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Abstract
Objective: Melittin is one of the natural components of bee venom (Apis mellifera), and its anticancer and antimetastatic
properties have been well established, but the underlying mechanism remains elusive. The MDA-MB-231 is a triple-
negative cell line that is highly aggressive and invasive. Besides, many critical proteins are involved in tumor invasion
and metastasis. In this study, we investigated whether melittin inhibits the migration and metastasis of epidermal
growth factor (EGF)-induced MDA-MB-231 cells via the suppression of SDF-1a0/CXCR4 and Rac1-mediated signaling
pathways.

Materials and Methods: In this experimental study, cells were treated with melittin (0.5-4 ug/ml), and the toxicity of
melittin was assessed by the MTT assay. Afterward, the migration assay was conducted to measure the degree of the
migration of EGF-induced cells. The western blot technique was performed to analyze the rate of Rac1, p-Rac1, SDF-
1a, and CXCR4 expression in different groups.

Results: The results demonstrated that melittin markedly suppressed the migration of EGF-induced cells and decreased
the expression of p-Rac1, CXCR4, and SDF-1a proteins.

Conclusion: The results of the present study suggested that the anti-tumor properties of melittin could be through the
blocking of the SDF-1a/CXCR4 signaling pathway, which is beneficial for the reduction of tumor migration and invasion.
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Introduction

Bee venom consists of a variety of biologically active
peptides, including melittin, apamin, adolapin, and mast
cell degranulating peptide (MCDP) (1). Melittin is a
major constituent of bee venom, which is a 26-amino
acid polypeptide containing 40-60% of the whole bee
venom (2). It belongs to amphipathic, a-helical, and cell-
penetrating peptides, possessing anti-inflammatory, anti-
bacterial, anti-thrombosis, and anti-tumor properties (3).

Organs have restricted boundaries that are identified
by the basement membrane that can surround the cells
with a particular matrix (4). Metastasis is known as the
dissemination of cancer cells from a specific organ or
region to another location that is not generally connected
to it (5). The process of metastasis occurs via the blood
vessels or lymphatic system or both (6). It is now known
that cell migration is a critical step in metastasis and
tumor invasion, and the regulation of this process can
control the pathogenesis of cancer. The understanding
of the molecular mechanism underlying the process of
cancer cell migration and metastasis is a prerequisite for
designing new therapies for the elimination of cancer
cells.

The stromal cell-derived factorla (SDFla) and its
cognate receptor, CXC chemokine receptor type 4
(CXCR4), play a crucial role in tumor metastasis (7).
Chemokines are a group of peptides with molecular
weights between 8 and 12 kDa (8). They are divided into
four groups based on the position of the cysteine motif
at the NH2 terminus (9). CXCL-12 (SDF-1) is the most
significant member of this family in numerous types
of cancer, which exists in two forms, namely SDF-10/
CXCL-12a and SDF-1B/CXCL-12b (10). The binding
of CXCL-12 to CXCR-4 can activate multiple molecular
signaling pathways (11). Through one of these pathways,
the association of SDF-1 with CXCR-4 could activate
the Rho family GTPases, such as Racl, which plays a
critical role in tumor progression and modulation of other
signaling pathways, such as cell-cell adhesion (12). In
this way, the GTP-bound form of the Racl protein binds
to the PAK family and induces the kinase activity of
these types of proteins. PAKs phosphorylate and activate
actin-binding LIM kinases present in two types, namely
LIMKI1 and LIMK2. These kinases can phosphorylate
cofilin, which leads to the deactivation of this protein.
The activity of cofilin, which participates in the actin
cytoskeleton formation, is essential for tumor cell
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metastasis and migration (13). Indeed, actin cytoskeleton
reorganization is considered a principal mechanism for
triggering cell motility, and necessary for numerous kinds
of cell migration (14). Racl also causes dissociation of
the WAVE-1 protein from its regulatory complex to drive
Arp2/3 complex-mediated actin polymerization, and it
induces the formation of the lamellipodium. Therefore,
Racl1 regulates multiple elements involved in the invasion
and metastasis of cancer cells (13).

