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ABSTRACT : Enhancement of antigen-specific IgE is a hallmark of allergic hyperresponsiveness, therefore
it is necessary to adopt or develop a highly sensitive and specific assay for determination of allergen-spe-
cific IgE levels in vivo. In this presentation, we introduce an ELISA (enzyme linked irnmunosorbent assay)
system developed to measure the levels of chicken egg ovalbumin (OVA)-specific IgE in serum. The ELISA
method uses a commercially available purified rat anti-mouse IgE as a capture Ab and biotinylated OVA as
a detection reagent. Avidin-peroxidase with its substrate is used for color development resulting in optical
density measurement at 405 nm. The ELISA system produces a highly sensitive dose-response relation-
ship between optical density levels and the dilution titer of the OVA-IgE standard serum but no cross-reac-
tion with unrelated IgE or IgG. It is believed that the system is an efficient tool to delineate an adjuvant
effect of environmental pollutants on development of asthmatic and atopic responses.
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1. INTRODUCTION

Occurrence of allergic diseases including asthma
and skin dermatitis has been continuously increased
in past 30 years (Ishizaki et al., 1987; Corbo et al.,
1993). Environmental pollution is considered as a
significant contributing factor for the development of
asthmatic and atopic responses (Peden DB, 2000). In
order to define a role of environmental pollutant on
progression of the allergic diseases, it may be critical
to precisely evaluate level of allergen- specific IgE in
vivo or in vitro. Elevation of allergen-specific IgE is
one of the hallmarks of allergic airway or dermal dis-
ease (Blanco et al., 1998; Hessel et al., 1998). Con-
centration of IgE is extremely low compared with that
of IgG in sera of human and rodent, in that nanogram
level for IgE whereas milligram level for IgG (Janeway
and Travers, 1994; Heo et al., 1996). Passive cutane-
ous anaphylaxis method has been widely used to
quantitate allergen-specific IgE in sera (Maejima et
al., 1997), but this assay is a bioassay demanding
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technical expertise. Therein, in this paper, we intro-
duce an enzyme linked immunosorbent assay, which
is simple for performance and valid for measurement
of allergen-specific IgE. Chicken egg ovalbumin was
used as a sample allergen.

II. MATERIALS AND METHODS
1. ELISA Procedure

Immulon 2® microplates (Dynatech, Chantilly, VA)
are coated with purified rat anti-mouse IgE capture
Ab (100 ul/ well; Biosource, Camarillo, CA) diluted to
2 pug/ml in a binding buffer (0.1 M Na,HPO,, pH 9.0),
then incubated overnight at 4°C. The plates are washed
three times with PBS containing 0.05% Tween-20
(Sigma, St. Louis, MO) followed by incubation with
PBS containing 0.05% Tween-20 and 1% bovine serum
albumin (200 pl/well) for 2 hours at room temperature
to block non-specific Ab binding. After the blocking,
the plates are washed three times, then diluted serum
samples or standard sera are added to each well (100
ul/well) and incubated overnight at 4°C. The serum
samples are appropriately diluted with the blocking
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buffer. Biotinylated OVA (100 pl/well), which is diluted
to 1.5 pug/ml with the blocking buffer, is added to each
well following six times washing, and incubated at
room temperature for 2 hours. OVA (Sigma) can be
biotinylated using Biotin-X-NHS kit (Calbiochem, San
Diego, CA). The plates are washed six times and fur-
ther incubated with avidin-peroxidase (100 pl/well; 1.25
pg/ml; Sigma) for 1 hour before detection using the
peroxidase substrate, 2,2’-azino-bis(3-ethylbenzthiaz-
oline-6-sulfonic acid) (Sigma). The absorbance is de-
termined at 405 nm using an ELISA reader.

2. Acquisition of the standard serum

To obtain the standard serum, mice (e.g. BDF1
mice, F1 progeny from the cross between C57BL/6
and DBA/2 mice; The Jackson Laboratory, Bar Har-
bor, ME) are intraperitoneally immunized with OVA
(50 ug/ 200 ul/injection) for three times with a week
interval. OVA is resuspended in 200 wl physiological
saline containing 2 mg alum adjuvant (Pierce, Rock-
ford, IL). Blood is collected by cardiac puncture at
Day 56 after the first immunization and serum is pre-
pared by centrifugation. The standard sera or serum
samples are stored at 80°C freezer before use. This
immunization method was reported to produce a sig-
nificantly elevated level of OVA-specific IgE in BDF1
mice (Heo and Hankinson, 2000).

