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Abstract

The aim of this study was to determine whether britanin, isolated from the flowers of Inula japonica (Inulae Flos), modulates the
generation of allergic inflammatory mediators in activated mast cells. To understand the biological activity of britanin, the authors
investigated its effects on the generation of prostaglandin D, (PGD,), leukotriene C, (LTC,), and degranulation in IgE/Ag-induced
bone marrow-derived mast cells (BMMCs). Britanin dose dependently inhibited degranulation and the generations of PGD, and
LTC, in BMMCs. Biochemical analyses of IgE/Ag-mediated signaling pathways demonstrated that britanin suppressed the phos-
phorylation of Syk kinase and multiple downstream signaling processes, including phospholipase Cy1 (PLCy1)-mediated calcium
influx, the activation of mitogen-activated protein kinases (MAPKs; extracellular signal-regulated kinase 1/2, c-Jun NH_-terminal ki-
nase and p38), and the nuclear factor-kB (NF-xB) pathway. Taken together, the findings of this study suggest britanin suppresses
degranulation and eicosanoid generation by inhibiting the Syk-dependent pathway and britanin might be useful for the treatment
of allergic inflammatory diseases.
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INTRODUCTION sequent arachidonic acid (AA) release from membranes by

cytosolic phospholipase A, (cPLA,), which is activated by an
Aggregation of FceRI results in the phosphorylation of two increase in Ca?* influx and phosphorylation by MAPKs (Clark

tyrosine residues within its immunoreceptor tyrosine-based et al., 1991; Dennis et al., 1997). Therefore, blockade of Syk
activation motif (ITAM) by Lyn, or by another member of the kinase could inhibit the allergen-induced releases of multiple
Src family of tyrosine kinases that associates with the recep- granule-stored and newly synthesized mediators (Masuda
tor. Phosphorylated ITAM then serves as a docking site for and Schmitz, 2008). FceRI crosslinking also induces the ac-
Syk, and this interaction leads to the downstream propaga- tivations of the mitogen-activated protein kinase (MAPK),
tion of signals. Syk phosphorylates adapter proteins, such phosphatidylinositol-3-kinase (PI3K)/Akt, and NF-kB signaling
as, linker for the activation of T cells (LAT), and these phos- pathways, which ultimately contribute to the inducible expres-
phorylations result in the formation of a macromolecular sig- sions of multiple pro-inflammatory genes, such as, cytokines
naling complex that allows the diversification of downstream and cyclooxygenase (COX)-2.

signals required for the release of various pro-inflammatory The flowers of Inular japonica (l. japonica, Inulae Flos)
mediators (Siraganian, 2003). These signaling pathways in- have long been used in traditional Chinese medicine for the
clude phospholipase Cy (PLCy)-mediated Ca?* mobilization, treatment of digestive disorders, bronchitis, and inflammation
which is a prerequisite for mast cell degranulation and sub- (Liu et al., 2004). Modern pharmacological studies have also
http://dx.doi.org/10.4062/biomolther.2014.038 Received Mar 25,2014 Revised May 1,2014 Accepted May 7,2014

This is an Open Access article distributed under the terms of the Creative Com- Published online May 31,2014

mons Attribution Non-Commercial License (http://creativecommons.org/licens- *Corresponding Author
es/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, E-mail: hwchang@yu.ac.kr (Chang HW), jkson@yu.ac.kr (Son JK)
and reproduction in any medium, provided the original work is properly cited. Tel: +82-53-810-2811 (Chang HW), +82-53-810-2817 (Son JK)

Fax: +82-53-810-4654 (Chang HW), +82-53-810-4654 (Son JK)
"The first two authors contributed equally to this work.

