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transcription initiation site. This region was reported to
contain fragments responsible for the transcriptional activ-
ity [18]. Finally, two constructs were generated: one with
152564978T/rs3841376 insertion and the other with
152564978 C/rs3841376 deletion. The fragments were am-
plified using the primers 5'-GACTGCTAGCCGAACAAGG
CATGAACAA-3’ and 5-GTCAAAGCTTGCCGGGTTAGAA
CAAGGA-3'. The products were digested with Nhel and
Xhol (New England Biolabs, Beverly, MA, USA) overnight
at 37°C and then subcloned into Nhel- and Hind HI-
digested pGL3-Basic Vector (Promega, Madison, WI, USAJ.
The orientation and accuracy of the inserted fragments
were confirmed by direct sequencing. A549 cells (human
lung adenocarcinoma epithelial cell line; RIKEN Bio-
Resource Center, Tsukuba, Ibaraki, Japan) were cultured
in Eagle’s minimum essential medium (Sigma-Aldrich Co.,
St. Douis, MO, USA) supplemented with 10% fetal calf
serum (Sigma-Aldrich Co.) at 37 °C with 5% CO,. Approxi-
mately 2 x10° cells were cotransfected with 1 pg of the test
construct and 100ng of pRL-TK (Promega) supplemented
with HilyMax (Dojindo Laboratories, Kumamoto, Japan),
according to the manufacturer’s instructions. The cells were
incubated at 37 °C for 48 h and later disrupted by adding
500 uL of lysis buffer (Promega). Twenty microlitres of
each lysate was used for the luciferase assay, which was
performed using the Dual-luciferase reporter assay system
{Promega). The expression efficiency was measured using
a TD 20/20 luminometer (Turner Designs Instruments,
Sunnyvale, CA, USA). The firefly luciferase values were
normalized to the Renilla luciferase values of pRL-TK,
which were determined simultaneously. Reporter activity
is presented as the mean of three independent values.

Statistical analysis

Any deviation from the predicted Hardy-Weinberg fre-
quencies and the significance of the differences in the
case-control samples (proportion of gender) were deter-
mined using a y* test. Continuous variables such as age,
total, and specific IgE were compared with Student’s -
test. Statistical evaluations for testing the genetic effects
of the association between the case-control status and
each individual SNP were estimated by logistic regression
analysis after adjusting for gender and age. Association
analyses were performed assuming an additive, dominant,
and recessive effect for each polymorphism using SNPas-
soc software [19]. Haplotype analysis was performed
using the additive model with the Haplo.stats software
version 1.1.0 [20]. We also performed linear regression
analysis to examine the effect of these variants on the
quantitative variables of total serum IgE and specific IgE
against JC pollen. Multiple comparisons were corrected by
Bonferroni corrections, and corrected P-values of <0.05
were considered significant.

The differences in transcriptional activity, which were
determined by the luciferase assay, were analysed using
Student’s t-test. The expression levels of DAF in the
Epstein-Barr virus-transformed lymphoblastoid cell lines
derived from Chinese and Japanese populations were
retrieved from the GENe Expression VARiation database
(GENEVAR) [21]. The differences in DAF gene expression
in each genotype were analysed using Student’s t-test.

Results

The clinical details of the patients with JC-induced SAR,
those with mite-sensitive asthma, and controls are listed
in Table 1. Significant differences in the age, sex ratio, and
other than the total and specific IgE levels were observed
between cases and controls. Therefore, we performed
logistic regression analysis after adjusting for gender and
age. The LD map of the DAF gene region is shown in Fig.
1. DAF is located in the tight LD block spanning 62kb
between rs6686201 and rs2782837. Three tag SNPs
(rs6691942, r$10746463, and rs2782837) were genotyped,
and 1 SNP - 1510746463 - was found to be associated with
JC-induced SAR (Table 2). The genotype frequencies of
these three SNPs did not show a deviation from the
Hardy-Weinberg equilibrium (P> 0.05).

