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Summary

Background B7/CD28 family co-signalling molecules play a key role in regulating T cell
activation and tolerance. Allergen-specific immunotherapy (STT) alters allergen-specific T cell
responses. However, the effect of SIT on the expression of various co-signalling molecules has
not been clarified.

Objective We sought to determine whether SIT might affect the expression of three co-
inhibitory molecules, programmed death (PD}-1, B7-H1 and B and T lymphocyte attenuator
{(BTLA), in Japanese cedar pollinosis (JCP).

Methods Peripheral blood mononuclear cells (PBMCs) were isolated from JCP patients who
had or had not received SIT. PBMC were cultured in the presence or absence of Cry j 1,

after which the cell surface expression of PD-1, B7-H1 and BTLA, as well as IL-5 production,
were determined. In addition, the effect of BTLA cross-linking on IL-5 production was
examined.

Results After Cry j 1 stimulation, no significant differences in PD-1 and B7-H1 expression
were observed between SIT-treated and SIT-untreated patients. BTLA expression was down-
regulated in untreated patients after Cry j 1 stimulation and up-regulated in SIT-treated
patients. Up-regulation of BTLA in SIT-treated patients was particularly apparentin a Cba*T
cell subset. [L-5 production was clearly reduced among SIT-treated patients, and the observed
changes in BTLA expression correlated negatively with IL-5 production, Moreover,
immobilization of BTLA suppressed IL-5 production in JCP patients.

Conclusion These results suggest that both IL-5 production and down-regulation of BTLA in
response to allergen are inhibited in SIT-treated patients with JCP. BTLA-mediated co-
inhibition of IL-5 production may contribute to the regulation of allergen-specific T cell
responses in patients receiving immunotherapy.

Keywords allergen immunotherapy, allergic rhinitis, BTLA, Cry j1,IL-5
Submitted 18 February 2008; revised 18 August 2008; accepted 3 September 2008

Introduction

Allergen-specific immunotherapy (SIT) is an effective
treatment for IgE-mediated, type 2 T helper (Th2)-biased

TPresent address: Institute of Medical Science, University of

Tokys, Tokyo, Japan.

2present address: Department of Otolaryngology, iwakuni Clinical

Center, lwakuni, Japan,

allergic diseases, particularly allergic rhinitis [1]. Unlike
pharmacotherapy, SIT is unique in that it can alter the
natural course of allergic disease by preventing new
sensitization/onset and providing long-term remission
after discontinuation of treatment [2-4].

A number of studies have shown that SIT alters aller-
gen-specific T cell responses resulting in immune toler-
ance [1, 5]. For example, SIT suppresses allergen-specific
Th2 immunity, including IL-4 and IL-5 production,
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systemically and atlocal sites [6-8]. SIT alters the immune
response to favour Th1 immunity, such as IFN-y produc-
tion [9]. In addition, SIT induces immune suppression by
activating regulatory T cells and cytokines, such as IL-10
and TGF-B [5, 10].

The activation, proliferation and cytokine production of
antigen-specific T cells are regulated by two distinct
signals from antigen-presenting cells (APC) [11, 12]. The
first signal is provided by interaction of the antigen/major
histocompatibility complex with a T cell receptor (TCR).
The second signal is delivered by co-signalling molecules.
Among these, molecules from the B7/CD28 family play a
key role in the regulation of T cell activation and tolerance
[12). B7-1 (CD80) and B7-2 {CD86), as well as their ligands
(CD28 and CTLA-4) were the first-discovered B7/CD28
family molecules and therefore have been the most
extensively characterized in allergic rhinitis [13-15]. For
example, we have previously shown that the expression of
both CD80 and CD86 is increased within the nasal mucosa
of patients with perennial allergic rhinitis, compared with
control subjects following nasal provocation with house
dust [14].

In addition to the original B7/CD28 family molecules,
new B7 family members, such as inducible co-stimulator
(ICOS) L, programmed death (PD)-L1, PD-L2, B7-H3 and
B7-H4, have been identified [12]. New (D28 family
members, including ICOS, PD-1 and B and T lymphocyte
attenuator (BTLA), have also been identified [12]. Among
the new CD28 family members, ICOS delivers a range of
co-stimulatory signals that augment T cell differentia-
tion and cytokine production and provide critical signals
for Ig production [12, 16). Conversely, both PD-1 and
BTLA possess an immunoreceptor tyrosine-based inhibi-
tion motif (ITIM} within their cytoplasmic domain, and
display co-inhibitory signals that suppress T cell activa-
tion [17, 18]. One report has demonstrated enhanced
CD86 expression in CD14™ cells after recall stimulation
with PLA, in patients exposed to bee-venom SIT, as well
as suppressed IL-10 production by peripheral blood
mononuclear cell (PMBC) following blockade with CD86
in patients exposed to SIT {19]. However, little is known
regarding the potential role of co-inhibitory molecules in
these responses to SIT.

In the present study, we investigated the expression
and characteristics of the co-inhibitory molecules,
PD-1 and BTLA, along with B7-H1 (a ligand of PD-1},
in allergen-stimulated PBMC from patients with Japa-
nese cedar pollinosis (JCP). We believe that the find-
ings presented here are the first to demonstrate altered
BLTA expression in response to Cry j 1, the major
allergen of Cryptomeria japonica pollen, potentially
explaining the beneficial effect of SIT in JCP and
providing a basis for future therapeutic approaches
aimed at the regulation of BTLA expression to limit
allergic diseases.

Materials and methods

Antigens and reagents

Cry j 1 was purified and concentrated from the crude
extracts of C. japonica pollen, as previously described [20].
The flourescein isothiocyanate (FITC)-labelled anti-hu-
man PD-1 (clone MIH4, mouse IgG1), B7-H1 (clone MIH],
mouse IgG1) and BTLA (clone MIH27, mouse IgG2b) were
generated as previously described [21, 22]. The purification
of anti-human BTLA (clone MIH26, mouse [gG2b) is also
described elsewhere [22]. Cy5-labelled anti-human CD4,
PE-labelled anti-human CD8 and CD19, as well as their
respective control mouse 1gG isotypes, were purchased
from BD Biosciences (San Jose, CA, USA). Biotinylated
anti-human CD203c¢ mAb (FR3-16A11), anti-biotin mi-
crobeads and MS columns were purchased from Miltenyi
Biotec GmbH (Bergisch Gladbach, Germany).

Patients

Twenty-one patients with JCP (three males and 18
females: aged 21-57, mean age 42.9 years) were enrolled
in the study. Written informed consent was obtained from
each subject. Sensitization to Japanese cedar pollen was
confirmed by the presence of specific-IgE antibodies, as
determined by CAP (Pharmacia, Uppsala, Sweden), ran-
ging in concentration from 1.8 to > 100 UA/mL (mean
21.3427.2). Eleven patients received SIT using a standar-
dized extract of C. japonica pollen (Torii Co., Tokyo,
Japan) over a period of at least 2 years. A maintenance
concentration of 2000 JAU/mL was archived in all the
patients treated with SIT. The mean maintenance dose of
the extract was 508.0 JAU. None of the patients had used
immunosuppressive drugs, including oral steroids, during
the pollen season. No significant differences in age or sex
existed among the SIT-treated and untreated patients.
Clinical characteristics of groups of patients are shown
in Table 1. Comparison of naso-ocular symptoms and
rhinitis-related quality of life (QOL) during the poilen-
dispersed season between SIT-treated patients and SIT-
untreated patients using JRQLQ No.1, the Japanese QOL
questionnaire for allergic rhinitis [23]. The study was
approved by the Human Research Committee of Okayama
University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences.

