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Abstract 

Background  Hepatocellular carcinoma (HCC) is a severe threat and a main reason for cancer-related deaths 
around the world. Drug resistance to sorafenib (Sorf ), the effective HCC first-line therapy, is very common. A num-
ber of natural compounds, notably bee venom (BV), have been claimed to show a great impact against cancer 
when administered on its own or in conjunction with chemotherapy. Thus, this study aimed to investigate the anti-
cancer effect of BV alone and/or combined with Sorf on HepG2 liver cancer cell lines.

Methods  Both mRNA and protein expressions of Bax, Bcl-2 and Beclin-1 were investigated by quantitative real-time 
PCR (qPCR) and western blot respectively, to examine the apoptotic and autophagic regulatory effects of BV and Sorf 
single treatments plus BV/Sorf combination on HepG2 cell lines.

Results  Our findings showed that BV and Sorf had considerable dose-dependent anti-proliferative effects on HepG2 
cells whether administered alone or in combination, with the greatest impact for the combined therapies. Single 
BV and Sorf treatments showed IC50 of 93.21 and 7.28 μg/ml respectively, while combined treatment showed IC50 
of 6.73 μg/ml BV + 6.73 μg/ml Sorf. Moreover, both the pro-apoptotic gene Bax and the autophagy-related gene Bec-
lin-1 showed significant up-regulation in their mRNA expression, while the anti-apoptotic Bcl-2 mRNA gene expres-
sion showed significant down-regulation after BV/Sorf treatment as compared to either BV or Sorf single treatment. 
These qPCR results were further confirmed by western blot.

Conclusions  These findings indicate that BV synergistically potentiates the anticancer effect of Sorf on HepG2 cells 
through induction of apoptotic and autophagic machineries.
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Introduction
The prevalence of hepatocellular carcinoma (HCC), the 
third reason of cancer mortality around the world, con-
tinues to rise [1, 2]. HCC risk factors include chronic 
hepatitis B and hepatitis C virus infections, autoim-
mune hepatitis, obesity as well as chronic alcohol use. 
Viral hepatitis and liver cirrhosis persuade inflamma-
tion and oxidative stress cascades, leading to cytokines, 
chemokines and free radicals production, finally 
causing cellular injury, proliferation and malignant 
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transformation [3]. HCC treatment options include the 
anticancer drug, sorafenib (Sorf ), surgical resection 
and liver transplantation. Although surgical treatment 
may be the best option for HCC, unfortunately only 
20% of cases are suitable for surgical resection [4].

Sorf, a multiple tyrosine kinase inhibitor, is a well-
accepted chemotherapeutic drug for advanced HCC 
due to its anti-angiogenic and anti-proliferative effect 
[5]. Patients on Sorf treatment suffers several side 
effects such as anorexia, weight loss, nausea, vomiting, 
diarrhea, hypertension, and risk of cardiac events and 
drug resistance [6]. Consequently, it is compulsory to 
find an effective and safe alternative or adjuvants for 
Sorf.

Arthropod extracts, such as bee, spider, snake and 
scorpion venom, as well as plant and marine products 
have all lately demonstrated significant value as natural 
compounds in the treatment of cancer. Bee venom (BV), 
a unique multi-component complex, has been known as 
a traditional medicine for its wide antibacterial, antivi-
ral and anti-inflammatory effects. It is rich in peptides, 
counting melittin, phospholipase A2 and apamin, as well 
as non-peptide components such as free amino acids, 
lipids and carbohydrates [7]. It has been widely applied 
as a treatment for a wide diversity of diseases such as 
back pain, musculoskeletal pain, arthritis, rheumatism 
and cancerous tumors. The antitumor activity of BV has 
been attributed to its ability to inhibit tumor cell growth, 
proliferation of cancer cells and metastasis [8], thus sug-
gesting its promising rising application as an adjuvant for 
cancer chemotherapy or as an alternative medicine treat-
ment for a wide variety of tumors.

