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Objectives: Sweet bee venom (sBV) is purified from Apis mellifera, containing a high level
of melittin—its main component. It has been used as a therapeutic agent for pain relief
and anti-inflammation, as well as for treating neuronal abnormalities. Recently, there have
been studies on the therapeutic application of sBV for anticancer treatment. In the pres-
ent study, we investigated the pharmacological effect of sBV treatment in A549 human
lung cancer cells.

Methods: We used microscopic analysis to observe the morphological changes in A549
cells after sBV treatment. The MTT assay was used to examine the cytotoxic effect after
dose-dependent sBV treatment. Molecular changes in sBV were evaluated by the expres-
sion of apoptosis marker proteins using western blot analysis.

Results: Microscopic analysis suggested that the growth inhibitory effect occurred in a
dose-dependent manner; however, cell lysis occurred at a concentration over 20 ug/mL
of sBV. The MTT assay indicated that sBV treatment exhibited a growth inhibitory effect at
a concentration over 5 pug/mL. On fluorescence activated cell sorting analysis, GO dead
cells were observed after G1 arrest at treatment concentrations up to 10 ug/mL. However,
rapid cell rupture was observed at a concentration of 20 ug/mL. Western blot analysis
demonstrated that sBV treatment modulated the expression of multiple cell death-related
proteins, including cleaved-PARP, cleaved-caspase 9, p53, Bcl2, and Bax.

Conclusion: sBV induced cell death in A549 human lung cancer cells at a pharmacologi-
cal concentration, albeit causing hemolytic cell death at a high concentration.
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INTRODUCTION

Bee venom is extracted from the Vespidae family, such as
honeybee (Apis mellifera), Bumble bee (Bombus pascuorum),
and the wasp (yellow hornet, Vespa crabro). The extracted bee
venom is a mixture of various organic substances, including
phospholipases, melittin, apamin, amines, and amino acids.
Bee venom has potent anti-inflammatory properties, and has a
therapeutic effect on certain medical conditions, such as rheu-
matoid arthritis and multiple sclerosis [1, 2]. However, a hyper-

sensitivity reaction to bee venom causes itching, swelling, and

pain, although it varies from one individual to another [3]. The
most severe side effect of bee venom is fatal anaphylaxis [4]. It
has been reported that these side effects are caused by enzyme
components in bee venom, like Phospholipase A2, Hyaluroni-
dase, Phospholipase B, and Phosphatase [5].

Sweet bee venom (sBV) has been developed by purifying the
main component and removing the harmful substances of bee
venom [6, 7]. Melittin is the main component of sBV, account-
ing for more than 50% of the constitution of bee venom, and
it exerts the principal pharmacological activity of bee venom.

Melittin is a polypeptide comprising 26 amino acids, with a
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molecular weight of 2.8 kDa [8, 9]. Previous studies have sug-
gested that melittin has multiple biological effects such as an-
tiviral, antibacterial, antifungal, anti-parasitic, and anti-tumor
effects [10]. The mechanism of action of melittin, as a non-
selective cytolytic peptide, involves physical and chemical dis-
ruption of all prokaryotic and eukaryotic cell membranes [11].
Recent studies have suggested that melittin can induce cell cycle
arrest, cell growth inhibition, and apoptosis in various cancer
cell types [12-14]. Moreover, there was a change in the expres-
sion of cell death-related proteins after combinatory treatment
of melittin and sorafenib in HepG2 hepatocellular carcinoma
cells, suggesting that melittin has a synergistic anticancer effect
with sorafenib. This may represent a novel enhancing strat-
egy for hepatocellular carcinoma treatment [15]. Our recent
study on THP-1 monocytic leukemia cells suggested that sBV
exhibits both pharmacological and toxic effects depending on
its concentration [16]. Moreover, the pharmacological action
of sBV is associated with cell death induction and inflamma-
tory cytokine expression. Although sBV has shown promising
pharmacological efficacy in an inflammatory response, further
studies are required to clarify the molecular mechanism of sBV
administration in the other types of cells during cancer treat-
ment. Therefore, in this study, we examined the pharmacologi-

cal effects of sBV in A549 human lung cancer cells.

