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Abstract

Omalizumab (humanized-IgG1 anti-human IgE Fc, Xolair®) complexes circulating IgE, blocking IgE binding to high
affinity epsilon Fc receptors (FceR1) on mast cells and basophils. Free (non-Omalizumab bound) IgE levels in serum are a
measure of effective Omalizumab dosing. The goal of this study was to quantify free (non-Omalizumab-complexed) and total
serum IgE levels in asthma patients on Xolair®. The concentration of (non-Omalizumab bound) free IgE in human serum
was measured using a solid phase immunoenzymetric assay (IEMA) in which IgE was captured from serum with monoclonal
anti-human IgE (clone HP6061) and detected with labeled-FceR1la. In a companion total human serum IEMA, IgE was
captured from serum with the same anti-human IgE (clone HP6061) and all bound IgE was detected with labeled monoclonal
anti-human IgE Fc (clone HP6029). Free and total IgE levels were quantified in pre- and 1 and 3 months post Omalizumab
therapy sera from 12 allergic asthma patients. In the absence of Omalizumab, working ranges of the free and total IgE
IEMAs were comparable (10-1000 kIU/1), with excellent precision, reproducibility and parallelism. Pre-Omalizumab total
and free IgE levels by IEMA were highly correlated (#2=0.99, Y=0.9X+0.32, p<0.001), as were total serum IgE levels by
IEMA and ImmunoCAP-250 (+*=0.98, Y=1.1X—0.05, p<0.001, n=33). In vitro reduction of free IgE (>90%) occurred at
[Omalizumab:IgE] molar ratios of 2-20. Total IgE levels in 12 asthmatics increased from pre-therapy levels (52—-658 kIU/I)
by 1.5-5.5-fold at 1 month and 1.7-8.6 fold at 3 months of uninterrupted Omalizumab treatment. Free IgE levels fell by

Abbreviations: FceRla, alpha chain of the high affinity IgE Fc receptor on mast cells and basophils; BSA, bovine serum albumin; CV,
coefficient of variation; FceR1, high affinity IgE Fc receptor on mast cells and basophils; IEMA, immunoenzymetric assay; IU, international
unit of IgE=2.4 ng of IgE; Omalizumab (Xolair), humanized IgG1 anti-human IgE Fc; PBS, phosphate buffered saline.

* Corresponding author. Johns Hopkins Asthma and Allergy Center, Room 1A20, 5501 Hopkins Bayview Circle, Baltimore, MD 21224, USA.
Tel.: +1 410 550 2031; fax: +1 410 550 2030.
E-mail address: rhamilto@jhmi.edu (R.G. Hamilton).

0022-1759/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/.jim.2005.06.008

JIM-10136; No of Pages 11



2 R.G. Hamilton et al. / Journal of Immunological Methods xx (2005) xxx—xxx

49%-97% at 1 month and 45%-98% by 3 months of Omalizumab treatment. Free and total IgE levels by IEMA aid in

monitoring patients receiving Omalizumab therapy.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Human allergic disease has been managed using a
combination of allergen avoidance, pharmacotherapy
and immunotherapy (Naclerio, 1991; Norman, 2004).
In 2003, Omalizumab, a recombinant humanized
IgG1 monoclonal anti-human IgE Fc (Xolair®), was
licensed for use in the United States to treat moderate
to severe persistent allergic asthma. Omalizumab
binds circulating IgE, blocking IgE binding to alpha
chain of FceR1 receptors and down regulating the
number of FceR1 on mast cells and basophils
(Chang et al., 1990; Saini et al., 1999; Davis, 2004).
Reduced cell bound IgE can result in a concomitant
reduction in mediator release and reduced allergy
symptoms (Holgate et al., 2004; Lin et al., 2004).
The best clinical results have been observed in asthma
patients receiving 0.016 mg of Omalizumab per kg
per KIU/I of IgE for a minimum duration of 12 weeks
(Bousquet et al., 2004).

