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FIG 3. Effects of dexamethasone, anti-ICAM-1, and anti~-VCAM-1 treatment on CD4 T-cell accumulation in
the lung after ovalbumin {OVA) inhalation. A, Allergic airway inflammation was induced as in Fig 1, A. Three
different doses of dexamethasone (DEX) were injected intraperitoneally 1 hour before OVA inhalation.
Twenty-four hours after inhalation {day 16), GFP* CD4 T cells were monitored by using the OV100 Small
Animal Imaging System. Bar, 100 um. B, Summary of the accumulation of fluorescent cells of A. Data
are from 15 fields from 3 mice with SD. P < .001 by the Student’s t test. C, Dexamethasone was injected in-
traperitoneally 1 hour before or 1 day after OVA inhalation. Two days after inhalation, GFP* CD4 T celis were
monitored in the excised lung by using the OV100 Small Animal Imaging System. Bar, 100 pm. D, Summary
of the accumulation of fluorescent celis of C. The data are from 15 fields from 3 mice with SD. P< .001 by the
Student’s t test. E, Allergic airway inflammation was induced as in Fig 2, A. Anti-ICAM-1 or anti-VCAM-
1 mAb was injected intraperitoneally 24 hours before OVA inhalation. Twenty-four hours after OVA inhala-
tion, GFP* OT 1I-Ty2 cells were monitored. Bar, 100 pwm. F, Summary of the generation of Ty2-cell foci in E.
Data are from 12 fields from 3 mice with SD. P < .002, P < .001 by the Student’s t test.
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FIG 4. Eosinophilicinfiltration and GFP™* Ty2-cell infiltration into the lung in
a mouse model of asthma. A, The lung specimens were fixed at indicated
time point after ovalbumin inhalation and stained with H&E. A representa-
tive H&E staining pattern in each group is shown. Magnification X200.
B, Representative immunohistochemical staining for GFP is shown. Magni-
fication x200. Arrows indicate some of the representative GFP-positive
cells. The results are representative of 3 experiments.

that antigen-specific Ty2 cells accumulated and formed foci in
the lung after allergen inhalation. GFP* OT I-Ty;2 cells were
intravenously transferred into C57BL/6 mice, and 2 days later,
the recipient mice were exposed to ovalbumin. Typical peri-
bronchiolar and perivascular infiltration and focus formation
by eosinophils were observed 48 hours after ovalbumin inhala-
tion (Fig 4, A). The infiltrated OT II-Ty2 cells were monitored
by immunohistochemistry analysis with an anti-GFP antibody.
We observed GFP* transferred Ty2 cells in the region of sub-
sequent eosinophilic infiltration (Fig 4, B). These results, in
conjunction with the results of our time course experiments
(Fig 2), indicate that antigen-specific Ty2 cells accumulate
and form foci in the lung before the marked infiltration of eo-
sinophils and thus regulate the initiation of inflammatory pro-
cesses in this animal model.

DISCUSSION

The behavior of T cells during airway inflammation in mouse
models of asthma has been investigated by using flow cytometry
and immunohistochemistry,>*?® These studies showed that T cells
migrate into the lung after allergen challenge, but the studies did
not address how and when they migrate into the lung or whether
only antigen-specific effector T cells migrate into the lung. Sev-
eral investigators performed lung imaging in a serial but static
manner. Hutchison et al®® have used serial tissue sectioning to de-
scribe the time course of proliferating CD4 T cells in the lung and
its draining lymph nodes. Bhattacharya’s gr()upm’“’32 imaged
whole excised lungs to study signaling by lung resident cells. Until
now, the in vivo dynamics of cell invasion of the lung during in-
flammation in living animals has been poorly understood because
it has been difficult to arrest motion in the lung as a result of the
beating heart or movement during respiration. Our novel imaging
model has overcome these problems and has demonstrated, for the
first time, the dynamics of migration of allergen-specific T2 cells
into the lung after allergen inhalation in living animals at the cel-
lular level using the adoptive transfer of GFP* T cells.

With this novel imaging model, several important findings are
demonstrated. We have shown for the first time Ty 2-cell focus
formation in the lung, a cellular immunologic event occurring
during the initiation of airway inflammation (Fig 2). In addition,
we demonstrate that unprimed CD4 T cells and naive antigen-
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specific CD4 T cells did not accumulate around the foci (Fig 1,
Figs E1-E3), indicating that the molecules specifically expressed
on activated effector Ty2 cells play an important role in migration
and focus formation. Moreover, Ty2-cell focus formation oc-
curred before eosinophilic infiltration and thus may determine
the eosinophilic inflammatory site (Figs 2 and 4). Focus formation
was inhibited by the administration of anti-ICAM-1 and anti~
VCAM-1 antibodies (Fig 3, E and F), both of which are able to
block the induction of eosinophilic airway inflammation, indicat-
ing that focus formation is a critical process during the induction
of the asthma phenotype.

Several groups have shown time-lapse microscopy of GFP-
labeled and/or RFP-labeled cancer cells in live mice. Hoffman’s
group?®?* has demonstrated in vivo imaging of intracapillary and
intralymphatic cancer cell trafficking behavior. Condeelis’
group™> has used in vive imaging to determine molecular mecha-
nisms of cancer metastasis.

Many groups have reported in vivo imaging of lymphoid tissues
such as lymph nodes, spleen, and bone marrow to visualize anti-
gen presentation and T-cell migration.***! To visualize the cells
in vivo, they must be labeled by appropriate dyes or express fluo-
rescent proteins. In most of the reports of in vivo imaging of lym-
phoid tissues, T cells were labeled by using appropriate dyes and
transferred into recipient mice, although a possible difference in
the migration behavior of the cells that were labeled by dyes has
been suggested.*? In our study, we prepared ovalbumin-specific
Tu2 cells expressing GFP from GFP Tg mice'® and transferred
the cells intravenously into normal recipient mice. Another tech-
nical issue could be the difference in the migration between anti-
gen-specific cells that were injected into the mice before imaging
and antigen-specific T cells that were resident in the imaged mice.
In the near future, the behavior of antigen-specific Ty2 cells that
were resident in the imaged mice will be investigated.

This model allows investigators to monitor the migration of
inflammatory lymphocytes into the lung in a real-time manner in
live animals and thus provides a new strategy to study the in vivo
cell biology of inflammatory lung diseases such as asthma. This
method can be also applied to various bacteria-induced and vi-
rus-induced inflammatory lung diseases, including tuberculosis
and influenza virus—induced pneumonia, and to screen for more
effective drugs for these respiratory diseases.

We are grateful to Drs Tatsuo kinashi, Takashi Saito, Larry Samelson, and
Ronald Germain for the valuable suggestions during manuscript preparation.
We also thank Mr Jose Reynoso for help with the animal studies.

Key messages

o We established a novel in vivo real-time color-coded cellu-
lar imaging model to visnalize the dynaiics of migration
of T cells in the lung in a-mouse model of asthma.

Accumulating T2 cells formed. foci in the lungs 6 to 20
hours after allergen inhalation.

