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Abstract

Objective We selected a hit compound, 2-(4-{2-[(phe-
nylthio)acetyl]-carbonohydrazonoyl }-phenoxy)acetamide
(PA), by a molecular docking simulation between 636,565
compounds and caspase-1 protein. We examined the effect
of PA on allergic rhinitis (AR) animal model.

Methods We assessed the therapeutic effects and the reg-
ulatory mechanisms of ovalbumin (OV A)-sensitized mouse
model of AR.

Results A molecular docking simulation and a kinetic
assay indicated that PA regulates the caspase-1 activation
through the interaction with the caspase-1 active site. In the
AR animal model, PA significantly reduced the rub scoring
increased by OVA. The up-regulated IgE, histamine,
interleukin (IL)-1B, and thymic stromal lymphopoietin
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(TSLP) levels in the serum of OV A-sensitized mice were
significantly decreased by the treatment with PA. Protein
levels of IL-1, IL-5, IL-6, IL-13, tumor necrosis factor-a,
TSLP, cyclooxygenase-2, macrophage inflammatory pro-
tein-2, and intercellular adhesion molecule-1 were also
significantly inhibited by the treatment with PA in the nasal
mucosa tissues of the OVA-sensitized mice. In the PA-
treated mice, the number of eosinophils and mast cells
infiltrated by OVA-sensitization were also reduced. In
addition, PA reduced the mast cell-derived caspase-1
activity and expression in the nasal mucosa tissues of the
OVA-sensitized mice.

Conclusions PA showed the possibility to regulate AR in
OVA-induced AR models, suggesting that it has thera-
peutic potential for the management of AR as a lead
compound.

Keyword 2-(4-{2-[(phenylthio)acety]]
carbonohydrazonoyl }phenoxy)acetamide -
Molecular docking simulation - Allergic rhinitis -
TSLP - Caspase-1

Introduction

Allergic rhinitis (AR) is a commonplace inflammatory
disease characterized by inflammation of the nasal mucosa
tissue, common manifestation of allergic diseases, affect-
ing approximately 500 million people worldwide [1]. It is
described by symptoms, such as sneezing, itching,
lacrimation, and clear rhinorrhea. These responses are
caused by an allergic reaction to an allergen, such as pol-
len, dust, food, and certain animals. Allergic reactions were
mainly mediated by mast cells [2]. Mast cells activated by
antigen exaggerated the allergic inflammatory process

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-016-0979-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00011-016-0979-1&amp;domain=pdf

H.-Y. Kim et al.

A
©\S/YNH\N/
o NH,
oY
o
B

SAEANC'

| W

Fig. 1 Chemical structure of PA and molecular docking of the PA
and caspase-1 interaction. a Chemical structure of PA. b Side- and
top-view for the docked poses of the PA upon caspase-1. The PA was
rendered by space-filling model and carbon atoms were colored as
green. ¢ Representative snapshot of interaction diagram for the
PA/caspase-1 complex. The key interactions were indicated by lines.

through the release of histamine and pro-inflammatory
cytokines, such as tumor necrosis factor (TNF)-o, inter-
leukin  (IL)-1B, IL-6, IL-8, and thymic stromal
lymphopoietin (TSLP) [3].

Caspase-1 is a member of the caspase family of pro-
teases and expressed constitutively in myeloid cells and
exists in a zymogenic form [4, 5]. Initially known as IL-13
converting enzyme (ICE), caspase-1 converted pro-IL-1§
into mature form [4, 5]. Activated caspase-1 also dissem-
inates and coordinates essential factors of the innate
inflammatory response, such as neutrophil recruitment,
fever, cytotoxic NK cell activation, and endothelial acti-
vation [6]. In addition, activation of caspase-1 induces
inflammatory response via stimulation of inflammatory
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d Catalytic activity of recombinant caspase-1 (2 units) was measured
by WEHD-pNA (caspase-1 substrate), PA (3.43, 34.3, and 343 pg/
ml), or caspase-1 inhibitor (500 nM) for various times. The color
development is monitored at 405 nm. Each value was calculated from
three independent experiments performed in duplicate. *p < 0.05,
compared with WEHD-pNA. CI caspase-1 inhibitor

cytokine [5]. Therefore, this result implies that caspase-1 is
an attractive target molecule for allergic inflammatory
diseases.

