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Fig. 7. Effects of ramatroban on migration of CRTH2 transfectants. Ramatroban
inhibits PGD, activities via prostancid TP receptor (TP) antagonism.
Furthermore, ramatroban inhibits CRTH2 activities induced by PGD, 15d-PGJ,
and indomethacin originally identified as three different ligands for the PGD,
receptor (DP), peroxisome proliferator-activated receptor (PPAR<y) and
cyclooxygenases (COXs), respectively.
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of many mechanisms dependent on the physiological or
pathological processes in question. It is interesting to find that
PGD,, indomethacin and 15d-PGJ,, originally identified as
ligands for three different systems, the prostanoid DP receptor,
COXs and PPARvy and stimulating different physiological
effects, share a similar binding site with ramatroban on CRTH?2
Fig. N.

To investigate the signaling efficiency among various
CRTH2 agonists, we compared the efficacy and potency of
various CRTH2 agonists in receptor binding, Ca** mobilization,
cAMP production and migration assays. 15R-methyl-PGD,
showed 3-fold higher migrated cell numbers with 2.5-fold higher
potency than PGD, in inducing migration of CRTH2
transfectants (Fig. 6A), although they showed similar efficacy in
inducing Ca”>* mobilization and reducing forskolin-induced
cAMP production. These results show correlation with the
results of human eosinophils. In human eosinophils, 15R-
methyl-PGD, showed 5-fold higher potency than PGD, in
upregulating CD11b expression (ECs, values of 1.4 and 7 nM,
respectively), actin polymerization (ECsq values of 3.8 and 13
nM, respectively) and cell migration (ECsq values of 1.7 and 10
nM, respectively) (Monneret et al.,, 2003). Almost all of the
maximally efficacious response seen in 15R-methyl-PGD,-
induced cell migration was inhibited by ramatroban in the
present study (Fig. 6C), suggesting that its effect was mediated
via CRTH2.

In contrast, indomethacin induced 3-fold higher migrated cell
numbers but with 65-fold lower potency than PGD, in migration
of CRTH2 transfectants. The potency in Ca®* mobilization and
suppression of cAMP production was 40-fold lower and 200-
fold lower than PGD,, respectively. These results are in close
agreement with the study reported by Hirai et al. (Hirai et al.,
2002). Indomethacin showed 50-fold lower potency than PGD,
in Ca?" mobilization using CRTH2 transfectants, and showed
similar migrated cell numbers as PGD, with 15 to 50-fold lower
potency than PGD, in human eosinophils, basophils and Th2
cells (Hirai et al., 2002). While it is difficult to speculate on the
relevance of a 2 to 3-fold increase in cell number in vitro
migration assays of transfectants, it is possible that the efficacy
in response is derived from CRTH2-associated signals because
ramatroban also inhibited this response.

For 15d-PGlJ,, there are some contradictory reports. Hirai et
al. (2001) reported that 15d-PGJ, showed 40-fold lower affinity
than PGD, in [°"H]PGD, binding to CRTH2-transfected K562
cells (K; values of 2,300 and 61 nM, respectively). In contrast,
Sawyer et al. (2002) described that 15d-PGJ, and PGD, showed
similar affinities in ["HJPGD, binding to CRTH2-iransfected
HEK293 cell membranes (K; values of 3.2 and 2.4 nM,
respectively). Monneret et al. (2002) reported that 15d-PGJ; and
PGD, showed similar potencies in Ca*" mobilization (ECs,
values of 29 and 60 nM, respectively), actin polymerization
(ECso values of 11 and 7 nM, respectively) and CDIlb
expression (ECso values of 9.4 and 11.7 nM, respectively) in
human eosinophils. We obtained interesting results using
CRTH2-transfected L 1.2 cells. 15d-PGJ, showed 90-fold lower
potency but showed 1.5-fold greater increase in Ca** level than
PGD, in Ca®" mobilization assays, and showed 80-fold lower
potency but 12-times greater migrated cell numbers than that of
PGD, in migration assay using CRTH2 transfectants. Only
15d-PGJ, showed such increases in Ca®" level and migrated
number of cells among the other CRTH2 agonists tested here.
These results suggest that 15d-PGJ, has lower potency to
CRTH2, but its function could be amplified through different
signaling pathways especially at the higher concentration.

Finally, it is known that indomethacin has unwanted side
effects causing various complications such as gastrointestinal
mjury. Shortening of the villi, epithelial stratification, basal
lamina degeneration, eosinophil degranulation and infiltration of
the epithelium prior to infiltration of the mucosa by neutrophils
are earliest histological features of indomethacin-induced intes-
tinal injury in rats (Anthony et al., 1993). It is also known that
CRTH2 is expressed on infiltrating cells of the gut mucosa and
has been found in acute manifestations of ulcerative colitis
(Matsuzaki et al., 2003), thus, indomethacin may also act on these
cells via CRTH2. Ramatroban, or specific CRTH2 antagonists,
may therefore have potential as therapeutic agents for use in
combination with these known anti-inflammatory principles, or as
a counterbalance to toxicity associated with similar drugs.

This is the first report showing the evidence for direct
ramatroban binding to CRTH2, revealing its competitive
inhibitory effects and other interesting findings that PGD,,
indomethacin and 15d-PGJ, share the same binding site with
ramatroban on CRTH2.
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Summary

Background Staphylococcal enterotoxins (SEs) appear to play a role in the pathogenesis of allergic
disease. However, little is known whether the nasal exposure to SE affects the development of allergic
rhinitis (AR).

Objective We sought to determine the in vivo effect of nasal exposure to SE on the development of
AR using mouse model.

Methods BALB/c mice were intranasally sensitized with Schistosoma mansoni egg antigen (SmEA)
in the presence or absence of staphylococcal enterotoxin B (SEB). Control mice were intranasally
sensitized with either SEB or SmEA alone. The production of antigen-specific antibodies including
IgE, nasal eosinoplilia and cytokines by nasal mononuclear cells was compared among mice that had
or had not received SEB treatment.

