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Abstract: This study aimed to explore the role and possible mechanism of component I from agkistrodon acutus
venom (AAVC-I) in promoting the apoptosis of oral squamous cell carcinoma (OSCC). HN4 cells (a human OSCC cell
line) were randomly divided into four experimental groups: low AAVC-I (2.5 μg/mL) group, medium AAVC-I (5 μg/
mL) group and high AAVC-I (10 μg/mL) group, as well as control group (AAVC-I, 0 μg/mL). AVVC-I was dissolved in
RPMI-1640 medium and added to the culture wells at different concentrations when tumor cells had reached the
logarithmic growth phase. After 24 hours, cells were harvested and the inhibitory rate of cell proliferation and the
mitochondrial membrane depolarization were measured. Western blotting was used to detect the expression levels
of cytochrome c, Bcl-2 associated X protein (Bax), and caspase-3 in the cellular cytoplasm either containing mitochondria or following the removal of mitochondria. Cellular apoptosis was detected by flow cytometry. Compared to
the control group, AAVC-I treatment not only inhibited NH4 growth, but also upgraded the expression of caspase-3
in NH4 cells. Meanwhile, it was observed that Bax translocation to mitochondria and cytochrome c release into the
cytosol increased in AAVC-I treatment. This indicated that AAVC-I could disrupt mitochondrial membrane depolarization and result in cellular apoptosis, and the apoptosis rate of NH4 increased with the concentration of AAVC-I.
The data suggested that AAVC-I promotes the apoptosis of HN4 cells through the mitochondrial pathway in a dosedependent manner, which provides experimental data and new ideas for future research and clinical treatment
options for OSCC.
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Introduction
Oral squamous cell carcinoma (OSCC), also
known as oral cancer, is a common malignant
tumor in the head and neck, with a high degree
of malignancy, accounting for more than 90% of
maxillofacial malignancies [1-3]. OSCC is prone
to invasion of the nearby glands, muscles and
bones, and early lymph node metastasis is the
most common. Although current treatments
including surgery, radiation therapy and chemotherapy, have been improved dramatically, the
mortality of OSCC still remains high [4], and the
patient’s quality of life and prognosis are not
ideal [5, 6]. Moreover, surgery performs to
remove tumors often resulting in facial tissue
defects, which can bring patients considerable
physical and mental traumas [7]. In addition,
radiotherapy and chemotherapy can damage

normal cells while killing tumor cells, and cause
serious complications such as liver and kidney
damage, bone marrow suppression, decreased
immune function, and even death. Therefore, it
is urgent to search for new and effective treatments for OSCC.
Component I from agkistrodon acutus venom
(AAVC-I) is a tumor-inhibitory component extracted and purified from the crude venom of
the snake D. acutus. It has a remarkable inhibitory effect on tumor cell proliferation and resulting in cellular apoptosis. For example, studies
have shown that AAVC-I promotes the apoptosis of lung cancer cells and leukemia cells by
regulating the mitochondrial apoptosis pathway
[8, 9]. In this study, we investigated the possibility that AAVC-I promotes the apoptosis of OSCC
through the mitochondrial apoptosis pathway.

AAVC-I activates the mitochondrial apoptotic pathway in HN4 cells
Materials and methods
Preparation of materials
HN4 cells (a human OSCC cell line) were provided by the Department of Oral Medicine of
Wannan Medical College. Fetal bovine serum
(FBS) was purchased from Zhejiang Tianhang
Biotechnology CO., LTD (China). AAVC-I lyophilized powder was provided by the Institute of
Snake Venom of Wannan Medical College. Cytochrome c and Bcl-2 associated X protein
(Bax) antibodies were purchased from Abcam
(USA). COX IV and Cleaved caspase-3 antibodies were purchased from Cell Signaling Technology (USA). The annexin V-FITC apoptosis
detection kit, the fluorescent probe JC-1 and
MTT assay kit were purchased from Beyotime
Institute of Biotechnology (China).
Experimental grouping and administration
Preparation of AAVC-I solution with various concentrations: 0, 2.5, 5.0, and 10.0 μg/mL as
control group, low AAVC-I group, medium AAVC-I
group and high AAVC-I group respectively.
