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Melittin inhibits the invasion of MCF-7 cells by
downregulating CD147 and MMP-9 expression
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Abstract. Tumor invasion and metastasis are the critical steps
in determining the aggressive phenotype of human cancers.
Melittin, a major component of bee venom, has been reported
to induce apoptosis in several cancer cells. However, the
mechanisms of melittin involvement in cancer invasion and
metastasis remain unclear. Our previous study indicated that
melittin inhibits cyclophilin A (CypA), a ubiquitously distrib-
uted peptidylprolyl cis-trans isomerase, in macrophage cells.
In the present study, the Transwell assay results showed that
melittin may downregulate the invasion level of MCF-7 cells
in a dose-dependent manner. Additionally, it was also found,
using flow cytometry and reverse transcription-polymerase
chain reaction, that melittin decreased the expression of cluster
of differentiation (CD)147 and matrix metallopeptidase-9
(MMP-9), whereas CypA upregulated the expression of CD147
and MMP-9. Overall, the present study indicated that melittin
decreased the invasion level of MCF-7 cells by downregu-
lating CD147 and MMP-9 by inhibiting CypA expression. The
results of the present study provide an evidence for melittin in
anticancer therapy and mechanisms.

Introduction

Invasion and metastasis is a complicated progress that is accom-
plished with the aid of numerous bioactive enzymes, such as
plasmin, cathepsin and matrix metallopeptidases (MMPs) (1).
MMPs are known to be Zn** dependent proteinases that have
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also been reported to promote the invasion and metastasis of
cancer cells by degradating the extracellular matix components
to damage the histological barrier around the extracellular
matrix (ECM) (2). MMP-9 is produced by mesenchymal,
epithelial and hematopoietic cells, and also by distinct tumor
cell types, such as those of gastric, lung and colon cancer.
MMP-9 expression is induced by cytokines, growth factors
and cell/stroma interactions, and has been associated with
numerous biological processes, including bone resorption,
inflammation and arthritis. Numerous studies have found that
the invasion of breast cancer MCF-7 cells is hindered by the
inhibition of MMP-9, which is expressed significantly more
in carcinoma compared with normal tissues (3,4). MMP-9
activity has also been linked with the process of tumor cell
intravasation (5). These studies indicated that MMP-9 may be
crucial in cancer invasion.

Melittin is a polypeptide containing 26 amino acid residues,
which may inhibit the inflammatory stimulus of phospholi-
pase A2 activity, and repress interleukin (IL)-1, tumor necrosis
factor (TNF)-a, cyclooxygenase, and reactive oxygen species
in numerous inflammatory diseases, including rheumatoid
arthritis in humans and experimental animals (6,7). Addition-
ally, it has been reported that melittin could exert anti-cancer
effects by suppressing the production of matrix metallopro-
teinase (MMPs), and inhibiting the activity of caspase (8-10).
The caspase molecules are a class of highly-conserved protein
molecules that are evolutionarily conserved and can be used in
the detection of tumor cells (8-10).

CDI147, a transmembrane glycoprotein, induces ECM
metalloproteinase, which is widely expressed in numerous
cells, particularly in malignant breast tumor, bladder tumor
and catuneum carcinoma cells (11,12). It has been known that
CD147 promotes the expression of numerous members of
the MMP family (12-15). Additionally, CD147 is also known
as the receptor of cyclophilin A (CypA), which can induce
numerous signal transductions and perform chemotactic
activity (15). CypA is a cytosol protein in a number of cells
that may be secreted in vesicles when stimulated by inflamma-
tory factors or oxidative stress (16-19). Therefore, it is crucial
to block carcinoma cell invasion through inhibiting CypA and
CD147-induced MMP expression.

The previous study indicated that melittin may inhibit
CypA expression in macrophage cells. The present study aims
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to investigate CypA-induced CD147 expression and MMP-9
secretion to identify notable targets of melittin involved in
the invasion of mammary carcinoma MCF-7 cells. The inva-
sion level of MCF-7 cells was found to be downregulated by
melittin in a dose-dependent manner. And the results also
showed that melittin could decrease the expression of CD147
and MMP-9, whereas CypA could upregulate the expression of
CD147 and MMP-9 by using flow cytometry and reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR).
In summary, the present study demonstrated that melittin
decreases the invasion level of MCF-7 cells by downregulating
CD147 and MMP-9 through inhibition of CypA expression.
The results of the present study provide evidence for melittin
in anticancer therapy and mechanisms.

