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ABSTRACT

Ovarian cancer is considered to be one of the most important causes of death among women. Cisplatin is one
of the oldest chemotherapeutical compounds used for treating ovarian cancer. Previous studies have shown
the inhibitory effects of bee venom on certain types of cancer. The aim of the present study was to evaluate
the cytotoxic effect of bee venom alone and its synergistic cytological effects in combination with cisplatin
on ovarian cancerous cisplatin resistant A2780cp cells. To investigate the cytotoxic effect of bee venom on
A2780cp cells and its synergetic effect with cisplatin, MTT assay, morphological examination, DNA frag-
mentation assay, flowcytometric and immunocytochemical analysis were performed. MTT assay revealed that
8ug/ml bee venom, 25mg/ml cisplatin and 4pg/ml bee venom/10mg/ml cisplatin cause an approximately 50%
A2780cp cell death after 24hr. Morphological and biochemical analysis indicated an apoptotic type of cell
death induced by bee venom and cisplatin, separately and in combination. Immunocytochemistry demonstrated
a reduction in the levels of the Bcl2 protein. Overall, our findings suggest that components of bee venom may
exert an anti-tumor effect on human ovarian cancer and that has the potential for enhancing the cytotoxic effect
of the antitumor agent cisplatin.
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INTRODUCTION

Ovarian cancer (OC) is considered to be the fourth cancer-
related cause of death among women (Russ et al, 2009). Ini-
tial debulking surgery, which is followed by chemotherapy
and radiation, are the common ways of treating this type of
cancer (Sabatier et al, 2009). Although, no particular envi-
ronmental risk factors have been associated with the ovar-
ian carcinogenesis, nevertheless the sex hormone exposure
and patient’s reproductive history seems to have significant
roles. In the general population, the birth of one live child
may reduce the risk of OC. In addition, multiple pregnan-
cies reduce the risk of OC. About 90% of ovarian cancers
arise originally from ovaries with an unknown reason, while
the remainder has hereditary background, or are associated
with breast and colon cancers (Lyncha et al, 2009).
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Apoptosis is a highly regulated, energy-dependent suicide pro-
gram, whereby the cell activates a signaling cascade, which
leads to cell death without targeting an inflammatory response.
Apoptosis is mediated by two distinct evolutionarily conserved
pathways: the extrinsic and intrinsic cell death pathways
(Danial and Korsmeyer, 2004). Mmitochondria play a central
role in the intrinsic pathway (Zou et al, 1999). This pathway is
regulated by members of the Bel-2 family that contain pro- and
anti-apoptotic proteins. These proteins share as many as four
conserved regions known as Bcl-2 homology (BH) domains
(Adams and Cory, 1998). Antiapoptotic members such as
Bcl-2 and Bcl-XL promote cell survival by inhibiting the func-
tion of the proapoptotic Bel-2 proteins. Antiapoptotic Bcl-2
proteins have critical roles in cell survival, and protect cells
from many different apoptotic stimuli (Nakayama et al, 1993;
Veis et al, 1993; Motoyama et al, 1995; Opferman et al, 2003).
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Cisplatin (cis-diamminedichloroplatinum II) is one of the
most commonly used anticancer drugs. This compound is
used alone or in combination with other chemotherapeu-
tic agents to treat several types of solid tumors, including
head and neck, ovarian and lung cancers (Cooley et al,
1994). Several experiments have demonstrated that DNA
is the primary intracellular target for cisplatin (Cohen and
Lippard, 2001). Cisplatin binds to the N7 reactive center
on purine residues which can cause DNA damage in can-
cer cells, blocking the division of cancer cells and result-
ing in cell death. In addition, apoptosis can also cause cell
death (Saeidifar et al, 2009). Despite the initial effective-
ness, long term applications have failed due to the devel-
opment of resistant cells not only to platinum compounds,
but also to a wide range of other chemotherapeutic agents
(Akdi et al, 2002; Ronconi et al, 2005; Martinez et al,
2007).

