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Dioscorea batatas Decne (DBD) is used to heal various
disorders of the kidney and lungs as an herbal agent in
Korea. The purpose of the present study was to
determine whether the DBD glycoprotein regulates the
inflammatory reaction stimulated by phorbol-12-myr-
istate 13-acetate plus calcium ionophore A23187
(PMACI) in human mast cells (HMC-1). The results
indicate that DBD glycoprotein decreased gene expres-
sion of interleukin (IL)-18 and cyclooxygenase (COX)-2
in PMACI-stimulated HMC-1 cells through blocking of
phosphorylation of p44/42 mitogen-activated protein
kinase (MAPK) and p38 MAPK and DNA binding
activities of nuclear factor (NF)-«B and activator
protein (AP)-1. The production of intracellular reactive
oxygen species (ROS) and nitric oxide (NO) is gradually
reduced by concentration-dependent DBD glycoprotein
treatment in PMACI-stimulated HMC-1 cells. Hence,
we propose the hypothesis that DBD glycoprotein can
serve as a potent anti-inflammatory agent in the treat-
ment of inflammatory allergic diseases through inhib-
ition of inflammation-related signal transduction in
mast cell activation.

Key words: Dioscorea batatas Decne (DBD) glycopro-
tein; interleukin-18; intracellular reactive
oxygen species; nitric oxide

Allergy is a hypersensitive response caused by
immunoglobulin (Ig)E-dependent mast cell activation.
In response to IgE receptor (FceRI) cross-linking or
other stimuli, mast cells initiate exocytosis of the
contents of secretory granules. These include vasoactive
amines, arachidonic acid metabolites, chemokines, and
cytokines."? Of these, pro-inflammatory mediators such
as nitric oxide (NO), cyclooxygenase (COX)-2, and

interleukin (IL)-18 are responsible for activating mast
cells in allergic inflammation and the hypersensitive
response.>™

Reactive oxygen species (ROS) are produced by
enzymatic and non-enzymatic mechanisms in cells.
Recent studies have reported that the level of intra-
cellular ROS is related to cytokine production and
degranulation by activating protein kinases and tran-
scriptional factors in mast cells. Mitogen-activated
protein kinases (MAPKSs) and transcription factors, such
as nuclear factor (NF)-«B and activator protein (AP)-1
are well-known mediators in the expression of many
pro-inflammatory genes.”” MAPKs are serine and/or
threonine kinases that transfer mitotic signals to the
nucleus. They are activated by extracellular stimuli,
including growth factor and various cytokines, and are
implicated in the modulation of cytokine expression.
The phosphorylation of MAPK eventually results in the
direct or indirect activation of transcriptional factors. In
particular, NF-«B is redox-sensitive transcription factor
translocated into the nucleus by phosphorylation, ubig-
uitination, and degradation of the I-«B family under a
cascade of stimuli.” AP-1, another redox-sensitive
transcription factor, is also a key component in the
regulation of pro-inflammatory genes, such as IL-18 and
COX-2.8 Therefore, modulation of these factors from
mast cells might provide a useful therapeutic strategy for
allergic inflammatory diseases.

Dioscorea batatas Decne (DBD) is a dietary factor in
health promotion, and it is used to treat various disorders
of the lungs and kidneys in oriental medicine.”'?
Recently, it has been discovered that dietary antiox-
idants occurring in natural materials have biological
functions related to the immune system.!'! In particular,
many glycoproteins have been isolated from various
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natural sources, such as mushrooms, fungi, algae,
lichens, and plants, although the mechanisms of the
immunobiological actions of glycoproteins are not yet
fully understood. The biological activities of these
glycoproteins have attracted attention in the biochemical
and medical areas because of their immunomodulatory
and anti-oxidative activities.'>”'> In a previous study,
we found that glycoprotein isolated from DBD (DBD
glycoprotein) has an anti-apoptotic effect on radical-
induced cell death due to its strong radical scavenging
activity,'®!” but the role of DBD glycoprotein in mast-
cell biology is unclear.

On this basis, we assumed that DBD glycoprotein can
inhibit the expression of pro-inflammatory mediators
in PMACI-stimulated mast cells. In the present study,
to clarify the anti-inflammatory effect of DBD glyco-
protein, we investigated the possible action of DBD
glycoprotein on IL-18 gene expression and COX-2
activation in PMACI-stimulated HMC-1 cells.

