Immunotherapy against Allergic Rhinitis

tained Cry j 1-Cry j 2 fusion protein in the im-
munoregulatory liposome showed suppression of IgE
and IgG antibody responses after being challenged
with the allergens. Furthermore, oral administration
of the vaccine showed efficient suppression of IgE an-
tibody production.74

CONCLUSIONS

The standardization of a vaccine enables us to com-
pare the results from varied clinical trials with respect
to dose, clinical effects, and changes in biological pa-
rameters, Many reports have shown positive clinical
therapeutic effects and suppressed effector/inflam-
matory responses. It is considered that IL10-
producing Tr1 and/or adaptive or induced Treg cells
may be involved in the suppression of the antigen-
specific Th2-responses and local inflammation. How-
ever, how immunotherapy induces: suppressor cells
like Tr1 and Treg cells remains unclear, although the
involvement of mucosal dendritic cells has been pro-
posed. High-quality clinical studies are indispensable
to clarify the therapeutic biomarkers and the mecha-
nisms of induction of suppressor cells, and the resul-
tant data from the studies may enable us to develop
safer and more effective immunotherapy through the
modification of the allergens; optimum dose, or ad-
ministration regimen of a vaccine.
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Summary

EARLY INTERVETIONS OF CEDAR POLLINOSIS
Yoshitaka: Okamoto, MD

Department of Otorhinolaryngology and Head & Neck Surgery.
Graduate School of Medicine, Chiba University

In recent years, many countries have experienced an
inérease in'the prevalence of allergic rhinitis. In Japan;
Japanese cedar and cypress pollens constitute a major,
unique allergen that’s spread is quite large, traveling
more than 100 km and causing pollinosis that is severer
than observed in other countries. In addition, cedar
and cypress pollen spread season lasts for more than 12
weeks in and around Tokyo. To manage allergic rhini-
tis, the interventions: at various stages are: important.
The recent progress: in. genetic analysis revealed the
presence. of genes regulating IgE producing  abilities.
For ‘early prevention of allergic rhinitis, the allergen
avoidance is important, however it is not easy to get ef-
fective results. - Drug treatment is useful to improve the
symptoms, however the role.in early intervention in al-
lergic rhinitis: is not known and to-keep taking medicine
for a long term may not be acceptable. -Allergen spe-
cific immunotherapy is effective in “early intervention,
and has possibilities of usefulness in primary or secon-
dary intervention. Probiotics may play some role in pre-
ventions of allergic rhinitis, Futher studies to certify
and to improve the clinical benefits. of these early inter-
ventions are required.

Key words : cedar pollinosis; early intervention, im-
munotherapy, medication; - functional
food
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1. Introduction

ABSTRACT

B lymphocyte stimulator (BLyS), B cell activating factor (BAFF), a member of the tumor necrosis factor
ligand: superfamily has potent co=stimulatory activity on B cells, and: BLyS-production in the airway
mucosa is of potential importance as it triggers innate and adaptive immune responses. To investigate
whether airway fibroblast could express BLyS; we examined BLyS-expression’ in human tiasal airway
fibroblasts and compared to its expression in tonsillar and skin fibroblasts as well as the effect of the
Toll-like receptor (TLR) ligands on that in human nasal airway fibroblasts. The expression of BLyS by nasal
fibroblasts in the presence of polyinocinic=polycytidykic acid (poly(l:C)) was markedly induced; to a level
of more than 100 times higher than that observed in the absence of poly(I:C). In order to demonstrate the
intracellular: pathways. involved in poly(l:C)-induced BLyS-expression, we. used specific inhibitors of
phosphatidylinositol 3-kinase (PI3-kinase), spleen tyrosine kinase (Syk), p38 mitogen-activated protein
kinase (p38 MAPK), c-Jun N-terminal kinase (JNK); and extracellular-signal related kinase (ERK)-signaling
in.these events. Pre-incubation with the PI3-kinase inhibitor LY294002 or Wortmanin reversed the
poly{l:C)-induced production -and expression of BLyS. Syk kinase inhibitor Piceatannol partially reduced
its production and expression. Thus, we were able to show that PI3-kinase signaling is directly invoived in
poly(I:C)-induced BLyS-expression in nasal airway fibroblasts. These results indicate that human nasal
airway fibroblasts strongly induce BLyS-expression and production by poly(I:C) through Pi3-K signaling
during airway immune responses.

Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.

lial cells [4]. In the nasal mucosa, the expression of BLyS for in sino-
nasal tissue was found to be significantly correlated with.CD20, and

TNF ligand superfamily member 13B, BLyS,! BAFF, plays critical
roles in respiratory mucosal defense, becatise it is a potent co-activa-
tor of B cells in vitro.orin vivo. BLyS induces B cell proliferation; hu-
man Ig class switch recombination, and g secretion [1=3]. Activation
of B cells in the airways is now believed to be of great importance in
immunity to pathogens, and it also participates in the pathogenesis
of ‘airway diseases. The expression of BLyS was detected in TLR
ligand-treated BEAS-2B cells and primary human bronchial epithe-

* Corresponding author. Address: Department of Otorhinolarynigology, University
of Fukui, 233 Matsuoka=Shimoaizuki, Eilieiji; Yoshida, Fukui 910-1193; Japan. Tel::
+81:.776 61:8407; fax: +B1. 776 61 8118,

E-mail address: ymdtkey@u-fukui.acjp (1. Yamada).