The: focus formation: was dependent on ICAM-1""and
VCAM-1 and appeared to determine. the site of eosino-
philic. infiltration,

Ty2-cell focus formation appears to. be a critical process
in the induction of allergic  airway inflammation in this
animal model.
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Protective Roles of B and T Lymphocyte Attenuator in NKT
Cell-Mediated Experimental Hepatitis

Arifumi Iwata,*! Norihiko Watanabe,*' Yoshihiro Oya,* Takayoshi Owada,* Kei Ikeda,*
Akira Suto,*' Shin-ichiro Kagami,*’“r Koichi Hirose,* Hiroko Kanari,’ Saki Kawashima,*
Toshinori Nakayama,t Masaru Taniguchi,§ Itsuo Iwamoto,” and Hiroshi Nakajima*’*

Although B and T lymphocyte attenuator (BTLA) was originally identified as an inhibitory coreceptor selectively expressed on Thl
cells and B cells, recent studies have revealed that BTLA is expressed on a variety of cells, including macrophages, dendritic cells, and
NK cells, and modulates their functions. However, the role of BTLA in the regulation of NKT cell function remains unknown. In this
study, we found that BTLA was expressed on NKT cells at the levels similar to those on T cells and that BTLA-deficient (BTLA =1
NKT cells produced larger amounts of IL-4 and IFN-y upon a-glactosylceramide stimulation as compared with wild-type (WT)
NKT cells. In vivo, BTLA ™'~ mice produced larger amounts of IL-4 and IFN-y upon Con A injection and were more susceptible to
Con A-induced hepatitis than WT mice. In addition, the augmentation of Con A-induced hepatitis in BTLA ™'~ mice was not
observed in BTLA/NKT-double deficient mice. Moreover, NKT /'~ mice reconstituted with BTLA™"~ NKT cells were significantly
more susceptible to Con A-induced hepatitis as compared with NKT =/~ mice reconstituted with WT NKT cells. These results
suggest that BTLA functions as the inhibitory coreceptor of NKT cells and plays a critical role in the prevention of NKT cell-
mediated liver injury. The Journal of Immunclogy, 2010, 184: 127-133.

ignals delivered through stimulatory and inhibitory cor-
S eceptors regulate lymphocyte activation in collaboration

with primary AgR signals. Stimulatory coreceptors include
CD28 and inducible T cell costimulator (ICOS), whereas inhibitory
coreceptors include CTLA-4, programmed cell death 1 (PD-1), and
B and T lymphocyte attenuator (BTLA) (1, 2). Accumulating
evidence indicates that the balance between stimulatory and in-
hibitory cosignals is crucial for the effective immune responses to
pathogens and the maintenance of self-tolerance (1, 2).

BTLA has originally been identified as an inhibitory coreceptor
selectively expressed on Thl cells and B cells (3). Thereafter, flow
cytometric analyses using monoclonal Abs against BTLA have
revealed that BTLA is expressed on certain lymphocyte subsets
including y8 T cells and regulatory T cells as well as on some
APCs such as macrophages and dendritic cells (DCs) (4, 5).
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BTLA has also been reported to be expressed at low levels on NK
cells (4, 6). More recently, it has been shown that a TNFR family
member herpesvirus entry mediator (HVEM) is a ligand for BTLA
(5, 7, 8) and that the ligation of BTLA with HVEM transduces
inhibitory cosignals (5).

In vivo function of BTLA has recently been addressed using
BTLA-deficient (BTLA“’“) mice. Initially, we have shown that
the sensitivity to experimental autoimmune encephalomyelitis as
well as T cell-dependent Ab responses is increased in BTLA ™/~
mice (3). It has also been reported that BTLA™'™ mice exhibit
a rapid rejection of partially MHC-mismatched cardiac allograft
(9), persistent allergic airway inflammation following Ag chal-
lenge (10, 11), and an acceleration of experimental colitis (12).
These findings indicate that BTLA is crucial for dampening im-
mune responses mediated by T cells. Moreover, we have recently
shown that aged BTLA™/~ mice spontaneously develop autoim-
mune hepatitis-like disease with an increase of NKT cells in the
liver (13), suggesting that BTLA may prevent autoimmune hep-
atitis through the inhibition of NKT cell function.

NKT cells are characterized by coexpression of T cell markers
such as TCR and NK cell markers such as NK1.1 (14). In mice, the
majority of NKT cells express an invariant Val4 TCR, which is
essential for their development (14), and recognizes a specific li-
gand, a-galactosylceramide (a-GalCer), presented on CD1d mol-
ecules (14, 15). NKT cells rapidly produce both IL-4 and IFN-y on
activation (15, 16) and play a crucial role in various immune re-
sponses, including antitumor immunity, allergic reaction, and au-
toimmune diseases (14). Although the roles of stimulatory
coreceptors in NKT cell function have been addressed (17, 18), the
role of inhibitory coreceptors including BTLA in NKT cell function
remains largely unknown.

In this study, we examined the role of BTLA in the regulation of
NKT cell function. We found that BTL.Awas expressed on NKT cells
at the levels similar to those on T cells, BTLA™"~ NKT cells pro-
duced larger amounts of IL-4 and IFN-y on a-GalCer stimulation as
compared with wild-type (WT) NKT cells. Importantly, BTLA ™/~
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mice were highly susceptible to Con A-induced hepatitis, in which
NKT cells have been reported to play pathogenic roles (19, 20).
Indeed, the augmentation of Con A-induced hepatitis in BTLA ™/~
mice was not observed in BTLA/NKT-double deficient mice. In
addition, we found that NKT cell-deficient (NKT_’ ~) mice recon-
stituted with BTLA™~ NKT cells were significantly more sus-
ceptible to Con A-induced hepatitis as compared with NKT =
mice reconstituted with WT NKT cells. Our results indicate that
BTLA functions as the inhibitory coreceptor in NKT cells and thus
prevents NKT cell-mediated tissue damage.

Materials and Methods
Mice

BTLA™'™ mice (3) were backcrossed over eight generations onto CS7BL/6
mice (Charles River Laboratories, Kanagawa, Japan). NKT™'~ mice
(Ju281“’ ~ mice) on a C57/BL6 background were described previously
(21). NKT ™'~ mice were crossed with BTLA ™/~ mice, and the offspring
were intercrossed to obtain BTLA™'™ NKT '~ mice. All mice were
housed in microisolator cages under specific pathogen-free conditions, and
the mice were used for the experiments at 6-12 wk of age. Animal pro-
cedures in this study were approved by the Chiba University Animal Care
and Use Committee.

Flow cytometry

The following Abs were purchased from BD Biosciences (San Diego, CA):
anti-CD3¢ FITC, PE (145-2C11), anti-NK1.1 PE (PK136), anti-CD45R/
B220 FITC, PE (RA3-6B2), anti-TCR B-chain FITC, PE (H57-597), anti-
CD8a FITC (53-6.7), anti-CD 1 1b FITC (M1/70), anti-CD11c FITC (HL3),
anti-CD25 FITC (7D4), anti-CD69 FITC ({'H].2F3), anti-CD122 FITC
(TM-B1), anti-Fas biotin (Jo2), anti-Fas ligand biotin (MFL3), streptavidin-
PE, and streptavidin-allophycocyanin. Anti-BTLA PE (6F7) and anti-BTLA
Alexa Fluor 647 (8F4) were purchased from eBioscience (San Diego, CA).
After FcRs were blocked with anti-CD16/32 mAb (BD Biosciences), cells
were stained with indicated Abs and analyzed on a FACSCalibur (BD Bi-
osciences) using CellQuestPro software (BD Biosciences).

Preparation of allophycocyanin-conjugated a-GalCer/
CDl1d-dimer

Allophycocyanin-conjugated a-GalCer/CD1d-dimer was prepared as de-
scribed previously (22). In brief, 2.75 ml a-GalCer (200 mg/ml; Kirin
Pharma, Tokyo, Japan) and 6 ml mouse CD1d-Ig fusion protein (0.5 mg/ml;
BD Biosciences) was conjugated at 37°C overnight. The a-GalCer/CD1d-
Ig conjugates were then incubated with allophycocyanin-conjugated anti-
mouse IgG1 (X56; BD Biosciences) for 60 min. Free allophycocyanin-
conjugated anti-mouse IgG1 in the mixture was blocked by the addition of
excess amounts of control mouse IgG! mAb (A111-3; BD Biosciences) for
30 min at room temperature.