Copyright © 2014 The Korean Society of Applied Pharmacology www.biomolther.org

193


http://crossmark.crossref.org/dialog/?doi=10.4062/biomolther.2014.038&domain=pdf&date_stamp=2014-05-31

Biomol Ther 22(3), 193-199 (2014)

described its diverse effects in the contexts of anti-diabetes,
hypolipidemia, and hepatoprotection (Song et al., 2000; Ko-
bayashi et al., 2002; Shan et al., 2006). Our group previously
reported that the ethanol extract of /. japonica exhibited anti-
asthmatic (Park et al., 2011) and anti-allergic activities (Lu et
al., 2012a) in an in vivo animal model. Previously, we reported
that the ethanol extract of /. japonica inhibited degranulation,
eicosanoid generation, and in vivo antiallergic activity. In this
previous report, we isolated three major sesquiterpenes by
HPLC, and described the inhibitions of degranulation and
eicosanoid generation by britanin and tomentosin in SCF-
induced BMMCs (Lu et al., 2012a). In addition, we previously
also found that the ethanol extract of I. japonica suppressed
macrophages activation by LPS and that britanin suppressed
the productions of nitric oxide, PGE, and proinflammatory cy-
tokines in LPS-stimulated RAW264.7 cells (Choi et al., 2010;
Park et al., 2013). However, the mechanisms underlying the
inhibitions of degranulation and eicosanoid generation by bri-
tanin have not been well established. Accordingly, we sought
to determine whether britanin modulates the generation of al-
lergic inflammatory mediators in activated mast cells. In the
present study, we demonstrated that britanin inhibits degranu-
lation, PGD, and LTC, generation in IgE/Ag-induced BMMCs
by suppression of the Syk pathway.

MATERIALS AND METHODS

Plant material

Britanin was isolated from Inulae Flos by methanol extrac-
tion as described previously (Park et al., 2013). Britanin was
dissolved in 0.1% (v/v) dimethyl sulfoxide (DMSQ), which did
not affect BMMCs viability or activation. Therefore, a control
consisting of DMSO alone was also run in all cases.

Chemicals and reagents

Mouse anti-dinitrophenyl (DNP) IgE and DNP-human se-
rum albumin (HSA) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Primary antibodies used were used: rab-
bit polyclonal antibodies specific for phospho-IkB, IKKa/j,
ERK1/2, JNK, PLCy1, p38, B-actin, and total form for IkB,
ERK1/2, JNK, p38, and 5-LO were purchased from Cell Sig-
naling Technology, Inc. (Danvers, MA, USA). Rabbit polyclonal
antibodies against NF-kB p65, Syk, LAT, PLCy1, phospho-cP-
LA, (Ser505), IKKa/B and lamin B as well as secondary goat
anti-rabbit IgG-HRP and rabbit anti-goat IgG-HRP antibodies,
total Syk, total LAT, and Bay 61-3606 were purchased from
Santa Cruz Biotechnology (Dallas, TX, USA) and antibodies
for phosphotyrosine was purchased from Millipore (Millipore,
Billerica, MA, USA). The enzyme immnoassay (EIA) kits for
PGD, and LTC, were purchased from Cayman Chemicals
(Ann Arbor, MI, USA).

Mouse bone marrow-derived mast cells (BMMCs) culture
and activation

BMMCs were isolated from male Balb/cJ mice (Sam Taco,
INC, Seoul, Korea) and were cultured at 37°C in RPMI 1640
media (Thermo Scientific, UT, USA) containing 10% fetal bo-
vine serum (FBS), 100 U/ml of penicillin (Thermo Scientific,
Utah, USA), 10 mM HEPES buffer (Sigma-Aldrich, St. Louis,
MO, USA), 100 uM MEM non-essential amino acid solution
(Invitrogen, Carlsbad, CA, USA) and 20% PWM-SCM (poke-
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weed mitogen-spleen cell conditioned medium) as a source of
IL-3. After 6 weeks, >98% of the cells was found to be BMMCs
as determined by a previously described procedure, as de-
scribed previously (Lu et al., 2011). For BMMCs stimulation,
108 cells/ml were sensitized overnight with 500 ng/ml of anti-
DNP IgE, 1 h pretreated with indicated concentration of bri-
tanin or Bay 61-3606, and then stimulated for 15 min with 100
ng/ml of DNP-HSA.

