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Abstract
Bee venom (BV) has long been used as an oriental traditional
medicine for the control of pain and inflammation. However,
BV’s anti-inflammatory mechanisms remain unclear. This
study aimed to clarify the potential clinical efficacy of BV con-
cerning the anti-inflammatory effect on nasal epithelial cell
inflammation. Nasal polyp epithelial cells were obtained
from patients. Cells were exposed to Alternaria alternata, As-
pergillus nigra, Dermatophagoides pteronyssinus, Derma-
tophagoides farina and lipopolysaccharide with or without
various concentrations of BV. Interleukin (IL)-6, IL-8, and gran-
ulocyte macrophage colony-stimulating factor were mea-
sured to determine the activation of epithelial cells. Nuclear
factor-kB (NF-kB) and activator protein 1 expression and ac-
tivity were determined with Western blot analysis and ELISA.
Cytotoxicity of BV was measured using a CellTiter-96° aque-
ous cell proliferation assay kit. Cell survival was significantly
decreased at BV concentrations exceeding 5 ug/ml. Fungi-
induced cytokine production was more effectively inhibited
by BV than house dust mite. Alternaria enhanced NF-kB ex-
pression, which was strongly inhibited by BV. BV appears to
be relatively safe, and is of potential value for the treatment
of airway inflammation and/or immunologic diseases.
Copyright © 2012 S. Karger AG, Basel

Introduction

Respiratory epithelial cells play an important role in
the initiation, maintenance, and regulation of the innate
and adaptive immune response. They defend against al-
lergens and microorganisms through physical barriers
such as the tight junction, and produces glycoconjugates,
defensive proteins, and enzymes that together constitute
a protective environment. They also play an active role in
inflammation through the production of a variety of lip-
id mediators, cytokines, chemokines, extracellular ma-
trix and growth factors, in addition to being a major
source of inflammatory chemical mediators [1, 2].

House dust mite (HDM) and fungi have been associ-
ated with allergic airway diseases. HDM and fungi are
ubiquitous saprophytes that are able to enter the respira-
tory tract by means of inhalation and then contact the
airway epithelium. HDM and fungi are complex organ-
isms that produce thousands of different proteins and
other macromolecules. When inhaled, the myriad of air-
borne allergens come in contact with the fluid-covered
epithelial surfaces of the large diameter airways. The re-
sulting hydration of the allergens triggers the rapid and
total discharge of major allergenic proteins. This results
in a high local concentration of allergens in the airway
epithelium [3]. Proteases from HDM and fungi may acti-
vate epithelial cells through the surface receptors, like
protease activated receptor or toll-like receptors, result-
ing in generation of cytokines and facilitating antigen
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access either by proteolytic attack and cell desquamation
4, 5].

Bee venom (BV) is a traditional oriental medicine that
has long been used in the treatment of arthritis, rheuma-
tism, back pain and skin diseases [6]. BV contains a variety
of peptides, enzymes, biologically active amines and non-
peptide components [7, 8]. In animal models, BV exerts
both anti-inflammatory and anti-bacterial effects [9, 10].
The anti-inflammatory activity is due to the ability of the
BV to inhibit expressions of cycloxygenase-2 and phospho-
lipase A2 (PLA;). The anti-allergic activity is associated
with marked inhibition of ovalbumin-induced tracheal
contraction and histamine release from lung tissues [11].

HDM and fungi have been linked with allergic airway
diseases through the production of chemical mediators
by direct activation of epithelial cells. Yet, no studies, to
our knowledge, have elucidated the nature of the anti-
inflammatory effect of BV on the activated nasal epithe-
lial cells by airborne allergens. The present study was un-
dertaken to evaluate the effect of BV on the production
of chemical mediators from activated nasal polyp epithe-
lial cells (NPECs) and to determine the immunologic
mechanism of the BV-induced anti-inflammatory effect.