The search for anti-allergic inflammatory substances
from chemical compound has attracted much interest in
recent years. Thus, we also screened the interaction
between 636,565 compounds and caspase-1 protein to find
excellent anti-inflammatory compounds using computer-
aided docking simulation. As a result, we selected a 2-(4-
{2-[(phenylthio) acetyl]carbonohydrazonoyl}phenoxy)ac-
etamide (PA) (Fig. 1A) as a hit compound. And then, we
evaluated the regulatory effects of PA on ovalbumin
(OVA)-induced AR animal model.
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Materials and methods
Reagents

Dexamethasone (DEX), OVA, bicinchoninic acid (BCA),
O-phthaldialdehyde (OPA), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), dimethyl sulfoxide
(DMSO), and other reagents were obtained from Sigma (St.
Louis, MO, USA). Recombinant human caspase-1 was pur-
chased from BioVision, Inc. (Milpitas, CA, USA). Antibodies
for cyclooxygenase-2 (COX-2), caspase-1, c-Kit, and tubulin
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Fetal bovine serum (FBS), iscove’s modified
dulbecco’s medium (IMDM), and streptomycin were
obtained from Gibco BRL (Grand Island, NY, USA).

Computational method

Initial structure of the caspase-1 was taken from Protein
Data Bank (PDB id. IRWK) and processed by molecular
modeling tool in Maestro software (ver. 2015-3, Schro-
dinger Inc.). The starting configurations of PA were
prepared with builder module of the Maestro. Molecular
docking simulation job of the PA was performed by Glide
module [7] for a binding site of caspase-1 with ligand-
flexible mode. For the docking simulation, molecular grid
was defined for the binding site of caspase-1 using the
Receptor Grid Generation tool in Glide with the 15 A of
cubic box. In the docking mode, 2.5 kcal/mol of energy
window and distance-dependent dielectric constant (¢ = 1)
was applied to pose sampling process. The highest-scoring
docked pose for the PA with caspase-1 was ranked
according to the extra precision Glide XP mode.

Surface plasmon resonance assay

To convince the direct binding between caspase-1 and PA,
we conducted surface plasmon resonance using a Biacore
2000 instrument (Biacore/GE Healthcare Bio-Sciences,
Piscataway, NJ). In brief, PBS buffer was used for the
sample dilution and analysis. The CM5 dextran sensor chip
was activated with equal amounts of 0.2 M N-ethyl-N9-(3-
diethylaminopropyl)-carbodiimide and 0.05 M N-hydrox-
ysuccinimide. Recombinant human caspase-1 was
immobilized in 10 mM sodium acetate buffer (pH 4.0) and
then 1 M ethanolamine-hydrochloride (pH 8.0) to deacti-
vate any excess N-hydroxysuccinimide esters. This
coupling resulted in 8000 response units of the immobi-
lized proteins per flow cell. To evaluate the binding, each
PA was diluted in PBS with 5 % DMSO buffer, analyzed at
various concentrations, and passed over the sensor chip at a

flow rate of 5 ml/min. An activated- and blocked flow cell
without immobilized ligand was used to evaluate non-
specific binding. The immobilized surface was regenerated
for subsequent measurements using 1 ml of 10 mM glycine
(pH 2.5). The regeneration solution was passed over the
immobilized surface until the surface plasmon resonance
signal reached the initial background value before protein
injection. For all of the samples, response curves were also
recorded on control surfaces. The results were calculated
after subtraction of the control values using the BIAeval-
uation 3.0 software (Biacore).

Culture of human mast cell line, HMC-1 cells

The HMC-1 cells were kindly provided by Eichi Morri (Osaka
University, Japan). HMC-1 cells were cultured in IMDM sup-
plemented with 100 unit/ml penicillin, 100 pg/ml streptomycin
and 10 % heat-inactivated FBS at 37 °C 5 % CO, and 95 %
humidity.

