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Introduction

As one of the most aggressive and deadliest malignancies, 
pancreatic cancer seriously threatens human health. The 
5-year survival rate of pancreatic cancer patients is nearly 
8%, and the survival rate in patients with advanced disease is 
only 3% (1). At present, surgical excision is the best curative 
treatment for patients with pancreatic cancer, but most 
patients do not recognize the symptoms in time, especially 
in the early stages (2,3). Chemotherapy is also widely used 

for the treatment of pancreatic cancer in the clinic, but 
most patients respond poorly to several chemotherapeutic 
drugs. The increasing incidence and mortality rates of 
pancreatic cancer have prompted investigations into new 
drug therapies for the comprehensive treatment of patients 
with pancreatic cancer. 

It is commonly recognized that excessive cell growth 
is the hallmark of cancer (4). As cancer is a cell cycle 
disease, inhibition of inappropriate cell proliferation is the 
main targeted mechanism for the treatment of pancreatic 
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cancer. In normal tissues, cells proliferate after triggering 
mitogenic signals for growth, while the disorder of cell 
cycle regulation induces abnormal proliferation in cancer 
tissues (5). The cell cycle includes the mitotic phase and 
interphase. The interphase is divided into G1 phase, S 
phase, and G2 phase. The regulation of the cell cycle in 
mammalian cells mainly depends on cyclins and cyclin-
dependent kinases (CDKs) (6). Cyclins and CDKs drive cell 
cycle progression from G1 to S phase and G2 to M phase (7).  
There are 4 CDKs, namely CDK1, CDK2, CDK4, and 
CDK6. CDK4 and CDK6 are necessary for cell cycle 
progression in cancer cells but not essential in normal cells 
(8,9). They can interact with cyclin D to block the cell 
cycle. Cyclin D is usually stimulated by some growth factors 
and oncoproteins, and drives cell cycle progression from 
G1 phase to S phase (10,11). CDK1 and cyclin B1 complex 
regulate the entrance from the G1 phase to S phase in cell 
cycle progression (12).

Apoptosis regulation is complex, but it is a critical 
process in protecting against tumor development (13). 
As a programmed cell death mechanism, cell apoptosis is 
involved in the progression of several diseases, including 
cancer (14). Cell apoptosis can be triggered by the 
stimulation of death receptors, such as tumor necrosis factor 
(TNF)-receptor-1 (15,16). The death receptors initiate 
signaling cascades through mitochondrial dysfunction 
in cells, which finally results in caspase-dependent cell 
apoptosis (17). Numerous studies have reported that several 
proteins may regulate the process of cell apoptosis, mainly 
including the caspase family and the Bcl-2 family (18,19). 
The caspase family is a class of cysteine proteases and plays 
a pivotal role in the process of cell apoptosis. Caspase-3 
and caspase-9 have attracted the most attention in the 
caspase family. Caspase-3 is well known for its role in the 
proteolytic cleavage of several proteins (18). It has been 
reported that some death receptors can activate caspase-8, 
which triggers signaling caspases and leads to the activation 
of caspase-3 and caspase-9 (20). The Bcl-2 family includes 
both anti-apoptotic proteins and pro-apoptotic proteins, 
and plays an important role in regulating cell apoptotic 
processes. For example, both Bcl-2 and Bax belong to the 
Bcl-2 family, but Bcl-2 is an anti-apoptotic protein while 
Bax is a pro-apoptotic protein (21). 

