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Cinobufagin is one of the pharmaceutically active ingre-
dients in the parotoid glands of the Chinese toad Bufo 
bufo gargarizans  Cantor. This study was conducted to 
investigate the effect of cinobufagin on viability, migra-
tion, and apoptosis of hepatocellular carcinoma (HCC) 
cells and its mechanisms. Human HCC cells (HepG2) 
were treated with cinobufagin and assessed for viabil-
ity, apoptosis, and migration using CCK-8 assay, flow 
cytometry, and wound healing assay. The expression of 
genes related to the p53, AKT, and ERK pathways was 
detected using RT-PCR and Western blot analysis. Cell 
viability assays showed that cinobufagin reduced the 
viability of HepG2 cells in a concentration- and time-de-
pendent manner. Significantly increased apoptosis was 
detected in cinobufagin-treated cells as compared with 
non-treated cells. The migration ability of HepG2 cells 
was significantly reduced after they were exposed to cin-
obufagin as compared with control. RT-PCR and Western 
blot analyses showed that the expression levels of p53, 
caspase-3, and Bax were significantly upregulated, and 
the expression levels of AKT and ERK were significantly 
downregulated after cinobufagin treatment. Our data 
demonstrated that cinobufagin reduces the viability and 
induces apoptosis of HepG2 cells. The cytotoxicity is like-
ly achieved by upregulating the p53 pathway and down-
regulating the Akt and ERK pathways.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the seventh most 
common primary malignant tumor of the liver and the 
third major leading cause of cancer-related death (Sung et 
al., 2021). Due to the endemics of hepatitis virus, China 
has nearly 700 000 new HCC cases every year, account-
ing for nearly 50% of newly diagnosed HCC worldwide 
(Ding & Wang, 2014; Maluccio & Covey, 2012). Al-
though considerable advances have been made in the 
diagnosis and treatment of HCC, it is still a chronic dis-
ease with high morbidity and mortality (Massarweh & 
El-Serag, 2017; Villanueva, 2019). At present, surgery, in-
tervention, radiotherapy, chemotherapy, and molecularly 
targeted therapy are being used to treat HCC patients. 
For patients with early-stage HCC, surgery is the main 
option. However, as an occult and rapidly progressing 
disease, most patients are already in the middle and ad-
vanced stages when they are diagnosed and are often too 
late to be eligible for radical surgery.

Chemotherapy and molecularly targeted therapy are 
important therapeutic means for these patients. While 
chemotherapeutic drugs are effective in killing tumor 
cells, they inevitably damage normal cells and lead to 
drug resistance and reduced efficacy (Hartke et al., 2017; 
Massarweh & El-Serag, 2017). For example, as the first-
line drug, sorafenib prolongs the overall survival (OS) in 
HCC patients by 7.9 to 10.7 months (Cheng et al., 2009; 
Zhang et al., 2012). However, sustained use of sorafenib 
may trigger drug resistance in HCC cells due to several 
mechanisms such as abnormal activation of SHP-1 and 
inhibition of the JAK/STAT signaling pathway (Lachen-
mayer et al., 2012; Zhu et al., 2017). Therefore, it is very 
desirable to explore new chemotherapeutic drugs with 
low toxicity to normal cells and high efficacy or adjuvant 
drugs to reduce the cost of chemotherapeutic drugs and 
to improve overall therapeutic outcomes. For example, 
sinapine, an alkaloid derived from seeds of the crucifer-
ous species, was found to be able to reverse multi-drug 
resistance in MCF-7/dox cancer cells by downregulating 
FGFR4/FRS2α-ERK1/2 pathway-mediated NF-κB ac-
tivation (Guo et al., 2016) and inhibit the proliferation 
of HCC cells through activating p53 signaling pathway 
(Gao et al., 2021). Pelargonidin, a well-known natural an-
thocyanidin very commonly presented in berries, straw-
berries, blueberries, red radishes, and other natural foods 
has been found to have a variety of beneficial effects 
including anti-cancer activity due likely to its activation 
of the Nrf2-ARE signaling pathway and cytoprotective 
effect (Li et al., 2019).
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Huachansu, an injectable preparation from the paro-
toid glands of the Chinese toad Bufo bufo gargari-
zans Cantor has been approved to treat liver, lung, 
colon, and pancreatic cancers in China by the Chinese 
Food and Drug Administration (Meng et al., 2009; Qi et 
al., 2010). Cinobufagin is a steroid and one of the ac-
tive compounds in the preparation derived from the 
toad. Cinobufagin is shown to be able to suppress the 
growth of various cancers such as breast cancer (Zhu 
et al., 2018), osteosarcoma (Cao et al., 2017; Dai et al., 
2018a), nasopharyngeal carcinoma (Pan et al., 2020), ma-
lignant melanoma (Pan et al., 2019) and colorectal can-
cer (Lu et al., 2017). Cell-based screening study using a 
natural product library containing 730 natural products 
also revealed that cinobufagin downregulates anoctamin1 
(ANO1), a calcium-activated chloride channel that is fre-
quently overexpressed in several cancers (Jo et al., 2021). 
However, little is known about its activity against HCC.

