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ABSTRACT: Isoflavones are known to possess immunomodulating and antiallergic activities. Previously we identified novel
isoflavone methyl-glycosides (daidzein 7-O-f-p-glucoside 4"-O-methylate (CDGM), glycitein 7-O-f-p-glucoside 4"-O-methylate
(CGLM), genistein 7-O-f-p-glucoside 4"-O-methylate (CGNMI) and genistein 4-O-f-p-glucoside 4"-O-methylate (CGNMII))
from Cordyceps militaris grown on germinated soybeans (GSC). The biological activity of novel isoflavone methyl-glycosides,
however, remains unknown. In this study, CGNMII showed the strongest inhibition of degranulation. Additionally, the release
of interleukin (IL)-4 and tumor necrosis factor (TNF)-a was decreased by CGNMII in antigen-stimulated RBL-2H3 cells.
To elucidate the antiallergic mechanism of CGNMII, we examined whether it affected levels of signaling molecules responsible
for degranulation. The levels of activated Lyn, Syk, PLCy1 and LAT proteins were reduced in CGNMII treated RBL-2H3 cells.
CGNMII also inhibited the activation of AKT and ERK1/2 proteins. These results suggest that CGNMII might be used as a

therapeutic agent for allergic diseases.
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B INTRODUCTION

The prevalence of type I hypersensitivity allergic diseases has been
increased worldwide for several decades." Mast cells and basophils
are the key effector cells in IgE-mediated allergic diseases, includ-
ing atopic dermatitis, allergic rhinitis, asthma and atopic eczema.”
Binding of antigen to the high affinity IgE receptor (FceRI)
on the surface of mast cells or basophils induces the release
of inflammatory mediators such as histamine, leukotriene C4,
P-hexosaminidase, chemokines and cytokines that are respon-
sible for allergic diseases.” When granules in mast cells are
degranulated after antigen stimulation, S-hexosaminidase is
released along with histamine. Histamine is one of the major
chemical mediators, responsible the amplification of allergic
symptoms and maintaining chronic inflammatory conditions.”*
Thus, the activity of f-hexosaminidase is used as a marker for
degranulation. Antigen binding to IgE-sensitized mast cells or
basophils promotes the activation of transcription factors for
the production of cytokines, including tumor necrosis factor
(TNF-a) and interleukin (IL-4).° IL-4 is necessary for Th2
cellular response development and promotes B cells to produce
IgE.° TNF-a is responsible for allergic inflammation.” These
cytokines are also major target molecules for antiallergic drugs.

Current approaches to the treatment of allergic diseases are
largely based on allergen-specific immunotherapy, DNA vaccina-
tion, antihistamine drugs and steroid treatments.® Antagonists to
leukotrienes (LTs) or histamine receptors are commonly used
to treat allergic diseases, but they produce undesirable side
effects, including drowsiness, dry mouth, chest congestion, and
upset stomach.” Recently, many practitioners and researchers
are paying attention to natural products as antiallergic drug
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candidates that are known to modulate immune responses with
no adverse effects.'

Previously our group developed the method of growing
Cordyceps militaris on germinated soybeans and identified
several active compounds from it.'"'* We reported the
antiallergic activities of ethyl acetate extract of Cordyceps militaris
grown on germinated soybeans (GSC) in vivo and in vitro."
Recently we identified novel isoflavone methyl-glycosides
(daidzein 7-O-f-p-glucoside 4"-O-methylate (CDGM), glycitein
7-O-f-p-glucoside 4"-O-methylate (CGLM), genistein 7-O-f3-p-
glucoside 4"-O-methylate (CGNMI), and genistein 4-O-f-p-
glucoside 4"-O-methylate (CGNMII) from Cordyceps militaris
grown on germinated soybeans (GSC)." Isoflavones are known
to have immunomodulating and antioxidant activities'* and to
inhibit allergic inflammatory responses."

