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it is suggested that CRTH2-mediated pathway may induce pathol-
ogy without regolaling local production of these proinflammatory
cytokines.

Outcomes of pollinosis were compared between sensitized/chal-
lenged CRTH2™'~ mice and nonsensitized/single-challenged
CRTH2™/ mice. The levels of Cry j l-specific IgE (0.159 =
0.044 vs 0 = 0 OD at 450 nm: p = 0.003), Cry j 1-specific 1gG!
(0.638 = 0.163 v§ 0 = 0 OD at 450 nm: p = 0.004), nasal cosi-
nophila (66.4 = 8.2 vs 6.6 * 1.1 cells/field: p = 0.005), and IL-4
production by submandibular lymph node cell (72.8 & 31.1 vs
6.7 = 3.8 pg/ml: p = 0.004) were significantly higher in sensitized
and subsequently challenged CRTH2™~ mice as compared with
nonsensitized and single-challenged CRTH2™/~ mice. However,
the frequencies of sneezing (1.7 = 0.5 vs 0.6 + 0.2 times in 10
min: p = 0.088) and rubbing (12.3 = 2.6 vs 10.2 * 3.1 times in
10 min: p = 0.516) were similar between two groups, suggesting
that CRTH?2 is particularly essential for the development of nasal
symptoms.

Effect of ramairoban on Cry j l-induced pollinosis

As seen in CRTH2-deficient mice, treatment with ramatroban sig-
nificantly reduced several indicators of pollinosis including sneez-
ing, Cry j 1-specific IgG| production, and Cry j I-induced IL-4
production by submandibular lymph node cells as compared with
the contral treatment (Fig. 8, A, D, and G). Although the differ-
ences did not reach to the statistical level, other parameters such as
nasal rubbing, Cry j 1-specific IgE production, nasal eosinophilia,
and Cry j l-induced TL-5 production were also reduced by the
treatment with ramatroban (Fig. 8, B, C, F, and H).

Discussion

In the present study, we analyzed the pathophysiological effects of
nasal exposure to Cry j 1 in BALB/c mice. Mice sensitized with
Cry j | without adjuvants showed not only allergic symptoms such
as sneezing and rubbing but also produced Cry j 1-specific IgE and
TgG1 and displayed nasal eosinophilia. Additionally, submandib-
ular tymph node cells isolated from these mice produced IL-4 and
IL-5 in recall response to Cry j 1. These resulis suggest that in-
tranasal sensitization with Cry j 1 induces pollinosis in
BALB/c mice.

To investigate the initiation of allergic rhinitis in vivo, admin-
istration of Ags via the natural route (i.e., through the nostril) is
desirable. Tn fact, it is known that administration of Ags through
different routes results in different degrees of IgE production (27,
28). Also, murine models of allergic rhinitis have been generated
by intranasal or aerosol-mediated sensitization (8, 29), but these
models generally employ adjuvants such as cholera toxin, which
have immunorcgulatory effects that may distort the physical sen-
sitization (30, 31). Therefore, we and others have established mu-
rine models of allergic rhinitis by intranasal sensitization with Ags
including Schisiosoma mansoni egg Ag, phospholipase A, from
honeybee venom, extracts of Aspergillus fumigatus, OVA, and tri-
mellitic anhydride in the absence of adjuvants (5-7, 9, 32). We
think that our current model is the first in which marine pollinosis
was induced by intranasal sensitization with pollen allergen in the
absence of an adjuvant. This model may be useful not only for
understanding the pathophysiology of pollinosis but also for de-
veloping and/or testing new therapies for allergic rhinitis,
especially JCP.

BALB/c mice sensitized with Cry j 1 showed an increase in the
expression of CRTH2 mRNA in the nasal septum compared with
control mice, This agrees with our recent report demonstrating that
the amount of CRTH2 mRNA in nasal mucosa is significantly
higher in patients with allergic rhinitis than in control subjects not
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showing hypertrophy of inferior turbinates (12). These results sug-
gest that the cxpression of CRTH2 may play a role in the patho-
genesis of allergic thinitis both in humans and in mice. In fact, it
is known that the expression of CRTH2 in eosinophils and CD4™
T cells is elevated in atopic patients (33-35). CRTH2 is expressed
by eosinophils and a subset of CD3" T cells in nasal mucosa,
especially in patients with allergic rhinitis (23). Because a mAb
against murine CRTH2 that can be used for immunohistochemistry
is not currently available, we could not investigate the phenotype
of cells expressing CRTH2 in mice.

The pathophysiology of allergic rhinitis was clearly impaired in
CRTH2™" mice. Following repeated iptranasal sensitization and na-
sal challenge with Cry j 1, CRTH2™/™ mice displayed reduced nasal
symploms, production of Cry j I-specific TgE and IgG1, and nasal
eosinophilia compared with WT mice. Additionally, submandibular
lymph node cells from Cry j l-sensitized CRTH2™~ mice pro-
duced significantly less 1L-4 and IL-5 in response to Cry j 1 than
those from WT mice. We think that the present results are the first
demonstration of the in vivo role of CRTH2 in the initiation of Th2
responses in the upper airway.