Previous studies have demonstrated that EGF-
induced cell migration is associated with Racl
activation and promotes tumor cell motility and
invasion (15). Besides, it was reported that interaction
between the chemokine receptor CXCR4 and its ligand
SDF la plays a significant role in cell proliferation,
angiogenesis, tumorigenicity, and metastasis in
various types of cancer cell lines, such as breast cancer
cells (16). Likewise, it has been shown that EGF can
increase the expression of CXCR4, thereby the PI-3
kinase pathway (17). To date, there is no report on the
stimulation of EGF in response to SDF la expression.

In the past few years, the anticancer properties of
melittin have attracted much attention (18). Thus, due
to the side effects of conventional therapies, such as
chemotherapy, natural components possessing fewer
side effects and enormous anti-cancer properties are
currently used as complementary therapies (19). Data
obtained during previous studies confirmed that melittin
inhibits tumor cell metastasis via the suppression of
the Racl-dependent pathway in different types of
cancer cell lines; however, the precise mechanisms of
this event are still unclear (18). Since MDA-MB-231
is a triple-negative cell line (20), the effect of melittin
on ER, PR, and HER?2 receptors is rejected. According
to the significant role of SDF-1a and CXCR4 in the
migration and metastasis of cancer cells, this study
aimed to examine the effect of melittin on the possible
inhibition of the CXCR4/ SDF-1a pathway in MDA-
MB-231 cells stimulated by EGF.

In this study, the effects of melittin on the motility and
migration of a triple-negative breast cancer cell line were
investigated. It was observed that melittin suppresses the
level of CXCR4, SDF-1a, and Rac1 expression. Therefore,
the CXCR4/SDF-1a signaling pathway could be one of
the main ways through which melittin puts its effects. To
confirm this, the expression level of Racl, one of the key
proteins in this pathway, was also examined. Evidence
showed that the phosphorylation rate of this protein is
decreased parallel with an increase in the concentration
of melittin.

Materials and Methods
Cells and materials

In this experimental study, the breast cancer cell line
MDA-MB-231 was purchased from the Pasteur Institute
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of Tehran, Iran. Melittin, at a concentration of 2 pg/ml,
was purchased from Sigma-Aldrich (Sigma Aldrich, St.
Louis, MO, USA). The monoclonal antibodies against
Racl and its phosphorylated form were obtained from
Abcam (Abcam, Cambridge, MA). Antibodies against
CXCR4 and SDF-la were obtained from Santa Cruz
Biotechnology (Santa Cruz Biotechnology, Santa Cruz,
CA). The anti-B-actin and anti-lgG HRP-conjugated (as
a secondary antibody) antibodies were procured from
Abcam (United Kingdom). The study was approved by
the Kharazmi University of Tehran (616/9415).

Cell culture

MDA-MB-231 cancer cells were first cultured in the
RPMI-1640 medium (Gibco, USA) that was supplemented
with 100 U/ml penicillin-streptomycin and 10% fetal
bovine serum (FBS). The cells were incubated at 37°C in
a 5% CO, -95% air atmosphere for 24 hours. The medium
was replaced with the fresh cell culture medium every 48
hours when the color of the medium was changed.

Morphological observations

For the evaluation of the impact of melittin on the
morphological alterations of MDA-MB-231 cells,
approximately 5x10% cells were cultured in a 24-well
plate. Upon reaching 65-70% confluence, cells were
treated with various concentrations of melittin (0.5-4
pg/ml). After 24 hours, morphological changes were
observed under an inverted microscope (Biomedia, EU)
and compared to the control cells.

Cell viability assay

The toxicity of melittin against cancer cells was
examined by the MTT assay. To this aim, cells were
seeded onto a 24-well plate at the density of 30x10°
cells per well in the RPMI-1640 medium and allowed
to adhere for 24 hours and then treated with different
concentrations of melittin for 24, 48, and 72 hours. Then,
the medium was discarded, and the cells were incubated
with 0.5 mg/ml of 3- [4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT) (Sigma, USA).
After 3-4 hours of the incubation period at 37°C and 5%
CO, atmosphere, the number of formazan crystals was
quantified at a wavelength of 570 nm.