Materials and Methods

Chemicals. Phorbol 12-myristate 13-acetate (PMA),
calcium ionophore A23187, 2',7’-dichlorofluoresin di-
acetate, PD 98059, SKF 86002, SP 600125, pyrrolidine
dithiocarbamate (PDTC), penicillin G, and streptomycin
were obtained from Sigma (St. Louis, MO). Iscove’s
modified Dulbecco’s medium (IMDM) and fetal bovine
serum (FBS) were from Gibco BRL (Grand Island, NY).
All other chemicals and reagents were of the highest
analytical grade.

Preparation of DBD glycoprotein. DBD glycoprotein
was isolated and purified from Dioscorea batatas Decne
(DBD), as described previously.'® Briefly, the DBD
(30kg) was chopped into small portions and soaked in
ddH,O (20 liters, w/v) for several months in a dark
basement. The water extracts were passed through
Whatman filter paper (no. 2) in order to remove debris
and concentrated with a rotary evaporator (B465; Buchi,
Flawil, Switzerland). The concentrated solution was
dried with a freeze-dryer (SFDS06; Sam Won, Seoul,
Korea). The dried powder (8 g) was dissolved again in
distilled water. The solution was adsorbed to concana-
valin A-sepharose 4B affinity chromatography (24—
45 mm, confirmed by Sigma, C9017) and eluted with
0.5M methyl «-D-glucopyranoside containing 0.5M
NaCl at pH 7.4. The final dried sample was 1.6 mg
(0.02% from the original sample). This was stored
at —20°C during the experimental period. To confirm
the DBD glycoprotein, SDS—PAGE was performed with
a sample of protein (50 mg/ml) containing 0.1% SDS
on 15% polyacrylamide gel using Mini-Protein II
(Bio-Rad, San Francisco, CA). The DBD glycoprotein
was confirmed by staining with Schiff’s reagent,'® a
specific staining reagent for glycoprotein. The purity
of the DBD glycoprotein was more than 95%. After
verification of the high purity of the glycoprotein,

we determined that the DBD glycoprotein consisted
of carbohydrate (83.75%) and protein (16.25%), as
described previously.'®

Cell culture and cytotoxicity. HMC-1 cells, a human
mast cell line, were provided by H.-M. Kim (College of
Oriental Medicine, Kyung Hee University, Seoul,
Korea). The cells were grown in Iscove’s media
supplemented with 10% FBS, 100 U/ml of penicillin,
and 100pg/ml of streptomycin at 37°C in an atmo-
sphere containing 5% CO,. The medium was renewed
twice a week. Cell viability was determined by MTT
assay, as described previously.!” Briefly, the cells were
treated with DBD glycoprotein (50-500 ug/ml) for 24 h.
After incubation, MTT stock solution (5mg/ml) was
added to each well, and the plates were incubated
at 37°C in a 5% CO, atmosphere for 4h. Acidic
isopropanol was then added to 96-well multi plates, and
the plates were read at 560 nm using a SpectraCount™
(Packard Instrument, Meriden, CT).

Determination of intracellular ROS in HMC-1 cells.
The amount of intracellular ROS was measured
using non-fluorescent 2’,7’-dichlorodihydrofluorescein
(H,DCF-DA). As a fluorogenic freely permeable tracer,
H,DCF-DA is specific for ROS assessment. It is
deacetylated by intracellular esterases to non-fluorescent
2!, 7-dichlorohydrofluorescein (DCFH), which is oxi-
dized to the fluorescent compound 2',7'-dichlorofluo-
rescein (DCF) by ROS. The cells were pre-incubated
with 5um H,DCF-DA for 30min at 37°C, and then
washed to remove excess H,DCF-DA. Then they were
treated with PMA (30 nm) and A23187 (1 pm) (PMACI)
for the indicated times, or co-treated with DBD glyco-
protein (50-200pg/ml) in presence of PMACI for
30 min. Finally, fluorescence intensity was measured at
an excitation of 485 nm and an emission of 530 nm using
a fluoresencence microplate reader (Dual Scanning
SPECTRAmax, Molecular Devices Corporation, Sunny-
vale, CA). The values were calculated as relative
intensity of DCF fluorescence as compared with the
control.

