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IgE, COX-2, and IL-4 are Expressed by DEHP
through p38 MAPK and Suppressed by Plant
Glycoprotein (75 kDa) in ICR Mice

Phil-Sun Oh' and Kye-Taek Lim*”

Abstract—The aim of the present study was to evaluate the inhibitory effect of glycoprotein isolated
from Cudrania tricuspidata Bureau (CTB glycoprotein) on di(2-ethylhexyl) phthalate (DEHP)-induced
allergic inflammatory response in mice. We evaluated the activity of 3-hexosaminidase, expression of
cyclooxygenase (COX)-2, p38 mitogen-activated protein kinase (MAPK), and activator protein (AP)-1,
and production of immunoglobulin (Ig)E and interleukin (IL)-4 in DEHP-treated RBL-2H3 cells and
ICR mice. Our results revealed that the CTB glycoprotein inhibited the activity of 3-hexosaminidase and
production of IgE and IL-4 in serum from DEHP-treated mice. We also found that the CTB glycoprotein
reduced arachidonic acid release, COX-2 expression, and AP-1 transcriptional activation through p38
MAPK phosphorylation in DEHP-treated RBL-2H3 cells. The activation of AP-1 was completely
blocked by treatment with p38 MAPK inhibitor (SKF86002). The results from these experiments
indicate that CTB glycoprotein effectively protects against the allergic inflammation response, mainly
through downregulation of MAPK/AP-1 in the mast cell degranulation stage. In conclusion, we suggest
that the CTB glycoprotein may be one component of health supplements for the prevention of allergic
inflammation.
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INTRODUCTION

Allergy is a hypersensitive response that is charac-
terized by immunoglobulin (Ig)E-dependent mast cell
activation. Recent studies have shown that the occurrence
rate of allergic disorders has been increased rapidly among
children and juveniles [1]. Many commonly used environ-
mental chemicals affect the functions of the endocrine
system and immune system in the body [2], thus it can
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cause allergic disorders such as atopic dermatitis, allergic
thinitis, and bronchial asthma [3, 4]. Among the many
environmental chemicals, di(2-ethylhexyl) phthalate
(DEHP) has been widely used in PVC products, including
vinyl flooring, wall coverings, food packaging, and chil-
dren’s toys [5]. Recent studies have revealed that absorption
of some phthalates including DEHP could enhance the
release of histamine from isolated human basophils [6] and
stimulate differentiation of T helper precursor (ThO) cells to
Th2 cells through IL-4 signaling in primary lymphocytes
[7]. In addition, many researchers have reported that DEHP
has an adjuvant effect on allergen-induced immunoglobulin
production [8, 9].

In an allergic response, binding of antigen to the high-
affinity IgE receptor (FceRI) on the cellular surface of mast
cells and basophils induces the release of pre-formed and
de novo synthesized mediators such as histamine, arachi-
donic acid metabolites, protease, and cytokines [10-12].
Among allergic inflammatory mediators, arachidonic acid
is rapidly metabolized to leukotriene C,/B4 and PGD,
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via lipoxygenase and cyclooxygenase (COX) pathways,
respectively [13, 14]. Also, IL-4 can be generated in the
mast cell and stimulate allergic inflammatory immune
responses through the subsequent induction of other
inflammatory mediators [12, 15]. Activation of mast cells
leads to phosphorylation of protein kinases and production
of reactive oxygen species (ROS). This is followed by
activation of mitogen-activated protein kinases (MAPKSs)
and redox-sensitive activator protein (AP)-1, thereby
producing various inflammatory mediators. Therefore, the
modulation of degranulation-related mediators from mast
cells is one rational strategy for regulating allergic
responses.