III. RESULTS AND DISCUSSION

The sandwich ELISA method developed can be rec-
ognized as a valid in vitro tool to determine serum
levels of OVA-specific IgE, which should be extremely
low in comparison that of OVA-specific IgG after
immunization of mice with OVA (Hessel et al., 1995},
after confirming its efficiency in various ways. First,
sensitivity of the ELISA system can be evaluated
through analyzing relationship between levels of opti-
cal density and the dilution titer of the OVA-IgE posi-
tive standard serum (Fig. 1 left). When the standard
serum diluted to 1/200 was defined to contain 100
units of OVA-specific IgE per ml, a significantly strong
correlation (R>=0.997) was obtained in our investiga-
tion. Furthermore, the optical density level reaching
over 0.6 for the 1/200 diluted serum was quite im-
pressive in comparison with that (approximately 0.15)
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Fig. 1. Development of a sensitive sandwich ELISA assay
to detect OVA-specific IgE in murine serum. The OVA-IgE
positive standard serum was serially diluted from 1/200 to
1/1600, and assayed for OVA-specific IgE antibody levels
(left). Mice were intraperitoneally immunized with 50 ug
OVA with or without 2 mg alum three times with a week
interval. Sera were collected at Day 13 and 56 after the first
immunization. OVA-IgE levels were determined by the
ELISA described in Materials and Methods (right). The
result is expressed as the means=SD of two separate exper-
iments for 6 mice per treatment.

reported from A/J mice immunized intraperitoneally
with 10 ug OVA and challenged intratracheally with
1.5% OVA (Willis-Karp et al., 1998). An adjuvant
effect of alum, a well recognized adjuvant (Maejima et
al., 1997), on OVA-IgE production was also dramati-
cally demonstrated with our immunization and ELISA
detection system (Fig. 1 right).

Next, specificity of the ELISA system should be
tested using IgE antibody generated against unrelated
antigen or IgG, the most predominant immunoglobu-
lin isotype in serum. When mouse IgE specific for
trinitrophenol-keyhole limpet hemocyanin antigen was
applied instead of the OVA-IgGE positive standard
serum (Fig. 2 left), levels of optical density were negli-
gible under the ELISA system using biotinylated OVA
instead of biotin-conjugated rat anti-mouse IgE mAb
as a detection reagent. No cross-reactivity with IgG
was found when mouse IgG serially diluted from 1.6
mg/ml to 6.25 ng/ml was applied to the system (Fig. 2
right). Cross-reaction with irrelevant IgE in serum
from unimmunized BDF1 mice (data not shown) was
also negligible.

Overall, the ELISA system introduced in this paper
could meet the major requirements for an allergen-
specific IgE detection ELISA method, in that our ELISA
system provides significantly high sensitivity and speci-
ficity, and the amount of serum samples for the assay



N biotin-IgE
1.6 | | Z2z blotinova 1

I OVA-IgE standard nruﬂ l
os 272 mouse 196 B i X

Optical Density

o
ES
F_A‘y;—.‘g.‘_,_g —

Optical Density

625 125 % s 1 B0 1400 1200 1100 1550
Mouse IgE (ng/ml) Standard serum dilution titer

specific for hemocyanin 625 125 25 50 100
Mouse IgG {ng/ml)

Fig. 2. No non-specific/ cross-reactive reaction with mouse
IgG or IgE against hemocyanin under the sandwich ELISA
system. Mouse IgE specific for keyhole limpet hemocyanin
was added to an ELISA plate coated with IgE capture Ab,
followed by detection with biotin-IgE or OVA (left). The OVA-
IgE positive standard serum serially diluted from 1/50 to 1/
800 or IgG serially diluted from 100 to 6.25 ng/mi was
applied to the system followed by detection with biotin-OVA
(right). One representative result is shown for each figure.

is quite small resulting in lower than 10 ul needed. In
conclusion, the ELISA system with minor modifica-
tion could be a valuable tool to investigate effects of
environmental pollutants such as diesel exhaust par-
ticles (Takano et al., 1998; Heo and Hankinson, 2000)
on allergen-induced airway or dermal hypersensitivity.
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