Preparation of cell extracts. Protein extracts were
prepared as previously described.!” The cells were
treated with PMA (30nMm) and A23187 (1 um) (PMACI)
in the presence of DBD glycoprotein (50-200 pug/ml), or
1 um PD 98059 (a MEK inhibitor) and 1 um SKF 86002
(a p38 inhibitor), 1 um SP 600125 (a JNK inhibitor), and
500um PDTC (a NF-«B inhibitor) for the indicated
times. Then they were rinsed with PBS after the medium
was removed, and lysed in 300 ul of buffer A (20 mm
HEPES, pH 7.9, 0.4 M NaCl, 0.2 mm EDTA, 1 mMm DTT,
1 mMm PMSF, 1.5 mMm MgCl,, 0.5% NP40, 25% glycerol)
containing phosphatase inhibitor cocktail. For lysis, the
cells were freeze-thawed, shaken for 30 min at 4 °C, and
centrifuged at 14,000 x g for 30 min. The supernatant
was designated as a whole extract.
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To prepare nuclear extracts, the cells were resus-
pended in 400 ul of hypotonic buffer B (10 mm HEPES,
pH 7.9, 10mMm KCl, 0.1mm EDTA, 0.1 mm EGTA,
1 mMm DTT, 0.5 mm PMSF, 1.5 mm MgCl,, 0.5% NP-40),
followed by centrifugation at 3,000 x g for Smin. The
pelleted nuclear proteins were then resuspended in
200ul of NE buffer C (20mm HEPES, pH 7.9, 0.4m
NaCl, 0.1 mm EDTA, 1mm EGTA, 1 mm DTT, 1 mm
PMSF, 1.5mMm MgCl,, 0.5% NP-40) containing a
protease inhibitor cocktail (Boehringer, Mannheim,
Germany) and centrifuged at 12,000 x g for 15 min.
The amounts of protein were measured by the Lowry
method.?”’ Samples of protein were stored at —70°C.

Immunoblot analysis for MAPK and COX-2. Intra-
cellular protein extracts were analyzed on 10% poly-
acrylamide mini-gel electrophoresis at 100 V for 2h at
room temperature using a Mini-PROTEIN II electro-
phoresis cell (Bio-Rad). After transfer onto nitro-
cellulose membranes (Millipore, Bedford, MA), the
membrane was incubated for 1h at room temperature in
TBS-T solution (10 mM tris—HCI, pH 7.6, 150 mm NaCl,
and 0.1% tween-20) containing 5% non-fat dry milk.
The membranes were subsequently incubated for 2h at
room temperature with a 1:3,000 dilution of rabbit
polyclonal antibodies (p44/42 MAPK, phospho-p44/42
MAPK, p38 MAPK, and phosphor-p38 MAPK, Cell
Signaling, Beverly, MA; and COX-2, Santa Cruz, CA)
in TBS-T solution. After three washes with TBS-T, the
membranes were incubated for 1 h at room temperature
with horseradish peroxidase-conjugated goat anti-rabbit
IgG (1:10,000; Cell Signaling, Beverly, MA) in TBS-T.
The protein bands were visualized by enhanced chem-
iluminescence (Amersham Pharmacia Biotech, Buck-
inghamshire, UK). The results obtained from immuno-
blot assay were calculated using Scion imaging software
(Scion Image Beta 4.02, Frederick, MD) as the relative
intensity.

Electrophoretic mobility shift assay (EMSA). To make
the double stranded oligonucleotide, the strands of the
oligonucleotides for NF-«B (5-AGT TGA GGG GAC
TTT CCC AGG C-3’) and AP-1 (5-TTC CGG CTG
ACT CAT CAA GCG-3') were annealed in TE buffer
(10mm Tris—HCI and 1 mm EDTA, pH 8.0) by heating
them to 94°C for 10min. To probe NF-xB and AP-1
double-stranded oligonucleotides, the oligonucleotides
were labeled with [y-32P] dATP (0.25 mCi, Amersham
Pharmacia Biotech) by T4 polynucleotide kinase and
purified with a QIAquick® Nucleotide Removal Kit
according to the manufacturer’s protocol (LRS Labo-
ratory, Qiagen Distibutor, Seoul, Korea). DNA-protein
binding reaction was performed by incubation of the
NF-«B and AP-1 probes, and 10ug of nuclear protein
extracts and 0.5 pg/ml of poly dI/dC (Sigma Chemical)
in binding buffer: 20 mm HEPES, 20% glycerol, 100 mm
KCl, 0.5 mMm EDTA, 0.25% NP-40 (buffer C), 20% ficoll
400, 100mm HEPES, 300mm KCI (buffer D), 0.2Mm

DTT, and 20 mg/ml BSA at room temperature for 1h.
The DNA-protein complexes were resolved by applying
6% non-denaturing polyacrylamide gel in 0.5 x TBE
(45 mMm Tris-borate, 1 mm EDTA). Electrophoresis was
carried out at 200V for 3h in a cold room. Gels were
then dried on 3 M blotting paper (Whatman, Maidstone,
UK) and exposed to X-ray film at —70 °C overnight.