Cell viability assay

To estimate the cell viability, the MTT assay was per-
formed. Briefly, cells were treated with PA (3.43, 34.3, and
343 pg/ml) for 24 h. MTT (5 mg/ml) was treated and then
the cells were cultured at 37 °C for 4 h. The crystallized
MTT was dissolved in DMSO and the absorbance mea-
sured using an ELISA reader at 540 nm.

OVA-induced AR animal model

4-Week-old female BALB/c (Charles River Laboratories,
Inc., Wilmington, MA, USA) mice were maintained under
pathogen-free conditions. Mouse care and experimental
procedures were performed with the approval of the animal
care committee of Kyung Hee University [KRHUASP (SE)-
12-019]. Sensitization was performed three times (at 1, 5,
and 14 day) by intraperitoneally (ip) injecting 100 pg of
OVA emulsified in 100 pl phosphate-buffered saline (PBS)
containing 20 mg aluminum hydroxide (Sigma Chemical
Co, St. Louis, MO, USA). Intranasal challenges were
performed using 1.5 mg of OVA in 2 pl PBS and negative
controls were challenged intranasally with PBS on days
15-24. PA (3.43, 34.3, and 343 mg/kg), DEX (5 mg/kg) or
a control vehicle (distilled water) was administrated orally
and PA (34.3 and 343 mg/kg) was also ip injection on days
15-24 before intranasal OVA challenge. Nasal rub scoring
was evaluated by counting the number of nasal itching
motion (nasal rubbing) for 10 min after OVA intranasal
challenge provocation at 10 days. It was measured by a
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trained observer who was blind to the experimental treat-
ments. Five mice were allocated to each group.

Histamine assay

The histamine content in the serum was measured by the
OPA spectrofluorometric procedure of Oh et al. [8]. The
fluorescent intensity was measured at 440 nm (excitation at
360 nm) in spectrofluorometer.

Enzyme-linked immunosorbent assay (ELISA)

Cytokines levels in serum, nasal mucosa tissues, and
spleens were analyzed in accordance with the manufac-
turer’s specification (BD Biosciences Pharmingen, San
Diego, CA, USA). Cytokine levels in nasal mucosa tissues
and spleen were divided according to the total protein
levels, which were estimated using a BCA protein assay
method.

Western blot analysis

Western blot analysis was used for nasal mucosa tissue
extracts. Western blotting was performed as previously
described [8].

Histological examination

Tissue samples were immediately fixed with 10 %
formaldehyde for 24 h at 20°C and embedded in paraffin.
Sections (4 pm) of nasal mucosa tissues samples were
stained with hematoxylin and eosin (H&E, for eosinophils)
and alcian blue and safranin O (A&S, for mast cells), and
numbers of eosinophils and mast cells on both sides of
septal mucosa were counted. For this examination, sections
were coded and randomly analyzed by two blinded
observers.

Caspase-1 assay

Caspase-1 activity was analyzed in accordance with the
manufacturer’s specifications using a caspase-1 assay kit
(R & D Systems, Minneapolis, Minnesota, USA).

Confocal microscopy

After de-waxing and dehydration, sections were blocked
with bovine serum albumin and incubated for 60 min with
anti-mouse c-Kit and anti-rabbit caspase-1 antibodies
(Santa Cruz, CA, USA). The secondary antibody, fluores-
cein isothiocyanate (FITC)-conjugated anti-mouse IgG,
tetramethylrhodamine-5-(and-6)-isothiocyanate (TRITC)-
conjugated anti-rabbit IgG (Invitrogen), was then added for
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30 min. A mounting medium containing 4’,6-diamidino-2-
phenylinodole (DAPI, Vector Laboratories, Burlingame,
CA, USA) was used to counterstain DNA. All specimens
were examined under a confocal laser-scanning micro-
scope. Sections were coded and randomly analyzed by two
blinded observers.

Statistical analysis

Treatment effects were analyzed using one-way ANOVA
and the independent ¢ test. All data are expressed as the
mean =+ standard error of mean (SEM). Statistical signifi-
cance was accepted for p values <0.05.