Materials and methods

Melittin and MCF-7 cell line. Synthetic high-purity melittin
(Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) was
dissolved in sterile water, with the highest final concentration
at2.5 ug/ml (0,0.5,1.5 and 2.5 pg/ml) and stored at -20°C. The
human breast carcinoma MCF-7 cell line (Beijing Dingguo
Biological Technology Co., Ltd., Beijing, China) was cultured
in Dulbecco's modified Eagle's medium (DMEM)-low glucose
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
containing 10% fetal bovine serum (Beijing Sijiqing Buio-
logical Science and Technology Co., Ltd., Beijing, China) and
1% antibiotics (penicillin and streptomycin; Beijing Dingguo
Biological Technology Co., Ltd.), and subcultured at 37°C in a
5% CO, incubator.

Transwell assay. For the Transwell Matrigel invasion assay,
2x10° cells in 200 pl of serum-free medium were plated onto
the upper chamber of 24-well Transwell inserts (8-um pores;
BD Biosciences, Franklin Lakes, NJ, USA) coated with or
without Matrigel. Cells were incubated for 1 h for adherence
and melittin was then added in the upper chamber for another
24 h at 37°C in a 5% CO, atmosphere. The lower chamber was
filled with 600 x1 DMEM containing 10% fetal bovine serum.
After 24 h, the non-invaded cells were gently scraped off from
the upper chamber by cotton swab. The cells were fixed with
10% methanol solution, which penetrated through the poly-
vinylidene difluoride membrane into the lower chamber, and
then the cells were stained with 0.1% crystal violet (Beijing
Dingguo Biological Technology Co., Ltd.) for 20 min at room
temperature. Images of random fields were captured using a
light inversion microscope system. The absorbance was deter-
mined using a microplate reader at a wavelength of 570 nm
subsequent to destaining with 33% acetic acid.

ELISA. The expression of MMP-9 in MCF-7 was determined
by ELISA using the human MMP-9 ELISA kit (Beijing
Dingguo Biological Technology Co., Ltd.). The culture super-
natants were harvested, centrifuged to remove cellular debris,
and stored at -80°C prior to ELISA. Each experiment was
performed in triplicate and repeated three times. The MMP-9
concentration in the culture supernatant was quantified using
ELISA kits (Beijing Dingguo Biological Technology Co.,Ltd.),
according to the manufacturer's instructions. The MMP-9
ELISA kit includes a set of calibration standards, which
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may produce a standard curve of optical density vs. MMP-9
concentration. The concentration of MMP-9 in the samples
was determined by comparing the optical density (OD) of the
samples at 450 nm to the standard curve.

RT-gPCR. Total RNA was extracted using TRIzol reagent
(Takara Biotechnology Co., Ltd., Dalian, China). The quan-
tity and purity of the isolated RNA were measured using OD
at 260 nm and 280 nm. Total RNA was reverse transcribed
into cDNA, and then amplified by PCR using primer for
CD147, MMP-9 according to the manufacturer's protocol
(Takara Biotechnology Co., Ltd.). The primers used were as
follows: CD147 forward, 5'"TCGCGCTGCTGGGCACC-3'
and reverse, 5-TGGCGCTGTCATTCAAGGA-3'; MMP-9
forward, 5'-CACTGTCCACCCCTCAGAGC-3' and reverse,
5'-GCCACTTGTCGGCGATAAGG-3"; and GADPH forward,
5'"TCGGAGTCAACGGATTTGGTCGTA-3' and reverse,
5" TGGCATGGACTGTGGTCATGAGTC-3'. Cycling condi-
tions were as follows: 64°C for 30 sec for 35 cycles, 60°C for
30 sec for 40 cycles and 64°C for 30 sec for 30 cycles, respec-
tively.

The primers were all purchased from Takara Biotech-
nology, Co., Ltd. The analysis of relative gene expression data
was performed using RT-qPCR and the 2424 method (20).
PCR products were then run on a 2% agarose gel in order to
confirm the presence of a single band with the expected size
using marker2000 (TianGen Biochemical Science and Tech-
nology, Co., Ltd. Beijing, China).

Flow cytometry analysis. MCF-7 cells were treated with
trypsin, and then digestion was stopped using staining medium
(phosphate-buffered saline containing 10% serum protein
was used after the filter). Centrifugation was performed
at 4°C and 300 x g for 5 min. Cells were incubated with
phycoerythrin-labeled anti-CD147 monoclonal antibodies
(1:100 dilution; ab91150; Abcam, Cambridge, UK) for 30 min.
The cells were mixed in ice-cold staining medium and centri-
fuged at 300 x g for 5 min at 4°C three times. The cells were
resuspended using staining medium and the supernatants were
discarded. Positive cell count and mean fluorescence intensity
were determined by flow cytometry.