Materials and Methods

NPEC Culture and Activation with Airborne Allergens

Nasal polyps were obtained from 12 patients undergoing endo-
scopic sinus surgery. Patients were excluded if they had an allergy or
had received systemic or topical steroids or antibiotic and antihista-
mine medications during the 4 weeks preceding the study. Allergy
status was defined with skin prick test or multiple allergen simulta-
neous test-chemiluminescent assay. This study was approved by the
Institutional Review Board of Daegu Catholic University Medical
Center. Each patient signed a consent form that outlined the objec-
tives of the research and experiments. Specimens were placed in
Ham’s F-12 medium supplemented with 100 IU of penicillin, 100 pg/
ml streptomycin, and 2 pg/ml amphotericin B, and were transported
to the laboratory. The polyps were rinsed with Ham'’s F-12 medium
supplemented with antibiotics and were incubated with Dispase
(Roche, Mannheim, Germany) in Ham’s F-12 medium for 16 h at
4°C. After incubation, NPECs were isolated by gentle agitation. The
cell suspensions were filtered through a No. 60 mesh cell dissociation
sieve and then centrifuged at 1,000 rpm for 5 min at room tempera-
ture. The cell suspensions (10° cells/ml) were plated in wells of six-
well culture plates that were placed in a 5% CO, humidified incuba-
tor at 37°C. The culture medium was changed after 24 h and then
every 2 days thereafter. When the epithelial cell cultures reached
confluence, Ham’s F-12 medium was changed to RPMI-1640 medi-
um supplemented with 10% fetal calf serum and 50 pg/ml gentamy-
cin. NPECs were activated with endotoxin-freed Alternaria alternate
(50 pg/ml), Aspergillus fumigates (25 pg/ml), Dermatophagoides
pteronyssinus (DP; 25 pg/ml) and Dermatophagoides farina (DF; 25
pg/ml; Greer Lab, Lenoir, N.C., USA) in the absence of BV or with
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0.05,0.1, 1 and 3 pg/ml BV. Lipopolysaccharide (LPS; 10 pug/ml) was
used as positive control. In our previous experiments with NPECs,
maximal cytokine production was found at 50 pg/ml of Alternaria
and 25 pg/ml of Aspergillus, DP and DE, the same concentration of
these allergens were used currently [11, 12]. After 24 h of incubation,
the supernatants and epithelial cells were harvested and stored at
-70°C until they were assayed. Production of interleukin (IL)-6, IL-8
and granulocyte-macrophage colony-stimulating factor (GM-CSF)
was quantified using commercially available enzyme-linked immu-
nosorbent assay kits (R&D System, Minneapolis, Minn., USA).

Preparation and Cytotoxicity Assay of BV

Pure honeybee (Apis mellifera) venom was obtained from the
National Institute of Agricultural Science and Technology, Su-
won, South Korea. BV was collected using a specialized collector
without damaging the honeybee by an established electric shock
method. BV was dissolved in distilled water and centrifuged at
12,000 g for 10 min to remove insoluble materials. The BV was
lyophilized by freeze drying and stored [7].

NPECs were incubated at 37°C, 5% CO, in 96-well plates in the
presence of 0, 0.03, 0.15, 0.5, 5 and 10 pg/ml BV. Cytotoxicity was
measured using a CellTiter-96° aqueous cell proliferation assay
kit (Promega, Madison, Wisc., USA). For this assay, the tetrazo-
lium compound and Owen’s reagent were added to each well and
incubated for 4 h at 37°C in a humidified 5% CO, chamber. Color
intensities were assessed with a microplate reader at 490 nm.