Unfortunately, not all asthma patients receiving
Omalizumab experience the desired clinical benefits
of reduced usage of their rescue or controller medica-
tions, improved lung function, decrease in asthma
exacerbation rates and/or enhanced quality of life. In
these patients, the treating physician needs to know
whether the prescribed Omalizumab dose has reduced
free serum IgE levels into the therapeutic range
(>95%). To assess this issue, a serological measure-
ment of non-Omalizumab complexed “free” IgE is
needed, since the level of free IgE in serum identifies
patients who may have been under dosed and in
whom non-complexed IgE is free to continue to arm
FceR1 on mast cells and basophils. Presently, no
CLIA-88 licensed clinical laboratory measures free
human IgE because documented serological assays
have not been available. This report describes the
development and validation of a panel of free and
total serum IgE IEMAs that are specifically designed
to evaluate the serum of patients on Omalizumab. Due

to the selection of uniquely matched immunochemical
reagents, the assay displays the robustness required
for clinical analysis of serum containing Omalizumab.
Application is demonstrated by the evaluation of
serum from asthma patients receiving Omalizumab
therapy.

2. Materials and methods
2.1. Reagents

Pharmaceutical grade Omalizumab was purchased
from Genentech (South San Francisco, CA) and
reconstituted as recommended in the package insert.
The 147 mg/ml stock was diluted further with phos-
phate buffered saline containing 1% bovine serum
albumin (PBS-BSA) to prepare Omalizumab (anti-
IgE) concentrations from 100 ng/ml to 1 mg/ml.
These Omalizumab preparations were incubated over-
night with human serum containing known quantities
of IgE to prepare complexes at [IgG-anti-IgE:IgE]
molar ratios from 0.22 to 9500.

The anti-human IgE monoclonal antibodies used as
capture and detection reagents were produced from
clones HP6061 (mouse IgM anti-human IgE Fc) and
HP6029 (mouse IgG1 anti-human IgE Fc) (Reimer,
1986), respectively. Both clones were prepared using
PS-IgE myeloma as the immunogen and purchased as
chromatographically purified antibody at 2 mg/ml in
PBS from EMD Biosciences Corporation (La Jolla,
CA). Both purified monoclonal antibodies were bio-
tinylated using the biotin-hydroxysuccinimide ester
method (EMD Biosciences, La Jolla California) and
stored frozen at 1 mg/ml in PBS-BSA.

A recombinant form of the extracellular domain of
the alpha chain of the human high affinity IgE recep-
tor (FceR1a) was purchased from Heska Corporation
(Fort Collins, CO). It was produced in a Baculovirus
expression system as previously described (Stedman
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et al., 2001) and was subsequently purified by Q-
Sepharose anion exchange chromatography and gel
filtration. Purified FceR1a was biotinylated with bio-
tin hydrazide using the periodate oxidation method.

2.2. Human sera

The human sera that were used to construct the
[IgG-anti-IgE:IgE] complexes were obtained from
healthy adults with total serum IgE levels ranging
from <2 to 100,000 kIU/l. Moreover, serum from 33
adults pre-Omalizumab treatment were collected for
correlation studies to compare the free and total serum
IgE IEMA results with total serum IgE measurements
obtained in the ImmunoCAP 250 (Pharmacia, Kala-
mazoo, MI) (Hamilton and Adkinson, 2004). In the
prospective Omalizumab treatment study, serum was
collected from 12 patients with allergic asthma before
Omalizumab treatment (baseline) and at 1 and 3
months during Omalizumab treatment. All patients
received 0.016 mg of Omalizumab per kg of body
weight per IU/ml of baseline total serum IgE for the
management of their allergic asthma (Table 1). All
sera were used to examine various aspects of the
analytical performance of the free and total IgE
IEMAs in the absence and presence of Omalizumab.
Sera were collected in accordance with procedures
approved by the Johns Hopkins Bayview Institutional
Review Board.