We also found that Cry j 1-specific IgE and IgG1 but not IgG2a
production was impaired in CRTH2™" mice. Ag-specific 1gE/
IgG1 and 1gG2a production is known to be positively regulated by
Th2 and Th1 responses, respectively, in mice (36). Thus, our re-
sulls indicate (hat signals mediated by CRTH2 selectively enhance
Th2-type Ab production. The decreased production of IL-4 by sub-~
mandibular lymph node cells from CRTH2 ™™ mice in response to
Cry j | restimulation supports this result because IL-4 plays a
critical role in IgE synthesis in vivo (37). Although whether
CRTH2 activation directly leads to TL-4 production in mice re-
mains vnclear, recent investigations have demonstrated that PGD,
causes the preferential induction of IL-4 production by Th2 cells in
humans by binding to CRTH2 (38, 39). Additionally, our recent
report showing that CRTH2 signals up-regutate CD40L in resting
human Th2 cells supports our conclusions because the engagement of
CD40 by CD40L is also essential for IgE isotype switching (39, 40).

Alter intranasal sensitization with Cry j 1, CRTH2™'~ mice de-
veloped a weaker eosinophilia than did WT BALB/c mice. This
suggests that CRTH2 mediates local eosinophil recruitment in this
model, which agrees with reports showing that CRTH2 activation
leads to changes in eosinophil shape, chemotaxis, and degranula-
tion in vitro (16, 18, 41). Additionally, recent investigations have
revealed that CRTH2 plays a proinflamunatory role in eosinophil
chemotaxis into inflamed tissue in vivo (11, 12, 21, 24, 42). On the
other hand, submandibular lymph node cells from WT and
CRTH2™/~ mice produced similar amount of IL-5 after intranasal
sensitization with Cry j 1. Tt is well known that TL-5 plays a critical
role in cosinophilic inflammation, especially in mice (43). Al-
though little is known about whether CRTH2 activation enhances
1L-5 production in mice, CRTH2 activation on Th2 cells is known
to induce TL-5 production in humans (38, 39). One explanation of
why nasal eosinophilia was reduced in CRTH2™'~ mice irrespec-
tive of TL-5 production is that cognate interaction between PGD,
and CRTH2 on cosinophils may have an additive effect on local
eosinophil recruitment, primarily due to the action of IL-5. In fact,
in a mouse model of asthma, nebulized DK-PGD,. a CRTH2 ag-
onist, exacerbates eosinophilic lung inflammation without changes
in TL-5 content in lang (21).

CRTH2™/~ mice displayed a significantly lower frequency of
both sneezing and nasal rubbing after the nasal challenge com-
pared with the WT mice. Several molecules, including IL-5,
CDS80/CD86, H1, and CD39, have been shown to contribute (o
these sympioms via different mechanisms (38, 44-46). The
present result suggests that activation of CRTH2 is also involved
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in the symptoms of nasal hyperreactivity. In humans, nasal chal-
lenge with PGD, induces a sustained nasal obstruction but not
sneezing or thinorrhea (47). Whether murine mast cells express
CRTH2 is not well known, and farther investigations are needed to
determine whether the effect of CRTH2 on nasal hyperreactivity is
due to the control of Th2 responses or to a direct effect on mast
cells.

Treatment with ramatroban, a CRTH2/TP dual anlagonist, in-
duced a reduction in several indicators of JCP such as sneezing,
Cry j 1-specific IgG1 production, and Cry j 1-induced IL-4 pro-
duction. It is known that ramatroban suppresses allergic responses
including nasal signs both in vivo and in vitro (11, 24, 46, 48). For
example, ramatroban significantly inhibited sneezing and nasal
rubbing induced by Ag in actively sensitized CS7BL/6 mice and
guinea pigs (46, 48). Our present results are consistent with these
reports and support the findings seen in CRTH2™" mice that sug-
gest a proinflammatory role of CRTH2 in allergic rhinitis. On the
other hand, treatment with ramatroban was less effective than
CRTH2 deficiency in all parameters of investigation. One of the
possible reasons is that ramatroban antagonizes not only CRTH2
but also TP. Since it is not fully elucidated whether signals through
TP, especially in mice, are proinflammatory or antiinflammatory in
allergic rhinitis, simultaneous blockage with TP may aifect
changes of the outcomes induced by CRTH2 antagonism.

In conclusion, we developed a novel model of murine allergic
rhinitis that mimics pollinosis. Additionally, we found that CRTH2
plays an essential role in the initiation of allergic rhinitis in mice.
These resulls suggest that this murine model will be useful for
elucidating the pathophysiology of allergic rhinitis, especially JCP.
These observations may provide a basis for developing therapeutic
approaches for managing allergic rhinitis, specifically by inhibiting
PGD,-CRTH? interactions in the nose of individuals with allergic
rhinitis.
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Induced Inhibition of Antigen-Specific
Antibody Production in Mice
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ABSTRACT

Background: We have recently found that exposure to acute restraint stress suppresses antigen-specific an-
tibody production, including IgE, in a murine model of allergic rhinitis. Although age-related alterations in im-
mune responses are known, it remains unclear whether aging modulates the antibody production under stress-
ful conditions. In this study, we set out to determine the effects of aging on antibody production under acute re-
straint stress in mice.

Methods: Both young and aged CBA/J mice were repeatedly sensitized intranasally with phospholipase A2
(PLA2) without adjuvants. Restraint stress was applied using uniform cylinders once a week for a continuous 8
h period, on 5 occasions in total. Blood samples were taken at 0, 20 and 30 days after primary sensitization,
and production of PLA2-specific antibodies and levels of IL-4, IFN-y, IL-10 and IL-1f in sera were determined
by ELISA.

Results: Repeated intranasal sensitization with PLA2 induced PLA2-specific IgE, IgG1 and IgG2a production
in aged mice. We found that exposure to restraint stress significantly inhibited production of PLA2-specific IgE,
IgG1 and IgG2a in aged mice. In addition, antibody production under restraint stress decreased significantly in
aged mice when compared with young mice. No IL-4, IFN-y, IL-10 or IL-1B were detected in sera from non-
stressed or stressed aged mice.