Next, we tested the association of rs10746463 with the
SAR-related quantitative phenotypes (total serum IgE and
JC-specific IgE) using linear regression analysis after
adjusting for the effects of age and gender. The additive
effects of the rs10746463 A allele for total serum IgE and
JC-specific IgE were observed, but this effect disappeared
after adjusting for the affection status (Table 3). The
results of the haplotype analysis conducted after adjusting
for age and gender are shown in Table 4. The individual
SNP as well as haplotype analyses revealed a significant
association of the DAF variants with the development of
SAR.

In order to evaluate the effects of the DAF variant on
the development of other allergic diseases, we performed
an association analysis with patients with HDM-sensitive
adult atopic asthma. Logistic regression analysis per-
formed after adjusting for gender and age revealed that
1s10746463 was also associated with mite-sensitive asth-
ma (Table 5; P =0.043; recessive model).

The re-sequencing of the DAF promoter region identi-
fied 3 SNPs (rs2564978, rs3841376, and rs28371583) in
32 individuals (Fig. 2). Among them, rs2564978 and
153841376 were in complete LD with rs10746463 (r*=1).
The haplotypes of 153841376, rs2564978, and rs10746463
were 152564978 C/rs3841376 deletion/rs10746463 A (the
risk haplotype for allergic respiratory diseases) and
152564978 T/rs3841376 insertion/rs10746463 G. The SNP
153841376 is a 21-bp insertion/deletion polymorphism
located 333bp upstream of the transcription initiation
site. Therefore, it is possible that rs3841376 can influence
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Table 1. Characteristics of patients and controls

JC-induced SAR Mite-sensitive asthmatics Controls

(n=1684) (n=188) (n=2346)
Age 33.0+9.6" 46.8+14.8" 34.5+9.8
Male/female ratio 0.36* 0.97* 0.53
IgE (TU/mL, mean, range) 469 (10-11000)* 688 (10-8710)* 35 (0-330)
Japanese ceder pollen-specific IgE (UA/mL, mean, range) 30.9 (0.71->100)* NA <034
Dermatophagoides pteronyssinus-specific IgE (UA/mL, mean, range) 8.9 (<0.34->100)* 24.4(0.71->100)" <034
Dermatophagoides farina-specific IgE (UA/mL, mean, range) 12.0 (<034~ >100)* 23.5(0.71->100)* <0.34

*P<0.05 between cases and controls.
NA, data not available; JC, Japanese cedar; SAR, seasonal allergic rhinitis.

1s6691942 rs10746463
DAF

152782837

Fig. 1. Pairwise linkage disequilibrium between decay-accelerating fac-
tor (DAF) polymorphisms in a 62-kb region as measured by r* in Asian
HapMap subjects. The 7* values for linkage disequilibrium (LD) are
colour-coded by Haploview software, and the extent of red indicates the
strength of LD. The positions of the single-nucleotide polymorphisms are
indicated with arrows.

the transcriptional activity of the DAF gene. We con-
structed plasmids that contained the 5’ upstream region of
DAF; this region contained the rs2564978 and rs3841376
polymorphic sites. The plasmid containing the rs2564978
C/rs3841376 deletion (the risk haplotype for allergic
respiratory diseases) showed a statistically significantly
lower transcriptional activity than that containing
152564978 T/rs3841376 insertion (Fig. 3, P=0.02). The
Sanger Institute GENEVAR expression database [21]
shows a strong association between the SNP rs10746463
A, which was in complete LD with the rs2564978
C/rs3841376 deletion haplotype, and the differences in
the DAF expression levels. Further, the expression levels
of DAFin the AA (n=17) genotype were found to be lower
than that of AG (n=53) and GG (n=19) genotypes
(P<0.05, Fig. 4).

Discussion

Our results indicate that the DAF SNP is associated with
the development of both JC-induced SAR and mite-

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 : 1508-1514
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sensitive asthma. The luciferase transcription assay sug-
gested that the A allele of rs10746463, which is associated
with an increased susceptibility to respiratory allergic
diseases, decreases the transcriptional activity of DAF;
this finding is concordant with the pattern of immorta-
lized B cell expression. To our knowledge, this is the first
study to show that the DAF genotypes and haplotypes
were associated with allergic diseases in humans, and our
results suggest that decreased levels of DAF may be
associated with enhanced specific-IgE responses in aller-
gic diseases.