HN4 cell culture
HN4 cells were resuscitated, and cultured in
RPMI-1640 media supplemented with 10%
FBS at 37°C, 5% CO2 in a 95% humidified atmosphere. The cells were passaged normally, and
cells in the logarithmic growth phase were harvested for subsequent experiments. All procedures were approved by the Laboratory Committee of Wannan Medical College and conformed to the Guide for the Laboratory of the
National Institutes of Health.
Proliferation inhibition rate determination using the MTT assay
According to the scheme described in 2.2, HN4
cells in the logarithmic growth phase were
seeded into 96-well plates (n=6) for 24 h. After
removal of the supernatant, 20 μL of 1 × MTT
solution was added to each well and left to
incubate for 4 h. Supernatants were discarded,
and 150 μL of DMSO was added to each well
and shaken for 10 min. The optical density (OD)
values of each well were measured at a wavelength of 570 nm using an enzyme-linked
detector. The above experiment was repeated
three times. The proliferation inhibition rate (%)
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was calculated as follows: (1 - OD value of the
drug-treatment group/average OD value of the
control group) × 100%.
Analysis of mitochondrial membrane depolarization
HN4 cells were exposed for 24 h to AAVC-I at 0,
2.5, 5, and 10 μg/mL respectively. The cells
were stained with a JC-1 probe to measure
mitochondrial membrane depolarization, according to the manufacturer’s instructions. The
cells were incubated with an equal volume of
JC-1-staining solution at 37°C for 30 min and
washed with phosphate buffered saline (PBS)
(Boster, Wuhan, China). The mitochondrial membrane potentials were monitored by determining the relative amounts of dual emissions
from both mitochondrial JC-1 monomers and
aggregates using a fluorescence microscope
(Nikon, Japan). The rate of aggregated JC-1
and monomeric JC-1 represented mitochondrial membrane depolarization of HN4 cells.
Western blotting
Cells were harvested after 24 h of AAVC-I treatment. Proteins were extracted according to the
instructions of the mitochondrial tissue isolation kit [10]. The cell pellet was gently resuspended in ice-cold PBS, and a small number of
cells were used for counting. The remaining
cells were centrifuged at 600 × g until pelleted,
followed by discarding of the supernatants.
Cells were then homogenized on ice, and centrifuged at 1,000 × g for 10 min at 4°C to pellet
the cells. The supernatants were discarded, followed by centrifugation at 3,500 × g for 10 min
at 4°C. The resulting pellet was then used for
mitochondrial isolation. The supernatants were
centrifuged at 12,000 × g for 10 min at 4°C,
and the resulting supernatants were mitochondria-free cytoplasmic proteins. HN4 cells were
homogenized, and centrifuged at 12,000 × g
for 15 min at 4°C. The protein content of each
sample was determined using a protein assay
kit (Abcam, American). The extracted proteins
were separated by 15% SDS-PAGE, followed by
transfer to a PVDF membrane. The membrane
was blocked with 5% skim milk for 1 h, and then
incubated with the primary antibodies and an
internal reference overnight. The following day,
the membrane was rinsed with Tris-Buffered
Saline Tween (TBST) three times for 10 min
each. The membrane was then incubated with
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Statistical analysis
SPSS 18.0 software was used
for data processing and statistical analysis. All data are
expressed as the mean ± standard deviation (X ± SD). An
ANOVA was used for multiple
group comparisons. P<0.05
was considered a significant
difference.
Results
Effects of AAVC-I on HN4 cells
proliferation and mitochondrial membrane depolarization
The effect of AAVC-I on the
proliferation of HN4 oral cancer cells was determined using an MTT assay. Results showed that AAVC-I significantly
inhibited the proliferation of
Figure 1. The proliferation of HN4 cells in vitro was inhibited after treatment
HN4 cells in vitro, in a conby AAVC-I (A-C). Effect of AAVC-I on mitochondrial membrane potential in HN4
cells. Mitochondrial membrane potential was measured using JC-1 assay kit
centration-dependent manner
(D). The data shown in the graph represent the mean ± SD deviation of trip(Figure 1A-C). As for the JC-1
licate experiments (n=6). **P<0.01, *P<0.05 vs. control group; aP>0.05 vs.