Both apoptosis and autophagy are processes of pro-
grammed cell death that play vital roles in different can-
cers. Thus, their regulation in normal and cancer cells 
has become an essential topic in cancer research [8]. 
There are two identified discrete pathways of apoptosis: 
the extrinsic pathway, which functions independently of 
mitochondria [9], and the intrinsic mitochondrial path-
way that is regulated by the Bcl-2 family of proteins [10]. 
Anti-apoptotic proteins and pro-apoptotic proteins are 
considered two functionally separate groups within the 
Bcl-2 family. Whereas Bax, a pro-apoptotic protein, is 
abundantly expressed through apoptosis promoting cell 
death, Bcl-2, an anti-apoptotic protein, defends against 
cell death [11]. Bcl-2 prevents apoptosis by maintaining 
the mitochondrial membrane. Additionally, it interacts 
with and deactivates Bax and other pro-apoptotic pro-
teins, preventing apoptosis [12]. It is generally known that 
a high Bax-to-Bcl-2 ratio causes release of cytochrome c 
from the mitochondria, which in turn results in apop-
tosis. As a result, it is believed that cells’ propensity for 
apoptosis is influenced by Bax/Bcl-2 ratio [13].

It is important to know that there is a long debate over 
the connection between autophagy and apoptosis. Bec-
lin-1, one of many genes involved in autophagy, is crucial 
in the coordination of autophagy, indicating that trigger-
ing its expression also triggers the autophagy pathway. 
Beclin-1 was found to directly interact with Bcl-2 pro-
teins family members [14].

Nevertheless, whether BV may impact the malignant 
behavior of HCC by modifying Bax, Bcl-2 and Beclin-1 
expression or regulating the interaction between apopto-
sis and autophagy is still not known. Therefore, this study 
was designed to explore the anticancer effect of BV alone 
and combined with Sorf on HepG2 liver cancer cell lines 
as well as to understand the impact of BV on molecular 
pathways of coordination between autophagy and apop-
tosis and to determine the potentiality of using it as an 
adjuvant for Sorf in HCC cell lines to improve the thera-
peutic outcome.

Materials and methods
Preparation of Bee venom and Sorafenib
Bee venom from the Egyptian strain of honey bee Apis 
mellifera was bought from Vacsera sera plant Unit (Giza, 
Egypt) and prepared in phosphate buffer saline (PBS). 
Sorafenib was provided by Cipla (Mumbai, India) in the 
form of tablets with Strength: 200 mg., Batch no: GJ90426 
and prepared in dimethyl sulfoxide (DMSO).

Cell lines and cell culture
Hepatocellular carcinoma cell line (HepG2) was pur-
chased from (Vacsera Tissue Culture Unit, Giza, Egypt). 
HepG2 cells were cultured and maintained in RPMI 1640 
medium (Biowest, France; Cat.no.Ms00LZ) enhanced 
with 10% FBS and 1% penicillin-streptomycin and was 
incubated (37  °C and 5% CO2). Cells were regularly 
rinsed by PBS (pH 7.4), detached using 0.25% Trypsin-
EDTA and sub-cultured in RPMI 1640 after reaching 
80-90% confluence.

The study was approved by the Research Ethics Com-
mittee, Faculty of Pharmacy, Ain Shams University, 
Cairo, Egypt (ENREC-ASU. 2019-278).

Cytotoxicity analysis
HepG2 cells were seeded separately in a 96-well plate 
[1 × 104 cells/well, 100 μl/well]. The treatments with vari-
ous concentrations (0, 1.95, 3.9, 7.81, 15.62, 31.25, 62.5, 
125 and 250 μg/ml) were added to HepG2 and divided 
into vehicle-untreated, BV-treated, Sorf-treated and BV/
Sorf (equal concentrations of each combined in a ratio of 
1:1)-treated cells and incubated for 24 h. Then, cells were 
treated for 4 hours with MTT (5 mg/ml, Sigma). After 
the incubation period was up, the media was removed, 
and formazan crystals (MTT metabolic product) were 
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dissolved using 100 µL DMSO (Sigma) and vortexed for 
20 minutes. An optical microplate reader was used to 
measure absorbance at 570 nm. The assay was performed 
in triplicate. From the dose–response sigmoidal curve, 
the concentration of BV, Sorf and BV/Sorf inhibiting 50% 
of cells (IC50) was estimated via GraphPad Prism 7 statis-
tic software.