It is generally accepted that traditional medicines
isolated from natural sources have helpful properties on
the prevention and healing of various immune disorders.
Recently, many glycoproteins have been purified from
various natural materials, including mushrooms, lichens,
and plants, and examined for their efficacy as anti-tumor
and anti-allergy agents [16, 17]. Korean herbal plant
Cudrania tricuspidata Bureau (CTB) has been traditionally
used for treating gastritis, liver damage, and inflammation
in Korea [18]. Recently, we have purified a glycoprotein
from CTB (CTB glycoprotein) which consists of 27.5%
protein and 72.5% carbohydrates. In our previous study, we
have observed that CTB glycoprotein strongly inhibits
oxidative activity of free radicals and suppresses nitric
oxide production induced by lipopolysaccharide in the
murine macrophage cell line RAW 264.7 [19]. In addition,
the anti-oxidant activity of CTB glycoprotein suppressed
the Th2 response in mouse lymphocytes through modu-
lation of cytokine and related signaling cascade [7, 19].
Because excessive Th2 cell differentiation can be respon-
sible for the activation of mast cells, in the current study, we
have examined whether CTB glycoprotein can inhibit the
allergic inflammatory mediators induced by DEHP in ICR
mice. To clarify the role of the CTB glycoprotein, we
determined its effect on the activities of IgE, IL-4, and
COX-2.

MATERIALS AND METHODS

Chemicals

DEHP, penicillin G, and streptomycin were obtained
from Sigma (St. Louis, MO, USA). DMEM and fetal
bovine serum (FBS) were purchased from Gibco BRL
(Grand Island, NY, USA). Other chemicals and reagents
were of the highest analytical grade.
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Preparation of CTB Glycoprotein

The CTB glycoprotein was isolated and purified from
C. tricuspidata Bureau (CTB) fruit, as described previ-
ously [19]. Briefly, fruits of CTB were obtained in October
2007 from the Naju traditional market in the Chonnam
province, South Korea. They were identified by Dr. H.T.
Lim (Chonnam National University). CTB (1 kg) was
chopped into small portions and soaked in distilled water
(20 1, w/v) for several months in a dark basement. The
water extract was passed through Whatman filter paper
(No. 2) to remove debris and concentrated using a rotary
evaporator (B465; Buchi, Flawil, Switzerland). The con-
centrated solution was freeze-dried (SFDS06; Samwon,
Seoul, Korea). The dried powder (8 g) was dissolved again
in distilled water. The solution was subjected to concana-
valin A-sepharose 4B affinity chromatography (24—
45 mm, Sigma, C9017) and eluted with 0.5 M methyl
a-D-glucopyranoside containing 0.5 M NaCl at pH 7.4.
The eluted solution was dialyzed (8,000-12,000 Da,
MWCO dialysis membrane, Spectrum Labs, CA, USA)
with a dialysis membrane against 20 mM Tris—Cl (pH 7.4)
at 4°C overnight and lyophilized. The eluted solution was
used for further experimentation. To confirm, we per-
formed SDS-PAGE of a sample of protein (10-25 mg/ml)
containing 0.1% SDS, using a 15% polyacrylamide mini-
gel and a Mini-PROTEIN 1I electrophoresis cell (Bio-Rad)
at 110 Vand 30 mA for 2.5 h. The CTB glycoprotein was
confirmed by staining with Schiff’s reagent [20], which is a
specific staining reagent for the glycoprotein detected
through a redox reaction. The purity of the CTB
glycoprotein used in our studies was more than 98%.

Animals and Treatments

Female ICR mice (25 g), aged 6 weeks, were
purchased from Dachan Lab (Animal Research Center
Co., Ltd, DaeJeon, Co. Ltd., Daejeon, South Korea) and
housed according to the “Guiding principles in the use of
animals in toxicology,” adopted by the Society of
Toxicology in 1989 at the experimental animal room
of the Veterinary College of Chonnam National University.
All mice were fed a commercial diet and water ad libitum
and kept for at least 1 week prior to the experiments. The
body weight and food intake of each group were recorded
once weekly. No significant differences of body weight and
food intake between treatments groups were observed.
Mice were divided into the following five groups:

Group 1: control (n=6)
Group 2: 10 mg/kg CTB glycoprotein (n=6)
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Group 3: 10 mg/kg DEHP (n=6)

Group 4: 10 mg/kg DEHP+5 mg/kg CTB glycoprotein
(n=6) and

Group 5: 10 mg/kg DEHP+10 mg/kg CTB glycoprotein
(n=06)

Mice in group 1 were fed a commercial diet and
water ad libitum. Mice in group 2 were orally given
10 mg/kg CTB glycoprotein alone daily for 5 weeks.
Mice in group 3 received intraperitoneal injection
of 0.1 ml of olive oil containingl0 mg/kg DEHP
five times a week for 4 weeks. The mice in groups 4
and 5 were treated with CTB glycoprotein (5 and
10 mg/kg) daily for 5 weeks and co-treated with
10 mg/kg DEHP five times a week for 4 weeks. At
week 5, the blood from mice was collected by a
cardiac puncture under diethyl ether anesthesia and
then centrifuged at 10,000 g for 5 min at 4°C. The
supernatant was separated and stored at —70°C to
measure the levels of 3-hexosaminidase, immunoglobulin
(Ig)E, and interleukin (IL)-4.

3-Hexosaminidase Secretion Assay

The level of P-hexosaminidase was measured
according to the methods of Matsubara et al. [21].
Briefly, an aliquot (20 ul) of serum was incubated with
an equal volume of 1 mM p-nitrophenyl-N-acetyl 3-D-
glucosaminide in 0.1 M sodium citrate buffer (pH 4.5) at
37°C for 1 h. The reaction was terminated by adding
200 pl of stopping buffer (0.1 M Na,CO3/NaHCOs,
pH 10.0). The absorbance was measured with a micro-
plate reader (Molecular Devices, Sunnyvale, CA) at
405 nm.

Enzyme-Linked Immunosorbent Assay

The amounts of IgE and IL-4 were determined by
sandwich enzyme-linked immunosorbent assay
(ELISA) using monoclonal antibodies specific to IgE
and IL-4 (BD Biosciences, San Diego, CA, USA).
ELISA plates were coated with rat anti-mouse IgE and
IL-4, respectively. After coating, serially diluted sera
were added to the plates and incubated overnight at
4°C. Murine recombinant IgE and IL-4 were used as a
standard for quantitation of IgE and IL-4 in the serum.
After washing, biotinylated anti-mouse IgE and IL-4
were added, respectively. The plates were then washed
and streptavidin-horseradish peroxidase was added.
After additional washes, TMB solution was added

and developed for 10 min. The OD was determined at
405 nm.

Cell Culture

RBL-2H3 cells were provided by Korea Cell Line
Bank (KCLB, Seoul, Korea). The cells were grown in
DMEM supplemented with 10% FBS, 100 U/ml
penicillin, and 100 pg/ml streptomycin at 37°C and
5% CO,. The medium was renewed twice a week. The
cells (2.3x10° cells/ml) were dispensed into 6-well
plates. The cellular cytotoxicity was determined by
assessing the release of lactate dehydrogenase (LDH)
into the medium according to the method of Bergmeyer
and Bernt [22]. Briefly, the cells were treated with
DEHP (100 uM) or co-treated with 100 uM DEHP and
the CTB glycoprotein (50-100 pg/ml). After that, the
culture medium (35 pl) was mixed with reaction mixture
containing 0.6 mM pyruvate in 48 mM potassium
phosphate buffer (pH 7.5), and the final volume of the
reaction mixture was brought up to 3.15 ml. The
reaction was initiated by the addition of 0.18 mM
3-NADH (reduced nicotinamide adenine dinucleotide),
and LDH activity was measured as the rate of loss of 3-
NADH absorption at 340 nm for 2 min. For the total
LDH determination, the cells were treated with Triton X-
100 (1%) for 30 min and centrifuged at 1,000xg for
10 min. The resulting supernatants were added to the
reaction mixtures, and the LDH assay was carried out as
described above. Results were expressed as relative
percentage, compared to the Triton X-100 treatment
alone.