Results Nasal exposure to SEB enhanced the development of AR in SmEA-sensitized mice, as
manifested by SmEA-specific IgE production, nasal eosinophilia, and IL-4 and IL-5 production by
nasal mononuclear cells after Ag challenge. This treatment also elicited IFN-y production by SmEA-
primed cells. In addition, these mice produced SEB-specific IgE whereas mice treated with SEB
without SmEA sensitization did not produce SEB-specific IgE or demonstrate nasal eosinophilia.
Conclusion These results suggest that the nasal exposure to SEB enhances susceptibility to AR
although the exposure to SE solely does not induce AR.

Keywords allergy, enterotoxin, IgE, mouse, rhinitis
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Introduction

Superantigenic exotoxins produced by Staphylococcus aureus,
including the staphylococcal enterotoxins (SEs), exfoliative
toxins, and toxic shock syndrome toxin (TSST)-1, trigger an
excessive immune response and appear to be involved in the
pathogenesis of allergic disease, especially atopic dermatitis
(AD) [1-4]. They elicit T cell activation, which leads to the
production of IL-4 and IL-5[5, 6]. Direct application of these
toxins to the respiratory mucosa and to lesions of the skin
induces an inflammatory response in vivo in both humans and
mice [7-9]. In addition, S. aureus-derived toxins act as
allergens [10-13]. Histamine release from basophils has been
observed in patients with AD sensitized to SE upon exposure
to SE toxins, however, histamine release has not been
observed in un-sensitized AD patients or in normal controls
upon exposure [13].

The mechanism by which S. aureus and/or S. aureus toxins
contribute to the development of allergic rhinitis (AR)
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& Neck Surgery, Okayama University Graduate School of Medicine and
Dentistry, 2-5-1 Shikata-cho Okayama-shi, Okayama 700-8558, Japan.
E-mail: mokano@cc.okayama-u.ac.jp

remains unclear despite the fact that S. aureus is often found
in the nasal mucosa and is one of the pathogens of acute
infectious rhinosinusitis [14, 15]. Recently, Shiomori et al.
have reported higher rates of nasal carriage of S. aureus and
toxin-producing .S. aureus among patients with perennial AR,
compared with control subjects. In addition, peripheral blood
mononuclear cells (PBMC) from these patients produced
higher levels of IL-4 and IL-5, and decreased levels of IFN-y
response to the toxins [6]. Another group reported that TSST-
1 enhanced pollen-specific IgE production by PBMC from
patients with pollinosis during the pollen season [16]. More
recently, we have reported an increased prevalence of
sensitization to SEs among patients with AR, compared with
healthy controls. Also, patients sensitized to SEs had higher
levels of total serum IgE and exhibited poly-sensitization to
other inhaled allergens, when compared with un-sensitized
patients [17]. These findings prompted us to investigate the
possibility that intranasal exposure to SEs may affect the
allergic responses such as the production of allergen-specific
IgE and nasal eosinophilia, in cases of AR.

We have recently developed a murine model of AR using
Schistosoma mansoni egg antigen (SmEA) as allergen [18].
Intranasal sensitization with SmEA induces allergic hall-
marks such as the production of Ag-specific IgE and local
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eosinophila in the absence of any adjuvants, thus we believe
that this model is suitable to investigate the initiation of AR.
In the present study, we investigated the role of nasal
exposure to SEB, one of the commonest exotoxins found in
the nasal cavity [6], in the development of AR in vivo. The
results presented here may argure against our current
understanding of the ‘hygiene hypothesis’ [19].

Materials and methods

Animals and antigens

Female BALB/c mice aged 7-10 weeks old were purchased
from Charles River Japan (Yokohama, Japan). The mice
were maintained in SPF condition at Okayama University
Medical School in accordance with the guidelines set forth by
the Okayama University Medical Area Research Committee.
And all experimental protocols and procedures in the present
study were approved by institutional animal care and use
Committee. SmEA was prepared as previously described [18].
SEB was purchased from Toxin Technology Inc. (Sarasota,
FL, USA). Ovalbumin (OVA: grade V) was purchased from
Sigma (St Louis, MO, USA).

Sensitization of mice

Mice (n=6 per gourp) were intranasally sensitized with
SmEA in the absence of adjuvants to archive the initiation of
AR as described previously with slight modification [18]}. In
brief, low (0.1 pug) or high (10pg) amount of SmEA mixed
with either 5 or 500ng of SEB in 20 uL phosphate-buffered
saline (PBS) was instilled into nostrils once a week for 3
weeks. One week after the third sensitization, the same
treatment was challenged intranasally for 7 consecutive days.
As control, mice were received either the same amount of
SmEA or PBS alone. In another set of experiment, mice were
applied intranasally with 500ng of SEB alone in a same
manner as described above (Fig. 1a). Peripheral blood was
collected from the tail vein prior to sensitization (day 0), 6
days after the third sensitization (day 20) and/or 12 h after the
final challenge (day 28), then centrifuged at 200g, and the
specific Ab content in the serum was tested.

In order to investigate the effect of exposure to SEB on
nasal challenge, BALB/c mice (n =6 per group) were sensi-
tized intraperitoneally with 50ug OVA adsorbed to lmg
alum (Kyowa Kagaku, Kagawa, Japan) in a total volume of
200pL on day 0, 7, and 14. Two weeks after the third
intraperitoneal sensitization, mice were challenged intrana-
sally with 10 ug OVA in the presence or absence of 5 or 500 ng
of SEB in 20 pL PBS for 7 consecutive days. Twelve hours
after the final nasal challenge, blood was taken (Fig. 1b).