Detection of PD-1, B7-H1 and B and T lymphocyte
attenuator expression

Heparinized blood was sampled during the season when
pollen is dispersed. The PBMCs were then isolated and
cultured as previously described [20]. In brief, PBMCs
{2x10%/mL) were incubated in the presence or absence of
10 pg/mL of Cry j 1 at 37 °C in a 5% CO,/air mixture for

© 2008 The Authors
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Table 1. Subject characterization

SIT patients Non-SIT patients

No. of patients 11 10

Sex (maleffemale) of11 317

Age {years) 47 (36-57) 38 {21-53}

At enrollment 2008 At enrollment 2008

CAP titre to JCP (UA/mL) 19.6 {1.8-81.1) 16.6 {0-61.3) 23.1 (1.8-100) 30.5 (6.5~ 100}
Total IgE (IU/mL} 105 {4-232) 161 (0-458) 145 (27-303) 135 (44-304)
Blood eosinophil ()JL") 306 {43-655) 288 (79-532) 205 (48-715) 218 (69~592)

SIT, specific immunotherapy-treated patients; non-SIT, SIT-untreated patients; JCP, Japanese cedar pollinosis.

72 1. Less than 5% of cultured cells had died as judged by
trypan blue exclusion test, indicating high cell viability of
cultured cells. After incubation, Cry j 1-stimulated and
Cry j 1-unstimulated PBMCs were harvested, blocked and
stained with FITC-labelled anti-PD-1, B7-H1 or BTLA, as
well as PE-labelled anti-CD8, Cy5-labelled anti-CD4, and
CD19, in addition to isotype-matched control Abs {13].
The cells were washed and analysed with FACScan equip-
ment using CellQuest software (BD Biosciences). Lympho-
cytes were gated according to forward scatter and side
scatter and at least 10000 events were acquired and ana-
lysed. Cry j 1-induced expression was determined and the
percentage of positive cells in cultured PBMC following Cry j
1 stimulation was subtracted from the percentage observed
in unstimulated PBMC. To avoid experimental bias, the
laboratory investigators were blinded to the sample origin.

Measurement of cytokines

Supernatant was collected after 12 and 72 h of culture and
stored at —80 °C until it was used for assay. Levels of IL-5,
IL-10 and TGE-P were measured within each sample of
culture supernatant by means of Opt EIA sets (BD Bios-
ciences), in accordance with the manufacturer's instruc-
tions. Levels of IL-10 were further measured in
supernatant after 12h of culture. The detection limits of
these assays were 5 pg/mL for IL-5, 5 pg/mL for IL-10 and
20pg/mL for TGF-B. Cry j 1-induced production was
determined by subtracting the cytokine levels measured
following Cry j 1 stimulation from those measured in the
absence of stimulation. In order to determine whether
the productions were due to basophil responsiveness,
containing basophils were removed from PBMC by im-
munomagnetic negative selection using biotinylated anti-
human CD203c mAb (FR3-16A11), anti-biotin microbeads
and MS columns. Complete depletion of basophils was
confirmed by Kimura's staining [24].

Proliferative responses

After 72 h of incubation with or without Cry j 1, prolif-
erative responses were measured by means of BrdU

® 2008 The Authors

incorporation (Roche Diagnostics GmbH, Mannheim,
Germany) in accordance with the manufacturer's instruc-
tions. Proliferation was estimated by the stimulation
index calculated as follows: the ratic between mean OD
at 450 nm obtained in the culture with Cry j 1 and that
obtained in the antigen-free culture.

Cross-linking of B and T lymphocyte attenuator

PBMCs {2x10%/mL) from JCP patients without SIT were
stimulated with 10 pg/mL of Cry j 1 in the presence of
immobilized anti-BTLA mAb [MIH26) or control mouse
1gG2b. Immobilization was performed by incubation of
20 pg/mL of each Ab diluted in PBS, followed by washing
using complete culture medium as previously described
[22]. After 72 h of incubation, IL-5 production and pro-
liferation were determined as described above.

Statistical analysis

The non-parametric Wilcoxon's signed-rank test and
Mann-Whitney's U-test were used. Correlation analysis
was performed using Spearman's correlation coefficient
by rank. A level of P<0.05 was considered statistically
significant. Values were given as meanszstandard de-~
viation. Statistical analysis was performed using Stat-
View™ software (version 4.5; Abacus Inc., Berkeley,
CA, USA).

Results

Clinical efficacy of specific immunotherapy in Japanese
cedar pollinosis

Analysis using JRQLQ revealed that cedar immunotherapy
was clinically effective against not only naso-ocular
symptoms but also rhinitis-related QOL in SIT-treated
patients in two consecutive seasons {Fig. 1). Levels of
serum total IgE (P=0.360), JCP-specific IgE titre
{P=0.725) and blood eosinophil counts (P =0.205) were
similar between SIT-treated and SIT-untreated patients at
the enrollment of the study. And these levels were still

Journal compilation © 2008 Blackwell Publishing Ltd, Clinicof and Experimental Allergy, 38 : 18911800
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Fig. 1. Effect of cedar immunotherapy on symptom and quality of life (QOL) in Japanese cedar pollinosis {JCP). Naso-ocular symptoms {a, b} and
rhinitis-related QOL (¢, d} were compared between specific immunotherapy (SIT)-treated patients (closed square) and SIT-untreated patients (open circle)
during the pollen-dispersed season in 2005 {z, c) and 2006 {b, d). The r-axis denotes weeks after the onset of cedar and cypress polien dispersion. The
y-axis denotes scores. The P-values were determined using the Mann-Whitney’s U-test.

similar between the groups in 2008 {serum total IgE:
P=0.833, JCP-specific IgE titre: P=0.205, blood eosino-
phil counts: P=0.181). However, the levels of JCP-specific
IgE titre in 2008 were significantly elevated as compared
with those at the enrollment in SIT-untreated group
(P=0.011) whereas the levels between before- and after-
treatment were not significantly different in SIT-treated
group (P=0.790) (Table 1).