This study aimed to investigate the effect of cinobuf-
agin on HCC cells and explore the possible molecular 
mechanisms underlying the activity. The antiproliferation 
activity of cinobufagin against HCC cells observed in 
this study would help develop new treatments for HCC 
and other cancers.

MATERIALS AND METHODS

Cell line

Human HCC cell line HepG2 (cat no. HB-8065) 
was purchased from American Type Collection Center 
(ATCC), Manassas, VA, USA and was cultured in Ea-
gle’s minimum essential medium (EMEM) (ATCC cat 
no. 20-2003) with 10% fetal bovine serum (FBS, (ATCC 
cat no. 30-2020) as recommended by the manufacturer. 
Cells were maintained at 37°C and in 5% CO2 in a hu-
midified incubator.

Reagents and equipment

Cinobufagin (5β,20(22)-bufadienolide-3β,16β-
diol-14,15β-epoxy 16-acetate, 14,15β-Epoxy-3β,16β-
dihydroxy-5β,20(22)-bufadienolide 16-acetate, cat no. 
SML3135) was purchased from Sigma-Aldrich, St. Luis, 
USA. Trypsin-EDTA (0.25%) (cat no. 25200072), Pierce 
BCA protein assay kit (cat no. 23225), Pierce SDS-
PAGE sample prep kit (cat no. 89888), dead cell ap-
optosis kit with annexin v for flow cytometry (cat no. 
V13242), TRIzol reagents (cat no. 15596026), Verso 
cDNA synthesis kit (cat no. AB1453A), microplate 
reader Multiskan SkyHigh, NanoDrop 2000 spectro-
photometer and RIPA buffer (cat no. J63306.AP) were 
purchased from Thermo Fisher Scientific, Wilmington, 
Delaware, USA; universal SYBR qPCR master mix (cat 
no. Q712-02) was obtained from Applied Biosystems 
Life Technologies, Carlsbad, CA, USA; CFX96 Touch 
Real-Time PCR detection system was purchased from 
Bio-Rad, USA. Antibodies against Bax (cat no. ab32503, 
1:1000 dilution), p53 (cat no. ab26, 1:1200 dilution), cas-
pase3 (cat no. ab32351, 1:1000 dilution), ERK (cat no. 
ab184699, 1:1500 dilution) and AKT (cat no. ab8805, 
1:2000 dilution), horseradish peroxidase (HRP)-conjugat-
ed secondary antibody (cat no. ab6728, 1:1500), ECL kit 
(cat no. ab133406), and cell counting kit 8 (CCK8, cat 
no. ab228554) were purchased from Abcam, Waltham, 
MA, USA. FACSCalibur flow cytometer was a product 
of Becton Dickinson, USA.