2.3. Free human IgE Immunoenzymetric assay

The concentration of (non-Omalizumab bound)
free IgE in human serum was measured using a
solid phase IEMA in which IgE was captured from
serum with anti-human IgE and detected with labeled-
FceR1a. Monoclonal murine IgM anti-human IgE Fc
(Clone HP6061P) was adsorbed onto sterile flat-bot-
tom polystyrene 96-well Bacti plates (Nalge-Nunc
International, Rochester, NY) by pipetting 0.1 ml
per well of a 10 pg per ml solution in PBS (pH 7.4,
16-18 h at 2-8 °C). The plates were washed once
with PBS containing 0.05% Tween 20 and 0.01%
thimerosal (PBS-Tween) and blocked with 300 pl per
well of blocking buffer (PBS-1% BSA, 0.01% thi-
merosal). Following 5 buffer washes, 50 ul of block-
ing buffer were distributed in all wells. Then, 50 ul of
each total IgE reference serum calibrators [11 two-

Table 1

Demographics and total and free serum IgE results of allergic asthmatic subjects on Omalizumab®

3 Months [Free IgE]
(KTU/1) (% reduction
from baseline)

1 Month [Free IgE] (kTU/I)
(% reduction from baseline)

0 [Free IgE]

T =
(KIU/)

3 Months [Total IgE]
(kIU/I) (fold change®)

1 Month [Total IgE]
(KIU/I) (fold change®)

7=0

Weight
(kg)

Gender Age

Subject
code

[Total IgE]
(kIuny

418

(years)

AA A A A A A A A S~

~ A~~~

114 (—97)
25.0 (—95)
27.0 (—86)
24.0 (—59)
18.6 (—97)

NA

433
40.8
137
172
98
218
87
316
486
195
58
658

e R R R e N e o o

1029 (+2.5
1293 (+8.6
1430 (+3.1
1057 (+6.8
1080 (+1.8

+5.5)
+4.4)

NSNS NSNS

1184 (+2.8)
+

1409 (+3.1)

734 (+4.7)

239 (+4.6)

1053 (+1.8)

631
534
425
658
204
NA

34
114
116

92
151
137
191

460
156

52

587

85
91
66
84
68
97
86
72
90
90
73
60

50
51
75
41
48
61
66
49
26
46
50
59

serum not available for this time point.

NA=

% Serum specimens were collected at baseline and at 1 and 3 months post Omalizumab treatment.

® The fold change in the total serum IgE levels as measured by IEMA in the pre-Omalizumab therapy versus 1 and 3 months post Omalizumab total serum IgE levels, e.g., subject 1 had a 2.8-fold increase

in total serum IgE after I month of Omalizumab treatment and a decrease of 92.8% in free IgE level from time 0 (baseline).
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fold dilutions of the 2000 kIU/1 calibrator from 1000
to 1 kIU/1] and total serum IgE high, medium and low
control sera (Pharmacia, Kalamazoo, MI) and test sera
were pipetted into their respective wells. If serum had
to be diluted to insure the IgE level in the specimen
was within the working range of the assay, a serum
from a non-atopic blood donor (IgE level <2 kIU/I)
was used as the diluent. Plates were incubated 2 h at
37 °C and then without any buffer wash, biotinylated-
FceR1a was pipetted into all wells (3 pg per ml, 0.05
ml/well). The serum—biotin—FceR1a mixture was in-
cubated 1 h at 37 °C. Following 5 PBS-Tween
washes, avidin-horseradish peroxidase (Sigma Chem-
ical Company, St. Louis, MO) was pipetted into each
well (1 pg per ml, 0.1 ml/well) and the plate was
incubated for 1 h at 37 °C. Following this final
incubation, the plates were washed 5 times with
PBS-Tween and ABTS substrate, containing 1 ul of
H,0, per ml of ABTS, was pipetted into each well
(0.1 ml/well). The enzymatic reaction was stopped
with 0.1 ml of 1 M sodium azide per well when the
top point of the reference curve reached an optical
density of 1.5 to 2.0. Each plate was read in an
ELISA plate reader (MR4000, Dynatech Technolo-
gies, Maclean, VA) at 405 nm.

Optical density of the IgE calibrators was plotted
versus IgE concentration and test serum optical den-
sity values were interpolated into free IgE concen-
trations in kIU/l from the calibration -curve.
Acceptance of each assay was based on the low
(16-28 kIU/), medium (69-117 kIU/l) and high
(300-500) total serum IgE controls being in their
target range and the intra-assay CV for each speci-
men being <15%. The interpolated IgE concentra-
tions in the free IgE IEMA were deemed to be “free”
IgE levels because they were able to bind labeled-
FceRla (Casale et al., 1997). Intra-assay variation of
the free IgE IEMA was assessed by precision profile
analysis in which 180 duplicate were performed in 5
different assays with sera containing IgE levels
across the working range of the assay (10 to 1000
kIU/1). Inter-assay variation was assessed by analyz-
ing sera containing IgE levels across the working
range of the assay in multiple assays performed on
separate days. Parallelism (linearity) was assessed by
computing the inter-dilutional coefficients of varia-
tion of specimens analyzed in the same assay at
multiple dilutions.

