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ABSTRACT
Background: Omalizumab, a monoclonal anti-IgE antibody, is currently indicated for the treatment of
moderate-to-severe allergic asthma. To measure active IgE levels in sera from patients treated with omalizu-
mab, the IgE subfraction in complex with omalizumab should be eliminated from total IgE, and free IgE levels
can then be determined. With the aim of therapeutic monitoring for anti-IgE therapy, we developed a new
ELISA for free IgE.
Methods: We used recombinant human soluble FcεRIα as a capture antigen and a biotinylated polyclonal
anti-IgE antibody for detection. Using the newly developed ELISA, we measured the serum free IgE levels
weekly in four asthmatic patients after their first omalizumab injection. We also measured the serum free IgE
levels in 54 patients treated with omalizumab for over 4 weeks.
Results: This assay was technically robust, the mean recovery rate in serum was 93.16% ± 5.34%. For all pa-
tients, omalizumab treatment significantly reduced serum free IgE levels prior to the second omalizumab injec-
tion. To maintain the benefit of omalizumab, serum free IgE concentrations should be <50 ng!ml. However, in
14 of 54 patients treated with omalizumab for over 4 weeks, serum free IgE concentrations measured by our
ELISA were >50 ng!ml.
Conclusions: Our data suggest that the measurement of free IgE levels using our newly developed ELISA
would be useful for monitoring serum free IgE levels during omalizumab therapy.
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INTRODUCTION
Atopic asthma is a chronic airway disease involving
the inflammation of the airway resulting from allergic
reactions triggered by the binding of an inhaled anti-
gen to antigen-specific IgE. The inhaled antigen
binds to IgE, and this antigen-bound IgE cross-links
to high-affinity IgE receptors on the surface of mast
cells and basophils, thereby inducing the release of
mediators that cause airway constriction and inflam-
mation. Allergen immunotherapy, in which a specific

antigen is administered over a long period of time, is
one of the IgE-targeting approaches for treating bron-
chial asthma.1 However, this therapy is ineffective for
certain patients such as those who are sensitized to
multiple antigens.
Omalizumab, a humanized anti-IgE antibody, is

currently the most effective therapy among clinically
available IgE-targeting therapies.2,3 Administered
omalizumab is known to bind to the Fc region of se-
rum IgE, inhibiting the binding of IgE to FcεRIα on
the surface of mast cells and basophils. This thereby
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prevents the degranulation of these cells, suppress-
ing the release of inflammatory mediators.4 More-
over, preventing IgE from binding to high-affinity IgE
receptors for a certain period is considered to sup-
press their expression on the surface of mast cells in
tissues as well as circulating basophils.5 Conse-
quently, the numbers of eosinophils, T lymphocytes,
B lymphocytes, and Th2 cytokine-positive cells de-
crease in the sputum and airway mucosal tissues;5 IL-
5!IL-13 levels reduce in blood and tissues, and aller-
gic reactions are suppressed.6,7

In Japan, omalizumab is considered as a therapeu-
tic option for Step V of the Global Initiative for
Asthma (GINA) guideline, which is the treatment
step for patients with the most severe and persistent
symptoms that cannot be controlled by combination
asthma therapy comprising high-dose inhaled ster-
oids and long-acting β2-agonists.8,9 Among severe
asthmatic patients who underwent omalizumab treat-
ment, 60.1% have been reported to show improve-
ments in their symptom scores.4,9 Furthermore,
omalizumab treatment has few side effects. There-
fore, it is considered to be safe and effective for treat-
ing severe asthmatic patients.10,11

However, responders and nonresponders to omali-
zumab therapy have been observed, even among
atopic asthmatic patients.12,13 Although no known in-
dicator for predicting the therapeutic response is
available, even for asthmatic patients having IgE anti-
bodies to inhaled antigens, responders can be identi-
fied comprehensively based on, for example, asth-
matic attack frequency, QOL, and respiratory func-
tion at 16 weeks after administration of the agent.
Subsequently, judgments are made as to whether ad-
ditional administrations are warranted. The recently
reported EXTRA study14 revealed that after 46 weeks
of omalizumab treatment, groups with higher blood
eosinophil, serum periostin, and exhaled nitric oxide
(FeNO) levels responded better to this therapy.

Besides the responder!nonresponder issue, dos-
age selection is another factor that influences the
therapeutic effect of omalizumab. The dose of omali-
zumab is calculated based on body weight and total
blood IgE levels measured before initiating the ad-
ministration.15 However, blood IgE levels fluctuate
throughout the year,16 which precludes the assur-
ance of the therapeutically adequate dosage based on
the pretreatment IgE levels for the reasons discussed
below.

When IgE production increases after the therapy
has been initiated, the required dose may be underes-
timated, and some patients can be misidentified as
nonresponders simply because a therapeutically ade-
quate dose was not given. In contrast, overdosing can
occur when a patient’s IgE production decreases dur-
ing the treatment. As described above, omalizumab is
the only effective molecular-targeted therapeutic
agent available for severe asthmatic patients, and

proper monitoring of IgE levels as the therapeutic tar-
get is important to avoid underdosing.
Current methods clinically available for measuring

serum IgE levels do not distinguish IgE antibodies in
complex with omalizunmab from free antibodies. To
measure active IgE levels in sera from patients
treated with omalizumab, the IgE subfraction in com-
plex with omalizumab should be eliminated from total
IgE, and free IgE levels can be then determined. Till
date, several methods to measure free IgE levels in
sera from patients undergoing omalizumab treatment
have been reported.17,18 In many previous clinical tri-
als, serum free IgE levels have been measured using
a combination of rshFcεRIα and an anti-IgE antibody.
However, this method poses some problems, as fol-

lows: 1) information on the accuracy and precision of
the measurement system is not publicly available,
and 2) the measurement cost is high owing to out-
sourcing.
The recombinant rshFcεRIα protein preparations

used in previous studies17,18 were mostly expressed
in Escherichia coli or insect cells using baculovirus
vectors. Although their amino acid sequences have
been shown to be identical to those of the human pro-
tein, their sugar chain structures could have been dif-
ferent from the human counterparts. A difference in
the sugar chain structure could affect the binding af-
finity of IgE and its receptor FcεRIα, thereby affect-
ing the measurement results.
In this study, we aimed to develop an original assay

system for determining free IgE levels in sera using
the recombinant high-affinity IgE receptor FcεRIα
with the human form of sugar chains (rshFcεRIα),
which was expressed in Chinese hamster ovary
(CHO) cells, as the capture antigen. Our ultimate aim
was to establish a method to quantify free IgE levels
in sera from patients being treated with omalizumab.

METHODS
REAGENTS AND EQUIPMENT
Human IgE (Thermo Fisher Scientific, New York,
USA) was used as a reference standard. A mouse
anti-human IgE horseradish peroxidase (HRP)-
conjugated antibody (Cat#: 61I58A) was obtained
from Fitzgerald Industries International (Massachu-
setts, CA, USA). An anti-human Fc-epsilon Receptor I
alpha monoclonal antibody clone AER-37 (CRA1; Cat
#: 16-5899-82) was obtained from eBioscience (San
Diego, CA, USA). Bovine serum albumin (BSA; Cat#:
A-3059) and Tween-20 (Cat#: 170-6531) were from
Sigma-Aldrich (St. Louis, MO, USA). A Multiskan GO
microplate spectrophotometer was obtained from
Thermo Fisher Scientific. The commercial products
of omalizumab was obtained from Novartis Pharma-
ceuticals (Tokyo, Japan).

PREPARATION OF rsFcεRIα
rsFcεRIα was prepared in our laboratory as previ-
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Fig.　1　Purifi cation of recombinant hsFcεRIαa as a stan-
dard protein for quantifying human IgE by ELISA. Standard 
samples were analyzed for purity using Coomassie Blue 
staining, which revealed the major band (50 kDa) represent-
ing rsFcεRIα.
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ously described.19 In brief, the culture supernatants
from CHO cells that secreted rsFcεRIα were col-
lected. This supernatant was concentrated using a
Centricon-Plus 70 concentrator (Millipore, Bedford,
MA, USA). The rsFcεRIα protein was purified from
the supernatant using an affinity column (HiTrap
NHS-activated HP column; GE Healthcare Bio-
sciences, Little Chalfont, UK) that was coupled with 5
mg of an anti-human FcεRIα mAb (CRA1). Standard
samples were analyzed for purity using Coomassie
Blue staining (Fig. 1), which revealed the major band
(approximately 50 kDa) representing rsFcεRIα.

