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SHORT REPORT

Omalizumab may not inhibit mast cell and basophil
activation in vitro
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Abstract

Background In March 2014, omalizumab, a monoclonal anti-IgE antibody, was approved for the treatment of chronic
spontaneous urticaria (CSU). The primary mode of action of omalizumab is considered to be the reduction in free IgE
serum levels and the subsequent down-regulation of FceRl, the high affinity receptor for IgE, on mast cells and basophils.
Recently, it has been suggested that most CSU patients have an autoimmune aetiology which may lead to chronic activa-
tion of mast cells and basophils.

Objective To understand more of the mechanisms by which omalizumab may exert its effects in CSU, its efficacy was
tested on human mast cells and basophils.

Methods Omalizumab, which was or was not preincubated with serum from healthy donors or CSU patients, was coin-
cubated with isolated healthy donor skin mast cells or peripheral blood-derived monocytes containing 1-2% basophils.
Degranulation was induced using anti-human IgE, C5a, or substance P and histamine release determined.

Results Anti-human IgE-induced histamine release from mast cells or basophils was not altered in the presence or
absence of omalizumab. In contrast, preincubation of mast cells with DARPin Fc fusion protein, a positive control for
negative signalling via FceRI-FcyRIlb cross activation, significantly diminished histamine release. Moreover, omalizumab,
that was preincubated with healthy donor serum, CSU patient serum or auto-reactive CSU serum to allow for the forma-
tion of potential immune complexes, did not alter induced histamine release in a coincubation setup with mast cells or
basophils as compared to the absence of omalizumab. In vivo, blood basophil numbers and basophil histamine content
increase under omalizumab therapy.

Conclusion Our results suggest that the rapid response to omalizumab therapy is more likely to result from the elimi-
nation of an activating signal rather than the generation of a negative, inhibitory signal.
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Introduction

In March 2014, omalizumab, a monoclonal anti-IgE antibody,
was approved by the US Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) for the treatment of
chronic spontaneous (idiopathic) urticaria (CSU) following
many successful clinical trials and retrospective clinical analy-
ses.”? Omalizumab was originally introduced for the treatment
of severe allergic asthma, but has also been reported to be effec-
tive in the treatment of other mast cell-mediated diseases, such
as atopic dermatitis and mastocytosis.” > The primary mecha-
nism of action of omalizumab in these conditions is considered
to be the reduction in free IgE serum levels and the subsequent
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down-regulation of FceRI, the high affinity receptor for IgE, on
mast cells and basophils. Recently, it has been suggested that
most CSU patients have an autoimmune aetiology with some
patients producing IgE autoantibodies against autoantigens,
such as thyroperoxidase (TPO), whereas other patients make
IgG autoantibodies against the high affinity IgE receptor (FceRI)
and/or IgE, which may chronically activate mast cells and
basophils.® Therefore, to understand more of the mechanisms by
which omalizumab may exert its effects in CSU, we examined its
efficacy on isolated human mast cells and basophils.

In our initial experiments (Fig. la), mast cells were freshly
isolated from the skin of healthy donors as previously
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Figure 1 Omalizumab has no inhibitory effect on anti-IgE-induced degranulation. (a) Freshly isolated human skin mast cells were coin-
cubated with or without omalizumab (10 pg/mL) for 24 h or with DARPin Fc (100 pmol/mL) for 1 h as positive control for FceRI-FcyRllb
cross linking. Mast cells were then activated with anti-IgE (1 pg/mL) for 1 h and histamine release determined. Results are expressed as
mean + SEM histamine release (% total) of three independent experiments. Panel (b) shows peripheral blood-derived monocytes from
healthy donors that were coincubated with or without omalizumab (10 ng/mL) for 1 h and then activated using anti-IgE (5 pg/mL) for
another hour to induce degranulation. Results are expressed as mean + SEM histamine release (% total) of five independent

experiments.

described.” Compared with a baseline of 3.0 4 0.9% histamine
release, mast cells released 41.4 £ 0.01% of total histamine on
stimulation for 1 h with goat anti-human IgE (1 pg/mL, KPL,
Gaithersburg, USA). Preincubation of mast cells for 1 h with
100 pmol/mL of DARPin Fc fusion protein,® a positive control
for negative signalling via FceRI-FcyRIIb cross activation, sig-
nificantly (P = 0.0006) diminished histamine release. In con-
trast, preincubation of mast cells for 24 h with 10 pg/mL
omalizumab had no effect on anti-IgE-induced mast cell
degranulation.