DAF, which is also known as CD55 and is produced by a
variety of cells, regulates the complement system by
accelerating the decay of the enzyme subunit. It is
involved in the pathogenesis of various diseases, includ-
ing paroxysmal nocturnal haemoglobinuria [22], autoim-
mune diseases [23], and cancer [24]. DAF also acts as the
receptor for pathogens such as the echovirus [25] and
Helicobacter pylori [26].

Complements play an important role in the innate and
adaptive immunity. The complement system has the
potential to cause extreme damage to the host tissues;
therefore, its activation is tightly regulated by comple-
ment regulatory proteins such as DAF, CD46, and CD59.
DAF acts by binding to the C3 and C5 convertases of all
complement activation pathways. It regulates comple-
ment activation at the critical C3 convertase stage by
preventing the assembly of C3 convertase and by accel-
erating the decay of preformed C3 convertases. Therefore,
DAF prevents the formation of the anaphylactic cleavage
fragments C3a and C5a. It has also been reported that
complement activation products such as C3a and C5a
contribute to the inflammation of allergic rhinitis. An-
dersson et al. [27] showed that an allergen challenge test
administered to allergic subjects induced nasal symptoms
and concomitantly increased the C3a and C5a levels.
These levels were also increased in the bronchoalveolar
lavage fluid collected after segmental allergen provoca-
tion in subjects with allergic asthma [28]. A recent study
has reported that the level of C3a receptor expression was
significantly higher in the nasal mucosa samples of
patients with severe persistent allergy than in the nasal
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Table 2. Assaciation of DAF SNPs with SAR

The SNF order in haplotypes is rs28371583, 1s6691942, 110746463 and

12782837,

SNP, single-nucleotide polymorphisms.

Table 5. Association of the DAF SNP with mite-sensitive asthma

SNP Genotype count {frequency) Recessive model P
1510746463 Case  60(0.32) 93(0.53) 29{0.15) 0.044
A>G Control 99 (0.29) 161 (0.47) 81{0.24)

SNP. single-nucleotide polymorphisms; DAF. decay-accelerating factor.

. Genotype count frequency Additive P Dominant P Recessive P
SNP Location™ AA AG GG {corrected}’ {corrected)’ {comrected)’
1528371583 205561302 Case 534 (0.78) 138 (0.20) 11 {0.02} 0.04 0.052 0.27
A>G Control 284 (0.82) 57 (0.17) 4{0.01} {0.48) {0.62) {1}
cC T T
156691942 205568150 Case 187 (0.28) 338 (0.50) 148 {0.22) 0.87 0.6 0.77
C>T Control 103 (0.30) 163 (0.48) 77 (0.22) (1 m m
AA AG GG
1510746463 205577219 Case 223 (0.35) 327 {0.51} 90 (0.14) 0.0018 0.096 0.00033
A>G Control 99(0.29) 181 {0.47) 81{0.24)  (0.022) {1} {0.004)
cc T Fus
152782837 205597549 Case 469.{0.69) 192 {0.28) 14 (0.02) 0.42 0.94 0.027
C>T Control 240 {0.69) 89{0.26) 17(0.05) (1) {(n (0.32)
*Locations are relative to the contig NT_021677.
*Corrected P-values by Bonferroni's correction.
DAF, decay-accelerating factor; SAR, seasonal allergic rhinitis; SNP, single-nucleotide polymorphisms.
Table 3. Association analysis between rs10746463 and total serum IgE -4010p —333bp ~-138bp
and between rs10746463 and JC-gpecific IgE
P-values T
Mea;x log (P adjusted by r$3841376 Exon 1
Genotype {total serum IgE}+SE affection status)
— 152564978
AA 189+0,036 I
AG 1.88+0.03 0.006 {0.40) 2 ” rs28371583
66 1.73+0.045 e |
Mean log (JC-specific tgE)+SE 3
AA 0.65+0.05 re=032
AG: 0.62+0.041 0.0011 {0:53] Fig. 2. Locations of the single-nucleotide polymorphisms in the 5’
GG 0.35+0.68 promoter region of decay-accelerating factor {DAF). The distances are
1C, Japanese cedar. relative to the transcription initiation site.
Table 4. Haplotype association test __ :
Haplotype Haplotype frequency. P-value (corrected} !
gt ——
ATAC 044 0.058 {0.41) 'TL_‘—‘-'
ACGC 0.24 0.27{1}
ACGT 0.15 0811 0 5 10 15 20
GCAC 0.1 0.0066 {0.046) Relative luciferase activity
. AQC 0.021 0.1 {0.7) Fig. 3. Comparison of polymorphisms of decay-accelerating factor (DAF)
ATGC 0.02 0.000006 {0.000042) ’ . f ’ . -
ACAT 0.013 08 (1) analysed by relative huciferase activities in A549 cells. Results are