' Abbreviations used: BLyS, B lymphocyte stimulator; BAFF, B cell activating factor;
TLR; Tolilike receptor: ‘dsRNA. double-stranded RNA; IRF, interferon regulatory
factor; PGN; peptidoglycan: poly(L:C}, polvinocinic-polycytidykic acid: LPS; Lipopoly-
saccharide; PI-3K, phosphatidylinositol 3-kinase; Syk; spleen tytosine kinase; JNK; c=
Jun N-terminal kinase;. p38 MAPK, p38 mitogen-activated protein kinase; JNK. ¢-Jun
N-terminal kinase; ERK, extracellular-signal related kinase; TACI, transmembrane
activator-and CAML interactor;

overproduction of BLyS contributes to the pathogenesis of chronic
rhinosinusitis via the local induction of IgA and the activation of
eosinophils [5}]. Although nasal airway fibroblasts are a rich source
of cytokines, chemokines, and growth factors, it is unknown whether
airway fibroblast could express BLyS.

As ‘a mucosal guardian’ in the upper airway, the inferior turbi-
nate of the human nose is easily exposed to-a variety of stimulus
such as viral-and bacterial infection during the common cold. Most
of the viruses that cause upper respiratory infection are RNA
viruses: including  rhinoviruses,  coxsackievirus, ‘echovirus, and
influenza viruses.- RNA- viruses synthesize double-stranided- RNA
(dsRNA) during replication [6], and this is a strong stimulus for'in-
nate anti-viral responses through the secretion of cytokines. TLRs
play key roles in innate immunity by recognizing microbial
conserved pathogen-associated molecular patterns, and TLR3 is
involved in the recognition of the synthetic dsRNA analogue, poly-
inocinic-polycytidykic acid (polyl:C) [7]. 1t is not clear which TLR
ligand induces BLyS-expression or production of human airway
fibroblasts.

1043-4666/$ - see front matter Crown Copyright © 2010 Publishied by Elsevier Ltd. All rights reserved.
doi:10.1016/j.cyt0,2009.12.011
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The presence of dsRNA during viral infections is a key step in
the activation of several signaling pathways, including mitogen-
activated protein kinase (MAPK), activator protein-1, and inter-
feron regulatory factors (IRFs). Poly(1:C) induces the rapid activa-
tion  of the mitogen-activated protein kinases (MAPKs) (p38
MAPK, c-Jun N-terminal kinase (JNK), ERK) and MAPK-dependent
expression of proinflammatory cytokines, chemokines, and adhe-
sion: molecules [8,9]. In.accordance with the expression of TLR3,
poly(I:C) stimulation induces the activation of interferon regula-
tory factor-3 (IRF-3) transcription factor and p38 MAPK [10]. Pi3-
kinase plays an essential role in IRF-3-binding to the promoter of
the target gene and TLR3-mediated gene induction by dsRNA-trea-
ted cells [11]. Spleen tyrosine kinase (Syk) regulates PI3K activa-
tion and RNA virus endocytosis in the airway mucosae [12]. The
potential role of dsRNA-induced BLyS-expression in signaling is
poorly understood.

Although the ability of BLyS-production from airway mucosa is
of potential importance as it provides innate and adaptive immune
responses, the details of BLyS-expresion in airway fibroblasts re-
mains unexplored. In this study, we established fibroblast lines
from the human inferior turbinate and other tissues, and it has
been confirmed whether BLyS is expressed in human nasal airway
fibroblasts, tonsillar, and skin fibroblasts. We examined: the effect
on. BLyS-expression of  TLR ligands including peptidoglycan
(PGN); poly(I:C); lipopolysaccharide (LPS); and CpG in human na-
sal airway fibroblasts. In order to demonstrate the intracellular
pathways. involved: in dsRNA-induced BLyS-expression, we. used
specific inhibitors of PI3-kinase, Syk, p38 MAPK; INK, and extracel-
lular-signal related kinase (ERK)-signaling in these events,

2. Materials and methods
2.1. Reagents

The following reagents were used: poly(1:C) (Amersham Biosci-
ence; Piscataway, NJ); PGN (Sigma); LPS (MERCK bioscience, Ger-
many); CpG, a synthetic oligodeoxynucleotide that contains CpG
motifs that mimicks bacterial DNA (5'-ACCGATCGTTCGGCCGGT-
GACGGCACCA-3'); SP600125 as a specific inhibitor of JNK (BIO-
MOL); SB203580 'as a specific. inhibitor of p38 MAP kinase
(Promega); PD98059 as a specific inhibitor of MEK-1 (Promega):
LY294002 as a specific inhibitor of PI3-kinase (Promega); Wort-
mannin (Sigma); AKT inhibitor (CALBIOCHEM); anti-human BLyS
monocional Ab (R&D: system); p44/42 MAP Kinase rabbit poly-
clonal antibody (Ab) (Cell Signaling, Beverly, MA); SAPK/JNK rabbit
polyclonal Ab (Cell Signaling); phospho-p44/42 MAPK (E10) mouse
monoclonal Ab (Cell Signaling); phospho-JNK (G9) mouse mono-
clonal Ab (Cell Signaling); phospho-p38 MAPK (28B10) mouse
monoclonal ‘Ab: (Cell Signaling); phospho-AKT (587F11) mouse
monoclonal Ab (Cell Signaling); AKT Rabbit polyclonal Ab (Cell Sig-
naling); and p38 (A12) mouse monoclonal Ab (Santa Cruz Biotech-
nology, Santa Cruz, CA).