Degranulation assays

After stimulating with DNP-HSA for 15 min with or with-
out pretreatment with britanin or Bay 61-3606 for 1 h, deg-
ranulation was determined by measuring the release of p-
hexosaminidase (B-Hex), a marker of mast cell degranulation,
by a spectrophotometric method, as described previously (Lu
et al., 2012a).

MTT assay for cell viability

Cell viability was assessed by MTT (Sigma) assay. Briefly,
BMMCs were seeded onto 96 well culture plates at 2x10* cells/
200 pl/ well. After incubation with various concentrations of bri-
tanin for 8 h, 20 ul of MTT (5 mg/ml) was added to each well.
After 4 h incubation, 150 pl of culture medium was removed,
and cells were dissolved in 0.4 N HCl/isopropyl alcohol. The
optical densities (OD) at 570 nm and 630 nm were measured
using a microplate reader (Sunrise, Tecan, Switzerland).

Measurement of LTC, and PGD, amounts

IgE sensitized BMMCs were pretreated with britanin or Bay
61-3606 for 1 h and stimulated with DNP-HSA (100 ng/ml).
After 15 min of stimulation, the supernatants were isolated for
further analysis by EIA. LTC, was determined using an en-
zyme immunoassay kit. To assess COX-2-dependent PGD,
synthesis, BMMCs were preincubated with 1 pg/ml of aspi-
rin for 2 h to irreversibly inactivate preexisting COX-1. After
washing, BMMCs were activated with DNP-HSA (100 ng/ml)
at 37°C for 7 h with britanin or Bay 61-3606. PGD,, in the su-
pernatants were quantified using PGD, EIA kit and cells were
used for immunoblots analysis.

Measurement of intracellular Ca* level

Intracellular Ca?* level was determined with FluoForte™
Calcium Assay Kit (Enzo Life Sciences, Ann Arbor, Ml, USA),
as described previously (Hwang et al., 2013). Briefly, BMMCs
were preincubated with FluoForte™ Dye-Loading Solution for
1 h at room temperature. After washing the dye from cell sur-
face with PBS, the cells (5%10*) were seeded into 96-well mi-
croplates. Then the cells were pretreated with britanin or Bay
61-3606 for 1 h before adding DNP-HSA. The fluorescence
was measured using a flurometric imaging plated reader at
an excitation of 485 nm and an emission of 520 nm (BMG
Labtechnologies FLUOStar OPITIMA platereader, Offenburg,
Germany). All the assay experiments were independently re-
peated at least three times.

Preparation of nuclear and cytoplasmic extracts

The nuclear and cytoplasmic extracts were prepared as de-
scribed previously (Lu et al., 2011). BMMCs were sensitized
to DNP-specific IgE (500 ng/ml, overnight) and pretreated with
britanin or Bay 61-3606 for 1 h, and then stimulated with DNP-
HSA (100 ng/ml) for 30 min. Cultured BMMCs were collected
by centrifugation, washed with PBS and lysed in a buffer con-



taining 10 mM HEPES (pH 7.9), 10 mM KCI, 0.1 mM EDTA,
0.1 mM EGTA, 1 mM DTT, 1 mM phenylmethanesulfonylfluo-
ride (PMSF) and 0.1% NP40 by incubation on ice for 10 min.
After centrifugation at 1,000 g for 4 min, supernatants were
used as a cytosolic fraction. Nuclear pellets were washed and
lysed in a buffer containing 20 mM HEPES (pH 7.9), 25% (v/v)
glycerol, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, and the
protease inhibitor cocktail. This suspension was incubated for
30 min at 4°C followed by centrifugation at 10,000 g, and the
resultant supernatants were used as a nuclear fraction.

Immunoprecipitation (IP)

Immunoblotting was performed as described previously (Lu
et al., 2011). Cell lysates were obtained using modified lysis
buffer [0.1% Nonidet P-40, 50 mM HEPES (pH 7.0), 250 mM
NaCl, 5 mM EDTA, 1 mM PMSF, and 0.5 mM dithiothreitol].
Total cell lysates (1 mg protein equivalent) were incubated with
anti-Syk or anti-LAT antibodies for 2 h at 4°C and immunocom-
plexes were precipitated with 20 ul of protein A-Sepharose.
Immunocomplex precipitates were then extensively washed
(3 times) with ice-cold lysis buffer. These precipitates or total
cell lysates were subjected to SDS-PAGE and immunoblotted
with corresponding antibodies.