Preparation of mononuclear cells from the liver

The livers were removed from the mice after perfusion through the portal
vein and inferior vena cava with PBS. Each liver was cut into small pieces,
passed through a stainless steel mesh, and suspended in RPMI 1640 medium
for 3 min. Mononuclear cells were then harvested from the supernatants and
enriched by Percoll (GE Healthcare UK, Little Chalfont, United Kingdom)
gradient centrifugation according to the manufacturer’s instruction.

Preparation of intrahepatic NKT cells by magnetic-activated
cell sorting

Liver mononuclear cells were incubated with anti-CD16/32 to block
nonspecific binding and then stained with 2 mixture of FITC-conjugated
Abs against B220, CD8«, CD11b, and CDllc, and allophycocyanin-
conjugated a-GalCer/CD1d dimer. FITC-positive cells were depleted us-
ing anti-FITC MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Ger-
many) according to the manufacturer’s protocol. The remaining cells were
then incubated with anti-allophycocyanin MicroBeads (Miltenyi Biotec),
and allophycocyanin-positive cells were positively collected twice by
magnet cell sorting. The purity of collected cells was determined by flow
cytometry and was routinely >95% of TCR-B* a-GalCer* cells.
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Coculture of NKT cells and o-GalCer—loaded cells

a-GalCer—loaded cells were prepared as described elsewhere (22) with
a minor modification. Single cell suspension of splenocytes was irradiated
(30 gray) and incubated with a-GalCer (10 or 100 ng/ml) in complete
RPMI 1640 medium (RPMI 1640 medium supplemented with 10% heat-
inactivated FCS, 5.5 uM B-mercaptoethanol, 2 mM vL-glutamine, non-
essential amino acids, and antibiotics) for 12 h. Hepatic NKT cells (5 X
10%) were enriched by MACS as described above and were cocultured with
«-GalCer loaded cells (5 X 10") in complete RPMI1640 medium in 96-
well round bottom plates for 36 h.

Proliferation assay

The proliferation of NKT cells was measured using CellTiter-Glo reagent
according to the manufacturer's instruction (Promega, Madison, WI),

Con A-induced hepatitis

Con A (Sigma-Aldrich, St. Louis, MO) was dissolved in pyrogen-free PBS
and injected into the mice (10 or 20 mg/kg i.v.). Sera were collected from the
individual mice at the indicated time after Con A injection. The levels of
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in
serum were measured by standard protocols (SRL, Tokyo, Japan).

Measurement of cytokine levels by enzyme-linked
immunosorbent assay

The levels of TNF-«, IL-4, IFN-v, and IL-10 in the sera and the supernatants
were measured by ELISA kits according to the manufacturer’s protocols
(TNF-a, IL-4, and IL-10 kits from BD Biosciences; and IFN-y kit from
R&D Systems, Minneapolis, MN). The minimum significant value of the
assay was 15 pg/ml TNF-a and 1L-4, 30 pg/m! IFN-y and IL-10.

Adoptive transfer of NKT cells

Purified intrahepatic NKT cells from WT mice or BTLA™'~ mice were
injected into the liver of NKT '~ mice (1X 10° cells/mouse) as described
previously (19). One hour later, the mice were injected i.v. with Con A
(10 mg/kg). Sera were obtained at 12 and 24 h after Con A injection.

Statistical analysis

Data are summarized as mean * SD. The statistical analysis of the results
was performed by the unpaired ¢ test. p values < 0.05 were considered
significant.

Results
BTLA is expressed on NKT cells but is dispensable for the
development and maintenance of NKT cells

To determine whether BTLA is involved in the development and
function of NKT cells, we first examined the expression of BTLA on
NKT cells. Mononuclear cells from thymus, spleen, and liver in
CS57BL/6 mice were stained with anti-BTLA mAb (6F7), and the
expression levels of BTLA on each cell type were evaluated by flow
cytometry. As shown in Fig. 1, the expression of BTLA was de-
tected on NKT cells, which were defined as CD3* a-GalCer/CD1d-
dimer* cells, at the levels similar to those on CD3* T cells. Con-
sistent with previous reports (3, 6), BTLA was expressed at higher
levels on B220* B cells and at lower levels on NK cells (Fig. 1).

We next examined the development and activation state of
NKT cells in BTLA™/™ mice. As previously demonstrated (3), the
numbers of thymocytes and splenocytes in BTLA ™™ mice at 8 wk
old were comparable to those in WT mice (data not shown). Flow
cytometric analysis revealed that the frequencies of NKT cells
(TCRB* «-GarCer/CD1d*cells) in the thymus and spleen of
BTLA™'" mice were comparable to those in WT mice (Fig. 24).
The number of NKT cells in the livers of BTLA ™/~ mice was also
similar to that in WT mice (Fig. 24). In addition, the expression
levels of activation markers such as CD25, CD69, and CD122 on
NKT cells were similar between BTLA™'™ mice and WT mice
(Fig. 2B). Together, these results indicate that BTLA is dispens-
able for the development and the maintenance of steady state of
NKT cells.
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FIGURE 1. BTLA is expressed on
NKT cells at the levels similar to those on
CD3* T cells. Mononuclear cells from
thymus, spleen, and liver in C57BL/6
mice were stained with anti-BTLA mAb.
Representative histograms of BTLA ex-
pression (solid line) on NKT cells (CD3*
a-GalCer/CD1d-dimer"), T  cells
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staining with isotype-matched Ab.
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BTLA-deficient NKT cells are hyperreactive to Ag stimulation

in vitro

We next examined whether BTLA regulated NKT cell function.
Purified NKT cells from the livers of WT mice and BTLA ™/~ mice
were stimulated with a-GalCer—loaded APCs for 36 h, and the
levels of IFN-vy, IL-4, and TNF-a in the culture supernatants were
measured by ELISA. In response to a-GalCer stimulation (100 ng/
ml), BTLA™/™ NKT cells secreted significantly larger amounts of
IFN-y and IL-4, compared with WT NKT cells (IFN-y: BTLA™/~
149 = 7.9 versus WT 3.7 + 2.5 ng/ml; n = 6; p < 0.05; IL-4:
BTLA™'~ 1.8 + 0.5 versus WT 1.0 * 0.4 ng/ml; n = 6; p < 0.05;
Fig. 3A). TNF-o was not detected in the culture supernatants of
WT NKT cells and BTLA™/~ NKT cells in the experimental
condition (data not shown). In addition, BTLA™"~ NKT cells
showed enhanced proliferation in response to a-GalCer stimula-
tion, compared with WT NKT cells (Fig. 3B). These results in-
dicate that BTLA™'~ NKT cells are hyperreactive to antigenic
stimulation, suggesting that BTLA functions as an inhibitory
coreceptor in NKT cell activation.

BTLA™" mice are highly susceptible to Con A-induced
hepatitis

Con A-induced hepatitis is a widely used mouse model that
resembles autoimmune hepatitis in humans in many aspects (23).
The development of hepatitis after Con A injection has been
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shown to be attenuated in mice lacking NKT cells (19, 20), in-
dicating that NKT cells are involved in causing Con A-induced
hepatitis. We therefore chose this model to test the function of
BTLA expressed on NKT cells in vivo. When WT mice and
BTLA™'™ mice were injected iv. with Con A (20 mg/kg), all
BTLA '™ mice died by 24 h after injection, whereas all WT mice
survived over 48 h (Fig. 44). These results indicate that BTLA ™'~
mice are highly susceptible to Con A-induced hepatitis.