2.2: Cells, cell lines, and cell culture

Human primary nasal fibroblast lines were established from hu-
man nasal biopsy tissues of inferior turbinates removed during the
operation (n = 6). All the nasal specimens had been taken from pa-
tients with allergic rhinitis. Five males and one female aged
30.5 % 6.6 year (mean  SEM) were atopic; diagnosed on the basis
of elevation of at least one of the capsulated hydrophobic carrier
polymer-radioallergosorbent tests against. 8 commion aeroaller-
gens. All of the patients had a house dust or a cedar pollen CAP-
RAST score of 2 or more; The subjects had given written informed
consent, and its study protocol was approved by the Ethics Com-

mittee at University of Fukui. The patients had no smoking and
no special background including pollution, without any medication
at least 14 days before operation. Only fibroblast lines between the
sixth and tenth passages were used in this study. No contamina-
tion of epithelial cells was confirmed by immunchistochemical
examination using cytokeratin markers. The fibroblasts were stim-
ulated by TLR ligands in RPMI-1640 medium supplemented with
10% FCS.and in humidified atmosphere of 10% CO, in air at 37.°C.

2.3. Real time PCR

Total RNA was extracted using a total RNA: isolation Nucleo-
Spin™ RNA Il Kit (MACHERY-NAGEL, Diiren Germany). The reverse
transcription reaction was performed with TagMan® RT Reagents
(Applied Biosystems Japan, Tokyo, Japan) using random hexamer
primers, The amplification of TLRs, BLyS, and B;-microglobulin-
c¢DNA was performed in a MicroAmp optical 96-well reaction plate
(Applied Biosystems). All TagMan® probefprimer combinations
used in this study were TagMan® Gene Expression Assay products
purchased from Applied Biosystems. p2-Microglobulin was chosen
as the reference housekeeping gene because it is convenient to as-
say and highly expressed. Furthermore, in order to select the
housekeeping genie, we evaluated it using a TagMan® Human
Endogenous Control Plate, which was most suitable. TagMan®
PCR was: performed in a 20-pl volume using TagMan® Universal
PCR master mix (Applied Biosystems). The reaction was performed
in an ABI PRISM 7000 Sequence Detection System (Applied Biosys-
tems).: The reaction: mixtures were pre-incubated for 2 min at
50 °C. The PCR program involved 10 min of Taq Gold activation at
95 °C, followed by 40 cycles of 15s at 95 °C and 1 min at 60°C
(maximum:-ramping speed between temperatures). Human ¢cDNA
equivalent to 50 ng of total RNA from each sample was assayed
in each tube. The threshold cycle number was détermined with se-
quence Detector Software (version 1.1: Applied Biosystems) and
transformed using comparative methods as described by the man-
ufacturer with Bs-microglobulin as the reference gene.

2.4 Cytokine ‘assay

The cells were cultured in the presence of poly(1:C) for appropri-
ate periods, and then the culture supernatants were harvested and
stored:at —80 °C. The amounts of BLyS in the cell culture superna-
tant were measured with an ELISA kit that was purchased from
R&D system.

2.5. Immunoblot analysis

The samples were added to a 2-fold volume of sample buffer
[95% laeminli sample buffer (BIORAD) and 5% 2-mercaptoethanol].
After heating the mixture at 95 °C for 5 min, the samples were
electrophoresed. The proteins were then transferred electrophoret-
ically onto polyvinylamidedifluoride membranes (Amersham Bio-
science). - The blotted membranes were rinsed with 5% non-fat-
dried milk diluted in PBS containing 0.1% Tween 20 for 60 min:-at
room temperature, and then incubated with the antibodies for
16 hiat 4 °C. After being washed, the membranes were treated with
HRP-conjugated anti-mouse immunoglobulin (Ig)'Ab or HRP anti-
rabbit Ig Ab (DAKO, Carpinteria, CA) for 60 min at room tempera-
ture. Peroxidase color visualization was achieved with TMB mem-
brane peroxidase substrate (KPL, Gaithersburg, MD).

2.6. Antibody array
Signal Transduction AntibodyArray™ which contains 400 high

quality antibodies against well-studied signaling proteins, was
purchased from Proteomics Company. Nasal fibroblasts were stim-
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ulated with 10 pg/ml poly(1:C) for 30 min, washed twice with ice
cold Tris saline (50 mM Tris pH 7.5, 150 mM Nacl, 1.5 mM PMSF),
and lysed using Triton Extraction buffer containing 15 mM Tris pH
7.5, 120 mM Nacl, 25 mM KCl, 2 mM EGTA, 2 mM EDTA, 0.1 mM
DTT, 0.5% triton X-100, 10 pg/ml leupeptin, and 0.5 mM PMSF, Pel-
leted cellular debris was removed by centrifugation at maximum
speed (14,000 rpm). The supernatant was collected, and the mem-
brane of Signal Transduction Antibody Array™ was incubated with
the whole cell extracts in 5 ml extraction solution containing 1%
BSA for 2 h at room temperature with slow shaking. After washing
the membrane, HRP-conjugated anti phosphotyrosine antibody
was applied for 2 h at room temperature, Peroxidase substrate
was used and the membrane was washed and then exposed to
X-ray film.

