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MT-12 inhibits the growth and metastasis of bladder cancer cells
via suppressing tumor angiogenesis in vivo and in vitro
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Background: Cobra venom membrane toxin (MT) has been defined as a major subset of cobra venom
having cardiac toxicity and anticancer activity properties. In our previous study, cobra venom membrane
toxin 12 (MT-12), isolated from the snake venom of Chinese Naja naja atra, was confirmed to selectively
suppress the proliferation and invasion of the bladder cancer (BC) cell line EJ. However, the results have
never been confirmed in other bladder cell lines, and the underlying mechanism by which M'T-12 inhibits
BC is still unknown. Thus, in this study, the effect of MT-12 on the proliferation, adhesion, and invasion
of BC cells was explored iz vitro and in vive. As tumor angiogenesis is a prerequisite for tumor growth and
metastasis, the factors involved, such as matrix metalloproteinases (MMPs), vascular endothelial growth
factor (VEGF), intercellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion molecule-1
(VCAM-1), were tested in our study.

Methods: Using RT4 and T24 cells for experiments, CCK-8 assays were used to determine cell
proliferation. Annexin V-FITC/PI was used to determine cell apoptosis status. Wound-healing assays were
used to determine cell invasion. Cell adhesion experiments were used to determine cell adhesion. Gelatin
zymography was used to determine the enzymatic activity of MMP-9 and MMP-2. RT-PCR, ELISA, and
immunohistochemistry were used to determine the expression of VEGFE, ICAM-1, and VCAM-1.

Results: MT-12 inhibited proliferation, invasion, and adhesion and promoted cell apoptosis in RT4 and
T24 cells; this anticancer effect was concentration-dependent. In the BC xenograft mouse model, the results
revealed that MT-12 might decrease tumor growth and weight. MT-12 was shown to have an inhibitory
effect on MMP-9 activation and the expression of VEGF and ICAM-1 in BC cells iz vitro and in vivo.
Conclusions: The results of the present study, suggest that M'T-12 could effectively inhibit BC cell growth

and metastasis via inhibition of tumor angiogenesis. As a result, MT-12 may become a novel drug for BC.
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Introduction

Bladder cancer (BC) is the most prevalent genitourinary
cancer and ranks as the ninth leading cause of cancer-
related death in the world (1). Recurrence and metastasis
are two major features of BC. In particularly, metastasis is
the principal cause of BC mortality. Although many BC
drugs have been reported, it is still necessary to discover
new drugs to treat BC.

Cobra venom membrane toxin (MT), also known as
cardiotoxin (CTX) or cytotoxin (CT), has been defined as
a major subset of cobra venom having cardiac toxicity and
anticancer activity properties (2). Several recent studies
reported that M'T causes a volume reduction in different
types of tumors (like hepatoma and prostate cancer) in vivo,
prolongs the survival of tumor-bearing mice, and inhibits
tumor metastasis (3,4). The biological effects of M'T may be
caused by damaging the membrane structure of tumor cells,
interfering with DNA synthesis, and inducing apoptosis (5).

Chinese cobra venom membrane toxin (MT-12), which
is isolated from the snake venom of the Chinese Naja naja
atra, has been found to exhibit a variety of bioactivities
with anticancer potential in many types of cancer cells (6).
In our previous study, increasing concentrations of M'T-12
were preliminarily proven to decrease the invasion ability
of the BC cell line, EJ, without causing damage to the
normal bladder epithelium (7). However, the mechanism by
which MT-12 suppresses BC cells remains unclear, and the
inhibitory effect has not been confirmed in other bladder
cell lines. In this study, we investigated the effect of M'T-12
on the proliferation, adhesion, invasion, and metastasis of
the BC cell lines, RT4 and T24, and explored its possible
mechanism.

Tumour angiogenesis is an essential process that drives
tumor growth beyond a diffusion limit size and enhances
metastasis, which can facilitate an increased blood supply and
increased the availability of growth factors (8). Additionally,
angiogenesis is assumed to require the degradation of
different components of the matrix, which allows tumor
cells to pass the basal membrane and enter the lymphatic
systems and peripheral blood. Matrix metalloproteinases
(MMPs) are responsible for the degradation of some
extracellular matrix (ECM) components (9). MMP-2
and MMP-9 have been proven to associate with tumor
dissemination and invasiveness strongly, and they
degrade type IV collagen and gelatine substrates (10).
Furthermore, many studies have indicated that vascular
endothelial growth factor (VEGF) is a multifunctional
cytokine that plays a pivotal role in the regulation of
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angiogenesis (11), which can promote blood vessels and
lymphatic hyperplasia (12). Also, many cell adhesion
molecules (CAMs), such as vascular cell adhesion molecule-1
(VCAM-1) and intercellular adhesion molecule-1
(ICAM-1), have been found to play pivotal roles in the
adhesion of cancer cells to the vascular endothelium, and
this process is thought to be important for the angiogenic
process (13) and dissemination of tumour cells to new sites
(14,15). Therefore, targeting tumor angiogenesis may be a
promising therapeutic strategy for BC. Therefore, in our
study, the expression of MMP-2, MMP-9, VEGE, VCAM-1
and ICAM-1 in MT-12-treated BC cells was investigated
to determine the potential molecular mechanism of M'T-12
treatment of BC.