To examine the immune responses to Con A in BTLA ™™ mice
in detail, we used a sublethal dose of Con A (10 mg/kg) for
BTLA ™™ mice in the following experiments. First, we performed
histologic examination of the liver of Con A-injected BTLA™/~
mice and WT mice. As shown in Fig. 4B, liver sections from Con
A-injected BTLA™'™ mice showed a massive necrosis and
mononuclear cell infiltration in the portal area. In addition, the
levels of ALT and AST in sera of BTLA™'™ mice were signifi-
cantly elevated, compared with those of WT mice at 12 and 24 h
after Con A injection (n = 6; *p < 0.05; *+p < 0.01; Fig. 40),
confirming the increased susceptibility to Con A-induced hepatitis
in BTLA™'" mice.

A number of studies have suggested a proinflammatory role of
TNF-a, IFN-v, and IL-4 and a protective role of IL-10 in the Con
A-induced hepatitis (24-26). It has also been demonstrated that
IL-4 produced by NKT cells is implicated in liver damage in Con
A-induced hepatitis (19, 27). Therefore, we measured cytokine
levels in sera of Con A-injected BTLA™'™ mice and WT mice.
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FIGURE 2. Normal development of NKT cells in BTLA™'~ mice. Mononuclear cells from thymus, spleen, and liver in WT mice and BTLA™'™ mice
were stained with anti-TCR-B PE, allophycocyanin-conjugated o-GalCer/CD1d—dimer, and FITC-conjugated Abs against CD25, CD69, or CD122 and
analyzed by flow cytometry. A, Representative FACS profiles of TCR-B versus a-GalCer/CD1d-dimer staining (left panels), and the percentages of TCR-B*
a-GalCer/CD 1d—dimer* cells (right panels) are shown. Data are means % SD for 4 mice in each genotype. B, Representative histograms for CD25, CD69,
and CD122 expression on TCR-B* a-GalCer/CD1d—dimer* cells are shown (n = 4 mice in each genotype). Dotted lines indicate control staining with
isotype-matched Ab.

100 100

The levels of TNF-a and IFN-y showed a sharp increase in Con were comparable between Con A-injected BTLA™'~ mice and
A-injected BTLA™/™ mice, and the peaks were higher than those WT mice (Fig. 4D).

in WT mice (Fig. 4D). The levels of TNF-a and IFN-y reverted to It has been reported that hepatic NKT cells rapidly upregulate
the baseline at 24 h after Con A injection in WT mice, but re- FasL expression on the surface and induces apoptosis of hepatocytes
mained elevated in BTLA™'™ mice (Fig. 4D). Con A-injected upon Con A stimulation (19, 20). We therefore examined FasL.
BTLA™/~ mice also exhibited prolonged IL-4 production, com- expression on hepatic NKT cells in Con A-injected BTLA™™ mice

pared with WT mice (Fig. 4D). Alternatively, the levels of IL-10 and WT mice. As shown in Fig. 4E, FasL was upregulated on
NKT cells but not on T cells or NK cells at 1 h after Con A injection in
both BTLA ™/~ mice and WT mice. The levels of FasL. on NKT cells

{ng/mi) . (ng/mt)
A 30 IFN-y . 3 IL-4 » were similar between BTLA ™~ mice and WT mice, suggesting that

” ™ 2 " FasL expressed on NKT cells could not account for the enhanced
susceptibility to Con A-induced hepatitis in BTLA™'~ mice.
10 1
0 0 NKT cells are required for the augmentation of Con A-induced

0 10 100 0 10 100 hepatitis in BT[AAI“ mice

a-GalCer (ng/mi)  a-GalCer (ng/mi) To determine whether the augmentation of Con A-induced hepatitis

B . Dwr in BTLA™'™ mice depends on NKT cells, we examined the sus-
é%%ggts/set:) Proliferation g pri o ceptibility to Con A-induced hepatitis in the mice lacking both

* BTLA and NKT cells (BTLA ™/~ NKT ™/~ mice). We first examined

60000 lymphocyte development in BTLA™'~ NKT ~/~ mice and found
40000 that BTLA™™ NKT ~/~ mice lacked NKT cells, but had normal

numbers of other lymphoid populations (data not shown). We then
compared the levels of ALT and AST in BTLA™'~ NKT '~ mice,
0 BTLA™™ mice, NKT ~/~ mice, and WT mice upon Con A in-
0 10 100 jection. Consistent with a previous study (19), Con A-induced

a-GalCer (ng/mt) is .. . -
o " hepatitis was significantly attenuated in NKT mice compared
FIGURE 3. Increased activation of BTLA™" NKT cells on AgR o i) W mice (Fig. 5A), indicating that NKT cells play an important

stimulation in vitro. NKT cells (5§ X 10%) were purified from the liver of . . . i
WT and BTLA™'™ mice and cocultured with u-galCer—loaded irradiated role in causing Con A-induced hepatitis. Importantly, the augmen-

splenocytes (5 X 10%) as APCs for 36 h. A, The levels of IFN-y and [L-4 in tation Cff Con A—il;lfluced hE?f tm's n B,TLA ' t.mce was not 0‘?-
the culture supernatants were measured by ELISA. Data are means * SD served in BTLA™" NKT mice (Fig. 54). Histologic analysis
for 6 mice in each group. *p < 0.05. B, Proliferation of NKT cells was confirmed the reduced liver damage in Con A-injected BTLA™'~
determined using CellTiter-Glo reagent. Data are means + SD for 6 mice NKT /" mice compared with BTLA™'™ mice (Fig. 5B). Moreover,
in each group. *p < 0.05. serum levels of TNF-o, IFN-y, and IL-4 were significantly
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FIGURE 4. Increased susceptibility to Con A-induced hepatitis in BTLA ™™ mice. A, BTLA™'™ mice (solid line) and WT mice (dotted line) were
injected i.v. with Con A (20 mg/kg), and the survival of the mice was evaluated for 48 h (n = 5 mice in each group). BTLA™'™ mice and WT mice were
injected i.v. with a sublethal dose of Con A (10mg/kg). B, The liver was excised at 24 h after Con A injection. Representative photomicrographs (H&E
staining) of the liver of BTLA ™/~ mice and WT mice are shown (n = 6 mice in each group). C, Sera were collected at 12 and 24 h after Con A injection, and
the levels of ALT and AST were determined. Data are means £ SD (n = 6 mice in each group; *p < 0.05; *+p < 0.01). D, Sera were collected at 1, 3, 8, and
24 h after Con A injection, and the levels of TNF-a, IFN-y, IL-4, and IL- 10 were determined. Data are means = SD (n = 4 mice in each group; *p < 0.05).
E, One hour after Con A injection, liver mononuclear cells were isolated and the expression levels of Fas ligand (FasL) were analyzed by flow cytometry.
Shown are representative histograms for FasL expression on T cells (CD3e* a-GalCer/CD1d-dimer™), NKT cells (CD3¢e* a-GalCer/CD Id-dimer®), and
NK cells (CD3g™ NK1.1%) in the liver (n = 4 mice in each group).

decreased in BTLA™~ NKT™/~ mice compared with BTLA ™/~ transfer experiments in which purified NKT cells from either WT or
mice (Fig. 5C). These results indicate that NKT cells are critical for BTLA™'™ mice were transferred to NKT ~/~ mice. As shown in
the augmentation of Con A-induced hepatitis in BTLA ™'~ mice. Fig. 6, NKT '~ mice reconstituted with BTLA™~ NKT cells

were significantly more susceptible to Con A-induced hepatitis,
compared with NKT ™/~ mice reconstituted with WT NKT cells
(n = 12 mice in each group; p < 0.05). Together, these results
To determine whether BTLA expressed on NKT cells is crucial for suggest that BTLA expressed on NKT cells is involved in the
the inhibition of Con A-induced hepatitis, we performed adoptive inhibition of Con A-induced hepatitis.