Statistical analysis. All data were expressed as the
mean + standard deviation. Statistical analyses were
performed with Student's t-test using SigmaPlot 10.0 soft-
ware (http://www.126xiazai.com/fileview_1619971.html).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Melittin inhibits MCF-7 cell invasion. Invasion is critical step
in the initial progression of cancer and facilitates metastasis.
Transwell assay was used to determine the effects of melittin
on MCF-7 cell invasion. MCF-7 cells were treated with
increasing doses of melittin (0.5-2.5 ug/ml), and invasion was
assessed using the Transwell assay. It was found that treatment
with melittin significantly decreased the invasion of MCF-7
cells in a dose-dependent manner (P=0.009, P=0.007 and
P=0.006, respectively) (Fig. 1A and B).
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Figure 1. Melittin inhibits MCF-7 cell invasion. MCF-7 cells were plated onto the upper chamber. The cells were incubated for 1 h for adherence and then
treated with either Dulbecco's modified Eagle's medium (basal) or varying concentrations of melittin (0.5-2.5 pg/ml) in the upper chamber for 24 h. The
invasion was measured by Transwell assay. Scale bar, 50 ym. (A) Images of cells were captured using an inverted microscope subsequent to staining by crystal

violet: (a) 0, (b) 0.5, (¢) 1.5 and (d) 2.5 ug/ml. (B) The absorbance was determined using a microplate reader at 570 nm, subsequent to destaining with 33%
acetic acid ("P<0.01 vs. 0; n=5). OD, optical density.

A ~1.4 - B
£ #
S 1.2 1

E e

= = 08 - %

= g 0.6

Q e 0.4 - - + - 4 Mel
= = - CypA
202 + - ¥P
-]
=~ 0.0

CON CypA Mel CypA+Mel

Figure 2. Melittin suppressed the expression and secretion of MMP-9 induced by CypA. MCF-7 cells were cultured in serum-free medium for 12 h, and then
the cells were incubated with 200 ng/ml CypA and 2.5 yg/ml melittin for 24 h. (A) The secretion of MMP-9 in MCF-7 was determined by ELISA using human
MMP-9 ELISA kit. Following the calibration standards of the ELISA Kkit, the concentration of MMP-9 in the samples was determined by comparing the OD
of the samples to the standard curve. (B) MMP-9 mRNA transcriptions was evaluated by reverse transcription-polymerase chain reaction. The expression of
mRNA copies was normalized against GAPDH mRNA expression (“P<0.05 vs. CON, n=5; "P<0.05 vs. CypA, n=5). MMP-9, matrix metallopeptidase 9; CypA,

cyclophilin A; CON, control; Mel, metlittin; OD, optical density.

Melittin suppresses CypA-induced MMP-9 secretion. It has by melittin, ELISA and RT-PCR were performed to detect

been reported that inhibition of MMP-9, which is significantly
stimulated by CypA, hinders MCF-7 invasion. To evaluate
whether MMP-9 stimulated by CypA may be repressed

the expression of MMP-9 in MCF-7. ELISA and RT-PCR
results showed that extracellular CypA increased MMP-9
expression and secretion, while melittin suppressed MMP-9
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Figure 3. Melittin antagonizes CD147 expression stimulated by CypA. (A) CD147 expression in MCF-7 cells was detected by flow cytometry. MCF-7 cells were
incubated with phycoerythrin-labeled anti-CD147 monoclonal antibodies (cells incubated with IgG, were used as the control group). (A-a) IgG,-labeled group;
(A-b) CypA-stimulated group; (A-c) 0.5 pg/ml melittin; (A-d) 1.5 pg/ml melittin; (A-e) 2.5 ug/ml melittin; (A-f) summary of the results of the aforementioned
5 groups. (B) CD147 mRNA transcription in MCF-7 cells was detected by reverse transcription-polymerase chain reaction. MCF-7 cells incubated with
200 ng/ml CypA and 2.5 yg/ml melittin for 24 h following culture in serum-free medium for 12 h. The expression of mRNA copies was normalized against
GAPDH mRNA expression (2). CD147, cluster of differentiation 147; IgG,, immunoglobulin G1; CypA, cyclophilin A; Mel, melittin.

expression and secretion induced by CypA (P=0.042 and
P=0.039) (Fig. 2A and B). The present results indicate that
melittin could decrease MMP-9 expression and secretion,
which may be associated with extracellular CypA.

