subject characterization
Treatment group

No. of subjects
Age (y)
M/F
Total IgE (IU/mL)
Ragweed skin test (mm)
Wheal response
Erythema response

OM/IT

OM/placebo

IT/placebo

Placebo/placebo

7
39 (29-43)
4/3
55 (37-132)

11
44 (41-48)
0/11
26 (16-41)

9
32 (29-41)
4/5
112 (78-187)

9
41 (38-46)
4/5
44 (24-65)

8 (6-11)
28 (17-38)

8 (7-10)
34 (25-40)

9 (6-11)
28 (18-49)

9 (6-9)
27 (22-36)

Data are shown as medians (lower quartile-upper quartile).
OM, Omalizumab; IT, immunotherapy.

FIG 1. Schematic of the IgE-FAB assay.

Statistical analysis
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Within-group comparisons were performed by using a 2-sided
Wilcoxon matched-pairs test, and comparisons between groups used
the Kruskal-Wallis test with a post test to correct for multiple
comparisons or a Mann-Whitney U test. Differences from baseline
measurements (week 29) were assessed by using the Friedman
nonparametric repeated-measures test. P values of less than .05 were
considered statistically significant.

RESULTS
Characterization of the ragweed-FAB assay
Initial experiments were aimed to validate the FAB
assay (Fig 1) in the context of ragweed allergy. We identified sera from subjects with ragweed allergy containing
high ragweed-specific IgE levels that could facilitate binding of allergen to CD231 (FceRII) EBV-transformed B
cells. Fig 2, A, shows that binding occurs in an allergen-dependent manner, and optimal binding occurs between
1 and 3 mg/mL. We next investigated the effect of diluting

FIG 2. Characterization of the FAB assay. A, Ragweed-specific IgE–
containing serum (n 5 3) and variable concentrations of ragweed
allergen were preincubated for 1 hour at 378C before addition to
EBV-transformed B cells for 1 hour at 48C. B, High ragweed-specific
IgE–containing serum (n 5 3) was serially diluted with assay buffer
and incubated with 1 mg/mL allergen, as above. C, Indicator serum
(n 5 3) from patients with high ragweed-specific IgE was heat inactivated at 568C for 30 minutes, and binding to B cells was compared
with that of untreated serum in the assay, as above. D, B cells were
pretreated with an anti-CD23 blocking antibody or isotype control
antibody for 30 minutes at 48C and used in the assay, as above.
E, Equal volumes of immunotherapy serum were added to indicator serum and various allergen concentrations in the FAB assay. All
data are shown as mean (6 SE) percentages of B cells bound to
allergen-IgE complexes. RW, Ragweed; IT, immunotherapy.
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the ragweed-specific high-IgE ‘‘indicator’’ serum in the assay. Results show that binding of allergen-IgE complexes
to B cells has a linear relationship to the amount of indicator serum used in the assay (Fig 2, B). Heating sera to a temperature of 568C selectively destroys the ability of IgE to
bind to FceR but does not affect FcR binding of other antibody classes.26 Results shown in Fig 2, C, show that heatinactivated indicator sera can no longer support facilitated
antigen binding. Preincubating B cells with a blocking
antibody against CD23 completely inhibited allergenIgE complex binding to B cells at antibody concentrations
of 5 mg/mL or greater (Fig 2, D). We next tested the effects
of adding sera obtained from subjects who had received
ragweed immunotherapy for at least 1.5 years in the assay.
Results shown in Fig 2, E, reveal that addition of immunotherapy sera could inhibit allergen-IgE binding, optimally
at low allergen concentrations (0.1-1 mg/mL).