IgE ELISA PROCEDURE
Microtiter plates were coated with rshFcεRI (from
0.05 to 0.15 μg!well) and incubated overnight at 4℃.
Subsequently, excess rshFcεRI was washed away.
For all washing steps, microplates were rinsed three
to five times with the washing buffer (PBS!0.05%
Tween-20, 300 μl!well). Wells were blocked with
PBS!1% BSA (200 μl!well) for 1 h at 25℃. For a stan-
dard curve, eight serial dilutions of human IgE rang-
ing from 4.69 ng!ml to 600 ng!ml were prepared in
the sample diluent (PBS!0.05% Tween-20 and 1%
BSA). Plates were washed and incubated with stan-
dards or samples in duplicate (100 μl!well). After 2 h
at 25℃, plates were washed, and wells were filled
with the secondary detection antibody (mouse anti-
human IgE HRP-conjugated antibody, 1!1000 in
PBS!1% BSA, 100 μl!well) for 1 h at room tempera-
ture. After washing, the TMB substrate solution was
added (100 μl!well). After 10 min., the HRP reaction
was stopped using 2 N H2SO4 (50 μl!well). Optical

density (OD) was then measured at 450 nm using a
96-well microplate reader. The goodness of fit (R2) of
the standard curve was assessed using a four-
parameter logistic regression algorithm calculated
with Skanit software (Thermo Fisher Scientific). Data
were analyzed using GraphPad Prism software
(GraphPad, San Diego, CA, USA).

SAMPLES FROM HEALTHY VOLUNTEERS AND
ASTHMATIC PATIENTS
To validate the standardized method for measure-
ment of IgE, we obtained serum samples from seven
healthy controls, 54 asthmatic patients treated with
omalizumab (age range: 19-86 years; median age: 54
years), and seven asthmatic patients not treated with
omalizumab. The patients were diagnosed according
to the GINA guidelines. Patient’s serum samples
were stored at -80℃ prior to analysis. Total IgE con-
centrations were determined using Total IgE Im-
munoCap (Thermo Fisher Scientific), with the results
of IgE concentration expressed as International Units
(kU!l). IgE concentrations in kU!l were converted to
ng!ml by multiplication with 2.4. All patients treated
with omalizumab had severe asthma according to the
GINA guidelines and showed positive reactions for
serum-specific IgE tests against inhaled allergens. Se-
rum samples were obtained weekly from five patients
after the first administration of omalizumab.
This study was approved by the Institutional Re-

view Board of Nihon University School of Medicine
and Juntendo University School of Medicine, and all
samples were collected after informed consent was
obtained from patients.

DILUTIONAL LINEARITY ASSESSMENT FOR IgE
ELISA
The specificity of the assay was evaluated by omitting
the detection antibody. Serum IgE concentrations
were determined by interpolation from the four-
parameter logistic regression algorithm of the stan-
dard curve with Skanit software. The dilution linearity
of the assay was assessed using diluted samples. Se-
rum samples obtained from 13 healthy controls were
diluted with the sample diluent in the range from 1 : 2
to 1 : 32. In addition, the serum samples from five
asthmatic patients were diluted with the sample dilu-
ent in the range from 1 : 10 to 1 : 20.

SPIKE-RECOVERY ASSAYS FOR IgE ELISA
We performed spike-recovery assays to test for ma-
trix interference.20 As a standard sample, we used a
mixture of pooled serum samples obtained from six
male and six female healthy controls with relatively
low IgE levels. The final IgE concentration in this
pooled serum was 193 ng!ml. The pooled serum was
diluted to 1 : 15 and spiked by adding IgE (final con-
centrations ranging from 4.69 ng!ml to 600 ng!ml) to
the standard solution. The recovery rate (%) was cal-
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culated by dividing the IgE concentration measured
using ELISA by the theoretical concentration of the
samples (IgE concentration in the pooled serum +
IgE concentration of unspiked IgE). The assay was
determined to be at an acceptable level when the re-
covery rates were between 80% and 120%.20-22

PRECISION OF IgE ELISA
The precision of the assay was evaluated by inter- and
intra-assay variability tests. A total of 75 ng!ml of IgE
was added to the serum samples obtained from seven
healthy controls and seven asthmatic patients. For
the intra-assay variability test, we analyzed five repli-
cates of individual samples on the same plate. Inter-
assay variability was assessed using replicates of a
sample on four different plates by two independent
operators. The assay was determined to be at an ac-
ceptable level when the mean recovery rate was
within 20% of the theoretical concentration and the
corresponding percentage of coefficient of variation
(CV%) was <20%.20-22

OMALIZUMAB AND IgE COMPLEX PREPARA-
TION
Human IgE was diluted with the sample diluent at
1200 ng!ml and then mixed with equal volumes of
the sample diluent or omalizumab ranging from 2.34
ng!ml to 600 ng!ml. These mixtures were incubated
for 30 min at room temperature to enable complex
formation prior to the analysis for free IgE level
measurements. The final IgE concentration in the ab-
sence of omalizumab (buffer control condition) was
600 ng!ml.

RESULTS
PREPARATION OF STANDARDS
The scheme of measurement of free IgE levels in se-
rum samples from patients who were treated with
omalizumab is shown in Figure 2A. An eight-point se-
rial dilution of human IgE in the range from 4.69 ng!
ml to 600 ng!ml was used to generate the standard
curve (Fig. 2B). Curve-fitting analysis was performed
using the four-parameter logistic regression algo-
rithm with the measured OD and the absolute IgE
concentration. The average goodness of fit (R2) for
eight individual experiments was 0.999. To evaluate
the specificity of detecting IgE with ELISA using
rsFcεRIα and an anti-IgE antibody, the detection anti-
body was omitted and resulted in a loss of IgE-
derived signals for all concentrations (Fig. 2C).

DETERMINATION OF THE OPTIMAL DILUTION
FACTOR FOR SERUM SAMPLES
To determine the optimal dilution factor for serum
samples for quantification of IgE in serum, serum
samples obtained from six healthy controls with vari-
ous IgE concentrations were diluted at the indicated
dilution factors, and ELISA was performed. As shown

by the results in Figure 3A, the OD values were al-
most the same at the dilution factors between ×16 and
×32, but the OD values decreased at the dilution fac-
tors below ×8. We considered that the binding be-
tween IgE and rsFcεRIα was inhibited by serum fac-
tor(s) at the dilution factors between ×8 and ×15. As
shown in Figure 3B, we measured serum IgE levels
for samples diluted by the factors of ×10, ×15, and ×20
and checked the linearity of OD values. In serum
from healthy controls and serum from asthmatic pa-
tients, the OD values were almost the same at dilu-
tion factors between ×15 and ×20, but the OD values
decreased at dilution factors below ×10. From these
results, we determined that the optimal dilution factor
was ×15 for this assay to perform highly sensitive
measurement of IgE in serum without interference
from serum factors.