In this study, we investigated the antiallergic activity of
novel isoflavone methyl-glycosides in antigen-stimulated RBL-
2H3 cells. First, the effect of novel isoflavone methyl-glycosides
on degranulation in antigen-stimulated RBL-2H3 cells was
examined. A further study was focused on whether novel
isoflavone methyl-glycosides affected on the production and
expression of inflammatory cytokines such as TNF-or and IL-4
and the FceRI signaling events in antigen-stimulated RBL-2H3
cells.
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B MATERIALS AND METHODS

Reagents and Materials. Cordyceps militaris grown on germinated
soybeans (Kucari 0903) (The Cell Activation Research Institute,
Seoul, Korea), daidzein 7-O-f-p-glucoside 4'-O-methylate, glycitein
7-0-p-p-glucoside 4"-O-methylate, genistein 7-O-p-p-glucoside 4"-O-
methylate and genistein 4-O-f-p-glucoside 4"-O-methylate were purified
as described in our previous study.'> Fetal bovine serum (Invitrogen,
Carlsbad, CA), penicillin, Minimum essential medium, Eagle
(Invitrogen, Carlsbad, CA), Fluo-4 direct calcium kit (Invitrogen,
Carlsbad, CA), DNP-specific IgE (Sigma-Aldrich, St. Louis, MO),
DNP-BSA (Sigma-Aldrich, St. Louis, MO), PIPES (Sigma-Aldrich,
St. Louis, MO), PP2 (Calbiochem, La Jolla, CA), phospho-Lyn
antibody (Cell Signaling Technology Inc., Danvers, MA), phospho-
Syk antibody (Cell Signaling Technology Inc., Danvers, MA), anti-
phospho-PLCy antibody (Santa Cruz, CA), antiphosphorylated
linker for activation of T cells (LAT) antibody (Cell Signaling
Technology Inc., Danvers, MA), anti-LAT antibody (Upstate, New
York, USA), phospho-AKT antibody (Cell Signaling Technology
Inc, Danvers, MA), phospho-p44/42 MAPK antibody (Erk1/2)
(Cell Signaling Technology Inc., Danvers, MA), p44/42 MAPK
(Erk1/2) antibody (Cell Signaling Technology Inc., Danvers, MA)
and f-actin antibody (Santa Cruz, CA). Phosphorylated-Lyn and
AKT were kind gifts of Dr. Choi W. S. (Konkuk University, Seoul,
Korea).

Isolation of Novel Isoflavone Methyl-glycosides from
Cordyceps militaris Grown on Germinated Soybeans. Isolation
of novel isoflavone methyl-glycosides from Cordyceps militaris grown
on germinated soybeans was done as previously described."

Isolation and Culture of Bone Marrow-Derived Mast Cells
(BMMCs) and Rat Basophilic Leukemia (RBL)-2H3 Cells.
BMMCs were isolated according to a previous report with a minor
modification. Briefly, BMMCs isolated from male BALB/c mice were
cultured in a medium (RPMI 1640, containing 2 mM L-glutamine,
0.1 mM nonessential amino acids, antibiotics, and 10% fetal bovine
serum (FBS)) containing 10 ng/mL of IL-3. The BMMCs were used
3—4 weeks after their isolation. RBL-2H3 cells were grown as mono-
layers in minimum essential medium (MEM) with Earle’s salts, supple-
mented with 15% FBS and 1% penicillin. The cells were grown in
75 cm? culture flasks at 37 °C with 5% CO, at humidified atmospheric
pressure.

Cell Viability Assay. Cytotoxicity was measured using the Cell
Counting Kit-8 (CCK-8) assay (Dojindo Laboratories, Kumamoto,
Japan), as described previously.'® Cells (1 X 10*/mL) were treated in
the presence or absence of CGNMII, genistein and genistin (1, 3, 10,
and 30 M) for 24 h. The cultures in 96-well plates were placed in
10 uL of medium that contained CCK-8 and incubated for 2 h at
37 °C. The absorbance was measured with a microplate reader at
450 nm (Tecan, Mannedorf, Switzerland).