Cell culture

HepG2 cells were cultured in EMEM containing 10% 
FBS at 37°C and 5% CO2 in a humidified incubator. 
For subculture, 80% confluent cells were digested with 
0.25% trypsin for 1 min, diluted 1:5 with fresh medium, 
and subcultured every 3 days.

Cell proliferation assay

Cell proliferation assays were performed using the 
CCK8 kit according to the manufacturer’s instructions. 
Briefly, HepG2 cells in the logarithmic growth phase 
were digested with 0.25% trypsin and resuspended in 
EMEM containing 10% FBS. 100μl of the cell suspen-
sion (containing 4×104 cells/ml) was inoculated into the 
wells of 96 well plates, containing 0 (control), 10, 20, 40, 
80, 160, and 320 ng/l cinobufagin. The plates were cul-
tured for 12, 24 and 48 h and then added with 10 μl 
CCK8 reagent. After incubation for 2 h, optical densi-
ty (OD) at 450 nm was determined using a microplate 
reader. The assays were independently repeated three 
times and all assays were performed in triplicate. Each 
data point was obtained with six measurements.

Wound healing assay

HepG2 cells (3×105) were seeded onto the slides 
and cultured in the wells of 24-well plates for 24 h at 
37°C and 5% CO2 in a humidified incubator to form 
a monolayer. The confluent monolayers were scratched 
with a p200 pipette tip and the cellular debris has been 
removed by washing gently. Following wounding, the 
culture medium was replaced with a fresh medium con-
taining 100 ng/l cinobufagin and cells were cultured 
for another 12 h. Images were then acquired with a 
phase-contrast microscope Axio Obser (Carl Zeiss, Inc., 
Oberkochen, Germany) and gaps between scratched cells 
were measured before and after culture using Axio Vi-
sion (Carl Zeiss) to determine the migration capability. 
The assays were independently repeated three times and 
all assays were performed in triplicate. Each data point 
was obtained with six measurements.

Detection of apoptosis by flow cytometry

HepG2 cells were pretreated with 100 ng/l cinobuf-
agin for 12 and 24 h, harvested and suspended in PBS. 

Table 1. PCR primers

Gene Primer sequence (5’ -3’)

Bax F Forward 5’-GATGGCCTCCTTTCCTACTTC-3’

Bax R Reverse 5’-CTTCTTCCAGATGGTGAGTGAG-3’

P53 F Forward 5’-GAGGTTGGCTCTGACTGTACC-3’

P53 R Reverse 5’-TCCGTCCCAGTAGATTACCAC-3’

β-actin F Forward 5’-ACAGGATGCAGAAGGAGATTC-3

β-actin R Reverse 5’-ACAGTGAGGCCAGGATAGA-3’

Caspase 3 F Forward 5’-ACAGTGGAACTGACGATGATATG-3’

Caspase 3 R Reverse 5’-TCCCTTGAATTTCTCCAGGAATAG-3’

AKT F Forward 5’- TGGACTACCTGCACTCGGAGAA -3’

AKT R Reverse 5’- GTGCCGCAAAAGGTCTTCATGG-3’

ERK F Forward 5’- ACACCAACCTCTCGTACATCGG -3’

ERK R Reverse 5’- TGGCAGTAGGTCTGGTGCTCAA -3’

http://J63306.AP
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Apoptosis was detected using a dead cell apoptosis kit 
(annexin V and propidium iodide (PI) staining) following 
the manufacturer’s instructions on a FACSCalibur flow 
cytometer. The quantitation of apoptotic cells was calcu-
lated by CellQuest software.