Conclusions: Aging exacerbates the immunosuppressive role of acute restraint stress in antigen-specific an-
tibody production in mice.

KEY WORDS
aged mouse, immunosuppression, phospholipase A2, restraint stress, specific antibody

B cells in old mice are impaired in their capacity to

INTRODUCTION rearrange themselves to both D to J and V to D] gene
It is known that aging is associated with a reduced segments in mice.5 In addition, serum IgE levels and
immune function, so called immunosenescence, in antigen-specific IgE production are known to decline
both humans and animals.}4 For example, a shift in with age in humans.67
lymphocyte population from conventional T cells to Exposure to physical, neurological, or emotional
NK cells and extrathymic T cells is observed in hu- stress can also affect both innate and acquired im-
man centenarians.! Changes in the proportion of T mune responses.&10 For example, exposure to acute
cell subsets, in addition to increases in memory T stress modulates antigen-specific T cell responses.l
cells, impairment of response to mitogens and other We have recently reported that inhibition of antigen-
stimuli, and alterations in cytokine production also specific antibody production was confirmed using a
occur with aging .24 type of restraint stress following intranasal sensitiza-
In terms of humoral immunity, it is known that pro- tion with phospholipase A2 (PLA2) in mice.12 How-
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Fig. 1 Treatment schedule; Mice were intranasally sensitized to 10 ug of
PLAZ in 20 pl saline. Sensitization was repeated in the same manner. Fol-
jowing sensitization, restraint stress was applied to mice using a single
transparent cylindrical chamber and repeated once every week, for a total
of 5 applications. Blood samples were taken from each 1ail vein at 0, 20,

and 30 days after primary sensitization.

ever, little is known whether aging affects stress-
induced alterations in humoral immune responses.

In this study, we compared stress-induced inhibi-
tions of antibody production between aged and young
mice in an intranasal sensitization model. As physical
restraint is occasionally used in geriatric care in order
to prevent bed fall in hospitals,}® the results pre-
sented here may provide a basis for evaluating the
risk of restraint stress on humoral immunity in eld-
erly patients.

METHODS

ANIMALS

Nine-week old female, young adult mice (18-20 g)
and 17- month old female, CBA/J strain mice (26-30
2) (Charles River Japan, Yokohama, Kanagawa, Ja-
pan) were used in this study. Mice were maintained
in an animal house according to the guidelines of the
Animal Study Committee of the Kagawa Prefectural
College of Health Sciences. All animals were housed
in groups of 3, each in an opaque polycarbonate
mouse cage (30 x 20 x 30 cm) with access to food and
water ad libitum, and were maintained on a 12-hour
light-dark cycle for 2-3 weeks before the experiments
began. The temperature in the animal house was
maintained at 25TC.

REAGENTS

ELISA plates were purchased from Corning (Corn-
ing, NY, USA). Purified rat anti-mouse IgE was pur-
chased from Biosource (Camarillo, CA, USA),
extraAvidin-peroxidase conjugate, PLA2, carbonate
buffer and fetal calf serum from Sigma (St. Louis,
MO, USA), tetramethylbenzidine substrate from
Kirkegaard & Perry Laboratories (Gaithersburg,
MD, USA), phospholic acid from Wako Pure Chemi-
cal Industries (Osaka, Japan), peroxidase-conjugated
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goat anti-mouse IgG1/IgG2a monoclonal antibody
from Boehringer-Mannheim (Indianapolis, IN, USA)
and biotin (ong-arm) N-hydroxy succinimide ester
from Vector Laboratories (Burlingame, CA, USA). It
is known that endotoxin contamination suppresses
allergen-induced immunologic responses including
IgE Production on mice.4 Contamination of endo-
toxin was negligible as determined using an En-
dospec assay kit (Seikagaku Kogyo, Tokyo, Japan) in
accordance with the manufacturer’s instructions.

SENSITIZATION OF MICE

Mice (n = 6-8 per group) were sensitized by nasal ad-
ministration of 20 pl of saline containing 10 ug of
PLA?2 using a microsyringe (Hamilton, Reno, NV,
USA). PLA? was carefully given as 7-8 drops of aque-
ous solution into each nostril in turn. Sensitization
was repeated in the same manner after 1 and 2
weeks. On day 21 and on the following 7 consecutive
days, the same amount of PLA2 was given in the
same manner. Blood samples were taken from the
tail vein on days 0, 20, and 30 after primary sensitiza-
tion (Fig. 1).

INDUCTION FOR RESTRAINT STRESS

Following sensitization, restraint stress was applied
to mice (# = 6-8 per group) using a single transpar-
ent polymethylmethacrylate cylindrical chamber (20
mm diameter, 100 mm long) commonly used for
drawing blood from mice. This chamber was placed
horizontally in the mouse cage, and the mice were
maintained therein for a continuous 8hour period
without food or water. This manipulation was per-
formed once a week, on a total of 5 occasions (Fig. 1.
Control mice were maintained in their cages without
food and water at the same time. Three separate ex-
periments were performed to confirm reproducibility.
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Fig. 2 Effect of restraint stress on PLAZ2-specific IgE (&),
IgG1 (B) and IgG2a (C) production in aged and young mice.
Both aged {(n = 9, closed triangle) and young (7 = 9, closed
circle) were placed in a cylindrical chamber for a continuous
8-hour period without food or water. This manipulation was
performed once a week, on a total of five occasions. Control
aged mice (n = 8, open trangle) were maintained in their
cages without food and water at the same time. Blood sam-
ples were taken on days 0, 20 and 30 after primary sensitiza-
tion, and levels of PLA2-specific antibodies were
determined by ELISA. Results are expressed as mean