Methods
Materials

MT-12, which was purified from the venom of the Chinese
Naja naja atra, was obtained from the Laboratory of Animal
Toxins, Kunming Institute of Zoology, Chinese Academy
of Medical Sciences, China, as a gift. The MT-12 was
dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) at a stock solution
of 4 mM and stored at =20 °C. The human BC cell lines
(T24 and RT4) were obtained from our institute (Yunnan
Institute of Urology). A total of 32 BALB/c nude mice
(age, 5-8 weeks, 18-20 g) were purchased from the Animal
Center of Sun Yat-sen University (Guangzhou, China).

Cell culture

Human BC cell lines (T24 and RT4) were cultured in
RPMI-1640 (Gibco; Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Cells supplemented with 10% fetal
bovine serum (FBS; HyClone, Logan, UT, USA) were
grown in 25 cm’ cell culture flasks (Corning Inc., Corning,
NY, USA) at 37 °C with 5% CO..

Cell proliferation assay (CCKS)

Cells were added into a 96-well plate at 100 pL/well
(2x10* cells) and pre-cultured with RPMI-1640 for 24 h.
According to previous results, the IC50 of M'T-12 in BC
cells was approximately 0.51-0.66 pg/mL (7); RT4 and T24
were treated with MT-12 (0.1, 0.25 and 0.5 pg/mL) for
24 h. Cell proliferation was determined using a CCK-8 assay
(10 pL/well). An inverted microscope (OLYMPUS, Japan)
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was used to observe the changes in cell morphology in each
treatment group. Absorbance was measured at 490 nm
after 1 h.

Detection of cell apoptosis

The Annexin V-FITC/PI kit (Dojindo, China) was used
for detecting cell apoptosis according to the manufacturer’s
instructions. Briefly, 1x Annexin V Binding Solution was
pre-mixed in a cell-seeded plate to make a cell suspension
with a final concentration of 1x10° cells/mL. The cells were
washed 3 times with phosphate-buffered saline (PBS) and
then mixed with 100 pL. Annexin V binding buffer, followed
by the addition of 5 pL each of Annexin V and PI. After
incubation for 10-15 min in the dark, Annexin V binding
buffer was added to bring the total volume to 1 mL. The
cells were then transferred into a flow cytometry tube and
analyzed using a flow cytometer (Ex =488 nm, Em =530 nm).

Wound-healing assay

The migration of cells was examined by a wound-healing
assay. 124 and RT4 cells were seeded in a 6-well plate at
5x10° cells/well and incubated at 37 °C until they reached
90-100% confluency. Confluent cells were scratched with
a pipette tip (200 pL) perpendicular to the back of the well.
Then, the cells were treated with vehicle (PBS), 0.25 or
0.5 pg/mL MT-12. After 24 h of culture at 37 °C in 5%
CO,, cell migration onto the wound surface was determined
under an inverted microscope (OLYMPUS, Japan).

Cell adbesion experiment

A total of 100 pL (2x10" cells/mL) of cells were added in
each well of a 96-well plate and then incubated at 37 °C in
5% CO, for 3 h. Then, the cells were treated with vehicle
(PBS), 0.25 or 0.5 pg/mL MT-12. After incubation for 24 h,
the cell suspension was removed, each well was washed
with PBS 3 times, 0.5% crystal violet was added at room
temperature for 10 min, and the cells were observed under
a light microscope (x20 objective). For quantification, the
adhered cells on the wells were extracted with 33% acetic
acid. The absorbance of the eluted stain was determined at
570 nm.