Morphology study
HepG2 cells were stained with crystal violet stain after 
being treated with different doses of BV, Sorf and BV/
Sorf. By using inverted light microscopy, the treated cells 
were photographed and compared to untreated cells.

Beclin‑1, Bax and Bcl‑2 genes expression analysis
Qiagen RNA extraction kit was used for extracting the 
total RNA from the cells. RNA concentration and purity 
were verified by Nanodrop. cDNA synthesis was car-
ried out using Maxima first-strand cDNA synthesis 
Kit. Primer sequences of Beclin-1, Bax and Bcl-2 genes 
were supplied from Thermo Scientific, USA. Quantita-
tive real-time PCR (qPCR) reactions were carried out 
using Bio-Rad SYBR Green PCR master mix according 
to the manufacturer’s instruction and run on a real-time 
Rotor-Gene 1.7.87 system. Each gene expression was 
normalized to the housekeeping gene glyceraldehyde3-
phosphate dehydrogenase (GAPDH). All reactions were 
performed in triplicate. Fold changes in gene expression 
were calculated using 2−��CT method.

Beclin‑1, Bax and Bcl‑2 proteins expression analysis
Protein expression levels of Beclin-1, Bax and Bcl-2 were 
estimated by western blotting according to standard 
techniques [15] using the following primary antibodies 
supplied from Thermo Fisher Scientific, USA: Beclin-1 
Monoclonal Antibody (Product # MA5-15825), Bax 
monoclonal antibody (Product # MA5-14003) and Bcl-2 
monoclonal antibody (Product # MA5-11757). Band den-
sity was quantified using ImageJ software. The relative 
levels of proteins were normalized to β-actin.

Statistical analysis
Calculation of IC50 was done using the dose–response 
sigmoidal curve via GraphPad Prism 7 statistic software. 
Data analysis was done using IBM SPSS Statistics ver-
sion 23 (IBM© Corp., Armonk, NY). Data were presented 
as the mean ± SE of replicates from all independent 
experiments. The statistical significance was calculated 
by one-way analysis of variance (ANOVA) followed by 
the post Hoc Tukey test. When p < 0.05, the values were 
considered statistically significant.

Results
Effects of bee venom, sorafenib and bee venom/sorafenib 
on HepG2 cell viability
Analysis of cytotoxicity using MTT assay confirmed 
dose-dependent anti-proliferative activity of BV and 
Sorf as single treatments on HepG2 cells when com-
pared to untreated cells. Single BV (Fig.  1A) and Sorf 
(Fig. 1B) treatments showed IC50 of 93.21 and 7.28 μg/
ml respectively, on HepG2 cells. Likewise, combined 
treatment of BV/Sorf presented a dose-dependent anti-
proliferative effect on HepG2 cells with IC50 of 6.73 μg/
ml, showing a higher cytotoxic effect on HepG2  cells 
than single treatments (Fig. 1C).

Effect of bee venom, sorafenib and bee venom/sorafenib 
on HepG2 cell morphology
As shown in Fig.  2, untreated cells showed normal 
morphology, being closely arranged and well adher-
ent in large numbers. Following treatment with differ-
ent concentrations of BV, Sorf and BV/Sorf for 24 hrs, 
the density of cells diminished and morphology altered 
showing fragmentation, cell shrinkage, poor adherence 
and rounding in dose-dependent manner.

