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Abstract

Periostin, a 90-kDa extracellular matrix protein, had been attracted
attention as a novel biomarker of airway inflammatory diseases such as
allergic rhinitis, Chronic Rhinosinusitis (CR) and asthma. Although oral
administration of 14-membered macrolide antibiotics into patient with CR could
favorably modify the clinical conditions, the influence of macrolide antibiotics
on periostin production is not well understood. The present study, therefore,
was undertaken to examine the influence of macrolide antibiotics on periostin
production in vitro and in vivo. Nasal Polyp Fibroblasts (NPFs) were stimulated
with 10.0 ng/ml Interleukin (IL)-13 in the presence of various concentrations of
either Clarithromycin (CAM), Roxithromycin (RXM) or Josamycin (JM) for 24
hours. Periostin levels in the culture supernatants were measured by ELISA.
Addition of CAM and RXM but not JM into cell cultures caused the suppression
of periostin production from NPFs induced by IL-13 stimulation. The minimum
concentrations that caused significant suppression were 0.4 ug/ml for CAM and
5.0 pg/ml for RXM. We then examined whether CAM could also inhibit periostin
production in vivo. CR patients were orally treated with 200 mg CAM once a
day for three months and levels of periostin in nasal secretions was examined
by ELISA. Oral administration of CAM caused significant suppression of the
appearance of periostin in nasal secretions along with attenuation of clinical
symptoms. These results strongly suggest that the ability of CAM to periostin
production may account, at least in part, for the clinical efficacy of CAM in CR.
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extracellular matrix protein secreted from various types of cells,
including fibroblasts, epithelial cells and other structural cells
after IL-4/IL-13 stimulation [7-9]. Periostin is reported to increase
collagen synthesis and fibrillogenesis by binding to collagen and
enhancement of regulation of TGF-B signaling [10,11]. It is also
reported that periostin increases the ability of airway fibroblasts to

Introduction

Low-dose and long-term administration of 14-membered
macrolide antibiotic such as erythromycin, Roxithromycin (RXM)
and Clarithromycin (CAM) is reported to be able to favorably modify
the clinical conditions of Chronic Rhinosinusitis (CR) and chronic

lower airway inflammatory diseases, including chronic bronchitis
and diffuse panbronchiolitis [1,2]. Long-term administration of
16-membered macrolide antibiotic, Azithromycin (AZ), into patients
with Cystic Fibrosis (CF) has been also reported to be able to improve
lung functions [3, 4]. Although the efficacy of this macrolide therapy
on the chronic airway inflammatory diseases is generally believed to
be due to their anti-inflammatory effects rather than anti-bacterial
effects [2,5], the precise mechanisms are not well understood.

Histological observations clearly showed that an accumulation
of inflammatory cells such as neutrophils and macrophages in the
airways is an important future of chronic airway inflammatory
diseases such as CR and CF [1,6]. It is also revealed the proliferation
and thickening of the mucosal epithelium, with focal squamous
metaplasia, glandular hyperplasia, subepithelial fibrosis and stromal
edema with numerous blood vessels [7, 8]. These histological changes
are called tissue remodeling and these changes are normalized after
a period of successful macrolide therapy along with attenuation of
clinical conditions of the patients [1,2].

Periostin, a nonstructural matricellular protein, is a 90-kDa

produce chemokines responsible for the recruitment of inflammatory
cells, especially neutrophils and macrophages [11,12], which are
essential final effector cells in the development of CR and CF [8,13].
Furthermore, periostin strongly promotes the secretion of Matrix
Metalloproteinases (MMP), MMP-2 and -9 from macrophages [14],
which are involved in the induction of both tissue remodeling and
degradation of extracellular matrix in CR [13]. Although periostin had
been attracted attention as a novel biomarker of airway inflammatory
diseases such as allergic rhinitis, CR and asthma [7,8,10-12], the
influence of macrolide antibiotics on periostin production is not well
understood. The present study, therefore, was undertaken to examine
the influence of macrolide antibiotics on periostin production in vitro
and in vivo.