Results

Molecular docking of the PA and caspase-1
interaction

Recently, we demonstrated that caspase-1 plays a crucial
role in the mast cell-mediated allergic inflammatory reac-
tions [8]. We selected a hit compound, PA, by a molecular
docking simulation between 636,565 compounds and cas-
pase-1 protein. Binding mode of the PA upon caspase-1
was estimated using by molecular modeling approach.
Figure 1b is a representative image for the complex
between PA and caspase-1 from the molecular docking
simulation. The PA was settled on the characteristic inhi-
bitor binding site surrounding by four-loop region of the
caspase-1. A phenoxyacetamide moiety of the PA was
oriented toward inner space of the caspase-1 while thio-
phenyl group was located facing outward. This geometrical
feature of the PA was mainly responsible for the
stable complex formation with the caspase-1 to inhibit
inflammatory activity. Figure lc contains detailed ligand—
protein interaction diagram for the PA/caspase-1 complex.
The PA was located around binding site of caspase-1
formed by flexible loop regions. In particular, the phe-
noxyacetamide moiety was key interacting site with the
caspase-1 in atomic level. The phenoxy ring of the PA
showed strong interaction with the His237 residue of the
caspase-1. Moreover, oxygen atoms of the phenoxyac-
etamide moiety made multiple hydrogen bonds with
Argl79, GIn283, and Arg341 residues of caspase-1.
Whereas phenylthio-hydrazonoyl region of the PA was
solvent-exposed only contact with hydrogen bonding to
Asp288 of the caspase-1.

A caspase-1 kinetic assay was performed to estimate the
binding affinity of PA for the caspase-1 active site. As
shown in Fig. 1d, caspase-1 activities were up-regulated by
the caspase-1 substrate (WEHD-pNA). However, PA or
caspase-1 inhibitor significantly reduced the binding
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Fig. 2 Regulatory effects of PA on cytotoxicity and on clinical
symptoms, histamine, IgE, IL-1f, and TSLP levels in the AR mice.
a HMC-1 cells were treated with PA (3.43, 34.3, and 343 pg/ml) for
24 h. Cell viability was evaluated by a MTT assay. We sensitized
mice on days 1, 5, and 14 by ip injections of 100 pg OVA emulsified
in 20 mg of aluminum hydroxide and we challenged mice with
1.5 mg OVA. Mice received orally or intraperitoneally PA before the
intranasal OVA challenge for 10 days. b The number of the nasal rubs
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that occurred in the 10 min after the OVA intranasal provocation.
¢ Serum was isolated from blood and then assayed about histamine.
d IgE e IL-1 and f TSLP in the serum were measured by the ELISA
method. #p < 0.05; significantly different from the OV A-unsensitized
mice. *p < 0.05; significantly different from the OVA-sensitized
mice, n = 5. PA orally administration, PA-ip intraperitonelly admin-
istration, DEX dexamethasone
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Fig. 3 Regulatory effects of PA on inflammatory cytokines of the
nasal mucosa tissues. a IL-1§3, b TSLP, ¢ IL-6, d TNF-a, e IL-5, and
f IL-13 were measured by the ELISA method. All parameters
measured in the tissue homogenate were presented as a ratio to the

affinity of WEHD-pNA with the caspase-1 active site. To
confirm the binding of PA to caspase-1, we also performed
the surface plasmon resonance analysis using Biacore. PA
(0.1 mM) was applied to a recombinant human caspase-1-
immobilized CMS5 dextran sensor chip. The PA binding
affinity for the caspase-1 protein was not detected (data not
shown).

@ Springer

TSLP /Total protein ratio

OVA - + - - + + + + + +
PA (mg/kg) - - 343 - 343 343 343 - - -
PA-ip(mg/kg) - - - 343 - - - 343 343 -
DEX (mg/kg) - - - - - - - - - 5
D .