expressed as velative luciferase activity normalized to those of Renilla
luciferase (pRL-TK). Standard deviation (SD) is indicated by the error bar.
The mean relative activities and +SD were calculated in three indepen-
dent transfections. Statistical analysis was performed with Student's
f-test.

mucosa samples of normal subjects and of patients with
mild allergy [29]. This suggests that the C3a receptor may
mediate mucus secretion and mucosal swelling in the
allergic nasal mucosa, especially in cases of severe persis-
tent allergy [29). Our present data gathered from the
Japanese population suggest that subjects possessing

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 : 1508-1514
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Fig. 4. Gene expression levels of Epstein-Barr virus-transformed lym-
phoblastoid cell lines from Chinese and Japanese populations according
to their genotypes. Normalized expression value of each individual was
retrieved from GENEVAR web site [21], and statistical analyses were
performed with Student's t-test. The bars represent the means of the
expression levels of decay-accelerating factor {DAF) in the subjects with
AA (n=17), AG {n=53}, and GG (= 19} genotypes.

genotypes that down-regulate the transcriptional activity
of DAF were more susceptible to allergic respiratory
diseases. Hence, it is likely that decreased levels of DAF -
contribute to the production of C3a anaphylatoxins,
resulting in the heightened susceptibility to allergic re-
spiratory diseases.

Our results indicate that the DAF SNP is associated with
the development of both JC-induced SAR and mite-
sensitive asthma. It should be noted that our control
subjects were super-controls, i.e. subjects not reactive to
the common inhaled allergens. Therefore, our results can
also imply that the rs10746463 GG has a protective effect
against allergic diseases.

In summary, our study shows that a genetic variation in
DAF significantly alters the susceptibility of an individual
to allergic respiratory diseases. Our findings further sup-
port the role of the complement system in allergic dis-
eases. Thus, our results would facilitate the understanding
of the pathogenesis of allergic diseases and be valuable in
research for novel treatments.
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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 {SIT) alters allergen-specific T cell
responses. Howevetr, the effect of SIT on the expression of various co-signalling molecules has
niot 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 apparentina (D4* T
cell subset. JL-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-S 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, BILA, Cry j 1, 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

"Present address: Institute of Medical Science, University of

Tokye, Tokyo, Japan.

2Present address: Department of Otelaryngology, lwakuni Clinical

Center, Iwakuni, 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 at local 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-8 [5, 101

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 1COS, PD-1 and B and T lymphocyte
aftenuator (BTLA), have also been identified [12]. Among
the new (D28 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 bleod
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 [gG1), B7-H1 {clone MIH1,
mouse IgG1) and BTLA (clone MIH27, mouse IgG2b) were
generated as previously described {21, 22]. The purification
of anti-human BTLA (clonie MIH26, mouse IgG2b) is also
described elsewhere [22]. Cy5-labelled anti-human CD4,
PE-labelled anti-human (D8 and (D19, as well as their
respective control mouse IgG isotypes, were purchased
from BD Biosciences (San Jose, CA, USA). Biotinylated
anti-human CD203c mAb (FR3-16A11), anti-biotin mi-
¢robeads 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 > 100UA/mL (mean
21.3::27.2). 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 2000JAU/mL was archived in all the
patients treated with SIT. The mean maintenance dose of
the extract was 509.0 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
thinitis-related quality of life (QOL) during the pollen-
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% COy/air mixture for