Bee venom is a mixture of enzymes, peptides, and 
amines. The main composition of bee venom includes 
melittin, catecholamines, polyamines, histamine, and 
phospholipase A2 (22). Bee venom has been widely used as 
an anti-inflammatory agent and pain reliever. Bee venom 

therapy is used to ameliorate some human disease such 
as Parkinson’s disease, Alzheimer's disease, spinal cord 
injury, and so on. Notably, melittin and its extract hybrid 
peptides have demonstrated anti-tumor effects in tumor-
derived cell lines (23-26). It has been reported that crude 
bee venom and melittin exhibited the inhibition capability 
in several cancer cell lines such as melanoma, colon, breast, 
and cervical cancer cells (27-30). Due to the wide range of 
biological properties, bee venom attracts more and more 
attention. However, so far, little is known about the effects 
of bee venom on pancreatic cancer cell lines. In this study, 
the effects of bee venom on cell proliferation, the cell 
cycle, cell apoptosis, and cell migration were evaluated in 
pancreatic cancer cell lines. We present the following article 
in accordance with the MDAR reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
22-222/rc).

Methods

Bee venom

Lyophilized bee venom was obtained from North China 
Pharmaceutical Company Ltd. (Hebei, China). Lyophilized 
bee venom was dissolved in phosphate-buffered saline (PBS) 
at different concentrations and stored in the refrigerator for 
further use.

Cell culture

The human pancreatic cancer cell line PANC-1 and the 
human metastatic pancreatic cancer cell line AsPC-1 were 
purchased from the National Collection of Authenticated 
Cell Cultures in China. PANC-1 cells were cultured 
routinely in Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, USA) supplemented with 10% fetal bovine serum 
(FBS), and AsPC-1 cells were cultured in RPMI 1640 media 
(Gibco, USA) with 10% FBS at 37 ℃ with 5% CO2. The 
culture medium was changed every 2 days.

Cytotoxicity assay

Cell viability was measured by the Cell Counting Kit-
8 (CCK-8) assay following the manufacturer’s protocol. 
Briefly, PANC-1 cells or AsPC-1 cells were seeded in 48-
well plates with their corresponding culture medium. After 
cultivation, cells were stimulated with 1, 5, 10, and 20 μg/mL 
bee venom for 1 day, and an equal volume of PBS was added 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-222/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-222/rc
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to the wells as the control group. Then, CCK-8 solution 
was added in each well and incubated for 1 h at 37 ℃ before 
measuring the absorbance at 450 nm by a microtiter plate 
reader (Molecular Devices, USA).

Cell cycle assay

After treatment with different concentrations of bee venom 
for 24 h, cells were collected and centrifuged at 1,000 g for 
5 min. Cells were harvested and washed with PBS 3 times. 
Then, the cells were incubated with DNA staining solution 
and permeabilization solution from the Cell Cycle Staining 
Kit (Multisciences Biotech Co., Ltd., China) for 30 min 
according to the manufacturer’s instructions. Samples were 
routinely subjected to the cell cycle assay using a CytoFLEX 
instrument (Beckman Coulter, USA) with an excitation 
wavelength of 535 nm and an emission wavelength of  
615 nm for detection. Data were automatically analyzed by 
the Modfit LT software for Windows (version 3.1).

Apoptosis analysis

To detect cell apoptosis, cells were harvested after 
incubation with or without bee venom. Cells were treated 
with EDTA-free trypsin and centrifuged at 1,000 g for 
5 min. Then, cells were resuspended and washed in cold 
PBS twice. After being stained with Annexin V-FITC 
and permeabilization solution avoiding light at room 
temperature for 30 min, cells were analyzed by the 
CytoFLEX instrument (Beckman Coulter, USA) to measure 
cell apoptosis rate.

Cell scratch test

Cells were seeded into a 6-well plate with 1×105 cells/well. 
After reaching a 90% confluence state, a single scratch 
wound was made by a sterile plastic 10 μL micropipette tip. 
Then, cells were washed with PBS and cultured in FBS-free 
DMEM with different concentrations of bee venom. Images 
of each scratch were captured at 0, 12, 24, and 36 h with the 
Nikon ECLIPSE Ts2 light microscope (Nikon Corporation, 
Tokyo, Japan) at 100× magnification. The scratch was 
analyzed to evaluate migration by Image J software.

 Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-
End Labeling (TUNEL) assay

The TUNEL assay was performed according to the 

manufacturer’s protocol. Briefly, after treatment with 
5 and 10 μg/mL of bee venom, cells were incubated at  
37 ℃ for 24 h. Then, cells were washed with PBS and fixed 
in 4% paraformaldehyde for 20 min. The fixed cells were 
incubated with 0.2% Triton X-100 and washed with PBS 
3 times. Following incubation with TdT equilibration 
buffer, cells were incubated for 1 h avoiding light with TdT 
enzyme. The cells were stained with 4',6-diamidino-2-
phenylindole (DAPI) for 5 min and captured using a Nikon 
ECLIPSE Ts2 light microscope (Nikon Corporation, 
Tokyo, Japan) at 100× magnification.

Transwell migration analysis

Transwell migration analysis was performed as protocol (31).  
Transwell inserts (Corning, New York, United States) 
with an 8 μm pore filter were used in this study. Firstly, 
1×105 cells were seeded with serum-free DMEM in 
the upper chamber of the insert. Meanwhile, 600 μL 
complete DMEM was added to the lower chamber as 
the chemoattractant. After incubation for 48 h at 37 ℃, 
cells on the upper surface of the filter membrane were 
wiped off. Cells on the lower surface were fixed with 4% 
paraformaldehyde. After washing twice, cells were stained 
with 0.2% crystal violet solution (G-Clone, Beijing, China) 
and imaged by the Nikon ECLIPSE Ts2 light microscope 
(Nikon Corporation, Tokyo, Japan) at 200× magnification. 
Five random fields were examined and counted to calculate 
the average number of migrated cells.

Western blot analysis

Cells were treated with or without bee venom at different 
concentrations and homogenized in cold RIPA lysis 
buffer containing 1% phosphatase inhibitor cocktail and 
1% phenylmethanesulfonyl fluoride (Beyotime Institute 
of Biotechnology, Haimen, China). After measuring the 
protein concentrations by the Pierce™ BCA Protein 
Assay Kit (Thermo Fisher Scientific, Waltham, MA, 
USA), equal amounts of protein were loaded on sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gels and transblotted onto 0.22 μm polyvinylidene 
fluoride membranes. Nonspecific proteins were blocked 
using 5% fat-free milk at room temperature for 1 h. The 
membranes were incubated with primary antibodies at 4 ℃ 
overnight. The primary antibodies are as follows: caspase-3 
(1:1,000; Biosynthesis Biotechnology Co., Ltd., Beijing, 
China), caspase-9 (1:1,000; Cell Signaling Technology, 
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Figure 1 The effects of bee venom on pancreatic cancer cells. (A) The chemosensitivity of AsPC-1 cells to bee venom as determined by the 
CCK-8 assay. (B) The chemosensitivity of PANC-1 cells to bee venom as determined by the CCK-8 assay. n=6–8, values represent the mean 
± SD. *, P<0.05 vs. Con group. CCK-8, Cell Counting Kit-8; SD, standard deviation; Con, control group.
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Inc., Danvers, MA, USA), PARP (1:1,000; Cell Signaling 
Technology), Bcl-2 (1:500; Biosynthesis Biotechnology), 
Bax (1:500; Biosynthesis Biotechnology), cyclin A (1:1,000; 
Cell Signaling Technology), cyclin B (1:1,000; Cell 
Signaling Technology), cyclin D1 (1:1,000; Cell Signaling 
Technology), CDK1 (1:1,000; Biosynthesis Biotechnology), 
CDK2 (1:1,000; Biosynthesis Biotechnology), CDK4 
(1:1,000; Biosynthesis Biotechnology), p53 (1:1,000; 
Cell Signaling Technology), p21 (1:1,000; Cell Signaling 
Technology), and GAPDH (1:10,000; Cell Signaling 
Technology). Membranes were washed with phosphate-
buffered saline with Tween 20 (PBST) and incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
antibodies. The target bands were visualized and analyzed 
by the ZETA ECL Select Western Blotting Detection 
Reagent (ZETA Life Inc., USA) using the Bio-Rad 
ChemiDoc™ XRS System (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA). Results were normalized to GAPDH 
and presented as fold changes with setting the values of 
control group as one.