Real-time quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR)

HepG2 cells were cultured in EMEM with 10% FBS 
and 100 ng/l cinobufagin for 24 h, harvested by cen-
trifugation at 500×g for 10 min at room temperature. 
Total RNA was extracted from the cells using the TRI-
zol reagents according to the manufacturer’s instructions. 
Extracted RNA was quantified using a Nanodrop spec-
trophotometer and reversely transcripted into cDNA us-
ing Verso cDNA synthesis kit according to the manu-
facturer’s recommendations. qRT-PCR was run with 
universal SYBR qPCR Master Mix on CFX96 Touch 
Real-Time PCR Detection System using primers listed in 
Table 1. The PCR was carried out in a total volume of 
15 μl containing 1 μl of diluted and pre-amplified cDNA 
and 10 μl of TaqMan gene expression master mix. The 
cycling conditions were 96ºC for 10 min followed by 
40 cycles, each consisting of 15 s at 95ºC and 1 min at 
57ºC. The relative mRNA levels were determined using 
the 2−ΔΔCt method after normalization with β-actin as an 
internal reference (Livak & Schmittgen, 2001). All assays 
were performed in triplicate.

Western blotting

HepG2 cells were cultured in EMEM with 10% FBS 
and 100 ng/l cinobufagin for 24 h, harvested by cen-
trifugation at 500×g for 10 min at room temperature. 
Cells (109) were lysed with RIPA buffer and proteins 
in the lysates were quantitated using a BCA protein 
assay kit according to the manufacturer’s instructions. 
After denatured by boiling at 100ºC for 5 min, 60 µg 
protein per lane was subjected to 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
Separated proteins were transferred to PVDF mem-
branes, blocked with 5% non-fat dry milk in 1× TBS 
– 0.1% Tween 20 buffer for 6 h at room temperature. 
The blots were then incubated with primary antibodies 
against Bax, p53, caspase 3, AKT, and ERK at above-
specified dilutions at 4°C overnight, rinsed three times 

with 1X TBS-0.1% Tween 20 buffer, and then with 
the (HRP)-conjugated secondary at 25°C for 2 h. Im-
munoreactive bands were visualized using the ECL kit 
as instructed by the supplier. Quantity One software 
(version v4.6.6; Bio-Rad Laboratories, Inc.) was used 
to measure the relative gray density of the bands us-
ing β-actin as the internal control. All assays were per-
formed in triplicate. Each data point was obtained with 
three measurements.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 
software. Measurement data are expressed as the 
mean ± standard error of the mean obtained from at 
least three independent experiments. One-way ANOVA 
with Tukey’s post hoc tests was used for the compari-
son among groups, and the LSD t-test was used for the 
comparison between the two groups. The difference was 
considered statistically significant if P<0.05.

Figure 1. Inhibition of HepG2 proliferation after exposure to cin-
obufagin at various times. 
HepG2 cells were cultured in EMEM containing 10% FBS and 0 to 
320 ng/l cinobufagin for 12, 24 and 48 hours, and the cells were 
assessed for viability using commercial CCK8 kit from cell count-
ing kit 8 from Abcam The assays were independently repeated 
three times and all assays were performed in triplicate. (a) and (b) 
denote P<0.01 and P<0.001 compared to 12-hour cinobufagin ex-
posure. (c) and (d) denote P<0.01 and P<0.001 compared to 0 ng/l 
cinobufagin (control)

Figure 2. Wound healing assays of HepG2 proliferation after exposure to 100 ng/l cinobufagin for 12 hours. 
HepG2 cells (3×105) were cultured for 24 h at 37°C and 5% CO2 in a humidified incubator to form a monolayer. The confluent monolay-
ers were scratched and cultured in fresh medium containing 100 ng/l cinobufagin for another 12 h. (A) microphotos of wound heal-
ing assays, (B) migration rate. The assays were independently repeated three times and all assays were performed in triplicate. **P<0.01 
compared to control (0 ng/l cinobufagin).
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RESULTS