pB-Hexosaminidase Assay. RBL-2H3 cells (1 X 10° cells/well)
were sensitized with 25 ng/mL of DNP-specific IgE overnight. After
washing with PIPES buffer (25 mM PIPES (Sigma-Aldrich, St. Louis,
MO), pH 7.2, 158 mM NaCl, S mM KCl (Daejung), 0.4 mM MgCl,
(Origental chemical industry), 1 mM CaCl,, 5.6 mM glucose, and
0.1% fatty acid free fraction V from a bovine serum (ACROS, New
Jersey), cells were treated in the presence or absence of CGNMII,
genistein and genistin (1, 3, 10, and 30 M) for 30 min at 37 °C. After
incubation, cells were challenged with 25 ng/mL of DNP-BSA for
10 min at 37 °C. The 30 uL of the supernatant was mixed with an
equal volume of 2 mM substrate solution (p-nitrophenyl-N-acetyl-f-p-
glucosaminide in 0.1 M citrate, pH 4.5 (Sigma-Aldrich, St. Louis, MO))
and then incubated for 1 h at 37 °C. The reaction was terminated by
adding 250 uL of stopping buffer (0.1 M Na,CO;/NaHCO;, pH 10.0
(Sigma-Aldrich, St. Louis, MO)). The absorbance was measured with a
microplate reader at 405 nm (Tecan, Minnedorf, Switzerland).

Measurement of Intracellular [Ca**li Concentration. The
intracellular [Ca**]i level was determined with a Fluo-4 direct calcium
kit (Invitrogen, Kumamoto, Japan). RBL-2H3 cells (5 x 10* cells/
well) were seeded into poly-D-lysine coated plate 96-well microplates
and incubated for 12 h. After incubation, cells were stimulated with
20 ng/mL mouse monoclonal anti-DNP IgE, and then the cells were
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incubated for 12 h. The IgE-sensitized cells were washed twice with
PIPES buffer and incubated with 100 xL of loading buffer containing
Fluo-4 (Fluo-4 Direct Calcium Kit) for 30 min. Cells were incubated
in the presence or absence of CGNMII (1, 3, 10, and 30 uM) for
30 min. Then, cells were stimulated by DNP-BSA (200 ng/mL) or
nonstimulated. Intracellular [Ca**]i was visualized by brightfield
and fluorescence microscopy on an inverted microscope (Carl Zeiss,
Chicago, IL, USA) using a filter (excitation = 494 nm, emission =
516 nm). To evaluate the concentration of intracellular calcium quan-
titatively, we assayed intracellular calcium levels by ELISA analysis.
The fluorescent intensity was recorded using a fluorescent plate
reader (excitation = 494 nm, emission = 516 nm) (Molecular Devices,
Sunnyvale, CA).

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR).
Total RNA was isolated from the RBL-2H3 cells using RNA-Bee
Reagent (Tel test, Friendwood, TX, USA) and reverse transcribed using
Revertra Ace qPCR RT kit (Toyobo Biologics Inc., Osaka, Japan) as
described previously (Lee et al,, 2008). The polymerase chain reaction
was performed at 94 °C for 2 min, at 94 °C for 30 's, at 55 °C for 30 s
and at 68 °C for 1 min for 30 cycles. The following primers were used:
rat TNF-a forward 5S-CACCACGCTCTTCTGTCTACTGAAC-3; rat
TNF-a reverse 5S-CCGGACTCCGTGATG-TCTAAGTACT-3; rat IL-
4 forward 5-ACCTTGCTGTCACCCTGTTC-3; rat IL-4 reverse §-
TTGTGAGCGTGGACTCATTC-3; rat glyceraldehydes-3-phosphate
dehydrogenase forward 5-CTTCACCACCATGGAGAAGGCTG-3';
rat glyceraldehydes-3-phosphate dehydrogenase reverse 5-GACCAC-
AGTCCATGCCATCACTG-3".