SEM. Data are representative of 2 separate experiments.
*P < 0.05 between stressed aged group and control aged
group. 1P < 0.05 between stressed aged group and
stressed young group.
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PLAZ-SPECIFIC IgE, IgG1, AND IgG2a IN SERUM
Serum levels of PLAZ-specific IgE, 1gGl and IgG2a
were determined using ELISA.3234 Titers for specific
IgE were estimated as mean optical density (OD) at
450 nm of 1 : 4 diluted sera. Titers for specific 1gG1
and IgG2a were estimated as mean OD at 450 nm of
1: 100 diluted sera.

TOTAL IgE, igM, AND IgG IN SERUM

Serum levels of total IgE in serum were measured as
described previously.l4 The detection limits of this
system was 0.3 ng/ml. The levels of total IgM and to-
tal 1gG were measured using ELISA Quantitation Kit
(Bethyl Lavoratories, Inc.,, Montgomery, TX, USA).
The detection limits for IgM and IgG in this system
were 0.4 and 0.4 ng/ml, respectively.

CYTOKINE DETERMINATION

Concentration of IL-4, IFN-y, IL-10 and IL-1B in sera
were measured using Opt EIA sets (Becton Dickin-
son Biosciences, Franklin Lakes, NJ, USA). The de-
tection limits for IL-4, IFN=y, IL-10 and IL-1f in this
system were 10, 60, 15 and 30 pg/ml, respectively.

STATISTICAL ANALYSIS

Data are expressed as means = standard error of the
mean (SEM) for each subject group. Statistical analy-
sis was performed using Student’s unpaired t- test to
compare titers of PLA2-specific IgE, 1gG1 and IgG2a
for restrained and control groups. Values of p < 0.05
were considered to indicate a statistically significant
difference.

RESULTS

EFFECT OF RESTRAINT STRESS ON ANTIGEN-
SPECIFIC ANTIBODY PRODUCTION IN AGED
MICE

Production of PLAZ-specific IgG1 was seen 20 days
after the first intranasal sensitization in control aged
mice, and production of PLAZ2-specific IgE and IgG2a,
30 days after the first sensitization. In aged mice un-
der restraint stress, impaired production of these 3
antibodies was observed. On day 30, aged mice under
stress produced significantly lower amounts of PLA2-
specific IgE, IgG1 and 1gG2a as compared with non-
stressed aged mice (P < 0.05) (Fig. 2A, B, O).

EFFECT OF AGING ON RESTRAINT STRESS-
INDUCED INHIBITION OF ANTIGEN-SPECIFIC
ANTIBODY PRODUCTION

‘We then compared PLAZ-specific antibody produc-
tion under restraint stress between young and old
mice. Young mice under siress produced PLA2-
specific IgE and IgG1 20 days after the first sensiliza-
tion, and produced PLAZ2-specific IgG2a 30 days after
sensitization. The level of PLA2-specific IgE on day 20
was significantly less in aged mice under stress than
young mice, and the difference could still be ob-
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Fig. 3 Effect of restraint stress and/or aging on levels of to-
tal IgE (A), IgM (B), and IgG (C) in sera. Both aged (closed
triangle) and young (closed circle) mice were placed in cylin-
drical chambers for a continuous 8-hour period without food
or water. This manipulation was performed once a week, on
a total of five occasions. Control aged mice {open triangle)
were maintained in cages without food and water at the
same time. Blood samples were taken on days 0, 20 and 30
after primary sensitisation, and levels of total lg were deter-
mined by ELISA. *P < 0.05 between stressed aged group
and control aged group. 1P < 0.05 between stressed aged
group and stressed young group.

served on day 30 (p < 0.05). In addition, a significant
reduction in the production of both PLAZ-specific
IgG1 and IgG2a was seen on day 30 in aged mice as
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compared with young mice (p < 0.05) (Fig. 2A, B, C).

EFFECTS OF RESTRAINT STRESS ON SERUM
LEVELS OF IL-4, IFN- VY, IL-10 AND IL-1 8

Serum levels of IL-4, IFN-y, IL-10 and IL-1§ were de-
termined in mice with and without restraint stress.
None of these cytokines were detected in sera from
non-stressed or stressed aged mice. In addition,
these cytokines were not detected even in sera from
stressed young mice.

EFFECTS OF AGING AND/OR STRESS ON LEV-
ELS OF TOTAL IgE, igM, AND lgG IN SERA
Levels of total IgE, total IgM, and total IgG in sera did
not differ between stressed aged and non-stressed
aged groups. On the other hand, levels of serum total
IgM and IgG but not IgE were significantly lower in
the stressed young group compared with the
stressed aged group throughout the experimental pe-
riod (Fig. 3).

DISCUSSION

Reductions in T-cell function in aged mice have been
shown to reduce IgE antibody production by impair-
ing differentiation of IgE-containing progenitor B
cells into IgE antibody-producing plasma cells.’8
These age-associated reductions in immune function,
and T-cell function in particular, are thought to affect
the function of helper B cells and suppress indirect
antibody production response.