Materials and Methods

Reagents

CAM and RXM, preservative free pure powders, were kindly
donated by Taisho-Toyama Pharmaceutical Co. Ltd. (Tokyo,
Japan) and Sanofi Aventis Pharmaceutical Co. Ltd. (Tokyo, Japan),
respectively. These agents were dissolved firstly in 100% ethyl alcohol
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Table 1: Characteristics of subjects used in the study.

Controls Patients
Male
Number of subjects 5 15
Bronchial asthma None None
Nasal polyposis None None
Disease severity None Sever
Medication None None
Female
Age, years(range) 48-53 52-63
Number of subjects 5 10
Bronchial asthma None None
Nasal polyposis None None
Disease severity None Sever
Medication None None

at a concentration of 10.0 mg/ml and then diluted with Phosphate-
Buffered Saline (PBS) at a concentration of 10 pg/ml. These were
sterilized by passing through 0.2 um filters, and stored at 4°C until
used. Josamycin (JM) purchased from SIGMA Pure Chemical Co.
(St Louis, MO, USA) was also dissolved in PBS in a similar manner.
Just before use, these agents were further diluted with RPMI-1640
medium (SIGMA Pure Chemical Co.) supplemented with 10% Heat
Inactivated Fetal Calf Serum (RPMI-FCS; Irvine Scientific Co., Ltd,
Santa Ana, CA, USA) at appropriate concentrations. Recombinant
Human Interleukin (IL)-13 was purchased from R & D Systems Inc.
(Minneapolis, MN, USA).

Subjects and treatment

The subjects were 25 patients (male 15; female 10) with CR and
10(male 5; female 5) healthy subjects. Male subjects were recruited
from the Otolaryngology Outpatient Clinic of Sasaki Hospital
(Yokohama, Japan) and female subjects were from Showa University
Hospital (Tokyo, Japan) with a written informed consent approved
by the Ethics Committee of Showa University (Tokyo, Japan). CR
was diagnosed by Otorhinolaryngologists in accordance with the
established criteria on the basis of patient history, rhinoscopic and
X-ray examination. The characteristics of the CR patients used in this
study are shown in Table 1. CR patients were orally treated with 200
mg CAM once a day for three months [1,2,6].

Recovery of nasal secretions

Nasal secretions were obtained from patients before and after
treatment with CAM and healthy subjects as previously described
[15]. Briefly, a filter strip (Whatman No.42; 7 x 30 mm) was placed on
the anterior portion of the inferior turbinate of the right and left nose
and left for 5 min. They were then cut into small pieces, suspended
in PBS and rocking for 12 h at 4°C to prepare the extract of nasal
secretions. After measuring IgA concentration in the extract with
ELISA (Bethyl Laboratories, Inc., Montgomery, TX, USA) according
to the manufacturer’s recommendations, they were stored at —-80°C
until used.

Nasal symptom scores

Clinical condition of patients was evaluated by subjective
symptoms (nasal discharge, obstruction and postnasal discharge),
objective findings (nasal discharge, postnasal discharge and swelling
of the nasal mucosa) and X-ray findings (Waters view and Caldwell
view) before and after treatment. Symptoms and findings were scored

from 0 to 3 (0 = none, 1 = mild, 2 = moderate, 3 = sever symptoms).

Cell source

Nasal polyp specimens were obtained from patients given a
written informed consent, during surgical operations, according to
the protocol approved by the Ethics Committee of Showa University.
Specimens were diced into small pieces (approximately 1 mm in size),
washed several times in PBS supplemented with 200 U/ml penicillin,
200 pg/ml streptomycin and 5.0 pg/ml amphotericin B, followed by
antibiotics free RPMI-FCS. Diced specimens were then plated at a
density of 10 pieces in 100-mm tissue culture dishes and covered
with a cover slip adhered to the dish with sterile vaseline. The dishes
were then placed at 37°C in a humidified atmosphere with 5% CO,.
When a monolayer of fibroblast-like cells was found to be confluent,
the explanted tissues were removed. The cells were then trypsinized
and replated at a concentration of 5x10° cells/ml. The medium was
changed every 3 days for 2-3 weeks until confluence was attained.
Subsequently, the cells were split into 1:2 at confluency and passaged.
The cells were characterized [16], and used as Nasal Polyp Fibroblasts
(NPFs).