Western Blot Analysis. Immunoblotting analysis was performed
as described previously.'® 20 g aliquots of protein were subjected to
electrophoresis on 4—15% gradient polyacrylamide gels and electro-
phoretically transferred onto polyvinylidene fluoride membranes (Bio-
Rad Laboratories, Berkeley, CA, USA). The membranes were incubated
in 5% skim milk solution and then with antibodies against phospho-Lyn,
phospho-Syk, phospho-linker for activation of T cells (LAT), phospho-
AKT, phospho-PLCy, phospho-p44/42 (ERK1/2) antibodies and
anti-f-actin antibody. The membranes were washed and incubated
horseradish peroxidase-conjugated secondary antibody for 1 h. The
protein bands were detected by enhanced chemiluminescence (Amersham
Pharmacia Biotech, Buckinghamshire, UK.).

Statistical Analysis. Results are expressed as means =+ standard
error (SE). Student’s t-test or one-way ANOVA/Dunnett’s t-test was
used to assess significance between controls and treatments. Statistical
analysis was performed using SPSS, version 12 (SPSS Inc., Chicago,
IL, USA).

B RESULTS

Identification Novel Isoflavone Methyl-glycosides from
Cordyceps militaris Grown on Germinated Soybeans. Using
LC—ESI-IT-MS/MS, we identified the four major peaks in the
ethyl acetate or the butanol fraction of GSC: novel isoflavone
methyl-glycosides such as genistein 4-O-f-p-glucoside 4"-O-
methylate (CGNMII), genistein 7-O- f-p-glucoside 4"-O-
methylate (CGNMI), daidzein 7-O-f3-p-glucoside 4"-O-methylate
(CDGM) and glycitein 7-O-f-p-glucoside 4"-O-methylate (CGLM)
(Figure 1B). The extraction procedure and the chemical struc-
tures of novel isoflavones methyl-glycosides from Cordyceps militaris
grown on germinated soybeans (GSC) are shown in Figure 1A,C.

Effect of Novel Isoflavones from Cordyceps militaris
on Degranulation from Antigen-Stimulated RBL-2H3
Cells. Previously our group identified and purified novel iso-
flavones from GSC." To investigate the antiallergic activity of these
compounds, we checked their inhibitory effects on the degran-
ulation of antigen-stimulated RBL-2H3 cells. f-Hexosaminidase
release was determined as a marker of degranulation.'” We observed
that the inhibitory effect of CGNMII on the degranulation of
antigen-stimulated RBL-2H3 cells was stronger than those
of CDGM, CGLM and CGNMI (Figure 2A). Therefore, we
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Figure 1. Isolation of novel isoflavone methyl-glycosides from Cordyceps
militaris grown on germinated soybeans. (A) The extraction procedure
of novel isoflavone methyl-glycosides from Cordyceps militaris grown on
germinated soybeans (GSC). (B) The compounds from GSC were
analyzed using LC—ESI-IT-MS/MS as described in Materials and
Methods. (C) The chemical structures of novel isoflavone methyl-
glycosides from Cordyceps militaris grown on germinated soybeans

(GSC).

chose CGNMII as the test sample. Genistein and genistin, a
major isoflavone in most soy products, are known to modulate
immune responses.'’ Since CGNMII shares genistein backbone
structure, we compared the inhibitory activity of CGNMIL
genistein and genistin on the degranulation of antigen-stimulated
RBL-2H3 cells. We observed that f-hexosaminidase release
was inhibited in the order CGNMII > genistein > genistin
(Figure 2B). We used the CCK-8 assay to access the cytotoxicity
of compounds (1, 3, 10, and 30 #M) on RBL-2H3 cells. As
shown in Figure 2B, CGNMII did not affect cell viability. But
genistin and genistein inhibited cell viability (Figure 2C). We
tested whether CGNMII inhibited antigen-induced degranula-
tion using bone marrow-derived mast cells (BMMCs), which
express the IgE high-affinity receptor, FceRl, at equivalent levels
to RBL-2H3 cells. CGNMII inhibited degranulation in antigen-
stimulated BMMCs in a dose-dependent manner (*p < 0.01;
*#p < 0.005) (Figure 2D).