Migration assay

The process of cell migration was examined by the
migration assay. Briefly, cells were seeded onto a
6-well plate and incubated at 37°C for 24 hours until
a monolayer is formed. Monolayers were gently and
slowly scratched with a pipette tip across the center
of the well. Then, they were treated with various
concentrations of melittin for 6 hours, followed by
incubation with EGF (20 ng/ml) and 1% FBS medium
for 24 and 48 hours. After the incubation period, the
process of cell migration was tracked at the 24 and
48 hours of incubation. The open area was calculated



with the T scratch software, a novel and simple tool for
the automated analysis of monolayer migration assay.

Western blot analysis

The western blot technique was performed to analyze
the relative expression of the desired proteins after 6
hours of incubation of MDA-MB-231 cells with melittin.
Briefly, cells were seeded onto a 6-well plate at a density
of 5x10° cells per well and then treated with various
doses of melittin for 6 hours, followed by the stimulation
in the absence or presence of EGF (20 ng/ml) for 2
hours. The cell lysate was centrifuged at 13000 rpm at
4°C for 15 minutes. The supernatant was collected, and
the concentration of total protein was determined by the
Bradford assay. Approximately 25 pg of the extracted
proteins were used for the sodium dodecyl sulphate-
polyacrylamide electrophoresis gel (SDS-PAGE). The
protein mixture was electrophoretically separated on 15%
polyacrylamide gel and then transferred onto the PVDF
membrane. The membrane was soaked in 5% non-fat
dry milk and Tris-buffered saline and 0.1% Tween-20
(TBST) to prevent the binding of non-specific antibodies.
The membrane was subsequently incubated with proper
amounts of primary antibodies. After three times washing
with TBST, the membrane was probed with horseradish
peroxidase (HRP)-conjugated secondary antibody. The
membrane was rinsed again for an additional three times
in TBST, and finally, DAB (3,3’-diaminobenzidine) was
used to visualize the protein bands. The densitometry
analysis of protein bands was performed using the ImageJ
software.

Statistical analysis

The obtained values were analyzed by Graphpad prism
version 7.0 (San Diego, California USA). One-way
analysis of variance (ANOVA), followed by Tukey’s post
hoc test was employed for the comparison of differences
between experimental groups. Data are expressed as
the mean + standard error of the mean. The level of the
statistical significance was set at P<0.05.

Results

Morphological alterations in MDA-MB-231 cells in
response to melittin

The morphological changes induced by 0.5-4 pg/ml
melittin after 48 hours was observed and compared
with untreated cells. As shown in Figure 1, this type
of cells exhibit a typical spindle-shaped morphology.
Cells were treated with 0.5, and 1 pg/ml melittin
did not show a significant morphological alteration
when compared with untreated cells. Cells treated
with melittin at a concentration of 2 pug/ml underwent
some cellular damages such as cell shrinkage. The
results demonstrated that 4 ug/ml melittin caused a
significant morphological change as compared with
untreated cells, showing a significant degree of cell
death exposed to melittin.
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Fig.1: Morphological analysis of MDA-MB-231 cells in response to
treatment with melittin after 48 hours. A. Untreated (control) cells,
and B. treated with 1, C. 2, D. 4 ug/ml melittin (scale bar: 50 um). Red
arrows show dead cells (magnification x10).

Melittin at low concentrations does not affect cell survival

Before the examination of migration and metastasis of
cancer cells, the cell viability of the cultured cells, as well
as the impact of melittin on cell survival was examined
by the MTT assay. Melittin significantly caused cell death
in MDA-MB-231 cells when used at a concentration of
4 pg/ml, and the cytotoxicity of the drug was mediated
in a dose-dependent fashion. However, melittin, at
concentrations lower than 2 pg/ml, cannot significantly
change the cell survival of MDA-MB-231 cells compared
with untreated cells (Fig.2). So, melittin was used at a lower
concentration of 2 pg /ml for subsequent experiments.
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Fig.2: The percentage of the cell viability of MDA-MB-231 cells determined
by the MTT assay. After 24, 48, and 72 hours, the impact of melittin on
0.5, 1, 2, and 4 pg/ml on the survival rate of breast cancer cells (MDA-
MB-231) was measured. The graph shows that, in parallel with an increase
in the concentration of melittin, the cell viability of MDA-MB-231 cells is
markedly decreased. The data are expressed as the means and standard
errors (mean + SE) of three independent experiments. ***; P<0.001, **;
P<0.01 compared to the untreated control (the first bar).
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Inhibitory effect of melittin on the migration of the
MDA-MB-231 cancer cell line