2.4. Total serum IgE immunoenzymetric assay

Total serum IgE levels in the test sera were measured
using a previously reported monoclonal antibody-
based IEMA (Hamilton and Adkinson, 1992) and the
ImmunoCAP 250 (Pharmacia, Kalamazoo, MI). The
total serum IgE ImmunoCAP is an FDA-cleared solid
phase immunometric assay in which anti-IgE that is
attached to a CAP matrix binds IgE from serum. Fol-
lowing a wash step, labeled anti-human IgE is then
added to quantitatively detect bound IgE. The total
serum IgE IEMA involved the identical procedure
described for the free serum IgE IEMA, except that
the plate was washed between the serum incubation and
biotin-anti-human IgE addition, and bound IgE was
detected with biotinylated monoclonal murine IgG1
anti-human IgE Fc (clone HP6029) at 1 ng per ml
(0.1 ml/well). The monoclonal antibody pair (clones
HP6061 for capture and HP6029-biotin for detection)
are reported to bind to different determinants on the Fc
region of the human epsilon heavy chain (Hamilton and
Adkinson, 1992). Neither antibody impedes the bind-
ing of IgE to the FceR1a on basophils and both activate
histamine release in sensitized basophils. The total
serum IgE IEMA in this study was calibrated using
commercially-available human IgE standards (Pharma-
cia, Kalamazoo, MI) that were traceable to the World
Health Organization IgE Standard. Since baseline IgE
levels will be measured in clinical laboratories using
one of several clinical assays such as the ImmunoCAP,
we chose to compare the total serum IEMA results
obtained in this study to those generated in the Immu-
noCAP-250 with the same sera.

2.5. Omalizumab (anti-IgE):IgE complex preparation
in varying molar ratios

The performance of the free IgE IEMA was evalu-
ated using a matrix of [human IgG1 anti-human IgE to
human IgE] complexes with molar ratios spanning the
therapeutically reported range (1 to 20) (Casale et al.,
1997). In the present study, human sera containing IgE
levels from 111.4 to 480 kIU/l were mixed with equal
volumes of buffer (0 control) or 1 of 5 ten-fold con-
centrations of Omalizumab (100 ng/ml to 1 mg/ml).
The final IgE concentration in the absence of Omali-
zumab (buffer control condition) ranged from 55.7 to
240 kIU/I. Omalizumab to human IgE molar ratios
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ranged from 0.22 to 9500, adjusting for the different
molecular weights of IgG and IgE. The [sera:buffer] or
[serum:Omalizumab] mixtures were incubated at least
2 h at room temperature to allow complex formation
prior to their analysis in the free and total IgE IEMAs.

2.6. Data and statistical analyses

All ITEMA data were computed using a spline
curve-fitting algorithm in a Johns Hopkins Universi-
ty DACI Laboratory Immunoassay Data Processing
program. Precision profile analysis involving assess-
ment of precision of the dose as a function of the
measured dose across the working range of the assay
was performed as previously described (Ekins,
1991). Coefficients of variation (CV) of replicate
data and linear regression analysis to assess relation-
ships between the free and total serum IgE levels of
the various assays were performed using commercial
software (Microsoft Excel and SPSS).

3. Results
3.1. Free IgE IEMA

In preliminary experiments, various combinations
and concentrations of the available human IgE specif-
ic immunochemical reagents were evaluated for their
utility in the free IgE IEMA. Monoclonal anti-human
IgE (clones HP6029 and HP6061) and FceR1a were
used in different combinations either as a purified
reagent at 2.5, 5, 10, 20 pg per ml on the plate to
capture IgE or as a biotinylated human IgE detection
reagent at 0.5, 1, 2 and 4 ug per ml. To mimic a
previously reported free IgE assay configuration
(Casale et al., 1997), FceRla was initially insolubi-
lized on plastic plates and used in combination with
either clone of biotinylated anti-human IgE monoclo-
nal detection antibody. However, purified FceRla
displayed poor IgE reactivity when adsorbed directly
onto a plastic surface. The optimal free IgE IEMA
configuration was anti-human IgE (clone HP6061)
adsorbed on the microtiter plate at 10 pg per ml to
capture IgE from serum and biotinylated FceR1a at 3
pg per ml to detect bound IgE that was free of
Omalizumab binding. Elimination of the wash step
between the addition of serum and the biotinylated-