BTLA expressed on NKT cells is involved in the inhibition of
Con A-induced hepatitis
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FIGURE 5. NKT cells are required for the augmentation of Con A-
induced hepatitis in BTLA™'~ mice. WT mice, BTLA™™ mice, NKT™/~
mice (Ja281'" mice), and BTLA™/~ NKT ™/~ mice were injected i.v.
with a sublethal dose of Con A (10 mg/kg). A, Sera were collected at 12 h
after Con A injection, and the levels of ALT and AST were determined.
Data are means = SD (1 = 6; #p < 0.05; *+p < 0.01). B, The liver was
excised from WT mice, BTLA™'™ mice, NKT™'" mice, and BTLA™~
NKT™/~ mice at 24 h after Con A injection. Shown are representative
photomicrographs (H&E staining) of the liver (# = 4 mice in each group).
C, Sera were collected from WT mice, BTLA™™ mice, NKT™" mice, and
BTLA™'" NKT™'~ mice at 3 and 8 h after Con A injection, and the levels
of TNF-a, IFN-v, and IL-4 were determined by ELISA. Data are means *
SD (n = 4; *p < 0.05).

Discussion
In this study, we show that BTLA is expressed on NKT cells (Fig. 1)
and that BTLA ™'~ NKT cells produce larger amounts of cytokines
on Ag stimulation than WT NKT cells do (Fig. 3), suggesting that
BTLA exerts inhibitory effects on NKT cells. In addition, it has
recently been demonstrated that PD-1/PD-1 ligand 1 interaction is
essential for the induction and maintenance of anergic state of
NKT cells (28). It has also been demonstrated that stimulatory
coreceptors such as CD28 (17) and ICOS (18)play a significant role
in the induction of cytokine production from NKT cells. Together,
these findings suggest that, analogous to T cells, the activation of
NKT cells is regulated by the balance between stimulatory cosignals
and inhibitory cosignals including BTLA.

We also show that BTLA ™'~ mice are highly susceptible to Con
A-induced hepatitis (Fig. 4), in which NKT cells have been shown
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FIGURE 6. NKT™/" mice reconstituted with BTLA™~ NKT cells
tended to be susceptible to Con A-induced hepatitis. Purified intrahepatic
NKT cells from WT mice or BTLA ™/~ mice were injected into the liver of
NKT ™~ mice (1X 10° cells/mouse), and | h later the mice were injected
with Con A i.v. Sera were obtained from the mice at 12 and 24 h after Con
A injection, and serum ALT and AST levels were determined. Data are
means = SD (n = 12 mice in each group; *p < 0.05).

to play a significant role (19, 20). Indeed, although Con A-induced
hepatitis was significantly attenuated in NKT ™/~ mice, compared
with WT mice, the augmentation of Con A-induced hepatitis in
BTLA ™'~ mice was not observed in BTLA™'~ NKT ™/~ mice (Fig.
5A~C). Recently, Miller et al. (29) also reported that BTLA™/~
mice were susceptible to Con A-induced hepatitis and that the in-
creased susceptibility of BTLA™™ mice to Con A-induced hepa-
titis was diminished in BTLA™'~ CD1d™"~ mice, which lack most
NKT cells (14). Importantly, we also show that NKT ™/~ mice re-
constituted with BTLA™/~ NKT cells are significantly more sus-
ceptible to Con A-induced hepatitis, compared with NKT ™'~ mice
reconstituted with WT NKT cells (Fig. 6), indicating that BTLA
expressed on NKT cells is involved in the regulation of the sus-
ceptibility to Con A-induced hepatitis.

Recently, it has been demonstrated that the mice lacking HVEM,
a ligand for BTLA (5, 7, 8), are also highly susceptible to Con A
injection to induce increased CD4" T cell activation, but exhibit no
significant liver damage (30). Because HVEM is a ligand for BTLA
and a costimulatory receptor for lymphotoxins (inducible expres-
sion) that compete with HSV glycoprotein D for HVEM (a receptor
expressed on T lymphocytes) (5), NKT cell activation might not
be sufficient for inducing hepatitis in HVEM-deficient mice.

The effector mechanisms by which NKT cells cause Con A-
induced hepatitis remain to be elucidated. Previous studies have
shown that NKT cell-derived cytokines including IL-4 are crucial
for NKT cell-mediated liver injury (19). Consistent with these
findings, we found that IL-4 production from «-GalCer-activated
NKT cells, and serum levels of IL-4 in Con A-injected mice were
enhanced in BTLA ™~ mice (Figs. 34 and 4D). Alternatively, FasL
expression was similarly upregulated on BTLA ™~ NKT cells and
WT NKT cells on Con A injection (Fig. 4E). Together, it is sug-
gested that the elevated levels of cytokines rather than FasL ex-
pression might be involved in the augmentation of Con A-induced
hepatitis in BTLA™'~ mice. In addition, it has recently been
suggested that soluble lymphotoxins (inducible expression) that
compete with HSV glycoprotein D for HVEM (a receptor ex-
pressed on T lymphocytes) released from NKT cells may also be
an effector molecule for Con A-induced hepatitis (31).

We found that BTLA ™/~ NKT cells produced larger amounts of
cytokines on o-GalCer stimulation in vitro (Fig. 3A). Because the
expression levels of activation markers such as CD25, CD69, and
CD122 on NKT cells were similar between BTLA ™™ mice and WT
mice (Fig. 2B), it is suggested that the enhanced cytokine production
of BTLA™/™ NKT cells is caused by a lack of BTLA-HVEM in-
teraction during the in vitro Ag stimulation. However, in preliminary
experiments, we found that the addition of anti-BTLA Ab (clone
6F7), which is reported to function as a neutralizing Ab (32), did
not significantly enhance cytokine production from «-GalCer—
stimulated WT NKT cells in vitro. Although this experiment is
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inconclusive, because the binding of 6F7 to BTLA may transduce
some signals in NKT cells, this finding raises another possibility that
the enhanced cytokine production of BTLA ™"~ NKT cells may be
caused by developmental abnormality of BTLA™/~ NKT cells
rather than a lack of BTLA-HVEM interaction upon Ag stimulation.
Further studies using inducible deletion of the BTLA gene in
NKT cells are required to address the precise mechanism underlying
the enhanced cytokine production from «o-GalCer-stimulated
BTLA ™/~ NKT cells.

More recently, it has been demonstrated that PD-1, another
inhibitory coreceptor, is expressed on NKT cells (28) and that the
engagement of PD-1 on NKT cells by PD-1 ligand 1 inhibits
cytokine secretion by a-GalCer—activated NKT cells (33). CD9%4/
NKG2A, an inhibitory receptor on NK cells, is also expressed on
NKT cells, and the blockade of NKG2A-mediated inhibitory
signal with an antagonistic Ab augments Con A- and a-GalCer—
induced liver injury (34). Furthermore, CD4* CD25* regulatory
T cells have been reported to be important for the suppression of
Con A-induced liver injury via a TGF-B—dependent mechanism
(35). Therefore, it is suggested that in addition to BTLA, multiple
inhibitory pathways are involved in the regulation of NKT cell
function in the liver.

