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Treatment with omalizumab normalizes the
number of myeloid dendritic cells during the
grass pollen season

To the Editor:

Humanized anti-IgE antibodies are safe and effective
in treating patients with allergic rhinitis and asthma.1

Therapeutic anti-IgE antibodies such as omalizumab
have a unique binding specificity in that they bind to sol-
uble IgE and to membrane-bound IgE on IgE-expressing
B cells but not to IgE already bound by high-affinity
receptors (FcεRI) on mast cells and basophils or by low-
affinity IgE Fc receptors (FcεRII) on other cell types.2 In
addition to neutralizing free IgE and inhibiting IgE pro-
duction by B cells,3 omalizumab might have additional
immunomodulating effects on antigen-presenting cells.4

Recent research indicates that dendritic cells (DCs) are
specialized for antigen uptake, processing, and presenta-
tion to T cells. Two subsets of DCs were identified in the
blood: CD11+ myeloid DCs and CD123+ plasmacytoid
DCs. Each represented a small fraction (0.3%) of
mononuclear cells, and both subtypes differ in origin, in
the route of activation, and in immunologic activity.5 A
flow cytometric assay was designed to detect the 2 dif-
ferent subsets of peripheral blood dendritic cells.6 In this
report, this assay was used to determine the frequency of
DC subpopulations in children and adolescents treated
with omalizumab.

Forty-nine patients were enrolled in this substudy.
They were treated at 2 centers (Bochum and Wesel)

located in the western region of Germany as part of a
phase IIIb, multicenter, randomized, double-blind, place-
bo-controlled, multiple-dose, parallel-group rhinitis
study investigating the safety and efficacy of subcuta-
neously administered omalizumab in children and ado-
lescents with seasonal allergic rhinitis (SAR). The whole
study population consisted of 221 children and adoles-
cents (6 to 17 years of age), each having a clinical histo-
ry of birch pollen–induced and grass pollen–induced
SAR within the previous 2 years. Signed informed con-
sent was obtained from all subjects and their guardians,
and the study design was approved by the ethics com-
mittees of the participating centers. The details of the
core study are described elsewhere.7

Four treatment arms used omalizumab and specific
immunotherapy (SIT): SIT/birch + omalizumab; SIT/birch
+ placebo; SIT/grass + omalizumab; and SIT/grass + place-
bo. SIT for birch or for grass (ALK-Scherax/Abello, Berlin,
Germany) was administered with increasing doses with 12
weekly injections.7 Thereafter, patients were switched to 5
maintenance injections of SIT in a 4-week interval; placebo
or omalizumab was added to the SIT for 24 weeks. Oma-
lizumab was administered on the basis of body weight and
serum total IgE, providing a dose of at least 0.016 mg/kg per
IU/mL of IgE every 4 weeks.

During the birch season (>10 grains/m3 per 24 hours;
April 3 to May 1) and the grass season (> 5 grains/m3 per
24 hours; May 11 to June 23), blood was obtained and
stained for DCs. The respective mean cumulative doses at
the time of blood collection during the relevant pollen sea-
son did not differ between patients treated with omalizum-
ab and patients given placebo (SIT birch, 494630 versus
496335 SQ units; SIT grass, 614722 versus 634461 SQ
units). Daily symptom severity scores (eyes and nose) and
rescue medication usage (for definitions, see Kuehr et al7)
were assessed during the pollen seasons.

Staining procedures were performed as follows: 100
µL of whole blood was incubated with 20 µL of the lin-
eage cocktail fluorescein isothiocyanate, 10 µL
anti–human leukocyte antigen D–related (HLA-DR)
peridinin chlorophyll protein (PerCP), and either 5 µL
CD11c PE, 5 µL CD123 PE, or the appropriate isotype
controls (all from Becton Dickinson, Heidelberg, Ger-
many). Measurements were performed on a FACScan
flow cytometer (Becton Dickinson) equipped with a
Power Macintosh G3 computer and CellQuest software.
DCs were identified as showing no labeling for the lin-
eage cocktail and strong labeling for HLA-DR. Through
the use of 3-color analysis, the proportion of strongly
CD123-labeled plasmacytoid cells and of CD11c+

myeloid cells among DCs was determined. The absolute
number of blood DCs was calculated on the basis of the
percentage of DCs and the absolute number of mononu-
clear cells, as determined by the blood count.6