FceR1la minimized in vitro dissociation of the pre-
formed [IgG anti-IgE:IgE] complexes and maximized
analytical sensitivity of the free IgE IEMA (data not
shown).

The assay in its optimal configuration displayed a
working range of 10 to 1000 kIU/I in the absence of
exogenously administered Omalizumab (Fig. 1). Pre-
cision profile analysis demonstrated acceptable preci-
sion with intra-assay coefficients of variation <15%
over the working range of the assay (Fig. 2). Repro-
ducibility was demonstrated with inter-assay coeffi-
cients of variation <18%. Parallelism (linearity) was
shown with inter-dilutional CVs <20% (illustrated in
Fig. 1).

Regression analysis demonstrated that the free
serum IgE levels in 33 pre-Omalizumab treatment
sera were statistically correlated with the total serum
IgE in the same sera as measured in the [IEMA and
ImmunoCAP 250 (Fig. 3). Fig. 4 displays the effect of
increasing concentrations of Omalizumab on the per-
centage reduction in free serum IgE. The concentra-
tion of free IgE detected in the IEMA decreased as the
anti-human IgE concentration increased from 100 ng/
ml to 1 mg/ml. Free IgE decreases >90% occurred at
in vitro-formed [IgG1-anti-IgE:IgE] molar ratios of 2
to 20. Total serum IgE IEMA results in the absence
and presence of varying concentrations of Omalizu-
mab were equivalent, indicating that Omalizumab
levels as high as 1 mg/ml did not detectably interfere
in the total serum IgE IEMA (Fig. 5).

3.1.1. Free and total IgE measurements in patients on
Omalizumab

Table 1 presents the demographics and free and
total IgE serological results at baseline and 1 and 3
months following continuous Omalizumab therapy in
12 subjects with asthma. The patient group included 6
females and 6 males with ages ranging from 41 to 75.
Baseline (pre-Omalizumab treatment) total serum IgE
and free IgE levels as measured by IEMA agreed well
with each other. The total serum IgE increased from
1.5 to 8.6 times baseline levels depending on the
individual and the time interval after initiation of
Omalizumab treatment (Table 1). In contrast, levels
of free IgE (unbound with Omalizumab) decreased in
all patients, but to varying degrees. Fig. 6 displays the
total and free IgE levels at the baseline, 1- and 3-
month time points in two patients (subjects 1 and 2)



6 R.G. Hamilton et al. / Journal of Immunological Methods xx (2005) xxx—xxx

60 -

50
401
301

20 1

% Maximum Binding

10

1 10 100 1000
Free IgE Concentration (kIU/L)

Fig. 1. The free IgE IEMA 5 point calibration curve (open circles: 1000, 200, 50, 20, 2 kIU/1) and 10 point calibration curve (closed circles:
1000, 500, 250, 125, 62.5, 31.25, 15.625, 7.813, 3.906, 1.953 kIU/I) that were analyzed in the same assay. The assay demonstrates parallelism
as shown by results of the two dilutions of low IgE control (closed triangle; inter-dilutional %CV =3.7%) and a test serum (open triangle, inter-
dilutional %CV=3.0) that contained free IgE levels close to the analytical sensitivity of the assay.

who displayed among the highest and lowest 2.8-fold increase in total IgE levels over the same time
decreases in free IgE following Omalizumab admin- period. In contrast, subject 2 achieved only a 49% (1
istration. Subject 1 achieved a 97% and 98% reduc- month) and 50% (3 month) reduction in the free IgE
tion in free IgE levels at 1 and 3 months with a 2.5— level from a baseline free IgE of 41 kIU/I. Since
100 1
80
58 |
> o 60 -
o 3 ] Assay Working Range
[Ze]
< [} J
S 401
£% ]