ACCURACY OF ELISA
To evaluate the accuracy of the assay, we used a
spike recovery assay. We measured eight different
spike concentrations in the pooled serum obtained
from 12 individual healthy controls (six males and six
females). As shown Table 1, the recovery rates were
between 80% and 120%, and the CV% values were
<20% when we measured spike concentrations rang-
ing from 9.38 ng!ml to 600 ng!ml. According to a
guideline on bioanalytical method validation for clini-
cal research by Food and Drug Administration
(FDA),23 we conclude that the working ranges for
this assay were as follows: lower limit of quantitation
(LLOQ) =9.38 ng!ml and upper limit of quantitation
(ULOQ) =600 ng!ml. These are corresponding to
140.7 ng!ml and 9000 ng!ml of serum IgE of concen-
tration respectively.
We next examined the recovery rates of the spikes

in each serum sample obtained from seven healthy
controls and seven asthmatic patients. The mean re-
covery rate was 111.3% ± 9.7%, which met our preset
acceptance level (Table 2). One sample obtained
from a healthy control had a recovery of >120%
(125%), suggesting a possible matrix interference in
this patient.
Table 3, 4 show the results of our intra-assay and

inter-assay variability tests. The mean recovery rate
was within 20% of the absolute concentration with a
corresponding CV% of <20% for all the three tested
concentrations. These results met the acceptance cri-
teria for immunoassay validation.20-22

MEASUREMENT OF FREE IgE IN PATIENTS
TREATED WITH OMALIZUMAB
To confirm the mutual exclusion of IgE bound with
omalizumab at the Cε3 epitope, we performed compe-
tition experiments using omalizumab. Samples con-
taining 600 ng!ml of IgE were incubated with the in-
dicated concentrations of omalizumab; thereafter,
free IgE levels in the samples were measured using
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Fig.　2　A. Assay scheme for determination of serum IgE levels in the presence of omalizumab. Recombinant 
high-affinity IgE receptor FcεRIα with the human form of sugar chain (rshFcεRIα) was used as the capture anti-
gen. B. Representative standard curve using human IgE. X-axis showing standard IgE concentrations ranging 
from 4.69 ng/ml to 600 ng/ml. Y-axis showing optical density (OD) values at 450 nm. Four-P Fit: y = (A - D)/(1 + 
(×/C)B) + D (A: 0.0148; B: 0.999; C: 930; D: 0.9993; R2: 1). C. The specifi city of detecting free IgE levels with 
ELISA using rshFcεRIα. Omitting rshFcεRIα or the detection antibody resulted in a loss of free IgE-derived sig-
nals over the entire concentration range (0-320 ng/ml).
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ELISA. As shown in Figure 4, adding omalizumab re-
duced free IgE levels in a dose-dependent manner.
Subsequently, we monitored weekly free IgE levels

in the serum of four asthmatic patients after the first

administration of omalizumab. Free IgE levels in all
these patients were significantly reduced after admin-
istering omalizumab (Fig. 5). It has been reported
that to maintain the benefit of omalizumab treatment
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F c ε RI bi n di n g ( e. g., a ut o a nti b o di e s t o I g E, s ol u bl e

l o w- affi nit y I g E r e c e pt o r s, li p o p r ot ei n s, o r s u g a r

c h ai n s ).  W e a c c o r di n gl y s el e ct e d × 1 5 a s t h e s e r u m di-

l uti o n f a ct o r f o r t hi s a s s a y t o eli mi n at e i nt e rf e r e n c e

f r o m i n hi bit o r y f a ct o r s i n s e r u m a n d t o e n h a n c e t h e
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T a bl e 　 2 　 A c c u r a c y of  E LI S A f or I g E m e a su r e m e nt s i n s er a fr o m h e alt h y c o ntr ol s a n d a st h m ati c p ati e nt s

I g E ( n g/ ml)

U n s pi k e d S pi k e d ( 7 5 n g/ ml)

S a m pl e  A v er a g e  S D  C V  ( %)  A v er a g e  S D  CV  ( %)  R e c o v er y ( %)

A st h m a 1 4 8. 9 3 1. 6 7   3. 4 1 1 4 3. 2 9   7. 8 1 5 3 4 5 1 2 5. 8

2 2 6. 9 1. 5 1   5. 6 1 1 1 4. 8 7   6. 1 1       5. 3 2 1 1 7. 3

3 3 5. 7 2 2. 8 4   7. 9 4 1 0 6. 8 3 1 3. 7 5     1 2. 8 7   9 4. 8 1

4   2. 8 0. 7 5 2 6. 7 3   8 3. 6 1   6. 5 7       7. 8 6 1 0 7. 7 5

5 6 4. 7 9 5. 4 5   8. 4 1 1 4 5. 6 2 1 1. 7 7       8. 0 8 1 0 7. 7 8

6   3. 3 9 0. 6 1 1 7. 9 9   8 9. 2 7   8. 2 5       9. 2 5 1 1 4. 4 9

7 1 7. 3 8 1. 5 5   8. 9 3 1 0 7. 0 6   4. 6 4       4. 3 3 1 1 9. 5 7

A v er a g e       7. 5 9 1 1 2. 5

S D       2. 7 1     9. 3 5

H e alt y c o ntr ol 1 5 8. 4 5. 1 3   8. 7 8 1 4 3. 2 6   9. 9 4       6. 9 4 1 1 3. 1 5

2   2. 6 3 0. 4 1 1 5. 6 4   8 6. 8 4   8. 8 2     1 0. 1 6 1 1 2. 2 8

3   6. 9 0. 2 6   3. 7   8 9. 8 6   6. 5       7. 2 3 1 1 0. 6 2

4 3 5. 8 2 1. 2 8   3. 5 9 1 1 0. 5 5 1 4. 4 2     1 3. 0 5   9 9. 6 4

5   6. 6 1 0. 9 1 1 3. 8 2   8 7. 7 2 1 1     1 2. 5 4 1 0 8. 1 5

6 2 2. 4 9 0. 6 2   2. 7 8   9 4. 9 8 1 4. 2 1     1 4. 9 6   9 6. 6 5

7   3. 7 6 0. 0 8   2. 1 4   7 6. 0 4 1 1. 2 1     1 4. 7 5   9 6. 3 7

A v er a g e     1 1. 3 8 1 0 5. 2 7

S D       3. 3 3     7. 4 5

S pi k e-r e c o v er y a s s a y s w er e u s e d t o d et er mi n e t h e a c c u r a c y a n d pr e ci si o n of E LI S A r e g ar di n g t h e m e a su r e m e nt of t h e l e v el s i n s er a fr o m 

s e v e n h e alt h y c o ntr ol s a n d s e v e n a st h m ati c p ati e nt s. P o ol e d s er u m fr o m h e alt h y c o ntr ol s w a s s pi k e d t o 7 5 n g/ ml of I g E. R e c o v er y ( %) i s

t h e diff er e n c e b et w e e n d et e ct e d s pi k e a n d s pi k e d I g E c o n c e ntr ati o n s.

T a bl e 　 3 　 I nt er- a s s a y v ari ab ilit y of fr e e I g E E LI S A

I g E ( n g/ ml)
M e a n
n  = 5

S D  C V  ( %)  R e c o v er y ( %)

6 0 0 5 6 4. 0 6 2 0. 2 3 3. 5 6 9 2. 1 5

3 0 0 2 8 5. 4 8. 8 3 3. 0 9 9 1. 4 1

1 5 0 1 5 3. 5 5 8. 9 2 5. 8 1 9 4. 9 3

7 5 8 4. 1 1 6. 6 8 7. 9 4 9 7. 2 6

3 7. 5 4 8. 5 8 2. 7 5. 5 6 9 9. 7 8

1 8. 7 5 2 8. 8 5 2. 7 9. 3 7 9 4. 3 4

9. 3 8 1 9. 6 7 3. 6 5 1 8. 5 6 9 0. 7 4

4. 6 9 1 4. 8 3 2. 2 7 1 5. 2 8 7 8. 4

I nt er- a s s a y  v ari ab ilit y  f or  p o ol e d  s a m pl e s  c o nt ai ni n g  fr o m  4. 6 9 

n g/ ml t o 6 0 0 n g/ ml of I g E, a s a s s e s s e d o n f o u r diff er e nt pl at e s b y 

tw o  i n d e p e n d e nt  o p er at or s.  R e c o v er y  ( %)  i s  t h e  diff er e n c e b e-

tw e e n d et e ct e d s pi k e a n d s pi k e d I g E c o n c e ntr ati o n s.

T a bl e 　 4 　 I ntr a- a s s a y v ari ab ilit y of fr e e I g E E LI S A

I g E ( n g/ ml)
M e a n
n  = 4

S D  C V  ( %)  R e c o v er y ( %)

6 0 0 5 7 5. 1 4 1 4. 5 2   2. 5 3   9 5. 8 6

3 0 0 2 8 9. 2 7 1 4. 1 1   4. 8 8   9 6. 4 2

1 5 0 1 5 2. 6 6   8. 2 9   5. 4 3 1 0 1. 7 7

7 5   7 4. 7 2   2. 4 9   3. 3 3   9 9. 6 3

3 7. 5   3 6. 9 6   2. 2 5   6. 0 7   9 8. 5 6

1 8. 7 5   1 6. 2 2   1. 3 1   8. 0 5   8 6. 5 3

9. 3 8   7. 2   0. 6 9   9. 6 4   7 6. 8 4

4. 6 9     3. 0 6   0. 5 1 1 6. 4 9   6 5. 3 6

I ntr a- a s s a y  v ari ab ilit y  f or  p o ol e d  s a m pl e s  c o nt ai ni n g  fr o m  4. 6 9 

n g/ ml t o 6 0 0 n g/ ml of I g E, a s a s s e s s e d o n ni n e r e pli c at e s of i n di-

vi d u al  s a m pl e s  o n  a  si n gl e  pl at e.  R e c o v er y  ( %)  i s  t h e  diff er e n c e 

b et w e e n d et e ct e d s pi k e a n d s pi k e d I g E c o n c e ntr ati o n s.

a s s a y’ s s e n siti vit y.