Arachidonic Acid (AA) Release Assay

The [PHJAA release experiments were performed
using a modification of the method reported by Xing et
al. [23]. RBL-2H3 cells were incubated for 24 h in
DMEM containing 0.5 pCi/ml [PH]JAA. The cells were
then washed three times with DMEM and incubated at
37°C for 24 h in culture medium. At the end of the
incubation period, the culture medium was transferred to
ice-cold tubes containing 100 pl of 55 mM EGTA and
EDTA (final concentration, 5 mM each). The culture
medium was then centrifuged at 12,000xg to eliminate
the cell debris. The level of radioactivity in the
supernatant was determined by placing samples in
scintillation vials containing scintillation fluid and
measuring the radioactivity using a liquid scintillation
counter (LS 6500, Beckman Instruments, Fullerton,
CA).



Preparation of Cell Extracts

Protein extracts were prepared as previously
described [16]. The cells were treated with DEHP
(100 uM) or co-treated with 100 uM DEHP and the
CTB glycoprotein (50 or 100 pg/ml) for 2 h. The cells
were then rinsed with PBS after removing the medium
and lysed in 300 pl of buffer A (20 mM HEPES, pH 7.9,
0.4 M NaCl, 0.2 mM EDTA, 1 mM DTT, 1 mM PMSEF,
1.5 mM MgCl,, 0.5% NP40, 25% glycerol) containing a
protease inhibitor cocktail (Boehringer Mannheim, Indi-
anapolis, IN, USA). For lysis, the cells were freeze-
thawed, shaken for 30 min at 4°C and centrifuged at
14,000xg for 30 min. The supernatant was designated as
whole cell extract.

To prepare nuclear extracts, the cells were scraped
in 400 ul of hypotonic buffer B (10 mM HEPES,
pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA,
1 mM DTT, 0.5 mM PMSF, 1.5 mM MgCl,, 0.5% NP-
40) and then centrifuged at 3,000xg for 5 min. The
pelleted nuclear proteins were resuspended in 200 pl of
NE buffer C (20 mM HEPES, pH 7.9, 0.4 M NaCl,
0.1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF,
1.5 mM MgCl,, 0.5% NP-40) containing a protease
inhibitor cocktail and centrifuged at 12,000xg for
15 min. The amount of protein was measured by the
Lowry method [24]. Samples of protein were stored at
—70°C.

Immunoblot Analysis

Intracellular protein extracts were analyzed by 10%
polyacrylamide mini-gel electrophoresis at 100 V for 2 h
at room temperature using a Mini-PROTEIN II electro-
phoresis cell (Bio-Rad). After transfer onto nitrocellu-
lose membranes (Millipore, Bedford, MA, USA), the
membranes were incubated for 1 h at room temperature
in TBS-T solution (10 mM Tris—HCI, pH 7.6, 150 mM
NaCl, and 0.1% Tween-20) containing 5% BSA. The
membranes were subsequently incubated for 2 h at room
temperature with rabbit polyclonal antibodies [1:3,000
dilution: COX-2, AP-1 (c-jun and c-fos) and «-tubulin]
in TBS-T solution. After three time washes with TBS-T,
the membranes were incubated for 1 h at room temper-
ature with horseradish peroxidase-conjugated goat anti-
rabbit IgG (1:10,000; Cell Signaling, MA, USA) in
TBS-T solution for 1 h at room temperature. The
resulting protein bands were visualized by enhanced
chemiluminescence (Amersham Pharmacia Biotech,
England, UK). Immunoblot assay results were calculated
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as relative intensity using Scion imaging software (Scion
Image Beta 4.02, MO, USA).

Statistical Analysis

All experiments were carried out in triplicate, and
data were expressed as means £ SD. One-way analysis
of variance and the Duncan test were carried out to
determine significant differences of multiple compari-
sons (SPSS program, ver 11.0).