2.7. Data and statistical analysis

Statistical analysis was performed using the Wilcoxon signed-
ranks test to assess the significance of differences.

3. Results
3.1. BLyS-expression in human fibroblasts

To determine whether BLyS is expressed in human fibroblasts,
we established fibroblast lines from small pieces of human inferior
turbinate, tonsil, and skin respectively from six individuals and
then examined BLyS-expression in stimulated fibroblasts. ‘As
shown in Fig, 1, the expression of BLyS in nasal fibroblasts was
markedly induced in the presence of poly(I:C), to a level more than
100 times higher than that observed in the absence of poly(1:C). In
skin fibroblasts, we could not detect any induction of BLyS-expres-
sion in the presence of poly(I:C). Although poly(I:C) induced BLyS-
expression by tonsillar fibroblasts, its induction was lower than
that induced in nasal stimulated fibroblasts .

{(Units)

100~

Skin

+
Nose

+ +* Poly 1IC

Tonsil

Fig. 1. BLyS-expression in human fibroblasts. After the cells has been treated with
poly(1:C) (20 yg/ml) for 6 h, total RNA was isolated from human nasal {closed bar),
tonisillar (waved bar), and skin (open bar) fibroblasts: The expression levels of BLyS-
mRNA werie assayed by real time RT-PCR. The RNA was reverse transcribed to ¢DNA,
which was then used for real time PCR; Reactions were performed in three wells,
and results are expressed relative to the expression levels of pz-microglobulin, Data
are expressed as the mean £ SEM of the fold increase relative to the control (1= 6).
*P<0.05 compared with control using Wilcoxon's signed-ranks test.
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3.2. Toll-like receptor ligands and BLyS-expression

Since TLR 3 ligand strongly induced the expression of BLyS
especially in human nasal fibroblasts, next we observed the
expression of TLRs on human nasal fibroblasts. The mRNA expres-
sion of TLRs on fibroblasts was confirmed by real time RT-PCR.
Fig. 2A shows the relative expression levels of TLR mRNAs on the
cells, TLR 3 and 4 were highly expressed, while TLR 2 and 9 were
moderately expressed. TLR1, 5, and 6 were also detected, but their
expression levels were lower than those of TLR2, 3, 4, and 9, We
could not detect the expression of TLR 7, 8, and 10 in human nasal
fibroblasts. In order to look at which TLR ligand induces BLyS-
expression in human nasal fibroblasts, we examined the effect on
BLyS-expression of TLR ligands (PGN, poly(1:C), LPS, and CpG).
Fibroblasts were treated with the agonists for 6 h, and BLyS-mRNA
expression was assessed by real time PCR., The BLyS-expression
was induced 100-fold by poly(l:C)-and 10-fold (P<0.05) by LPS
in nasal fibroblasts, while it was hard to find any effecet by PGN
or CpG on the level of mRNA for BLyS.

3.3. Dose-dependence and time-course of poly(l:C)-induced BLyS-
expression

Having: shown-that TLR3 ligands strongly induce BLyS-expres-
sion in human nasal fibroblasts, next we have investigated its
expression precisely. Poly(1:C) induced BLyS-mRNA expression in
a dose-dependent manner with the maximal stimulation generally
being at 10 pg/ml or higher, and its expression was detected 10-
fold (P < 0.05) at 1 pg/ml in nasal fibroblasts (Fig. 3A). The exposure
of nasal fibroblasts to TLR3 ligand triggered a rapid expression of
BLyS-mRNA at 6 h and decreased thereafter. The expression was
sustained at 80-fold at 24 'h and 15-fold (P < 0.05) at 48 h (Fig. 3B).

3.4. Poly(I:C) induces BLyS-production from human nasal fibroblasts

Similar to other TNF family members, BLyS is generally ex-
pressed-as a transmembrane protein and is cleaved from the sur-
face ‘to release its active soluble form. Production of soluble
BLyS-proteins was detected using ELISA. Poly(I:C) increased BLyS-
production at 1 pg/ml and higher (P< 0.05) in a dose-dependent
manner (Fig. 4A) . Its production was 100 times: higher than that
detected in the absence of poly(1:C) at 10 pg/ml. Although the BLyS
gene encodes a putative 285 amino acid (aa) type Il transmem-
brane protein, the 152 aa form can also be shed from the mem-
brane because the N-terminal side contains a furin cleavage site.
We also examined the supernatants from human nasal fibroblasts
using Western blotting. Fig. 4B shows that the soluble form of BLyS
from human nasal fibroblast weighs 18 kDa, and its production oc-
curred in a dose-dependent manner with the maximal stimulation
observed at 10 ug/mlL

In the presence of IL-4, Ig class switch recombination in human
B cells was always detected by BLyS-treatment at 100 ng/ml or
higher {2}. The human nasal fibroblasts produce enough amounts
of BLyS-protein to cause Ig class switch recombination, as shown
in Fig. 4.