Measurement of nitric oxide production. The cells
were treated with PMA (30nM) and A23187 (1um)
(PMACI) in the presence of DBD glycoprotein (50—
200 ug/ml) for 24 h in the 96-well multiple plate. Then
they were centrifuged at 1,000 x g for 10min, and
the supernatants were collected. NO production was
measured as a function of nitrite (NO, ™) concentration
by the Green method.”” Supernatants (50ul) were
mixed with 100 ul of 0.1% sulfanilamide and 100 ul of
0.1% N-1-naphthylethylenediamine dihydrochloride in
2.5% polyphosphoric acid for 10 min. Absorbance was
measured at 540nm with a MicroReader (Hyperion,
Boston, MA). Nitrite was quantified using sodium
nitrate as a standard.

RNA isolation and RT-PCR. Total RNA was isolated
from HMC-1 cells using TRIZOL® Reagent according to
the manufacture’s protocol (Invitrogen Life Technolo-
gies, Carlsbad, CA). Reverse transcription polymerase
chain reaction (RT-PCR) was performed by the Super-
Script™ One-Step RT-PCR System (Invitrogen, Carls-
bad, CA). Briefly, an RT-PCR mixture (50 ul) containing
lug of total RNA, 10um of gene-specific sense
and antisense primers, 1ul of SuperScript™ II RT/
Platinum® Taq Mix, and 25 pl of 2X Reaction Mix was
assembled on ice. The following primer sequences
of IL-18 and GAPDH were used: IL-18 (223 bp), sense
(5-TTG ACG GAC CCC AAA AGA TG-3'), and anti-
sense (5-AGA AGG TGC TCA TGT CCT CA-3'), and
GAPDH (446 bp), sense (5-CAA AAG GGT CAT CAT
CTC TG-3') and anti-sense (5-CCT GCT TCA CCA
CCT TCT TG-3'). The amplifications were conducted
with 35 cycles for IL-18 and GAPDH (20s at 95°C, 40s
at 60°C, and 30s at 72°C), and the RT-PCR amplifica-
tion products were mixed with 2 ul of loading buffer and
separated on 2% agarose gel. Then the gels were stained
with 5ug/ml of ethidium bromide and photographed.

Statistical analysis. All experiments were done in
triplicate, and data were expressed as means = S.D. A
one-way analysis of variance (ANOVA) and the Duncan
test were used for significant differences of multiple
comparisons (SPSS program, ver 11.0).

Results

Effect of DBD glycoprotein on intracellular ROS
production in PMACI-stimulated HMC-1 cells

As shown in Fig. 1A, DBD glycoprotein did not show
any cytotoxic effects up to 500 pug/ml. On the other
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Fig. 1. Effects of DBD Glycoprotein on ROS Production in HMC-1
Cells.

Cells were treated with DBD glycoprotein (50-500 pug/ml) for
24h (A). Cell survival was measured by MTT assay, as described in
“Materials and Methods.” For measurement of intracellular ROS
production, the cells were treated with PMACI for various times (B),
or co-treated with DBD glycoprotein (50-200pug/ml) in the
presence of PMACI for 30min (C). Results of ROS production
showed no difference statistically between pre-treatment with DBD
glycoprotein prior to 30 min and co-treatment with PMACI (data not
shown). The values are presented in terms of relative intensity based
on monitoring of dichlorodihydrofluorescein (DCF) fluorescence
using a fluoresencent microplate reader (Dual Scanning SPECTRA-
max, Molecular Devices, Sunnyvale, CA). Data represent the
means £+ S.D. from triplicate experiments (n = 3). ¥, significant
difference between control and PMACI treatment, P < 0.05. *,
significant difference with DBD glycoprotein treatment in the
presence of PMACI and PMACI treatment alone, P < 0.05. AU,
arbitrary unit.

hand, treatment with DBD glycoprotein resulted in
inhibition of ROS production in PMACI-stimulated
HMC-1 cells (Fig. 1B and C). When the cells were
treated with PMACI for increasing times, the relative
ROS amounts gradually increased, by 0.52 and 0.57 fold
at 30 min and 1h as compared with control. However,
treatment with 100 and 200 pg/ml of DBD glycoprotein
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Fig. 2. Inhibitory Effects of DBD Glycoprotein on the Phospho-
rylation of p44/42 MAPK and p38 MAPK in PMACI-Stimulated
HMC-1 Cells.