L

s

£ 6

2

o

o

8

(e]

L=y

'

w

4

-

OVA - + - - + + + + + +
PA (mg/kg) - - 343 - 343 343 343 - - -
PA-p(mgkg) - - - 343 - - . 343 343 -
DEX (mg/kg) - - - - - - - - - 5
F

IL-13 /Total protein ratio

OVA - + - - + + + + + +
PA (mg/kg) - - 343 - 343 343 343 - - -
PA-ip(mglkg) - - - 343 . . . 343 343 -
DEX(mgkg) - - - - - - - - - 5

total protein levels in the nasal tissue. *p < 0.05; significantly
different from the OV A-unsensitized mice. *p < 0.05; significantly
different from the OV A-sensitized mice, n = 5. PA orally adminis-
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Regulatory effect of PA on the OVA-induced AR
mice

First, to estimate the cytotoxicity of PA, we performed
MTT assay on HMC-1 cells. As a result, various concen-
trations of PA (3.43, 34.3, and 343 pg/ml) did not affect
the cell viability (Fig.2a). Next, we examined the
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Fig. 4 Regulatory effect of PA on COX-2 levels of the nasal mucosa
tissues. a COX-2 protein expression was evaluated by Western
blotting. The results are representative tissue samples. b The protein
levels of COX-2 were quantified by densitometry. Values were

regulatory effect of PA in the AR in vivo model. The rub
scoring of nose after the OVA challenge was significantly
increased compared with the OVA-unsensitized mice.
Elevated rub scoring was suppressed by the treatment with
PA in a dose-dependent manner (Fig. 2b, p < 0.05). The
histamine, IgE, IL-1B, and TSLP levels in the OVA-in-
duced AR mice were significantly higher than those in the
serum of the OV A-unsensitized mice (Fig. 2c—f, p < 0.05).
Up-regulated levels of histamine, IgE, IL-1, and TSLP in
the serum were down-regulated by PA (Fig. 2c,
p < 0.05). DEX (5 mg/kg) was used as a positive control
and significantly regulated the various allergic factors
(Fig. 2, p < 0.05).

Regulatory effect of PA on the inflammatory
cytokine levels of the nasal mucosa tissues

Pro-inflammatory cytokines, including the IL-1p, IL-6,
TSLP, and TNF-a, are crucial factors in pathogenesis of AR
[9]. So, we examined the regulatory effect of PA on the
inflammatory cytokines levels of the nasal mucosa tissues.
OVA significantly up-regulated the cytokine levels com-
pared with the normal control mice (Fig. 3a—d). The levels of
IL-1B, TSLP, IL-6, and TNF-o up-regulated by OVA were
significantly down-regulated by PA (Fig. 3a—d, p < 0.05).
IL-5 and IL-13 increased by OVA were also significantly
down-regulated by PA (Fig. 3e—f). DEX significantly
reduced the inflammatory cytokine levels (Fig. 3, p < 0.05).

Regulatory effect of PA on the COX-2 levels
of the nasal mucosa tissue

COX-2 is involved in inflammatory response and its
expression was increased in allergic patients [10]. So, we

expressed as mean + SEM. *p < 0.05; significantly different from
the OVA-unsensitized mice. *p < 0.05; significantly different from
the OVA-sensitized mice, n = 5. PA orally administration, PA-ip
intraperitonelly administration, DEX dexamethasone

examined the regulatory effects of PA on COX-2 expres-
sion of nasal mucosa tissues. COX-2 expression in the AR
mice was significantly higher than those in the nasal mucosa
tissues of the OVA-unsensitized mice (Fig. 4). Increased
COX-2 expression was suppressed by PA (Fig. 4). DEX
also significantly reduced the COX-2 levels (Fig. 4).