Quantitative real-time PCR analysis

Total RNA was extracted using TRIzol reagent (Invitrogen).
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A total of 2 pg RNA was reverse transcribed into cDNA
using a ReverTra Ace qPCR RT Kit (Toyobo Life Science,
Osaka, Japan), according to the manufacturer’s protocol.
The reverse transcription steps were as follows: 37 °C for
15 min and 98 °C for 5 min. The samples were stored at
-20 °C. qPCR was performed using an SYBR® Green Real-
Time PCR Master Mix (Toyobo Life Science) and an ABI
StepOnePlus™ Real-Time PCR System (ABI; Thermo
Fisher Scientific Inc.) according to the manufacturers’
protocols. GAPDH was used as an endogenous control.
The PCR thermocycling conditions were as follows:
initial denaturation at 95 °C for 3 min followed by
40 cycles of 95 °C for 15 s and extension at 60 °C for 1 min.
The detailed sequences of primers used are shown below:
ICAM-1 sense, 5'-ACCACAGGAGCAACTTCT-3";
antisense, 5'-CGTTCAGGACCACTTCAC-3"; VCAM-1
sense, 5'-ACTTCTGGTTGCTCTATTGTG-3";
antisense, 5'-CAGTCATCTCAGTGGTAGTG-3"; VEGF
sense, 5'-AGGGCAGAATCATCACGAA-3'; antisense,
S-TCTTGCTCTATCTTTCTTTGGTCT-3'; B-actin
sense, 5'-TCCGTGACATCAAGGAGAAGC-3'; antisense,
5'-GCACCGTGTTGGCGTAGAG-3". The final data
were analyzed by the 274
repeated 3 times.

method. Each experiment was

Gel zymography assay

The enzymatic activity of MMP-9 and MMP-2 was
determined by gelatin zymography, and conditioned media
were briefly prepared with standard SDS-gel loading
buffer containing 0.01% SDS without B-mercaptoethanol
and without boiling before loading. Then, prepared
samples were subjected to electrophoresis with 8%
SDS polyacrylamide gels containing 0.5% gelatin. After
electrophoresis, gels were washed twice with 50 mL distilled
water containing 2% Triton X-100 for 30 min at room
temperature to remove SDS and then incubated in 50 mL
reaction buffer (40 mm Tris-HCI, pH 8.0, 10 mm CaCl,,
0.02% NaN;) for 24 h at 37 °C, stained with Coomassie
brilliant blue R-250 and destained with destaining solution
(20% methanol, 10% acetic acid, and 70% water).

ELISA

After 24 h of incubation, the cell culture supernatants
were harvested and stored at —20 °C until quantification of
VEGF by enzyme-linked immunosorbent assay (ELISA).
The assays were performed according to the providers’
protocols.
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Nude mice subcutaneous tumor formation experiment

The nude mice were maintained in sterile conditions,
following a protocol approved by Kunming Medical
University’s Institutional Animal Care and Use Committee,
and the institutional and national guide for the care and use
of laboratory animals was followed. After disinfecting the
skin, cultured RT4 cells from each group were suspended
and subcutaneously injected into the left subaxillary of
each nude mouse. Groups were set as follows: RT4, RT4 +
0.1 pg/kg MT-12, RT4 + 0.25 pg/kg M'T-12, and RT4 +
0.5 pg/kg MT-12. The nude mice were fed in specific
pathogen free (SPF) level. Four weeks later, the mice
were euthanized, and the tumor volume was measured
to make a tumor growth curve. Tumour volume (mm”*) =
m,’xm,x0.5236 (m,, the shortest tumour diameter; m,, the
longest tumour diameter).

Immunobistochemistry

Formalin-fixed tissue specimens were embedded in paraffin,
and the paraffin-embedded samples were then cut into
serial sections (4 pm thick). Partial tumors were stained
with hematoxylin and eosin (H&E), and tumor specimens
were immunostained with cleaved caspase 3, VEGF and
ICAM-1. Images were captured under a light microscope
(Olympus, Japan). Positive cells were calculated under 200x
magnification.

Statistical analysis

Statistical analyses were performed by SPSS 19.0. Data
were presented as the mean = standard deviation. ANOVA
was used for group count data statistical analysis. P<0.05
was considered to indicate statistical significance.

Results

MT-12 inbibits the proliferation, migration, and adbesion
of BC cell lines

To examine the effect of M'T-12 on BC cell proliferation,
we employed CCK-8 assays to characterize RT4 and 124
cell line proliferation in response to M'T-12. As shown in
Figure 14, 0.1 pg/mL M'T-12 had no significant effect on
the proliferation of both cell lines, while the proliferation of
RT4 and T24 cells were significantly inhibited by 0.25 and
0.5 pg/mL MT-12. Subsequently, the promoting effects of
0.5 pg/mL MT-12 on apoptosis were examined. The results
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showed that 0.5 pg/mL MT-12 could significantly promote
the apoptosis of RT4 and T24 cells over time (Figure 1B).