Honey bee (Apis mellifera) venom (BV) is a very complex
mixture of active peptides, enzymes, and amines. Melittin
and phospholipase A2 are the major components of BV.
BV has been used as a traditional medicine to treat various
diseases such as arthritis, rheumatism, back pain and skin
diseases. Recent studies have reported that BV can cause
growth arrest, and that it possesses cytotoxic effects on sev-
eral types of cancerous cells (Son et al, 2007).

In this study we demonstrate that bee venom can induce
apoptosis in cisplatin resistant A2780cp cells. We also
examine the synergistic effects of BV and cisplatin to obtain
the lowest lethal concentrations of these chemotherapeutic
compounds.

MATERIALS AND METHODS

Cell culture

The human ovarian cancer A2780cp cells were purchased
from NCBI (National Cell Bank of Iran). Cells were cul-
tured in RPMI-1640 (Gibco-Invitrogene) with 10% (v/v)
fetal bovine serum (FBS, Gibco-Invitrogene) and antibiotics
(100U/ml penicillin and 100mg/ml streptomycin) at 37°C
in a 5% (v/v) CO, humidified incubator. The medium was
changed every 48hr.

MTT Assay

A2780cp cells were cultured in 24-well plates. They were
then treated with different concentrations of BV (BV was
collected from Isfahan Province in Iran) or cisplatin as well as
BV and cisplatin together for 24hr. Viability was determined
by MTT assay. Briefly, S0ul MTT (3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide; Sigma) solution
was added to each well, and cells were incubated at 37°C
for 3-4hr in dark. Subsequently, the medium was removed
and 1ml of dimethylsulfoxide was added to each well, and
the plates were kept at room temperature for 30min. The
absorbance was measured at 570nm. The percent viability
was calculated as follows:

R ical ity of i 1
percent of viability = optical density of experimental groups

optical density of control group
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DNA fragmentation analysis

A distinctive feature of apoptosis at the biochemical level is
DNA fragmentation. DNA fragmentation was inspected as a
semiquantitative method of measuring apoptosis. A2780cp
cells were exposed to different concentrations of cisplatin
and BV, separately and in combination for 24hr. QlAamp
DNA mini Kit was used for DNA purification. Purified DNA
was resuspended in 20pl TAE buffer supplemented with 2ul
of sample buffer (0.25%, w/v, bromphenol blue, 30% v/v,
glyceric acid), and electrophoretically separated on a 1.5%
(w/v) agarose gel, containing 1pg/ml ethidium bromide, and
visualized under an ultraviolet transilluminator.

Flow cytometry

Apoptosis was measured using a quantitative flowcytometry
assay. Briefly, treated and non-treated cells were trypsinized
and washed with PBS, centrifuged (1500rpm for Smin), and
the supernatant was aspirated. After washing, samples were
incubated with 100ul of the Annexin-V primary antibody
(diluted 1:100 in the blocking buffer 3%, w/v, BSA in PBS)
overnight at 4°C. These cells were then washed with PBS
and centrifuged (2000rpm for 10min). Cells were incubated
in the dark with 100ul fluorescein-labeled goat anti-rabbit
secondary antibody (diluted 1:100 in blocking buffer 3%,
w/v, BSA PBS) for 45min at 37°C. After washing with
PBS and centrifugation (2000rpm for 10min), Sul of PI
(propidium iodide) was added and kept for 20min before
washing for three times with the wash buffer. Finally, 500pl
of 0.01% (v/v) formaldehyde was added to each tube, and
Annexin-V expression was measured immediately using a
Becton Dickinson FACScan analyzer.