Regulatory effect of PA on the eosinophils and mast
cells infiltration into the nasal mucosa tissue

Eosinophils and mast cells play a central function in the
pathogenesis of a variety of allergic diseases [7, 11]. So, we
examined the regulatory effects of PA on the infiltration of
eosinophils and mast cells into nasal mucosa tissues. As
shown in Fig. 5, numbers of eosinophils and mast cells in
the nasal mucosa tissues were significantly higher in OVA-
sensitized mice than in the OVA-unsensitized mice.
However, these up-regulations were significantly sup-
pressed by PA (Fig. 5, p < 0.05). DEX also significantly
reduced the infiltration of inflammatory cells (Fig. 5,
p < 0.05). Macrophage inflammatory protein-2 (MIP-2)
and intercellular adhesion molecule-1 (ICAM-1) are
chemotactic molecules for eosinophils and mast cells [12].
Subsequently, we examined the regulatory effect of PA on
the levels of MIP-2 and ICAM-1 because infiltration of
eosinophils and mast cells were reduced by PA (Fig. 5a—d).
MIP-2 and ICAM-1 increased by OVA were also signifi-
cantly down-regulated by PA (Fig. Se—f, p < 0.05).

Regulatory effect of PA on the caspase-1 activity
of the nasal mucosa tissue

Caspase-1 is associated with inflammation and apoptosis,
activation of caspase-1 induces inflammatory response by
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Fig. 6 Regulatory effect of PA A 0.3 -
on caspase-1 activation of the
nasal mucosa tissues.

a Caspase-1 activity of nasal
mucosa tissues was measured
by a caspase-1 assay kit. b The
caspase-1 and c-Kit from nasal
mucosa tissues were examined
using a confocal laser-scanning
microscope. The two tissue
sections were randomly selected
per mouse. The data are
representative tissue samples.
PA orally administration, PA-ip
intraperitonelly administration,
DEX dexamethasone (original

Caspase-1 activity

magnification x400, scale OVA
bar = 20 um) PA (mg/kg) -
PA-ip (mg/kg) -
DEX (mg/kg) -
non- OVA OVA

Dapi C-kit Caspase-1

Merged

stimulation of inflammatory cytokine [13]. Therefore, we
investigated the regulatory effect of PA on caspase-1
activity of nasal mucosa tissues using a caspase-1 assay kit.
PA significantly down-regulate the OVA-induced caspase-
1 activity (Fig. 6a, p < 0.05). When PA was orally
administered, the maximum inhibition rate was about
62.19 % at 343 mg/kg and ICso value was 44.17 mg/kg.
Also, we previously reported that mast cell-derived cas-
pase-1 activation induced the inflammatory cytokines
production in allergic reaction [11]. So, we performed
immunohistochemistry for mast cell and caspase-1 to
examine the regulatory effects of PA on mast cell-derived
caspase-1 expression of nasal mucosa tissues. As shown in
Fig. 6b, PA down-regulated the expression of mast cell-
derived caspase-1.

343 - 3.43 343 343 - . -
. - 343 . = - 343 343 .

OVA+PA
PA (343mgal/kg) (343 mg/kg)

OVA+PA-ip
(343mg/kg) DEX

Discussion

In this study, we showed that PA suppressed the levels of
histamine and inflammatory cytokines and also suppressed
the levels of COX-2 and activation of caspase-1. So, we
suggested that PA has a beneficial effect in treating OVA-
induced AR.

The AR symptoms include itchy nose, nasal congestion,
lacrimation rhinorrhea, and sneezing [14]. These symptoms
are mainly originated from other inflammatory cells and
mast cells and triggered by inflammatory cell-derived IL-
1B, TSLP, TNF-a, IL-4, IL-6, IL-8, and IL-13 [8, 15]. IL-
1B is a powerful pro-inflammatory cytokine and a known
lymphocyte activating factor, which enhances B cells
activation and leads to IgE production [16]. TNF-a has
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been reported to increase the migration of Th2 cells and to
induce the inflammation of nasal mucosa tissues [17].
TSLP is a crucial factor of innate and adaptive immune
responses related to Th2 mediated cytokines, which include
inflammation and AR [18]. IL-4 elevation is associated
with upregulation of IgE receptors, synthesis of IgE,
hypersecretion of mucus, and differentiation of Th2 lym-
phocytes [19, 20]. IL-5 acts an important role in
eosinophil-mediated inflammatory reaction and eosinophil
influx into the airway [20]. IL-13 participates in the isotype
switching of antibody to IgE and differentiation of B
lymphocytes [21]. Therefore, these inflammatory cytokines
are essential factor in initiation and maintenance of allergic
responses [16]. COX-2 plays important roles in regulating
several aspects of airway function and the levels of COX-2
were increased by inflammatory cytokines in the allergic
diseases including AR and asthma [11, 22]. Also, Smith
et al. showed that COX-2 selective inhibitors have an anti-
inflammatory effect [23]. In this study, we showed that PA
markedly inhibited the levels of these inflammatory
mediators in the OVA-sensitized AR mice. Therefore,
these results demonstrated that PA has an anti-inflamma-
tory effect by suppressing the levels of inflammatory
mediators.