Cell culture

The cells, passaged between four to seven, were washed several
times with RPMI-FCS, introduced into each well of 24-well culture
plates at a concentration of 1x10° cells/ml in a volume of 1.0 ml and
allowed to adhere for 24 h. The plates were then washed twice with
RPMI-FCS to removed dead and un-attached cells. The cells were
stimulated with various concentrations of IL-13 in a total volume
of 2.0 ml. After 24 h, the supernatant was obtained and stored at
-80°C until used. In cases of examining the influence of macrolide
antibiotics, CAM, RXM and JM on the production of periostin,
the cells were cultured with 10.0 ng/ml IL-13 in the presence of
various concentrations of macrolide antibiotics for 24 h. The culture
supernatants were obtained and stored at ~80°C until used.

Assay for periostin

Periostin levels in culture supernatants were examined by
the commercially available periostin ELISA test kits (Phoenix
Pharmaceuticals, Inc., Burlingame, CA, USA) according to the
manufacturer’s recommendations. Periostin levels in nasal secretions
was also measured by the commercially available periostin ELISA
test kits (Phoenix Pharmaceuticals, Inc.) in a similar manner and the
results were expressed as the mean ng/ng IgA + SE. The minimum
detection levels of periostin ELISA test kit was 0.027 ng/ml.

Statistical analysis

Statistical significance between control and experimental groups
was examined by ANOV A followed by Dunette’s multiple comparison
tests. Paired t-test was used to examine the statistical significance
between before and after treatment with CAM. Data analysis was
performed by using ANOVA for Mac (SPSS Inc., Chicago, IL, USA).
The level of significance was considered at a P value of less than 0.05.

Results

Influence of macrolide antibiotics on periostin production
from nasal fibroblasts after IL-13 stimulation

The optimal concentration of IL-13 for stimulation of NPFs to
produce periostin was determined in an initial experiment. NPFs
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Figure 1: Influence of IL-13 stimulation on periostin production from NPFs
in vitro. Nasal Polyp Fibroblasts (NPFs) at 1x10° cells/ml were cultured in
the presence of various concentrations of IL-13 for 24 h. Concentration of
periostin in culture supernatants was measured by ELISA and the results

were expressed as the mean ng/ml + SE of five different subjects.

(1x10° cells/ml) were stimulated with various concentration of IL-
13 in triplicate and culture supernatants were collected 24 h after
culture for measurement of periostin concentration by ELISA. As
shown in Figure 1, IL-13 stimulation caused increase in periostin
production from NPFs, which was firstly observed at 1.0 ng/ml and
peaked at more than 5.0 ng/ml. The next experiments were designed
to examine whether macrolide antibiotics could suppress periostin
production from NPFs in response to IL-13 simulation. NPFs (1x10°
cells/ml) were stimulated with 10.0 ng/ml IL-13 in the presence of
various concentrations of CAM, RXM or JM for 24 h, and periostin
levels were examined by ELISA. As shown in Figure 2A, addition of
CAM into cell cultures caused the suppression of the ability of NPFs
to produce periostin induced by IL-13 stimulation. The minimum
concentration of CAM that caused significant suppression was 0.4
pg/ml. It is also showed that RXM at more than 5.0 pg/ml could
inhibit the ability of nasal fibroblasts to produce periostin in response
to IL-13 stimulation (Figure 2B). On the other hand, JM could not
suppress the production of periostin after IL-13 stimulation, even
when 15 ug/ml JM was added to cell cultures: periostin levels in
culture supernatant from cells treated with 15 pg/ml JM was nearly
identical (not significant; p > 0.05) to that in control supernatants
(Figure 2C).