C o nf o r mi n g t o t h e a c c e pt a n c e c rit e ri a f o r i m m u n o-

v ali d ati o n, t h e a c c e pt a bl e a s s a y r a n g e  w a s d efi n e d

b a s e d o n t h e r e s ult f r o m t h e s pi k e- r e c o v e r y a s s a y a s

t h e c o n c e nt r ati o n r a n g e t h at s ati sfi e d t h e  C V % of

2 0 % a n d t h e r e c o v e r y r at e of 8 0 %- 1 2 0 %.  C o n s e-

q u e ntl y, L L O Q a n d  U L O Q  w e r e d et e r mi n e d t o b e

9. 3 8 n g ml a n d 6 0 0 n g ml, r e s p e cti v el y.  T h e s e ar e

c o r r e s p o n di n g t o 1 4 0. 7 n g ml a n d 9 0 0 0 n g ml of s e-

r u m I g E of c o n c e nt r ati o n r e s p e cti v el y.  Alt h o u g h t h e

L L O Q v al u e  w a s hi g h e r c o m p a r e d  wit h t h at of p r e vi-

o u sl y r e p o rt e d a s s a y  m et h o d s, o u r  m et h o d a p p e a r s t o

b e s uffi ci e ntl y s e n siti v e t o d et e r mi n e t h e l e v el of fr e e

I g E r e m ai ni n g i n t h e s e r u m.

I n t h e e r r o r a s s e s s m e nt s  w h e r e s a m pl e s f r o m a st h-

m ati c p ati e nt s a n d h e alt h y c o nt r ol s  w e r e t e st e d i n di-

vi d u all y,  C V % r a n g e d fr o m 4. 3 3 % t o 1 4. 9 6 %,  wit h a

m e a n of 7. 5 9 % ± 2. 7 1 % f o r a st h m ati c p ati e nt s a n d a
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Fi g. 　 4 　 R e d u c e d  s er u m  fr e e  I g E  l e v el s  d u e  t o  t h e  a d diti o n 

of  o m ali z u m a b .  P o ol e d  s eru m  c o nt ai ni n g  6 0 0  n g/ ml  of  I g E 

w a s  i n c u b at e d w it h  t h e  i n di c at e d  a m ou nt s  of  o m ali z u m a b ; 

t h er e aft er,  fr e e  I g E  l e v el s w er e  m e a s u r e d.  D at a  ar e  r e pr e-

s e nt ati v e  of  t w o  i n d e p e n d e nt  e x p eri m e nt s w it h  si mil ar  r e-

s u lt s.
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m e a n of 1 1. 3 8 % ± 3. 3 3 % f o r h e alt h y c o nt r ol s.  T hi s i n di-

c at e d g o o d a c c u r a c y i n g e n e r al, alt h o u g h t h e r e c o v-

e r y r at e e x c e e d e d 1 2 0 % i n o n e c a s e.  T h e o b s e r v e d dif-

f e r e n c e i n a s s a y v a ri a bilit y a m o n g i n di vi d u al c a s e s

m a y r efl e ct diff e r e n c e s i n t h e a m o u nt s of s e r u m f a c-

t o r s t h at  m a y i n hi bit I g E- F cε RI α bi n di n g.  N e v e rt h e-

l e s s, t h e e r r o r r a n g e  w a s d e e m e d a c c e pt a bl e b e c a u s e

n o e xt r e m e o utli e r s  w e r e o b s e r v e d.

B a s e d o n t h e s e r e s ult s, t hi s a s s a y  m et h o d p e r mit-

t e d  m e a s u r e m e nt of s e r u m I g E i n cli ni c al s a m pl e s

wit h s uffi ci e nt a c c u r a c y.  W e  m e a s u r e d fr e e I g E l e v el s

i n s e r a f r o m a st h m ati c p ati e nt s u n d e r g oi n g o m ali z u-

m a b t h e r a p y u si n g t h e af o r e m e nti o n e d a s s a y s y st e m.

T o t e st t hi s  m et h o d f o r it s a p pli c a bilit y t o fr e e I g E a s-

s a y s i n t h e p r e s e n c e of o m ali z u m a b,  w e fi r st e x a m-

i n e d  w h et h e r o m ali z u m a b a d d e d t o t h e s a m pl e i n vi-

t r o r e d u c e d t h e s e r u m f r e e I g E l e v el i n a d o s e-

d e p e n d e nt  m a n n e r.  A s s h o w n i n  Fi g u r e 4, a d di n g

o m ali z u m a b r e d u c e d f r e e I g E l e v el s i n s a m pl e s i n a

c o n c e nt r ati o n- d e p e n d e nt  m a n n e r.

S u b s e q u e ntl y, c h a n g e s i n fr e e I g E l e v el s  w e r e

m o nit o r e d o v e r ti m e f oll o wi n g i m pl e m e nt ati o n of t h e

i niti al t h e r a p y. I n e a c h of t h e f o u r c a s e s a s s e s s e d, s e-

r u m fr e e I g E l e v el s d e c r e a s e d i m m e di at el y aft e r t h e

o m ali z u m a b a d mi ni st r ati o n ( Fi g. 5 ).  T hi s r e s ult  w a s

i n a c c o r d  wit h t h at of p r e vi o u s cli ni c al t ri al s o n p a-

ti e nt s  wit h b r o n c hi al a st h m a a n d all e r gi c r hi niti s, i n

w hi c h a r a pi d d e cli n e i n s e r u m f r e e I g E l e v el s  w a s

d o c u m e nt e d aft e r t h e i niti ati o n of o m ali z u m a b t h e r-

a p y.  H o w e v e r, t r o u g h f r e e I g E l e v el s  w e r e el e v at e d

a n d, i n p a rti c ul a r, e x c e e d e d 5 0 n g ml aft e r t h e s e c-

o n d a d mi ni st r ati o n i n c e rt ai n c a s e s f o r  w hi c h t h e a d-

mi ni st r ati o n i nt e r v al  w a s 4  w e e k s ( C a s e s 3 a n d 4 ).

F o r t h e s e c a s e s, o m ali z u m a b d o s e s el e cti o n b a s e d o n

b o d y  w ei g ht a n d p r et r e at m e nt s e r u m I g E l e v el s  m a y

h a v e b e e n i n s uffi ci e nt t o r e d u c e t h e s e r u m fr e e I g E

l e v el t o t h e t a r g et e d l e v el.

T h e af o r e m e nti o n e d st u d y 2, 1 8, 2 5, 2 6 al s o r e v e al e d

t h at f r e e I g E c o n c e nt r ati o n s di d n ot d e cli n e t o t h e t a r-

g et v al u e 2 4 of 5 0 n g ml i n s o m e c a s e s u n d e r g oi n g

s h o rt-t e r m t h e r a p y aft e r t h e a d mi ni st r ati o n of o m ali-

z u m a b.  T hi s l e d u s t o s u s p e ct t h at a m o n g s e v e r e

a st h m ati c p ati e nt s o n l o n g-t e r m o m ali z u m a b t h e r a p y,

s o m e c a s e s  m a y e xi st f o r  w hi c h s e r u m fr e e I g E l e v el s

f ail t o r e a c h t h e t a r g et l e v el.  T h u s,  w e  m e a s u r e d

t r o u g h f r e e I g E l e v el s aft e r o m ali z u m a b a d mi ni st r a-

ti o n i n 5 4 c a s e s t h at  w e r e o n o m ali z u m a b f o r  m o r e

t h a n 4  w e e k s ( Fi g. 6 ).  T h e s e r e s ult s i n di c at e t h at 4 0

of 5 4 ( 7 4. 1 % ) c a s e s h a d fr e e I g E l e v el s t h at r e a c h e d

t h e t h e r a p e uti c t a r g et f o r o m ali z u m a b t r e at m e nt (i. e.,

5 0 n g ml ).  T hi s u n d e r r u n s p r e vi o u sl y r e p o rt e d o ut-

c o m e 9 9. 2 %. 2 7 A p o s si bl e r e a s o n i s t h at t h e r s h F c ε RI α

c o n st r u ct u s e d i n o u r a s s a y s i s diff e r e nt f r o m t h e r e-

c o m bi n a nt p r ot ei n s u s e d i n ot h e r st u di e s,  w hi c h  m a y

h a v e r e s ult e d i n diff e r e n c e s i n I g E  m e a s u r e m e nt s.