3.5, Suppression of poly(I:C)-induced and BLyS-production and
expression by PI3-kinase inhibitor

Poly(Ll:C) 'is ‘a TLR3 ligand that induces TLR3-signaling. We

screened: the intracellular 'signal transduction molecules of
poly(l:C)-stimulated human nasal fibroblasts using AntibodyAr-
ray™ which contains 400 high quality antibodies, and found that
poly(l:C)-induced signaling involved Syk, Rho, or TRAF6. Also, we
demonstrated that the exposure of cells to poly(I:C) triggered
phosphorylation and activation of p38 MAPK, JNK, and AKT by
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Fig. 2. Toll-like receptor ligands and BLyS-expression: (A} TLR1-9 mRNA expression levels were assayed by real time RT-PCR using a cDNA template derived from human
niasal fibroblasts. The results are expressed relative to the expression levels of By-microglobulin (1t = 6). (B) Analysis of the expression of BLyS-mRNA induced by Toll-like
receptor ligands using real time PCR, Fibroblasts were treated with: PGN:(20 pig/ml), poly(1:C).(20 pg/ml), LPS (T pg/ml), or CpG (1 yM) for 6 h, The RNA was isolated from the
cells and BLyS-expression was measured. Data are expressed as the mean't SEM of the fold increase relative to the control (n=6).*P<0.05,

Western blotting with specific antibodies to phosphorylated p38
MAPK, JNK, and AKT. Since PI3-kinase participates in TLR3-signal-
ing [11], we sought to determine whether MAPKs, Syk kinase, or
PI3-kinase signaling is directly invelved in BLyS-expression. To
accomplish this, we tested the ability of SB203580 (a specific
inhibitor of p38 MAPK signaling), SP600125 (JNK inhibitor),
PD98059. (a specific inhibitor of ERK signaling), Piceatannol (an
inhibitor of Syk Kinase), LY294002 and Wortmanin (PI3-kinase
inhibitor) to affect the expression of BLyS in nasal fibroblasts stim-
ulated with poly(1:C) (Figs. 5 and 6A).

Pre-incubation with the PI3-kinase inhibitor. LY294002 and
Wortmanin markedly suppressed the poly(l:C)-induced produc-
tion and expression of BLyS, although inhibition of p38 MAP, JNK,
and ERK did not have any effect. The Syk kinase inhibitor Piceatan-
nol reduced poly(I:C}-induced production and expression of BLyS
by 40% (Figs. 5 and 6A). The specific PI3-kinase inhibitor
LY294002 reversed its expression in a dose-dependent manner

(Fig.  6B). LY294002 decreased the  expression of BLyS in
poly(1:C)-stimulated nasal fibroblasts by 90% compared to the con-
trol level (P < 0.05). There were no differences in cell shape or via-
bility among the four inhibitors.

4. Discussion

In the present study, we demonstrated that the expression of
BLyS was strongly induced by nasal airway fibroblasts in the pres-
ence of poly(1:C), while we could not detect any induction of BLyS-
expression in skin fibroblasts. Consistent with the high expression
of TLR 3 and 4 mRNA on nasal airway fibroblasts, poly(I:C)and LPS
induced BLyS-expression. Poly(l:C) induced BLyS-mRNA expres-
sion and protein-production in a dose-dependent manner. BLyS-
expression and production from airway fibroblasts has not been re-
ported previously, although BLyS is expressed in proinflammatory-
cytokine-stimulated fibroblast-like synoviocytes from the inflamed
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Fig. 3. Dose-dependence and time-cotrse of poly(l:C)-induced BLyS-expression. (A)
Human nasal fibroblast cells were cultured either with medium. of with various
concentrations of poly(1:C) (1, 5, 10, 20, and 50 pgfml) for 6 h. (B} The cells:were
stimulated with poly{I:C) (10 ug/ml) and then harvested at 6, 24, 48, 0r 72 h. RNA
was prepared and reverse transcribed to cDNA, followed by real time PCR. Data are
éxpressed as the mean+ SEM (n=6)."P<0.05,

joints of patients with rheumatoid arthritis [13]. Pre-incubation
with: the PI3-kinase inhibitor LY294002 or Wortmanin reversed
the poly(l:C)-induced production and expression of BLyS. The Syk
kinase inhibitor Piceatannol also partially reduced its production
and expression. Thus, we were able to show that Pi3-kinase signal-
ing is directly involved in poly(l:C)-induced BLyS-expression in
nasal airway fibroblasts:

Airway submucosal fibroblasts play important roles, in the in-
nate anti-viral response to human rhinovirus infections and dsRNA
[14], while airway fibroblasts support the proliferation of bronchial
epithelial cells, which is an important biological process in physio-
logical conditions and various human airway diseases [15]. The
inferior turbinate of the human nose is a ‘mucosal protector'-on
the upper airway that acts against viral or bacterial infection and
antigen exposure. Nasal fibroblasts of the inferior turbinate pro-
duce BLyS strongly when stimulated by dsRNA, leading to the in-
‘nate anti-viral response including B cell proliferation and Ig
secretion. Here, we have demonstrated the high BLyS-expression
of nasal fibroblasts originating from nasal mucosa of the inferior
turbinate,

Poly 1C BLyS production in 24 hrs
(vg/mi) (pg/ml)
0 4.1 +1.5
1 34.3 + 15,6
5 116.4 1+ 50.0 *
10 399.2 +100.7 —
B T G +«—18 kDa
0 1 5 10 20 50 ug/mi (Poly IC)

Fig. 4. Poly(L:C) induces BLyS-production from human nasal fibroblasts, (A) The
cells were cultured either with medium or with various concentrations of poly(I:C)
for 24 h, The supernatants were harvested for analysis of BLyS-production by ELISA.
The results are expressed as the mean + SEM (n = 6), *P < 0.05. (B) The same amount
of supernatant was applied to each lane and blotted with anti-BLyS Ab, The position
of BLyS-proteins was indicated to the right with the arrow.