In aged mice, various effects of stress in the im-
mune system, and particularly in T cells, have been
investigated in previous studies. For example, Kanno
et al. reported in a study of restraint stress on mice
that atrophy of the thymus and decreases in splenic T
cells were observed after exposure to stress. How-
ever, young mice showed a rapid recovery of the im-
mune function after 1 week, while the aged mice
never recovered.'” However, little is known whether
aging can affect stress-induced humoral responses
despite the fact that aging and stress share similar ef
fects on immune function.}8

We previously reported that the humoral immune
system in young mice was suppressed by restraint
stress in the early stages of antibody production fol-
lowing intranasal sensitization with PLA2.12 In this
study we have further demonstrated that, although
repeated intranasal sensitization with PLA2 induced
PLA2-specific IgE, IgG1 and IgG2a in aged CBA/]
rice, exposure to resiraint stress significantly inhib-
ited production of PLA2-specific antibodies. In addi-
tion, the present study found that aged mice under-
went even more marked suppression of antibody pro-
duction than young mice under restraint stress.
These results suggest for the first ime that aging and
stress have a synergic effect on the impairment of hu-
moral immunity, and more importantly, that aging ex-
acerbates stress-induced inhibition of humoral re-
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sponses. None or only slight differences in antibody
production were found between the aged control
group and young stressed group. This may be due to
an aging effect, and may suggest that the impact of
aging on antibody production in our model resembles
that of restraint stress seen in young mice.

Restraint stress suppresses both PLA2-specific
1gG1 and IgG2a production in aged mice. It is known
that IgG1 and IgG2a is Th2 and Thl-type IgG isotype,
respectively.’® Fukui e al reported that restraint
stress significantly suppressed both Thil- and Th2-
type immune responses in mice.}? It has also been re-
ported by Dhabhar et al. that B cells show a greater
stress-induced decrease than T cells.20 These reports
support our findings, suggesting that restraint stress
suppresses both Thl- and Th2-type humoral re-
sponses in aged mice. Defective induction of func-
tional Th2 cytokine responses has been reported in
aged mice?! in addition to Thl type immune response
being important for the protection against intracellu-
lar pathogens such as viruses, mycobacterium and
protozoan parasites.??2 Thus susceptibility to impair
Thiltype immune responses by restraint stress in eld-
erly patients may increase the risk of suffering from
infectious diseases by intracellular pathogens.

The levels of total IgE, total IgM, and total IgG in
sera did not differ between stressed aged and non-
stressed aged groups. This result suggests that re-
straint stress selectively affects antigen-specific anti-
body production in aged mice. Interestingly, levels of
serum total IgM and IgG but not IgE were signifi-
cantly lower in the stressed young group compared
with the stressed aged group. This may be due to
baseline differences, as serum total IgM and IgG in
aged groups were higher than in young groups even
before intranasal sensitization. Long-term life in the
animal house under a conventional environment may
increase serum total IgM and IgG levels.

Although no IL-4, IFN-y, IL-10 or L-1B was detected
in sera from non-stressed aged mice or stressed aged
mice, the mechanisms involved in the suppression of
antibody production in aged mice under stress have
not been clearly elucidated.

Other studies have examined the application of re-
straint stress, and further studies are needed to clar-
ify the direct or indirect involvement of endocri-
nological neuronal pathways in the initiation of aller-
gic rhinitis.2325 Accumulation of findings from a wide
field of research focusing on the immune system and
including the nervous endocrine systems is neces-
sary.

In conclusion, we have shown that restraint stress
impaired antigen-specific antibody production, espe-
cially in aged mice, and aging displays a strong im-
pact on siress-induced inhibition of humoral immune
responses. These observations may provide a basis
for the management of care for elderly patients with
physical restraints. In modern life, both the young

Allergology International Vol 58, No1, 2008 www.jsaweb.jp/
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and elderly are exposed to varicus forms of stress.?
Our study suggests stress as one of the mechanisms
for the epidemiological finding that serum IgE levels
and antigen-specific IgE production decline with age
in humans.87
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(A} {B)
GleNAcBL _)J’Manal-ﬁ\ x o
¢NAcp --lMauul_J’Mgnﬁl--lGlc; .—&cﬁl--tﬁlc?.ic ud nd 16 nd
]
Xyipl Fucal
GlcNAcﬁl-ZMauaLﬁ\u L AGINAGBLIGIN
AManpl-dGIeNAcBL-4GIeNAC =
Vo' 47 75% 76 89
GleNacpl-Nanal-3" 2 3 ¢ ¢ ‘ ¢
Xrigl Fucal
GleNAcgl-2Manal-6
Fucal-4 :;\-Innﬁl-4GlcNAcﬁl--lGlcNAc ;
Galgl-3 LG]cN_«\cgl-:_\laual-s 2 i't 8% 235 21% nd
Fuccc% Xylgl Fueal
4
Galpl-3GleNAepl-2A lanal-6
} /;\'Iﬂnﬁl-JGICNACﬁl-JGlCNAC 15 26 nd nd
Galpl-3GIcNAcpl-2Manal-3 © 7 3 T -
Fucal Xrlgl Fucal
o
Manel-2Manal-6,
Alanal-6y
'\{?‘al-lj”'\l 13 AMangl-3GieNaepl-4GIeNac nd nd nd 2%
Mancl-viano -l
Manal-2Manal-6,
Alanal-6(
.\Ianaliz.\lanal—ll fanal NMangl-4GleNacpl-4GleNae nd nd nd 9%
Alangl-DManal-2M anad-3
Nd: not detected.
200
n=40
I---p=0.092---
150 feep=0.447---l
30
.:_{;
Z 100 A
>
50 7 S
93.4% 93.8% 98.4%
0 i H ]
MIFX MBA GN2MAFX