R e c o m bi n a nt r s h F c ε RI α p r ot ei n c o n st r u ct s u s e d i n

m o st p r e vi o u s st u di e s  w e r e  m o stl y e x p r e s s e d i n E.

c oli o r a b a c ul o vi r u s v e ct o r i n s e ct c ell e x p r e s si o n

s y st e m 2 8, 2 9 i n  w hi c h t h e a mi n o a ci d s e q u e n c e s of t h e

e x p r e s s e d p r ot ei n s  w e r e i d e nti c al t o t h o s e of t h e h u-

m a n p r ot ei n; h o w e v e r, t h e s u g a r c h ai n st r u ct u r e s

c o ul d h a v e b e e n diff e r e nt f r o m t h o s e of t h e h u m a n

p r ot ei n.  T h e s e st r u ct u r al diff e r e n c e s i n s u g a r c h ai n s

m a y aff e ct t h e bi n di n g affi nit y of I g E a n d it s  F c ε RI α

r e c e pt o r.  T hi s diff e r e n c e i n bi n di n g affi nit y p o s si bl y

alt e r s t h e e q uili b ri u m st at e a m o n g I g E, I g E-

o m ali z u m a b c o m pl e x e s, a n d I g E- F c ε RI α bi n di n g i n

a n a s s a y s y st e m.  A s a c o n s e q u e n c e,  m e a s u r e m e nt

s y st e m s t h at u s e i m m o bili z e d  F c ε RI α p r e p a r ati o n s

wit h diff e r e nt s u g a r c h ai n st r u ct u r e s  m a y gi v e diff e r-

e nt I g E r e a di n g s i n t h e p r e s e n c e of o m ali z u m a b.  W e

di d n ot a d d r e s s  w hi c h s y st e m c o ul d  m e a s u r e f r e e I g E

l e v el s  m o r e a c c u r at el y i n t h e p r e s e n c e of o m ali z u-

m a b.

N e v e rt h el e s s, it i s c o n c ei v a bl e t h at o u r s y st e m b et-

t e r a p p r o xi m at e s t h e p h y si ol o gi c al e q uili b ri u m t h at

o c c u r s i n t h e h u m a n b o d y c o m p a r e d  wit h ot h e r a s s a y

m et h o d s, b e c a u s e o u r  m et h o d u s e s a n  F c ε RI α c o n-

st r u ct c o m p ri si n g t h e h u m a n f o r m of t h e s u g a r c h ai n.

C o n si d e ri n g t h at t h e o bj e cti v e of t h e s e  m e a s u r e-

m e nt s i s t o q u a ntif y t h e I g E s u bf r a cti o n t h at c a n bi n d

t o  F cε RI α i n t h e h u m a n b o d y i n t h e p r e s e n c e of

o m ali z u m a b, it i s r e a s o n a bl e t h at o u r a s s a y s y st e m

c a n d et e ct t h e eff e ct of o m ali z u m a b  m o r e a c c u r at el y.

Alt h o u g h o u r r e s ult s s u g g e st t h at o u r a s s a y s y st e m i s

eff e cti v e f o r p r e di cti n g t h e r e s p o n si v e n e s s of c e rt ai n

p ati e nt s t o o m ali z u m a b t h e r a p y,  w e c o ul d n ot a n al y z e

t h e r el ati o n s hi p s b et w e e n f r e e I g E l e v el s  m e a s u r e d

b y t hi s  m et h o d a n d cli ni c al d at a i n t h e p r e s e nt st u d y.

P r e vi o u sl y, s e v e r al  m et h o d s f o r  m e a s u ri n g fr e e I g E

u n d e r t h e p r e s e n c e of o m ali z u m a b h a s b e e n r e-

p o rt e d, 2 6 i n cl u di n g t h e r e c o v e r y- E LI S A s y st e m.3 0 T h e
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Fi g. 　 5 　 M e a s u r e m e nt of I g E l e v el s i n p ati e nt s er a. S eru m fr e e I g E l e v el s ( i ll e d s qu ar e s) i n 

f ou r a st h m ati c p ati e nt s aft er t h e i r st a d mi ni str ati o n of o m ali zu m a b  w er e d et er mi n e d u si n g 

E LI S A. T ot al I g E l e v el s ( i ll e d cir cl e s) w er e m e a s u r e d b y I m m u n o C a p I g E. Arr o w s s h o w  t h e 

ti m e p oi nt s f or o m ali zu m a b  a d mi ni str ati o n.
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Fi g. 　 6 　 Fr e e I g E l e v el s i n 5 4 a st h m ati c p ati e nt s u n d er g oi n g 

o m ali z u m a b t h er a p y. Tr o u g h fr e e I g E l e v el s i n s er a fr o m 5 4 

diff er e nt  p ati e nt s  tr e at e d  wit h  o m ali z u m a b  f or  o n e  m o nt h  t o 

5 1 m o nt h s w er e m e a s ur e d b y E LI S A. D a s h e d li n e i n di c at e s 

5 0 n g/ ml of fr e e I g E.
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f r e e I g E c o n c e nt r ati o n i n a s e r u m s p e ci m e n f r o m p a-

ti e nt s a d mi ni st e r e d  wit h o m ali z u m a b  w a s  m e a s u r e d

b y t h e r e c o v e r y- E LI S A s y st e m b a s e d o n ( 1 ) cr e ati n g

a c ali b r ati o n c u r v e s of v a ri o u s c o n c e nt r ati o n of st a n-

d a r d I g E u n d e r v a ri o u s c o n c e nt r ati o n s of o m ali z u-

m a b s ol uti o n s; ( 2 ) c r e ati n g a c o r r el ati o n f o r m ul a of

t h e r el ati o n s hi p b et w e e n I g E a n d o m ali z u m a b f r o m

t h e c ali b r ati o n c u r v e s; ( 3 ) s pi ki n g t h e st a n d a r d I g E

i nt o cli ni c al s p e ci m e n s of p ati e nt s a d mi ni st e r e d  wit h

o m ali z u m a b a n d b a s e d o n t h e d e g r e e of a b s o r b e n c y

o bt ai n e d; ( 4 ) c al c ul ati n g t h e c o n c e nt r ati o n s of b ot h

f r e e I g E a n d f r e e o m ali z u m a b u si n g t h e f o r m ul a. I n

t h e p r e s e nt st u d y, t h e r ati o of t h e p ati e nt s  w h o

r e a c h e d t h e t h e r a p e uti c t a r g et f o r o m ali z u m a b t r e at-

m e nt  w a s l o w e r t h a n p r e vi o u sl y r e p o rt e d o ut c o m e s

r a n gi n g f r o m 7 3 % t o 9 9. 2 %, b a s e d o n t h e v al u e s  m e a s-

u r e d b y ot h e r a s s a y s i n cl u di n g t h e r e c o v e r y- E LI S A

s y st e m.  O n e p o s si bl e r e a s o n of t hi s diff e r e n c e i s t h at

t h e r s h F cε RI α c o n st r u ct u s e d i n o u r a s s a y s i s diff e r-

e nt fr o m t h e r e c o m bi n a nt p r ot ei n s u s e d i n ot h e r st u d-

i e s,  w hi c h  m a y h a v e r e s ult e d i n diff e r e n c e s i n I g E

m e a s u r e m e nt s. I n a d diti o n, alt h o u g h o u r a s s a y i s

b a s e d o n si m pl e  E LI S A  m et h o d, t h e  m et h o d of

r e c o v e r y- E LI S A s y st e m i s f u n d a m e nt all y diff e r e nt

f r o m a si m pl e  E LI S A.  Wit h  T hi s  m et h o d h a s a n a d-
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v a nt a g e o n s e n siti vit y, b e c a u s e u n dil ut e d s e r u m i s

u s e d a s a s p e ci m e n.  H o w e v e r, it i s diffi c ult t o e v al u at e

t h e a c c u r a c y of t h e r e c o v e r y- E LI S A s y st e m, b e c a u s e

t h e r e c o v e r y r at e c a n n ot b e di r e ctl y  m e a s u r e d.  F u r-

t h e r m o r e, t h e r e a r e n o d et ail e d r e p o rt s o n v a ri a bilit y

of t hi s  m et h o d h a s n ot b e e n r e p o rt e d.  T h e r ef o r e,  w e

c a n n ot e v al u at e  w hi c h a s s a y i s cl o s e r t o t h e t r u e

v al u e.  F u rt h e r a n al y si s  wit h a l a r g e r n u m b e r of p a-

ti e nt s s h o ul d b e c o n d u ct e d i n f ut u r e st u di e s.