10 100 1000

Free Serum IgE (IU/ml)
IEMA

Fig. 2. Precision profile analysis of the free serum IgE IEMA. The intra-assay coefficient of the variation (CV) of the interpolated dose ( Y-axis)
is plotted against the dose (X-axis). The working range of the assay is defined from 10 kIU/I (twice the negative control binding) to 1000 kIU/I.
Over the working range of the IEMA, intra-assay precision is <15% (7 =180 duplicate measurements collected from 6 IEMAs).
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Fig. 3. Top panel: regression analysis of free serum IgE ( Y-axis) versus total serum IgE (X-axis) levels as measured by IEMA in serum from 33
adults with a spectrum of total serum IgE levels prior to Omalizumab administration [2=0.98, Y=1.06X —0.05, n=33]. Bottom panel:
regression analysis of the total serum IgE as measured in the same sera in the Pharmacia ImmunoCAP 250 ( Y-axis) and IEMA (X-axis; bottom

panel) [r2:0‘99, Y=0.90X+0.32, n=33].

minimal changes in free IgE were observed between
the 1- and 3-month serum specimen, a 1-month post-
treatment serum specimen was considered satisfactory
for monitoring changes in free IgE levels in patients
receiving Omalizumab treatment.

4. Discussion
An estimated 50 million people have allergic dis-

ease in America, with approximately 17 million suf-
fering from asthma. Since allergic asthma is an IgE-

mediated disease involving the release of vasoactive
mediators following the exposure to airborne aller-
gens, reduction of IgE levels on effector cells should
have beneficial effects. Unlike other forms of therapy
that either treat the symptoms with drugs or modify
the immune response following specific allergen
immunotherapy, Omalizumab reacts with the binding
site on the epsilon heavy chain and effectively blocks
the binding of IgE to high affinity cellular receptors
on effector cells. The consequence of this complex
formation in vivo is a reduction in IgE bound to mast
cells and basophils, a concomitant down regulation of
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Fig. 4. Inhibition curves displaying the percentage reduction in free human IgE in 6 sera with IgE concentrations ranging from 55.7 to 240
kIU/1 that had been incubated with increasing concentrations of Omalizumab to produce [humanized IgG1 anti-human IgE Fc] to [human IgE]
molar ratios from 0.22 to 9500. Reductions of >90% were observed at anti-IgE to IgE ratios from 2 to 200, indicating heterogeneity. The IgE
concentrations of the sera in the absence of Omalizumab were 55.7 kIU/I (open triangles), 121.2 kIU/I (closed triangles), 236 kIU/I (closed
circles), 222 kIU/1 (closed squares), 73.3 kIU/I (open circles) and 240 kIU/I (open boxes).

FceR1 receptor numbers on these cells and a reduction Once administered, maximal decreases in free cir-

in the release of mediators following allergen expo- culating IgE have been reported when in vivo [IgG1-

sure (Saini et al., 1999; Lin et al., 2004; Soler et al., anti-IgE:IgE] molar ratios in blood of 10 to 20 are

2001). achieved (Casale et al., 1997). Because the efficacy of
400

300

IgE Levels (kIU/L)
S
o

0 10 100 1000 10000 100000 1000000
Omalizumab (ng/ml)

Fig. 5. Free (close symbols) and total (open symbols) serum IgE levels (kIU/l) measured in the free and total serum IgE IEMAs ( Y-axis),
respectively, for two sera (circles and triangles) in the absence and presence of Omalizumab from 100 ng/ml to 1 mg/ml (X-axis). No significant
change in the total serum IgE levels were detected, in spite essentially complete decreases in free IgE levels which indicates that Omalizumab
binding to IgE does not interfere in the total serum IgE IEMA.
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Fig. 6. Changes in the total (closed circles-solid lines) and free (open circles-dashed lines) IgE for subject 1 (top panel) and subject 2 (bottom
panel) as described in Table 1 at baseline, 1 and 3 months post Omalizumab treatment. Subject 1 displayed a 98% decrease in free IgE with
increases in measured total serum IgE of 2.5- to 2.8-fold. In contrast, subject 2 displayed a 50% decrease in free IgE after 3 months of
Omalizumab therapy with 3.5- to 4.1-fold increases in total circulating IgE.