Antibody determination

The levels of Ag-specific Ab including IgE, IgG1, and 1gG2a
were measured by ELISA as previously described [20]. The
levels of SEB-specific IgE Ab were also measured by captured
ELISA using biotinylated SEB (Toxin Technology Inc.) as a
detection reagent [20]. Titres for specific IgE were estimated
as mean optical density (OD) at 450 nm of 1:4 diluted sera.

@) PBS alone
SmEA (0.1/10 pg) alone
SmEA (0.1/10 pg) + SEB 5 ng
SmEA (0.1/10 pg) + SEB 560 ng

SEB 500 ng alone
11
| I l
0 1 2 3 4 Weeks
Blood sampling Blood sampling
Blood sampling
Sacrifice
(b) OVA (101g) alone
OVA(50 ug) OVA(10ug) + SEB Sng
/alum(1 mg) OVA(10pug) + SEB 500 ng
vV YYYYVY
1 I
0 1 2 3 4 5 Weeks
Blood sampling

Fig. 1. Experimental design used to investigate the effect of nasal
exposure with staphylococcai enterotoxin B (SEB) on the initiation (a) and
nasal nasal challenge (b) of allergic rhinitis in mice. SmEA, Schistosoma
mansoni egg antigen.

Titres for specific IgG1 and Ig(G2a are estimated as mean OD
at 450 nm of 1:100 diluted sera.

Histological examination

Histological examination was performed as previously
described [20]. Briefly, 12h after the final nasal challenge
mice were killed by cervical dislocation. Their heads were
removed, fixed in 10% formalin and decalcified with 2.5%
EDTA-2Na solution. Coronal nasal section were stained with
Luna solution and the number of eosinophils in the nasal
mucosa was counted microscopically under a high power field
(10 x 40).

In vitro culture of nasal mononuclear cells and cytokine
determination

Twelve hours following the final nasal challenge, mice were
sacrificed, and heads were removed. Nasal mononuclear cells
were isolated as described previously [20]. In brief, skin-peeled
nasal components were cut into small pieces, and incubated
with RPMI 1640 (Sigma) containing 4 mg/mL collagenase
(Boehringer-Mannheim, Indianapolis, IN, USA) for 30 min
at 37°C. After the incubation, a single cell suspension
obtained by passing 70 um cell strainer (BD Falcon, Bedford,
MA) was placed on top of 40% and 75% Percoll density
gradient solutions (Pharmacia, Uppsala, Sweden). After the
centrifugation at 200g for 15min, nasal mononuclear cells
were recovered from interface between the 40% and 75%
Percoll solutions. Then IL-4, IL-5, and IFN-y production by
SmEA-stimulated and unstimulated cells were measured [20].
Detection limit for IL-4, IL-5, and IFN-y in this system was
0.1 U/mL, 40 pg/mL, and 0.1 IU/mL, respectively.
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Statistical analysis

Student’s unpaired #-test was used to determine the statistical
significance of the values obtained. P<0.05 was considered
statistically significant. Data are expressed as the mean
standard error of mean (SEM) for each subject group.

Results

Nasal exposure to staphylococcal enterotoxin enhances the
development of allergic rhinitis

Following repeated intranasal sensitization with 0.1ug of
SmEA, which has been shown to induce mild sensitization [21],
BALB/c mice produced detectable amounts of SmEA-specific
IgE and IgGl, but not IgG2a (Figs 2a—c). An increased level of
total serum IgE was also observed (Fig. 2d). Simultaneous
application of 5ng of SEB with SmEA led to a significant
increase in the production of SEA-specific IgGl. This
treatment also enhanced, albeit not significantly, the produc-
tion of SmEA-specific IgE. On the other hand, application of
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500 ng of SEB with SmEA significantly enhanced both SmEA-
specific IgG1 and IgE production (Figs 2b, ¢). This treatment
also elicited an increase in total serum IgE (Fig. 2d). In
addition, both concentrations of SEB increased the production
of SmEA-specific IgG2a, however, these increases in produc-
tion were not statistically significant (Fig. 2c).

Similar results were obtained with regard to the develop-
ment of local eosinophilia, as determined by histological
examination. Mice sensitized with 0.1ug of SmEA showed
subtle eosinophil infiltration, and the average number 4+ SEM
of eosinophils per field (10 x 40) of the nasal septum was
5.33 £ 1.31 (Fig. 3a). In mice treated with 5ng of SEB, a
slight increase in eosinophil infiltration was observed,
compared with control mice, but this increase was not
significant (Fig. 3B). Eosinophil infiltration was significantly
greater in mice sensitized with SmEA mixed with 500 ng of
SEB, compared with mice sensitized with SEA alone (Fig. 3c).
The average number = SEM of ecosinophils per field was
8.83 £ 1.25 and 35.50 + 6.80 in mice treated with 5 and
500 ng of SEB, respectively.
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Fig. 2. Effect of nasal exposure with staphylococcal enterotoxin B (SEB) on antibody production following intranasal sensitization with 0.1 ug of
Schistosoma mansoni egg antigen (SmEA). BALB/c mice (n = 6) were intranasally sensitized with 0.1 ng of SmEA or phosphate-buifered saline (PBS). Five
or 500 ng of SEB or PBS, which served as a control, were applied intranasally at the same time, as shown in Fig. 1. Blood was sampled form the tait 12 h after
the final nasal challenge. Titres of SmEA-specific IgE (a), IgG1 (b), IgG2a (c), and serum total IgE (d) were determined by ELISA. Results show (a) the mean
optical density (OD) at 450 nm + SEM of six serum samples from each group at a 1:4 dilution, and (b, ¢) the mean OD at 450nm + SEM of six serum
samples from each group at a 1:100 dilution. Data are representative of three separate experiments.

102



Nasal exposure 10 Staphylococcal enterotoxin

Cytokine production from nasal mononuclear cells after
challenge with SmEA was then examined. The cells were
isolated by enzyme extraction and stimulated with SmEA for
72h, after which cytokine production within the culture
supernatant was assessed. SmEA-stimulated nasal mono-

(a) SEB none

¥

(b) SEB 5ng

(c)

@

[ %4

%% .