I n s u m m a r y,  w e d e v el o p e d a n e w  E LI S A- b a s e d a s-

s a y s y st e m t o d et e r mi n e s e r u m fr e e I g E l e v el s u si n g

i m m o bili z e d s ol u bl e h u m a n  F cε RI α t h at  w e r e g e n e r-

at e d b y g e n e r e c o m bi n ati o n.  U si n g t hi s a s s a y s y st e m,

w e  m e a s u r e d f r e e I g E l e v el s i n s e r a fr o m a st h m ati c

p ati e nt s u n d e r g oi n g o m ali z u m a b t h e r a p y.  T hi s

m et h o d p e r mitt e d  m o nit o ri n g of s e r u m f r e e I g E l e v-

el s. It i s e x p e ct e d t o r e ali z e a s s e s s m e nt s of a p p r o p ri-

at e o m ali z u m a b d o s e s f o r n o n r e s p o n d e r s. I n a d diti o n,

e v e n f o r r e s p o n d e r s, it p r o vi d e s f o r o pti mi z ati o n of

d o s e s a n d d o si n g i nt e r v al s.  O pti mi z e d d o si n g r e gi-

m e n s  will ai d i n r e s ol vi n g  m e di c al e x p e n s e i s s u e s a n d

b e n efit a  wi d e r r a n g e of p ati e nt s.  Alt h o u g h a di r e ct

c o m p a ri s o n  w a s n ot p e rf o r m e d, o u r  m et h o d  m a y b e

s u p e ri o r t o c o n v e nti o n al f r e e I g E a s s a y  m et h o d s

b a s e d o n  F c ε RI α wit h n o n h u m a n f o r m of s u g a r

c h ai n s i n t e r m s of bi n di n g affi nit y t o h u m a n s e r u m

I g E.

A C K N O W L E D G E M E N T S

T hi s  w o r k  w a s s u p p o rt e d b y t h e St r at e gi c  F o u n d a-

ti o n al  T e c h n ol o g y I m p r o v e m e nt S u p p o rt  O p e r ati o n of

t h e J a p a n e s e  G o v e r n m e nt a n d t h e  Ni h o n  U ni v e r sit y

J oi nt  R e s e a r c h  G r a nt.

R E F E R E N C E S
1 . B o u s q u et J, L o c k e y  R,  M alli n g  HJ.  All e r g e n i m m u n ot h e r-

a p y: t h e r a p e uti c v a c ci n e s f o r all e r gi c di s e a s e s.  A  W H O

p o siti o n p a p e r. J All e r g y Cli n I m m u n ol 1 9 9 8; 1 0 2 ( Pt 1 ):

5 5 8- 6 2.

2 . Mil g r o m  H,  Fi c k  R B J r, S u J Q et al . Tr e at m e nt of all e r gi c

a st h m a  wit h  m o n o cl o n al a nti-I g E a nti b o d y. r h u M A b- E 2 5

St u d y  G r o u p. N E n gl J M e d 1 9 9 9; 3 4 1 : 1 9 6 6- 7 3.

3 . P el ai a  G,  G all elli L,  R e n d a  T et al . U p d at e o n o pti m al u s e

of o m ali z u m a b i n  m a n a g e m e nt of a st h m a. J Ast h m a Al-

l e r g y 2 0 1 1; 4 : 4 9- 5 9.

4 . C h a n g  T W, S hi u n g  Y Y.  A nti-I g E a s a  m a st c ell- st a bili zi n g

t h e r a p e uti c a g e nt. J All e r g y Cli n I m m u n ol 2 0 0 6; 1 1 7 : 1 2 0 3-

1 2; q ui z 1 3.

5 . B e c k L A,  M ar c ott e  G V,  M a c Gl a s h a n  D,  T o gi a s  A, S ai ni S.

O m ali z u m a b-i n d u c e d r e d u cti o n s i n  m a st c ell  F c e p sil o n

RI e x p r e s si o n a n d f u n cti o n. J All e r g y Cli n I m m u n ol 2 0 0 4;

1 1 4 : 5 2 7- 3 0.

6 . N o g a  O,  H a nf  G,  B r a c h m a n n I et al . Eff e ct of o m ali z u m a b

tr e at m e nt o n p e ri p h e r al e o si n o p hil a n d  T-l y m p h o c yt e

f u n cti o n i n p ati e nt s  wit h all e r gi c a st h m a. J All e r g y Cli n I m-

m u n ol 2 0 0 6; 1 1 7 : 1 4 9 3- 9.

7 . v a n  R e n s e n  E L,  E v e rt s e  C E, v a n S c h a d e wij k  W A et al .

E o si n o p hil s i n b r o n c hi al  m u c o s a of a st h m ati c s aft e r all e r-

g e n c h all e n g e: eff e ct of a nti-I g E t r e at m e nt. All e r g y 2 0 0 9;

6 4 : 7 2- 8 0.

8 . O ht a  K. [ T h e e s s e n c e of “ A st h m a  P r e v e nti o n a n d  M a n-

a g e m e nt  G ui d eli n e 2 0 1 2, J a p a n ( J G L 2 0 1 2 ) ” f o r a d ult s].

A r e r u gi 2 0 1 3; 6 2 : 1 3 9- 4 3 (i n J a p a n e s e ).

9 . A d a c hi  M,  T a n a k a  A. [ P r o g r a m s f o r c o nti n ui n g  m e di c al

e d u c ati o n:  A s e s si o n; 7.  C u r r e nt t o pi c s of a st h m a t r e at-

m e nt ― a nti-I g E t h e r a p y ]. Ni h o n  N ai k a  G a k k ai Z ass hi

2 0 1 2; 1 0 1 : 6 8 9- 9 3 (i n J a p a n e s e ).

10 . H u m b e rt  M,  B e a sl e y  R,  A y r e s J et al .  B e n efit s of o m ali z u-

m a b a s a d d- o n t h e r a p y i n p ati e nt s  wit h s e v e r e p e r si st e nt

a st h m a  w h o a r e i n a d e q u at el y c o nt r oll e d d e s pit e b e st

a v ail a bl e t h e r a p y ( GI N A 2 0 0 2 st e p 4 tr e at m e nt ): I N N O-

V A T E. All e r g y 2 0 0 5; 6 0 : 3 0 9- 1 6.

1 1 . R o d ri g o  G J,  N eff e n  H,  C a st r o- R o d ri g u e z J A.  Effi c a c y a n d

s af et y of s u b c ut a n e o u s o m ali z u m a b v s pl a c e b o a s a d d- o n

t h e r a p y t o c o rti c o st e r oi d s f o r c hil d r e n a n d a d ult s  wit h

a st h m a: a s y st e m ati c r e vi e w. C h est 2 0 1 1; 1 3 9 : 2 8- 3 5.