The cell migration assay was carried out to assess the
preventive role of melittin in migration and cell motility
of the MDA-MB-231 cancer cell line induced by EGF at
24 and 48 hours. As illustrated in Figure 3, along with an
increase in the levels of melittin the rate of cell migration
is decreased.

Melittin halts the invasion of the MDA-MB-231
cancer cell line induced by epidermal growth factor by
reducing the expression of Racl, CXCR4, and SDF-1a

The inhibitory effect of melittin on the expression of
Racl, p-Racl, CXCR4, and SDF-1a was examined by
the western blot analysis of whole-cell lysates of MDA-
MB-231 cells treated with melittin for 6 hours, followed
by stimulating with EGF (20 ng/ml) for 2 hours. As
depicted in Figure 4., the results showed that the rate
of the expression of the proteins mentioned above was
substantially diminished in a dose-dependent manner in
response to the treatment of EGF-induced MDA-MB-231
cancer cells with melittin.
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B
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Fig.3: The inhibitory effect of different concentrations of melittin on the
migration of epidermal growth factor (EGF)-induced MDA-MB-231 cells.
A. The migration assay was carried out after 24 and 48 hours; then the
migrated cells were imaged. B. Semi-quantification of protein bands in the
migration assay (scale bar: 165 um) (n=3, mean * SE, ***; P<0.001, **;
P<0.01, *; P<0.05, compared to the 0 hour (the white bars).
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Fig.4: The inhibitory effect of melittin on epidermal growth factor (EGF)-
induced Racl, p-Racl, CXCR4, and SDF-1q, in EGF-induced MDA-MB-231 cells.
A. The western blot analysis indicated that melittin treatment reduces the
expression of all metastasis-related proteins. B-actin was used as a loading
control. B. Semi-quantification of the density of protein bands showed a
significant decrease in the expression of all proteins in a dose-dependent
manner (n=2, mean + SE, ***; P<0.001, **; P<0.01 *; P<0.05, compared to the
untreated control which is getting EGF and no melittin (the second group bar).

Discussion

Breast cancer is the most common type of cancer
among women. In recent decades, the number of patients
diagnosed with breast cancer, as well as the mortality of
patients, has been significantly increased, implying that
there is an urgent need to seek more efficient therapeutic
strategies to cure patients who have breast cancer.

One of the main problems in breast cancer, especially
in MDA-MB-231 cells, is the occurrence of metastasis.
Several lines of evidence demonstrated that EGF is capable
of promoting the migration of the MDA-MB-231 cancer
cell line (21). EGF can stimulate F-actin polymerization,
which leads to the formation of lamellipodia (22). Our
results also confirmed that EGF stimulates the motility of
MDA-MB-231 cells. The migration assay also revealed
that this EGF-induced motility could be inhibited by
melittin.

It has been indicated that a large number of genes
contribute to the signaling pathways related to the
metastasis process. Among those genes, Racl, SDF-
la, and CXCR-4 have an undeniable impact on the
function of cofilin, which contributes to stimulus-induced
actin filament assembly during the formation of the
lamellipodium.

The Racl protein belongs to the Rho family proteins,
and it is one of the most common proteins, regulating the
adhesion and migration of various types of cells. Racl



is crucial for tumor growth, invasion, metastasis, and
angiogenesis. This protein binds to either GDP or GTP,
Racl-GDP (inactive), and Racl-GTP (activated) (23).
The activation of the Racl leads to actin polymerization
and lamellipodium formation during the migration of cells
(24). Racl is overexpressed in numerous types of cancers,
including testicular cancer, gastric, and breast cancers (25).
Therefore, Racl may be a useful target for therapeutic
purposes to halt the process of metastasis in cancer.