Effect of CGNMII on Inhibition [Ca%']i in Antigen-
Stimulated RBL-2H3 Cells. The levels of intracellular calcium
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Figure 2. Effect of novel isoflavones from Cordyceps militaris on
degranulation and cell viability of antigen-stimulated mast cells. (A) The
degranulation was determined by measuring f-hexosaminidase release in
antigen-stimulated RBL-2H3 cells. The RBL-2H3 cells were treated in the
presence or absence of CDGM, CGLM, CGNMI and CGNMII (30 M)
for 30 min and then stimulated for 10 min with antigen. (B) The RBL-2H3
cells were treated in the presence or absence of CGNMII, genistin or
genistein (1, 3, 10, and 30 M) for 30 min and then stimulated for 10 min
with DNP-BSA. (C) RBL-2H3 cell viability was measured using the Cell
Counting Kit-8 (CCK-8) assay. RBL-2H3 cells (1 X 10* cells/mL) were
treated in the presence or absence of CGNMII, genistin or genistein (1, 3,
10, and 30 uM) for 24 h. (D) BMMCs were treated in the presence or
absence of CGNMIJ, genistin or genistein (1, 3, 10, and 30 M) for 30 min
and then stimulated for 10 min with DNP-BSA. Each value represents the
mean + SE of three experiments (*p < 0.01; **p < 0.005).
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in mast cells are critical in degranulation.”” We checked intra-
cellular [Ca?*]i levels in RBL-2H3 cells after CGNMII treatment.
Upon antigen stimulation, the [Ca®*]i level was rapidly increased,
while preincubation of CGNMII in IgE sensitized RBL-2H3 cells
decreased the antigen-induced [Ca’*]i level (Figure 3A). To
evaluate the concentration of intracellular calcium quantita-
tively, we assayed intracellular calcium levels by ELISA analysis.
CGNMII inhibited the release of intracellular calcium in a dose-
dependent manner (*p < 0.05) (Figure 3B).

Effects of CGNMII on the Expression of Inflammatory
Cytokines in Antigen-Stimulated RBL-2H3 Cells. Pro-
inflammatory cytokines, IL-4 and TNF-q, are responsible for
allergic responses.” We investigated whether CGNMII could
regulate gene expression of IL-4 and TNF-« in antigen-stimulated
RBL-2H3 cells. CGNMII significantly inhibited the IL-4 and
TNF-a gene expression of antigen-stimulated RBL-2H3 cells in
a dose-dependent manner (Figure 4).

Effect of CGNMII on the Activation of Syk, PLCy, LAT
and ERK in Antigen-Stimulated RBL-2H3 Cells. It is well
reported that FceRI signaling events, including phosphorylation
of Lyn, Syk and Syk downstream molecules such as LAT and
PLCy, regulate mast cell activation. PP2, a general Scr-family
kinase inhibitor, potently inhibited phosphorylation of Syk.'®
To unravel the antiallergic mechanism of CGNMII, we checked
whether CGNMII could affect the level of activated Lyn and
Syk proteins. As shown in Figure S, the levels of phosphorylated
Lyn and Syk proteins were suppressed. Next, we examined
whether CGNMII inhibited other downstream molecules. The
phosphorylations of LAT and PLCy were also significantly

CGNMII
PP2

TNF-a

mRNA | IL-4

GAPDH

Figure 4. Effect of CGNMII on proinflammatory cytokines in antigen-
stimulated RBL-2H3 cells. IgE-primed RBL-2H3 cells were stimulated
with 25 ng/mL of DNP-BSA (Ag), or not stimulated. Total RNA was
isolated and then reversely transcribed. IL-4 or TNF-a mRNA was
determined by quantitative RT-PCR. The representative images from
three independent experiments are shown.

inhibited by CGNMII in a dose-dependent manner (Figure S).
We also examined the effects of CGNMII on phosphatidyl-
inositol 3-kinase (PI3-K) and the MAP kinases because of their
role in the production of TNF-a and IL-4. The antigen-induced
phosphorylation of Akt, an indicator of PI3-K activation, and
that of the Erk1/2 were also inhibited by CGNMII in a dose-
dependent manner (Figure 6). These results indicate that
CGNMII inhibits antigen-induced FceRI-mediated signaling
events in IgE-sensitized RBL-2H3 cells.