1 2 . Sl a vi n  R G,  F e ri oli  C,  T a n n e n b a u m S J,  M a rti n  C,  Bl o g g  M,

L o w e  P J.  A st h m a s y m pt o m r e- e m e r g e n c e aft e r o m ali z u-

m a b  wit h d r a w al c o r r el at e s  w ell  wit h i n c r e a si n g I g E a n d

d e c r e a si n g p h a r m a c o ki n eti c c o n c e nt r ati o n s. J All e r g y Cli n

I m m u n ol 2 0 0 9; 1 2 3 : 1 0 7- 1 3 e 3.

1 3 . B o u s q u et J, Si e r gi ej k o Z, S wi e b o c k a  E et al . P e r si st e n c y

of r e s p o n s e t o o m ali z u m a b t h e r a p y i n s e v e r e all e r gi c

(I g E- m e di at e d ) a st h m a. All e r g y 2 0 1 1; 6 6 : 6 7 1- 8.

14 . H a n a ni a  N A,  W e n z el S,  R o s e n  K et al . E x pl o ri n g t h e ef-

f e ct s of o m ali z u m a b i n all e r gi c a st h m a: a n a n al y si s of

bi o m a r k e r s i n t h e  E X T R A st u d y. A m J  R es pi r  C rit  C a r e

M e d 2 0 1 3; 1 8 7 : 8 0 4- 1 1.

15 . Zi el e n S, Li e b  A,  D e L a  M ott e S et al . O m ali z u m a b p r o-

t e ct s a g ai n st all e r g e n- i n d u c e d b r o n c h o c o n st ri cti o n i n al-

l e r gi c (i m m u n o gl o b uli n  E- m e di at e d ) a st h m a. I nt  A r c h  Al-

l e r g y I m m u n ol 2 0 1 3; 1 6 0 : 1 0 2- 1 0.

16 . R oli n c k- W e r ni n g h a u s  C,  K eil  T,  K o p p  M et al . S p e cifi c

I g E s e r u m c o n c e nt r ati o n i s a s s o ci at e d  wit h s y m pt o m s e-

v e rit y i n c hil d r e n  wit h s e a s o n al all e r gi c r hi niti s. All e r g y

2 0 0 8; 6 3 : 1 3 3 9- 4 4.

17 . M a c Gl a s h a n  D W J r,  B o c h n e r  B S,  A d el m a n  D C et al .

D o w n- r e g ul ati o n of  F c ( e p sil o n )  RI e x p r e s si o n o n h u m a n

b a s o p hil s d u ri n g i n vi v o tr e at m e nt of at o pi c p ati e nt s  wit h

a nti-I g E a nti b o d y. J I m m u n ol ( B alti m o r e, M d: 1 9 5 0 ) 1 9 9 7;

1 5 8 : 1 4 3 8- 4 5.

18 . C a s al e  T B.  E x p e ri e n c e  wit h  m o n o cl o n al a nti b o di e s i n al-

l e r gi c  m e di at e d di s e a s e: s e a s o n al all e r gi c r hi niti s. J Al-

l e r g y  Cli n I m m u n ol 2 0 0 1; 1 0 8 ( S u p pl ): S 8 4- 8.

19 . N ait o  K,  Hi r a m a  M,  O k u m u r a  K,  R a  C.  R e c o m bi n a nt s ol-

u bl e f o r m of t h e h u m a n hi g h- affi nit y r e c e pt o r f o r I g E p r e-

v e nt s a n a p h yl a cti c s h o c k i n  mi c e. J All e r g y Cli n I m m u n ol

1 9 9 6; 9 7 : 7 7 3- 8 0.

20 . L e e J W,  H all  M.  M et h o d v ali d at i o n of p r ot ei n bi o m a r k e r s

i n s u p p o rt of d r u g d e v el o p m e nt o r cli ni c al di a g n o si s

p r o g n o si s. J C h r o m at o g r B A n al yt T e c h n ol Bi o m e d Lif e S ci

2 0 0 9; 8 7 7 : 1 2 5 9- 7 1.

2 1 . L e e J W,  D e v a n a r a y a n  V,  B a r r ett  Y C et al . Fit-f o r- p u r p o s e

m et h o d d e v el o p m e nt a n d v ali d ati o n f o r s u c c e s sf ul

bi o m a r k e r  m e a s u r e m e nt. P h a r m  R es 2 0 0 6; 2 3 : 3 1 2- 2 8.

2 2 . K ell e y  M,  D e Sil v a  B.  K e y el e m e nt s of bi o a n al yti c al

m et h o d v ali d ati o n f o r  m a c r o m ol e c ul e s. A A P S J 2 0 0 7; 9 :

E 1 5 6- 6 3.

2 3 . U S  D e p a rt m e nt of  H e alt h a n d  H u m a n S e r vi c e s,  F o o d a n d

D r u g  A d mi ni st r ati o n,  C e nt e r f o r  D r u g  E v al u ati o n a n d  R e-

s e r c h.  G ui d a n c e f o r i n d u st r y:  Bi o a n al yti c al  m et h o d v ali d a-

ti o n, S e pt e m b e r 2 0 1 3.  A v ail a bl e at htt p: w w w.f d a. g o v d o

w nl o a d s D r u g s G ui d a n c e C o m pli a n c e R e g ul at o r yI nf o r m at

i o n G ui d a n c e s U C M 3 6 8 1 0 7. p df.

24 . M a s s a n a ri  M,  H ol g at e S T,  B u s s e  W W, Ji m e n e z  P,  Ki a ni-

f a r d  F, Z el di n  R.  Eff e ct of o m ali z u m a b o n p e ri p h e r al bl o o d

e o si n o p hili a i n all e r gi c a st h m a. R es pi r  M e d 2 0 1 0; 1 0 4 : 1 8 8-



N e w  A s s a y f or  Fr e e I g E o n  O m ali z u m a b  T h er a p y

All er g ol o g y I nt er n ati o n al  V ol 6 3,  S u p pl 1, 2 0 1 4  w w w.j s a w e b.j p 4 7

9 6.

25 . B u s s e  W,  C o r r e n J, L a ni e r  B Q et al . O m ali z u m a b, a nti-I g E

r e c o m bi n a nt h u m a ni z e d  m o n o cl o n al a nti b o d y, f o r t h e

tr e at m e nt of s e v e r e all e r gi c a st h m a. J All e r g y Cli n I m m u-

n ol 2 0 0 1; 1 0 8 : 1 8 4- 9 0.

26 . K o r n S,  H a a sl e r I,  Fli e d n e r  F et al . M o nit o ri n g f r e e s e r u m

I g E i n s e v e r e a st h m a p ati e nt s tr e at e d  wit h o m ali z u m a b.

R es pi r  M e d 2 0 1 2; 1 0 6 : 1 4 9 4- 5 0 0.

27 . O ht a  K,  Y a m a m ot o  M, S at o  N, I k e d a  K,  Mi y a m ot o  T.  O n e

y e a r tr e at m e nt  wit h o m ali z u m a b i s eff e cti v e a n d  w ell t ol-

e r at e d i n J a p a n e s e  P ati e nt s  wit h  m o d e r at e-t o- s e v e r e p e r-

si st e nt a st h m a. All e r g ol I nt 2 0 1 0; 5 9 : 1 6 7- 7 4.

28 . St e d m a n  K, L e e  K,  H u nt e r S,  Ri v oi r e  B,  M c C all  C,  W a s-

s o m  D.  M e a s u r e m e nt of c a ni n e I g E u si n g t h e al p h a c h ai n

of t h e h u m a n hi g h affi nit y I g E r e c e pt o r. V et I m m u n ol I m-

m u n o p at h ol 2 0 0 1; 7 8 : 3 4 9- 5 5.

29 . H a milt o n  R G,  M a r c ott e  G V, S ai ni S S. I m m u n ol o gi c al

m et h o d s f o r q u a ntif yi n g f r e e a n d t ot al s e r u m I g E l e v el s i n

all e r g y p ati e nt s r e c ei vi n g o m ali z u m a b ( X ol ai r ) t h e r a p y. J

I m m u n ol  M et h o ds 2 0 0 5; 3 0 3 : 8 1- 9 1.

30 . Str o h n e r  P,  K o r n S,  B u hl  R,  B e c h e r  G.  T h e r e c o v e r y-

E LI S A ― a n o v el a s s a y t e c h ni q u e t o  m o nit o r t h e r a p y  wit h

h u m a ni z e d a nti b o di e s: t h e e x a m pl e of o m ali z u m a b. J I m-

m u n o ass a y I m m u n o c h e m 2 0 1 3; 3 4 : 8 3- 9 3.



