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Abstract
Background: Previous studies have shown that bufalin exerts antitumor effects through various mechanisms. This study aimed to
determine the antineoplastic mechanism of bufalin, an extract of traditional Chinese medicine toad venom, in ovarian cancer.
Methods:The 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT), 5-ethynyl-20-deoxyuridine (EdU), and colony
formation assays were used to investigate the antiproliferative effect of bufalin on the ovarian cancer cell line SK-OV-3. Molecular
docking was used to investigate the combination of bufalin and epidermal growth factor receptor (EGFR) protein. Western blotting
was performed to detect the expression of EGFR protein and its downstream targets.
Results: Bufalin inhibited the proliferation of SK-OV-3 cells in a dose- and time-dependent manner. Bufalin was confirmed to
combine with EGFR protein using molecular docking and downregulate expression of EGFR. Bufalin inhibited phosphorylation of
EGFR, protein kinase B (AKT), and extracellular signal-regulated kinase (ERK).
Conclusion: Bufalin suppresses the proliferation of ovarian cancer cells through the EGFR/AKT/ERK signaling pathway.
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Introduction

Ovarian cancer ranks seventh among lethal cancers in
women.[1] Epithelial ovarian cancer is the main lethal
type.[2] Despite the continuous development of cancer
therapy, the 5-year survival rate of patients with ovarian
cancer has not increased significantly compared with
10 years ago and remains at only 40%.[3,4] Bufalin is an
extract of traditional Chinese medicine toad venom, which
has digoxin-like immunoactivity, with detoxification,
detumescence, and analgesic effects. Previous studies have
shown that bufalin [Figure 1] exerts antitumor effects
through various mechanisms. For example, bufalin
promotes apoptosis of nasopharyngeal carcinoma cells
through the mitochondrial ROS/TRAIL pathway[5] and
promotes autophagy in gastric cancer cells through the
Cbl-b/mammalian target of rapamycin (mTOR)/extracel-
lular signal-regulated kinase (ERK) pathway.[6] Bufalin is
also a potent inhibitor of cell growth and migration in
ovarian cancer cells through suppression of mTOR
activation and hypoxia-inducible factor 1-a induction.[7]

In addition, it was demonstrated that bufalin exerts
antitumor effects by triggering apoptosis and inducing cell
cycle arrest in pancreatic cancer cells. Notably, bufalin can
Access this article online

Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000001879

456
also promote the growth inhibitory effect of gemcitabine in
pancreatic cancer cells.[8]

Epidermal growth factor receptor (EGFR) is overexpressed
in many solid tumors, including breast, pancreas, head-
and-neck, prostate, ovarian, renal, colon, and non-small-
cell lung cancers.[9,10] Such overexpression produces
strong stimulation of downstream signaling pathways,
which induce cell growth, cell differentiation, cell cycle
progression, angiogenesis, cell motility, and blocking of
apoptosis. The high expression and/or functional activa-
tion of EGFR correlates with the pathogenesis and
progression of several cancers, which make it an attractive
target for both diagnosis and treatment.[11] EGFR
expression is also increased in ovarian cancer, and its
high expression is related to poor prognosis. EGFR
promotes ovarian cancer cell proliferation through the
PI3K/AKT/MAPK/STAT pathway. Therefore, inhibition
of EGFR signaling is important in suppressing the
development of ovarian cancer.[12] Zeng et al[13] demon-
strated that epidermal growth factor (EGF) secreted by
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Figure 1: Molecular structure of bufalin (PubChem CID: 9547215).
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M2-like tumor-associated macrophages might promote
the progression of ovarian cancer by activating the EGFR-
ERK signaling pathway.

This study verified the effect of bufalin on EGFR through
molecular docking and on ovarian cancer cell proliferation
through the EGFR/AKT/ERK pathway in vitro.
Methods

Cell lines and culture

Human ovarian cancer SK-OV-3 cells were purchased
from the American Type Culture Collection (Manassas,
VA, USA) and cultured in a 37°C incubator with 5%
carbon dioxide. The cells were cultured in McCoy 5A
culture medium (Biological Industries, Israel) containing
10% fetal bovine serum (Gibco, Grand Island, NY, USA)
and 100 U/mL streptomycin (Biotech, Beijing, China). This
research did not involve humans or animals.
Drugs and reagents

Bufalin and 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tet-
razolium bromide (MTT) (thiazolyl blue) were purchased
from Sigma (St. Louis, MO, USA). Rapid Wright-Giemsa
Staining solution was purchased from Nanjing Jiancheng
Institute of Biological Engineering (China). Antibodies to
EGFR, phospho-EGFR, AKT, phospho-AKT, ERK, and
phospho-ERK were purchased from Cell Signaling
Technology (Danvers, MA, USA). Antibody to b-actin
was purchased from Beijing Zhongshan Jinqiao Biotech-
nology Co., Ltd. (China).
MTT test