RESULTS

Effect of CTB Glycoprotein on IL-4 Production
in Serum from DEHP-Treated ICR Mice

As shown in Fig. 1, addition of DEHP caused a
158.1 pg/ml increase in IL-4 levels compared to control.
However, administration of the CTB glycoprotein con-
siderably attenuated the DEHP-induced increase of 1L-4
levels in a dose-dependent manner. The values of IL-4
amounts decreased 77.1 pg/ml at addition of 10 mg/kg
(BW) CTB glycoprotein in the presence of DEHP,
compared with that for the DEHP treatment alone.

Effect of CTB Glycoprotein on IgE Production
in Serum from DEHP-Treated ICR Mice

We observed an increase in IgE antibody levels of
126 ng/ml in DEHP-treated mice compared to the
control group. However, administration of the CTB
glycoprotein in the presence of DEHP decreased IgE

350.0
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Fig. 1. Effect of the CTB glycoprotein on IL-4 production in serum from
DEHP-treated ICR mice. The amount of IL-4 was determined by sandwich
ELISA using monoclonal antibody specific to IL-4 (BD Biosciences, San
Diego, CA, USA). Data are the means + SD from triplicate experiments.
Single number sign represents a significant difference between treatments
and control, p<0.05. Single asterisk indicates a significant difference
between DEHP treatment and the CTB glycoprotein treatment in the
presence of DEHP, p<0.05.

CTB glycoprotein (mg/kg)



CTB Glycoprotein has Anti-allergic Inflammatory Activity

levels considerably in a dose-dependent manner. When
the mice were administered with 10 mg/kg (BW) CTB
glycoprotein, IgE antibody levels decreased 133 ng/ml
compared with the DEHP treatment alone (Fig. 2).

Effect of CTB Glycoprotein on (3-Hexosaminidase
Activity in Serum from DEHP-Treated ICR Mice

As shown in Fig. 3, addition of DEHP caused a
1.35-fold increase in [(3-hexosaminidase activity com-
pared to the control. However, treatment with the CTB
glycoprotein at 10 mg/kg suppressed the DEHP-induced
increase of (-hexosaminidase activity. That is, the
values of (3-hexosaminidase activity decreased by 0.3-
fold in the case of administration of 10 mg/kg (BW)
CTB glycoprotein in the presence of DEHP, compared
with that for the DEHP treatment alone.

Effect of CTB Glycoprotein on Arachidonic Acid
Release and COX-2 Expression in DEHP-Stimulated
RBL-2H3 Cells

As shown in Fig. 4a, treatment of RBL-2H3 cells
with DEHP stimulated release of arachidonic acid by
1.65-fold as compared to control. However, treatment
with the CTB glycoprotein attenuated the DEHP-
induced increase of arachidonic acid release without
any cytotoxic effects (Fig. 4a and b). That is, the value
of arachidonic acid release decreased 0.26-fold in the
case of addition of 100 pg/ml CTB glycoprotein in the
presence of DEHP, compared with that for the DEHP
treatment alone. In expression of COX-2, treatment with

250.0
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Fig. 2. Effect of the CTB glycoprotein on IgE antibody production in
serum from DEHP-treated ICR mice. The amount of IgE was determined
by sandwich ELISA using monoclonal antibody specific to IgE (BD
Biosciences, San Diego, CA, USA). Data are the means + SD from trip-
licate experiments. Single number sign represents a significant difference
between treatments and control, p<0.05. Single asterisk indicates a
significant difference between DEHP treatment and the CTB glycoprotein
treatment in the presence of DEHP, p<0.05.

B-hexosaminidase (fold)

- - + + +

DEHP (10 mg/kg)
- 10 - 5 10 CTB glycoprotein (mg/kg)

Fig. 3. Effect of the CTB glycoprotein on degranulation in serum from
DEHP-treated ICR mice. Data are the means + SD from triplicate exper-
iments. Single number sign represents a significant difference between
treatments and control, p<0.05. Single asterisk indicates a significant
difference between DEHP treatment and the CTB glycoprotein treatment
in the presence of DEHP, p<0.05.