Changes in co-inhibitory molecule expression in response
to Cryj 1 in peripheral blood mononuclear cells from
patients with Japanese cedar pollinosis

The percentage of cells expressing PD-1, B7-H1 and BTLA
in PBMC after exposure or no exposure to in vitro (ry j 1
stimulation is summarized in Table 2. The baseline ex-
pression of these molecules in the absence of Cry j 1
stimulation was similar among SIT-treated and SIT-un-
treated patients. In addition, the percentage of positive
cells observed after stimulation with Cry j 1 did not differ

Table 2. Percentage of positive cells expressing co-inhibitory molecules
with or without Ag stimulation

Non-SIT
Molecuie Stimulation SIT {n=11) (n=10) P-value
PD-1 Ag () 1.061+0.86 0.86£0.72 0.860
Agi+) 1.66+1.47 1.51x1.49 0.888
Change 0.60:£0.74 0.6541.03 0.805
B7-H1 Agl-) 1.08:1.07 0.97:0.95 0.778
Ag(+} 1.55:£1.45 1.06£1.04 0.481
Change 0.474+0.48 0.09:£0.90 0.067
BTLA Ag (~) 2.73£2.50 4.9144.22 0.460
Ag (+) 3.70+2.87 2.67:42.33 0.503
Change 0.974£1.17 —2.2442.21 < 0.001

SIT, specific immunotherapy-treated patients; non-SIT, SIT-untreated
patients; PD, programmed death; BTLA, B and T lymphocyte attenuator.

significantly in each molecule. However, when we focused
on changes in expression in response to Cry j 1 in each
patient, BTLA expression was reduced in SIT-untreated
patients, but not in SIT-treated patients (Fig. 2).
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Fig. 2. Typical histogram of B and T lymphocyte aftenuator {RTLA) expression. Peripheral blood mononuclear cells {PBMCs) from SIT-treated {a, b} and
SIT-untreated {c, d) patients were incubated in the presence or absence of Cry j 1 for 72 h. After incubation, Cry j 1-stimulated (b, d) and unstimulated
(a, ¢) PBMC were harvested, blocked and stained with FITC-labelled anti-BTLA mAb (MIH27, open histogram) or control mouse IgG2b (shaded
histogram). Lymphocytes were gated according to forward scatter and side scatter and at least 10 000 events were acquired and analysed. The r-axis (log
scale) shows fluorescence intensity and y-axis shows cell counts. SIT, specific immuno therapy-treated patients; non-SIT, STT-untreated patients, FITC,

fluorescein isothiocyanate.

Significantly different responses in terms of BTLA expres-
sion following Cry j 1 stimulation were observed among
STI-treated and untreated patients {P<0.001). A tendency
toward enhanced B7-H1 expression was seen in SIT-
treated patients, compared with untreated patients
(P=0.067). On the other hand, changes in PD-1 expres-
sion did not differ among patients from both groups
(P=0.805) (Table 2).

Phenotype analysis of cells expressing co-inhibitory
molecules

BTLA is known to be expressed on both B and T cells. In
SIT-treated patients, the percentage of CD4" cells expres-
sing BTLA was significantly increased after recall stimula-
tion with Cry j 1 (P=0.003, Fig. 3a). Conversely, the

© 2008 The Authors

percentage was significantly reduced in SIT-untreated
patients (P=0.017, Fig. 3d). On the other hand, a signifi-
cant change in BTLA expression on CD8™ cells was not
observed in either SIT-treated (P=0.154) or SIT-untreated
(P> 0.999) patients (Figs 3b and e). A reduced expression
on CD19% cells was observed in both SIT-treated
(P=0.091) and SIT-untreated (P=0.037) patients follow-
ing stimulation (Figs 3¢ and f}.

PD-1 and B7-H1 are also known to be expressed on
both B and T cells. The percentage of CD4™ (P=0.037)
but not CD8* (P=0.161) or CD19™ (P=0.110) cells ex-
pressing PD-1 was significantly increased in SIT-treated
patients after recall stimulation with Cry j 1 (Figs 4a-c).
On the other hand, a tendency toward enhanced PD-1
expression on CD4" (P=0.086) and CD19™ (P=0.093) but
not CD8* (P>0.999) cells were seen in SIT-untreated
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Fig. 3. Phenotype analysis of cells expressing B and T lymphocyte attenuator (BTLA}. The peripheral blood mononuciear cells (PBMCs) from patients
with (a-c) or without {d~f) specific immunotherapy (SIT)} were incubated in the presence or absence of Cry j I for 72}, after which the percentage of
CD4+ (a, 4), CD8+ (b, ¢) and D19+ (c, f] cells expressing BTLA in cultured PBMC was determined by flow cytometry. The P-values were determined

using the Wilcoxon's signed-rank test.
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Fig. 4. Phenotype analysis of cells expressing programmed death (PD)-1. The peripheral blood mononuclear cells (PBMCs) from patients with (a-c) or
without (d~f) specific immunotherapy (SIT) were incubated in the presence or absence of Cry j { for 72, after which the percentage of CD4+ {a, d),
CD8+ (b, &) and CD19+ (c, f) cells expressing PD-1 in cultured PBMC was determined by flow cytometry. The P-values were determined using the

Wilcoxon'’s signed-rank test.

patients (Figs 4d~f). Although a tendency toward overall
enhanced B7-H1 expression after recall stimulation with
Cry j 1 was seen in SIT-treated patients as compared with
untreated patients (Table 2), Cry j 1-induced changes of
B7-H1 expression on CD4*, CD8" or CD19™ cells were not
significant in either SIT-treated or SIT-untreated patients
(data not shown).

Correlation between Cry j 1-induced interleukin-5
production and changes in B and T lymphocyte attenuator
expression

After 72 h of incubation, levels of Cry j 1-induced IL-5
production were significantly reduced in PBMC from
SIT-treated patients, compared with untreated patients
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Fig. 5. Comparison of Cry j I-induced cytokine production and prolif-
eration among specific immunotherapy (SIT)-treated and SIT-untreated
Japanese cedar pollinosis (JCP) patients. Peripheral blood mononuclear
cells (PBMCs) were incubated in the presence or absence of Cry j 1 for
721, after which the levels of IL-5 (a}, IL-10 (b} and TGF-B (¢} were
determined within the supernatant by ELISA. Changes in production
were determined by measuring the differences between the levels
observed following Cry j 1 stimulation and those ohserved in the absence
of stimulation. In addition, Cry j 1-induced PBMC proliferation was
measured by BrdU incorporation {d). P-values were determined using the
Mann-Whitney's U-test. SIT represents the patients treated with SIT.
Non-SIT represents SIT-untreated group of patients.

{P=0.007, Fig. 5a). On the other hand, IL-10 or TGF-B
production in response to Cry j 1 was not detected in either
group (Figs 5b and c). IL-10 production was not detected
even after 12h incubation with Cry j 1. Cry j 1-induced
IL-5 production was similar between basophil-depleted
PBMC {121.94:77.9 pg/mL) and control PBMC (128.9+
59.6 pg/mL, P=0.624), suggesting that basophil respon-
siveness in IL-5 production is negligible in our culture
system. A trend of suppression in Cry j 1-induced prolif-
eration was seen in PBMC from SiT-treated patients as
compared with those from SIT-untreated patients (P=
0.057; Fig. 5d).

