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Abstract Mite antigens play important roles in the
pathogenesis of atopic dermatitis (AD). We recently
developed a novel air cleaner (KC-850U) using charged
plasma cluster ions to eliminate a variety of allergens from
house environments. The present work demonstrates the
ability of KC-850U to decrease the symptoms of AD
induced by mite allergens. Pooled sera from the conven-
tional NC/Nga mice, and AD model animals, were
incubated with varying concentrations of the control and
KC-850U-pretreated allergens extracted from mite. The
incubated mixtures were transferred to wells coated with
intact allergens and subjected to ELISA to measure the
amounts of immunoglobulin E (IgE) bound to the wells.
Kinetic analysis revealed that exposure of mite extracts to
plasma cluster ions destructed about 95% of the epitopes of
the allergens. The specific pathogen-free and conventional
mice were housed in rooms equipped with either KC-850U
or a standard air cleaner and observed their dermal symp-
tom for 2 weeks. Dermatological examination revealed the
AD symptom of the conventional mice housed in a room
equipped with an air cleaner. In contrast, the symptoms
which became apparent during the experiments were sup-
pressed remarkably exposing mice to plasma cluster ions.
These observations suggested that plasma cluster ions
generated by KC-850U destroyed the epitopes of mite
allergens and suppressed the symptoms of AD in the mice.
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Introduction

Atopic dermatitis (AD) is a frequently observed eczem-
atous disease accompanied by severe itching [1]. Sensi-
tization by a variety of allergens including those of mite
and house dusts underlies the pathogenesis of infant AD.
Under conventional conditions, but not specific-pathogen
free conditions, NC/Nga mice spontaneously develop AD-
like dermatitis associated with increased production of
immunoglobulin E (IgE) without developing skin lesions
[13].

Elimination of environmental allergens has been rec-
ognized as an effective method to prevent and/or treat
patients with AD [2]. Various trials to reduce the incidence
of exposure of the patients to environmental allergens
revealed the importance of the maintenance of clean air in
a room. Avoidance from a variety of allergens can be
achieved by using air cleaners in a room. However, con-
flicting results have been reported about their effects on
AD induced by a variety of chemical agents used for the
maintenance of a house [8, 11, 19, 20, 22]. Physical
methods that are efficient in eliminating particulates, such
as filter-equipped vacuum cleaners [4, 7, 18] and ionizers
[5, 6, 17, 21], seem to be effective for the handling of
airborne allergens. However, clinical efficacy of such
devices remains unknown.
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The present work demonstrates that a novel air cleaner
emitting plasma cluster ions effectively eliminate epitopes
of mite allergens floating in a living environment and
effectively suppressed the onset and symptom of AD in
conventional NC/Nga mice.

Materials and methods

A device (KC-850U) that generates plasma cluster ions
attached to a domestic air cleaner (Sharp, Osaka, Japan)
was used [15, 16]. The device consisted of a ceramic
dielectric plate, a high-voltage applied electrode, and a
ground electrode. Plasma cluster ions were generated at an
atmospheric pressure by discharging plasma on the surface
of a ceramic plate. The energy required for the discharge of
plasma was adjusted to about 5 eV. Ion densities were
measured in terms of electrical conductivity of the air by a
double co-cylinder-shaped detector (Gerdien condenser 83-
1011B, Dan Kagaku, Tokyo, Japan). The concentration of
ozone generated was measured either at a distance of 3 cm
from an electrode for 90 min by an ozone monitor EG-
2001F (Ebara Jitsugyo, Tokyo, Japan) or in 600 ml of a
bottle for 6 min by an ozone detection tube 182 U (Komyo
Rikagaku Kogyo, Tokyo, Japan).

An experimental apparatus used for the exposure to ions
was described previously [10]. After filling a chamber with
plasma cluster ions for 15 min, 8 ml of a mite extract
(4.0 g) was atomized for 1.5 h using a nebulizer pump
(Ulvac pump DAP-15, Ulvac KIKO, Kanagawa, Japan).
The unit of the extract of mite was passed through a space
filled with or without plasma cluster ions for 90 s and col-
lected in a tray at the bottom of a container to obtain control
and ion-treated mite extracts. Effect of plasma cluster ions
on the epitopes of allergen molecules was evaluated by their
antigenicity and allergenicity per unit of protein.

The intensity of the mite extracts to bind IgE was eval-
uated by enzyme-linked immunosorbent assay (ELISA) [9].

Conventional and pathogen-free (SPF) NC/Nga male
mice (7-week-old) were purchased from SLC (Hamama-
tsu, Japan), housed in rooms with a 12-h light/12-h dark
cycle, and given sterile water and food ad libitum. These
animals were subjected to experiments according to the
animal care regulations of Osaka City University Medical
School. At the age of 7 weeks, conventional mice but not
SPF group spontaneously started to exhibit the symptoms
characteristic to AD. We installed three generators in an
11.65 m* room to regulate the concentration of plasma
cluster ions around 20,000 ions in an animal cage. The
control animal group was housed in a room equipped with
an air cleaner. After 2 weeks, the symptom of dermatitis
was evaluated at the rostral skin of animals and the
severity of edema, erythema and haemorrhage was scored
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(0, none; 1, slight; 2, moderate; 3, severe) as described
previously [3].