In conclusion, we have shown that BTLA functions as an in-
hibitory coreceptor in NKT cells and prevents NKT cell-mediated
experimental hepatitis. Although further studies are required to
address the underlying mechanisms, our data suggest that the en-
hancement of BTLA signaling in NKT cells by agonistic ligands or
by a stimulatory Ab might be applicable for the treatment of
a number of diseases in which NKT cells play a pathogenic role.
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Present Situation of Cedar Pollinosis
in Japan and its Inmune Responses

Yoshitaka Okamoto!, Shigetoshi Horiguchi!, Heizaburo Yamamoto!, Syuji Yonekura! and
Toyoyuki Hanazawal!

ABSTRACT

Recent observations have suggested significant worldwide increase in the prevalence of allergic rhinitis and ce-
dar pollinosis. In Japan, Japanese cedar (Cryptometria japonica) and Japanese cypress (Chamaecyparis ob-
tusa) pollens are considered to be the major unique allergens and their extent of dispersal is quite large, travel-
ling more than 100 km and thus causing serious pollinosis. Cedar pollinosis is a typical type 1 allergic disease
by an adaptive immune response that occurs through the induction of allergen-specific effector T cells from
naive T cells. We examined the number of Japanese cedar pollen specific memory Th cells in the peripheral
blood of the patients and found that the cedar pollen specific IL-4-producing Th2 memory cells increased during
the pollen season and decreased during the off-season. However, more than 60% of the cedar-specific mem-
ory Th2 cells survived up to 8 months after the pollen season. Natural killer T(NKT) cells represent a unique
lymphocyte subpopulation and their activity is not restricted to MHC antigens. NKT cells play an important role
in innate immunity, however, the participation in development of allergic rhinitis could not be clarified.

KEY WORDS
cedar poliinosis, cedar specific Th memory cell, epidemiology, natural killer T cell

Osaka, causing wide-spread pollinosis, although no

CEDAR POLLEN actual data describing the distance traveled was avail-
In recent years, many countries have experienced an able. A detailed simulation study considering the re-
increase in the prevalence of allergic rhinitis.%2 Dust sults of real-time pollen distributing information was
mite allergen is responsible for at least 90% of cases conducted using large computers and Figure 1 shows
of perennial allergic rhinitis, while arboreal pollen, in- the source and areas from which the cedar pollen de-
cluding that of cedar and Japanese cypress, is impor- tected at Chiba University Hospital had spread.
tant in Japan.34 Cedar forest covers nearly 18% of the These dark spots indicate the areas where the cedar
total land area of Japan, while Japanese cypress is pollen originated. Pollens blow to Chiba city from the
concentrated in the Kanto region and the western cedar planting areas of Boso Peninsula, as well as
part of the country. Both cedar and Japanese cypress from the north Kanto area, Nikko, Izu Peninsula and
produce enormous amounts of pollen. In Japan, pol- Shizuoka Prefecture. This study suggests that cedar
len counts are typically measured using the gravimet pollen actually can travel more than 100 km and
ric method with a Durham sampler, in contrast to cause pollinosis in a large area.

Western countries in which a Burkard sampler is Cedar pollen dispersal precedes Japanese cypress
typically used. In a study in Chiba Prefecture in 2005, pollen dispersal, and approximately 70% of patients
the amount of air-borne pollen counted with a Bur- with cedar pollinosis are also allergic to Japanese cy-
kard sampler was about 12 times greater than that press pollen because of a common antigen.6 Disper-
counted with a Durham sampler.5 In addition, distinct sal of cedar and Japanese cypress pollen generally ex-
from grass pollen, which only spreads less than 100 hibits an arch-shaped pattern with time: cedar pollen
meters, cedar and cypress pollen travel a long dis- dispersal starts in early February and reaches a peak
tance and reach major cities, including Tokyo and between late February and early March, and is fol-
1Department of Otolaryngology, Head and Neck Surgery, Gradu- 8670, Japan.
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Fig. 1

The source areas from which the cedar polien detected at Chiba University Hospital spread. This is the

computer simulation study done by Mr. Kunihiko Yokota et al., at Weather Service Co. Ltd..

lowed by dispersal of Japanese cypress pollen, which
reaches a peak from late March to early April, with
some variation due to changes in the climate each
year.”8 The pollen dispersal season lasts for more
than 10 weeks in and around the Tokyo area.

PREVALENCE OF CEDAR POLLINOSIS IN
JAPAN

A survey based only on a questionnaire has the risk
of inclusion of a high rate of false-positive cases, be-
cause allergic rhinitis is sometimes difficult to distin-
guish from acute upper respiratory infection and even
normal healthy individuals may exhibit mild, non-
specific nasal symptoms, such as sneezing and nasal
secretion. In particular, cedar pollen dispersal season
is also high flu season. An allergen-specific IgE test is
necessary to avoid a high incidence of false positives,
but it has been difficult to conduct an epidemiological
study in Japan because of laws preventing use of per-
sonal information. In 2008, a questionnaire was posed
to the Otorhinolaryngologists nationwide to deter-
mine whether their families suffered from allergic
rhinitis. Although the rate of return of the question-
naire was low, i.e., 40% and the bias of the population
could not be ignored, an accurate diagnosis was ex-
pected.

According to the analysis of this questionnaire,?
the prevalence of perennial allergic rhinitis and of ce-
dar pollinosis was 23.4% and 26.5%, respectively. In
particular, the prevalence of cedar pollinosis in-
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creased more than 10% compared with that observed
in a similar questionnaire conducted in 1998. Al-
though the peak of cedar pollinosis is in those in their
thirties to forties, the age onset of pollinosis has been
decreasing (Fig. 2).

Figure 3 shows the annual amount of cedar pollen
dispersal in Japan, which we examined in 2005. The
darker brown parts indicate areas where cedar pollen
counts were high. We studied the influence of various
amounts of pollen exposure on the development of
pollinosis and mite allergic rhinitis in elementary
school students from schools in rural areas where the
movement of students out of or into the school was
uncommon. The annual amount of cedar and cypress
pollen differed among these five regions. The pollen
level was very high in southern Yamanashi: about
7,000/cm? on average for the last five years, as deter-
mined using Durham pollen samplers. In contrast,
the pollen level was low in northern Yamanashi and
inland Akita, at about 2,000/cm?2, and very low in
coastal Akita, at about 500/cm?2. The pollen level in
Chiba was about 4,000/cm?.

Figure 4 shows the detection rate of cedar- and
mite-specific IgE in students in these regions. The
positive rate for Japanese cedar was about 60%, ex-
cept for students in coastal Akita, who had a rate of
only 23%. The positive rate for mite IgE was about
50% in each region. These results suggest that the
sensitization rate for mite allergen is almost the same
nationwide, whereas that for cedar pollen is depend-
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Fig. 2 The prevalence rate of allergic rhinitis in Japan in 2008 (from reference 9).
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Fig. 3 Annual amount of cedar and cypress pollen dispersal in Japan in 2005.
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Fig. 4 The detection rate of cedar and cypress pollen-specific IgE in
all 4th and 5th grade students in the elementary schools.
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Fig. 5 The sensitization rate to the representative allergen and age distribution of cedar pollen-specific IgE
in the adult residents in the forties to seventies in the rural small town in South Chiba.

ent on pollen counts. A very low level of pollen results
in a low rate of detection and allergen avoidance is
undoubtedly important for prevention. However, a
high rate of allergic sensitization can be induced by a
relatively small amount of pollen, and it is likely to be
very difficult to reduce the amount of pollen exposure
to a level that will prevent sensitization. Furthermore,
tolerance was not easily induced in students in south-
ern Yamanashi who had been receiving high pollen
exposure every year since birth, Interestingly, the in-
cidence of mite allergic rhinitis and pollinosis in these
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sensitized students was almost the same; about 30 to
35% in each region, respectively.