論文要約 

オマリズマブ投与患者における血清遊離 IgE測定系の構築 

 

背景 

抗ヒト IgE モノクローナル抗体であるオマリズマブ（Omalizumab）は、現在、

中等度から重症のアレルギー性喘息の治療に適応がある。オマリズマブがアレ

ルゲンに対する IgE を介した気道のアレルギー応答を抑制するためには、血清

中の遊離 IgE を極めて低いレベルまで低下させる必要があるが、実臨床におい

てオマリズマブ使用中の患者で血清遊離 IgEレベルを測定することはできない。

リコンビナント・ヒト高親和性 IgE 受容体（FcεRIα）を抗原として利用する

と、オマリズマブと結合していない遊離 IgE レベルを測定することができるこ

とから、オマリズマブ治療の評価に利用可能な ELISA 法を用いた新たな遊離

IgEの測定系を構築した。 

 

方法 

可溶性リコンビナント・ヒト FcεRIα（rs hFcεRIα）を捕捉抗原として固相化



し、検出のためにビオチン化ポリクローナル抗 IgE 抗体を使用した。測定系と

しては、測定ごとの変動を排除して安定した測定が行えるように、2時間、25℃

に設定した。 

作製した ELISA法を用いて、オマリズマブ投与開始前後で 4人の喘息患者にお

いて１週ごとに血清遊離 IgE 値を測定した。また、オマリズマブを 4 週間以上

投与した 54人の患者の血清遊離 IgE値を測定した。 

本研究は、日本大学附属板橋病院臨床研究審査委員会において 2012 年 4 月 27

日に承認(RK-120413-09)され、実行された。 

 

結果 

まず，構築した ELISA の精度評価を行った。低 IgE 標準血清を用いた spike-

recovery assayにおける血清中の平均回収率は 93.16％±5.34％であった。%CV

が 20%以内を基準とし、Lower Limit of quantification (LLOQ)は 9.38ng / ml、

Upper limit of quantification(ULOQ)は 600ng / mlとした。次に、オマリズマ

ブが存在する血清においても、本測定系が遊離 IgE を測定できるかどうか検証

するため、600ng/mlの IgEを添加した標準血清に濃度の異なるオマリズマブを



添加し、遊離 IgE 濃度がオマリズマブにより濃度依存的に低下することを確認

した。本測定系を用いて経時的なモニタリングを行なった５例の重症喘息患者

すべてにおいて、オマリズマブ投与 2 回目投与前から血清遊離 IgE 値は有意に

低下していた。オマリズマブの効果を維持するためには血清遊離 IgE 濃度が

50ng / ml未満であることが必要とされているが、オマリズマブで 4週間以上治

療をおこなっている 54人の喘息患者のうち 14人は、遊離 IgE濃度が> 50 ng / 

mlであった。 

 

考察 

 本測定系では、血清希釈倍率を 15倍以下とすると固層化したマトリックスに

非特異的な反応がみられるため、血清希釈倍率は 15倍とした。これが定量限界

の決定因子となり、本測定系の定量限界は 9.38ng/ml となった。これは、オマ

リズマブの薬理効果が得られるための遊離 IgE濃度の最低が 50ng/mlであるこ

とから十分評価に使用できる検出感度であると考えた。非特異的な反応が高濃

度の血清でみられる要因としては、IgE-FcεRⅠ結合を阻害する血清因子、例え

ば、IgEに対する自己抗体、可溶性低親和性 IgE受容体、リポタンパク質、また



は糖鎖などに起因すると考えられた。 

オマリズマブの臨床治験では血清遊離 IgE を測定しているが、その際に使用さ

れた測定方法は現在臨床において使用することができず、また、研究試薬として

も入手することができない。測定法についての詳細も明らかにされていないこ

とから、我々の測定法との精度比較をすることはできない。 

 

オマリズマブ治療開始後、全例で 1回目の投与 1週間後の血清遊離 IgEは 50ng 

/ mlに低下したが、4例中３例においては、トラフの血清遊離 IgE が 50ng / ml

を超えていた。血清 IgE 値は変動するため、初期設定に用いた血清 IgE 値と投

与時の血清 IgE値との間に乖離が生じている可能性や、体重と治療前の血清 IgE

値に基づいて決定されたオマリズマブ投与量が、血清遊離 IgE レベルを目標値

まで低下させるのに不十分であった可能性がある。 

4 週間を超えてオマリズマブ治療を受けた 54 例のうち 40 例（74.1％）の遊離 

IgE値が治療目標レベルに低下していた。 過去の報告では、遊離 IgE値が治療

目標レベルに達した患者割合は 99.2％と報告されており、我々の検討はそれよ

り低い割合であった。この理由の一つとして考えられるのは、我々が用いた



rshFcεRIαがヒト型糖鎖構造を持っていたのに対して，これまでに使用されて

いた測定系では、線虫や大腸菌で作製したリコンビナント蛋白を使用している

ことなどに関係している可能性がある。ヒト Fcレセプターの糖鎖結合部位の糖

鎖は、一般には抗体との結合親和性に関連するとされている。よって、使用する

リコンビナント蛋白の違いが測定精度に影響している可能性が考えられる。さ

らに、特にアレルギー疾患の患者において、血中に線虫の糖鎖に対する抗体を持

つ場合があることが報告されており(1)、線虫の糖鎖を用いた場合には、測定結

果に影響する可能性がある。よって、ヒト型の糖鎖を持つヒトタンパクを抗原に

用いることにより、これらの影響を排除して、アトピー型喘息患者の遊離 IgEの

測定において、より正確な測定が可能となる。 

オマリズマブ治療の目的は重症喘息患者の増悪回数の抑制であり、投与開始早

期の症状と遊離 IgE値の関連についての検討は行っていない。本研究において、

遊離 IgE 値と症状の関連について前向きの検討を行っていないが、副論文で行

った京都大学との共同研究では、治療効果と遊離 IgE 値に関する前向きの検討

を行っており、投与開始後速やかに遊離 IgE 値が低下した群においては、治療

開始後１年間での高い増悪抑制効果が得られることが確認された(2)。 



 

結論 

我々は遺伝子組み変えシステムにより作成した可溶性ヒトFcεRIαを固相化し

た ELISA による新たな血清遊離 IgE 測定系を構築した。この測定系を用いて、

オマリズマブ治療中の重症喘息患者の血清遊離 IgEを測定し、 この方法による

血清遊離 IgE 値のモニタリングを可能にした。本測定法を用いた検討により、

実際オマリズマブ治療を行っている喘息患者において、遊離 IgE が治療目標レ

ベル以上の患者が少なからず存在することが分かった。ノンレスポンダーに対

する適切なオマリズマブ用量の評価を可能とすることが期待されている。レス

ポンダーにとっては遊離 IgE 値のモニタリングは用量および投薬間隔の最適化

を可能とする。 

 最適化された投与方法は医療費削減に寄与し、より広範囲の患者に利益をもた

らす。 

本文中の以下について訂正する。 

 p38 右５行目 omalizunmab  訂正 omalizumab 

 p45 右 23行目 With This method  訂正 With this method 



 

 

2014年に本研究掲載後の臨床応用等に関する進展状況のまとめ 

本研究で構築した測定系を用いて、遊離 IgE のモニタリングを指標として、オ

マリズマブの投与量調節を行い、良好な喘息コントロールを得た経験が報告さ

れた。(3)  

また、オマリズマブ投与下において、遊離 IgE レベルが IgE 産生能を反映して

おり、IgE産生の評価に利用可能であることが示された。(4)  

京都大学との研究では、治療後の遊離 IgE 低下速度が治療反応性と関連がある

ことを明らかにした。(2) 

現在は、本測定系を使った遊離 IgE モニタリングの測定の保険収載を目指し、

シノテスト社と共同で開発を行っている。 

今後、オマリズマブの治療適応が重症アトピー型喘息以外のアレルギー性鼻炎、

食餌性アレルギーといった IgE 依存性疾患に拡大することが予想される。遊離

IgE の測定がこれら疾患を持つより多くの患者の治療モニタリングに活用され、

有効な治療につながることが期待されている。 
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