Influence of CAM treatment on periostin appearance in
nasal secretions from CR patients

The third experiments were designed to examine the influence of
CAM on the appearance of periostin in nasal secretions. To do this,
CR patients were orally administered 200 mg CAM once a day for
three months, and periostin levels in nasal secretions were examined
by ELISA. As shown in Figure 3A, oral administration of CAM into
male patients caused significant decrease in periostin levels in nasal
secretions as compared with before treatment. This suppressive
activity of CAM on periostin production was also observed in female
patients with CR (Figure 3B).

Influence of CAM treatment on clinical symptoms in CR
patients

The final experiments were performed to examine whether oral
administration of CAM could favorably modify the clinical conditions
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Figure 2: Influence of macrolide antibiotics on periostin production from
NPFs after IL-13 stimulation in vitro. Nasal Polyp Fibroblasts (NPFs) at
1x105cells/ml were cultured with 10.0ng/ml IL-13 for 24 hours in the presence
of various concentrations of Clarithromycin (CAM), Roxithromycin (RXM)
or Josamycin (JM). Periostin concentration in culture supernatants were
measured by ELISA and the results were expressed as the mean ng/ml + SE
of five different subjects. A: CAM; B: RXM; C: JM.

of CR patients. As shown in Table 2, both nasal symptoms and
findings in CR patients were significantly improved by the macrolide
therapy. X-ray findings were also improved by the macrolide therapy
(Table 2).

Discussion

Low-dose and long-term administration of macrolide antibiotics
favorably modify the clinical conditions of the patients with
inflammatory airway diseases, when the patient was administered 14-
and 16-membered, but not 15-membered macrolide antibiotics [1-
4]. Although there are much evidence that anti-inflammatory action
of macrolide antibiotics, such as the suppression of inflammatory
cytokine productions and polymorphoneuclear leukocyte activations,
may underlay the therapeutic mode of action of macrolides [1,2,5,6],
the precise mechanisms of macrolide therapy are not well understood.

It is now accepted that body functions maintained a constant
stability even when it exposed to fluctuating conditions in the
external environment. This is called homeostasis and regulated by
the endocrine system and the endogenous peptides after several
stimuli, as well as the sympathetic nervous system. Among these,
the endogenous peptides, especially periostin attracted attention as
an important endogenous peptide in the development of chronic
airway inflammatory diseases [7-12]. In the present study, therefore,
we examined the influence of macrolide antibiotics, especially CAM,
RXM and JM on the production of periostin from nasal cells in vitro
and in vivo. The present results clearly showed that CAM and RXM
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Figure 3: Influence of clarithromycin treatment on the appearance of periostin
in nasal secretions obtained from patients with chronic rhinosinusitis. Patients
with chronic rhinosinusitis were treated with 200 mg clarithromycin once a
day for three months. Periostin levels in nasal secretions were examined by
ELISA and the results were expressed as the mean ng/ng IgA + SE. The
number of subjects was 10 (Female: 5, Male: 5) for healthy control and 25
for patients (Female: 10; Male: 15) with chronic rhinosinusitis. A: Male; B:
Female; N.D.: Not done.

but not JM could suppress the ability of NPFs to produce periostin in
response to IL-13 stimulation in vitro.

Periostin is originally identified in mouse osteoblasts as a cell
adhesion protein and is recently classified into a multicellular matrix
protein belonging to the fascilin family [7,8,11]. Periostin is expressed
in airway epithelial cells and lung fibroblasts [9,17]. Experimental
and clinical evidences clearly indicate that periostin derived from
epithelial cells and fibroblasts is responsible for the development
of airway inflammatory diseases, including CR, as a component in
subepithelial fibrosis [7,8,18]. Although periostin is recognized to play
essential roles in wound healing and myocardial repair [11,19], its
overproduction in the nasal mucosa has been reported to contribute
to polyp formation, mucus hyper-production and edema in nasal
mucosa [7, 8], which lead to obstruction of the sinonasal passages
observed in CR patients [8]. In experimental mouse model of CR,
intranasal instillation of ovalbumin into periostin-deficient mice
is reported to produce much lower numbers of polyp-like lesions
as compared with wild type mice [18]. After oral administration of
CAM into human, plasma levels of the agent gradually increases
and plateau at 1.0£0.16 pg/ml [5], which are much higher levels
that caused suppressive activity on periostin production from nasal
fibroblasts in vitro. Taken together, the present results may suggest
that oral administration of 14-membered macrolide antibiotics,
especially CAM into CR patients caused decrease in the ability of
nasal cells to produce periostin and result in favorable modification of
clinical conditions of patients. To further confirm this speculation, we
then examined the influence of CAM on the appearance of periostin
in nasal secretions obtained from CR patients treated with CAM for
three months. The present results clearly showed that nasal secretions
obtained from CR patients before treatment contained much higher
levels of periostin as compared with those from healthy control, and
that oral administration of CAM into CR patients caused decrease in
periostin levels in nasal secretions along with attenuation of clinical
conditions, suggesting that suppressive activity of CAM on periostin
production from nasal cells may constitute, at least in part, of the
therapeutic mode of action of macrolide antibiotics in CR.