Chemokines are small proteins that interact with a
large superfamily of the G protein-coupled receptors
(8). Previous studies have shown that binding of SDF 1a
and its cognate receptor, CXCR4, is essential for tumor
progression, angiogenesis, metastasis, and survival (26).
Thus, the inhibition of this chemokine and its cognate
receptor can result in the prevention of tumor metastasis
(27). Any interference with the expression of master genes
involved in actin cytoskeleton formation can contribute to
a decrease in the motility of cancer cells (28). Due to the
severe side effects of chemotherapy and surgery, in recent
years, the use of natural compounds with anticancer
properties has been proposed since they possess much
fewer adverse effects on the human body. Melittin is one
of these natural components that the biological potential
of this compound has been extensively studied (19).
Melittin has only mild allergic side effects (29). Besides,
melittin can cause massive hemolysis. This poses
significant limitations in clinical studies. These days, the
discovery of new methods of melittin delivery has solved
this problem (30).

On the other hand, EGF treatment increased the
expression of CXCR-4 and the active form of Racl
(p-Racl) proteins, but it was not able to alter the
expression of SDF1a and total Racl (Racl) significantly.
These data are in conformity with the previous evidence
that EGF induces CXCR4 activation in other cancer cells
(16) and Racl expression in MDA-MB-231 cells (15)
particularly Racl and Rac1b in TGF-B-induced epithelial-
mesenchymal transition (EMT. But there is not any
evidence on the role of EGF in the modulation of SDF1a.

A large body of evidence has shown that melittin
could induce cell death in ovarian cancer cells via the
stimulation of the expression of death receptors, as well
as the inhibition of the STAT-3 pathway (29). This peptide
inhibits metastasis through the hindrance of MMP-9
expression (30). In a study performed by Huh et al., they
have demonstrated that melittin inhibits the VEGFR-2
and COX-2-mediated MAPK signaling pathways, which
have anti-angiogenesis and anti-tumor activities (31). In
a study conducted on AGS gastric cancer cell line and
HeLa cervical cancer cell line, it was shown that melittin
inhibited the proliferation of both types of cell lines
(32, 33). In another study performed on the expression
of Racl in gastric carcinoma, Wu et al. reported that
Racl expression is associated with increased metastasis
in gastric cancer (34). Studies have also shown that the
suppression of Racl activity by melittin halts the process
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of metastasis in liver cancer cells in nude mice (35).
Several lines of evidence indicated that the expression
levels of the chemokine receptors are highly associated
with the development of some cancers and have specific
roles in cancer metastasis (36). It has been shown that
melittin is capable of decreasing the expression of SDF1a
and CXCR4 in the UMR-106 osteosarcoma xenograft
mouse model (37). Another report showed that melittin
could attenuate tumor invasion through the inhibition of
the PI3K/AKT/mTOR signaling pathway in breast cancer
cells (38). Our findings were in line with previous results
showing that melittin is able to halt migration and invasion
of the EGF-induced MDA-MB-231 cancer cells through
mitigating the expression of Racl and CXCR4 genes.
Although the comparison between the control group
(receiving no treatment) and the EGF group (treated with
EGF) shows that EGF was not capable of stimulating the
expression of SDF1a, whereas melittin suppressed the
expression of SDF1a in a dose-dependent fashion.

In summary, the present study indicated the anti-proliferative
effect of melittin on EGF-induced MDA-MB-231cancer
cells as a metastatic cell line. Our findings implicated that
this natural compound is highly toxic and could impair the
viability of MDA-MB-231 cells and reduce the migration of
cancer cells in a dose-dependent manner.

Conclusion

In this study, it was shown for the first time that melittin
can affect tumor cell migration through CXCR4/SDF-1a
signaling pathway. All in all, we revealed that melittin, by
blocking CXCR4 in the cell membrane and inhibiting the
expression of SDF-1a, can exert an anti-motility potential.
Altogether, further studies such as murine models of
breast cancer will be required to unravel the inhibitory
effects of melittin on the propagation of tumor cells.
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