Cells were treated with PMACI for various times (A), or
co-treated with DBD glycoprotein (50-200 pug/ml) in the presence
of PMACI (B). The data represent triplicate experiments (n = 3).
The relative intensities of the bands were calculated with Scion
Imaging Software (Scion Image Beta 4.02, Frederick, MD). C,
control.

in the presence of PMACI for 30 min diminished ROS
amounts by 0.14 and 0.38 fold respectively as compared
with the PMACI treatment.

Effect of DBD glycoprotein on phosphorylation of
p44/42 MAPK and p38 MAPK in PMACI-stimulated
HMC-1 cells

To determine whether stimulation by PMACI would
trigger activation of MAPK cascades, activated MAPKs
were determined by western blot analysis. The results
were calculated using Scion Imaging Software, and were
presented as relative intensities. As shown in Fig. 2A,
phosphorylation of p44/42 MAPK, and p38 MAPK
showed a maximum at 2h, whereas there was no
significant difference in the total expression of p44/42
MAPK, and p38 MAPK. For instance, the band
intensities of p44/42 MAPK and p38 MAPK at the
addition of PMACI increased by 0.74 and 1.07,
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Fig. 3. Inhibitory Effects of DBD Glycoprotein on NF-«B and AP-1
Binding Activities in PMACI-Stimulated HMC-1 Cells.

Cells were co-treated with DBD glycoprotein (100-200 pug/ml) in
the presence of PMACI for 2h. The inhibitory effects of DBD
glycoprotein on the DNA binding activities of NF-xB (A) and AP-1
(B) were determined by EMSA. Lane P, probe alone; lane C,
control; lane 3, PMACI; lane 4, DBD glycoprotein (100 ug/ml) in
the presence of PMACI; lane 5, DBD glycoprotein (200 pg/ml) in
the presence of PMACI.

respectively in the presence of PMACI In contrast,
treatment with DBD glycoprotein in the presence of
PMACI resulted in an inhibition of p44/42 MAPK and
p38 MAPK phosphorylation in HMC-1 cells. As shown
in Fig. 2B, the values of band intensity for phospho-
rylated p44/42 MAPK and p38 MAPK decreased by
0.24 and 0.84 respectively at the addition of 200 ug/ml
of DBD glycoprotein in the presence of PMACI.

Effect of DBD glycoprotein on transcription factors in
PMACI-stimulated HMC-1 cells

We examined the inhibitory effect of DBD glycopro-
tein on NF-«kB and AP-1 complex in PMACI-stimulated
HMC-1 cells. As shown in Fig. 3A, nuclear extracts
from PMACI-stimulated HMC-1 cells enhanced the
DNA-binding activity of NF-«B and AP-1, but treatment
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Fig. 4. Inhibitory Effect of DBD Glycoprotein on Nitric Oxide
Production in PMACI-Stimulated HMC-1 Cells.

Cells were treated with PMACI for 24 h in the presence of DBD
glycoprotein (50-200 ug/ml). Production of NO was assessed
indirectly by measuring nitrite levels as determined by a calorimetric
method based on the Griess reaction. Data represent the means £
S.E. of triplicate experiments (n =3). ¥, significant difference
between control and PMACI treatment, P < 0.05. *, significant
difference with DBD glycoprotein treatment in the presence of
PMACI and PMACI treatment alone, P < 0.05. C, control.

with DBD glycoprotein (200 pg/ml) in presence of
PMACT significantly inhibited the DNA-binding activity
of NF-«B and AP-1, in a concentration-dependent
manner, as compared with PMACI treatment.

Effect of DBD glycoprotein on nitric oxide in PMACI-
stimulated HMC-1 cells

When the cells were treated with PMACI, the
amounts of nitric oxide significantly increased in the
culture medium. For instance, the level of NO produc-
tion increased significantly, by 6.7 uM, in the presence
of PMACI, but the addition of DBD glycoprotein
(200 pg/ml) in the presence of PMACI decreased the
level of NO, as compared with PMACI alone (Fig. 4).
For example, the amount of NO was diminished by
5.9 um at 200 pg/ml of DBD glycoprotein, as compared
with PMACI alone.