All data were expressed as the mean + SD derived from
three animal groups and the statistical difference was
analyzed either by Student’s ¢ test or ANOVA using a
computer software program. Difference was considered
significant when p < 0.05.

Results

Effect of plasma cluster ions on the epitopes of mite
allergens

To evaluate the effect of plasma cluster ions on the anti-
genicity of epitopes of mite allergens, their ability to bind
specific IgE was determined by the ELISA method (Fig. 1).
Reaction of IgE in the pooled sera from AD mice to non-
treated mite extract was inhibited competitively by
increasing concentrations of the antigens. The concentra-
tions of the control and plasma ion-treated mite extracts
required for 50% inhibition of IgE binding were estimated
to be 190 and 380 ng, respectively. Thus, under the present
experimental conditions, about 95% of epitopes of mites
allergens lost their ability to bind to IgE in the AD mice
sera after exposure to plasma cluster ions.

Effect of plasma cluster ions on AD mice symptoms

Although the SPF group did not reveal the symptoms of
AD at any condition tested (Fig. 2a—c), the conventional
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Fig. 1 Competitive inhibition of the binding of IgE to mite-allergens.
The extract of mite was exposed to plasma cluster ions as described in
the text. The pooled sera from AD mice were preincubated with
varying concentrations of control (filled circles) and plasma cluster
ion-treated (open circles) mite extracts. The incubated mixtures were
transferred to wells coated with the intact mite extracts. Then, the
amounts of IgE bound to the wells were determined by ELISA. Each
point indicates the mean + SD derived from three independent data
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Fig. 2 Effect of plasma cluster ions on AD-like skin lesion of NC/
Nga mice Both SPF and conventional mice (d, e, f) were expressed to
either plasma cluster ions (b, e) or air cleaner (¢, f). The skin
symptom was apparent with conventional group (d) and that exposed

mice started to exhibit symptoms including edema, ery-
thema and haemorrhage at their rostral skin (Fig. 2d—f).
The dermal symptom was ameliorated in the animal group
that had been exposed to plasma cluster ions (Fig. 2e). In
contrast, the symptom remained unaffected in animal group
that had been housed in a room equipped with an air
cleaner (Fig. 2f, g).

Discussion

The present work clearly demonstrates that the exposure of
mite extracts to plasma cluster ions destructed the epitopes
of mite-allergens and inhibited their binding to IgE.
The results also demonstrate that the AD symptom of the
conventional mice was successfully suppressed by the
exposure to plasma cluster ions. In addition, we use NC/
Nga mice in this study. NC/Nga mice, an inbred strain of
Japanese origin, have the healthy skin under a SPF envi-
ronment. When they are kept under conventional condi-
tions for a period of time, they develop chronic dermatitis
and IgE hyperproduction [13, 23], which may be due to
mite infection and allergies [14]. Spontaneous scratching,
an itch-associated response, gradually increases with the
worsening of dermatitis in NC/Nga mice kept under con-
ventional conditions, but not under SPF conditions [23].
These symptoms are similar to those observed in human
AD and therefore, NC/Nga mice have been used as AD
model mice.

The molecular natures of the major plasma cluster
ions generated by the device used in our experiments
were previously identified as H;O" (H,0), and O,
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to an air cleaner (f) but not the animal group exposed to plasma
cluster ions (e). Based on the severity of erythema, haemorrhage and
pilosis, the dermatitis score (g) was assessed at the dorsal skin of the
conventional group (0, none; 1, slight; 2, moderate; 3, severe)

(H;0), (m, n > 0) (data not shown). Negligible amounts
of ozone and other ions were generated under the present
experimental conditions [15, 16]. In this context, the ion-
exposed extract was significantly diminished in its reac-
tivities to anti-mite antibody and to mouse allergic sera
IgE on ELISA. SDS-PAGE analysis revealed that ion
exposure induced protein degradation in the mite extract
(data not shown). The rate of decrease in the antigenic
activities of epitopes was proportional to the densities of
plasma cluster ions. As a plausible explanation for the
reduction in the antigenicity and allergenicity of mite
extract by the exposure to plasma cluster ions, destruc-
tion and/or cleavage of epitope molecules by hydroxyl
radicals produced by collision of cationic and anionic
cluster ions might seem to occur during the exposure.
This hypothesis is consistent with the fact that anionic
cluster ions alone did not reduce the antigenicity and
allergenicity of mite extract during a short term exposure
[10].

Nogrady and Furnass [17] reported that negative ion
generators electrostatically precipitated airborne dusts and
allergens. However, clinical benefits using such device
remain unknown. Warner et al. [21] reported that the use of
ionizers could not be recommended for patients with
asthma to improve their symptoms. Since the largest
amounts of the mite allergens remained in settled dusts
[12], ionizers and air filtration units failed to reduce the
levels of mite allergens in indoor environments.

The use of plasma cluster ions permits inactivation of
the antigenicity and allergenicity of various airbone aller-
gens without causing the exposure to ozone. Further study
is necessary to confirm the beneficial effects of plasma
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cluster ions to eliminate mite allergens from living envi-
ronments and to suppress the symptoms of AD patients.
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