‘We have also undertaken medical examination of
middle-aged adult residents in their forties to seven-
ties in a rural small town (Maruyama-cho) in South
Chiba every year since 1995.10 The examination in-
cludes responses to a questionnaire and testing for
specific IgE in serum using a CAP-RAST system. Fig-
ure 5 shows the sensitization rate to the representa-
tive allergens and the age distribution of cedar pollen-
specific IgE. Deterioration of cedar-specific IgE is ob-

Allergology International Vol 58, No2, 2009 www.jsaweb.jp/
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Fig. 6 The rate of change to negative over the last 13 years in cedar pollen-spe-
cific IgE in the residents who had tested positive for anti-cedar pollen specific IgE in
1995 and then had received examination every year.

served in elderly subjects. Figure 6 shows the rate of
change to negative over the last 13 years in cedar pol-
len IgE in residents who had tested positive for anti-
cedar pollen IgE in 1995. The IgE assays were per-
formed at the end of each cedar pollen season. It ap-
pears that the IgE titer is affected by the spread of
pollen each year. Interestingly, however, the negative
change for 13 years is not commonly observed even
in their forties to fifties, The rate of the cedar pollino-
sis determined by clinical symptoms in combination
with positive cedar pollen IgE has also not decreased
among these aged subjects.

THE LONG-TERM COURSE OF PATIENTS
WITH ALLERGIC RHINITIS

One hundred and seventy-seven patients who were
treated in our department from 1970 to 1995 con-
sented to undergo a detailed re-examination. A com-
parison between the recent symptoms and those ob-
served 10 to 30 years ago showed that 30% of adult pa-
tients exhibited some improvements and 10% had
resolution. However, only 20% of the pediatric pa-
tients exhibited mild improvement of symptoms,
whereas the remaining had the same or even worse
symptoms as those in childhood (data not shown: in
preparation for submitting). Regarding the allergen-
specific IgE, a change to negative was not observed
in any patients with cedar pollinosis and was seen in
only a few of the mite-allergic patients. Thus, natural
resolution is not commonly observed in allergic rhini-
tis and most pediatric patients grow to adulthood
without natural improvement of symptoms.

Allergology International Vol 58, No2, 2009 www.jsaweb.jp/
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CEDAR POLLEN SPECIFIC MEMORY T
CELLS

It has been suggested that dysregulation of cytokine
synthesis from Thl and Th2 cells is fundamental to
the pathogenesis of allergic diseases. However, no
significant difference was observed between the two
groups in the Th1/Th2 cell profile in peripheral blood
CD4+ T cells from patients with perennial allergic
rhinitis and non-allergic rhinitis by FACS analysis.11

Pollinosis is thought to be an adaptive immune re-
sponse that manifests as a type 1 allergic reaction,
and it occurs as a consequence of fundamental aller-
genic mechanisms involving the induction of pollen-
specific T helper type 2 (Th2) effector cells from
naive ThO cells. Most effector T cells are shortlived,
but few effector T cell become long-lived memory T
cells. We directly examined the number of allergen-
specific Th1/Th2 memory T cells in the peripheral
blood of patients of allergic rhinitis by an ELISPOT
assay using specific peptides.i? The Japanese cedar-
specific IL4 producing Th2 cells were detected in all
patients examined and increased during the pollen
season and decreased during the off-season. How-
ever, more than 60% of the cedar-specific memory
Th2 cells survived up to 8 months after the pollen
season (Fig. 7) .

Allergen-specific immunotherapy is the only cur-
rent treatment that can change the natural course of
allergic rhinitis with long-term effects. However, the
conventional immunotherapy with subculaneous ad-
ministration is inconvenient because it requires fre-
quent visits to the doctor and also carries the risk of
anaphylactic shock.13 A recent review of randomized
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Fig. 8 The number of cedar-specific Th2 cells before and after sublingual immunotherapy.

controlled studies of sublingual immunotherapy sug-
gested that this might be effective as an alternative
method of administration.!416 To determine the effi-
cacy of sublingual immunotherapy for Japanese cedar
pollinosis, we conducted a blinded, randomized,
placebo-controlled trial over a period of 6 months
(from October 2005 to May 2006).17 Sixty-seven sub-
jects were enrolled and the nasal symptom scores
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during the cedar pollen season were evaluated using
a symptom diary.

The patients in the active treatment group exhib-
ited significantly lower symptom scores compared to
the placebo group. This result suggests that sublin-
gual immunotherapy may offer a safe approach to the
management of allergic rhinitis, although the in vivo
mechanisms of allergen-specific immunotherapy are

Allergology International Vol 58, No2, 2009 www.jsaweb.jp/
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Fig. 9 Mechanism of eosinophil accumulation in respiratory mucosa. Eosinophil accumulation
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unknown,

Figure 8 shows the numbers of cedar-specific Th2
cells before and after immunotherapy: the number of
Th2 memory cells increased in the placebo group af-
ter pollen exposure, but did not increase in the treat-
ment group. Therefore, allergen-specific immuno-
therapy inhibits an increase in the antigen-specific
Th2 memory cell count induced by allergen expo-
sure. Immune-therapeutic intervention might direct
at diminishing the size of the clone memory Th2 cells
and shifting the cytokine type of memory Th clones.

Natural killer T (NKT) cells represent a unique
lymphocyte subpopulation that is characterized by
the co-expression of T cells and natural killer recep-
tors.18,19 Their activity is not restricted to MHC anti-
gens. The relative frequency of NKT cells in the pe-
ripheral blood is generally quite low, usually less than
0.1% of PBMCs, and they are not detected in normal
peripheral lymph nodes. However, NKT cells play a
very important role in innate immunity. Recently, the
involvement of NKT cells in the development of air-
way hypersensitivity in mice and the detection NKT
cells in bronchoalveolar-lavage fluid samples from pa-
tients with moderate to severe asthma were reported.
However, we could not detect the NKT cells in the
nasal mucosa of the patients with allergic rhinitis by a
polymerase chain reaction. However, NKT cells were
detected to varying degrees in the sinus mucosa from
asthmatic choronic sinusitis (CS) patients.

These results suggest that NKT cells are not di-
rectly related to the development of allergy, but that
they may play important roles in the development of

Allergology international Vol 58, No2, 2009 www.jsaweb.jp/
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sinus disease combined with asthma and in the en-
hanced Th2 cytokine expression and increased infil-
tration of Th2 cells and eosinophils observed in the
sinus mucosa from asthmatic CS patients via MHC-
independent mechanisms (Fig. 9).

SUMMARY

1. The prevalence of allergic rhinitis, in particularly
cedar pollinosis, is increasing.

2. Cedar pollen-specific Th1/Th2 dysregulation is
observed in patients with pollinosis.

3. Cedar pollen specific memory Th cells increased
during the pollen season and decreased during off
season, however, morethan 60% of the memory cells
survived up to 8 months after the pollen season.