Inhibition of FAB by using crude ragweed
extract or the major ragweed allergen Amb a 1
We compared inhibition of FAB at selected time points
during the clinical study using either whole ragweed
extract or the major allergen Amb a 1. Using either form of
allergen, we observed decreases in binding in the immunotherapy-only group but not in the placebo group (Fig 4).
Addition of sera from groups treated with omalizumab
showed complete inhibition of binding of IgE to both ragweed extract and Amb a 1 in the FAB assay.
Detection of FAB with biotinylated allergen
It is possible that omalizumab present in serum samples
could interfere with binding of the FITC-labeled antibody
used to detect allergen-IgE binding on B cells in the FAB
assay. To address this possibility, an alternative method of
detecting IgE-allergen complexes was used with biotinylated allergen to detect binding to B cells. A significant

FIG 3. Assessment of serum inhibitory properties during the study.
Inhibitory activity of serum was tested in the FAB assay, where
binding of indicator serum alone was normalized to 100%. Data are
shown as means 6 SE. Differences between baseline measurements
and other time points were assessed by using the Friedman nonparametric repeated-measures test (*P < .05). Differences between placebo
and immunotherapy groups were assessed by using a Mann-Whitney
U test ( P < .05). IT, Immunotherapy; OM, omalizumab.

reduction in binding was observed at the end of the study
(week 19) compared with baseline samples (week 29) in
the immunotherapy-only group (P < .05), and no changes
were detected in the placebo group (Table II). Again, the
highest inhibition of allergen-IgE binding to B cells was
detected in groups that received omalizumab, independent
of additional immunotherapy treatment (Table II).

Allergen-specific IgG4
We measured allergen-specific IgG4 levels by means of
ELISA in all 4 treatment groups. Sera from the group that
received immunotherapy alone (Fig 5) had significantly
higher levels of IgG4 at study week 9 (P < .01). These levels
were maintained for at least 6 weeks after the withdrawal
of treatment (study week 19, P < .01). Increases in IgG4
levels were observed in the group receiving immunotherapy in combination with omalizumab from study weeks
13 to 19 (P < .05). Groups not receiving immunotherapy
did not show increases in allergen-specific IgG4 levels.
Long-term effects of omalizumab and
immunotherapy treatment on allergen-IgE
binding
We investigated the inhibitory properties of sera
obtained at 18, 30, and 42 weeks after cessation of

Basic and clinical immunology

Analysis of inhibitory properties of sera
obtained from the clinical study
with the FAB assay
We investigated the inhibitory properties of sera
obtained from the clinical study on allergen-IgE binding
by using the validated ragweed-FAB assay (Fig 3). Sera
obtained before treatment showed similar binding among
treatment groups. In the group receiving immunotherapy
only, there was a significant decrease in binding observed
after 5 weeks of treatment (baseline, 144 6 17 [mean 6
SE]; week 5, 69 6 21; P < .01), this was maintained until
all treatment ceased at week 12 (P < .001) and for a further
7 weeks after short-term withdrawal (P < .001). In the placebo group no changes in binding were observed from
baseline measurements. Statistically significant differences between the immunotherapy group and the placebo
group were observed from study weeks 9 to 19 (P < .05).
In subjects treated with omalizumab, with or without immunotherapy, complete inhibition of binding occurred
during the treatment phase (study weeks 0 to 12) and after
the withdrawal of omalizumab up to week 19 (P < .001).
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TABLE II. Detection of allergen-IgE complexes with
biotinylated allergen
Treatment group

OM/IT
OM/placebo
IT/placebo
Placebo/placebo

Study week 29

111%
121%
153%
120%

6
6
6
6

3%
13%
13%
14%

Study week 19

34%
34%
103%
120%

6
6
6
6

1%
1%
8%
9%

P value

<.001
<.001
<.05
.98

OM, Omalizumab; IT, immunotherapy.