Western blotting

Western blotting was performed as described previously
(Lu et al., 2011). BMMCs were lysed in RIPA lysis buffer (50
mM Tris-HCI [pH 8.0], 150 mM NaCl, 5 mM EDTA, 1% Nonidet
P-40, 1TmM phenylmethanesulfonylfluoride (PMSF), 1M dithio-
threitol (DTT), 200 mM NaF, 200 mM Na,VO,, and a protease
inhibitor cocktail). Cell debris was removed by centrifuga-
tion at 14,000xg for 15 min at 4°C and resulting supernatant
were used for western blotting. Protein concentration was
measured using the Qubit Fluorometer machine (Invitrogen,
USA). Samples were separated by 8% SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred to nitro-
cellulose transfer membrane (Millipore, Billerica, MA, USA).
The membranes were then blocked with 5% nonfat dry milk in
Tris-buffered saline containing 0.1% Tween 20 and incubated
with individual antibodies; primary antibodies were diluted at
1:1000 (unless otherwise stated) and incubated at 4°C over-
night. Membranes were then washed three times for 10 min
each with TBS-T buffer, and immunoreactive proteins were
incubated with HRP-coupled secondary antibodies diluted at
1:3000 for 1 h at room temperature, washed three times for 10
min with TBS-T buffer, and developed using enhanced che-
miluminescence (ECL) detection kits (Pierce Biotechnology,
Rockford, IL, USA).

Statistic Analysis

All experiments were performed three or more times. Aver-
age values are expressed as means * S.D. Statistical analy-
ses were performed using SPSS 19.0 (SPSS, Chicago, IL,
USA). The Student’s t-test was used to compare pairs of in-
dependent groups. Statistical significance was accepted for p
values <0.05.
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RESULTS

Effects of britanin on degranulation, eicosanoid genera-
tion, and intracellular calcium influx in IgE/Ag-induced
BMMCs

Initially, the cytotoxicity of britanin on BMMCs was exam-
ined using the MTT assay. However, britanin did not affect cell
viability up to a concentration of 20 uM (Fig. 1A). Therefore,
britanin levels from 1 to 10 uM were used in subsequent ex-
periments. Previously, we reported that PGD, generation by
BMMCs is biphasic. More specifically, after IgE/Ag stimulation,
immediate (occurring within 2 h) PGD, generation, which is
regulated by constitutive COX-1, is followed by delayed (2-10
h) PGD, generation, which is regulated by inducible COX-2
(Moon et al., 1998; Lu et al., 2011; Hwang et al., 2013). As
shown in Fig. 1B, IgE/Ag-induced BMMCs showed significant
augmentation of the delayed phase of PGD, generation and
amplification of COX-2 induction. In order to evaluate delayed
COX-2-dependent PGD, generation, BMMCs were pre-treat-
ed with aspirin to abolish preexisting COX-1 activity, briefly
washed, and then stimulated with DNP-HSA in the presence
or absence of britanin or Bay 61-3606 (a Syk inhibitor) for 7
h. The generation of PGD, was found to be dose-dependently
suppressed by britanin and COX-2 expression was concomi-
tantly reduced. Next, we examined the effect of britanin on
5-lipoxygenase (5-LO) dependent LTC, generation, and we
found that LTC, generation was also inhibited by britanin
and by Bay 61-3606 (Fig. 1C). We also examined the effect
of britanin on the exocytotic secretion of B-Hex, a degranula-
tion marker enzyme in BMMC, and found B-Hex release was
markedly inhibited by britanin and by Bay 61-3606 (Fig. 1D).
Intracellular Ca?* elevation is one of the earliest events and
is essential for mast cell degranulation and AA release from
phospholipid and for the metabolism of phospholipid (Clark et
al., 1991; Fischer et al., 2005; Flamand et al., 2006). There-
fore, we examined whether britanin affects Ca?* signals in
IgE/Ag-induced BMMCs. As shown in Fig. 1E, pretreatment
of BMMCs with britanin or Bay 3606 significantly decreased
intracellular Ca2* levels.