Free N-glvean : 3000 n}

1. HYIN-Z) A VI EBAFEB T L VT Y Cry jlE AFERHERZIGE
DFESTEESE M3FX, MansXyhFuciGleNAce, M9A, MansGlcNAcz;
GN2M3FX, GleNAceMansXyliFuciGleNAcz., (3CEkY X W 5[A)
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J X T VIva v Cha oliZ#E L TWVAN-
7 A OWERAT 2 1T o 7oA R, AFTERT
Lvrrbidlewis at ¥ b~ 7% E T A1l
WHEMEN-7Y) 7 k ELABEON-T ) 1
¥, e/ FEHT LV R olENATY ) —
ABN-ZI) A B0 3BFEOBELFRET
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7 3 BRI OEEESE VOB N-T) A v
OBEFBITIFEFICEU L Tz, L LS
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Lewis aT ¥ b — 72 AT AEEZIT L VTV
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fohsew REFFERERICEI N AV vy -2 b
—TI@ LRI EAREEN, WHELFD
BBORTF FHIBETHIAEETERTS
PVENH B EEZ LN,

T/, WEHREMEN-7Y S Y (MansXyh
FuciGlcNAcz) 2SEAERE Th2fDCry j1
BRI ZILAEEZ I 5 Z &5 STERER
BELLTOTREIREINTEY, %D
ILABENEHIOSTF A 7 = XA ERPEHES
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50000 e Qe 1000 g
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FELLN g ST 400 0\
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P < 0,05 was considered.
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Structural Features and Immunoactivity of N-Glycans Linked to
Cedar and Cypress Pollen Allergens.

Megumi Maeda?, Mitsuhiro Okano?, Yoshinobu Kimura®, Takemi Otsuki"

1) Department of Hygiene, Kawasaki Medical School
27 Department of Otolaryngology-Head & Neck Surgery, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences.

3) Department of Biofunctional Chemistry, Division of Bioscience, Okayama

University Graduate School of Natural Science and T echnology

Abstract

Many plant allergens such as pollen allergens are glycosylated and bear highly antigenic N-glycans
with B1-2 xylosyl and al-3 fucosyl residues. As a first step to reveal immunological activity of
antigenic plant N-glycans involved in pollinosis, we first analyzed the structural features of N-glycans
linked to cedar and cypress pollen allergens, Cry jl (Japanese cedar), Jun al (mountain cedar), and
Cha ol (Japanese cypress). The structural analysis showed that all pollen allergens bear highly
antigenic N-glycans, GleNAc2MansXyliFuciGleNAc, as a major structure. In the case of cedar pollen
allergens, Cry j 1 and Jun a 1, we revealed that the Lewis a epitope (Gal #1-3 (Fuc al-4) GlcNAc f19)
structure occurred at non-reducing end of oligosaccharides. Next, we examined immunological
activities of the antigenic N-glycan such as reactivity towards IgE from pollinosis patients or effect to
T-cell responses. Although plant complex type N-glycan didn’ t inhibit the binding of IgE to Cry jl,
the N-glycan suppressed thé production of IL-4 from Cry jl-specific Th2-cells. This result suggested
plant complex type N-glycans may be useful as glycodrug for pollinosis therapy.

key word: N-glycan; pollen allergens; Lewis a epitope; IL-4; pollinosis
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7 LI F —EBRAEPSEREDRIA

V. HEH
3) PLLF—EEROH LD ABRERORR
~ BRI DI -

Okano Mitsuhiro

MY L

BLAZALRESRE S SHRNERER - PMENHEERR

ULt —tasicn LB ERENEAT L PREEEERG, NRERIVISERCIHERIVDISRR

EK%?%éoﬁﬁﬁ%%@%@%@?bh?)l#Z@ﬁ%tm5ZtEE5ﬁ,%7#745*9—@
@%ﬁl#]tb?ﬂ7?F.%%@%waﬁy,#X%Q)ﬂ?@ﬁﬁ%%éﬂZUéo56E%§@$
HEHBPI /N R LT, MPLX CpG-DNA BRHIBENTLD. RRIFRROVIERRELTE, 7
UL — B S OEEEEN 3 HEN S UREER PR ERSEERE UILBEN O OF VR EDHHS

nchd,

RIFRARIBHT LT/ TI2NY N PEER/MEN DD T

3 L & I

BEATT VAE-EHADRE, IR
LA BT & 2 WE— DR IR RN RERE
(RUSIEEE) Th B, L LA H, REKD:
ZWMELET 2 FCHREFIBORY, BT
FT745F R EDBRZBARNEELE L
»h, —BOBRCES>TVOEVOIVRRTD
z. B, ChbDFAY v MEWETS, @

AT X7 Y25 N OBEIEAT

3, ZIERNRRIENLTT VAT —ERR
D EE RS TFYRLPIRYDODOHY, JF
RN REEEL LTHEERESHEN V7 F

L ¥ OBRFENSBERS ATV 3 (R1). 57
i, HRNAREEECRD) 35, L OEE
BTHOREMHIE (HLVIRBRRELRD D 5
BEEEAEA L, TOBREAOTEES LU
ZH5NAMBACDOVTEERT 5.