FIG 4. Comparison of inhibitory responses with either crude
ragweed allergen extract or the major ragweed allergen Amb a
1 in the FAB assay within the 4 treatment groups (n 5 3 per group).
Data are shown as means 6 SE. IT, Immunotherapy; OM,
omalizumab.
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omalizumab and immunotherapy treatment (at the end of
study week 12) on allergen-IgE binding to B cells in the
FAB assay. Serum obtained from the placebo/placebo
group had no effect on allergen-IgE binding to B cells
(Fig 6). In the group receiving 12 weeks of immunotherapy treatment alone, we no longer observed inhibition of
allergen-IgE binding compared with baseline measurements at either 18, 30, or 42 weeks after withdrawal of
treatment. Subjects receiving omalizumab alone showed
a mean 6 SE binding of 14.0% 6 6.0% at 18 weeks
after treatment, 54.2% 6 6.6% at 30 weeks, and
84.0% 6 6.9% at 42 weeks. At 42 weeks after treatment,
allergen-IgE binding was no longer significantly reduced
compared with that seen in the placebo control group.
Sera obtained from subjects previously receiving combined omalizumab and immunotherapy treatment had
similar inhibitory activity to the omalizumab group alone
at 18 weeks. In contrast, a significant difference was observed between these groups at 30 and 42 weeks after
treatment (P < .05 and P < .01, respectively). At all
time points, differences were observed between the combined therapy group and the immunotherapy-only group
(18 weeks, P < .001; 30 weeks, P 5 .01; 42 weeks, P 5
.08). No significant differences in allergen-specific IgG4
levels were observed between groups at weeks 18,
30, or 42 after treatment withdrawal, although a trend for
increased IgG4 levels were observed in immunotherapytreated groups compared with baseline measurements
(see Table E1 in the Online Repository at www.jacionline.
org).

DISCUSSION
Ragweed immunotherapy was associated with increases in allergen-specific IgG4 levels and increased
serum inhibitory activity, as measured by the facilitated

antigen binding assay. Treatment with omalizumab completely inhibited facilitated antigen binding but did not
influence IgG4 levels. The inhibitory effects of omalizumab alone were observed for up to 30 weeks after
discontinuation of treatment. Combination treatment
with omalizumab and immunotherapy enhanced the serum inhibitory properties for at least 42 weeks after
discontinuation compared with either treatment alone.
A previous study has demonstrated that combination
treatment also resulted in enhanced clinical efficacy and
reduced systemic side effects.24 These observations could
be explained, at least in part, by the cumulative inhibitory
effects of the combined therapy on allergic inflammation.
Immunotherapy acts to induce allergen-specific antibodies, which compete with IgE in the indicator sera to
inhibit the formation of allergen-IgE complexes. In contrast, anti-IgE (omalizumab itself) is present in sufficient
concentrations in peripheral blood during therapy to
inhibit binding of allergen-IgE complexes to CD23 expressed on B cells in our assay. Therefore although
ragweed immunotherapy acts to induce a population of
regulatory antibodies, anti-IgE treatment has a passive
action that is ultimately dependent on the presence of the
drug itself. By using a different model of facilitated antigen