Melittin suppressed CypA-stimulated CDI147 expression.Itis
well known that CDI147, a matrix metalloproteinase inducer
factor, promotes MMP family expression (12-15). Addition-
ally, it has also been reported that CD147 contributes to
the signal transduction pathway induced by CypA (21). In
the present study, in order to investigate whether melittin
antagonizes CDI147 expression that is induced by CypA,
flow cytometry and RT-PCR were performed to assess the
expression of CD147 in MCF-7 cells. The flow cytometry
assay showed that CypA can stimulate CD147 expression,
while melittin decreases the expression of CD147 in a
dose-dependent manner at concentrations between 0.5 and
2.5 pg/ml (Fig. 3A). In addition, the RT-PCR results also
indicated that CD147 mRNA expression stimulated by CypA
was antagonized by melittin at a concentration of 2.5 yg/ml
(Fig. 3B).

Discussion

At present, several studies have reported that the antineoplastic
effect of melittin is involved in liver, lung, prostate and breast
cancers, and other malignant tumors (22). Park er al found
that melittin suppressed breast cancer cell invasion and tumor
growth (23). Additionally, in the present study, it was found
that melittin inhibited breast cancer MCF-7 cell invasion in a
dose-dependent manner.

MMPs are a family of secreted or transmembrane enzymes
that can collectively digest almost all ECM and basement
membrane components. Thus, MMPs are largely implicated
in promoting angiogenesis and tumor metastasis (24,25).
Numerous studies have found that the breast cancer MCF-7
cell invasion can be hindered by the inhibition of MMP-9,
which is overexpressed in carcinoma compared with normal
tissue (9,10). MMP-9 activity has also been linked with the
process of tumor cell intravasation. These studies indicated
that MMP-9 may play a crucial role in cancer invasion. In
dendritic cells, increased expression of cell migration was
shown to be significantly enhanced (26). Therefore, regulation
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of MMP-9 expression and secretion has become an important
focus of studies investigating anticancer drugs. The present
study indicates that melittin inhibits MCF-7 invasion by
repressing MMP-9 expression. Additionally, Cho et al have
confirmed the effect of melittin on MMP-9 expression induced
by phorbol-12-myristate-13-acetate (PMA) (3). Although
melittin has been reported to inhibit the invasion of breast
cancer cells, the effect of melittin on normal cells is not clear.

CD147, namely matrix metalloproteinase induced factor,
can promote the expression and secretion of MMPs, and
widely expressed in numerous types of cells, particularly
malignant tumors, including mammary carcinoma and bladder
cancer (27). Seizer et al (28) found that CD147 was upregulated
during the differentiation process between CD34(+) progenitor
cells and foam cells, and the CypA/CDI147 activation pathway
may be involved in promoting the vulnerability of athero-
sclerotic plaques. In addition, Gou et al reported that high
expression of CD147, MMP-2 and MMP-9 were associated
with laryngeal carcinoma invasion and metastasis (24). Addi-
tionally, previous studies have identified that CD147 inhibition
and subsequent MMP-9 deletion may have anti-tumor effects
by inhibiting the invasiveness of human cervical squamous
carcinoma cells (29-31). The aforementioned studies indicated
that high expression of CD147 may be another crucial factor
in the invasion and metastasis of malignant tumor cells. In
the present study, it was found that CD147 mRNA expres-
sion stimulated by CypA was antagonized by melittin, which
indicated that melittin inhibited MCF-7 invasion through
antagonizing CD147 mRNA expression stimulated by CypA.

In the present study, CypA stimulated MCF-7 cell invasion by
inducing CD147 expression and MMP-9 secretion, whereas the
invasion of MCF-7 cells was inhibited by melittin. Our previous
study demonstrated that melittin suppresses CypA secretion
in mouse macrophage Raw264.7 cells (31). Thus, it has been
indicated that melittin decreases the invasion of MCF-7 cells
in numerous ways. CypA is a widely expressed cytosol protein
that can be secreted to extracellular space as a cytokine when
stimulated by inflammatory factors or oxidative stress (32-34).
CypA can not only increase the expression of CD147 and the
expression of downstream factors, but also take part in the feed-
back regulation of CD147 (18). Thus, there is a potential pathway
that melittin may suppress CypA secretion through inhibiting
CD147 and MMP-9. This remains to be further studied in depth.

In summary, the present study indicated that melittin
inhibits breast carcinoma MCF-7 cell invasion by interacting
with numerous targets and provided experimented basis for
melittin used for anti-cancer treatment.
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