4. NKT cells are not directly related to the develop-
ment of allergic rhinitis, including pollinosis.

5. Different mechanisms in the accumulation of
eosinophilia in the respiratory tract mucosa may ex-
ist,
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against Allergic Rhinitis:
The State of the Art
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ABSTRACT

Allergic rhinitis is the most prevalent type | allergy in industrialized countries. Pollen scattering from trees or
grasses often induces seasonal allergic rhinitis, which is known as pollinosis or hay fever. The causative pollen
differs across different areas and times of the year. Impaired performance due to pollinosis and/or medication
used for treating pollinosis is considered to be an important reason for the loss of concentration and productivity
in the workplace. Antigen-specific immunotherapy is an only available curative treatment against allergic rhini-
tis. Subcutaneous injection of allergens with or without adjuvant has been commonly used as an immunother-
apy; however, recently, sublingual administration has come to be considered a safer and convenient alternative
administration route of allergens. In this review, we focus on the safety and protocol of subcutaneous and sub-
lingual immunotherapy against seasonal allergic rhinitis. We also describe an approach to selecting allergens
for the vaccine so as to avoid secondary sensitization and adverse events. The biomarkers and therapeutic
mechanisms for immunotherapy are not fully understood. We discuss the therapeutic biomarkers that are cor-
related with the improvement of clinical symptoms brought about by immunotherapy as well as the involvement
of Tr1 and regulatory T cells in the therapeutic mechanisms. Finally, we focus on the current immunotherapeu-
tic approach to treating Japanese cedar pollinosis, the most prevalent pollinosis in Japan, including sublingual
immunotherapy with standardized extract, a transgenic rice-based edible vaccine, and an immunoregulatory
liposome encapsulating recombinant fusion protein.

KEY WORDS
allergic rhinitis, biomarker, immunotherapy, pollinosis, regulatory T cell

membranes. After pollens are hydrated on aqueous

INTRODUCTION membranes, they swell, rupture, and release their cy-
Allergic rhinitis is the most prevalent type I allergy, toplasmic components. It has been reported that
and pollen grains are one of the most common causes grass pollen grains rupture in water and release large
of respiratory allergies. In western Europe, the preva- amounts of respirable particles, such as starch gran-
lence of clinically confirmable allergic rhinitis was es- ules containing allergens.3 Although pollinosis pa-
timated to be 23%, with more than 50% of the allergic tients have a low rate of asthma attacks during pollen
subjects possessing specific IgE against grass pol- season, the attacks that do occur may be attributable
len.! In Japan, the prevalence of allergic rhinitis was to these respirable particles bearing allergens from
estimated to be 39.4% and that of pollinosis was pollen grains4 Pollen grains release not only
29.8%.2 allergen-bearing particles but also immunomodula-

Pollinosis is induced by the invasion of pollen tory mediators such as pollen-associated lipid media-
grains onto the ocular and nasal mucosa. Pollen tors (PALMs) and NADPH oxidases. Proinflamma-
grains easily access internal binding sites on contact tory PALMs such as leukotriene B4-like substances
with the aqueous phases of nasal and ocular mucosal attract and activate human peripheral blood eosino-
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phils and polymorphonuclear granulocytes from both
allergic and non-allergic donors.5% Immunomodula-
tory PALMs, such as phytoprastanes, inhibit IL12
production in dendritic cells and Thl-type cytokine
production in antigen-specific T cells, while inducing
antigen-specific Th2 responses.” NADPH oxidase rap-
idly increases the level of reactive oxygen species
(ROS) in lung epithelium and induces neutrophil re-
cruitment to the airway independent of the adaptive
immune responses.®? These reports strongly suggest
that pollen grains themselves act primarily as adju-
vants to induce pollen-antigen-specific Th2 responses
and to enhance inflammatory processes during the
elicitation phase of allergic responses.

The most common treatments against pollinosis
are medications like antihistamines, leukotriene in-
hibitors, and corticosteroids. However, these treat-
ments are not curative and sometimes induce im-
paired performance as a results of their side ef-
fects. 1011 Antigen-specific immunotherapy can
change the natural course of allergic rhinitis and is
recognized as a curative treatment against type I al-
lergy without impaired performance. In this century,
since the first report on subcutaneous immunother-
apy (SCIT), SCIT has been developed and improved
and has become safer and more effective.12.13 Re-
cently, sublingual immunotherapy (SLIT) has been
developed and has become a safer and more benefi-
cial immunotherapy for patients.

This review focuses on the recent approach of us-
ing antigen-specific immunotherapy to treat allergic
rhinitis, and focuses especially on the use of SLIT
against pollinosis using standardized extract or re-
combinant allergens. We also discuss the therapeutic
mechanisms and therapeutic biomarkers for SLIT. Fi-
nally, we discuss the recent immunotherapeutic ap-
proach to treat Japanese cedar (Cryplomeria japon-
ica) pollinosis, which is the most common pollinosis
in Japan.

ANTIGENS FOR IMMUNOTHERAPY

For immunotherapy, extracts from an allergen
source, i.e. pollen extract, are widely used after the
concentration of their major allergen is adjusted so as
to be standardized. To standardize such extracts, it is
important to analyze their component allergens and
establish a quantification system for major aller-
gens.!4 The World Allergy Organization (WAQ) rec-
ommends that standardized vaccines be used for im-
munotherapy if they are available.l> However, the
protocols and methods for the standardization of al-
lergen extract are different among different suppliers,
which use their own in-house reference materials and
their own unique allergen units. This made it difficult
to compare the therapeutic effects and safety among
clinical trials involving different products. It has been
proposed that vaccines be standardized using a proto-
col based on mass units of major allergens and that
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the active ingredients of the treatment be quantified.
The CREATE project has been working to select ma-
jor allergens for use in the standardization of vaccines
and to establish a quantification system and recombi-
nant allergens for the standardization.16

To improve the safety and clinical therapeutic ef
fects of a vaccine, the selection of allergens for vacci-
nation is an important issue. Extract from pollen may
contain many allergens that cross-react with those
from fruit, vegetables, and latex. These allergens may
cause minor local side effects, especially in SLIT,
among patients who suffer from oral allergies and/or
latex-fruit syndrome. Latex-fruit syndrome some-
times induces severe systematic reactions such as
anaphylactic shock in response to natural rubber and
some latex fruits.1” The crossreactive allergens may
have to be removed from vaccines in order to avoid
severe systematic adverse reactions caused by cross-
reactivity with latex allergens for safer SLIT. For the
elucidation of reactive allergens, protein microarray
techniques have recently been applied to allergy diag-
nosis. Microarray-chip technology using a glass slide
with the immobilization of large numbers of proteins
on the surface enable us to simultaneously test IgE-
binding reactivity against large numbers of allergens
from various sources.!819 This diagnostic technique
is applicable to the diagnosis of allergens from a sin-
gle allergen source. This component-resolved diagno-
sis is a powerful tool for selecting components of al-
lergens for immunotherapy vaccines and may im-
prove the safety and clinical therapeutic efficacy of
the vaccines in comparison to traditional immuno-
therapy using crude extract.29 Such an allergen diag-
nosis enables us to choose only IgE-binding allergens
that are individually sensitized for antigen-specific im-
munotherapy. This approach, in which only sensi-
tized allergens are used for immunotherapy, avoids
secondary additional sensitization against nonreactive
proteins that can occur with the use of crude extracts
or a mixture of allergens (Fig. 1).

Recombinant technology has been used to con-
struct vaccines for immunotherapy.?2! Immunother-
apy clinical trials were performed using a mixture of
five recombinant grass allergens (rPhl p 1, rPhl p 2,
rPhl p 5a, rPhl p 5b, and rPhl p 6), and the results
suggested that a recombinant allergen vaccine can be
an effective and safe treatment to ameliorate the
symptoms of allergic rhinitis.?2 Immunotherapy using
recombinant Bet v 1 was also recently reported to
show clinical efficacy, and its therapeutic effects were
comparable with those obtained using native Bet v 1
against birch pollen allergy.23

Vaccines using allergoids and modified allergens,
such as T cell-epitopes, pathogen-related molecular
pattern molecule-conjugated allergens, and others,
are under development, and some of them are consid-
ered to be promising for use as therapeutic vac-
cines.13.24
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