presentation, inclusion of anti-IgE in vitro has previously
been shown to inhibit subsequent proliferative responses
of allergen-specific T-cell clones in a dose-dependent manner.27 Thus although omalizumab might be effectively
blocking IgE binding per se, we believe this is representative of in vivo conditions, and thus omalizumab might
prevent facilitated antigen presentation and subsequent
allergen-specific T-cell activation. Omalizumab has a serum elimination half-life of approximately 26 days,28
and therefore should be almost completely cleared from
the serum approximately 8 months after discontinuation
of treatment. Interestingly, results shown here demonstrate
that treatment with omalizumab alone had inhibitory
effects on allergen-IgE binding up to 30 weeks after treatment withdrawal. It is possible that very small concentrations of anti-IgE antibodies are required to inhibit
allergen-IgE binding to CD23. Moreover, after treatment
withdrawal, combined treatment with omalizumab and
immunotherapy enhanced serum inhibitory activity compared with either treatment alone. It is possible that after
withdrawal of allergen immunotherapy, even in the absence of high-dose allergen stimulation, persistent low
levels of high-affinity IgG4 antibodies could compete
with IgE for allergen binding, thereby resulting in
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enhanced and persistent serum inhibitory activity with the
combined treatment compared with either treatment alone.
An alternative possibility is that the sustained inhibition
of allergen-IgE binding to APCs (and associated inhibition
of T-cell activation)29 might have resulted in prolonged
downregulation of TH2 lymphocyte responses, as has
been observed after discontinuation of grass pollen immunotherapy.30 This in turn could lead to reduced local effector cell function in the nasal mucosa31,32 and decreased
local specific IgE production33 after withdrawal of treatment. These provide potential mechanisms by which combined omalizumab and immunotherapy treatment was
observed to be more clinically effective than either treatment alone.24
Previous studies have shown inhibition of IgE-mediated facilitated allergen presentation to allergen-specific
T-cell clones by sera from patients after allergen-specific
immunotherapy.9,11 Here we used a simplified technique
that detects allergen-IgE complex binding to B cells by
means of flow cytometry, which is representative of subsequent T-cell responses.29 Thus this assay might function as a surrogate marker for facilitated allergen
presentation. We validated the assay in the context of ragweed allergen and confirmed that optimal binding occurs
at low allergen concentrations.8,25 The assay is dependent
on the presence of IgE because heat denaturation of IgE
could abrogate binding and binding occurred in a serum-dependent manner. Complete blocking of complex
binding occurred in the presence of excess anti-CD23,
confirming that allergen-IgE binding is solely dependent
on the low-affinity receptor in this assay. We detected allergen-IgE complexes bound to EBV-transformed B cells
using a fluorescently labeled polyclonal anti-human IgE
antibody. It is possible that omalizumab could bind to
this antibody and thus interfere with the detection of complexes, which might explain why little or no binding was