Interestingly, the observed Cry j 1-induced changes in
BTLA expression were significantly and negatively corre-
lated with IL-5 production (p =—0.747, P<0.001; Fig. 6).
However, when we analysed the correlation separately, the

" correlation was not seen in either SIT-treated (p =—0.243,
P=0.416} or SIT-untreated (p=—0.491, P=0.141} group
because Cry j 1-induced IL-5 production was lost in most
of SIT-treated patients. The changes in Cry j 1-induced
IL-5 production were significantly and positively corre-
lated with both naso-ocular symptom scores {p=0.616,
P=0.024) and QOL scores (p=0.719, P=0.008}. The

© 2008 The Authors
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Fig. 6. Relationship between Cry j l-induced B and T lymphocyte
attenuator (BTLA) expression and IL-5 production. Peripheral blood
mononuclear cells (PBMCs) were incubated in the presence or absence
of Cry § 1 for 72h, after which the expression of BTLA and IL-5 levels
were determined by flow cytometry and ELISA, respectively. Specific
immunotherapy (SIT)-treated and SIT-untreated Japanese cedar pollino-
sis (JCP) patients are represented by the open circles and closed triangles,
respectively.

changes in BTLA expression did not correlate with naso-
ocular symptom scores (p =—0.063, P=10.760); however,
the changes showed a tendency to inversely correlate with
QOL scores (p =—0.450, P=0.067).

Effect of B and T lymphocyte attenuator cross-linking on
Cryj 1-induced interleukin-5 production

Finally, we sought to determine the in vitro role 6f BTLA in
Cry j 1-specific PBMC responses. Immobilized anti-BTLA
mAb significantly suppressed Cry j 1-induced IL-5 pro-
duction by PBMC, compared with control mouse I1gG2b
{P=0.016; Fig. 7a). On the other hand, Cry j 1-induced
proliferative responses were not different between immo-
bilized anti-BTLA mAb and the control treatment
(P=0.879; Fig. 7b).

Discussion

The key finding of the present study was that BTLA
expression is down-regulated after Cry j 1 stimulation in
patients not treated with SIT, while it is up-regulated in
SIT-treated patients. The up-regulation of BTLA in SIT-
treated patients was particularly apparentin a CD4" Tcell
subset. Cry j 1-induced changes in BTLA expression were
significantly and inversely correlated with IL-5 produc-
tion by PBMC. Furthermore, cross-linking of BLTA re-
sulted in inhibition of Cry j I-induced IL-5 production.
These results suggest that both IL-5 production and down-
regulation of BTLA in response to allergen are inhibited in
SIT-treated patients with JCP.
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Fig. 7. Effect of cross-linking of B and T lymphocyte attenuator {BTLA)
on Cry j 1-induced responses in peripheral blood mononuclear cells
{PBMCs). PBMC from patients with Japanese cedar pollinosis {JCP)
without immunotherapy were incubated in the presence or absence of
Cry j 1, along with either MIH26 or control mouse IgG2b, for 72h, after
which levels of Cry j l-induced TL-5 (a) and proliferative responses
{b) were determined. P-values were determined using the Wilcoxon's
signed-rank test.

BTLA is a recently identified member of the CD28
family of receptors. Similar to PD-1 and CTLA-4, BTLA
contains ITIMs, suggesting that BTLA functions as an
inhibitory receptor [17]. In fact, reduced BTLA expression
leads to enhanced T cell and B cell responses in mice
{17, 25). However, little is known regarding the potential
role of BTLA in buman cellular responses. We have
previously demonstrated that BTLA ligation inhibits anti-
CD3-stimulated proliferation as well as the production of
IFN-y and IL-10 in human CD4" T cells [22]. Another
group has reported suppression of anti-CD3-induced pro-
liferation in response to cross-linking of BTLA, and
reduced expression of CD25 and production of IL-2 and
IL-4 in addition to IFN-y and IL-10 in human T cells [26].
In the present study, immobilized anti-BTLA mAbD that
can cross-link BTLA significantly suppressed Cry j 1-
induced IL-5 preduction by PBMC. This result is consis-
tent with previous reports, and demonstrates for the first
time that cross-linking of BTLA also inhibits antigen-
specific human PBMC responses. On the other hand, BILA
cross-linking did not alter Cry j 1-induced proliferative
responses. We have previously shown that BTLA-induced
inhibitory signals depend on the strength of TCR signals
[22]. These results suggest that BTLA cross-linking selec~
tively affects Cry j 1-induced IL-5 production in our
system. Although, to date, nio Ab to block human BTLA is
available, the definitive experiment would be to block
BTLA (with non-cross-linking Abs or Fab fragments) to
see if IL-5 production is restored in SIT patients.

Antigen concentration is one of the key factors regulat-
ing in vitro cellular responses. We previously reported that
PBMC showed proliferative responses to Cry j 1 in a dose-
dependent manner, and the samples showed positive
responses at 10 pg/mL [20]. Another investigation used
Cry j 1 at the concentration of 25-50 pg/mL with sub-
stantial results [27]. Thus, we think that the concentration

of 10 ug/mL of Cryj 1 is appropriate concentration used in
the present study.

Similar to other co-stimulatory molecules, the expres-
sion of BTLA is known to change upon activation [22, 25,
26, 28], The expression of BTLA is up-regulated on T cells
and down-regulated on B cells upon activation in mice
[25, 28). In humans, we have demonstrated constitutive
BTLA expression on the surface of both CD4 and CD8T
cells at high levels, which gradually declines after stimu-
lation with anti-CD3 and anti-CD28 mAb {22]. The rela-
tionship between BTLA expression and pathogenesis has
been investigated in several human diseases [28, 29, 30].
For example, increased BTLA expression has been demon-
strated on CD4™ and CD8™ T cells within pleural fluid in
lung cancer patients {26]. An association between a BTLA
gene polymorphism and risk of rheumatoid arthritis has
also been reported (29). The baseline expression of BTLA
did not differ significantly among SIT-treated and SIT-
untreated patients. However, down-regulation of BILA
was only observed in untreated patients in the present
study. Although the precise mechanism by which the
expression of BTLA is down-regulated remains unknown,
signals through the TCR, as well as cytokines produced by
Cry j 1-specific T cells and/or pro-inflammatory cyto-
kines/chemokines secreted by monocytes or B cells may
all function to regulate BTLA expression. Identification of
mechanism regulating BTLA expression must be made in
future investigation. .

BTLA was originally cloned from murine Th1 cells, and
is predominantly expressed by B cells, followed by T cells
and APC in mice [17, 25). In humans, we have recently
reported BTLA expression on CD4™ T cells, CD8™ T cells
and CD19% B cells in freshly isolated human PBMC.
Unlike in mice, polarized human Th1 and Th2 cells consist
of both BTLA-positive and BTLA-negative populations;
however, BTLA expression diminishes with extended
length of culture [22]. The present results are consistent
with those of previous reports and suggest that BTLA
expression persists on human CD4*, CD8" and CD19”
cells during short-term culture. Furthermore, only cpa’*
cells bearing BTLA were significantly increased after recall
stimulation with Cry j 1, suggesting that SIT selectively
enhances BTLA expression on CD4™ T cells.