Effect of britanin on cPLA o~ and 5-LO-dependent LTC,
generation

The generation of LTC, is regulated by two steps, namely,
the liberation of AA from membrane phospholipids by cPLA,
and the oxygenation of free AA by 5-LO. Both 5-LO and cP-
LA, o translocate from the cytosol to the nuclear membrane in
response to an increase in intracellular Ca?* level (Fischer et
al., 2005; Flamand et al., 2006), and cPLA,a is phosphory-
lated by MAPKSs (a process necessary for the maximal release
of AA) (Lin et al., 1993; Lu et al., 2011). We first examined the
effect of britanin on the phosphorylations and nuclear translo-
cations of cPLA, and 5-LO. As was observed in our previous
study (Lu et al., 2011; Lu et al., 2012b), DNP-HSA stimulation
caused the translocation of some cytosolic phosphorylated
cPLA,a to nuclear fractions (Fig. 2). 5-LO was localized main-
ly in cytosol in unstimulated BMMCs (Fig. 2A), but DNP-HSA
stimulation caused the translocation of most 5-LO to the nu-
clear fraction (Fig. 2B). Furthermore, the appearance of both
cytosolic and nuclear phospho-cPLA o and the translocation
of 5-LO were inhibited by britanin and by Bay 61-3606. These
results suggest that britanin and Bay 61-3606 inhibited LTC,
generation by inhibiting cPLA,a translocation, which suggests
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Fig. 1. Effect of britanin on the cell viability, degranulation, PGD, and LTC, generation, and intracellular calcium increase in IgE/Ag-induced
BMMCs. (A) BMMCs were incubated in the presence of 5, 10, or 20 uM of britanin. Cell viabilities were assayed using an MTT assay. Data
represent means + S.D of three different samples. (B) IgE-sensitized BMMCs were pre-incubated with 1 pg/ml aspirin for 2 h to abolish pre-
existing COX-1 activity, briefly washed, and then stimulated with DNP-HSA for 7 h. PGD, released into the supernatant was quantified by a
PGD,-MOX EIA kit and the cells were used for immunoblotting of COX-2 protein. (C) IgE-sensitized BMMCs were pre-incubated with the in-
dicated concentrations of britanin or Bay 61-3606 for 1 h and stimulated with DNP-HSA for 15 min. LTC, released into the supernatant was
quantified using an enzyme immunoassay kit. (D) IgE-sensitized BMMCs were pre-incubated with the indicated concentrations of britanin or
Bay 61-3606 for 1 h and stimulated with DNP-HSA for 15 min. B-Hex release in supernatants was measured as described in Materials and
Methods. (E) IgE-sensitized BMMCs were pretreated with FluoForte™ Dye-Loading Solution for 1 h at room temperature. After washing the
dye from cell surfaces with HBSS, cells were seeded into 96-well microplates, pre-incubated with britanin or Bay 61-3606 for 1 h, and stimu-
lated with DNP-HSA. Relative calcium levels were measured using a flurometric imaging plated reader. Values are shown as the mean + S.D.
from three independent experiments, *p<0.05, **p<0.01 and ***p<0.001 versus the IgE/Ag-induced group.

A that the Syk pathway is required for LTC, generation, as has

p-cPLA, [ W - — | been described previously (Lu et al., 2011; Lu et al., 2012b).