Expression and Activation of Nuclear Factor-kB and Activator

Protein 1

To perform Western blot analysis for nuclear factor-kB (NF-
kB) and activator protein 1 (AP-1), NE-PER nuclear extraction
reagents (Pierce Chemical, Rockford, Ill., USA) were used to iso-
late proteins. The protein was quantified usinga BCATM protein
assay reagent kit (Pierce Chemical). The resulting protein was
separated on a NuPAGE 4-12% Bis-Tris gel (Invitrogen, Carlsbad,
Calif.,, USA) and transferred onto a nitrocellulose membrane
(Bio-Rad Laboratories, Hercules, Calif.,, USA). The membrane
was blocked with membrane-blocking solution (Invitrogen) and
probed with anti-human NF-kB and c-Jun antibodies (Santa Cruz
Biotechnology, Santa Cruz, Calif., USA) at 4°C overnight. After
washing, the membranes were incubated with secondary goat an-
ti-rabbit antibody coupled with horseradish peroxidase (HRP) for
1 h at room temperature, and developed with SuperSignal West
Pico Chemiluminescent substrate (Pierce Chemical). The band
intensities were expressed as a percentage of treated versus un-
treated cells.

Nuclear NF-kB and AP-1 activities were quantified using an
ELISA-based TransAM kit (Active Motif, Carlsbad, Calif., USA)
according to manufacturer’s protocol. In brief, the nuclear protein
extracts were added to wells of a 96-well plate that was immobi-
lized with oligonucleotide containing NF-kB and AP-1. NF-kB
and AP-1 contained in nuclear extracts bound specifically to the
oligonucleotide during incubation for 1 h at room temperature.
NF-xB antibody (1:1,000 dilution) and AP-1 antibody (1:500 dilu-
tion) were then added to each well for 1 h followed by HRP-con-
jugated secondary antibody for 1 h. After adding 100 ul of detec-
tion reagent for up to 15 min, the colorimetric reaction was
stopped. NF-kB and AP-1 activities were determined by reading
the absorbance on a spectrophotometer at 450 nm with a reference
wavelength of 655 nm.
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Statistical Analysis

All experiments were performed at least five times. They pro-
duced comparable results which are presented as mean + SD. Statisti-
cal significance was determined using one-way analysis of variance.
Then, Dunnett’s test for multiple comparisons was performed to de-
termine the overall effect of BV pretreatment on NPECs. One-factor
repeated measure analysis was performed to determine the cytotoxic
effectand cytokine production effect of BV (SPSS ver. 14.0; SPSS Inc.,
Chicago, Ill., USA). A p value of <0.05 was considered significant.

Results

Cytotoxic Effect of BV
In order to determine the optimal dose and treatment
time of cytotoxic effect of BV on NPECS, MTT assay

Anti-Inflammatory Effect of Bee Venom

was carried out. The cells were treated with BV at con-
centrations of 0.03, 0.15, 0.5, 5 and 10 ug/ml for 24, 48
and 72 h. The viability of cells treated with BV at con-
centration 5 pg/ml were 58.2 + 4.7% for 24 h, 55.3 + 3.4%
for 48 h and 49.7 + 5.2% for 72 h. When cells were stim-
ulated with LPS, the viability of cells at 5 pg/ml of BV
was 65.8 + 4.8% for 24 h, 44.8 + 2.3% for 48 h and 44.2
+ 3.3% for 72 h. Based on these results, the cell survival
was significantly decreased at BV concentrations ex-
ceeding 5 pg/ml in the absence and presence of LPS. Al-
though the concentration of BV influenced the survival
of epithelial cells, BV exposure time did not significant-
ly influence the survival (fig. 1).
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Fig.2. BV-induced cytokine production by NPECs. When NPECs
were treated with various concentrations of BV (0.05, 0.1, 1 and 3
pg/ml), cytokine productions were significantly increased. One-
factor repeated measure analysis was used to compare cytokine
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Effects of BV on the Stimulant-Induced Cytokine

Production

Before we studied the anti-inflammatory effect of BV,
NPECs were treated with BV to determine the effect of BV
on NPECs. IL-6, IL-8 and GM-CSF production were sig-
nificantly increased by various concentrations of BV (fig. 2).