A significant difference in Cry j 1-induced IL-5 produc-
tion by PBMC was seen among SIT-treated and untreated
patients. Inhibition of both local and systemic IL-5 pro-
duction is known to correlate with clinical efficacy [6, 8l.
The present result is consistent with a report by Kakinoki
et al. [6] demonstrating that the production of IL-5
following Cry j 1-stimulation by PBMC is significantly
reduced in good responders, compared with poor respon-
ders to SIT in patients with JCP. On the other hand, Cryj 1-
induced IL-10 and TGF-B production was not detected in
PBMC from SIT-treated patients. One of the reasons why
IL-10 production was not induced in our immunotherapy
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is that, although our immunotherapy was clinically effec-
tive (Fig. 1) and 2000 JAU/mL of JPC extract is maximal
concentration commercially available in Japan, the main-
tenance dose is relatively low (the mean maintenance dose
of the extract was 509.0 JAU which is equivalent to
0.37-1.07 pg of Cry j 1) as compared with other reports
[1~5]. Moreover, the observed changes in BTLA expres-
sion were significantly and negatively correlated with
IL-5 production after Cry j 1-stimulation in the present
study. This result confirms the result of our cross-linking
study and suggests that BTLA has an inhibitory role with
regard to Cry j 1-specific IL-5 production in JCP.

In the present study, the expression of co-inhibitory
molecules and cytokine production was determined dur-
ing the pollen season after at least 2 years of SIT
treatment. It is interesting to determine the effect of SIT
during the first pollen season after starting this therapy.
Our preliminary results showed that, as compared with
SIT-untreated patients (n = 10}, PBMC from the newly SIT-
treated patients during the first pollen season after start-
ing cedar immunotherapy (n="5) produced significantly
less amount of TL-5 (36.7:49.4 vs. 433.6::581.2 pg/mL,
P=0.020). On the other hand, Cry j 1-induced changes in
BTLA (—1.424:0.80% vs. —3.42:£0.97%, P=0.178), PD-1
(0.27-0.38% vs. 0.7310.33%, P=0.390} and B7-H1
{0.10:£0.24% vs. 0.01:£0.34%, P=0.125) expression as
well as Cry j 1-induced IL-10 (2.4 1.5 vs. 0.2+0.2 pg/mL,
P=0.137) and TGF-B {0£0 vs. 0:0pg/ml) production
was not statistically different between the groups. These
results suggest that period after reaching of maintenance
dose is one of the factors regulating BTLA expression. In
addition, the direct effect of SIT on expression of co-
inhibitory molecules after reaching the maintenance dose,
before the pollen season should be determined.

In conclusion, the present study shows an increase in
BTLA-bearing CD4™ T cells in patients treated with SIT.
Furthermore, the alterations in BTLA expression were
associated with allergen-specific IL-5 production. These
results suggest that protection of BTLA down-regulation is
a key mechanism of SIT. T cell co-signalling molecules are
potential targets in the treatment of allergic airway
disease [31]. The present study adds support to this and
further suggests that regulation of BTLA expression may
be of therapeutic benefit in the treatment of allergic
airway disease.
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CRTH2 Plays an Essential Role in the Pathophysiology of Cry
j 1-Induced Pollinosis in Mice'

Rie Nomiya,* Mitsuhiro Okano,* Tazuko Fujiwara,* Megumi Maeda,” Yoshinobu Kimura,'

Kosuke Kino,* Minehiko Yokoyama,® Hiroyuki Hirai," Kinya N agata,’ Toshifumi Hara,"
Kazunori Nishizaki,* and Masataka Nakamura?

PGD, is the major prostanoid produced during the acute phase of allergic reactions. Two PGD, receptors have been isolated, DP
and CRTH2 (chemoattractant recepter-homologous molecule expressed on Th2 cells), but whether they participate in the patho-
physiology of allergic diseases remains unclear. We investigated the role of CRTH2 in the initiation of allergic rhinitis in mice.
First, we developed a novel murine model of pollinosis, a type of seasonal allergic rhinitis. Additionally, pathophysiolegical
differences in the pollinosis were compared between wild-type and CRTH2 gene-deficient mice. An effect of treatment with
ramatroban, a CRTH2/T-prostanoid receptor dual antagonist, was also determined, Repeated intranasal sensitization with Cry j
1, the major allergen of Cryptomeria japonica polien, in the absence of adjuvants significantly exacerbated nasal hyperresponsive
symptoms, Cry j l-specific IgE and IgG1 production, nasal eosinophilia, and Cry j 1-induced in vitro production of I1-4 and I1.-5
by submandibular lymph node celis. Additionally, CRTH2 mRNA in nasal mucosa was significantly elevated in Cry j 1-sensitized
mice. Following repeated intranasal sensitization with Cry j 1, CRTH?2 gene-deficient mice had significantly weaker Cry j 1-specific
1gE/1gG1 production, nasal eosinophilia, and IL-4 production by submandibular lymph nede cells than did wild-type mice. Similar
results were found in mice treated with ramatroban. These results suggest that the PGD,-CRTH2 interaction is elevated following
sensitization and plays a proinflammatory role in the pathophysiology of allergic rhinitis, especially pollinosis in mice. The
Journal of Immunology, 2008, 180: 5686-5688.

ollinosis, a type of seasonal allergic rhinitis, is the most ministration of pollen extracts in the absence of adjuvants is
common allergic respiratory disease and is a global health needed.

a problem that is increasing in prevalence (1-3). For exam- Prostanoids are thought to participate in allergic inflammation
ple. as much as 10-20% of the Japanese population suffers from {10). PGD, is one of the most important of these and it plays roles
Japanese cedar pollinosis (ace).’ in allergic respiratory diseases including allergic rhinitis (10-15).

Intensive and extensive studies on pollinosis have greatly im- For example, nebulized PGD, cenhances Th2-type inflammatory
proved the understanding of its etiology and pathology (4). Mouse responses and eosinophilia, leading to the development of airway
models of allergic rhinitis have contributed to these advances.  hyperresponsiveness (14). PGD, acts via the D-prostanoid receptor

However, these mouse models usually use adjuvants and/or strong (DP) and chemoattractant rteceptor-homologous molecule ex-
Ags to efficiently seasitize animals (5-9). To further exaniine the pressed on Th2 cells (CRTH2) (16). The expression patterns and
pathophysiological mechanism underlying pollinosis, a murine  signaling pathways utilized by DP and CRTH2 are different, sug-
model that natorally mimics human pollinosis by intranasal ad- gesting that they have distinct roles in allergic responses (16, 17
Tt appears that signals via DP promote eosinophil survival, whereas
. ] o signals via CRTH2 mediate shape changes, chemotaxis, and de-
CDepamntof Olamilopy- e ek Sy, Oyoms Uy Gt gegultion by cosinophils (16 18, 19)
Division of Biomolecular Science, The Graduate School of Nawral Science and The role of CRTH2 in allergic airway inflammation in vive

Technology, Okayama Universily, Okayana, Japan: *Mciji Company, Odawars. Ja- remains controversial (17). CRTH2 has been found to panicipate
pan: *Department of Advanced Medicine and Development, BioMedical Laborato-

ries, Suituma, Japan; and "Human Gene Sciences Center, Tokyo Medical and Dental in the recruitment of eosinophils from the bone marrow into the
University, Tokyo, Japan bloodstream (19, 20), in eosinophilic airway inflammation (1),
Received for puhlication July 23, 2007. Accepted for publication February &, 2008, and in airway eosinophilia and hyperresponsiveness (21), suggest-
The costs of publication of this article were defrayed in part by the payment of page ing that it plays a proinflammatory role in vivo. On the other hand,

charges, This article must therefore be hereby marked advertisement in accordance mice deficient for CRTH2 (CRTH2 —/~) show eosinophil recriit-
with 18 U.8.C. Section 1734 solely to indicate this fact, . .
ment and IL-5 production by splenocytes in an asthma model,