Inhibitor (10 M) Poly IC {pug/mi)  BLYS production In 24 hrs (pg/mi)
None 0 4.3+ 44
None 10 3918 x 72.7
LY 284002 10 133+ 5.9 j‘_‘
Piceatannol 10 245.1 1 52,8
SB203580 10 2799 + 51.2
PDSBO59 10 3229 + 649
SP600125 10 296.5 + B2.3

Fig. 5. The effect of intracellular signal transduction inhibitors on Poly(l:C)-induced
BLyS-production - from - human  nasal fibroblasts.. After  pre-incubation  with
LY294002, Wortmanin, an inhibitor of PI3-kinase; Piceatannol, an inhibitor of Syk
kinase; SB203580, an inhibitor of p38 MAP kinase; PD98059, an inhibitor of MEK; or
SP600125, an inhibitor of JNK. the cells were stimulated with poly(I:C) (1,5, and
10 g/ml) for 24 h. The supernatants were harvested for analysis of BLyS-produc-
tion by ELISA. The results are expressed as the mean  SEM (1 = 6)..*P < 0.05.

Upper airways characteristically consist of a periosteum and
bone covered by nasal respiratory mucosa.: We ‘also examined
BLyS-expression of nasal fibroblasts originating from (he perios-
teum of the inferior turbinate, and poly(1:C) strongly also induced
BLyS-expression in these cells (data not shown). Fibroblasts also
play key roles: in airway remodeling process [16,17} and in nasal
polyps, which are products of nasal airway remodeling, BLyS-
mRNA was significantly increased in nasal polyps of patients with
chronic rhinosinusitis, and its protein was present in mucosal epi-
thelial cells in the nasal polyps along with unidentified cells in the
lamina propriaf5}. We also found that nasal fibroblasts originating
from nasal polyps express BLyS by stimulation with dsRNA and LPS
(data not shown).

Due to the high expression of TLR3 and TKR4, nasal fibroblasts
can respond to their ligands. Through TLR3 and adaptor molecules,
poly(1:C) stimulation induces the activation of IRF-3 transcription
factor [10]. When Pi3-kinase is not recruited to TLR3 or its activity
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Fig. 6. Suppression of poly(l:C)-induced BLyS-expression by a PI3-kinase inhibitor.
(A) Human nasal fibroblasts were: pre-incubated with: 1Y294002, Wortmanin,
Piceatannol, SB203580, PD98059, or SP600125. The cells were harvested 6h after
stimulation with poly(1:C) (10 ig/m!), and the RNA was prepared for analysis of
BLyS-expression by RT-PCR. Data are presented as mearn + SEM compared with the
levels without inhibitor. using Wilcoxon's signed-ranks: test (n=6). “P <0.05. (B}
Dose response of Pi3-kinase inhibition of poly(l:C)-induced BLyS-expression. The
culture conditions were the same: as those for the experiment shown:in Fig. 5A.
except that the concentration of LY294002 was varied as indicated.

is blocked; IRF+3 is only partially: phosphorylated and fails to bind
to the promoter of its target gene in dsRNA-treated cells [11]. The
PI3-kinase pathway plays an essential role in TLR3-mediated gene
induction. As a specific PI3<kinase inhibitor reversed the expres-
sion of BLyS in: dsRNA-stimulated nasal fibroblasts, PI3-kinase is
considered to play a pivotal role in dsRNA-induced BLyS-expres-
sion in human nasal fibroblasts. PI3-kinase inhibitor also decreased
TLR3-experssion in nasal fibroblasts (data not shown). A frequent
byproduct of virus infection, dsRNA, is recognized by TLR3 as a
method for mediating the innate immune response to virus infec-
tion. The most coniimon acute infection in humans, human rhinovi=
rds is a leading cause of exacerbations of airway inflammation. We
previously reported that the protein tyrosine kinase Syk is ex-
presses in nasal fibroblasts [18,19] and regulates PI3K activation
and human rhinovirus endocytosis [20]. Although the full intracel-
lular signaling pathway for dsRNA-induced BLyS-expression

remains to be elucidated, we did find that, a PI3-kinase inhibitor
and a Syk kinase inhibitor significantly reduced dsRNA-induced
production and expression of BLyS in nasal fibroblasts.