5-L0 [ ] Cytosolic fraction Effect of britanin on the IKK-1xBo-NF-xB pathway

Since NF-xB is an essential transcription factor for several
inflammatory genes, such as, COX-2, iNOS, and tumor ne-
crosis factor-o. (TNF-o) (Reddy et al., 2000; Tak and Firestein,
2001), we examined whether the inhibition of COX-2 by britanin
suppresses NF-kB activation pathways. We and others have
previously reported that the phosphorylation and subsequent

5-LO _ Nuclear fraction degradation of IkB by IKK leads to the nuclear translocation
Lamin B |t s se— s—" g—p— | of NF-kB p65 (Reddy et al., 2000; Tak and Firestein, 2001; Lu

et al., 2012b). To investigate the IgE/Ag-mediated activation
Fig. 2. Britanin inhibits IgI_E_/Ag-induced translocatio_n of 5-LO a_nd of the IKK-lkBa-NF-kB pathway, BMMCs were simulated with
phospho-cPLA,. IgE-sensitized BMMCs were pre-incubated with DNP-HSA for 15 or 30 min, cytoplasmic or nuclear proteins

britanin or Bay 61-3606 for 1 h and stimulated with DNP-HSA for . .
15 min. Cytosolic (A) and nuclear fractions (B) were immunoblot- were then examined for the phospharylations of IKKe/p and

ted with antibodies for phospho-cPLA, (Ser505) and 5-LO. -Actin |KB'OL and total protein levels. Pretrfeatment of BMMCs with bri-
and lamin B were used as internal controls for cytosol and nuclear tanin decreased the phosphorylation of IKKa/f and I«Ba the
fractions, respectively. degradation of IkBa (Fig. 3A), and the nuclear translocation of

B-actin |
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Fig. 3. Inhibitory effects of britanin on IgE/Ag-induced IKK/IxBa/NF-xB pathway. (A) IgE-sensitized BMMCs were preincubated for 1 h with
the indicated concentrations of britanin or Bay 61-3606 and stimulated with DNP-HSA for 15 min. Cytosol fractions were prepared for the
determinations of IKKa/p and IkBa phosphorylation and total IkBa levels by immunoblotting. (B) IgE-sensitized BMMCs were pretreated
with britanin or Bay 61-3606 for 1 h and stimulated by DNP-HSA for 30 min. Nuclear extracts were then analyzed by immunoblotting for
the NF-kB-p65 subunit. The relative nuclear p65/lamin B protein ratios were determined by measuring immunoblot band intensities using a
scanning densitometer. The results from three separate experiments as relative ratios (%) are represented. Values are shown as the mean

+ S.D. from three independent experiments, **p<0.01 and ***p<0.001 versus the IgE/Ag-induced group.
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Fig. 4. Effects of britanin on MAPK pathways. IgE-sensitized
BMMCs were pre-incubated for 1 h with the indicated concentra-
tions of britanin or Bay61-3606 and then stimulated with DNP-HSA
for 15 min. Cell lysates were used immunoblotted to assess the
phosphorylation of ERK1/2, JNK, and p38. The results shown rep-
resent at least three separate experiments.

NF-kB p65 subunit (Fig. 3B). Bay 61-3606 also inhibited these
signal events, indicating that the IKK-lIkBa-NF-xB pathway
was under the control of Syk.

Effects of britanin on MAPKSs activation in IgE-sensitized
BMMCs

Previously, we reported that the inhibition of COX-2 expres-
sion and of attendant PGD, generation occurred after NF-xB
inactivation and/or treating cells with either of three MAPKs
inhibitors, that is, U0126 for extracellular regulated kinase1/2
(ERK1/2), SP600125 for c-jun N-terminal kinase (JNK), or
SB03580 for p38 MAP kinase (Lu et al., 2011). As shown in
Fig. 4, when BMMCs were pretreated with britanin or Bay 61-
3606 for 1 h, both compounds clearly and dose-dependently
inhibited the IgE/Ag-induced phosphorylation of ERK1/2, JNK,
and p38 MAP kinase. This result suggests that the inhibition of
Syk by britanin may suppress MAPK activation.