Y Thi X Was § i from the Mind f E ton. Culture, . - . . .
This work was supported in part by grants from the Ministey of Education Culure, suggesting that CRTH? mediates antiinflammatory stgnals (22). In

Sports, Science, and Technology, Jupan (14704143), and Research on Allergic Dis-

case and Immunology of the Ministry of Health, Labor, and Welfare, Japan homan nasal mucosa, CRTH2 is expressed in eosinophils and a
(14210301). subset of T cells (23). We have recently reported that there is a
z/\Addm§s correspondence and reprint reguests to Dr. Mitsuhiro Okano, Okayama close correlation between the number of eosinophils infiltrating
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* Abbreviations ased in this paper: JCP, Japanese cedar pollinosis; CRTH2, chemont- reduced eosinophil infiltration into skin in a model of chronic al-
tractant receptor-homologous molecule expressed on Th2 cells: DP, D-protanoid re- lergic skin inflummation (24).

ceptor; TP, T-prostanoid receptor; WT, wild type. . A . . R
P v ; e In this study, we established a novel murine model of pollinosis
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FIGURE 1. Experimental design used to investigate the effect of nasal
exposure 1o Cry i | in mice. BALB/c mice (6~9 per group) were sensitized
by intranasal administration of either 1.0 or 5.0 pg of Cry j 1in 10 ul PBS
in the ahsence of adjuvants once a week for 3 wk (on days 1, 8, and 15).
One week after the third sensitization, mice were challenged by intranasal
administration of one fifth Cry j 1, respectively every day for 7 consecutive
days (on days 22 to 27). As a control, mice were treated with PBS, except
for the final challenge, where mice were treated with 1.0 ug of Cry j 1.
Immediately after the final nasal challenge, nasal symproms were observed
for 10 min, and 16 b after the final nasal challenge, peripheral blood was
collected, and the specific Ab content in the serum was measured. After the
blood sampling, mice were sacrificed, and the nose and submandibular
tymph nodes were obtained for further analysis.

the disease. In this model, intranasal sensitization with Cry j 1, the
major allergen of Crypromeria japonica pollen, in the absence of
adjuvant induced allergic rhinitis closely resembling human polli-
nosis. We found that a lack of CRTH2 in the mutant mice greatly
reduces allergic pathophysiologies in this model.

Materials and Methods
Animals and Ags

BALB/c mice were purchased from Charles River Laboratories Japan and
CLEA Japan. Homozygous CRTH2-deficient and wild-type BALB/c mice
were obiained as described previously (24). Female mice (7-11 wk old)
were used in all the experiments, The mice were maintained in specific
pathogen-free conditions at Okayama University and Tokyo Medical and
Dental University in accordance with the guidelines set forth by the uni-
versity committees. All experimental protocols and procedures in the
present study were approved by the University Animal Care and Use Com-
mittees. Cry j 1 was purified from crude extracts of C. japonica polien as
described previously (25). Endotoxin contamination was considered 1o be
negligible due to a negative result in the Endospec ES test (Seikagaku).
Ramatroban was obtained from Bayer Yakuhin. Protein concentrations
were delermined using a bicinchoninic acid assay (Pierce) according to the
manufacturer’s instructions.

Sensitization of mice

Mice (6-9 animals per group) were sensitized by intranasal application of
serial doses of Cry j 1in 10 pl PBS in the absence of adjuvants using a
microsyringe (Hamilton Medical). The low-dose sensitization consisted of
a series of administrations of 1.0 pg of Ag once a week for 3 wk (on days
1, 8. and 19), followed by administration of 0.2 pg Ag every day for 7
consecntive days (on days 22 to 28). For high-dose sensitization, 5.0 and
1.0 g of Cry j 1 were administered once a week for 3 wk (on days 1, 8,
and 15) and every day for 7 consecutive days (on days 22 to 28), respec-
tively, As a control, mice were treated with PBS instead of the Ag at all
points except for the final challenge, where the mice were administered 1.0
pg ol Cry j 1 (Fig. 1). Immediately after the final nasal challenge, the
frequencies of sneezing and nasal rubbing were counted in a blinded man-
ner for 10 min. Peripheral blood was collected from the tail vein 16 h after
the final nasal challenge, and then sera were prepared by centrifugation at
200 X g, and the levels of Cry j 1-specific Ab in the serum were determined
by ELISA. The mice were then sacrificed, and the nose and submandibuiar
lymph nodes were isolated for further immunological and histological
analyses.

To determine whether the effect of CRTH2 deficiency is at the level of
sensitization or amplification of allergic cascade, oulcomes of pollinosis
were compared with CRTH2™' mice sensitized and subsequently chal-
lenged with Cry j 1 and nonsensitized CRTH2 ™™ mice with a single chal-
lenge with Cry j 1.
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Ramatroban treatment

Ramatroban was suspended in 5% methy! cellulose and administered orally
at a dose of 30 mg/kg body weight once a day from 1 day before the first
sensitization to the final challenge (day O to day 28). Control mice were
given 5% methyl cellulose alone.

Ab determination

The levels of Cry j 1-specific TgE, IgG1, and 1gG2a were determined by
ELISA as previously described (26). The levels of Cry j I-specific IgE
were measured using biotinytated Cry j 1 (Hayashibara Biochemical Lab-
oratories) as a detecting reagent. The tters of Ag-specific Abs were esti-
mated according to the mean OD at 450 nm of serwin dilutions of 1/20 for
T¢E and 1/100 for 1gG1 and IpG2a.

In vitro culture of submandibular lymph node cells and
measurement of cyrokine production

Submandibutar lymph nodules from mice were dispersed and filiered
through a 70-pm cell strainer (BD Biosciences) to yield a single-cclf sus-
pension. Lymph node cells were suspended in RPMI 1640 supplemented
with 10% heat-inactivated FCS (Invitrogen), 100 pg/ml streptomyecin, 100
U/ml penicillin, and 20 mM 1~glutamine (Sigma-Aldrich). Cells (4 X H
cells/200 uly were cultured in the presence or absence of 10 pgiml Cry |
1 in 96-well fla-bottom plates (BD Biosciences) at 37°C in humidified
atmosphere of 5% CO, and 95% air, After 72 h of colture, supernatants
were harvested. The levels of IL-4, TL~5, and IFN-v in the culture super-
natant were measured using OptEIA sets (BD Biosciences). The levels of
JL-13 were measured using DuoSet ELISA development kit (R&D Sys-
tems). The detection limits for IL-4, TL-5, TL-13, and TFN-vy in this system
were 10, 30, 40, and 60 pg/ml. respectively.

Histological examination

Histological examination was performed as previously described (26).
Coronal nasal sections were stained with H&E and Luna solution to detect
mononuclear cells and cosinophils, respectively. A blind test was con-
ducted 10 detenmine the numbers of infiltrating cells in the posterior part of
nasal septum using a high-power (10 X 40) microscopic field.