Next experiments were conducted to determine
whether BV altered cytokine production in the airborne
allergen-activated NPECs. When the NPECs were stimu-
lated with Alternaria and Aspergillus, cytokine produc-
tion was significantly increased. Treatment with BV sig-
nificantly inhibited Alternaria and Aspergillus produc-
tion of IL-6 (368.2 + 127.7 and 374.3 + 160.6 pg/ml), IL-8
(346.3 + 244.6 and 199.2 + 161.0 pg/ml) and GM-CSF
(152.3 + 63.5 and 90.6 + 21.2 pg/ml). These inhibitory ef-
fects were stronger in the lower concentration of BV (0.1
and 0.05 pg/ml; fig. 3).

HDM, DP and DF also enhanced the production of
cytokines (IL-6; 822.3 £ 270.9 and 343.1 + 89.1 pg/ml, IL-
8;370.5 + 134.2 and 119.8 + 82.6 pg/ml, GM-CSF; 95.2 +
84.9 and 65.1 + 42.9 pg/ml). However, only IL-6 produc-
tion was significantly inhibited by BV at a concentration
of 0.1 and 0.05 pg/ml (fig. 4).

When the NPECs were stimulated with LPS, cytokine
productions were significantly increased (IL-6: 373.6 + 41.1
pg/ml, IL-8: 375.6 + 126.4 pg/ml, and GM-CSF: 359.2 +
236.7 pg/ml). However, only GM-CSF production was sig-
nificantly inhibited by BV at 3, 0.1, and 0.05 pg/ml (fig. 5).
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Effects of BV on the Alternaria-Induced Expression

and Activation of NF-xB and AP-1

When NPECs were stimulated with Alternaria, nucle-
ar NF-kB expression was significantly increased. The in-
creased NF-kB expression was significantly inhibited by
1 and 0.1 pg/ml BV. When the NPECs were treated with
fungi, AP-1 expression was not significantly increased
(fig. 6).

Activation of NF-xB and AP-1 was evaluated in an
ELISA-based assay kit using positive control (Jurkat nu-
clear extract for NF-xB, K-562 nuclear extract for AP-1).
Nuclear NF-kB activity tended to decrease when NPECs
were treated with BV. However, nuclear AP-1 activity was
not influenced by BV (fig. 7).

Discussion

BV consists of several biologically active peptides, en-
zymes and amines with a variety of pharmaceutical prop-
erties, and these components modify the immune system
function in the body [13]. Several studies have addressed
the anti-inflammatory properties of BV [3, 5-7]. How-
ever, the anti-inflammatory effect of BV on the activated
nasal epithelial cells has not been studied. In this study,
fungi-induced cytokine production was significantly in-
hibited by BV, especially at lower concentrations. How-
ever, in HDM-induced cytokine production, only IL-6
production was significantly inhibited by BV. Further-
more, only LPS-induced GM-CSF production was signif-
icantly inhibited by BV. The inhibition of chemical me-
diator production by BV was different depending on the
kinds of allergen or stimulants. Although we cannot ex-
plain the exact cause of these discrepancies, these stimu-
lants may activate nasal epithelial cells using different
pathophysiologic mechanisms through receptors includ-
ing G-protein-coupled receptors, toll-like receptors or
protease-activated receptors or through various kinds of
signal pathway [10, 12, 14].