B DISCUSSION

The incidences of type I hypersensitivity allergic disorders, in-
cluding allergic rhinitis, asthma, atopic dermatitis and atopic
eczema, are constantly increasing in many developed countries.”
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Figure 3. Effect of CGNMII on inhibition [Ca**]i in antigen-stimulated RBL-2H3 cells. Intracellular calcium levels were measured as described
under Materials and Methods. RBL-2H3 cells were loaded with Fluo-4 for 30 min at 37 °C. The cells were treated in the presence or absence of
CGNMII (1, 3, 10, and 30 M) for 30 min and then stimulated with DNP-BSA (200 ng/mL) or not stimulated. (A) Fluorescence image of Fluo-4
(upper); phase contrast image of cells (middle); overlapped images of upper and middle panels (lower). The cells labeled with Fluo-4 fluorescence
were detected under an inverted microscope with a filter (excitation = 494 nm, emission = 516 nm). Bar, S ym. Images are representative of
3 independent experiments. (B) Intracellular calcium was detected by ELISA with excitation at 494 nm, emission = 516 nm. Each value represents

the mean =+ SE of three experiments (antigen vs CGNMIL, *p < 0.05).
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Figure 5. CGNMII inhibited the activation of signaling molecules
in antigen-stimulated RBL-2H3 cells. IgE-sensitized RBL-2H3 cells
(2 x 10° cells/well) were stimulated with 25 ng/mL antigen for 7 min
in the presence or absence of CGNMIL The levels of phosphorylated
forms of Lyn, Syk, PLCyl and LAT proteins were measured by
immunoblotting analysis. PP2 is a general Src-family kinase inhibitor.
The representative images from three independent experiments are
shown.

These days active medicinal compounds or extracts from natural
products come into the spotlight due to the unexpected side
effects of current therapies.”® Previously our group identified
novel nutraceutical compounds from germinated soybeans
cultivated with Cordyceps militaris (GSC) that may be second
metabolites.'"'> The structures of novel compounds from GSC
are similar to the known isoflavones such as genistein and daidzein
compounds that are rich in soybeans except additional glucoside
and methyl group. The additional glucoside and methyl groups on
these isolated compounds might be derived from components
such as polysaccharide of C. militaris.'> However, the antiallergic
efficacies and mechanisms of novel isoflavones from GSC
have not been reported yet. In this study, we investigated that
CGNMII exerted antiallergic activities.

Mast cells are the primary effector cells involving IgE-mediated
allergic responses by secreting inflammatory mediators and
cytokines. Aggregation of the high affinity receptor for IgE
(FceRI) on mast cells initiates a biochemical cascade that results
in the degranulation and the release of inflammatory mediators
from them.”' We observed that the inhibitory effect of CGNMII
on the degranulation of antigen-stimulated RBL-2H3 cells was
stronger than those of CDGM, CGLM and CGNMI (Figure 2A).
Since CGNMII shares genistein backbone structure, we com-
pared the inhibitory activity of CGNMII, genistein and genistin
on the degranulation of antigen-stimulated RBL-2H3 cells. We
showed that CGNMII inhibited the degranulation the most
among genistin and genistein in antigen stimulated RBL-2H3
cells without affecting cell viability (Figures 2B and 2C).