DEHP induced expression of COX-2 at 1 h. That is, the
band intensity of COX-2 significantly increased by 15.4-
fold in the presence of DEHP as compared with that in
the control. Treatment with the CTB glycoprotein
resulted in a concentration-dependent attenuation of
DEHP-induced COX-2 expression in RBL-2H3 cells;
COX-2 expression decreased by 0.43-fold after the
addition of 100 pg/ml CTB glycoprotein to DEHP-
treated cells compared with expression after DEHP
treatment alone.

Effect of CTB Glycoprotein on p38 MAPK
Phosphorylation and AP-1 Activity in DEHP-Treated
RBL-2H3 Cells

As shown in Fig. 5a, treatment with DEHP for
0.5 h induced 1.41-fold increase in p38 MAPK
phosphorylation compared to control, without affecting
total p38 MAPK protein expression. However, treatment
with 100 pg/ml CTB glycoprotein decreased p38 MAPK
phosphorylation in DEHP-treated RBL-2H3 cells by
0.46-fold compared to treatment with DEHP alone. In
AP-1 activity, the nuclear levels of c-jun and c-fos
increased 1.33- and 1.32-fold in the presence of DEHP,
respectively, compared with that in the control. How-
ever, treatment with the CTB glycoprotein in the
presence of DEHP inhibited the expression of c-jun
and c-fos in a concentration-dependent manner, com-
pared with the level of expression after DEHP treatment.
As shown in Fig. 5b, the nuclear levels of c-jun and c-
fos decreased by 0.57- and 0.59-fold, respectively, after
the addition of 100 pg/ml CTB glycoprotein in the
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Fig. 4. Inhibitory effect of the CTB glycoprotein on arachidonic acid
release and COX-2 expression in DEHP-treated RBL-2H3 cells. Cells
were treated with DEHP alone (100 uM) or with the combination of CTB
glycoprotein (50 or 100 pug/ml) and DEHP. The cellular cytotoxicity was
determined by assessing the release of LDH into the medium. Relative
intensities of bands were calculated using Scion Imaging Software (Scion
Image Beta 4.02, Maryland, USA). All data are the means + SD from
triplicate experiments. Single number sign represents a significant differ-
ence between treatments and control, p<0.05. Single asterisk indicates a
significant difference between DEHP treatment and CTB glycoprotein
treatment in the presence of DEHP, p<0.05. Lane 1, control; lane 2, DEHP
alone; lane 3, 50 nug/ml CTB glycoprotein in the presence of DEHP; and
lane 4, 100 pg/ml CTB glycoprotein in the presence of DEHP.
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presence of DEHP compared with nuclear levels after
DEHP treatment alone. To investigate whether p38
MAPK involved in DEHP-induced translocation of
AP-1 into the nucleus, we determined whether AP-1
activation in DEHP-treated cells was affected by p38
MAPK inhibitor. Pretreatment of DEHP-treated cells
with the p38 inhibitor SKF 86002 decreased nuclear
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Fig. 5. Inhibitory effect of the CTB glycoprotein on MAPK and AP-1
activation in DEHP-treated RBL-2H3 cells. Cells were treated with
DEHP alone (100 uM) or with the combination of CTB glycoprotein
(50 or 100 pg/ml) and DEHP or with p38 MAPK inhibitor (SKF
86002). The relative intensities of bands were calculated using Scion
Imaging Software (Scion Image Beta 4.02, Maryland, USA). All data
are the means + SD from triplicate experiments. Single number sign
represents a significant difference between treatments and control,
p<0.05. Single asterisk indicates a significant difference between
DEHP treatment alone and treatment with the CTB glycoprotein in the
presence of DEHP, p<0.05. Lane 1, control; lane 2, DEHP alone; lane
3, 50 pg/ml CTB glycoprotein in the presence of DEHP; lane 4,
100 pg/ml CTB glycoprotein in the presence of DEHP; and lane 5,
SKF 86002 (p38 MAPK inhibitor) in the presence of DEHP.
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levels of c-jun and c-fos by 0.47- and 0.85-fold,
respectively, compared with nuclear levels in cells with
DEHP treatment alone.