Furthermore, we assessed the effect of MT-12 on the
migration of BC cells. Compared with vehicle treatment,
the wound-healing assay showed that 0.25 and 0.5 pg/mL
MT-12 could significantly inhibit the migration of RT4
and T24 cells into the wounded area in a concentration-
dependent manner (Figure 1C).

After this, another property associated with metastasis-
adherence was detected. The experimental results showed
that the adhesion of BC cells could be inhibited by 0.25 or
0.5 pg/mL MT-12 compared with the control treatment
(Figure 1D).

MT-12 inhibits the invasion and metastasis of BC through
inhibiting tumor angiogenesis in vitro

The overexpression of MMPs is a critical step for tumor
angiogenesis and metastasis, and ECM metalloproteinases
lead to a poor prognosis of cancer. We wanted to determine
whether the effect of MT-12 inhibiting BC migration
involves the regulation of the expression of MMPs. The
expression of MMP-2 and MMP-9 were detected by
gel zymography assays. The results showed that M'T-12
treatment upregulated the expression of MMP-9 in 124
or RT#4 cell lines but had no significant effect on MMP-2
in T24 or RT4 cell lines. When we used PMA (a tumor
accelerator) as a pretreatment, M'T-12 effectively inhibited
the PMA-induced MMP-9 upregulation, but no significant
effect on the level of MMP-2 was observed (Figure 2A4).

The expression of VEGF also plays a key role in
regulating the progression of BC. We examined the
expression of VEGF in BC cells after treatment with
MT-12. ELISA results showed that different concentrations
of MT-12 did not change the expression of VEGFE.
However, after PMA upregulated the expression of VEGF
in BC cells, MT-12 inhibited the related VEGF expression
induced by PMA (Figure 2B).

ICAM-1 and VCAM-1 are also crucial for tumor
angiogenesis and adhesion. We detected the mRINA levels
of ICAM-1, VCAM-1, and VEGF in bladder cancer cells
after M'T-12 treatment by RT-PCR. The RT-PCR result
showed that, with the increase in M'T-12 concentration,
the levels of ICAM-1 and VEGF mRNA were significantly
downregulated, while the level of VCAM-1 did not change.
Moreover, MT-12 inhibited the upregulation of ICAM-1
and VEGF mRNA induced by PMA in T24 and RT4
cell lines and had no effect on the expression of VCAM-1

(Figure 2C).
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Figure 1 The effect of MT-12 on proliferation, apoptosis, migration and adhesion of bladder cancer cell lines. (A) The proliferation of two
different malignant bladder cancer cells, RT4 and T24, in different concentrations of MT-12; (B) M'T-12 at 0.5 pg/mL can significantly
promote the apoptosis of RT4 and T24 cells; (C) M'T-12 could significantly inhibit the wound healing of RT4 and T24 cells in a concentration-
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difference as compared to the NC group (P<0.05). M'T, membrane toxin.
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MT-12 inhibits tumor growth in vivo

The antitumor effects of M'T-12 in vivo were examined using
a subcutaneously transplanted tumor model in nude mice.
The results showed that MT-12 could inhibit the tumor
growth of subcutaneously implanted RT4 cells in nude
mice in a concentration-dependent manner (Figure 3A4).
To clarify whether the effect by which M'T-12 inhibited
BC cells correlated with the expression of VEGF and
ICAM-1, the expression of VEGF and ICAM-1 in the
tumor tissue was detected by immunohistochemistry.
Fluorescence quantitative results showed that MT-12 could
effectively inhibit the expression of VEGF and ICAM-1 in

a concentration-dependent manner (Figure 3B).

Discussion

This study was performed to elucidate the role of M'T-12
in the proliferation, apoptosis, migration, and adhesion of
BC cells in vivo and vitro. We also explored the underlying
mechanism.

MT, an active component of the venom from the Naja
naja atra, is considered a major potential anticancer property
of snake venom (16). M'T can inhibit tumor functions
through diverse modes, such as breaking the cytomembrane
and activating necrotic or apoptotic cell death pathways in
cancer cells (17). Many studies have examined the toxicity of
MT in several of the cancer cell lines (MCF-7, P388, K562,
and H22) and normal human cell lines (16HBE); the order
of cytotoxicity was MCF-7> P388~K562> H22~16HBE,
indicating that MT is relatively selective for certain
cancer cell types. Moreover, this study found that MT can
be significantly and selectively functional in anticancer
activity by promoting programmed cell death through the
mitochondrial and/or lysosomal pathways (18).