=

Fig. 3. Effect of nasal exposure with staphylococcal enterotoxin B (SEB)
on the induction of nasal eosinophilia. BALB/c mice (n=6) were
intranasally sensitized with Schistosoma mansoni egg antigen (SmEA).
Phaosphate-buffered saline (a) 5ng of SEB (b), or 500ng of SEB (c) were
applied intranasally at the same time of sensitization. Twelve hours after
the final nasal challenge with SmEA, mice were sacrificed. Nasal sections
were fixed, decalcified, and Luna staining was performed to detect
eosinophils in the nasal mucosa.

By
i

Fig. 4. Production of IL-4 (a), IL-5 (b) and IFN-y (c) by nasal lymphocytes
from BALB/c mice intranasally exposed with staphylococcal enterotoxin B
(SEB) or phosphate-buffered saline (PBS) during sensitization and
subsequent challenge with Schistosoma mansoni egg antigen (SmEA).
Nasal lymphocytes were isolated and cultured in vitro for 72 h with SmEA.
Cytokines were measured by ELISA. Results show the mean + SEM of
three separate experiments.
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nuclear cells from control mice produced detectable amounts
of IL-4 and IL-5, but not IFN-y (Figs 4a—c). Nasal application
of 500 ng of SEB with each repeated intranasal application of
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Fig. 5. Effect of nasal exposure with staphylococcal enterotoxin B (SEB) on antibody production following intranasal sensitization with 10 ug of Schistosoma
marnsoni egg antigen (SmEA). BALB/c mice (n= 6) were intranasaily sensitized with 10 g of SmEA or phosphate-buffered saline (PBS). Five hundred
nanograms of SEB or PBS, which served as a control, were applied intranasally at the same time, as shown in Fig. 1. Blood was sampled form the tail 12h
after the final nasal challenge. Titres of SEA-specific IgE (a), 1gG1 (b), IgG2a (c), and serum total IgE (d) were determined by ELISA. Results show (a) the
mean optical density (OD) at 450 nm + SEM of six serum samples from each group at a 1: 4 dilution, and (b, c) the mean OD at 450 nm + SEM of six serum
samples from each group at a 1: 100 dilution. Data are representative of two separate experiments.

SmEA led to an increase in IL-4 and IL-5 production (Figs 4a
and b). In addition, nasal mononuclear cells also produced
significantly greater levels of IFN-y in response to SmEA, than
those from mice sensitized with SmEA alone (Fig. 4¢). On the
other hand, nasal application of 5ng of SEB did not
significantly affect cytokine production.

Effect of nasal exposure to staphylococcal enterotoxin on
the development of allergic rhinitis depends on the dose of
allergen introduced

BALB/c mice were intranasally sensitized with 10pg of
SmEA, which has been shown to induce full sensitization [21].
BALB/c mice produced greater amounts of SmEA-
specific IgE and IgGl, along with increased levels of total
serum IgE, compared with mice treated with 0.1pg of
SmEA (Figs 2 and 5). Nasal exposure to 500ng of SEB did
not alter the production of SmEA-specific Abs or total serum
IgE (Fig. 5). In addition, this treatment did not modify the
degree of eosinophilia noted following repeated nasal
sensitization with 10pug of SmEA. The average num-

ber + SEM of eosinophils per field (10 x 40) of the nasal
septum was 80.67 + 11.63 and 59.50 £ 6.70 in mice that did
or did not receive intranasal exposure to 500ng of SEB,
respectively (P = 0.146).

Nasal exposure to staphylococcal enterotoxin alone does
not induce the pathological features of allergic rhinitis

We sought to determine whether repeated nasal exposure to
SEB alone induces the production of IgE or results in nasal
eosinophilia. Levels of total serum IgE did not differ
significantly among mice exposed to 500 ng of SEB alone or
PBS alone throughout the experiment (Fig. 6). In addition,
eosinophilia was not observed within the nasal mucosa of
mice treated with 500 ng of SEB alone.

Staphylococcal enterotoxin-specific immunoglobulin E
was detected only in the presence of allergen

Mice sensitized with 0.1 ng of SmEA together with 500 ng of
SEB produced significant levels of SEB-specific IgE after
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Fig. 6. Effect of nasal exposure with staphylococcal enterotoxin B (SEB)
alone on the amount of serum total IgE. BALB/c mice (n= 6) were
repeatedly applied with 500 ng of SEB (closed circle) or phosphate-buffered
saline (PBS) (open square) intranasally as shown in Fig. 1. Blood was
sampled prior 1o (day 0), 6 days after the third (day 20), and 12 h after 10th
(day 28) exposure with SEB. Results show the mean amounts + SEM of
six serum samples from each group. Data are representative of two
separate experiments.

nasal challenge. Mice sensitized with SmEA together with
5ng of SEB also produced SEB-specific IgE, however, a
significant increase in the level of SEB-specific IgE over that
of control mice was not observed. Mice treated with 500 ng of
SEB alone did not display significant SEB-specific IgE
production (Fig. 7).

Effect of nasal exposure to staphylococcal enterotoxin on
nasal challenge in presensitized mice

BALB/c mice presensitized with OVA were intranasally
challenged with OVA in the presence or absence of 5 or
500ng of SEB. Mice exposed to 500ng of SEB during the
nasal challenge produced significantly higher amount of
OVA-specific IgE but not IgG1 or 1gG2a as compared with
other groups (Fig. 8).

Discussion

In the present study, we analyzed the immunological effects
of nasal exposure to a S. aureus-derived enterotoxin,
specifically with regard to the development of AR in mice.
Mice sensitized with 0.1 ug of SmEA together with 500 ng of
SEB produced significantly greater amounts of SmEA-
specific IgE and IgG1, as well as total serum IgE, compared
with mice sensitized with SmEA alone (Fig. 2). Eosinophil
infiltration of the nasal mucosa was also markedly increased
in mice treated with 500 ng of SEB, compared with control
mice (Fig. 3). These results suggest that nasal exposure to
SEB enhances the development of AR.