As blood basophils have also been suggested to be involved in
the pathogenesis of urticaria,” the effects of omalizumab on these
cells were also examined (Fig. 1b). Peripheral blood-derived
monocytes containing 1-2% basophils were obtained from
healthy donors'® and activated for 1 h with 5 pg/mL goat anti-
human IgE with or without preincubation with omalizumab. In
the absence of omalizumab anti-IgE released 67.5 + 8.9% of
total histamine. Preincubation of peripheral blood-derived
monocytes for 1 h with 10 pg/mL omalizumab did not alter
anti-IgE-induced histamine release (64.5 £ 10.9%).

These data indicate that preincubation with omalizumab has
no effect on anti-IgE-induced histamine release from primary
human mast cells or basophils. Therefore, we next hypothesized
that omalizumab may form cell-stabilizing immune complexes
after contact with human serum which results in the immediate
reduction or even blockade of mast cell and/or basophil activa-
tion by cross activation of FceRI and the inhibitory FcyRIIb."'
To test this hypothesis, we investigated the effects of potential
immune complexes derived from coincubation of serum and
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omalizumab on the responsiveness of primary skin mast cells
from healthy donors.

Skin mast cells were preloaded ex vivo with human IgE to
mimic the situation present in CSU patients and omalizumab
was coincubated with healthy donor serum for 1 h before addi-
tion to mast cells for 24 h. However, anti-IgE-induced histamine
release did not differ in the absence or presence of omalizumab
(Fig. 2a). It is possible that serum of CSU patients contains
components which are absent in healthy subjects (e.g. higher lev-
els of IgE) but which might be involved in the formation of
immune complexes with omalizumab potentially leading to mast
cell stabilization. This prompted us to test the impact of CSU
patient serum. However, anti-IgE-induced histamine release fol-
lowing coincubation of mast cells with CSU patient serum
(mean total IgE serum level 363.9 £ 374.5 kU/L; range 28.4—
892.0 kU/L) for 24 h showed no differences with or without the
presence of omalizumab (Fig. 2b). These data indicate that oma-
lizumab does not form mast cell stabilizing immune complexes
after contact with healthy or CSU serum. Interestingly, autoanti-
bodies directed against FceRI, IgE, or TPO are commonly found
in at least one-third of CSU patients and are thought to play a
role in the pathomechanism of CSU via activation of dermal
mast cells.'? To examine whether the presence of autoantibodies
or other autoreactive substances in the serum of CSU patients is
required for omalizumab to inhibit mast cell degranulation, we
preincubated autoreactive CSU serum (mean total IgE serum
level 181.6 £ 138.0 kU/L; range 63.8-367.0 kU/L), which is
characterized by inducing >16.5% histamine release from
basophils without further activation®®, with or without oma-
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Figure 2 Omalizumab coincubated with human serum does not inhibit anti-lgE-induced degranulation. Aliquots of (a) healthy donor
serum, (b) CSU patient serum, and (c) auto-reactive CSU patient serum were preincubated for 1 h with omalizumab (10 pg/mL) or vehicle
(aqua ad iniectabilia, B. Braun, Germany) and then coincubated with skin mast cells for 24 h prior to activation with anti-IgE (1 pg/mL).
Histamine release is illustrated as mean + SEM (% total) of three independent experiments with n = 4 sera per group. Panel (d) shows

studies on peripheral blood-derived monocytes containing 1%-2% basophils. Autoreactive CSU serum (characterized to induce >16.5%
histamine release from basophils without further activation) was preincubated for 1 h with omalizumab (10 pg/mL) or vehicle (aqua ad ini-
ectabilia) followed by 1 h coincubation with peripheral blood-derived monocytes. Subsequently, peripheral blood-derived monocytes

were not further stimulated (@) or activated with C5a (200 ng/mL), substance P (SP, 10 png/mL), or anti-IgE (5 pg/mL) for 1 h and histamine
release was determined as mean + SEM (% total). Pooled data of four independent experiments with the same n = 3 sera per each group

and experiment.

lizumab for 1 h followed by coincubation with human skin mast
cells for 24 h. Anti-IgE-mediated activation induced extensive
mast cell degranulation, which was not reduced by omalizumab
(Fig. 2c). This result indicates that omalizumab does not gener-
ate inhibitory signals after getting in contact with auto-reactive
CSU serum.