MT-12, which is isolated from the Chinese Naja naja
atra, has been proven to inhibit cancer cells (6) selectively.
For BC, our previous study showed that MT-12 could
effectively inhibit the growth of the highly invasive BC cell
line EJ in a concentration-dependent manner; the IC50
of EJ treated with MT-12 for 72 h was 0.66 pg/mL (7).
Incidentally, our studies showed that the invasion ability
of the BC cell line EJ was reduced with increasing M'T-12
concentration but without obvious damage to the normal
urinary tract epithelial cells (7,19).

In this study, we proved that MT-12 could inhibit the
proliferation, migration, and adhesion of BC cells and
promote the apoptosis of BC cells and that this antitumor
effect is concentration-dependent in RT4 and T24 cell
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lines. Furthermore, in vivo, M'T-12 can inhibit the growth
of subcutaneous RT#4 cells in nude mice in a concentration-
dependent manner. These results were consistent with our
previous findings.

Furthermore, we investigated whether inhibiting tumor
angiogenesis is a possible mechanism for the above effects.
Angiogenesis is essential for the progression of many
types of tumors because the growth of tumors depends
on vascular nutrition (20). MMPs may play a vital role in
tumor angiogenesis and metastasis by degrading ECM
components. MMPs can open gaps between endothelial
cells, and then, their secretory products, TGFb1 and VEGE,
can promote endothelial cell contraction and accelerate the
invasion of a tumor to the blood vessels (21,22). VEGF is
also a potent angiogenic factor for blood vessel formation
to regulate the progression of tumors (23,24), it can bind
to its receptor, such as VEGFRI, activate the PI3K/AKT
signal, and then promote the proliferation and angiogenesis
in tumors (25). The expression of MMP-2/9, VEGF,
and other factors may play a key role in regulating the
progression of BC (26). In our study, 0.25 and 0.5 pg/mL of
MT-12 significantly inhibited the expression of MMP-9 in
BC cell lines, but the expression of VEGF did not change in
the M'T-12-treated BC cell lines. However, RT-PCR results
showed that the level of VEGF mRNA in BC cells was
significantly downregulated after treatment with MT-12,
and M'T-12 effectively inhibited the expression of VEGF in
a transplanted tumor model in nude mice. The reason for
this phenomenon might relate to the post-transcriptional
regulation or inhibition of VEGF degradation after M'T-12
treatment, but this mechanism needs further exploration.
When we used PMA (a tumor accelerator) as a pre-
treatment, MT-12 could effectively inhibit the PMA-
induced MMP-9 and VEGF upregulation. According to
these results, our study indicated that the inhibitory effect of
MT-12 on BC cells might be related to regulating MMP-9
and VEGF expression, which are essential for tumor
angiogenesis.

Moreover, ICAM-1 is one of the initial markers during
angiogenesis. The expression of ICAM-1 in vascular
endothelial cells can promote the adhesion of cancer cells
to the vascular endothelium (27). Then, cancer cells can
secrete cytokines to promote the expression of VCAM-1
in endothelial cells, which can increase the production of
macrophages and induce the secretion of VEGF and other
factors, eventually promoting angiogenesis and assisting
in the adhesion and metastasis of cancer cells (28). In this
research, we found that M'T-12 can inhibit the expression of
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ICAM-1 induced by PMA. Additionally, iz vivo, MT-12 can
reduce the expression of ICAM-1 in transplanted tumors.
To summarize the above information, the anti-adhesion
effect of M'T-12 may be mediated by suppressing ICAM-1
expression.

Finally, in nude mouse models of subcutaneous tumors,
after almost 1 month of M'T-12 injection, the nude mice did
not show severe adverse reactions, and the tumor shrank
significantly. This phenomenon suggests that using M'T-12
as an antitumor drug for bladder cancer might be viable.

Conclusions

In conclusion, this study revealed that M'T-12 could inhibit
the proliferation, invasion, and metastasis of BC in vitro and
in vivo. The mechanism by which MT-12 affects BC cell
growth and metastasis might relate to tumor angiogenesis
by regulating MMP-9, VEGE, and ICAM-1. We believe
the phenomenon is essential for the anti-tumor ability
of MT-12. However, there are some deficiencies of this
research. Ultimately, we concluded that the inhibition of
cell angiogenesis might be an important mechanism for
MT=-12 to inhibit bladder cancer cells, but the inhibition
of angiogenesis in a bladder tumor cell of MT-12 and its
specific molecular mechanism still needs to be further
explored.
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