Effect of bee venom, sorafenib and bee venom/sorafenib 
on apoptosis and autophagy‑related genes expression 
levels in HepG2 cells
As shown in Table 1, both the autophagy-related gene 
Beclin-1 and pro-apoptotic gene Bax showed signifi-
cant up-regulation in their gene expression after BV/
Sorf treatment by 38.19% and 93.06 %, respectively, as 
compared to BV treatment group and by 151.56% and 
41.84%, respectively, as compared to Sorf treatment 
group at p < 0.05. On the other hand, the anti-apoptotic 
Bcl-2 gene showed significant down-regulation in its 
expression after BV/Sorf treatment by 76 % and 76.92 
% as compared to both BV treatment group and Sorf 
treatment group, respectively, at p  <  0.05. Concerning 
Bax/Bcl-2 ratio after BV/Sorf treatment, it was elevated 
by 8.7 and 6.6 folds as compared to both BV treat-
ment group and Sorf treatment group, respectively, at 
p < 0.05.

Effect of bee venom, sorafenib and bee venom/sorafenib 
on apoptosis and autophagy‑related proteins expression 
levels in HepG2 cells
As shown in Fig.  3, treatment with BV/Sorf showed 
significantly up-regulated Beclin-1 and Bax protein 
expression as well as significant decrease of anti-apop-
totic Bcl-2 protein expression by 172.72%, 146.58% 
and 36.25%, respectively, as compared to BV treatment 
group (p  <  0.05) and by 36.36%, 159.48% and 34.62%, 
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Fig. 1  The sigmoidal dose–response curve for MTT assay showing IC50 values after 24-h treatment with A BV, B Sorf and C BV/Sorf (equal 
concentrations of each combined in a ratio of 1:1) on HepG2 cells. Data were normalized to untreated control cells and expressed as the mean ± SE. 
Samples ran in triplicate in 3 independent experiments
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respectively, as compared to Sorf treatment group 
(p < 0.05). For Bax/Bcl-2 ratio it was significantly ele-
vated by 3.82 and 3.98 folds after BV/Sorf treatment as 
compared to both BV treatment group and Sorf treat-
ment group, respectively, at p < 0.05.

Discussion
Chemotherapeutics are still the major option for can-
cer therapy, although providing inadequate outcome as 
well as affecting normal cells. Another main obstacle is 
chemo-resistance developed following initial treatment. 

Fig. 2  Morphological alterations of HepG2 cells after 24-h treatment with different concentrations of BV, Sorf and BV/Sorf observed by inverted 
light microscopy. A Untreated cells, B BV-treated cells, C Sorf-treated cells and D BV/Sorf-treated cells. The results present one representative 
experiment of three independently performed that showed similar patterns
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This has encouraged the extensive research on using safe 
natural anticancer drugs. The massive diversity in ven-
oms and toxins made them an incomparable source for 
developing novel therapeutics. Recently, studies have 
been directed to finding new strategies for treatment of 

HCC, either by looking for Sorf substitutes having less 
side effects and resistance or by combining it with natu-
ral compounds [16]. We hypothesized that combining BV 
with Sorf might have a positive synergistic impact. How-
ever, different biochemical and biological factors may 
affect this interaction. Thus, this study was concerned 
with investigating the antitumor impact of BV as well as 
its prospective interactive mechanism when being com-
bined with Sorafenib in HCC treatment.

We used the well-differentiated hepatocyte cell line, 
HepG2, which closely resembles the human hepato-
cyte in culture to study the cytotoxic effect of BV and 
Sorf alone along with BV/Sorf combination. Our results 
provided evidence that BV/Sorf combination leads to 
potentiated cytotoxicity in the HepG2 cell lines with IC50 
of 6.73 μg/ml BV + 6.73 μg/ml Sorf as compared to bee 
venom treatment alone (IC50 of 93.21 μg/ml) or sorafenib 
treatment alone (IC50 of 7.28 μg/ml). These findings are 
supported by earlier studies which showed that the IC50 
values of Sorf on HepG2 cells were in range of 7.0 to 19.5 
μg/ml after 24 hrs and 3.4 to 12.0 μg/ml after 48 h [5, 17]. 
Our results also support many studies that established 
BV anticancer effect [18–20]. For instance, the study of 
Gajski et al. demonstrated the anti-proliferative effects of 
BV on cervical cancer cell lines [21] and Jang et al. study 
revealed its anticancer effect on the human lung can-
cer cell line NCI-H1299 [11]. Different several mecha-
nisms have been reported concerning BV cytotoxicity 
against a diverse number of cancers including altering 
cell cycle, affecting cell growth and inducing apoptosis or 
autophagy [13, 22, 23].