The results are shown in Fig 1. DC numbers did not dif-
fer between patients with SIT birch and patients with SIT
grass, and there was no difference between placebo-treat-
ed and omalizumab-treated patients in the birch season.
Indeed, DC numbers in healthy age-matched control sub-
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FIG 1. Myeloid DCs are increased in peripheral blood of placebo-treated patients with SAR during grass
pollen season but not during birch pollen season. DC numbers in peripheral blood were calculated from
placebo-treated and anti–IgE-treated subjects with SAR during birch and grass pollen seasons. There was
no difference between patients treated in parallel with SIT-birch (open circles) and patients treated in par-
allel with SIT-grass (closed circles).

TABLE I. Characteristics of the study population

Anti-IgE Placebo P value*

Background characteristics
n (female/male) 16/9 8/16 .0465
Age (y) 12.3 (7.5–17.3) 12.9 (6.7–17.0) .9884
SAR Duration (y) 6.25 (3.00–9.25) 6.52 (2.10–14.0) .3416
Total IgE (kU/L) 300 (45.0–809) 333 (31.6–800) .4407
Specific IgE† to birch 10.80 (0.49–125) 8.43 (0.44–125) .9762
Specific IgE† to grass 43.9 (0.91–125) 88.7 (2.68–125) .1100

Treatment
SIT birch/SIT grass 12/13 11/13 .8792

Mononuclear cells (per µL)
Birch season 3100 (1638–5220) 3323 (1625–4565) .6801
Grass season 3034 (1408–5213) 3149 (2213–4450) .6782

Severity score
Birch season 0.21 (0.00–2.03) 0.46 (0.00–4.61) .5944
Grass season 0.66 (0.00–2.34) 1.51 (0.08–6.00) .0110

SIT, Specific immunotherapy; SAR, seasonal allergic rhinitis.
Data are presented as median (range) values.
*Data were analyzed by Student t test for continuous variables and by Fisher exact test for discrete values.
†Specific IgE values >100 were set to 125; values <.35 were set to 0.
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jects determined before the birch season6 (CD11c: medi-
an, 14.5/µL; range, 4.5 to 10.6/µL and CD123: median,
7.1/µL; range 3.8 to 12.3/µL) were in a range comparable
to DC numbers of patients during the birch season in this
study. Likewise, there was no difference in the numbers of
CD123+ plasmacytoid DCs between placebo-treated and
omalizumab-treated patients. However, we found consid-
erably higher numbers (median, 21.2/µL; range, 13.5 to
38.2/µL) of CD11c+ myeloid DCs in the peripheral blood
of placebo-treated patients than in that of omalizumab-
treated patients (median, 12.4/µL; range, 6.0 to 29.1/µL)
during the grass season. By ANOVA, the difference in
numbers of DCs was significant (P = .0137), taking into
account the differences in sex and the levels of specific IgE
to grass pollen between the 2 groups (Table I). This
increase was paralleled by a dramatic increase in the sever-
ity score (1.51 for the placebo group versus 0.66 for the
omalizumab group; P = .0110).

There are several possible explanations for this rela-
tion. Katoh et al8 recently identified a new role for
FcεRI on antigen-presenting cells in which FcεRI is
involved in the regulation of apoptosis in monocytes.
Monocytes have a limited life span, and their homeosta-
sis is regulated by programmed cell death in vivo. FcεRI
ligation on monocytes prevents apoptosis.8 The same
mechanism might apply to myeloid DCs, which arise
from monocytes. Conversely, the differentiation of
monocytes into myeloid dendritic cells requires GM-
CSF and IL-4.9 IL-4 is secreted by T cells as well as by
mast cells. Nasal mast cells from patients with allergic
rhinitis express high levels of the FcεRI and IL-4.10

Therefore, treatment with omalizumab might decrease
the amount of mast cell–derived IL-4 during the pollen
season and thus decrease the number of myeloid DCs.
Because myeloid DCs (in the absence of proinflamma-
tory cytokines) were shown to promote the differentia-
tion of TH2 cells,5 the observed effect of normalizing the
number of myeloid DCs during the pollen season might
provide an additional explanation for the clinical effects
of anti-IgE treatment.
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