To further test our hypothesis of inhibitory immune com-
plexes potentially formed by omalizumab and CSU serum
components with human basophils, we preincubated autore-
active CSU patient serum with omalizumab for 1 h followed
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by coincubation with peripheral blood-derived monocytes
containing 1-2% basophils for another hour. Autoreactive
CSU patient sera were identified beforehand by inducing
>16.5% histamine release from basophils without any further
activation. Incubation of peripheral blood-derived monocytes
with autoreactive CSU serum alone or further stimulation of
these cells using C5a (R&D Systems, Minneapolis, USA), sub-
stance P (SIGMA-ALDRICH, Schnelldorf, Germany), or anti-
IgE resulted in comparable histamine release regardless of the
presence or absence of omalizumab (Fig. 2d). These data
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Table 1 Circulating basophil numbers (cells/uL) in 14 CSU
patients before and after treatment with omalizumab

Number of Baseline After 2-4 weeks Significance
CSU patients before treatment treatment
14 10 (10-20) 25 (13-40) P = 0.009

Basophils were counted before treatment (baseline) and after 2-4 weeks
treatment. Data are expressed as median (with 25%-75% range) and sig-
nificance of difference calculated by Student’s t-test for paired data.

Table 2 In vitro basophil histamine release from seven CSU
patients (responder) before and after treatment with omalizumab

Baseline After Significance
before 2-4 weeks
treatment treatment
Total histamine (ng) 41.3 £ 9.9 721 + 53 P =0.031
Anti-lgE-induced 30.7 + 14.6 473 + 15.7 P = 0.356

release (%)

Data are expressed as mean + SEM and significance of differences calcu-
lated using Student’s t-test for paired data.

indicate that omalizumab exerts no stabilizing effect on
human healthy donor basophils after coincubation with
healthy or CSU serum.

In our specialist urticaria clinic at the Department of Derma-
tology and Allergy, Charité — Universitdtsmedizin, Berlin, Ger-
many many difficult to treat CSU patients have received therapy
with omalizumab during the last years. Clinical progress of these
patients was observed during omalizumab treatment, i.e. moni-
toring disease activity by means of the daily and mean weekly
urticaria activity scores (UAS1 and UAS7) to assess patient
response to omalizumab. In CSU, “complete response” to oma-
lizumab was defined as a reduction of 90% or more in the
UAS7, “significant improvement” as a reduction in the UAS7 of
90%-30% and “no significant improvement” as less than 30%
reduction in the UAS7."* Numbers of blood basophils were
assessed by an automated analyser in the central laboratory of
the Charité — Universitidtsmedizin Berlin. To assess histamine
release from basophils, peripheral blood-derived monocytes
containing 1-2% basophils were isolated from fresh heparinized
venous blood using the Lymphoprep™ (Axis-Shield PoC AS,
Oslo, 1.077 g/mL,
290 mOsm) containing 9.1% sodium diatrizoate and 5.7% poly-

Norway) density gradient (density
saccharide. Cell suspensions were then lysed for total histamine
content or were challenged for 30 min at 37°C with anti-IgE
(18 ng/mL, KPL) and histamine concentrations were measured.
In CSU patients, basopenia is a well-known phenomenon and is
suggested to be a result of basophil activation and recruitment
into the skin.'® Interestingly, the number of blood basophils
rapidly increased after the first injection of omalizumab therapy
(2—4 weeks; Table 1). Moreover, total basophil histamine con-
tent significantly (P = 0.031) increased 2—4 weeks after injection
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of omalizumab as determined for seven CSU patients who had a
complete response to omalizumab therapy (Table 2). Although
not statistically significant (P = 0.356), a tendency of elevated
anti-IgE-induced histamine release in these CSU patients (oma-
lizumab responders) was observed (Table 2). Interestingly,
basophils from four of these seven CSU patients failed to release
histamine before treatment but did so following omalizumab
injection. These data indicate that omalizumab treatment does
affect patient basophils. However, our in vitro studies using
freshly isolated human skin mast cells or peripheral blood-
derived monocytes in a coincubation setup with serum and
omalizumab suggest no involvement of cell stabilizing immune
complexes formed by omalizumab and CSU serum components.
Indeed, the efficacy of omalizumab seems not to be mediated by
direct effects of the drug on mast cells or basophils such as by
FceRI-FcyRIIb cross activation which has been already shown
for the anti-IgE DARPin Fc fusion protein.® Recently, the pres-
ence of a subset of IgE molecules that can activate mast cells via
FceRI aggregation in the absence of antigen has been indicated,
namely highly cytokinergic IgE.'®'” Considering this, it rather
appears likely that omalizumab treatment of CSU patients
induces a significant drop of free IgE serum levels which in turn
may reduce mast cell and basophil activation and degranulation
and, finally, CSU symptoms.

In summary, our results suggest that the rapid response to
omalizumab therapy is more likely to result from the elimina-
tion of an activating signal, such as IgE, rather than the genera-
tion of a negative, inhibitory signal. Further in vivo and ex vivo
tests need to be carried out to identify the mechanism of action
of omalizumab in CSU.