Britanin inhibited Syk activation
The tyrosine kinase Syk plays an essential role in the initia-

IP: Syk

BpTyr[ - e—-— |
IP: Syk [} y , 7 i
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By [ EEEm T |
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PPLC)! | - —._ ]
PLCy1 | M 1 3
IgE/Ag - + + + + +
Britanin (uM) - - 1 5 10 -
Bay 61-3606 (uM) - - - - - 10

Fig. 5. Effects of britanin on phosphorylation of Syk, LAT and
PLCy1. IgE-sensitized BMMCs were stimulated with or without
DNP-HSA for 5 min. Proteins were immunoprecipitated for Syk or
LAT to assess their phosphorylation statuses. Phosphorylation of
PLCy1 was determined using total cell lysates. Blots are repre-
sentative of three independent experiments that provided similar
results.

tion of the FceRI-dependent signaling pathway, and thus, we
examined whether britanin affects the phosphorylation of Syk,
and the phosphorylations of LAT and PLCy1, which lie immedi-
ately downstream of Syk (Lu et al., 2011; Lu et al., 2012b). As
shown in Fig. 5, the tyrosine phosphorylation of Syk, LAT, and
PLCy1 were observed in IgE/Ag-induced BMMCs, and these
phosphorylation were significantly and dose-dependently in-
hibited by britanin. Under the same conditions, the Syk inhibi-
tor Bay 61-3606 (positive control) potently inhibited the phos-
phorylation of Syk, PLCy1, and LAT.

DISCUSSION

To explore the biological activity of britanin, we investigated
its effects on the generation of PGD,, LTC,, and degranulation
in IgE/Ag-induced BMMCs. This study shows that britanin in-
hibits degranulation, PGD, and LTC, generation in IgE/Ag-in-
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duced BMMCs by suppressing the Syk pathway. Several ses-
quiterpenes, namely, britanin, tomentosin (Lu et al., 2012a),
ergolide, acetylbritannilactone (Han et al., 2001; Jin et al.,
2006; Liu et al., 2007) and sesquiterpenes dimer inulanolides
(Jin et al., 2006) have been isolated from /. japonica and eval-
uated for their biological activities. Ergolide, inulanolide, and
britanin have been reported to inhibit the expressions of INOS,
COX-2, or TNF-a in LPS-stimulated RAW264.7 cells, whereas
inulanolides inhibited LPS-induced inflammatory response in
vascular smooth muscle cell (Han et al., 2001; Liu et al., 2004;
Jin et al., 2006; Liu et al., 2007; Park et al., 2013). Previously,
we reported that /. japonica suppresses ovalbumin-induced
airway inflammation and IgE/Ag-stimulated passive cutane-
ous anaphylaxis in a mouse model (Park et al., 2011; Lu et al.,
2012a). However, we only described the effects of britanin on
SCF-induced mast cell activation (Lu et al., 2012a), and thus,
the mechanism responsible for the inhibitory effect of britanin
on IgE/Ag-induced mast cell activation has not been reported.

When mast cells are activated by the cross-linking of IgE/
Ag on their membranes, the Lyn/Syk/LAT axis phosphorylates
PLCy1 causing Ca?* influx, which triggers degranulation and
activates AA metabolizing enzymes (Cruse et al., 2005). The
present study shows that britanin markedly inhibits the phos-
phorylations of Syk, LAT, and PLCy1 (Fig. 5) and intracellular
Ca? influx (Fig. 1E), and results in the inhibition of degranu-
lation in IgE/Ag-induced BMMCs. Furthermore, britanin was
found to dose-dependently inhibit the 5-LO dependent LTC,
generation that occurs within 15 min of treatment when IgE
binds to FceRI on the membranes of BMMCs (Fig. 1C). Oth-
er groups have reported that the synthesis of LTC, in mast
cells is regulated by two steps, that is, by the activation of
cPLA,a by MAPKs to facilitate the release of AA from mem-
brane phospholipid, and by the conversion of free AAto LTC,
by 5-LO and nuclear transmembrane protein 5-LO-activating
protein (FLAP), the latter of which may serve as an AA binding
protein on the outer nuclear membrane (Mandal et al., 2004).
The results of the present study demonstrate that the inhibi-
tion of 5-LO dependent LTC, generation by britanin is due to
the inhibition of cPLA,a phosphorylation by MAPKSs and to the
inhibition of the translocations of phospho-cPLA,a and 5-LO
to the nuclear membrane (Fig. 2).