staining, JC-1 aggregates (red
low AAVC-I group (2.5 μg/mL); bP<0.05 vs. medium AAVC-I group (5 μg/mL).
fluorescence) were prominent
in the control group. Exposure
horseradish peroxidase (HRP)-labeled secondof HN4 cells to AAVC-I resulted in decrease of
red fluorescence and increase of green fluoresary antibodies for 2 h, and rinsed three times
cence, indicating a loss in mitochondrial memwith TBST for 10 min. An ECL luminescence kit
brane potential (Figure 1D).
was then used to reveal the bands. Protein levels were analyzed using UN-SCAN-IT software
Expression of cytochrome c and Bax in the
(Silk Scientific Inc., Orem, UT, USA).
mitochondria and cytoplasm of HN4 cells after
AAVC-I treatment
Apoptosis detection by flow cytometry
After 24 h of treatment with AAVC-I, cells were
harvested and digested with EDTA-free trypsin
and then centrifuged. The cells were collected
and washed with pre-cooled PBS, followed by
centrifugation at 1,000 × g for 5 min. After
removal of the supernatants, the cells were
gently resuspended in 400 μL of annexin V
binding solution, followed by cell counting. 5 μL
of annexin V-FITC was added, gently mixed, and
left to incubate for 15 min at 2-8°C. 10 μL of
propidium iodide staining solution was added,
mixed, and incubated for 5 min at 2-8°C, followed immediately by detection with flow
cytometry. The experiment was repeated three
times.

3970

After 24 h of AAVC-I treatment, cells were harvested, and the expression of cytochrome c
and Bax in the mitochondria and cytoplasm of
HN4 cells was detected by western blotting.
Results showed that following treatment with
AAVC-I, cytochrome c in the mitochondrial fraction and Bax in the cytoplasmic fraction were
decreased, whereas cytochrome c in the cytoplasmic fraction and Bax in the mitochondrial
fraction were increased. The effect was also
AAVC-I concentration-dependent (Figure 2).
Expression of caspase-3 in HN4 cells after
AAVC-I treatment
It has been reported that caspase-3 activation
leads to the cleavage of various proteins, ulti-
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mately resulting in DNA fragmentation and apoptosis [11].
In this study, after 24 h of
treatment with AAVC-I, cells
were harvested and the expression of caspase-3 was
detected by western blotting.
Results showed that treatment with increasing concentrations of AAVC-I resulted in
concomitant increases in the
expression levels of caspase-3, indicating that AAVC-I
enhanced apoptosis and the
apoptosis rate was dose-dependent (Figure 3).
Apoptosis of HN4 cells after
AAVC-I treatment
Flow cytometry was used to
detect the apoptosis of HN4
cells. Compared with the conFigure 2. Effect of AAVC-I on pro-apoptotic protein expression of HN4 cells.
trol group, the apoptosis rate
(A, B) The expression of Bax and cytochrome c in the ipsilateral cortex was
of HN4 cells treated with AAevaluated by western blotting 24 h after AAVC-I treatment. Representative
VC-I was increased. The apopblots show the relative expression of (C, E) mitochondrial and (D, F) cytosolic
Bax and cytochrome c. Expression was normalized to the level of COX IV or
tosis rate of the high dose
β-actin. Data represent the mean ± SD (n=6). **P<0.01, *P<0.05 vs. control
group was higher than that of
group; aP<0.05 vs. low AAVC-I group (2.5 μg/mL); bP<0.05 vs. medium AAVClow dose group, which indicatI group (5 μg/mL).
ed that AAVC-I could significantly induce the apoptosis
of HN4 cells in a dose-dependent manner
(Figure 4).
Discussion
Oral cancer is acommon malignant tumor, and
it can seriously decrease the quality of life and
mental health of afflicted patients. There are
approximately 100,000 newly-diagnosed cases worldwide every year [12]. The current available treatments focus on relieving of symptoms and delaying progression of the disease.
It is reported that the 5-year survival rate of
patients with advanced forms of the disease is
still low [13-15].