Both apoptosis and autophagy are tumor-suppressive 
mechanisms. While apoptosis stops cancer cells from 
surviving, autophagy enables the destruction of onco-
genic chemicals, preventing cancer growth. Accord-
ingly, inadequate or defective autophagy or apoptosis 
may cause cancer [24]. It is established that the opti-
mum method for an antitumor drug to work is to lead 
cancer cells to undergo apoptosis [13].

Table 1  Gene expression levels of Beclin-1, Bax, Bcl-2 and Bax/Bcl-2 ratio in untreated HepG2 cells, BV-treated cells, Sorf-treated cells 
and BV/Sorf-treated cells

Samples ran in triplicates in 3 independent experiments. The used treatment concentrations are those of IC50. Data expressed as the mean fold change ± SE
a Significantly different from untreated cells at p < 0.05
b Significantly different from BV-treated cells at p < 0.05
c Significantly different from Sorf-treated cells at p < 0.05

Untreated cells BV-treated cells Sorf-treated cells BV/Sorf-treated cells

Beclin-1 1.01 ± 0.09 2.33 ± 0.27a 1.28 ± 0.15 3.22 ± 0.23a,b,c

Bax 1.03 ± 0.14 3.60 ± 0.79a 4.90 ± 0.24a 6.95 ± 0.09a,b,c

Bcl-2 1.03 ± 0.16 0.50 ± 0.02a 0.52 ± 0.04a 0.12 ± 0.02a,b,c

Bax/Bcl-2 1.07 ± 0.22 7.24 ± 1.66a 9.58 ± 0.74a 63.25 ± 9.69a,b,c

Fig. 3  The protein expressions of Beclin-1, Bax and Bcl-2 in untreated 
HepG2 cells, BV-treated cells, Sorf-treated cells and BV/Sorf-treated 
cells. A Representative blots B quantitative analysis. Samples ran 
in triplicates in three independent experiments. Data expressed 
as the mean ± SE. a significantly different from untreated cells 
at p < 0.05. b significantly different from BV-treated cells at p < 0.05. c 
significantly different from Sorf-treated cells at p < 0.05
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In this study we examined the apoptotic regulatory 
effect of BV and Sorf single treatments in addition to 
BV/Sorf combination on HepG2 cell lines. Our results 
revealed significant inhibition of the anti-apoptotic 
Bcl-2 gene expression along with significant induction 
of Bax gene expression and Bax/Bcl-2 ratio in both Sorf 
and BV single treatment groups in comparison to the 
control untreated group, which was further confirmed 
by the results of protein expression. Moreover, results 
of these genes expression showed a superior effect of 
Sorf over BV single treatments, but it was not statisti-
cally significant. The effect of Sorf on apoptosis in the 
present study is in line with the study of Garten et al., 
where Sorf treatment tempted apoptosis in HepG2, 
Hep3B and HUH7 HCC cell lines [25]. Similarly, other 
investigations demonstrated that Sorf triggers the 
intrinsic route of apoptosis by cytochrome c release 
and mitochondrial translocation of Bax [26, 27]. Fur-
thermore, in the study of Ip et al., it was discovered that 
BV triggered apoptosis in human cervical carcinoma 
cells by up-regulating pro-apoptotic Bax expression, 
down-regulating anti-apoptotic Bcl-2 expression and 
increasing cytochrome c release [13]. Another study 
found that BV affected Bax and Bcl-2 expression in 
human breast cancer MCF7 cells, which in turn caused 
apoptosis and decreased cancer growth [28].