MATERIALS AND METHODS

1. Cell culture and reagents

We purchased an A549 human lung cancer cell line from
the ATCC (USA). These cells were cultured in an RPMI-1640
medium containing 10% fetal bovine serum and 1X penicillin/
streptomycin in a humidified CO2 incubator. sBV was a puri-
fied product of bee venom extracted from Apis mellifera and
was generously obtained from the Korean Pharmacopuncture
Institute. The drugs were dissolved in appropriate solvents as

per the manufacturer’s protocol.
2. Microscopic examination and cell viability assay

sBV was used to treat cultured A549 cells in a dose-depen-
dent manner for 24 h. The change in cell morphology was
observed with an optical microscope (Nikon Ts100, Japan). We
seeded 5 x 10° cells in 96-well plates for the MTT assay. sBV

was administered in each well in triplicate and incubated for

up to 72 h. Cell viability was determined by incubation with
0.5 mg/mL MTT solution (Sigma Aldrich, USA) for 4 h. The
amount of MTT-formazan was determined at an absorbance of
570 nm. All the reagents were prepared as recommended by the

manufacturer’s protocol.

3. Fluorescence activated cell sorting (FACS) (flow cytometry)
analysis

A549 cells were cultured after treatment with various con-
centrations of sBV. The cells were harvested, washed twice in fe-
tal bovine serum, and fixed in 70% ethanol for 24 h. Cells were
stained with propidium iodide (50 mg/mL) for 30 min. Cell
cycle distribution was analyzed with flow cytometric analysis

according to the Becton Dickinson’s protocols.
4. Western blot

Proteins were extracted using RIPA lysis buffer (25 mM
Tris-HCl pH 7.6, 150 mM NaCl, 1% NP-40, 1% sodium deoxy-
cholate, and 0.1% SDS) and supplemented with proteasome in-
hibitors. Protein concentrations were measured using Bradford
reagents (Thermo Fisher, USA). A total of 50 g of protein was
separated by SDS-PAGE and transferred to polyvinylidene fluo-
ride (PVDF) membranes.

The membranes were incubated with specific primary anti-
bodies, followed by horseradish peroxidase-conjugated second-
ary antibodies (Santa Cruz, USA). Finally, the proteins were
detected using an enhanced chemiluminescence protein detec-
tion kit (Amersham Inc., UK). Primary antibodies for caspase 9
and RIP1 were purchased from CST (USA). PARPI, BAX, P53,
and B-actin were obtained from Santa Cruz (USA). Bcl2 was
purchased from Abcam (USA).

RESULTS AND DISCUSSION

We investigated the cell death of cancer cells during sBV
treatment in a concentration-dependent manner. For this pur-
pose, we treated A549 human lung cancer cells with various
concentrations of sBV, and observed the morphological changes
in the cells with light microscopy after 24 h. There were no
morphological changes at an sBV concentration of 5 ug/mL;
however, the cell morphology was damaged at an sBV concen-
tration of 10 pg/mL, suggesting that cell death occurred from

this concentration onwards. Interestingly, acute cell rupture was
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observed at an sBV concentration of 20 pg/mL, and complete
cell death occurred at this concentration of sBV (Fig. 1).

Our previous study also suggested that distinct pharmaco-
logical efficacies for cell death patterns in sBV-treated THP-1
cells were concentration-dependent [16]. This distinct pharma-
cological activity might be found in only sBV treatment, and
not in other anticancer medication. Low sBV concentrations
cause growth inhibition in many cell types, including cancer
cells and inflammatory cells; however, high sBV concentrations
can cause significant cell death [16]. This distinct effect of sBV
is presumed to occur due to the difference in pharmacologi-
cal effects around 20 ug/mL in a cell-based experiment. The
main component of sBV is melittin [17], which exerts a variety
of pharmacological and toxicological effects, including strong
surface activity on cell lipid membranes, hemolytic activity,
and potential anti-tumor properties [18]. Based on this prop-
erty, melittin can be modified using nanotechnology as a non-
selective cytolytic peptide to enhance cellular uptake and endo-
somal/lysosomal escape [19].