The other AA metabolite PGD, (the major prostaglandin) is
produced by the COX pathway in mast cells (Fischer et al.,
2005). In the present study, after inactivating preexisting COX-
1 activity using aspirin, BMMCs cells were stimulated with
DNP-HSA for 7 h with or without britanin. As shown in Fig.
1B, britanin strongly suppressed PGD, generation and con-
comitantly reduced COX-2 expression. We previously report-
ed that britanin suppresses the generations of nitric oxide by
LPS and of PGE, generation by COX-2 and the productions of
proinflammatory cytokines by inactivating NF-xB and MAPKs
in LPS-stimulated RAW 264.7 cells (Park et al., 2013). In ad-
dition, it has been reported COX-2-dependent PGD, genera-
tion in BMMCs is caused by the activations of the NF-xB and
MAPKs pathways (Lu et al., 2011). Thus, we investigated the
effect of britanin on the activations of these pathways in IgE/
Ag-induced BMMCs. It is well known that IkBo phosphoryla-
tion precedes IkBa degradation via IKKa/f activation. In the
present study, britanin was found to inhibit IgE/Ag-inducible
IKK-lkBa phosphorylation (Fig. 3A), indicating it inhibits COX-
2 dependent PGD, generation by preventing the phosphoryla-
tion of IkBa, and thus, the degradation and subsequent nucle-
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ar translocation of p65 protein in BMMCs (Fig. 3B).

Furthermore, as shown in Fig. 4, britanin dose-dependently
inhibited the phosphorylations of ERK1/2, JNK, and p38 MAP
kinase, which suggests that it prevents the phosphorylation
and translocation of cPLA, to the nuclear membrane. Since
both britanin and Bay 61-3606 inhibited calcium influx (Fig.
1E), MAPKSs phosphorylation (Fig. 3), and the activation of the
NF-kB pathway located downstream of the FceRI proximal
Syk pathway, these results suggest that Syk plays an impor-
tant roles in the generation of eicosanoids (PGD, and LTC,)
and degranulation in IgE/Ag-induced BMMCs. Because, Syk
plays an essential role in the initiation of FceRI-dependent
signaling (Siraganian, 2003; Masuda and Schmitz, 2008), we
examined whether britanin suppresses Syk phosphorylation
and the expressions of its downstream signal molecules. As
shown in Fig. 5, the phosphorylations of Syk, LAT, and PLCy1
were found to be significantly inhibited by britanin and by Bay
61-3606 (a Src family kinase inhibitor and positive control).

In conclusion, the present study reveals that britanin inhib-
its IgE/Ag-induced degranulation and the generation of LTC,
and PGD, in BMMCs. Furthermore, biochemical analyses
showed that britanin inhibited IgE/Ag-induced degranulation
via the PLCy1-Ca*" pathway, PGD, production via the IKK/
IkBa/NF-kB/COX-2 and MAPKs pathways, and LTC, genera-
tion through the MAPKs/cPLA,/5-LO pathway. Furthermore,
the observed almost identical effects of Bay 61-3606 sug-
gest the inhibitory effects of britanin are controlled by the Syk
pathway. In a previous report, it was suggested Syk plays a
central role in the activations mediated by Fc receptors (mast
cells, macrophages, neutrophils, eosinophils and basophils)
and B cell receptors (Ruzza et al., 2009). In addition, it has
been reported that Syk inhibition blocks the release of media-
tors like histamine, the production of PGD, and LTC,, and the
secretions of proinflammatory cytokines from activated mast
cells (Lu et al., 2011; Lu et al., 2012b). For these reasons, Syk
inhibitors are being increasingly considered promising thera-
peutic agents for the management of inflammatory diseases
(Wong et al., 2004; Bajpai et al., 2008). Taken together with
our previous in vitro and in vivo results (Choi et al., 2010; Park
et al., 2011; Lu et al., 2012a; Park et al., 2013), britanin ap-
pears to be an good candidate for the development of novel
allergic-inflammatory drugs.
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