Cinobufagin inhibits the proliferation of HepG2 cells

To assess the effect of cinobufagin on the growth of 
HCC, HepG2 cells were cultured in EMEM medium 
containing various concentrations (0 to 320 ng/l) of 
cinobufagin for 12, 24 and 48 hours and assessed for 
cell viability using a CCK-8 kit. The results showed that 
when cinobufagin concentration increased from 0 to 320 
ng/l, the inhibition of HepG2 cells increased from 0% 
to 65% at 12 hours, to 87% at 24 hours and to 99% at 
48 hours (Fig. 1). The LD50 of cinobufagin was estimat-
ed to be 170, 78 and 40 ng/l, respectively, after the cells 
were exposed to cinobufagin for 12, 24 and 48 hours. 
These data indicated that cinobufagin inhibits the pro-
liferation of HepG2 cells in a concentration- and time-
dependent manner and has cytotoxicity to HepG2 cells 
even at very low concentrations (10 ng/l, Fig. 1)

Cinobufagin reduces the migration ability of HepG2 
cells

Wound healing assays were then used to assess the 
migration capacity of HepG2 cells after exposure to 
cinobufagin. After being exposed to 100 ng/l cinobuf-
agin for 12 hours, the migration rate of HepG2 cells 
was significantly reduced as compared to control (12.5 
vs 16.7 µm/h, P<0.01, Fig. 2), suggesting that cinobuf-
agin reduces the migration ability of HepG2 cells.

Cinobufagin induces apoptosis in HepG2 cells

Since cinobufagin reduced the viability of HepG2 cells, 
we investigated the apoptosis of HepG2 cells after expo-
sure to cinobufagin for 12- and 24-hours using flow cy-
tometry. The results showed after exposure to 100 ng/l 
cinobufagin for 12 hours, there was a significant increase 
in the percentage of apoptotic cells as compared to con-
trol (0 ng/l cinobufagin, 1.6% vs 13.6%) and the increase 
was more remarkable and highly statistically significant af-
ter 24 h exposure (3.2% vs 25.5%, P<0.01, Fig. 3).

Cinobufagin upregulates apoptosis pathways

To investigate the possible molecular mechanisms 
underlying the cytotoxicity, RT-PCR and Western 

blotting analysis were used to detect the expression 
of genes related to apoptosis pathways. The results 
showed that Bax, p53, and caspase 3 expressions were 
significantly up-regulated at both mRNA and protein 
levels after the HepG2 cells were exposed to 100 ng/l 

Figure 3. Apoptosis of HepG2 cells after exposure to cinobufagin for 12 and 24 hours. 
HepG2 cells were pretreated with 100 ng/l cinobufagin, harvested, and stained with annexin V and propidium iodide (PI) using a com-
mercial dead cell apoptosis kit from Thermo Fisher Scientific and analyzed on a FACSCalibur flow cytometer (Becton Dickinson, USA). (A) 
flow cytometry results, (B) apoptotic percentage. The assays were independently repeated three times and all assays were performed in 
triplicate. ** and ##P<0.01 vs. control and 12-hour exposure, respectively.

Figure 4. Expression of the Bax, p53 and caspase 3 genes in 
HepG2 cells after exposure to cinobufagin. 
(A) HepG2 cells were cultured in EMEM with 10% FBS and 100 
ng/l cinobufagin for 24 h, harvested and extracted for total RNA 
and protein with TRIzol reagents and RIPA buffer. Total RNAs were 
reversely transcribed to cDNA for quantification of mRNA in PCR. 
The proteins were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and reacted with relevant an-
tibodies after being transferred to PVDF membranes. The bands 
on the blots were visualized commercial ECL kit from Abcam and 
quantified using Quantity One software. A. relative mRNA level, 
(B) upper panel: representative Western blots, lower panel: rela-
tive protein level. The assays were repeated three times. **P<0.01 
compared to control.
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cinobufagin as compared to non-treated cells where 
these genes had a low level of expression (Fig. 4, 
P<0.01).

Cinobufagin downregulates Akt and ERK pathways

Wound healing assays showed that cinobufagin re-
duced the migration ability of HepG2 cells. We then 
profiled the expression of genes in the Akt and ERK 
pathways at both mRNA and protein levels. The re-
sult showed that Akt and ERK mRNA and proteins 
were significantly downregulated in the cells follow-
ing exposure to 100 ng/l cinobufagin for 24 hours as 
compared to control (Fig. 5, P<0.01).