® 2008 The Authors

Journal compilation € 2008 Blackwell Publishing Ltd, Clincal ond Experimental Allergy, 38': 1891-1900

147



SIT increases BTLA expression in allergic rhinitis 1893

Table 1. Subject characterization

SIT patients Non-SIT patients

No. of patients 11 10
Sex (male/female) o/u1 3/7
Age (years) 47 (36-57) 38 {21-53}

At enroliment 2008 At enrollment 2008
CAP titre to JCP (UA/mlL) 19.6 {(1.8-81.1) 16.6 {0-61.3) 23.1 (1.8-100) 30.5 {6.5~100)
Total IgE (TU/mL) 105 {4-232) 161 {0-458} 145 {27-303) 135 (44-304)
Blood cosinophil {uL ™"} 306 (43-655) 298 (79-532) 205 (48-725) 218 {69-592)

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

72 h. 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, BZ-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 *Cuntil it was used for assay. Levels of IL-5,
IL-10 and TGF-8 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 pgfmL for [L-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 (D203¢ 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 ratio 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 10ug/ml of Cry j 1 in the presence of
immobilized anti-BTLA mAb (MIH26) or control mouse
IgG2b. Immobilization was performed by incubation of
20 pgfmL 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
seram 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, Clinical and Experimentol Allergy, 38 : 1891-1300
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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
thinitis-related QOL (c, d) were compared between specific immunotherapy (SIT)-treated patients (closed square) and SIT-untreated patients (open circle)
during the pollen-dispersed season in 2005 (a, c) and 2006 (b, d}. The x-axis denotes weeks after the onset of cedar and cypress pollen 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 Cry 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
Molecule Stimulation SIT (n=11) (n=10) P-value
PD-1 Ag(-) 1.06:£0.86 0.860.72 0.860
Ag(+) 1.66:£1.47 1.51+£1.49 0.888
Change 0.60+0.74 0.65+1.03 0.805
B7-H1 Ag (=) 1.0841.07 0.97+0.95 0.778
Ag(+) 1.55+1.45 1.06+1.04 0.481
Change 0.47+0.48 0.09+0.90 0.067
BTLA Ag (=) 2.73+£2.50 4.9144.22 0.460
Ag(+) 3.7042.87 2674233 0.503
Change 0.97+1.17  —2.24%2.21 <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).

© 2008 The Authors
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Fig. 2. Typical histogram of B and T lymphocyte attenuator (BTLA) 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 TgG2b {shaded
histogram). Lymphocytes were gated according to forward scatter and side scatter and at least 10 000 events were acquired and analysed. The x-axis (log
scale) shows fluorescence intensity and y-axis shows cell counts. SIT, specific immuno therapy-treated patients; non-SIT, SIT-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 CDI9" 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 (D8 (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 mononuclear cells (PBMCs) from patients
with {z-c) or without (d-f} specific immunotherapy (ST} were incubated in the presence or absence of Cry j 1 for 72 h, after which the percentage of
CD4+ (a, 4}, CD8+ (b, €) and CD19+ (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 {FD}-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 1 for 72 h, after which the percentage of CD4+ {a, d),
CD8-+ (b, e) and CD19+ (¢, §) 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 1-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
72h, after which the levels of TL-5 (a), IL-10 {b) and TGF-§ {c} were
determined within the supematant by ELISA. Changes in production
were determined by measuring the differences between the levels
observed following Cryj 1 stimulation and those observed 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 patiénts weated with SIT.
Non-SIT represents SIT-untreated group of patients.