Acknowledgement

The authors thank Novartis for kindly supporting this work.
M. Metz us supported by a fellowship of the Else Kroner-Frese-
nius-Foundation.

References

Maurer M, Rosen K, Hsieh HJ et al. Omalizumab for the treatment of
chronic idiopathic or spontaneous urticaria. N Engl | Med 2013; 368:
924-935.

Metz M, Ohanyan T, Church MK, Maurer M. Omalizumab is an effective
and rapidly acting therapy in difficult-to-treat chronic urticaria: a retro-
spective clinical analysis. ] Dermatol Sci 2014; 73: 57—-62.

Douglass JA, Carroll K, Voskamp A, Bourke P, Wei A, O’Hehir RE. Oma-
lizumab is effective in treating systemic mastocytosis in a nonatopic
patient. Allergy 2010; 65: 926-927.

4 Sheinkopf LE, Rafi AW, Do LT, Katz RM, Klaustermeyer WB. Efficacy of
omalizumab in the treatment of atopic dermatitis: a pilot study. Allergy
Asthma Proc 2008; 29: 530-537.

Siebenhaar F, Kuhn W, Zuberbier T, Maurer M. Successful treatment of
cutaneous mastocytosis and Meniere disease with anti-IgE therapy. J
Allergy Clin Immunol 2007; 120: 213-215.

Chang TW, Chen C, Lin CJ, Metz M, Church MK, Maurer M. The poten-
tial pharmacologic mechanisms of omalizumab in patients with chronic
spontaneous urticaria. ] Allergy Clin Immunol 2014; in press, DOI: 10.
1016/j.jaci.2014.04.036.

—

S8}

w

w

(o)}

© 2014 European Academy of Dermatology and Venereology



Omalizumab and mast cell activation

~

o

el

10

1

—

12

Maurer M, Church MK. Inflammatory skin responses induced by icati-
bant injection are mast cell mediated and attenuated by H(1)-antihista-
mines. Exp Dermatol 2012; 21: 154-155.

Eggel A, Buschor P, Baumann MJ, Amstutz P, Stadler BM, Vogel M. Inhi-
bition of ongoing allergic reactions using a novel anti-IgE DARPin-Fc
fusion protein. Allergy 2011; 66: 961-968.

Vonakis BM, Vasagar K, Gibbons SP Jr et al. Basophil FcepsilonRI hista-
mine release parallels expression of Src-homology 2-containing inositol
phosphatases in chronic idiopathic urticaria. J Allergy Clin Immunol
2007; 119: 441-448.

Jensen LB, Pedersen MH, Skov PS et al. Peanut cross-reacting allergens in
seeds and sprouts of a range of legumes. Clin Exp Allergy 2008; 38: 1969—
1977.

Daeron M, Malbec O, Latour S, Arock M, Fridman WH. Regulation of
high-affinity IgE receptor-mediated mast cell activation by murine low-
affinity IgG receptors. J Clin Invest 1995; 95: 577—585.

Altrichter S, Peter HJ, Pisarevskaja D, Metz M, Martus P, Maurer M.
IgE mediated autoallergy against thyroid peroxidase—a novel pathomech-
anism of chronic spontaneous urticaria? PLoS ONE 2011; 6: e14794.

JEADV 2014

13

14

1

1

1

w

6

~

Platzer MH, Grattan CE, Poulsen LK, Skov PS. Validation of
basophil histamine release against the autologous serum skin test
and outcome of serum-induced basophil histamine release studies in
a large population of chronic urticaria patients. Allergy 2005; 60:
1152-1156.

Zuberbier T, Aberer W, Asero R et al. The EAACI/GA(2) LEN/EDF/
WAO Guideline for the definition, classification, diagnosis, and
management of urticaria: the 2013 revision and update. Allergy 2014; 69:
868-887.

Grattan CE, Dawn G, Gibbs S, Francis DM. Blood basophil numbers in
chronic ordinary urticaria and healthy controls: diurnal variation, influ-
ence of loratadine and prednisolone and relationship to disease activity.
Clin Exp Allergy 2003; 33: 337-341.

Kawakami T, Kitaura J. Mast cell survival and activation by IgE in the
absence of antigen: a consideration of the biologic mechanisms and rele-
vance. | Immunol 2005; 175: 4167—4173.

Kitaura J, Song J, Tsai M et al. Evidence that IgE molecules mediate a
spectrum of effects on mast cell survival and activation via aggregation of
the FcepsilonRI. Proc Natl Acad Sci U S A 2003; 100: 12911-12916.

© 2014 European Academy of Dermatology and Venereology