It is well reported that FceRI signalin§ events, including Lyn,
Syk and PLCy, regulate degranulation.”” The FceRI receptor is
a tetrameric complex of subunits, binding IgE and antigen, and
initiates intracellular allergic signaling. The FceRI receptor
signaling is dependent on Spleen tyrosine kinase (Syk). Syk
becomes phosphorylated after binding to the immunoreceptor
tyrosine-based activation motifs (ITAMs) of the FceRI f and
7y chains. Phosphorylated tyrosine residues on Syk then act as
docking sites for adaptor molecules including LAT and PLCy,
which are then Fhosphorylated by Syk to propagate down-
stream signaling.”’ Activated Syk dependent signaling events
increase intracellular calcium level, which leads to the degran-
ulation. Therefore, Syk is one of the attractive targets in devel-
oping antiallergic drugs. The tyrosine residues on the adaptor
proteins linker of the activated T cells (LAT) also provide
docking sites for assembly of other signaling molecules to
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Figure 6. CGNMII inhibited the phosphorylation of AKT and ERK
proteins in antigen-stimulated RBL-2H3 cell. IgE-sensitized RBL-2H3
cells (2 X 10° cells/well) were stimulated with 25 ng/mL antigen for
7 min in the presence or absence of CGNMIL (A) The levels of phos-
phorylated AKT and ERK proteins were measured by immunoblotting
analysis. PP2 is a general Src-family kinase inhibitor. The repre-
sentative images from three independent experiments are shown. (B) The
densitometric data are shown as mean + SEM of n = 3 independent
observations expressed as a percentage of values for corresponding
antigen-stimulated groups in the lower panel (antigen vs CGNMIL, *p <
0.05; **p < 0.01; ***p < 0.005). Densitometry data presented for pY-
AKT and p-ERK are normalized to the intensity of actin bands and ERK,
respectively.

ensure further propagation of activating signals.”* The phosphoryla-
tion of phospholipase C (PLC) 7 is dependent on the activa-
tion of Syk and LAT.** We showed that CGNMII treated
group RBL-2H3 cells decreased the antigen-induced [Ca**]i level
(Figure 3). We showed that CGNMII inhibited the activation of
Lyn, Syk, LAT and PLCy (Figure S). These results indicated
CGNMII might possess antiallergic activity in mast cell-dependent
allergic disease, most likely through its ability of inhibiting the
activation of Lyn, Syk, LAT and PLCy proteins that led to elevate
degranulation in mast cells.

Various cytokines, including IL-4 and TNF-a, are produced
by antigen stimulated mast cells.” In particular, IL-4 is essential
for Th2 cellular response development and promotes B cell
to produce IgE.6 TNF-a is one of the potent inflammatory
cytokines.”> CGNMII significantly suppressed the TNF-a and
IL-4 gene expression in antigen-stimulated RBL-2H3 cells
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(Figure 4). It is well documented that when LAT, Akt and ERK
kinases are activated, they stimulate proinflammatory cytokine
production in mast cells.’”* We observed that CGNMII
attenuated activation of LAT, Akt and ERK kinases. These
signaling molecules are responsible for the production of IL-4
and TNF-a in RBL-2H3 mast cells.”® The results showed that
CGNMII inhibited the activation of Akt and ERK kinases in a
dose-dependent manner (Figure 6). These results indicated
CGNMII might possess antiallergic activity through inhibiting
the activation of Akt and ERK proteins that led to the
production of IL-4 and TNF-a cytokines in antigen-stimulated
mast cells. Further experiments need to be done to clarify the
antiallergic mechanism of CGNMII in vivo.

In conclusion, CGNMII suppressed degranulation, the level
of intracellular calcium and the release of proinflammatory cy-
tokines in antigen-stimulated RBL-2H3 cells. CGNMII inhibited
the activation of the FceRI receptor signaling molecules such
as Lyn, Syk, LAT, PLCy, Akt and ERK that are responsible
for allergic responses in antigen-stimulated RBL-2H3 cells
(Figure 7). Our findings suggest that CGNMII might be
applied as a therapeutic agent for preventing or treating IgE-
mediated allergic diseases.

Mast cell surface

Cytoplasm
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Figure 7. CGNMII suppressed signaling pathways that are initiated by
the high-affinity receptor for IgE (FceRI). CGNMII inhibits the
activation of FceRI signaling molecules. The level of phosphorylated
Lyn and Syk proteins were reduced by CGNMIIL. CGNMII inhibited
other downstream signaling molecules, including LAT, AKT and PLCy
involved in calcium signaling. The activation of AKT and ERK1/2
were also suppressed by CGNMIL
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