Figure 3. Effect of AAVC-I on caspase-3 expression
in HN4 cells. Experimental groups are as defined in
the Figure 4 legend. Caspase-3 expression was assessed 24 h after AAVC-I treatment, using western
blot. Data represent the mean ± SD (n=6). **P<0.01,
*
P<0.05 vs. control group; aP<0.05 vs. low AAVC-I
group (2.5 μg/mL); bP<0.05 vs. medium AAVC-I group
(5 μg/mL).
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Chemotherapy is one of the main treatments
for oral cancer, thus developing new and effective anti-tumor drugs is an intense area of study. Snake venom has broad application prospects in anti-tumor treatment. A variety of antitumor components have been extracted from
crude snake venom, such as metalloproteinases (ΜPs), L-amino acid oxidases (LAAOs) and
Int J Clin Exp Pathol 2019;12(10):3968-3974
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Figure 4. AAVC-I induced cell apoptosis.
Percentage of apoptotic cells as analyzed by flow cytometry (A, B). Data represent the mean ± SD (n=6). **P<0.01,
*
P<0.05 vs. control group; aP<0.05 vs.
low AAVC-I group (2.5 μg/mL); bP<0.05
vs. medium AAVC-I group (5 μg/mL).

C-type lectin. These components have exerted their anti-tumor functions through different pathways [16]. ACTX-8, a cytotoxic L-amino
acid oxidase isolated from Agkistrodon acutus
snake venom, induces apoptosis in Hela cervical cancer cells [17].
AAVC-I, a component extracted from the venom
of the snake D. acutus, induces apoptosis [18].
However, the potential mechanism underlying
this phenomenon is still unknown. This study
aimed to explore the effect and possible mechanisms of AAVC-I in inducing apoptosis of
human HN4 oral cancer cells.
Apoptosis, that is, the process of programmed
cell death, is regulated by certain genes, which
are critical for cellular differentiation, tissue
and organ formation, as well as homeostasis
[19]. It has been shown that a variety of antitumor chemotherapeutics act by promoting
apoptosis [20]. Mitochondria can regulate the
cell’s membrane potential, and play a role in
controlling apoptosis [21]. Under certain stimuli, permeability transition channels can be formed at contact sites between the inner mitochondrial membrane and the outer membrane,
leading to increased permeability of the mitochondrial membrane. This induces an irreversible decline in mitochondrial transmembrane
potential, eventually resulting in apoptosis. In3972

creased mitochondrial membrane permeability
also enables the release of apoptosis inducing factor (AIF), as well as other molecules, into
the cytoplasmic matrix to affect cell structure.
Bcl-2 is an apoptosis-inhibitory gene, whereas
Bax, a member of the Bcl-2 family, can promote
apoptosis [22]. Bax has pore-forming abilities
which lead to the release of cytochrome c from
mitochondria into the cytoplasm [23, 24]. In the
presence of dATP, Bax binds to apoptotic protease activating factor-1 (Apaf-1) to activate caspase-9, which subsequently activates caspase-3, to initiate apoptosis [25, 26]. AIF enhances apoptotic signaling by promoting the release
of cytochrome c from mitochondria and rapidly
activating endonucleases. Our study demonstrated that following treatment with AAVC-I,
Bax protein content increased in the mitochondria and decreased in the cytoplasm, suggesting that AAVC-I may lead to the formation of
Bax-dependent pore complexes on mitochondria. On the other hand, AAVC-I treatment led to
a decrease in cytochrome c in mitochondria,
and an increase in the cytoplasm, indicating a
release of cytochrome c from the mitochondria
to the cytoplasm in HN4 cells. Our results of
caspase-3 detection and the inhibition of HN4
cell proliferation following AAVC-I treatment were also in line with our hypothesis that AAVC-I
promotes apoptosis.
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Conclusion
AAVC-I inhibited HN4 cell proliferation and promoted apoptosis. A possible mechanism was
that AAVC-I induced HN4 apoptosis through the
mitochondrial pathway. This provides a theoretical basis for the clinical application of
AAVC-I, although the effectiveness of AAVC-I in
the treatment of oral cancer still requires further study.
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