1. BEMARERAROHSR

1. BERARETFXOBR

WHO BRER Y DOHA F54 T, HRR
SEREEERCBNTR—Ed7Y 5~20ugD
FERESHERISATVS, —F, BAROHR
BERTFI4 55— EOEBLRRRGZE
LB AL %BDE, FLTRVEEEEZHDT
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V. B&8 3) 7UILF-HEX0H LWEEEREDRIK - REFAREZ DU~

£1
BRNRERER
- BRAARLIF 205
- RTFK
AEBBHP LT
CEASHUND B

- PI o ORRE
- Monophosphornyt lipid (MPL)
- DNA
» Alum
- URY—4A EE

VIR VRERPEMEE L DOERLE LT,
BRAIL LTTFI745FY—%BI320T VIV
YYIEFAOHENEDLNRT D,

1) RTFR

GBI EDORSETHS THRAT VI VE
KRBT 20 TRRL, FRERERICHRES
N7 I/ 10 BRiBICHBENIT VLT N
JF R (THIIE Y » —7) % MHC (major histo-
compatibility complex) 2 5 2 I 43 F & #3585
5, RTFFREFRLBIOTHEIE b
FrHERFFERAVERBERETCHE (B
1), IgE (immunoglobulin E) @7 VA7 >dD 3
RAMLEERBRTIL8h, T/ HERE
15 BB O 7F K ig, B [gE KBRS L.
$ HEPARTF FORRAERERIREREEH
Wy 3 oL AR - BRICH AR TV,
ZXFEEICB VTR, Cryj 1 B&KUCryj2
FOFETHRIC —THEESH, Thb%
FAEZVEAT—TREBEICDOLVIESE
~FF F (Cry- 3v& ¥4 R) BEEIH, BK
HEDED LN TS,

—%, _RIFFEEOHBEAL VL OPETL
hTwa, flLEEL OBE THEITRT 5

AEMENEAT LV DREFER

ERRNRERER

- RBER

- IgE g
- R CCRAE &

CRWEMOOF

TONABTF 1R
- REEHE (M. vaccae 13&) BE

F R TUHE—T VI MDY, FREA—
K= A4 RORTF FEEMLHELS LAR,
&5 it3 a7 LAY FFF (ALLERVAX®
CAT) %Y EfE g CIOREhLBERETRRT
FRREC L KBEROERID LD ETHE
NBEIEbb, THFT745F V2 RECTEET
2 s, Pl % TR T 551 IgE Hifk & OFFARE
OEELBETHSIY,

2) BB LILT Y

FVELVTFATFE REEL LD T VLTV EER
% (polymerization) 8% 3 &, IgE ~DOFEHEDLS
ZIICRET 2. o TEHHCEREORSY
MEENTV B, '

HEH LA ) —TORIRELERTEHRE
HEANBRC LEZEERERIEESATY
29, BEDBY—XNBOVTINVENT VT
L REBET VM YISV ERSLICHE b=
28) TR SEAE (n =25 LT, &
IREFROFER A2 7 B L UEYA a7 HEBICE
EEFRLE (p<0.001), &5 CEHRBMD
QOL (quality of life) 4 ZNVENTNTL FES
FUMI YT I FVEREHTERKRTTHo R
{p < 0.05),

MHC (major histocompatibility complex)

1gE (immunoglobulin E}

QOL {quality of life}
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P UIF - EBRREDBEEDRIA

T AR

N/

7L nFE—RE

RIFE o G

NTF KRR RS i

R7FR(THRIE M)

FULSFURTF ROBSE, BRNICEEBERORBAESIT LS, RERBEZFEID.

% DHRETEHNLRIRBR S5 L VWD E
BThY, 10EERREORSTHREHIER
OFVAFVIZALAFTHE EOBREDHL
NnpY, —F, BEELRRUCBORBRELOH
OB RT o MERIELE AL 2L, LFE
i & B EEOEEICE L THSEHEORE MG
BTH3B,

3) FASHUND

F O HRS RN, B £ FEY 2 BT,
FUNF AT PN EBET B S TFEER
FIEMCEESELFASEINRIPERIN
T3, R, FEER, b5 VREFRRY
Yo it 1gC SBEHTH S FeyRID 3R
LTWw3, FcyRIb @HMIBENEK AA VT ITIM
(immunoreceptor tyrosine-based inhibition
motif) 2ELTEY, JOREERENTEYIT

I RS R / PR EEER O BB R I BB R
2IEIT 2, COBERMBALT, EMIgGD
FeEICHFaEET VALYV THS Feldl %5
& aETF A SHE gamma-Fel d1 (GFD) #3%
®EINTWE, GFD I FcyRIb B L IGgED
WEICEETS, S5ICGFDEFeldl icd»T
HRINZRWBIUCEERLEIHL, —77
GFDHEWRTF T4 oFV—RIDEFEELZL
e, FATUNE—IUT SHRBRY
2 LTOEREIRIARLY, EFATZIN
73, R X EHMORART VT ND
SRAMERNCETRTHY, —BOWMROER
PRI T B,

2. PUaNy OB
FUNFYIEZADOERERETEILICLY
BRI LT AL EEMELTVS, IR

I'TIM (immunoreceptor tyrosine-based inhibition motif)

GRD (gamma-Fel d1)
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V. BEH 3)7bwﬁ*ﬁ%ﬁb%bu%@%ﬁ%@ﬁﬁ~%ﬁﬁﬁﬁ%$ME~

EF VWU RBRBETEE LS, BEIRRD
B bD%ehis, i, MERROT VoY
FonicRARREOFEELENLT Th2
5 Thl ~OGRBRAFHYEL, BHEELVA
LrgsleplifTES HDHH 5, Mono-
phospholipid & CpG-DNA »ZDRETH 5,

1) Monophosphoryl lipid (MPL)