Immunocytochemistry

Following the exposure of A2780cp cells to different con-
centrations of BV and cisplatin for 24hr, cells were used for
immunocytochemical examination of Annexin-V and Bcl2
expression. Briefly, cells were washed with PBS and fixed
in 4% PFA for 20min, followed by a three times wash with
PBS. The wells were rinsed with 0.05% (v/v) Triton X-100
and blocked with 1% (w/v) BSA in PBS for 45min prior
to incubation with a 1:100 dilution of Annexin-V and Bcl2
primary antibodies, separately. After an overnight incuba-
tion with the primary Ab at 4°C, cultures were incubated
in the dark with a fluorescein-labeled goat antibody against
rabbit IgG for 45min at 37°C. For nuclear staining, an incu-
bation with 0.1 pg/ml DAPI was performed. Finally, cells
were washed in PBS solution, and mounted for microscopic
visualization.

RESULTS

MTT cell viability assay

To examine the cytotoxic effects of BV and cisplatin alone
and in combination (BV/cisplatin) on human ovarian cancer
A2780cp cell line, cells were cultured with different con-
centrations of BV and cisplatin for 24hr. Cell viability was
determined by MTT assay. As shown in Figure 1A and B,
they both have cytotoxic effect on A2780cp cells in a dose-
dependent manner. Treatment with 8pg/ml BV or 25mg/ml

x 100
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Figure 1. Dose dependent effects of BV, cisplatin and BV/
cisplatin in resistant ovarian cancer cells (A2058cp). A2058cp
cells were incubated with the indicated doses of BV (A) cisplatin
(B) and BV/cisplatin (C). Growth inhibition and cell death were
determined by MTT assay after 24hr. Results are expressed as
means £+SEM of data obtained in three independent experiments.
The data are statistically significant in comparison to the vehicle
control by one-way ANOVA.

cisplatin for 24hr caused an approximately 50% A2780cp
cell death. The subsequent experiments were performed
using these values as lethal dosages of each compound. For
a simultaneous treatment with both BV and cisplatin, 4ug/
ml BV plus 10mg/ml cisplatin for 24hr caused an approxi-
mately 50% A2780cp cell death (Figure 1C).

DAPI staining

To observe the effect of BV and cisplatin on cell morphol-
ogy, cells were biochemically analyzed via DAPI staining.
As shown in Figure 2, nuclear condensation and perinuclear
apoptotic bodies were detected in the treated cells after 24hr.
These morphological characteristics suggest that BV and
cisplatin induce an apoptotic type of A2780cp cell death.

DNA fragmentation

DNA fragmentation is considered as one of several apopto-
sis characteristics that reflect endonuclease activity. As seen
in Figure 3, cells treated with BV alone did not exhibit this
DNA fragmentation, however, cisplatin alone and in combi-
nation with BV (BV/cisplatin) resulted in the formation of
a set of defined fragments that could be seen via the electro-
phoretic examination as a characteristic ladder pattern.

Cell death analysis through flowcytometry and immu-
nocytochemistry

To further confirm that BV and cisplatin do induce apo-
ptosis in A2780cp cells, a flowcytometric analysis with
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Figure 2. Changes in nuclear condensation using DAPI stain-
ing. A2058cp cells treated with BV, cisplatin and BV/cisplatin
were stained with DAPI, and cells were photographed under a
fluorescence microscope. A: untreated cells (control). B: 8ug/ml
BV-treated cells. C: 25mg/ml cisplatin-treated cells. D: 4pug/ml

BV/10mg/ml cisplatin-treated cells. Experiments were repeated at
least three times with similar results.

Unfragmented
DNA

. -h_Jﬁ.,-.'IHH

“H

Figure 3. Electrophoretic analysis of genomic DNA of A2780cp
cells treated with BV, cisplatin, and BV/cisplatin. Cells were
incubated for 24hr. Control cells (2); 8ug/ml BV (3); 25mg/ml cis-
platin(4); 4ug/ml BV/10mg/ml cisplatin (5); 6pg/ml BV/10mg/ml
cisplatin (6) and 8pg/ml BV/10mg/ml cisplatin(7). Genomic DNA
was extracted and analyzed by electrophoresis on a 1.5% (w/v)
agarose gel containing ethidium bromide. A2780cp cells treated
with BV did not exhibit the ladder pattern characteristic of apop-
tosis, but cells exposed to cisplatin alone and in combination with
BV showed this pattern. 1, Marker; 2, Control; 3, BV-treated cells;
4, Cisplatin-treated cells; 5, 6 and 7 BV/Cisplatin-treated cells.