There are several mechanisms by which exposure to an
enterotoxin might augment the development of AR. First,
SEB might enhance the immune response following presenta-
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Fig. 7. Effect of nasal exposure with staphylococcal enterotoxin B (SEB)
on SEB-specifc IgE production. BALB/c mice {n = 6) were repeatedly
received the intranasal application with phosphate-buffered saline (PBS),
0.1 ug of Schistosoma mansoni egg antigen {SmEA) alone, 0.1 ug of SmEA
together with 5ng of SEB, 0.1 ug of SmEA together with 500 ng of SEB or
500 ng of SEB alone as shown in Fig. 1. Blood was sampled form the tail
12 h after the final nasal chalienge. Titres of SEB-specific IgE were
determined by ELISA. Results show the mean optical density at
450 nm + SEM of six serum samples from each group at a 1:4 dilution.
Data are representative of two separate experiments.

tion of an allergen-specific antigen. Conventional allergens,
such as SmEA, are ingested by antigen-presenting cells (APCs)
such as macrophages and dendritic cells, after which they are
digested into small peptides, which then bind to the groove in
major histocompatibility complex (MHC) class IT molecules.
After this, T cells display allergen-specific activation via
binding between the T cell receptor (TCR) and peptide/MHC
class IT molecules [22]. Superantigens, such as SEB, stimulate
T cells in the absence of these conventional proceeding and
presentation, since superantigen can bind directly to MHC
class II B chain and the TCR-Vf element [23]. Thus, direct
binding of SEB to an MHC class II molecule loaded with
SEA-derived peptides might enhance the antigenicity of an
allergen. Second, activation of immune cells, such as T cells
and dendritic cells, by superantigens leads to the synthesis of a
variety of pro-inflammatory cytokines, including IL-1 and
TNF-x [24, 25]. In addition, SEB has been shown to induce
high levels of CC chemokines, such as macrophage inflam-
matory protein (MIP)-lo, MIP-18, and monocyte chemoat-
tractant protein-1 (MCP-1), which are involved in the
recruitment and activation of eosinophils [26, 27]. A micro-
environment in which these pro-inflammatory cytokines and
chemokines are present might set the stage for the develop-
ment of AR. In fact, mice deficient in TNF-a have displayed a
significant reduction in antigen-specific IgE production, nasai
symptoms, T helper 2 (Th2)-type cytokine production, and
nasal eosinophilia, in a murine model of AR [28].
Interestingly, such an adjuvant effect of SEB is not found
when mice were sensitized with 10 pg of SmEA, with which
dose the pathological features of AR were fully induced (Fig.
5). In addition, nasal exposure with low dose (5ng) of SEB
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only augmented SmEA-specifc [gG1 production but not IgE
production or nasal eosinophilia (Figs 2 and 3). In addition,
nasal exposure to a low dose of SEB (5ug) only augmented
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SmEA-specific IgG1 production, but not IgE production or
nasal eosinophilia (Figs 2 and 3). These results suggest that
both SEB and the SmEA allergen have dose-dependent effects
on the development of AR.

Nasal mononuclear cells from SmEA-sensitized mice
exposed to 500 ng of SEB, produced not only IL-4 and IL-3,
but also IFN-y, in response to recall stimulation with SmEA
in vitro (Fig. 4). This result suggests that nasal exposure to
SEB does not induce a strict Th2-skewed response. The
finding of a slight, but not significant, increase in the
production of SmEA -specific Ig(G2a upon exposure of mice
to 500ng of SEB (Fig. 2c) supports this assertion. As
described above, superantigens induce the production of
various pro-inflammatory cytokines and chemokines, some of
which preferentially induce T helper type 1 (Thl) responses
[29]. In addition, Saloga et al. [30] have revealed a shift in the
immune response of mice to OVA from Th2-associated Ab
production of OVA-specific IgE and 1gG1 to Thl-associated
Ab production of IgGla, IgG2b and IgG3, following
intradermal administration of SEB. Since SmEA is a potent
Th2-inducer because of its carbohydrate content [31], it is
possible that the presence of both allergen and exotoxin might
facilitate both Thl and Th2 responses.

Recent reports revealed that IgE to SE is related with local
eosinophilic inflammation in nasal polyps and the severity of
asthma [32, 33]. And we have observed an increased preva-
lence of SE-specific IgE among patients with AR, compared
with healthy controls. In addition, patients sensitized with
SEs significantly demonstrated increased levels of tota] serum
IgE and polyvalent sensitization {17]. In the present study,
SEB-specific IgE production, and increased levels of total
serum IgE, were seen in mice exposed to SEB combined with
SmEA (Figs 2 and 7). The present results are consistent with
clinical observations, and suggest that nasal exposure to SEB
may be involved in polyvalent sensitization.

However, intranasal application of SEB alone did not
induce significant production of SEB-specific IgE or eosino-
philia within the nasal mucosa (Figs 6 and 7). Herz et al. [9]
have reported induction of pulmonary eosinophilia, and
detection of Th2-dominant cytokines by bronchoalveolar
lavage, as well as tracheal hypersensitivity, following intra-
nasal administration of SEB. Although they did not focus on
IgE production or nasal inflammation, their results are not
consistent with our own. This may be because of different
responses of the upper and lower airways to SEB. In fact,
upper and lower airways are known to display different
responses to bacterial products, such as lipopolysaccharide
[34]. Our results suggest that SEB does not act as an allergen
on its own, and therefore does not result in SEB-specific IgE
production and nasal eosinophilia. However, simultaneous
application with SmEA may enhance the antigenicity of the
SEB and lead to the production of SEB-specific IgE. This

<4
%

Fig. 8. Effect of nasal exposure with staphylococcal enterotoxin B (SEB)
on nasal challenge. BALB/c mice (n = 6) were presensitized with ovalbumin
(OVA)/Alum, then intranasally challenged with OVA in the presence or
absence of 5ng or 500 ng of SEB, as shown in Fig. 1. Blood was sampled
form the tail 12 h after the final nasal challenge. Titres of OVA-specific IgE
(a). 1gG1 (b), and igG2a (c) were determined by ELISA. Results show (a)
the mean optical density (OD) at 450 nm + SEM of six serum samples from
each group at a 1:4 dilution, and (b, c) the mean OD at 450 nm + SEM of
six serum samples from each group at a 1: 100 dilution. Data are
representative of two separate experiments.
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may be because of the adjuvant activity of SmEA since it
contains immunomodulatory carbohydrate that leads to the
induction of Th2 responses.