FIG 6. Assessment of serum inhibitory properties 18, 30, and 42
weeks after discontinuation of treatment. Inhibitory activity of the
serum was tested in the FAB assay, where binding of indicator
serum alone was normalized to 100%. Data are shown as means 6
SE. Differences between groups were assessed by using the MannWhitney U test. P, Placebo; IT, immunotherapy; OM, omalizumab.

observed after anti-IgE treatment. To address this possibility, we used an alternative detection system with biotinylated allergen and measured bound allergen-IgE
complexes using fluorescently labeled streptavidin.
Again, results from this assay show that omalizumab-treated subjects could inhibit biotinylated allergen-IgE binding. This suggests that detection of allergen-IgE–labeled
anti-IgE antibody was not compromised by the presence
of residual omalizumab.
Previous studies of allergen immunotherapy with either
grass pollen or birch have shown decreases in facilitated
allergen presentation after prolonged periods of treatment.

Basic and clinical immunology

FIG 5. Changes in allergen-specific IgG4 levels relative to pretreatment levels over the course of the study.
Allergen-specific IgG4 levels were measured by means of ELISA. Individual data are shown, and differences
between baseline measurements and time points were assessed by using the Friedman nonparametric
repeated-measures test (*P < .05, **P < .01, and ***P < .001). IT, Immunotherapy; OM, omalizumab.
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A report by van Neerven et al10 shows a decrease of facilitated allergen presentation to allergen-specific T cells of
more than 50% in the majority of subjects studied after
18 months of birch pollen immunotherapy. In our previous
studies of grass pollen immunotherapy, we have demonstrated an average decrease of more than 75% after 2 years
of treatment.5 In this study subjects were treated for 12
weeks, and we observed a significant decrease in FAB
of approximately 50% after 5 weeks. This suggests that
changes in CD23-associated allergen-IgE binding occur
early during treatment, and long-term therapy is not necessary to induce changes in this mechanism. Further results
demonstrate that inhibition of FAB occurs up to 7 weeks
after the withdrawal of treatment, although these effects
are no longer observed after 18 weeks. Therefore the effects of 12 weeks of ragweed immunotherapy on inhibitory serum activity are relatively short lived.
Allergen-specific IgG antibodies are induced by successful immunotherapy,5,34,35 but quantitative changes in
specific IgG antibodies do not always correlate with clinical protection.36-38 Here we demonstrate a significant
increase in ragweed-specific IgG4 levels induced by treatment with immunotherapy. Treatment with omalizumab
did not influence allergen-specific IgG4 levels induced
by immunotherapy. Increases in ragweed-specific IgG4
levels were modest compared with other reports of immunotherapy,5 although this might reflect the short treatment
period (approximately 2 months) compared with other
studies (1-2 years). Allergen-specific IgG4 levels do not
correlate with inhibitory activity measured in the FAB assay (analysis not shown), and this finding is consistent
with a previous study.5 It is possible that the final inhibitory activity, as measured in the FAB assay, could be
predicted by the ratio of allergen-specific inhibitory antibodies (IgG4) to IgE in the patient’s serum. However, in
this study it is not possible to interpret serum allergenspecific IgE results in subjects treated with omalizumab
because assays are unable to distinguish between IgE contained within IgE–anti-IgE complexes, which increase
because of delayed renal clearance, and free IgE, which
decreases.21
In summary, ragweed immunotherapy induced serum
regulatory antibodies that partially blocked binding of
allergen-IgE complexes to B cells. The addition of anti-IgE
to ragweed, by directly blocking IgE binding to CD23,
completely inhibited allergen-IgE binding, which might
have contributed to the observed enhanced efficacy with
the combination therapy. Although the cost of the combination of immunotherapy with anti-IgE treatment is high,
this should be considered in view of the enhanced benefit/
risk ratio and the known long-term benefits of allergen
immunotherapy.24 Whether the prolonged inhibition of
allergen-IgE binding that was seen after discontinuation
of the combination compared with either treatment alone
could result in a more prolonged duration of efficacy
remains to be determined.
We thank ALK-Abelló for kindly providing the CD23-enriched
EBV-transformed B cell line.