Annexin V-FITC and phosphatidylserine (PS), and an
immunocytochemical assay with AnnexinV-FITC were
performed. Detection of the apoptotic and necrotic rates
by flowcytometry are shown in Figure 4. These results con-
firmed that cells exposed to 8ug/ml BV, 25mg/ml cispla-
tin and 4pg/ml BV/10 mg/ml cisplatin enter an early stage
of apoptosis. Immunocytochemical assay (Figure 5) also
revealed that phosphatidylserine (PS) is exposed to the outer
membrane, and diagnosed with Annexin V-FITC in cells
treated with BV, cisplatin and BV/cisplatin.

Effects of BV and cisplatin on the expression of Bcl2
protein by immunocytochemistry

Effects of BV, cisplatin and BV/cisplatin on Bcl2 expres-
sion in A2780cp cells by immunocytochemistry indicated
that Bcl2 expression was markedly decreased in cells treated
with 8ug/ml BV, 25mg/ml cisplatin and 4pg/ml BV/10mg/
ml cisplatin compared to the control group (Figure 6).
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Figure 4. Quantitative cell death analysis in A2780cp cells after treatment with different concentrations of BV and cisplatin alone and
in combination by flowcytometry. The double staining of the cells was performed with Annexin V- FITC and PI to detect apoptotic

and necrotic cells. Cells were cultured without any compounds (A);

with 8pg/ml BV (B); with 25mg/ml of cisplatin (C) and with 4pg/

ml BV/10mg/ml cisplatin (D) for 24 h. Note the increase in the apoptotic rate, when cells are exposed to these compounds, compared
to the control group. Results are shown for three independent experiments.

Figure 5. Effect of BV, cisplatin and BV/cisplatin on Annexin V
expression in A2780cp cells by Immunocytochemical analysis
using florescence microscopy at 200x magnification. A: control,
B: 8ug/ml BV; C: 25mg/ml cisplatin and D: 4ug/ml BV/10mg/
ml cisplatin. Significant increase in PS expression is seen in cells
treated with BV and cisplatin alone and in combination.

Figure 6. Effect of BV, cisplatin and BV/cisplatin on Bcl2
expression in A2780cp cells by Immunocytochemical analysis
using florescence microscopy at 100x magnification. A: control;
B: 8ug/ml BV; C: 25mg/ml cisplatin and D: 4ug/ml BV /10 mg/
ml cisplatin. Significant reduction in Bcl2 expression is seen in
cells treated with BV and cisplatin alone and in combination.

DISCUSSION

Cisplatin and its analogues are among the most effective
anticancer drugs currently used for treating different types
of cancer, however, they come with serious side effects.
Thus, current research has mainly focused on finding ways
of reducing these severe side effects (Mansouri-Torshizi
et al, 2010). The purpose of the present study was to deter-
mine whether BV, through induction of apoptosis, processes
an inhibitory effect on cisplatin resistant A2780cp cells,
and also weather it does have a synergistic effect with cis-
platin. It was demonstrated that BV can induce apoptosis
in A2780cp cells. Analysis of cytotoxicity by MTT assay
confirmed the cytotoxic effects of BV in a time- and dose-
dependent manner. The IC50 value determined for BV was
8ug/ml after 24hr, which is different from its lethal dosage
in other cancerous cell lines (eg. About 2ug/ml for human
melanoma A2058 cell lines (Tu et al, 2008) and 10pg/ml
for the human lung cancer NCI-H1299 cell line (Jang et al,
2003). DNA fragmentation, as a well defined characteristic
of apoptosis, was not clearly detected via agarose gel elec-
trophoresis. Such fragments have been shown to occur in
other BV-treated cells such as lung and breast cancer cell
lines (Jang et al, 2003; Ip et al, 2008a). We demonstrated
by dapi staining that BV induces remarkable changes in cell
morphology such as nuclear shrinkage and chromatin con-
densation. The results of cell death analysis by flowcytom-
etry and immunocytochemical assays showed that the type
of cell death induced by BV is apoptosis. In addition to the
effects mentioned above, Bcl2 as an antiapoptotic protein
was shown to be downregulated.