IL-13 is well accepted to be a pleotrophic inflammatory cytokine
mainly secreted from TH2 type T cells [20] and has been shown to be

Table 2: Changes in clinical symptom scores of patients with chronic rhinosinusitis
before and after treatment with clarithromycin.

Before treatment After treatment’
Male
Subjective symptoms
Nasal discharge 1.67+0.9 0.47 +1.19
Nasal obstruction 0.93+0.25 0.27 £0.12
Postnasal discharge 1.60 £0.25 0.40 £0.19
Objective finding
Swelling of the nasal mucosa 1.60£0.16 0.67 £0.19
Nasal discharge 147 +0.13 0.73+0.15
Postnasal discharge 0.80+0.14 0.13 +0.09
X-ray findings 3.33+0.39 1.60 £ 0.29
Female
Subjective symptoms
Nasal discharge 1.83+0.41 0.50 +0.22
Nasal obstruction 0.67 £0.33 0.17 £0.17
Postnasal discharge 1.71+0.31 0.17 +0.17
Objective finding
Swelling of the nasal mucosa 1.83+0.31 0.83+0.31
Nasal discharge 1.67+0.21 0.83+0.31
Postnasal discharge 0.83+0.33 0
X-ray findings 2.67+0.71 1.33+£0.42

*Statistically significant as compared with before treatment

central to the pathogenesis of airway inflammatory diseases, including
CR [21,22]. It is also accepted that IL-13 activates several components
implicated in cellular signal transduction [20]. IL-13 first attaches to
IL-13 receptor alpha (Ra) 1 subunit, which then leads to subsequent
recruitment of IL-4 Ra chain. Binding of IL-13 to IL-13Ra/IL-4Ra
complex induces the activation of several signal transduction pathway
such as Janus kinases 1 (JAK1) and tyrosine kinase 2 [23]. Activation
of these tyrosine kinases then causes the phosphorylation and
activation of several types of transcription factor, which is essential
for inflammatory protein production, including cytokines and MMPs
[14,24]. 14- and 16-membered macrolide antibiotics, including CAM,
RXM and AZ had been reported to inhibit the phosphorylation of
several types of tyrosine kinases induced by inflammatory stimulation
[2,25,26]. Rapamycin classified into macrolide antibiotics is also
reported to exert suppressive effect on phosphorylation of tyrosine
kinases, resulting in inhibition of the development of several types
of immune responses responsible for graft rejection [27]. On the
other hand, 15-membered macrolide antibiotic, JM could not
suppress phosphorylation of tyrosine kinases after lipopolysaccharide
stimulation in airway epithelial cells and results in increase in both
nuclear translocation of transcription factors, especially NF-«kB
and inflammatory protein production induced by inflammatory
stimulation [25]. These reports may suggest that CAM and RXM but
not JM inhibits the phosphorylation of tyrosine kinases induced by
IL-13 stimulation, and results in suppression of periostin production
from nasal cells. Further experiments are needed to clarify the
suppressive mechanisms of macrolide antibiotics on periostin
production from nasal cells after inflammatory stimulation.
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