SK-OV-3 cells in the logarithmic growth phase were
digested with trypsin and seeded in 96-well plates with
4000 cells/well. After adhesion, different doses of bufalin
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were applied for 24 or 48 h. Four hours before
termination, 20 mL MTT (5mg/mL) was added to each
well. After 10 min incubation with dimethyl sulfoxide, the
optical density was read at 570 nm.
EdU assay

As reported,[14,15] cells were treated with 150 mL 5-
ethynyl-20-deoxyuridine (EdU) (Ribobio, Guangzhou,
China) for 2 h. After washing with phosphate-buffered
saline (PBS) three times, cells were treated with 2 mg/mL
glycine and 0.5% TritionX-100 in turn, then stained with
300 mL of 1 � Apollo® reaction cocktail for 30 min
followed with 300 mL of Hoechst 33,342 (5 mg/mL) for 30
min. Cells were washed with PBS after each step and then
observed under microscopy.
Cloning

SK-OV-3 cells in the logarithmic growth phase were
culturedwith 0, 100, and 200 nmol/L bufalin for 24 h, then
digested with trypsin and seeded in six-well plates with
1200 cells/well for 10 days. Cells were washed twice with
PBS, fixed with 700 mL methanol for 15 min, dried and
stained with 500 mL Rapid Wright-Giemsa Staining
solution reagent one for 1 min, and 1 mL reagent two
for 5 to 8 min. The staining solutions were removed, and
the cells were washed with distilled water and air-dried for
30 s.
Western blotting

Following treatment, the cells were pelleted by centrifuga-
tion for 3 min at 200 � g, and homogenized in ice-cold
fractionation buffer (50 mmol/L Tris–HCl, pH 7.4,
1 mmol/L ethylenediaminetetraacetic acid, 150 mmol/L
NaCl, 1% Triton X-100, 1 mmol/L phenylmethylsulfonyl
fluoride, 10 mg/mL leupeptin, 10 mg/mL pepstatin A,
10 mg/mL aprotinin, 1 mmol/L sodium orthovanadate,
10 mmol/L sodium pyrophosphate and 50 mmol/L sodium
fluoride). The cell lysate was incubated on ice for 15 min
and then centrifuged at 20,000 � g for 30 min at 4°C. The
cytosolic fraction was collected and subjected to 10%
sodium dodecyl sulphate-polyacrylamide gel electropho-
resis. Protein concentrations were determined using the
bicinchoninic acid (BCA) protein assay kit (Pierce, Rock-
ford, IL, USA). The proteins were transferred to a
polyvinylidene fluoride membrane. The membrane was
incubated successively with 5% bovine serum albumin in
Tris-buffered saline with Tween® 20 (TBST) at room
temperature for 1 h, with primary antibodies at 4°C for
12 h and then with horseradish-peroxidase-labeled
secondary antibody for 1 h. After each incubation, the
membranes were washed extensively with TBST, and the
immunoreactive bands were detected with enhanced
chemiluminescence (ECL)-detecting reagents (Pierce).
Molecular docking

Molecular docking was accomplished with the Schro-
dinger software (Schrodinger Suites 2018, NY, USA). The
structure of bufalin is available at the PubChem website
(PubChem CID:9547215). The structure of EGFR protein
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Figure 2: Bufalin inhibited proliferation of SK-OV-3 cells in a dose- and time-dependent manner. (A) MTT assay was used to detect the effect of bufalin on the proliferation of SK-OV-3 cells.
∗
P< 0.05 vs. control (0 nmol/L group), †P< 0.05 vs. 24 h. (B) EdU assay was used to detect the effect of bufalin on DNA replication of SK-OV-3 cells (Original magnifucation�100). DMSO:
Dimethyl sulfoxide; EdU: 5-ethynyl-20-deoxyuridine; MTT: 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetrazolium bromide.
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(PDB:1m17) was downloaded from the Protein Data Bank
website (http://www.rcsb.org/). In Schrodinger software,
Prepare wizard, Grid generation, Ligand preparation, and
Ligand docking were conducted to obtain the docking
fraction.
Statistical analysis

GraphPad Prism 8.0 (GraphPad Software, San Diego, CA,
USA) was used for statistical analysis. All data were
expressed as means ± standard error mean. One-way
Analysis of Variance (ANOVA) followed by Newman–
Keul post hoc test was used to compare multiple groups.
Unpaired Student t test was performed to compare two
groups. P < 0.05 was considered statistically significant.
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Results

Bufalin inhibits ovarian cancer cell proliferation in a
dose- and time-dependent manner
As the concentration of bufalin increased, the inhibitory
effect on the proliferation of SK-OV-3 cells was enhanced
[Figure 2A]. As the duration of treatment increased, the
inhibitory effect of bufalin on the proliferation of SK-OV-3
cells was also enhanced [Figure 2A]: 24 h half maximal
inhibitory concentration (IC50) = 211.80 nmol/L (95%
CI= 136.00–349.80 nmol/L); 48 h IC50 = 74.13 nmol/L
(95% CI= 43.35–124.80 nmol/L). The EdU assay dem-
onstrated that as the concentration of bufalin increased,
the DNA replication of SK-OV-3 cells decreased signifi-
cantly [Figure 2B].
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Figure 3: Bufalin inhibits colony formation of SK-OV-3 cells.