Statistical analysis

Data were shown as means ± standard deviations. 
Differences between groups were analyzed using one-way 
analysis of variance (ANOVA) followed by Tukey’s post 
hoc test. P values <0.05 were considered to be statistically 
significant. Statistical analysis was performed by GraphPad 
Prism 5.0 (GraphPad Software, San Diego, CA, USA). 

Results

The effect of bee venom on pancreatic cancer cell 
proliferation

We first detected the chemosensitivity of pancreatic 
cancer cell lines AsPC-1 and PANC-1 to bee venom via 
the CCK-8 assay. In the pre-experiment, we did a range of 
bee venom concentrations from 0.01 to 100 μg/mL, and 
we used 1, 5, 10, and 20 μg/mL bee venom in the further 
experiments. Results showed that cell proliferation was 
suppressed by bee venom at doses of 5, 10, and 20 μg/mL,  
while the dose of 1 μg/mL had little effect on AsPC-1 
cells (Figure 1A). Similarly, bee venom also significantly 
inhibited cell viability in a dose-dependent manner in 
PANC-1 cells (Figure 1B). Due to the better effects in 
AsPC-1 cells than in PANC-1 cells, we used the AsPC-
1 cell line for subsequent experiments. Cell proliferation 
results suggested the anti-tumoral effect of bee venom in 
protecting against pancreatic cancer.

Bee venom treatment induces S phase arrest in pancreatic 
cancer cells

To further investigate the effect of bee venom on pancreatic 
cancer repopulation, we analyzed the cell cycle in vitro. 
AsPC-1 cells were treated with bee venom at different 
doses. As shown in Figure 2, the percentages of G2/M, S, 
and G0/G1 phase cells were 6.51%, 27.58%, and 65.91%, 
respectively, in the control group. Notably, bee venom 
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Figure 2 Bee venom induced cell cycle arrest in AsPC-1 cells. (A) Cells were treated with different concentrations (1, 5, and 10 μg/mL) of 
bee venom for 24 h and analyzed using flow cytometry. (B) Cell cycle distributions. Con, control group.

treatment markedly reduced the percentage of G2/M and 
G0/G1 phase cells along with enhancing the percentage 
of S phase cells in a dose-dependent manner, indicative 
of S phase arrest of AsPC-1 cells after treatment with bee 
venom. 

Effect of bee venom on the expression of cell cycle proteins

The effect of bee venom on cell cycle proteins was also 
analyzed in AsPC-1 cells. As it is well established that 
cell cycle progression is mainly regulated by cyclins and 
CDKs, we measured the expression of cyclin A and cyclin 
D1. Results showed that bee venom drastically suppressed 
both cyclin A and cyclin D1 protein expression (Figure 3A). 
In line with this finding, bee venom also inhibited CDK1 
and CDK4, with slightly decreased CDK2 expression  
(Figure 3B). In addition, higher protein expression of p21 
and p53 was observed in bee venom treated cells compared 
with the control group (Figure 3C), suggesting that the 
inhibition of cell cycle protein expression may be dependent 

on p21/p53.