In conclusion, we demonstrated that nasal exposure to SEB
enhances sensitization and allergic inflammation in a murine
model of AR. The present results may argue against our
current understanding of the *hygiene hypothesis’ [19]. In fact,
recent report suggested that a difference in responses to
Gram-negative vs. Gram-positive bacteria may affect the
initiation of allergic diseases [35].
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Argon Plasma Coagulation for Nasal Allergy

Tsukasa Ishibe
(Ishibe ENT Clinic)

Nobuo Kubo

(Kansai Medical University Otokoyama Hospital)

We performed argon plasma coagulation (APC) in 64 patients with perennial allergic rhinitis and 115
patients with cedar pollinosis, and investigated the treatment response and degree of satisfaction. With
respect to various symptoms and topical findings, 87 to 89% patients with perennial allergic rhinitis re-
sponded to APC for 6 months after this therapy. One year after APC, the response rates for nasal dis-
charge and sneezing ranged from 67% to 69%; the treatment response differed among the symptoms.
The response rate for each symptom was approximately 50% 2 years after APC. An increasing number
of patients required additional irradiation or other treatments between 1 year and 2 years after APC. Fur-
thermore, 65% of the patients with cedar pollinosis responded to APC, and 77% of the patients were sat-
isfied with this therapy.

In years with higher pollen dispersion, the response rate was 52%. In years with lower pollen dis-
persion, the response rate was 92%. The effects on pollinosis depended on pollen dispersion. In one-third
of patients who underwent APC the year before lower pollen dispersion was noted, the effects of APC
were maintained over the year. When average pollen dispersion is expected, APC should be performed
annually. In 18 of 21 patients with cedar pollinosis complicated by Dactylis glomerata pollinosis, the ef-
fects of APC persisted until the end of Dactylis glomerata pollen dispersion. In patients with cedar polli-
nosis complicated by perennial allergic rhinitis, the response rate was similar to that in patients with cedar
pollinosis alone; however, satisfaction was lower. The response rate for APC during pollen dispersion was

lower than that for APC prior to pollen dispersion. However, there was no difference in satisfaction. APC
was useful for perennial allergic rhinitis and pollinosis.

Key words : argon plasma coagulation, perennial allergic rhinitis cedar pollinosis

203

U ®IC BT LAX R L T —F =Rl E L e

T U NAX RIS D IREITPLT LA X —FEONR
R, AT oA FoLRESOEMIARSCTIRFRERR
VEEEEREAR L 2> TC0B D, ITNEORBICKE LR
WHBWRIRSEE Y TS A T ADBWRES T LV
F—RBEOMREMD AEMKRTIT L <BRTS. Zhbd

L e ARV O B STESL SN TE TS, 20
VDEDELT, BETNIL T XABEEEBICLDT
ERNFEHOEIMED Fukazawa 59 12 X D G S T&
TNBE), L L, SEECEMBITT2 TR, ER
OFEEE, AP Vo Tz AR iidgE s h

WUH &R
= BAVEIE R K 0B B sk B RIEMER

113



204 s

TRV, TAI 7S A< RIESEE L, RS

FIERENTWAIEEMOE /R~ T LVEXRA AT,
MR ENT DTN A ACERARE T RER 2 WE
USRER T AL — W — L FERRICHSR T = R L F— 2
PEEERIEIEBTHD.

SELBEET LA —HRE, B L TTAad
V7S X EERRE (LUF APC) B E D B HIAE
M, &TLAX—@EEOERIEFGLTERS BWE
WA, WBEAOWBREZEN LS S0, FEMIE~DRE
MREERTDELE UTERREEIC L DAPCOMR
DEWITE 5 5, TER ARG & % T APC Z2Hifr L4
DOIROENLE S H, TERHE RG] & & Vv IEHEE,
BERT L AF B EGH L TOSIEEES~0
APC OB OE VLY 5 e LTz,

gk &k

WEIE, FRLB3FE 10 ALDERITETHOIE100
AR, WLAHEAGERERE % %38 U o SEHI B i KR
LIz SOHREEL EOBEET L AT —ERAREE R
38 % CEBFEm 28 i), ik 26 & (CEE4Ed 28 1%), &£
fih 8w~ 07wk, TEMIEREBE G624 (EE 34k, &
534 (FH 3858, S0~ 58 Thote. BE
UTUNF—EBEERE M ZOREEIIREFIA E
FE 28 £, WEGE 2T B ThoTr. 64 BLPINT AKX A K
B CEEIFURE LTAY, /% 22 &, ZEHY 2
B, TRV T ATH-oM. EWE 115 ROEIEE X
APCHEfTRID ¥ — X TR BIhEEL L TR G L
LS WEERBRBITH -T2, 116 BeflAF, b/ Xichik
TEENRL L THEIV 21 &, "Y2RER | 34 4,
2K, B/ RBP4 Th o, BREESHEIIET
LAX—BENA RS A ORIz -7z, HURORE
WX RAST ® U <USFEN R, FEE X 0 Hli L.