DISCUSSION

There is increasing evidence supporting the therapeu-
tic potential of traditional medicines or health foods for a
variety of pathological conditions such as allergic disorders
without any cytotoxicity and side effects [25]. In our
previous study, the CTB glycoprotein suppresses differ-
entiation of Th precursor cells to Th2 cells via modulation
of STAT6 phosphorylation and GATA-3 activation in
primary immune cells [7]. Since excessive Th2 cell
differentiation can be responsible for the activation of mast
cells, in the present study we examined whether the CTB
glycoprotein can inhibit the DEHP-induced production of
IgE and cytokine and arachidonic acid metabolites via
modulation of MAPK in ICR mice and RBL-2H3 cells.

Many studies have shown that phthalate esters
including DEHP have the ability to impact on allergy,
showing potential of adjuvant to influence this process. It
has been reported that exposure to DEHP enhances the
production of IL-4 in T cells from mice [26] and causes an
inflammatory response in cultured neutrophils of both
humans and rodents [27]. In addition, at high concentration
it can increase serum IgGl and the number of lung
inflammatory cells in animal experiments [9]. These
observations indicate that DEHP has the potential to
interact with the immune system, thereby enhancing the
progress of allergic inflammatory diseases. One of potent
possibilities is that it may be related to their ability to
increase expression of inflammatory cell proteins called
cytokines or chemokines. This means that DEHP could be
indirectly involved in induction of allergy-related cyto-
kines like classical allergic response. In the present study,
our results showed that the CTB glycoprotein inhibits the
production of IgE and IL-4 and activity of (3-hexosamini-
dase in DEHP-treated ICR mice. In addition, the CTB
glycoprotein suppresses the release of arachidonic acid and
expression of COX-2 induced by DEHP in RBL-2H3 cells.
Our results suggest that the inhibitory effect of the CTB
glycoprotein is related to the modulation of p38 MAPK
phosphorylation and ROS production induced by DEHP.
Thus, the CTB glycoprotein may attenuate allergic
response via inhibition of mast cell degranulation and
cytokine production induced by DEHP in vivo and in vitro.

The results in Figs. 1 and 2 indicate that the CTB
glycoprotein has a dose-dependent suppressive effect on

production of IgE and IL-4 in DEHP-treated mice. It has
been known that the IgE antibody is related closely to
allergic responses, which are thought to be due to the
development and activation of Th2 cells [28]. Also, IL-4
is an eosinophil chemoattractant that induces endothelial
cells to produce cosinophil chemotactic factor and
eotaxin [29] and enhances expression of endothelial cell
surface adhesion molecules such as vascular cell
adhesion molecule-1 [30]. Moreover, IL-4 has an
important role in Th2 cells and B cells through
stimulation of the switch of the antibody isotype to IgE
[31, 32]. Therefore, inhibition of IgE antibody and IL-4
production is a reliable parameter for predicting possible
anti-allergic activity of natural compounds. Our results
showed that treatment with DEHP increased the pro-
duction of IgE antibody and IL-4 in mice serum. This
means that DEHP could stimulate the degranulation of
mast cells or activation of Th2 cells though enhancement
of IgE antibody level and IL-4 production in mice. To
confirm whether the CTB glycoprotein inhibits the
degranulation of mast cells, we measured the activity
of (3-hexosaminidase in serum. Among the various
inflammatory mediators, [3-hexosaminidase is stored in
the secretory granules of the cells and is released by
exocytosis when mast cells are immunologically acti-
vated [12]. Indeed, our results showed that treatment
with DEHP in serum increased the release of [3-
hexosaminidase, indicating its stimulatory activity of
mast cell degranulation (Fig. 3). However, administra-
tion of the CTB glycoprotein inhibits the production of
IgE antibody and IL-4 and activity of (3-hexosaminidase
in DEHP-treated mice. Results from our experiments
suggest that the CTB glycoprotein is an anti-allergic
agent that can inhibit degranulation of mast cells.