We also confirmed the effect on cellular proliferation by
examining the time-dependent and concentration-dependent
behavior after sBV treatment at various concentrations using
the MTT assay (Fig. 2A). Treatment with sBV at a concentra-
tion of 5 ug or less had no significant pharmacological effect
in A549 cells, whereas at a concentration of 10 pug or more,
cell growth inhibitory effect was exhibited, consistent with
the morphological changes in A549 cells. In particular, cell
growth was completely inhibited at an sBV concentration of
20 pg. Therefore, we suggest that sBV inhibits cell growth in a

concentration-dependent manner, albeit showing strong cell

392 nttps://doi.org/10.3831/KP1.2022.25.4.390

growth inhibition at a concentration of 20 pg or more. We
also performed FACS analysis to examine cell cycle changes
in the treatment condition with various sBV concentrations
(Fig. 2B). In the 5 pg treatment condition, the G1 population
of A549 cells was slightly increased from 12 h of treatment
onwards. However, 10 ug of sBV treatment showed G1 arrest
from 6 h onwards. Subsequently, GO dead cells were observed,
suggesting that sBV can induce cell death in A549 cancer cells
through G1 arrest. However, microscopic observation showed
that treatment with 20 pg sBV caused a rapid rupture of cells.
Cell growth inhibition is closely related to various types of cell
death. Therefore, to examine the molecular mechanism of cell
death induction by sBV, we observed the expression of apop-
tosis marker proteins, such as PARP-1, Caspase 9, p53, Bcl-2,
and Bax, using Western blot analysis (Fig. 3). A549 cells were
treated with sBV in a concentration-dependent manner for
24 h. We found that treatment with sBV increased the cleaved
form of PARP-1 and caspase 9, as well as the expression of p53
and Bax. However, sBV treatment decreased the expression
of the Bcl-2 protein, which is important for maintaining the
function of mitochondrial membrane and cell growth. These
results confirmed that sBV treatment increased apoptosis. We
also investigated whether sBV treatment regulates proteins for
necroptosis, but no significant changes were observed in the
RIP1 protein expression. On the other hand, the expression of
B-actin was decreased at 20 ug/mL sBV treatment, suggesting
that that A549 cells were completely damaged at this concentra-
tion, as shown in the FACS analysis. Previous reports have sug-
gested that bee venom induces apoptotic cell death in A549 and
NCI-H460 lung cancer cells through the enhancement of death

Figure 1. Morphological changes in
sBV-treated A549 cells. A549 cells were
treated with sBV at 5 pg/mL, 10 pg/mL,
and 20 pg/mL concentrations for 24 hr.
Morphological changes were observed
with a phase contrast microscope. Acute
cell rupture was observed with 20 g sBV
treatment.
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Figure 2. Growth inhibitory effect and FACS analysis in sBV-treated A549 cells. (A) A549 cells were treated with 5 pug/mL, 10 pg/mL, and 20
ug/mL of sBV for 72 hr. MTT assay was performed to examine cell proliferation. (B) FACS analysis was performed after sBV treatment at various
concentrations. Cell death was observed after G1 arrest at a pharmacological concentration, but acute cell death was observed with 20 pg sBV

treatment.

Figure 3. Expression of cell death-related proteins in sBV-treated
A549 cells. Western blot analysis was performed after sBV treat-
ment in A549 cells. Cleaved forms of PARP-1 and Caspase 9 were
increased, and p53 or Bax was also upregulated with sBV treatment
in a dose-dependent manner.

receptor 3 (DR3) expression and inhibition of the NF-xB path-
way [20]. Moreover, combination treatment of TNF-like weak
inducers of apoptosis, docetaxel and cisplatin, with bee venom
synergistically inhibited both A549 and NCI-H460 lung cancer
cell growth with further downregulation of NF-«B activity [21].
Accumulated data clearly suggest that melittin, the principal
component of sBV or bee venom, has potential for cancer treat-
ment [22]. The pharmacological effect—cell death induction—
of melittin seems to be superior to that caused by any other
anticancer drug [23, 24]. However, our current study indicates
that selecting an appropriate concentration of sBV might be an

important consideration in cancer treatment.

sBV induced cell death in A549 human lung cancer cells
at a pharmacological concentration, albeit causing hemolytic
cell death at high concentrations. These data suggest that sBV
might exert strong pharmacological activity of cell death induc-
tion after growth inhibition or acute cell rupture according to
the concentration. However, it determining the appropriate
concentration of sBV in cancer treatment might be an impor-

tant consideration.
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