While BLyS is an important survival factor for B lymphaocytes, it
can enhance immune responses not only by increasing the number
of B cells but also by elevating CD4-positive T lymphocyte function
and NK cell activity [21]. In BLyS-transgenic mice, the delayed-type
hypersensitivity scores were found to correlate directly with BLyS
levels in serum [22]. BLyS also provides a co-stimulatory signalto T
cells and T cell activation, and bronchial structural cells including
fibroblasts might play a critical role in the regulation of inflamma-
tion in asthma by increasing the survival of T lymphocytes [23].
Human post-switched IgG-positive B cells respond specifically
and exclusively to BLyS by differentiating into IgG-secreting plas-
ma cells [24]. On the contrary, in the presence of [L-4, BLyS induced
immunoglobulin class switch recombination to epsilon in a CD40-
independent manner [1,2}.

BLyS participates in a variety of disorders, and interruption of
the BLyS pathway is-a candidate for therapeutic targeting of some
diseases. In patients treated with belimumab, a fully human mono-
clonal antibody that inhibits the biological activity-of the soluble
form of BLyS in patients with systemic lupus erythematosus, sig-
nificant reductions in the median percentage of CD20 positive B
cells were observed versus placebo [25]: In nasal polyps, the
expression of BLyS-mRNA in sinonasal tissue was significantly cor-
related with CD20 and transmembrane activator and CAML inter-
actor (TACI) in sinus tissue [5}. TACI has been identified as a BLyS
receptor. In a murine model of airway hyperresponsiveness, using
soluble mTACI-Ig, a receptor for BLYS, it was revealed that mTACI-
1g treatment reduced the levels of total and allergen-specific IgE in
serum and it was more effective than anti-IgE treatment in reduc-
ing airway hyperresponsiveness to inhaled antigens [26]. In human
airways, the levels of BLyS-protein were significantly increased in
bronchoalveolar lavage fluid after allergen challenge and its level
was also correlated with 1L~13 [27]. These in vitro and in vivo stud-
ies of BLyS and our analysis of BLyS-production reinforce the idea
of BLyS being a possible therapeutic modality and its signaling
pathway being potential targets for drug interventions against air-
way diseases.
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Abstract  Gene therapy has become ‘a-focus not only in
the study of cancer but also lifestyle-related diseases. In
case of chronic rhinosinusitis with nasal polyps and aspirin-
induced. asthma, nasal polyps: poorly respond to a:local
administration of steroid. The Bax and Bel-2 proteins play
important roles in the regulation of apoptosis. The
treatment of steroid (prednisone) induced apoptosis in the
fibroblast. The Bax accelerates apoptosis. Apoptosis is very
important in the anti-inflammatory mechanism. In this
study, we investigated whether the overexpression of Bax
in human fibroblasts influences apoptosis by treatment with
a steroid (prednisolone) in vitro. Human nasal fibroblasts
were isolated from small pieces of nasal polyp and were
transfected with a bax gene-bearing mammalian expression
vector, Human nasal fibroblasts were transiently transfected
with the expression vector hBaxpcDNA3J (Bax-NF) or
native pcDNA3 (Neo-NF). Both transfectants: (Bax-NF,
Neo-NFy and wild-type-nasal  fibroblast  (wt-NF)  were
cultured in conditioning medium and treated with each
concentration of prednisolone for 72 h. Prednisolone at a
concentration of 10 ng/ml decreased the viability of Bax-NF
compared to that of Bax-NF in the absence of prednisolone.
The cytotoxicity of prednisolone to Bax-NE was signifi-
cantly higher than that to Neo-NF or wt-NF (p < 0.01) and
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the susceptibility of Bax-NF to- prednisolone was -about
1,000 times that of Neo-NF or wt-NF., We found that the
transfer of the exogenous bax gene enhanced the induction
of apoptosis by steroid-treatment in human nasal fibro-
blasts. Therefore, we suggest that exogenous Bax protein
expression by gene transfer mightbe useful for the treat-
ment of nasal polyps. We will further the preclinical
study in improving steroids dose and in adopting to
transfer bax gene to the nasal polyps by intranasal injec-
tion, thus providing a more effective and safer way for
the nasal polyps that poorly respond to a local adminis-
tration of steroids.

Keywords Bax overexpression - Nasal polyp -
Prednisolone - Gene therapy - Chronic sinusitis -
Glucocorticoid

Introduction

Nasal polyps are a chronic inflammatory disease of the
upper airway, leading to recurrent protrusions of benign
edematous nasal’ mucosae from the nasal sinuses into the
nasal cavities. Nasal polyps are not a simple edema of the
mucous membrane. They are characterized by the: infiltra-
tion of inflammatory cells, such as eosinophils, basophiles,
and - lymphocytes and - structural “abnormalities including
stromal - fibrosis. Fibroblasts are resident cells thought to
effect the development of fibrosis. The proliferation of stro-
mal and epithelial elements is thought to account for the
growth-of nasal polyps [1]. It is proposed that fibroblasts
play a critical role in the switch from acute inflammation to
adaptive immunity and tissue repair. Fibroblasts actively
define the structure of tissue microenvironments and modu-
late immune cell behavior by conditioning the local cellular
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and cytokine microenvironment so that the kinetics and
nature of the inflammatory infiltrate are appropriate to the
cause of the damage [2]. Nasal polyp-derived fibroblasts
produce a large amount of RANTES by IFN y (Tht cyto-
kine) [3] and eotaxin by IL-4 (Th2 cytokine) to attract and
activate cosinophils [4]. Nasal fibroblasts also spontane-
ously release IL-8 and GM-CSF, and enhanced IL-8 pro-
duction by the inflammatory cytokine IL-1 band TNFa
induces neutrophils to move into the infected area [5].