(P=0.007, Fig. 5a). On the other hand, IL-10 or TGE-f
production in responseto Cryj 1 was not detected in either
group (Figs 5b and ¢). IL-10 production was not detected
even after 12 h incubation with Cry j 1. Cry j 1-induced
L-5 production was similar between basophil-depleted
PBMC (121.9277.9pg/mL} and control PBMC (1289=%
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 I-induced changes in
BTLA expression were significantly and negatively corre-
lated with IL-5 production (g =—0.747, P<0.001; Fig. 6).
However, when we analysed the correlation separately, the
correlation was not seen in either SIT-treated (o =—0.243,
P=0.416) or SIT-untreated (p =—0.491, P=0.141) group
because Cryj 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 =0.6186,
P=0.024) and QOL scores (p=0.719, P=0.008). The
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Fig, 6. Relationship between Cry j 1-induced B and T lymphocyte
attenuator (BTLA} expression and IL-5 production. Peripheral blood
mononuclear ¢ells (PBMCs) were incubated in the presence or absence
of Cry j 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 $IT-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=0.760); 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
Cry j I-induced interleukin-5 production

Finally, we sought to determine the in vitrotole of BILA 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 IgG2b
{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 apparent in a CD4™ T cell
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 1-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 l-induced responses in peripheral blood monoiuclear cells
{PBMCs). PBMC from patients with Japanese cedar pollinosis {JCF)
without immunotherapy were incubated in the presence or absence of
Cryj 1, along with either MIH26 or control mouse IgG2b, for 72h, after
which levels of Cry j 1-induced IL-5 (a) and proliferative responses
{b) were determined, P-values were détermined using the Wilcoxon's
signed-rank test. '

BTLA is a recently identified member of the (D28
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 human cellular responses. We have
previously demonstrated that BTLA ligation inhibits anti-
(D3-~stimulated proliferation as well as the production of
IEN-y and IL~10 in human CD4™ T cells [22]. Ancther
group has reported suppression of anti-(D3-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 mAb that
can cross-link BTLA significantly suppressed Cry j I-
induced IL-5 production 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, no 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 previousty reported that
PBMC showed proliferative responses to Cry j 1 in a dose-
dependent manner, and the samples showed positive
responses at 10 ug/ml [20]. Another investigation used
Cry j 1 at the concentration of 25-50 ugfml 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 {26, 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 SII-
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 monacytes 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
Iength of culture [22]. The present results are consistent
with those of previous reports and suggest that BTLA
expression persists on human (D4*, CD8* and CD19™
cells during short-term culture. Furthermore, only (D4™
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, 8].
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, Cry j 1-

induced IL-10 and TGF-f 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 509.0JAU 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 IL-5 (36.7+49.4 vs. 433.6581.2 pg/mL,
P=0.020). On the other hand, Cry j 1-induced changes in
BTLA (—1.42-£0.80% vs. —3.42:0.97%, P=0.178), PD-1
{0.2740.38% vs. 0.73:£0.33%, P=0.390) and B7-H1
(0.104£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-$ (0=0 vs. 0x0pg/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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Aging Exacerbates Restraint Stress-
Induced Inhibition of Antigen-Specific
Antibody Production in Mice

Yumiko Ichihara!, Mitsuhiro Okano?, Keiko Nishioka?, Noriko Manabe4, Naoto Ichihara?,
Fumihiko Jitsunari!, Tazuko Fujiwara? and Kazunori Nishizaki?

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-1B 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 Igk,
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-13 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

INTRODUCTION

It is known that aging is associated with a reduced
immune function, so called immunosenescence, in
both humans and animals.}# For example, a shift in
lymphocyte population from conventional T cells to
NK cells and extrathymic T cells is observed in hu-
man centenarians.! Changes in the proportion of T
cell subsets, in addition to increases in memory T
cells, impairment of response to mitogens and other
stimuli, and alterations in cytokine production also
occur with aging .24

In terms of humoral immunity, it is known that pro-

B cells in old mice are impaired in their capacity to
rearrange themselves to both D to J and V to DJ gene
segments in mice.5 In addition, serum IgE levels and
antigen-specific IgE production are known to decline
with age in humans.87

Exposure to physical, neurological, or emotional
stress can also affect both innate and acquired im-
mune responses.&10 For example, exposure to acute
stress modulates antigen-specific T cell responses.}!
We have recently reported that inhibition of antigen-
specific antibody production was confirmed using a
type of restraint stress following intranasal sensitiza-
tion with phospholipase A2 (PLA2) in mice.? How-
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