Figure 4: Molecular docking results of bufalin and EGFR protein. EGFR: Epidermal growth
factor receptor.

Chinese Medical Journal 2022;135(4) www.cmj.org
Bufalin inhibits colony formation of ovarian cancer cells

The colony formation assay showed that bufalin reduced
the size and number of SK-OV-3 cell colonies. As the
concentration of bufalin increased, the inhibitory effect of
bufalin on colony formation was enhanced in a concen-
tration-dependent manner [Figure 3].
Bufalin conjugates EGFR protein

Molecular docking using Schrodinger software found that
there was a hydrogen bond interaction between bufalin
and EGFR protein, and the docking score was �3.515.
Bufalin may inhibit EGFR protein [Figure 4].
Bufalin inhibits ovarian cell proliferation by inhibiting the
EGFR/AKT/ERK pathway

Western blotting confirmed that bufalin reduced the total
protein and phosphorylation levels of EGFR, and the
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phosphorylation levels of downstreammolecules of EGFR,
AKT, and ERK were downregulated under 200 nmol/L of
bufalin stimulation [Figure 5A and 5B].
Discussion

Ovarian cancer is the most common fatal gynecological
tumor.[16] Worldwide, approximately 230,000 women are
diagnosed with ovarian cancer each year and 150,000
die.[17] Therefore, there is an urgent need to optimize the
treatment of patients with ovarian cancer and improve
their prognosis. The present study showed that bufalin
inhibited SK-OV-3 ovarian cancer cell proliferation and
DNA replication in a dose- and time-dependent manner. A
previous study demonstrated that bufalin could inhibit the
growth of ovarian cancer cells and induce cell cycle
arrest.[18] The mechanism of inhibiting ovarian cancer
proliferation is Livin protein inhibition and inhibition of
the ITGB2/FAK signaling pathway.[19]

EGFR is a transmembrane glycoprotein consisting of a 170
kDa polypeptide chain. The transmembrane glycoprotein
EGFR extracellular domain consists of 622 amino acids
and contains two cysteine-rich regions, primarily respon-
sible for ligand binding, and the transmembrane domain
structure consists of a single alpha-helix containing 23
residues that constitute the intracellular transmembrane
peptide structural domain, consisting of 542 amino acids
and containing a 250 amino acid protein tyrosine kinase
core, conserved and attached at the C-terminus, containing
regulatory tyrosine residues.[20] EGF binds to the extracel-
lular region of EGFR and induces EGFR dimerization,
thereby activating EGFR tyrosine kinase activity and
autophosphorylation. The tyrosine autophosphorylation
sites in activated EGFR interact with downstream
signaling proteins, thereby initiating activation of signaling
pathways and ultimately promoting cell proliferation and
survival.[21,22] In ovarian cancer, amplification and/or high
expression of EGFRs have been implicated in the
progression and prognosis of the disease.[12] EGFR
signaling activation is closely related to ovarian cancer
cell proliferation, and in the studies of Kang et al[23] and
Jiang et al,[24] bufalin inhibited EGFR phosphorylation in
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Figure 5: Effect of bufalin inhibition on the EGFR/AKT/ERK signaling pathway. (A) Representative results of western blot. (B) Relative protein signal intensity was quantified and expressed as
means ± standard error mean.

∗
P< 0.05 vs. Control (0 nmol/L group). EGFR: Epidermal growth factor receptor; ERK: Extracellular signal-regulated kinase.
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the EGFR mutant lung cancer cell line HCC827 and wild-
type cell line A549, respectively. It was also identified that
bufalin eliminates resistance to Osimertinib which is an
EGFR tyrosine kinase inhibitor, indicating that a combi-
nation of Osimertinib and bufalin could be an effective
additional treatment to overcome acquired resistance
to Osimertinib in non-small cell lung cancer cells.[25]

However, there are currently no reports on the inhibition
of ovarian cancer cell proliferation by bufalin through the
EGFR signaling pathway. We proved that bufalin can
inhibit the proliferation of ovarian cancer cells by binding
to EGFR through molecular docking, and western blotting
confirmed that bufalin can inhibit the proliferation of
ovarian cancer cells through the EGFR/AKT/ERK path-
way. However, in the studies by Kang et al[23] and Jiang
et al,[24] bufalin only inhibited the phosphorylation of
EGFR protein in lung cancer cells without affecting the
level of total EGFR protein. In the study by Liu et al,[26]

bufalin inhibited the expression of transcription factor
SOX2, which has been proved to be one of the
transcription factors of EGFR gene expression. Therefore,
the decrease in EGFR protein may be due to the inhibition
of SOX expression. Future studies should examine
whether bufalin inhibits activation of the transcription
factor SOX2, thereby inhibiting the expression of EGFR
protein.

In summary, bufalin inhibits the phosphorylation of AKT
and ERK by reducing the total protein and phosphory-
lation level of EGFR, thus inhibiting the proliferation of
ovarian cancer cells, which adds new insight into the
mechanism of bufalin in the treatment of ovarian cancer.
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