In addition, the results of this study clearly indicated
that the CTB glycoprotein has inhibitory effect on the level
of COX-2 and arachidonic acid in DEHP-treated RBL-
2H3 cells (Fig. 4). Several recent studies have proposed
that arachidonic acid and COX-2 are the most important
mediators of allergic inflammatory disorders. During cell
activation, cell injury, or inflammatory processes, free
arachidonic acid is accumulated. Once released, arachi-
donic acid can be metabolized by different enzymatic
pathways leading to modulation of the inflammatory
process [33]. In contrast to the constitutive COX isoforms,
it has been reported that during inflammation development
COX-2 is upregulated by allergen in cells including
fibroblasts, monocytes, and vascular endothelium [34].
Consistent with these reports, our result indicates that
treatment with DEHP stimulates arachidonic acid level and



COX-2 activity in RBL-2H3 cells. However, the CTB
glycoprotein suppresses the release of arachidonic acid and
expression of COX-2 in DEHP-treated RBL-2H3 cells,
suggesting that CTB glycoprotein is a potential inhibitor of
the pro-inflammatory mediators in mast cells.

We also investigated whether the CTB glycoprotein
has a suppressive effect on the signal pathway responsible
for mast cell degranulation. Recent studies demonstrated
that activation of proinflammatory mediators is regulated
by protein kinase and transcriptional factors, and these
events can lead to pathogenesis of allergic inflammation in
asthma and other allergic diseases [26, 35]. In particular,
MAPKs are serine and/or threonine kinases that transfer
mitotic signals to the nucleus in response to extracellular
stimuli, leading to cell proliferation, differentiation, and
cytokine expression [36, 37]. The activation of the MAPK
cascade eventually results in direct or indirect activation of
transcriptional factors. AP-1 transcriptional activation is
responsible for allergic reaction by inducing the expression
of proinflammatory mediators including cytokines, adhe-
sion molecules, and cell proliferation growth factors [38,
39]. Our results showed that treatment with DEHP
stimulates the phosphorylation of p38 MAPK and activa-
tion of AP-1in RBL-2H3 cells. However, the activities of
p38 MAPK and AP-1 in DEHP-treated RBL-2H3 cells
were effectively inhibited by treatment with the CTB
glycoprotein, suggesting that the anti-allergic activity of
the CTB glycoprotein is related to the modulation of p38
MAPK and AP-1 activation in these cells. Indeed, the
DEHP-induced AP-1 activation was inhibited by pretreat-
ment with SKF 86002. These results suggest that the
activation of AP-1 is influenced by p38 MAPK phosphor-
ylation in DEHP-treated RBL-2H3 cells (Fig. 5). On the
basis of our findings, we postulate that the CTB glyco-
protein may have anti-allergic potential by suppressing
MAPK/AP-1 activation and subsequent activation of
proinflammatory mediators in DEHP-stimulated RBL-
2H3 cells.

In conclusion, our results showed that the CTB
glycoprotein inhibited degranulation of mast cells via
modulation of IgE antibody, IL-4, and (3-hexosamini-
dase release in mice. In addition, our results suggest that
the CTB glycoprotein suppressed the release of arach-
idonic acid and expression of COX-2 in mast cells via
inhibition of the activities of MAPK/AP-1. The results
from these experiments indicated that the CTB glyco-
protein has anti-allergenic potential in vivo and in vitro.
Further study is necessary to elucidate the precise
mechanism underlying the anti-allergenic effects of
CTB glycoprotein at the molecular level.
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