Bee venom treatment induces cell apoptosis in pancreatic 
cancer cells

Due to the effects of bee venom on cell proliferation and the 
cell cycle, we investigated the effect of bee venom on cell 
apoptosis. Flow cytometry was used to detect the percentage 
of apoptotic cells. As shown in Figure 4A, the percentages 
of early-stage apoptotic [Annexin V-positive and propidium 
iodide (PI)-negative] and late-stage apoptotic (Annexin 
V- and PI-positive) cells in the control group were 4.1% 
and 3.01%, respectively. Different from the control group,  
10 μg/mL bee venom treatment increased both early 
apoptosis and late apoptosis, while 1 μg/mL and 5 μg/mL 
bee venom had little effect (Figure 4A). In line with this 
finding, the TUNEL assay was used to detect apoptotic 
cells. Results showed that there were more TUNEL-
positive cells in the bee venom stimulated group compared 
with the control group (Figure 4B). These data indicated 
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Figure 3 Bee venom ameliorated the expression of cell cycle proteins. (A) Cyclin A and cyclin D1 expression were measured by western 
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measured by western blot. n=3–4, values represent the mean ± SD. *, P<0.05 vs. Con group. Con, control group; CDK, cyclin-dependent 
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that bee venom could accelerate cell apoptosis in pancreatic 
cancer cells.

Effect of bee venom on the expression of cell apoptosis 
proteins

It is well known that the caspase family plays a critical 
role in regulating cell apoptosis (32). In this study, we 
measured caspase-3 and caspase-9 expression in AsPC-1 
cells. As shown in Figure 5A, bee venom treatment markedly 

increased both cleaved caspase-3 and cleaved caspase-9 
expression in a dose-dependent manner. Concurrently, the 
caspase family proteins activate PARP cleavage, which is also 
a hallmark of apoptosis (33). Cleaved fragments of PARP 
were observed in the bee venom treatment group, especially 
the 10 μg/mL bee venom treatment group (Figure 5A). 
Apart from the caspase family, bee venom also elevated Bax 
expression and suppressed the protein expression of Bcl-2 
(Figure 5B). These results suggest the promotive effects of 
bee venom on pancreatic cancer cell apoptosis.
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Bee venom treatment suppresses cell migration in 
pancreatic cancer cells

Cell invasion and migration play critical roles in cancer 
progression and metastasis. The scratch wound healing 

assay was performed to measure the anti-migratory effect 

of bee venom on pancreatic cancer cells (Figure 6A). Results 

showed that the 36 h migration ratio reached 71.26% 

compared to the 0 h ratio in the control group; however, 
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Figure 5 Bee venom regulated the expression of proteins associated with cell apoptosis. (A) Caspase-3, caspase-9, and PARP protein 
expression was measured by western blot. (B) Bcl-2 and Bax protein expression was measured by western blot. n=3–4, values represent the 
mean ± SD. *, P<0.05 vs. Con group; Con, control group; SD, standard deviation.

the bee venom treated group had a remarkably stronger 
migration inhibitory effect, especially the 10 μg/mL bee 
venom group (Figure 6B). Correspondingly, Transwell assay 
results demonstrated that bee venom treatment effectively 
decreased the migrating cell number, especially the 10 μg/mL  
bee venom treatment group, which reached a 52.15% 

reduction compared with the control group (Figure 6C,6D).

Discussion

As a natural product with biological activity, bee venom 
from bee stings has been widely used in the clinic for the 
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Figure 6 Bee venom suppressed cell migration in AsPC-1 cells. The cell scratch test was performed to detect the cell migration ability 
and images of each scratch were captured at 0, 12, 24, and 36 h with the Nikon ECLIPSE Ts2 light microscope at 100× magnification (A), 
and the relative migration was calculated (B). Images of the Transwell migration assay in which cells were stained with 0.2% crystal violet 
solution (C) and the numbers of invasive cells (D). n=4–5, values represent the mean ± SD. *, P<0.05 vs. Con group. Con, control group; SD, 
standard deviation.

treatment of diseases involving inflammation and pain 
(34,35). So far, the safety of bee venom is still pending for its 
application. The adverse side effect includes skin problems, 
pain, immunological systemic reactions, nonspecific 
reactions, and so on (36). Though some side effects of bee 
venom have been reported, it has been well known that bee 
venom is effective for the treatment of some cancers (29,37). 
As a potential approach of cancer therapy, bee venom 
should be further investigated. The present study aimed 
to investigate the effect of bee venom on pancreatic cancer 
cell lines. Results showed that bee venom significantly 
suppressed pancreatic cancer cell proliferation, inducing 
cell cycle arrest in S phase. Furthermore, cell apoptosis and 
cell migration were also evaluated, and results demonstrated 
that bee venom treatment markedly promoted cell apoptosis 

and inhibited the migration of pancreatic cancer cells. All 
these data suggest the anti-tumoral effect of bee venom in 
protecting against pancreatic cancer.