Interestingly, HepG2 cells treated with the combined 
Sorf/BV treatment showed significantly the lowest Bcl2 
expression and the highest Bax expression and Bax/Bcl-2 
ratio as compared to each of the single treatment groups, 
indicating higher apoptotic rate and synergism. This 
reveals that BV may synergistically potentiate the apop-
totic effect of Sorf on HepG2 cells. Likewise, the study 
of Khamis et  al. demonstrated that BV synergistically 

potentiates the antitumor effect of tamoxifen against 
breast cancer cells [29].

Autophagy, a cytoprotective process and a quality con-
trol mechanism, degrades unnecessary cellular compo-
nents through lysosomal enzymes [30]. Autophagy means 
timely preventing the occurrence of cellular abnormali-
ties such as tumorigenesis. Extensive research has shown 
how closely autophagy and cancer development are 
related. In cancer research, both autophagy activation 
and inhibition have frequently been studied [31].

Little is known about the effect of BV on autophagy; 
thus, we investigated the effect of BV alone or in com-
bination with Sorf on the expression of Beclin-1, a key 
regulator of autophagy. Interestingly, the present study 
revealed that administration of BV induced Beclin-1 gene 
expression in HepG2 cells as compared to untreated cells. 
Moreover, treatment with BV/Sorf significantly triggered 
autophagy, which was obvious by significant up-regu-
lation of Beclin-1 gene and protein expressions as com-
pared to both the BV-treated and Sorf-treated cells. The 
study of Tai et  al. demonstrated that activation of Bec-
lin-1 mediates autophagic cell death induced by sorafenib 
in hepatocellular carcinoma cells [32]. Furthermore, 
the study of He et al. demonstrated that treatment with 
Melittin, the major component of BV, induced autophagy 
of fibroblast like synoviocytes in rheumatoid arthritis 
patients [33]. To the best of our knowledge, this is the 
first study revealing the anticancer effect of BV against 
HepG2 cells through induction of autophagy.

The composition of BV includes a variety of peptides 
such as Melittin which is the chief BV peptide constitu-
ent. The study of Mansour et al. demonstrated that each 
BV or Melittin may enhance the activity of Sorf against 
HepG2 cell line by targeting diverse cell transduction 

Fig. 4  Graphical representation of the prospective molecular mechanism of BV/Sorf against HCC
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machineries leading to cell death, with no significant 
difference between the effect of BV and Melittin when 
used either alone or combined with Sorf [16].

All provided in vitro results on HepG2 cells ascertain 
the efficiency of BV/Sorf drug combination. As shown 
in Fig.  4, the fundamental mechanism appears to be 
related with the induction of autophagy concurrently 
with initiation of the intrinsic apoptotic cascade path-
way, ultimately causing diminished cell proliferation.

Finally, it is now clear that new HCC treatment 
options are necessary due to Sorf resistance, toxicity 
and loss of efficacy after long-term use. Thus, we inves-
tigated the efficacy of BV aiming to provide patients 
with better outcomes, less systemic toxicity and fewer 
side effects. From our results, BV may be a promising 
adjuvant for Sorf but still more future in vitro investi-
gations and in vivo studies on animals HCC model are 
essential to confirm our results. Moreover, future stud-
ies concerning the anticancer efficacy of BV individual 
components such as melittin, apamin, hyaluronidase 
and other components needs to be investigated.

Conclusion
The present study hereby reveals that the natural prod-
uct BV may synergistically enhance the activity of the 
anticancer drug Sorf against HepG2 cells probably 
by inducing apoptosis and autophagy. This may pos-
sibly provide a prospective tool for creating a novel 
therapeutic strategy for HCC. However, further future 
in vivo studies and clinical trials are still crucial to vali-
date the potentiality and safety of this combination.
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