Apoptosis, which is regulated both by cell survival
and by death signals, is important for the swift clearance
of unwanted cells. The treatment of nasal polyps
involves an important role for apoptosis in the removal
of inflammatory cells and resolution. of -inflammatory
processes.. Glucocorticoids have been shown to induce
apoptosis-in- most nucleated cells, such as thymocytes,
myeloma cells, and peripheral blood monocytes and play
a major role in. the -attenuation  of inflammatory
responses [6, 7].  Topical stéroids have been- demon-
strated. to be effective in the treatment of nasal polyps
[8]. . The ~administration of . topical: steroids :in vivo
increased apoptotic index of eosinophils and T-lympho-
cytes in nasal polyps [9]. After oral prednisolone treat-
ment; eosinophilic- apoptosis: was: accompanied by a
significant decrease in the number of EG2 and IL-5 dou-
ble positive cells [10]. Treatment: with glucocorticoids
in vitro increased the apoptosis of both eosinophils and
T-lymphocytes-derived: from: nasal: polyps-in-a specific
culture system [9]. Also, glucocorticoids induced the
apoptosis: of. nasal- polyp-derived- fibroblasts [I1] and
stromal cells: [12]:

Induction:of apoptosis:by: gene transfer into appropriate
target cells and tissues has become a focus of study as a
therapeutic approach of cancer [13, 14]. The Bcl-2/Bax sys-
tem and: Fas/Fas-ligand system play acrucial role in the
regulation of the apoptotic process. Bel-2 gene was the first
to:be identified because of its involvement in the #(14; 18)
chromosomal translocation found in many B-cell lympho-
mas. Bax is a‘member of an apoptosis-promoting protein
and has an antagonistic role against the action of Bcl-2:
Both Bcl-2 and Bax proteins would therefore be important
in the regulation of ‘apoptosis. Bcl=2 is an intercellular
protein that inhibits apoptosis while: Bax counteracts the
anti-apoptotic function of Bcl-2 by binding to this molecule
[15]

Although glucocorticoids have been widely employed
for the treatment of nasal polyps and allergic sinusitis, seri-
ous problems include poor response or resistance to: ste-
roids in patients with aspirin-induced asthma. In this study,
we investigated whether a bax gene transfer to human fibro-
blasts treated with prednisolone would influence the induc-
tion . of apoptosis  to establish-'a: more effective steroid
therapy for nasal polyps.

Materials and methods
Cell lines and culture conditions

Nasal polyps were obtained from patients with chronic
rhinosinusitis with nasal polyp during endonasal sinus
surgery. Aspirin-induced asthma was excluded, Nasal spec-
imens were cultured in 10-cm dishes containing RPMI
1640 medium (Nissui Pharmaceutical, Tokyo, Japan) sup-
plemented with 10% heat-inactivated FCS (Gibco, Grabd
Island, NY), 0.29 mg/ml glutamine, 100 units/m] penicillin,
and 100 pg/ml streptomycin, at 37°C in 5% CO, humidified
air. After a period of 3 to 4 weeks, when the growth of
nasal. fibroblasts was established, nasal fragments were
removed and the first passage was performed [3, 16]. The
cells. were used at passage number:3 to 5. There was no
contamination by epithelial cells as confirmed by immuno-
histochemical examination using a cytokeratin marker.
Informed consent for surgery and participation in the
study was obtained from all patients and their families.

Transfection

The expression vector hBaxpcDNA3 was used with the
permission-of Drs.. J.-C. Martinou-and R. Brown (Glaxo
Wellcome, Bedsurham, UK). This vector containing a full-
length human bax cDNA: tagged at the 3" with 57 bps was
subcloned into the mammalian expression pcDNA3J (Invit-
rogen, Carlsbad, CA) to distinguish the transfected tagged-
Bax protein: from intrinsic: Bax ' protein- [14]. ‘Bax-nasal
fibroblasts . (Bax-NF) :were - transiently - transfected with
hBaxpcDNA3J. Neo-NF 'was  transiently. transfected with
native pcDNA3. Both vectors were introduced into nasal
fibroblasts - using = the effectene - transfection reagent
(QIAGEN,; Valencia, CA) ‘under the -conditions ‘recom-
mended by the manufacturer.

MTT assay

Prednisolone (1 mg) was dissolved in DMSO (5 ml, Wako,
Osaka; Japan) and:diluted with: phosphate-buffered saline.
Approximately 5 x 10% cells were seeded in each well of a
96-well plate in triplicate and cultured in 200 pl of medium.
After 24 h; T pl of each concentration of prednisolone solu-
tion: was added to the well, and the cells were cultured for
72 h. At that'stage, the medium was removed, 10 pl of
0.5% 3-14,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT: Sigma, St. Louis, MO) in PBS was admin-
istered and-the cells were incubated at 37°C for 4 h. DMSO
(200 i) was added and the absorbaiice of each well was
measured at 540 nm (reference absorbance at 630.nm). All
values represent the mean ' standard deviation (SD) from
triplicate cultures. The test was performed independently 6
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