Monophosphoryl lipid (MPL) @y VEX T H
(S. Minnesota R595 %) V) K5 (LPS) X v #H
L, EH{LIC L7z b DTH 5, Toll-like receptor
(TLR)-4 7T=A P ELTHE, Th2 225 Thl ~
DRERA*FET 5, BMHTR, Tvirr—
Fuv - MPLESTH® A (Pollinex® Quat-
tro) BB s h, 4 FRIERP T X YRR E
THERBAINTVD, [ ARHEREZNREL
7T BRI (n = 124) T, fERRERENICA
3R — MPL ST 2% %S YEKETE
1) L7z & OB, EMREHOBIER, RIERS &
CEREM A 37 2 AEGICHELTWE ", B
5% Pollinex® Quattro 5B TRETH o/
Y, &ERBE-ROMTERRDAY oI, F
HTOEMRBRRERL, AFPL/ FREHKT
VAT B A EMIEOREVETZ NS,

2) CpG-DNA .

MBI, BRERA Y CRRT S TLROKC
&7 % DNATSITH 5 CpG TF— 7 MERE
hoOBECETNE, TLROZNT 5 BRRE
i Thl ~NORGBREAZBNCHEET LD, 7
VL¥ —EEE LT CpG-DNA, T4 bbb
TLR-9 7 T=A NERRB LY 7 F VRKEHFE
HhhTW3,

7275 L CpG BHRVFEBFRMCEAL, S
BicEA17e Thl BEERC & 2 R (BTAR

FEBEORERY) MRBINE, TITHRFA
W2, »D CpGBREESTHIE, CpG
YFUNMFVERE TR, HEVIEHETEHE
B ENTWVWE, B TRT X7 HEMESH
BERICTEX IV T LT Ambal i CpG %
E4 3¢k 725> (Amb a l-immunostimula-
tofy phosphorothioate oligonucleotide conju-
gate ; AIC) 2 AV KERRBESTHOIL TV 2.

 IERTRERTIC—ER & SEOWEESETI C

D& D2y —XVEOBAEROERER & B
ERFTO Thl ~ORBRALGFR SN, &
rBAESE A N TEERRB TR, FAROEH
THEEDLL LT 2Y— X EOERE VEE
L, Efcbi s ERENRE . £
AIC BRSBTS L ABICHRLT, KERT
ONE, TEEOT X 2V HEN 1gE M LER
o#E, 1L (interleukin) -4 BEIFEEIRILE D
ETa b0,

. SEEERNRERREORRE

1. IRERE
FAERREEEBORBCBEEL TR
EMAREEFIELLFRBRRETHS, FIRL
LT, fEAMERS FIERNTHE L, B
{ba82 L XYEEMDRNTE, IPERE
BV ERELVEYLNE, —T, RREL
Tit, BaAITHBIL, BIUENELYD
Z4FHER (300 ~ 400 BF) tTHEEH, X
RERL LTS, REER, BRER ECRE
LTwaIehEnEFshsd (R2), TV
FoEBERREEBROVEDLELT, ZTOER
ROBEALHL BHREAROL—Fy bLRkoTY
2, BIE ¥ TIcH IgE Hifkd & U°Hi CCR4 Mg ic

MPL (Monophosphory! lipid) LPS (U R

AIC (Amb a 1-immunostimulatory phosphorothioate oligonucleotide conjugate)

TLR (Toll-like receptor)

IL {interleukin)
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rSRYITT N—BTF

INVE S/ AVE S Cb20o ERIFUNE
IR IRT S INVIZA S CcD25 BuEBEN

NUEXR” SFIR FAOIND RS -1 LV ABRIE

ADUFIRT LEy—R TNF-a REEUDYF
FURT TOTLD IL-6 FYyw R UB

FEVTRTAIIIRAT <1054 CD33 2HBRESNDRE

RINDART PINAFY VEGF s - ERE
FPHUARYT SE—~2/a=x5 TNF-a g O F
ARYUNT AV ig& LEZHER

R CAVE S/ F=ZHVDOR EGFR B ERE .

Ersed

= . gER - AISE

EGFR
Kw-0761 CCR4 MRS - P LLFE—-EE%E (@)
JULT TNF-a B OV F
BIwW-8405 IL-6 KEZER

DWTHEKRERITDR TS,

1) HUIgE AR

FUAE—EBEF BT VVF-THY, 7
VLY AR [gR A HSFREIC R ORISR T
BCEREE IR,

FIgEHHE (AvYX<7) @&, MADIgE Vv
~OVEFED S &, 1gE ORI PIFEER D
EZAHEIET 33 [R7 VALY -0
REHHWELTWS, ERBFLLTE, IR0
IgE VAL EFEST Bk offuc, B,
fEER, 55\ EHEKMIEO Fee R 1 SR 2106
TEIEMPHSATVS,

Tl ERE 2 R LIcHET T, #IgE fifED

®WEICkoT, HHREMOMLF IgE 2ET ¥
L&k ET, BEERO EPX(eosinophil pro-
tein X) FBEIFERERELS IgE BEHIRBORER
WOnHHEhDE Y, BT HAFERWELINRIC
—EERERITbhI. TEHTRE 1 A RED
EOETESICLY P RB L NERICRIE
PowE BEL BALA, VAF2—HEOER
YEREAROI LY REALBE2), —H, &
HBROMEPEER 7S R ERICER
S, -RREEKRBTHETDH S PEERSH
TRESKBADGHE—PIIRDL Y, THT
AR -RIGEIXAREORKEELBEXS
B, WBLRERTOMRARETIRAL, ERM

EPX (eosinophil protein X)
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