FETRATREE 4% %> ah A 2 E®) b EIE
#5000 f5R R 2 VS #HBREA LLHIZE L —
BICTRFEESE 30 2 REMELL, 730 75 X<t
EE (7o) 2RV 26~327 Y K, WRE
1.2L/ 7 C T B HAEIR A 7l R AR I U,
BRI A~ O BERFRNIIN S 2 TH ¥ X VR UIEIHEA
T LFRBROFECHRFEIET Uk, TEE~® APC
11115 49 93 Al A XL B AKANZ R T AIAET
ZHEfT U7z, 115 &0 22 I3 A, b ) e As A A
#4330, 4 AP — X2 HRIZ APC {7 LTz, /DR

w-AR ek

ERMBE 99:3

T S L CHhIIEREEN AL — Y —AE L [ ICE
ST APC i fifr T 2,

AR VRN T L VX BRI LTI
17 AbSEE 245 AORAT, FEER LTI AX -
b RTERIRERE TR T2 o, RFFF RIS L TR
TULAF—BEEN A K54 L ORI ROBESHEOL
HHOEFH 3 BRL LdiEA2 2D, 2 B LEs
Hah, 1~ 0 BREUcEE 2 meh, 1 BN LB teEA e L
7o, BERICHT 2RMIZB T VX —BFEIT AL K51
YOLEROEED 2 B FE 2 EY, 1 B E
WEAAR), WELLAREN, 1 B EEEEILE
L. MBE~OBEEZT 77— NREIR XY 5 BT
FHE L, EFROXEE~OFTMIIN A K54 o OETE
OFEEORMICL Y R LEEY, dbFEVELEX
RLUEAR, HERMRBERICOPRNEEELWEE
b, T & EHOMOBELEFIEEERD b DR %
e L.

TEE~O BB RA~OFMIIER OB EIC L VIF
#H, FILLYREEARLLDY =R 2B LU TOFM
LT, Tuhr— ML, BERIZEY APCH T, T
= RUhBER R LB LT A RS54 0 OS5 TEE
ERELL T 235, & — X hiERRED S VIO R
BRI ANE L U RERICE VBED TR Tb %
B2, VR izE A CEROBRABLETERIC K
D RERBIREELL FIZ 722~ T2 b 0520\ R), — A
WA A HE L U ChSEN EOfERRH - mb D%
mh e Lz,

HE~OWBEIXT 7 — FATIC LY 5 BRS Calm
Uz, & BIA RBHERE S SHEFNICR L Cld A 2B
MREE T HRIZCDHDTT v I — P efiofe, Tyvir—
MIFRRME L THEBTEXS LEBREBRITELFZ LT
HEZAICHIEDITTH BT,

w R

SBAEYE T L LR — PRI 5 APCO R 1A
B 1y AR TR LBREAT 97%, BHT 2%, <
U %G 94%, L& T 94%, RFHTRT 97% 7 >
o (FR D). W6y Atk BEEHETE AT 4%, B
BEL A3 BB 87%, BT 87%, LA T8I%, &
EXEE T 89%, RFIATRT 8% -7 (& 2). HiE
14, BBERIETEIC 36 4, BRLLLISREAT 78
%, Bt 67%, <Lk 69%, LIEZME 8%, RFT

114



ERERR 99

T LAF—hRIA~DT T Xk

205

£ 1 BT LAX—{EBLR~D APC DEVE TSR 1y A (64 4)

P Bt S R
= 37 4 25 % 25 4 31 4 35 4
EE | 25 34 " 35 29 22
fEe %) 2 5 4 4 2
E AL 0 0 0 0 0
i 97% 92% 94% 94% 97%

£2 SREMT L AR —MEBKA~D APC OIE  WEHE G2 A (47 £)

& o 8 it L <Lea E L SRR B
% 2 23 & 14 4 18 4 18 % 16 4
F 18 27 23 24 19
U] 5 5 5 4 4
B oAt 1 1 1 1 1
T 87% 87% 87% 89% 88%

F3 MEMET LR (B A0 APC DR WS 125 B (36 4)

5 Bt Lok fEEME | REHR
= W 114 10 4 14 10 4 1 10 £
) 18 14 14 19 | 13
P 6 11 10 | 6 l 5
& At 1 1 1 1 1 | 1
P e 78% 67% 69% | 78% | 79%

FiR T9%7E -7z (3R 3). VIR 2 FREBZBETER
29 &, AuhLl EREEAT 55%, Bt 41%, < Lok
45%, NG REE 52%, RETFTR 59%TE» 7 (R 4). 1
Fik 6 A £ Tik 0% D H RN T REFIRRETE - o’
WaER L E ETIXER, R RIIRIT LRI -2
25, B, SLeARTOEMERSL>TER (K1),
SBEMT LA —MBEA~DAPCOBFE~DMBET
BTy — NORBDOH T 48 4, REWE 15%, 7
B 46%, BB EHWNEAW27T%, AR 8%, KEA
A% TE o ln, REREORITIEEOANEICL S 7T X
<A O A, BEDRNE - TWRIEER o
T & Thoiz.