DISCUSSION

Cinobufagin is one of the major compounds present 
in an injection preparation Cinobufacini from the toad 
skin has antitumor activity. Our study showed that cin-
obufagin has potent cytotoxicity to HepG2 cells. It in-
duces apoptosis in the cells and reduces the migration 
ability of HepG2 cells, upregulates the expression of ap-
optosis-related genes and downregulates the expression 
of migration-related genes in HepG2 cells.

Liver cancer is a common malignant tumor with 
complicated etiologies, including alcohol drink, water 
contamination, exposure to nitrosamines, and aflatox-
ins (Jackson & Groopman, 1999; Milligan et al., 1990). 
Cancer progresses rapidly, leading to a short course of 
the disease and a short survival time for middle- and 
late-stage patients (Craig et al., 2020; Jiang et al., 2019). 
Liver cancer is less sensitive to chemotherapy, result-
ing in limited therapeutic effects. Targeted molecular 
therapy, while effective, is not applicable or available to 
many subtypes of HCC (Anwanwan et al., 2020). Cinob-
ufacini prepared from the skin of Chinese toad contains 
mainly cinobufagin, indole alkaloids and bufalin. It has 
been demonstrated to have antitumor activities against 
several tumors such as gastric lung cancer(Xiong et al., 
2018), colon cancer (Wang et al., 2020) and osteosar-
coma (Cao et al., 2017; Dai et al., 2018b). However, the 
molecular mechanisms underlying the antitumor activity 
against liver cancer are largely unclear. In this study, we 
investigated the effect and mechanisms of cinobufagin 
against liver cancer using HepG2 cells.

Previously, cinobufagin was shown to inhibit the 
growth of cancer cells but did not reduce the viability 
of noncancerous cells such as human L-O2 liver and 
NCM460 colon epithelial cell lines (Dai et al., 2018b; Niu 
et al., 2021), demonstrating that cinobufagin is selectively 
toxic to cancerous cells. Our study showed that the cyto-
toxicity of cinobufagin to HepG2 cells is concentration- 
and time-dependent, high concentration and long expo-
sure generated more cytotoxicity, suggesting that cinob-
ufagin might interact with HepG2 directly and indirectly. 
One of the mechanisms by which chemotherapy agents 
kill cancer is to trigger apoptosis in cancer cells, lead-
ing to reduced proliferation and death of cancer cells. 
To investigate if the reduced cell viability observed after 
cinobufagin exposure is due to apoptosis, we assessed 
apoptosis in cinobufagin-exposed HepG2 cells and 
found that there was a significant increase in apoptotic 
cells after cinobufagin exposure. This is consistent with 
earlier studies, in which cinobufagin was reported to in-
duce apoptosis in osteosarcoma cells via the mitochon-
dria-mediated apoptotic pathway with increased reactive 
oxygen species (ROS) production (Dai et al., 2018c) and 
increased apoptosis in SGC-7901 human gastric cancer 
cells with suppressed autophagy and increased expression 
of Bax, cytosolic cytochrome c, cleaved PARP, caspase-3 
and caspase-9 (Xiong et al., 2019). To further confirm 
that the gene expressions in apoptosis pathways are al-
tered following exposure to cinobufagin, we assessed the 
expression of several key genes such as Bax, p53 and 
caspase-3 involved in apoptosis pathways. These genes 
were found upregulated after the HepG2 cells were ex-
posed to cinobufagin at both mRNA and protein levels, 
confirming that cinobufagin has an impact on apoptosis 
pathways. Since the expression changes occur at both 
mRNA and protein levels, it is likely that cinobufagin 
may interact directly or indirectly with DNA to regulate 
its expression. One possible mechanism is that cinobuf-
agin binds to DNA to inactivate its transcription or to 
damage DNA to suppress gene expression (Jin et al., 
2020). It may also bind to the transcription factor SF-1 
to suppress the expression of the StAR protein to inhibit 
the synthesis of aldosterone and cortisol to disturb cellu-
lar metabolism (Kau et al., 2012). The expression of pro-
apoptotic genes, caspase-3, Bax (the BCL-2-associated X 
apoptosis regulator) and p53 is upregulated after HepG2 
cells were exposed to cinobufagin. These genes regulate 
apoptosis via various mechanisms. Increased cleaved cas-
pase-3 would result in proteolysis and apoptosis (Choud-