J ALLERGY CLIN IMMUNOL
SEPTEMBER 2007

REFERENCES
1. Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy: therapeutic vaccines for allergic diseases. A WHO position paper. J Allergy Clin
Immunol 1998;102:558-62.
2. Creticos PS, Reed CE, Norman PS, Khoury J, Adkinson NF Jr, Buncher
CR, et al. Ragweed immunotherapy in adult asthma. N Engl J Med 1996;
334:501-6.
3. Gehlhar K, Schlaak M, Becker W, Bufe A. Monitoring allergen immunotherapy of pollen-allergic patients: the ratio of allergen-specific IgG4
to IgG1 correlates with clinical outcome. Clin Exp Allergy 1999;29:
497-506.
4. Jutel M, Akdis M, Budak F, Aebischer-Casaulta C, Wrzyszcz M, Blaser
K, et al. IL-10 and TGF-beta cooperate in the regulatory T cell response
to mucosal allergens in normal immunity and specific immunotherapy.
Eur J Immunol 2003;33:1205-14.
5. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM,
Wilcock LK, et al. Grass pollen immunotherapy induces mucosal and
peripheral IL-10 responses and blocking IgG activity. J Immunol 2004;
172:3252-9.
6. Hamid QA, Schotman E, Jacobson MR, Walker SM, Durham SR.
Increases in IL-12 messenger RNA1 cells accompany inhibition of
allergen-induced late skin responses after successful grass pollen immunotherapy. J Allergy Clin Immunol 1997;99:254-60.
7. Francis JN, Till SJ, Durham SR. Induction of IL-101CD41CD251
T cells by grass pollen immunotherapy. J Allergy Clin Immunol 2003;
111:1255-61.
8. van der Heijden FL, Van Neerven RJ, Kapsenberg ML. Relationship between facilitated allergen presentation and the presence of allergen-specific IgE in serum of atopic patients. Clin Exp Immunol 1995;99:289-93.
9. van Neerven RJ, Wikborg T, Lund G, Jacobsen B, Brinch-Nielsen A,
Arnved J, et al. Blocking antibodies induced by specific allergy vaccination prevent the activation of CD41 T cells by inhibiting serumIgE-facilitated allergen presentation. J Immunol 1999;163:2944-52.
10. van Neerven RJ, Arvidsson M, Ipsen H, Sparholt SH, Rak S, Wurtzen
PA. A double-blind, placebo-controlled birch allergy vaccination study:
inhibition of CD23-mediated serum-immunoglobulin E-facilitated allergen presentation. Clin Exp Allergy 2004;34:420-8.
11. Marshall JD, Hessel EM, Gregorio J, Abbate C, Yee P, Chu M, et al.
Novel chimeric immunomodulatory compounds containing short CpG
oligodeoxyribonucleotides have differential activities in human cells.
Nucleic Acids Res 2003;31:5122-33.
12. Shamji MH, Wilcock LK, Wachholz PA, Dearman RJ, Kimber I, Wurtzen PA, et al. The IgE-facilitated allergen binding (FAB) assay: Validation of a novel flow-cytometric based method for the detection of
inhibitory antibody responses. J Immunol Methods 2006;317:71-9.
13. Kimura I, Tanizaki Y, Goda Y, Komagoe H, Kitani H. Decrease in reactivity of basophils by immunotherapy with housedust extract. Clin
Allergy 1985;15:1-7.
14. Wachholz PA, Durham SR. Induction of ‘‘blocking’’ IgG antibodies during immunotherapy. Clin Exp Allergy 2003;33:1171-4.
15. MacGlashan DW Jr, Bochner BS, Adelman DC, Jardieu PM, Togias A,
Kenzie-White J, et al. Down-regulation of Fc(epsilon)RI expression on
human basophils during in vivo treatment of atopic patients with antiIgE antibody. J Immunol 1997;158:1438-45.
16. Fahy JV, Fleming HE, Wong HH, Liu JT, Su JQ, Reimann J, et al. The
effect of an anti-IgE monoclonal antibody on the early- and late-phase
responses to allergen inhalation in asthmatic subjects. Am J Respir Crit
Care Med 1997;155:1828-34.
17. Boulet LP, Chapman KR, Cote J, Kalra S, Bhagat R, Swystun VA, et al.
Inhibitory effects of an anti-IgE antibody E25 on allergen-induced early
asthmatic response. Am J Respir Crit Care Med 1997;155:1835-40.
18. Ong YE, Menzies-Gow A, Barkans J, Benyahia F, Ou TT, Ying S, et al.
Anti-IgE (omalizumab) inhibits late-phase reactions and inflammatory
cells after repeat skin allergen challenge. J Allergy Clin Immunol 2005;
116:558-64.
19. Djukanovic R, Wilson SJ, Kraft M, Jarjour NN, Steel M, Chung KF,
et al. Effects of treatment with anti-immunoglobulin E antibody omalizumab on airway inflammation in allergic asthma. Am J Respir Crit Care
Med 2004;170:583-93.
20. Milgrom H, Fick RB Jr, Su JQ, Reimann JD, Bush RK, Watrous ML,
et al. Treatment of allergic asthma with monoclonal anti-IgE antibody.
rhuMAb-E25 Study Group. N Engl J Med 1999;341:1966-73.