Omalizumab involves IgE-anti-IgE complex forma-
tion and Omalizumab interference of IgE binding
onto FceR1, the level of free (uncomplexed) IgE can
be viewed as one indicator of the effectiveness of
Omalizumab administration. During the development
of Omalizumab, a free IgE enzyme immunoassay was
developed using a human IgE receptor alpha chain-
IgG chimera (Haak-Frendscho et al., 1993). This chi-
meric reagent when insolubilized on plastic surfaces
of microtiter plate wells bound “free” IgE that was not
complexed with Omalizumab. While the human
FceR1a-IgG chimera appears to be a useful reagent

for immunoassay measurement of free IgE, it is not
available for use by clinical laboratories. As an alter-
native, a recombinant form of the extracellular domain
of the alpha chain of the FceR1 has been produced in
a Baculovirus expression system that appears to be a
useful alternative (Stedman et al., 2001). However,
when purified FceR1a is insolubilized on plastic sur-
faces, it appears to lose its reactivity for IgE, most
likely due to steric hindrance. For this reason, we
chose the reciprocal assay configuration of capturing
IgE with a solid phase anti-IgE and then detecting
bound free IgE with biotin labeled-FceRla. This
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assay design has its strengths and limitations. It is able
to capture all IgE (whether free or Omalizumab-
bound) which means that sera with high total serum
IgE levels can require that multiple dilutions be ana-
lyzed to insure that the measurement falls in the
working range of the assay. Since baseline IgE levels
for candidate Omalizumab patients are typically 30 to
700 kIU/I, this is not a serious concern because these
levels are generally within the working range of both
the free and total serum IgE IEMAs. However, anal-
ysis of sera from patients already receiving Omalizu-
mab may have to be diluted since the measured total
serum IgE does increase five- to six-fold due to the
longer biological half-life of the complexes. The
increases in level of total circulating IgE reported
(Casale et al., 1997) and observed in this study fol-
lowing Xolair administration have been ascribed to
the molar excess concentrations of anti-IgE that pro-
duce and retain small anti-IgE:IgE complexes in cir-
culation. This increases the biological half-life of IgE
in serum. One additional advantage of the IEMASs’
design is that total serum IgE can be monitored even
in a serum that contains Omalizumab since binding of
the humanized IgG1 anti-IgE to IgE does not appear
to interfere in the measurement (Fig. 5).

The free IgE level in serum when analyzed in
tandem with the total IgE provides a snapshot into
the status of IgE levels in patients on Omalizumab.
Since not all patients on Omalizumab experience the
same discernable symptom relief following Omalizu-
mab treatment (Bousquet et al., 2004; Soler et al.,
2001;Busse et al., 2001), the availability of a free
IgE measurement may be a useful analytical measure-
ment for verifying that a sufficient dose was admin-
istered and that the concentration of the Omalizumab
is not simply the cause of an apparent lack of drug
efficacy. In this study, 2 of the 12 patients on Oma-
lizumab exhibited only a 50% reduction in free IgE
despite an appropriate dosing based on the subject’s
weight and baseline total serum IgE level (subjects 2
and 11, Table 1). Both of these patients had among the
lowest baseline total serum IgE levels. In vitro studies
with total IgE levels in this range demonstrate some
heterogeneity in the amount of anti-IgE required to
reduce free IgE levels (Fig. 4). Whether this is a result
of the blocking of Omalizumab binding to IgE by
naturally-occurring IgG anti-IgE antibodies (Lichten-
stein et al., 1992; Ritter et al., 1991) is unclear and

may need further investigation. Sustained increases in
total serum IgE were observed even in these two
subjects, suggesting that Omalizumab was complex-
ing with their circulating IgE.

In conclusion, this report describes a panel of
IEMAs with acceptable performance characteristics
that allow the monitoring of changes in the levels of
circulating free serum IgE that is not saturated with
Omalizumab and total serum IgE in the presence of
Omalizumab. Analysis of the free and total IgE levels
in paired pre- and 1 month post Omalizumab treat-
ment sera may aid physicians in confirming adequate
dosing and monitoring immunological changes result-
ing from adjustments in the dosing schedule of
patients receiving Omalizumab who do not experience
the anticipated clinical benefit.
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