Figure 5. Expression of the Akt and ERK genes in HepG2 cells af-
ter exposure to cinobufagin. 
HepG2 cells were cultured in EMEM with 10% FBS and 100 ng/l 
cinobufagin for 24 h, harvested and extracted for total RNA and 
protein with TRIzol reagents  and RIPA buffer. Total RNAs were 
reversely transcribed to cDNA for quantification of mRNA in PCR. 
The proteins were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and reacted with relevant an-
tibodies after being transferred to PVDF membranes. The bands 
on the blots were visualized commercial ECL kit from Abcam and 
quantified using Quantity One software. (A) relative mRNA level, 
(B) upper panel: representative Western blots, lower panel: rela-
tive protein level. The assays were repeated three times. **P<0.01 
compared to control.
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hary et al., 2015; Crowley & Waterhouse, 2016), elevated 
Bax level increases the opening of the mitochondrial 
voltage-dependent anion channel (VDAC), leading to 
decreased mitochondrial membrane integrity and secre-
tion of cytochrome c and cell death (Kuwana et al., 2020; 
Maes et al., 2019) and p53 activation may be leading to 
transcriptional activation of PUMA plus NOXA, and 
subsequent induction of apoptosis as observed in our 
experiments(Aubrey et al., 2018).

We also observed that cinobufagin reduces the migra-
tion ability of HepG2 cells. Previously, cinobufagin was 
found to inactivate the expression of metalloproteinases, 
leading to reduced migration of invasion of human gas-
tric cancer cell line MGC-803 (Ni et al., 2018) and re-
duced cell proliferation and invasion of endometrial can-
cer cells (Zheng & Wang, 2017). RT-PCR and Western 
blot analysis showed that compared with the control, the 
expression of Akt and ERK was significantly downregu-
lated, implying that cinobufagin may inactivate Akt and 
ERK signaling pathways, leading to reduce cell prolif-
eration and migration. Recurrence and metastasis are the 
major obstacles to the successful treatment of HCC and 
many other cancers. Inhibition of cancer cell migration 
is an indication that cinobufagin would be able to inhibit 
the metastasis of HCC, likely through downregulating 
genes involved in the Akt and ERK signaling pathways, 
as well as relevant pathways.

Although increasing evidence indicates that cinobuf-
agin is a potential natural product effective for liver can-
cer, its molecular targets remain unclear. Cinobufagin has 
been shown to target ANO1 to exert anticancer activity 
against oral squamous cell carcinoma cells (OSCC) (Jo 
et al., 2021). Since ANO1 is frequently overexpressed 
in various cancers such as breast cancer, head and neck 
squamous cell carcinoma, gastric cancer, and colorectal 
cancer (Zhang et al., 2012), it is proposed as a potential 
candidate for targeted anticancer therapy. Although cin-
obufagin was shown to downregulate the expression of 
ANO1 and reduce the growth of OSCC cells (Jo et al., 
2021), it remains to be investigated if cinobufagin exerts 
anticancer activity in liver cancer via ANO1.

Taken together, our study demonstrated that cinob-
ufagin inhibits the growth and reduces the migration of 
HepG2 cells. It causes apoptosis in the cells with upreg-
ulated expression of pro-apoptotic genes and downregu-
lated expression of migration-related genes. Further stud-
ies, including in vivo study, are needed to further define 
the role of cinobufagin as an anticancer agent.
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