Allergic mucosal inflammation is described by influx of
eosinophils, T lymphocytes, and mast cells [24]. Eosino-
phils are important effector cells in immune responses
against infections and contribute to the pathology of
allergic inflammatory response [24, 25]. The mediators
released by eosinophils play a vital role in the development
of rhinitis [26, 27]. Mast cells are one of the most crucial
cells in allergic responses, such as AR, atopic dermatitis,
and asthma [28]. Mast cell contained proteases, histamine,
and other potent chemical mediators implicated in a wide
variety of inflammatory and immunologic process [28].
Inflammatory proteins like ICAM-1 and MIP-2 play critical
roles in AR [29]. ICAM-1 is a chemotactic molecule for
eosinophils and mast cells and is expressed in the nasal
mucosal epithelial cells of AR patients, and has been
proposed as a marker of allergic inflammation [12]. MIP-2
is also expressed in the nasal mucosal epithelial cells of AR
and belongs to the chemotactic cytokines family, and is a
chemotactic factor for neutrophils [12]. In this study, we
showed that PA markedly inhibited the infiltration of
eosinophils and mast cells and the levels of ICAM-1 and
MIP-2 in the OVA-sensitized AR mice. Therefore, these
results demonstrated that PA suppressed the precipitation
of inflammatory cells by regulating chemokine levels.

Caspase-1 acts a vital function in several important
inflammatory diseases and in innate immunity [6]. Cas-
pase-1 activation mediated the inflammatory reactions [30].
In AR animal model, the levels of caspase-1 was higher
than normal control mice [31]. The levels of caspase-1 in
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allergic patients are also higher than those in normal
individuals [31]. The caspase-1 elevated the COX-2-de-
pendent inflammatory reactions, whereas caspase-1
deficiency reduced the expression of COX-2 [32]. The
activation of caspase-1 also promotes production of IL-1
and IL-6 [32]. In addition, TSLP is expressed and produced
via the activation of caspase-1 in mast cells [33]. Thus, the
suppression of caspase-1 activation is related with a
reduction in inflammation. We found that PA significantly
inhibited the caspase-1 activation in AR mice. These
results suggest that PA down-regulated the AR by blocking
the caspase-1 pathway.

A surface plasmon resonance assay was performed to
confirm the binding affinity of PA for the caspase-1 active site.
However, in this study, the direct binding affinity between
caspase-1 and PA was not observed. A surface plasmon res-
onance assay was affected by various factors. Molecular size
can also affect the surface plasmon resonance assay. Molec-
ular weights of PA and caspase-1 are 343 and 20 or 10 kDa,
respectively. In this study, we showed that PA significantly
inhibited the binding affinity of WEHD-pNA with the cas-
pase-1. Therefore, we suggest that PA down-regulated the
caspase-1 activity, although the direct binding affinity
between PA and caspase-1 is not known at this time. To elu-
cidate the direct interaction between caspase-1 and PA, further
detailed studies are required.

In summary, our findings demonstrated that PA has an
anti-allergic inflammatory effect by improving rhinitis
symptoms and inhibiting the release of allergic mediators
in OVA-induced AR mice. Also, PA suppressed the pre-
cipitation of inflammatory cells and the activation of
caspase-1. These results suggest that PA as a new lead
compounds, might be useful for the treatment of allergic
inflammatory diseases such as AR.
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