A previous study demonstrated that bee venom 
exhibited cytotoxicity in a duration-dependent and dose-
dependent manner in the human lung cancer cell line 
NCI-H1299 using the MTT assay (38). Consistent with 
previous study (38), in the present study we showed that 
bee venom can effectively inhibit the proliferation of 
pancreatic cancer cell lines AsPC-1 and PANC-1. These 
data suggest the potential of bee venom in protecting 
against cancer. In addition, flow cytometric analysis of the 
cell cycle confirmed the alteration of the cell cycle induced 
by bee venom, indicating that the inhibition of cell 
proliferation may be associated with cell cycle proteins.
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As a transcription factor, p53 plays a pivotal role in 
tumor suppression (39). Several stress signals, such as 
DNA damage and hypoxia, among others, can activate 
p53 by post-translational modifications (40). Activated p53 
binds with the p53 consensus DNA-binding elements and 
regulates the transcriptional expression of its downstream 
signals, leading to changes in cellular processes including 
cell cycle arrest and apoptosis. It has been reported that 
p53 knockout mice can develop normally but are more 
susceptible to spontaneous tumors (41). Consistently, p53 
has also been found to be involved in human cancers, and 
approximately 50% of human cancers harbor mutations in 
p53 (42-44). In the present study, we found that bee venom 
enhanced the protein expression of p53 and p21, suggesting 
the anti-tumor effect of bee venom on pancreatic cancer 
cells. P21 has been demonstrated to be the consequence of 
p53 activation and p21 induction by p53 leads to CDK2 
inhibition. el-Deiry et al. reported the relationship between 
p21 and p53, and quickly the p53-p21 axis has widely become 
recognized as the central pathway for the cell cycle (45).  
It is well known that p21 is a CDK inhibitor. P21 can 
suppress the activity of cyclin-CDK complexes, which 
results in cell cycle arrest. Additionally, p21 can regulate 
cellular senescence through p53-independent and p53-
dependent pathways (46,47). In line with previous reports, 
in the present study we found that bee venom significantly 
elevated p21 expression, which indicated the anti-tumor 
effect of bee venom.

Besides cell cycle regulation, cell apoptotic death is also 
an important indicator of cancer progression. Both the Bcl-2 
family and caspase family are involved in cell apoptosis. Bcl-2 
can combine with Bax to form a heterodimer, which inhibits 
cell death and promotes cancer cell proliferation (19).  
The ratio of Bax to Bcl-2 is widely recognized as an 
indicator which reflects susceptibility to cell apoptosis. It has 
been demonstrated that bee venom treatment upregulated 
Bax expression and downregulated Bcl-2 expression in 
the human lung cancer cell line NCI-H1299 (38). As the 
integral components of the apoptotic signaling pathway, 
caspases induce the production of apoptotic morphological 
features. The present study showed that bee venom had 
an inhibitory effect on Bcl-2 expression and a promotive 
effect on Bax expression. In addition, we also found elevated 
expression of cleaved caspase-3 and cleaved caspase-9. 

To conclude, our study revealed that bee venom can 
effectively inhibit tumor progression in pancreatic cancer 
cells. The anti-tumor effect of bee venom may be associated 
with cell cycle arrest, inducing cell apoptosis and inhibiting 

cell migration. Our study provides evidence for the anti-
tumor effect of bee venom on pancreatic cancer, but 
further investigation is needed to determine the underlying 
mechanism. 
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