Effect of DBD glycoprotein on the expression of
COX-2 and IL-1B in PMACI-stimulated HMC-1 cells

To evaluate the effect of DBD glycoprotein on the
expression of pro-inflammatory mediators, we analyzed
the expression of COX-2 and IL-18 in PMACI-stimu-
lated HMC-1 cells by immunoblotting and RT-PCR
respectively. As shown in Fig. 5, treatment with PMACI
significantly enhanced the expression of COX-2 and
IL-18 as compared with unstimulated cells, but treat-
ment with DBD glycoprotein in the presence of PMACI
inhibited COX-2 and IL-18 expression as compared
with PMACI alone. For example, the value of the band
intensity for COX-2 decreased by 0.37 with the addition
of 200 ug/ml of DBD glycoprotein as compared with
PMACIT treatment alone. In order to determine whether
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Fig. 5. Inhibitory Effect of DBD Glycoprotein on COX-2 and IL-18 Expression in PMACI-Stimulated HMC-1 Cells.

Cells were treated with PMACI for 6h in the presence of DBD glycoprotein (200 pg/ml) and of specific inhibitors (PD 98059, 1 um, SKF
86002, 1 um, SP 600125, 1 um, and PDTC, 500 um). The inhibitory effects of DBD glycoprotein and various inhibitors on COX-2 activity were
determined by immunoblotting analysis (A). The relative intensity of COX-2 was quantified using Scion Imaging Software as compared with the
PMACI alone. a-tubulin was used as an internal control. The expression of IL-18 mRNAs was determined by RT-PCR using total RNA isolated
from HMC-1 cells (B). Electrophoresis was carried out on a 1% agarose gel. Lane 1, molecular weight maker; lane 2, control; lane 3, PMACI
alone; lane 4, 200 ng/ml of DBD glycoprotein in the presence of PMACI; lane 5, 1 um of PD 98059 in the presence of PMACI; lane 6, 1 um of
SKF 86002 in the presence of PMACI; lane 7, 1 um of SP 600125 in the presence of PMACI,; lane 8, 500 um of PDTC in the presence of PMACI.

GAPDH was used as an internal control.

MAPK affects the expression of COX-2 and IL-1p,
HMC-1 cells were treated with PD 98059 (a MEK
inhibitor), SKF 86002 (a p38 inhibitor), SP 600125
(a JNK inhibitor), and PDTC (a NF-«B inhibitor) prior
to PMACI treatment. Inhibition of MAPK with PD
98059 (p44/42 MAPK), SKF 86002 (p38 MAPK), and
SP 600125 (JNK), and inhibition of NF-«B with PDTC
reduced the activities of COX-2 and IL-18 as compared
with PMACI treatment alone. For example, the values of
the band intensity for COX-2 decreased by 0.41, 0.36,
0.86, and 0.84 with the addition of PD 98059, SKF
86002, SP 600125, and PDTC respectively as compared
with PMACI treatment alone. a-tubulin and GAPDH
were used as internal controls.

Discussion
Inhibition of mast cell activation has been proposed as

a reasonable therapeutic target for allergic and inflam-
matory diseases.”” In the present study, we investigated

the anti-inflammatory properties of DBD glycoprotein in
a PMACI-stimulated human mast cell line (HMC-1). It
has been reported that HMC-1 cells are immature cells
unable to bind specific IgE due to a lack of FceRI
receptors.23) Hence, we used PMACI as a substitute for
the IgE/anti-IgE reaction in stimulating HMC-1 cells.
At local inflammatory sites, infiltrated mast cells
and their mediators, including cytokines, contribute to
the initiation and progression of the inflammatory
process.”*?> As an initiator of inflammation, IL-18
cooperates with arachidonic acid metabolites to recruit
inflammatory immune cells, leading to the develop-
ment of the adaptive immune response.’® Conse-
quently, it promotes inflammation, leukocyte infiltration,
granuloma formation, and tissue fibrosis.”” Our results
indicate that DBD glycoprotein inhibited the expression
of IL-18 and COX-2 and the production of nitric oxide
in PMACI-stimulated HMC-1 cells, suggesting its anti-
inflammatory properties. Recently, it has been found that
both COX-2 and inducible NOS (iNOS) play important
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roles in various inflammatory diseases.” COX-2 is an
inducible enzyme found at low concentrations in healthy
tissues, but it is up-regulated in response to tissue
damage during inflammation. Several studies have
found that PGD,, the major COX-2 metabolite released
from activated mast cells, is responsible for the patho-
genesis of eosinophilic airway inflammation.?® In this
study, we found that COX-2 activation and NO
production induced by PMACI were inhibited by treat-
ment with DBD glycoprotein in HMC-1 cells. The
results indicate that DBD glycoprotein has an anti-
inflammatory effect, which might explain its beneficial
effect in mast cell-mediated inflammatory diseases.