21. Casale TB, Bernstein IL, Busse WW, LaForce CF, Tinkelman DG, Stoltz
RR, et al. Use of an anti-IgE humanized monoclonal antibody in ragweed-induced allergic rhinitis. J Allergy Clin Immunol 1997;100:110-21.
22. Casale TB, Condemi J, LaForce C, Nayak A, Rowe M, Watrous M, et al.
Effect of omalizumab on symptoms of seasonal allergic rhinitis: a randomized controlled trial. JAMA 2001;286:2956-67.
23. Hamelmann E, Rolinck-Werninghaus C, Wahn U. Is there a role for antiIgE in combination with specific allergen immunotherapy? Curr Opin
Allergy Clin Immunol 2003;3:501-10.
24. Casale TB, Busse WW, Kline JN, Ballas ZK, Moss MH, Townley RG,
et al. Omalizumab pretreatment decreases acute reactions after rush
immunotherapy for ragweed-induced seasonal allergic rhinitis. J Allergy
Clin Immunol 2006;117:134-40.
25. van der Heijden FL, Joost van Neerven RJ, van KM, Bos JD, Kapsenberg ML. Serum-IgE-facilitated allergen presentation in atopic disease.
J Immunol 1993;150:3643-50.
26. Demeulemester C, Weyer A, Peltre G, Laurent M, Marchand F, David B.
Thermoinactivation of human IgE: antigenic and functional modifications. Immunology 1986;57:617-20.
27. van Neerven RJ, van Roomen CP, Thomas WR, de BM, Knol EF, Davis
FM. Humanized anti-IgE mAb Hu-901 prevents the activation of allergen-specific T cells. Int Arch Allergy Immunol 2001;124:400-2.
28. Genentech, Inc. Xolair (omalizumab for subcutaneous use) [package
insert]. South San Francisco (CA): Genentech, Inc; 2006.
29. Wachholz PA, Soni NK, Till SJ, Durham SR. Inhibition of allergen-IgE
binding to B cells by IgG antibodies after grass pollen immunotherapy.
J Allergy Clin Immunol 2003;112:915-22.
30. Durham SR, Walker SM, Varga EM, Jacobson MR, O’Brien F, Noble
W, et al. Long-term clinical efficacy of grass-pollen immunotherapy.
N Engl J Med 1999;341:468-75.

Klunker et al 695

31. Wilson DR, Irani AM, Walker SM, Jacobson MR, Mackay IS, Schwartz
LB, et al. Grass pollen immunotherapy inhibits seasonal increases in
basophils and eosinophils in the nasal epithelium. Clin Exp Allergy
2001;31:1705-13.
32. Nouri-Aria KT, Pilette C, Jacobson MR, Watanabe H, Durham SR. IL-9 and
c-Kit1 mast cells in allergic rhinitis during seasonal allergen exposure: Effect of immunotherapy. J Allergy Clin Immunol 2005;116:73-9.
33. Takhar P, Smurthwaite L, Coker HA, Fear DJ, Banfield GK, Carr VA,
et al. Allergen drives class switching to IgE in the nasal mucosa in allergic rhinitis. J Immunol 2005;174:5024-32.
34. McHugh SM, Deighton J, Stewart AG, Lachmann PJ, Ewan PW. Bee
venom immunotherapy induces a shift in cytokine responses from a
TH-2 to a TH-1 dominant pattern: comparison of rush and conventional
immunotherapy. Clin Exp Allergy 1995;25:828-38.
35. Djurup R, Osterballe O. IgG subclass antibody response in grass pollenallergic patients undergoing specific immunotherapy. Prognostic value
of serum IgG subclass antibody levels early in immunotherapy. Allergy
1984;39:433-41.
36. Ewan PW, Deighton J, Wilson AB, Lachmann PJ. Venom-specific IgG
antibodies in bee and wasp allergy: lack of correlation with protection
from stings. Clin Exp Allergy 1993;23:647-60.
37. Muller U, Akdis CA, Fricker M, Akdis M, Blesken T, Bettens F,
et al. Successful immunotherapy with T-cell epitope peptides of
bee venom phospholipase A2 induces specific T-cell anergy in
patients allergic to bee venom. J Allergy Clin Immunol 1998;101:
747-54.
38. Bodtger U, Ejrnaes AM, Hummelshoj L, Jacobi HH, Poulsen LK, Svenson M. Is immunotherapy-induced birch-pollen-specific IgG4 a marker
for decreased allergen-specific sensitivity? Int Arch Allergy Immunol
2005;136:340-6.

Basic and clinical immunology

J ALLERGY CLIN IMMUNOL
VOLUME 120, NUMBER 3