To determine the infiltration of T cells into nasal mucosa, immunohis-
tochemistry for CD3 was examined. Paraffin-embedded nasal tissues were
sectioned into 5-pm slices, deparaffinized, rehydrated and retrieved with
microwave, Endogenous peroxidase activity was quenched with 3% H,0,,
and nonspecific protein binding was hlocked with nonmal rabbit serum
(DAKO Japan) for 60 min. After this, the tissue sections were incubated
with goat anti-mouse CD3-z polycional Ab (sc-1127: Santa Cruz Biotech-
nology) or control goat 1gG Ab (M-20: Santa Cruz Biotechnology) over-
night at 4°C. To desect the veaction, N-Histofine Simple Stain MAX PO
(G) (Nichirei Biosciences) and diaminobenzidine sobstrate (DAKO Japan)
was used according to the manufactwrers’ instructions.

Real-time quamitative PCR in nusal mucosa

Mucosal tissues were removed from nasal septum 16 h following the final
nasal challenge, immediately soaked in bulfer containing guanidine iso-
thiocyanate from the RNeasy Mini Kit (Qiagen), and stored at —80°C until
use. Exwraction of total cellular RNA, reverse transcription to generate
¢DNA, and real-time guantitative PCR were performed using a Chromod
Real-Time PCR detector (Bio-Rad Laboratories, Hercules) and QuantiTect
SYBR Green PCR reagents (Qiagen) as described previously (12). The
primer sequences for CRTH2 und GAPDH are shown in Table T. Standard
curves for both CRTH2 and GAPDH were generaied using a PCR fragment
of CRTH2 and plasmid DNA of GAPDH as a standard, respectively, Then
absolute copy number of CRTH2 and GAPDH for each sample was cal-
culated, and samples were reported with a CRTH2 copy number refative to
GAPDH.

Relalive amounts ol IL-4, IL-5, TL-13, TFN-y, IL-18, 1L-6, TNF-q,
RANTES, and eotaxin mRNA in nasal mucosa were also measured. The
primers used are listed in Table I,

Statistical analysis

Statistical significance was determined by nonparametrical Mann-Whimey
U tests. p values of <0.05 were considered to indicate statistical signifi-
cance. Values are shown as means = SEM.
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Table 1. Primary sequences used for real-time PCR amplifications

Forward Prinwer

Reverse Primer

Awplificaton Size (bp)

Genbank Accession No.

1L-4 CCTCACAGCAACGAAGARCA CTRCAGCTCCATGAGAACAC 133 NM_021283
IL-5 TCAGCTGTGTCTGGGCCACT TTATGAGTAGGGACAGGRAGCCTCA 133 NM_010558
1L-13 TECTTGCCTTGGTGETCTC CAGGTCCACACTCCATACC 151 NM_008355
TFN-vy GCGTCATTGAATCACACCTG ACCTGTGGGTTGTTGACCTC 103 NM_008337
TL-18 TCCAGGATGAGGACATGAGCAC GARCGTCACACCAGCAGGTTA 105 NM_008361
1L-6 CCACTTCACAAGTCGGAGGCTTA GCAAGTGCATCATCGTTGTTCATAC 12 NM_031168
TNF- ATGAGCACAGAAAGCATGATC TCCACTTGGTCGTTTGCTACE 305 NM_013693
RANTES AGATCTCTGCAGCTGCCCTCA GGAGCACTTGCTGCTGGTGTAG 170 NM_013653
Eotaxin CAGATGCACCCTGARAGCCATA TGCTTTGTGGCATCCTGGAC 96 NM_011330
CRTH2 TCTCAACCAATCAGCACACC CCTCCAAGAGTGGACAGAGC 173 NM_009962
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTETTGCTGTA 452 NM_008084
Results { caused a considerable increase in the concentration of Cry j

Induction of nasal symptoms in Cry j l-sensitized mice

We first attempted to generate a mouse model mimicking human
allergic rhinitis, especially pollinosis, which causes symploms of
nasal symptoms, including sneezing and nasal rubbing, by intra-
nasal administration of Cry j 1. We found a significant and dose-
dependent increase in the frequency of sneezing in BALB/c mice
sensitized with Cry j L. Mice that were treated with PBS alone
sneezed 1.8 = 0.3 (mean = SEM) times in the 10 min following
the final Ag administration, whereas they sneezed 5.8 £ 1.2 times
and 15.7 = 2.7 times when treated with low and high doses of Ag,
respectively (Fig. 24). Similarly, immediately after the final Ag
challenge, nasal rubbing was observed more frequently in mice
sensilized with a high dose of Cry j | than in control mice (37.3 %
5.8 vs 11.2 = 2.7 times in 10 min). At a low dose of Cry j 1, there
was no significant increase in the frequency of nasal rubbing
{Fig. 2B).

Developmen: of Th2-type immune responses in Cry j
1-sensitized mice

To further characterize the pathogenesis of immune responses
caused by Cry j 1, we monitored several parameters associated
with pollinosis. Nasal challenge with a low or high dose of Cry j

A

Sneezing frequency

I-specific IgE in sera when measured 1 day after the final chal-
lenge (Fig. 2C). There was also a significant elevation in the con-
centration of Cry | I-specific 1gG1 (Fig. 2D). The concentration of
Cry j I-specific TgE and IgG1 was not appreciably different at the
low and high doses of Cry j 1. Cry j 1, however, had little effect on
the level of Cry j 1-specific 1gG2a (Fig. 2E).

Eosinophil infiltration into nasal mucosa, another characteristic
of pollinosis, is rarely seen in the nasal mucosa in conurol mice
(Fig. 34). On the contrary, there was a marked accamulation of
eosinophils not only in the Jamina propria but also in the epithelial
layer in wice 1 day after the final challenge (Fig. 3, B and C).
Eosinophil numbers per field following intranasal Cry j 1 sensiti-
zation/challenge at both low and high doses were significantly
higher than in control mice (Fig. 3D). The nasal mucosa of Cry j
1-sensitized mice also showed severe infiltration by mononuclear
cells. The nasal septum of mice treated with low and high doses of
Cry j | contained more mononuclear cells per field (59.8 £ 9.0
{p = 0.055) and 80.2 = 9.1 (p = 0.016), respectively) than did
control mice (39.8 £ 4.7).

We next examined the in vitro production of cytokines in culture
by cells isolated from submandibular lymph nodes from mice
treated in vivo with or without Cry j 1. The amounts of TL-4 and

B Rubbing frequency

2
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FIGURE 2. Nasal hyperrespon-
sive symploms and Ab production in
mice following intranasal sensitiza-
tion and challenge with Cry j 1. Mice
were sensitized and challenged by in-
tranasal administration of Cryj 1. Na-
sa} allergic symptoms, including the
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FIGURE 3. Nasal eosinophilia and cytokine production by submandibular lymph node cells following inwanasal sensitization and challenge with Cry
j 1. Mice were sensitized and challenged by intranasal administration of PBS (A), low-dose Cry j | (B), or high-dase Cry j 1 (C) according to the schedule
shown in Fig. 1. Sixtsen hours after the final challenge, nasal sections were collected. fixed, and decalcified. and eosinophils in the nasal mucosa were
detected by Luna stain, D, The numbers of eosinophils in the posterior portion of the nasal septuin were determined per high-power (10 X 40) microscopic
ficld. Mean nambers of infiltrating cells per field = SEM are shown. Sixteen hours after the final challenge. submandibular lymph node cells were isolated
and cultured in the absence or presence of Cry j { for 72 h. TL-4 (E), TL-5 (F), and IFN-y (G) were measured by ELISA. Mean concentrations £ SEM

are shown. Resulls are representative of two independent experiments.