We further investigated to determine whether DBD
glycoprotein has an inhibitory effect on signal trans-
duction of mast cell degranulation. Especially, the MAP
kinase signaling cascade plays an essential role in the
initiation of inflammatory responses. Several recent
studies have reported that suppression of MAPKs in
mast cells can be a useful tool in reducing mast cell
numbers in the inflammatory response.’” To investigate
the inhibitory effect of DBD glycoprotein on the
intracellular signaling network in pro-inflammatory
cytokine expression, we evaluated the phosphorylation
of MAP kinases. In the present study, DBD glycopro-
tein inhibited PMACI-induced activation of MAP
kinases in HMC-Icells, suggesting that it plays a
leading part in controlling the inflammatory process.
Among the MAP kinase subfamily, DBD glycoprotein
inhibited the phosphorylation of p38 MAPK induced by
PMACI more than other p44/42 MAPKs. In the
phosphorylation of SAPK/JNK, DBD glycoprotein did
not show any considerable reduction (data not shown).
The MAP kinase pathway and its downstream tran-
scription factors (NF-«B and AP-1) are required for the
expression of inflammatory mediator genes, including
COX-2, iNOS, and IL-18. NF-«B is a ubiquitous
transcription factor that induces the transcription of
cytokines and adhesion molecules that are important in
inflammatory processes.?’” AP-1, another transcription
factor known to be activated in response to IgE-
mediated stimulation, also appears to be necessary for
the production of particular cytokines.® Our results on
EMSA revealed concentration-dependent inhibition of
NF-«B and AP-1 binding activity by DBD glycoprotein
treatment in PMACI-stimulated HMC-1 cells. Based
on the results, we speculate that DBD glycoprotein
attenuates the activation of NF-«B and AP-1 via
inhibition of MAPK, and thus down-regulates IL-1p
and COX-2 expression.

On the other hand, the ROS produced by mast cells is
a key element in the innate immunity and acute
inflammatory reactions. Moreover, several reports have
found that ROS can stimulate the production of
cytokines as a second messenger via the MAP kinase
cascade in activated mast cells.!>* To determine the
inhibitory effect of DBD glycoprotein on PMACI-
induced ROS production, we measured the amounts of

intracellular ROS using a fluorogenic tracer in PMACI-
stimulated HMC-1 cells. As described in “Results,”
PMACIT generated intracellular ROS in 30 min, but DBD
glycoprotein suppressed PMACI-induced ROS produc-
tion via inhibition of DCFH oxidation in the mast cells.
The results for ROS production in the preliminary
experiment statistically showed no difference between
pre-treatment with DBD glycoprotein prior to 30
min and co-treatment with PMACI. Consequently, it
can modulate the pro-inflammatory signals caused by
PMACI in the downstream signal pathway. Based on our
findings, it might be postulated that DBD glycoprotein
has anti-oxidative and anti-inflammatory properties
through modulation of the intracellular signaling net-
work in HMC-1 cells. The results for DBD glycoprotein
was similarly showed biological activity (anti-inflam-
mation), like UDN glycoprotein, which was isolated
from Ulmus davidiana Nakai, because both glycopro-
teins have an anti-oxidative, hygroscopic, high-polar
character,® although they show differences in molecu-
lar weight, and carbohydrate and protein moiety in the
whole molecule, and are of plant origin.

In conclusion, our results indicate that DBD glyco-
protein has anti-inflammatory potential due to activated
mast cells through blocking of pro-inflammatory cyto-
kine IL-18 expression, COX-2 activation, and NO
production. Hence, we speculate that it is applicable in
the prevention and treatment of inflammatory diseases.
Further study remains to modulate the expression of
TNF-« and IL-6 by DBD glycoprotein at the molecular
level.
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