Our data demonstrated that lethal effects of cisplatin are
potentiated by the addition of a non-lethal dose of the bee
venom. Orsolic (2009) investigated the cytotoxic effects of
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bee venom applied alone or in combination with the DNA
damaging drug bleomycin on HeLa and V79 cells. Bleo-
mycin caused a dose-dependent decrease in cell survival,
and when used with a non-lethal dose of BV, its lethal effect
was potentiated. He presumed that BV, by preventing the
repair of damaged DNA, increases bleomycin lethality and
inhibits recovery from the bleomycin-induced damage.
Since DNA is the main target of cisplatin, it is very likely
that BV is able to potentiate the lethal effect of cisplatin
in this way. Recently, Tu et al (2008) explored the effect
of BV on human melanoma A2058 cells. They reported
that BV induced apoptosis in a calcium-dependent and
caspase- independent pathway in human melanoma A2058
cells but not in normal skin fibroblast Detroit 551 cells.
This effect of BV and melittin, the key component of bee
venom, was also accompanied by the generation of reac-
tive oxygen species (ROS) and alteration in mitochondrial
membrane potential transition. Cytotoxic effects of Apis
mellifera venom and its mode of action at the cellular and
molecular levels were examined by Lee and coworkers in
normal human lymphocytes and HL-60 cells (Lee et al,
2007). The authors showed that BV possesses selective
cytotoxic properties in both normal and cancerous cells.
Observations by Jang and colleagues (2003) indicated
that BV induces apoptosis and inhibits the expression
of cyclooxygenase-2 in the human lung cancer cell line
NCI-H1299. Ip et al (2008b) examined the effect of honey
bee venom on human cervical epidermoid carcinoma Ca
Ski cells. They showed that bee venom induced cell cycle
arrest and apoptosis in these cells through both caspase-
dependent and caspase-independent pathways. They sug-
gested that apoptosis occurred via a Fas receptor pathway.
These authors used flowcytometry to show that BV-trig-
gered apoptosis was accompanied by ROS generation, an
increase in the level of cytoplasmic Ca?*, a reduced mito-
chondrial membrane potential which led to cytochrome c
release, and the activation of caspase-3. Bee venom also
upregulated Fas, p53, p21, Bax, caspase-8 and caspase-9
expression, but downregulated Bcl-2 expression. BV
caused the release of apoptosis-inducing factor (AIF) and
endonuclease G (Endo G) from mitochondria, which led to
apoptosis via the caspase-independent pathway in Ca Ski
cells. These results are in agreement with other reports on
other cell lines such as human breast cancer MCF7 cells
[Ip et al, 2008a) and U937 cells (Moon et al, 2008). Park
et al (2010) demonstrated that bee venom and its major
component melittin cause apoptotic cell death in prostate
carcinoma LNCaP, DU145, and PC-3 cells via activation
of caspase-3 through inactivation of NF B both in vitro and
in vivo. These authors also indicated that this anticancer
effect of BV was correlated with an increase in the levels
of various proliferative and antiapoptotic gene products,
including Bcl-2, cIAP-2, XIAP, iNOS, COX-2, and cPLA2,
which are regulated by NF B. Their immunohistochemical
analysis of the tumor section by H&E, and the prolifera-
tion antigens against PCNA along with Ki-67 staining data
revealed that bee venom inhibited tumor cell growth in a
dose-dependent manner. In conclusion, our results indicate
that bee venom represents a potential candidate for clinical
tests to further prove its potential as an anti-cancer agent in
the treatment of ovarian cancer. Furthermore, in the light
of our results, bee venom can be used to improve the cyto-
toxic effects of customary chemotherapeutic agents.
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