Although BV induces anti-inflammatory effect, it can
also cause a severe allergic or inflammatory reaction.
Peptides like melittin, apamine, and adorapin are the
main components of BV. These peptides have anti-in-
flammatory effects due to their ability to inhibit prosta-
glandin synthesis system or mast cell-stabilizing effect.
However, PLA,, which is the main enzymatic compo-
nent, induces inflammation [13]. When NPECs were cul-
tured with various concentrations of BV, IL-6, IL-8 and
GM-CSF production was significantly increased. The an-
ti-inflammatory effect was stronger at lower concentra-

Shin/Ye/Kim/Park



700
600
500
£ 4001
g
© 300 -
"~ 200
100 +
0 -
700
600
500
£ 400 1
g
@ 300
200
100 4
0 -
200
160
Fig. 3. Influence of BV on fungi-induced £ 120 4
cytokine production by NPECs. When 2
NPECs were treated with various concen- g
trations (0.05, 0.1, 1 and 3 pg/ml) of BV, < 809
Alternaria 50 pg/ml and Aspergillus 25 ug/ e
ml induced IL-6, IL-8 and GM-CSF pro- 40
duction was significantly inhibited. One-
way analysis of variance was used to com- 0+
pare cytokine production with fungi-
stimulated group. - = Negative control;
Alt = Alternaria; Asp = Aspergillus. * p <
0.05 compared to Alternaria or Aspergillus
groups; n=7.

tions of BV (0.1 and 0.05 pg/ml) than at a higher concen-
tration (3 pg/ml). The higher concentration tended to in-
crease the production of cytokines. At a higher
concentration of BV, enzymatic components, which en-
hance inflammatory response, might more actively or
strongly influence nasal epithelial cell immune response.
For the clinical use of BV, we need to decide on the opti-
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mal concentration that exerts maximal anti-inflammato-
ry effects without harmful or cytotoxic effects like anti-
genic or inflammatory effect. For example, MCD peptide
of BV has activities associated with allergies. It releases
histamine at very low concentration, and is one of the
most potent natural histamine secretagogues [15]. On the
other hand, this peptide inhibits mast cell degranulation
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and acts as an anti-allergic agent [16]. PLA, is one of the
major inflammatory components of BV. However, melit-
tin (the major active ingredient of BV) binds to secretory
PLA, and inhibits its enzymatic activity, which suppress-
es inflammation [17].

NF-kB and AP-1 are key transcription factors that or-
chestrate the expression of many genes involved in in-

44 Pharmacology 2013;91:39-47

flammation, embryonic development, lymphoid differ-
entiation, oncogenesis, and apoptosis [18]. NF-«B is one
of the most important regulators of the expression of pro-
inflammatory genes, such as tumor necrosis factor-a and
cyclooxygenase-2. Although NF-xB and AP-1 transcrip-
tion factors are regulated by different mechanisms, many
genes require concomitant activation of NF-kB and AP-1,
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suggesting that they work in cooperation [18]. Because
BV more effectively inhibited fungi-induced cytokine
production than HDM, we studied the expression and
activation of transcription factors with the fungus Alter-
naria. At a high concentration of BV (1.0 pg/ml), NF-xB
expression was increased. When NPECs were treated
with Alternaria and BV, NF-kB expression was signifi-
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used to compare the expression of transcription factors. * p < 0.05
compared to Alternaria group; n = 5.

cantly inhibited. Although high concentration of BV did
not inhibit the production of cytokines, NF-kB expres-
sion was decreased. BV alone enhanced the expression of
AP-1, and Alternaria did not influence AP-1 expression.
However, BV suppressed AP-1 expression. These discrep-
ancies may be due to the different expression patterns of
intranuclear NF-kB and AP-1. In bronchial epithelial
cells, NF-kB expression was increased in a time-depen-
dent manner for 48 h; however, AP-1 expression peaked
after 6-hour stimulation with fungi, and then decreased
as time went on (data not shown). Although we did not
perform a kinetic study, AP-1 might increase at early
stages after being stimulated with Alternaria. BV may in-
hibit both NF-«kB and AP-1 at different time points. And
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these variations may be due to the various components of
BV. Some components enhance the expression of tran-
scription factors, and others induce a shift in the signal
transduction pathway. In this study, BV significantly in-
hibited the Alternaria-induced IL-6, IL-8 and GM-CSF
production; these inhibitions may be associated with NF-
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