TERME IC 079~ 2 APC O RIS SR ITER MR IR E LB & L
ol ER 29%, BRABEUREERLEL LIzED 36
%, EWNREREBRLBIFE > R008 % 26%, R 9

115

%ol (F5),

FEEOTEHIE~D APC DIREHEE RS &, RO
BRI TEL RO 14 4£E TIT B 13 4, ik 12
&R, Eh) 16%, HEh 44%, PFE) 36%, ER) 4%
Eole, fERORBEDSFLE L Y 2% b o R 15 4
BECITBEME 14 4, L1348, EFR30%, HE 48%,
R 19%, HEE) 4%~ Te. TEROTREBERELED
#10%72 > 12 PRE 16 S TR Bk 7 45, ZoME 6 %4rh, 22
% 54%, FHh38%, RRHFE 8%, EHO0NE T, —
F, BIFED 3 BORBETH - TRk 17 £ T334 28
%, BE)24%, L0ER 30%, EH 8% Thok (&
5). B OMFEIC L v MBS RICKERERL LN,
BAERE D APC ORI R DOZEIT TR 14 42 & 16 48, Fhk
15X 174, L 16EL 1T HEFTIA ZEREICTE
ShE I HREERD . ¥ 15 FI2 APC Ziefr L7z 27



206

£4 BEETLAX-MELZ~D APC DR

SR

w AR fdRk

MR 24 A (29 4)

H2EER 99: ¢

2 M 8 i <L%h EERREE IR R

ECIE )| 6 % 6 4 6 4 7% 44
H B 10 6 7 9 9
e % 13 15 15 13 8
E 0 2 1 0 1
HyhE 55% 4% 45% 52% 59%

100

) ‘%\Q\

70 \e\

60 @ —~o— P

W ~0— &5t
50 ~t~ L wd
\_‘\A —o— HEXMIE

40 —o— BFA

30

20

10

0

158 6nR 1258 24n A
FLIVTFIATBE
1 BEET VX —HRE~D APC OER
x5 TEMHE~D APC ORIE CGEEM)
AN (%)
&4k Hl4 4 H15 4 H16 £ H17 4

EL ) 33 (29) 4 (16) 8 (30 7 (54) 14 (28)
ZE)! 41 (36) 11 (44) 13 (48) 5 (38) 12 (24)
PR 30 (26) 9 (36) 5 (19 1 (8) 15 (30
e %) 11 (9 1 (4) 1 (4) 0 (0 9 (18)
OB 115 25 27 13 50

A QAT AL 16 E B OTEME IO LRFICIRE 2 B &
Ligdotz. R 16 4812 APC 2HE1T L7 13 &i24 8,
SRR 17 EEIAEENE L L CHRIBEELE L Ui, BEE
DWBERTOAX - b /S ERREE 1T EREER S
& —0% 1 FTHRELEL.

TERME~D APC DT Bl BT A0 1154
t, REWMRE 25%, MR 52%, b5 Lz 18
%, i 4% T T (5% 6). FHEEHD APC ORI
T 5 i R VIR LL 12 569% 2> 5 82% THAEE BITH A
CRREI LV MEEICEERIIRD b0 r o (E

116



HREK 99:3 TUNAF —REA~DT T X IR 207
£6 TEHIE~D APC DI (FRE)
K (%)

eSS Hl4 H15 4 H16 4 H17 %

KEWR 29 (25) 2 @® 4 (15) 3 (23) 20 (40)

R 60 (52) 17 (68) 6 (9 | 640 21 (42)

EhHh e bR 21 (18) 5 (20) 6 (22) 3 (23) 7 (14)
T 4 (3) 1@ 1 (4 18 1@

KEET 1) 0 O 0 () 0 (0) 1 (@)

B % 115 25 27 13 50

£7 IEME~D APC OB (FEFTHIRD K8 IEMHE~D APC DR (MR

MR NEC (%)
Rl il | e e
* 29 GV 4 (8) REWR 26 (28) 3 (14)
o 82 (34 9 (1 R 47 (51) 13 (59)
PR 22 @24 8 (36) N N s 15 (16) 6 @0
% 10 (11 1 (5) TR 4 (@) 0 O
R % 22 KB 1 0 (0)
"o } 93 2
6). FEOREZEEDOE~DHREA, BALIZITS 2

5§ 1RO APC TIEMIEING U P LR & (EHE
DWEFEE LR TIWEDBRTHD.

Xk FIERREhD 3 A 4 BiiETLZ APC D
BENRERD B 15 4, K7 £, E5h18%, B
5 41%, OPHR 36%, ERISNE oM. MBETREAK
EWE 14%, W2 59%, EbbEbWNARy 27%, T
W 0% olc (87, 8). TEMMHE D APC OFHRITTR
BRI TOHRBEMR L D 00L 208 BE~OHEE TlImR
BRTOBFEL DLV 2o T, RERI LB LT 2
FHMETIIHEDE, BREELLEREIRP T,

H VIR T DIREE B L e AXTERHE~D
APC ORFNFRIT T 15 4, 7 4P, Fwh 24%, BR
43%, %) 24%, WEh 10% 72 oz, REA~OMEE
TRAEMRE 14%, WE 62%, EHb6Ebniazn 19
%, AiS%IE-Te (9, 10). AF, v/ XHEDL
TGP DTERE~D APC DOIREMRE, HRE L i3 &
KERLINA ZERECHEEZTRD OG- T,
21 4t 18 ZidA RBTEM R OB T £ TR FR L
Tz,

BEETLAF—HEREEZEHL THDIERE~D

117

APC ORERhRIZ BN 22 4, 2otk 12 &, 4 38%, &
% 29%, BB EH VR 18%, ER 15% 7. B
BAOIERETITRERE 21%, WE 4%, Fhbd
WA 23%, I 12%7FE o7 (389, 10). A, b
J FHUR O IGHEOTERHE~ D APC O IRIFRH & Hhigd
HEREELRPSTED, BRETIHEHL TNWBHITIE
Pole, hA TERETIHEHL TR L IR L T
AETEBRET PN EE CIIEEERED
7.

RS 1 B E TS Bt BN, i i D4,
FERERERRIC L 5 BEANITZ & A X OFEHI T4 & — I
AERDBAL Uz, ik 2 RMBICR D LIEE A EDRE
B, BENIUE L L BRI S ILiZ e flic —
TE RV BTHALZP S EPNEICEEIC DD DR
Mot TIURERLYY O®E L —EH L.

APCIZHES BIR G & LTI, &BEOANEDOZ WA
~OWEOFEAD 145 A 3 /AL LN, BNE~DRF
TNTEE A B ENDBNH —F A2 EORICEATHLH S =
& TR Uz,