IL-5 praduced by the cells were in proportion to the doses used for
in vivo sensitization (Fig. 3, E and F). TFN-y production was
slightly enhanced in lymph node cells from miice treated with a
high dose of Cry j 1 compared with control mice, but the increase
was not statistically significant (Fig. 3G).

CRTH?2 mRNA expression in nasal mucosa of Cry j I-sensitized

niice

We next measured the expression of CRTH2 at sites of nasal in-
flammation. Control mice wreated with PBS expressed a low level
of CRTH2 mRNA in the mucosal tissue of the nasal sepum. In
mmice treated with Cry j 1, the level of CRTH2 mRNA was signif-
icantly increased (Fig. 4). Thus, we further investigated whether
CRTH?2 is positively or negatively involved in the pathophysiol-
ogy of pollinosis nsing CRTH2™" nice.

Inpaired pathophysiology of pollinosis in Cry j I-sensitized
CRTH2™" mice

A high dose of Cry j | was administered to both wild-type (WT)
and CRTH2™/™ mice, and the nasal hyperresponsive symptoms
were examined immediately afier the final nasal chatlenge. Nota-
bly, the number of sneezes in 10 min by the Cry j 1-sensitized
mutant mice was significantly lower than by the WT mice (Fig.
5A). Nasal rubbing was also significantly lower in the CRTH2™'~
mice than in the WT mice (Fig. 5B).

The level of Cry j I-specific IgE in serum samples collected on
the day lollowing the final Ag challenge was significantly lower
for mutant mice than for WT mice (Fig. 5C). Production of Cry j
1-specific 1gG1 was similarly reduced in CRTH2™'" mice com-~
pared with WT mice (Fig. 5D). In contrast, serum levels of Cry j
1-specific IgG2a were the same in the two mouse strains (Fig. 5E).
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The number of eosinophils infiltrating into the nasal septum fol-
lowing administration of Cry j 1 was also significantly lower in the
CRTH2™/~ mice than in the WT mice (Fig. 64-C). Although the
number of mononuclear cells infilirating the nasal septum was not
significantly different in the mutant and WT mice (Fig. 6D). the
number of infiltrating CD3™" cells was significantly reduced in
CRTH2™" mice as compared with WT mice (Fig. 6E). These

CRIHGAPDH ‘
ISP ) 1 SO
(x109) pereemep=fl 025 eee ]
10+ I
5 o
-
PBS Cry J 1504
Sensitization

FIGURE 4. Relative amounts of CRTH2 mRNA in nasal mucosa. Mice
(6 per group) were sensitized by intranasal administration of 5.0 pg of Cry
§ 1 once a week for 3 wk. One week after the third sensitization, mice were
challenged by intranasal adminisiration of 1.0 pg of Cry j | each day for
7 consecutive days. Control animals were wreated with PBS at all steps
except for the final challenge, where they were treated with 1.0 pg of Cry
j 1. Sixteen hours after the final challenge with Cry j 1, mucosal tissues
were removed from the nasal septurn. The CRTH2 mRNA levels were
estimated using real-tinue quantitative PCR. Results are the mean amounts
of mRNA * SEM.
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resulis suggest that CRTH2 deficiency affects infiltration of not
only eosinophils but also T cells.

To clarify the link between CRTH2 deficiency and the relief of
allergic symptoms, we further investigated cytokine production in
vitro by cells from submandibular lymph nodes obtained the day
after the final Ag challenge. The amount of TL-4 was 5-fold lower
in CRTH2™/~ mice than in WT mice (Fig. 6F). Additionally, there
was a slight reduction in the amount of IL-5 (Fig. 6G) and a slight
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increase in the amount of INF-y (Fig. 61) in the cells from
CRTH2™'~ mice, but the differences were not significant. On the
contrary, the levels of IL-13 were significantly higher in
CRTH2™™ mice as compared with WT mice (Fig. 6H).
Additionally, mRNA levels of Th2 cytokines (TL-4, TL-5, and
1L-13), Th1 cytokine (IFN-v), proinflammatory cytokines (TL-18,
IL-6 and TNF-a), and cosinophil-chemotactic chemokines
(RANTES and eotaxin) in nasal mucosa were determined. The
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FIGURE 6. Histological changes and cytokine production by submandibular lymphocytes following nasal challenge with Cry j 1in WT and CRTH2
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mice. WT (A) and CRTH2™/~ (B) mice were sensilized and chalienged by intranasal administration of Cry j 1. Sixteen hours following the final nasal
challenge with Cry j 1, nasal sections were collected, fixed, and decalcified, and eosinophils in nasal mucosa were detected by Luna stain. C, The number
of vosinophils in the posterior portion ol the nasal scptum was determined per high-power (10 X 40) microscopic field. Mean numbers ol infiltrating
eosinophils per field = SEM are shown. Numbers of mononuclear cells (D) and CD3* cell (E) in the nasal septum were also determined. Sixteen hours
after the final challenge with Cry j 1, submandibular lymph node cells were isolated and cultured with Cry j 1 for 72 h. IL-4 (F), IL-5 (G), TL-13 (), and
IFN-y () were measured by ELISA. Mean concentrations £ SEM are shown. Results are representalive of two independent experiments.
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FIGURE 7. Relative amounis of
cylokinesichemokines mRNA in na-
sal mucosa following nasal challenge
with Cry j 1 in WT and CRTH2™'~
mice. Sixteen hours after the final
nasal challenge with Cry j |, muco-
sal lissues were removed from nasal
septum. Relative amounts of IL-4
(A), IL-3 (B), TL-13 (C), TFN-y (D),
TL-18 (E), IL-6 (F), TNF-« (G),
RANTES (H), and eotaxin (/)
mRNA were compared between WT
and CRTH2™/~ mice. Results are
the mean amounts of mRNA =
SEM.

levels of IL-4 and IL-5 mRNA were significantly lower in
CRTH2™/™ mice as compared with WT mice, whereas the levels
of other cytokines/chemokines were similar between CRTH™'~
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and WT mice (Fig. 7). These results suggest that reduced nasal
cosinophilia in CRTH2 deficiency is associated with reduced lev-
els of IL-5 but not RANTES or eotaxin in this model. Additionaily,

FIGURE 8. Effects of ramatroban on mu-
rine JCP. Ramatroban (30 mg/kg body
weight), suspended in 5% methy! cellulose,
was given orally once a day from | day be-
fore the first sensitization to the final chal-
lenge (day O to day 28). Control mice were
given 5% methyl cellulose alone. After the
final intranasal challenge, the frequencies of
sneezing {4) and rubbing (B) were counted,
and scrum levels of Cry j 1-specific TgE (C),
1eG1 (D), 1gG2a (E), and nasal eosinophil
count (F), as well as Cry j l-induced TL-4
(G), IL-5 (H) and TFN-y (/) were determined
as described in Materials and Methods. Re-
sults are expressed as means = SEM.



