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Abstract. As a novel vascular endothelial growth factor 
receptor‑2 (VEGFR‑2) tyrosine kinase inhibitor, Apatinib 
has exhibited antitumor effects in a variety of solid tumors. 
Extracts of Chinese herbal medicines have emerged as a 
promising alternative option to increase the sensitivity of 
patients to chemotherapeutics while alleviating side effects. 
The present study aimed to investigate the effects of Apatinib 
and the traditional Chinese herb Tripterine on the proliferation, 
invasion and apoptosis of human hepatoma Hep3B cells. 
The expression of VEGFR‑2 in Hep3B cells was detected 
by western blotting and immunofluorescence assays. Hep3B 
cells were then divided into four different groups: Control 
group, Apatinib group, Tripterine group and Apatinib plus 
Tripterine group. The proliferation, invasion and apoptosis 
of these four groups of Hep3B cells were assessed by MTS, 
wound healing and Transwell assays, and flow cytometry, 
respectively. Finally, the levels of the proliferation‑associated 
proteins phosphorylated protein kinase B (p‑Akt) and 
phosphorylated extracellular signal‑regulated kinase (p‑ERK) 
and the apoptosis‑associated proteins cleaved Caspase‑3 and 
B‑cell lymphoma‑associated X protein (Bax) were detected 
by western blotting. The proliferation, migration and invasion 
of Hep3B cells were significantly inhibited by Apatinib and 
Tripterine, compared with the control group (P<0.01). The 
inhibitory effect of the combination group was markedly 
stronger than that of the Apatinib and Tripterine groups. The 
downregulation of p‑Akt and p‑ERK induced by Apatinib 

and Tripterine was further inhibited in the combination group 
(P<0.05), and the expression levels of Caspase‑3 and Bax were 
also significantly increased in the combination group (P<0.05). 
The combination of Apatinib and Tripterine significantly 
inhibited the proliferation, migration and invasion ability and 
promoted the apoptosis of Hep3B cells by downregulating 
the expression of p‑Akt and p‑ERK, and upregulating the 
expression of Caspase‑3 and Bax.

Introduction

Liver cancer is now considered a common malignancy and 
the second leading cause of cancer‑associated mortality 
worldwide among males (1). Hepatocellular carcinoma (HCC) 
is the most common type of liver cancer, accounting for 
90% of all cases (2). Of all the available treatment methods, 
hepatectomy is the most effective treatment for HCC; 
however, only 20% of patients are eligible for surgery (3). 
For the remaining 80% of patients with HCC who are at an 
advanced stage of disease, surgical resection is not a viable 
option, and systemic chemotherapy is the principal treatment 
option (4). However, due to multidrug resistance and adverse 
reactions from traditional chemotherapy agents, the effective 
rate of systemic chemotherapy is only 10‑15% (5). With the 
development of basic biomedical research for HCC, molecular 
targeted therapy has become a novel regimen for the treatment 
of HCC (6). Sorafenib, at present, is the only FDA approved 
drug with the same first‑line treatment position to chemo-
therapy for the systemic therapy of HCC, and is a multi‑target 
inhibitor, which may provide more survival benefits for 
patients with non‑resectable HCC  (7). Although patients 
with HCC exhibit a positive response to sorafenib, resistance 
to sorafenib usually appears in 3.5 months and the median 
progression‑free survival (mPFS) has become a major obstacle 
for the extension of the median overall survival (mOS) (8). 
Consequently, the discovery of novel therapeutic drugs for the 
treatment of HCC has become an urgent requirement. A novel 
antiangiogenic agent, Apatinib, is a highly selective inhibitor 
of vascular endothelial growth factor receptor‑2 (VEGFR‑2) 
tyrosine kinase and possesses 10 times more binding ability 
than sorafenib (9). It may block downstream signaling through 
highly selective competition with intracellular VEGFR‑2 
ATP binding sites and prevent VEGF‑mediated endothelial 
cell migration and proliferation (10). In pre‑clinical research, 
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Apatinib was demonstrated to have an inhibitory effect on 
neovascularization and exhibited potential antitumor activity 
against a series of tumor cells (11). A phase III clinical trial 
demonstrated that Apatinib improved the mPFS and mOS of 
patients with advanced gastric cancer (12). Simultaneously, 
Phase  II clinical trials confirmed the antitumor effect of 
Apatinib in numerous cancer types, including non‑small cell 
lung cancer (NSCLC), breast cancer and HCC (13‑15). In 
patients with HCC, a small sample clinical trial demonstrated 
that Apatinib improved OS (16). It appears to be a possible 
treatment strategy for patients with advanced HCC. However, 
the potential antitumor mechanism in HCC remains unclear. 
A number of studies (17‑19) have demonstrated that monomer 
drugs, including Tripterine from the traditional Chinese medi-
cine Tripterygium, exhibited strong antitumor activity against 
different types of tumors. Tripterine, also known as celastrol, 
is one of the main active components of Tripterygium and 
has been confirmed to have antitumor effects in vitro and 
in  vivo  (20,21). However, whether the traditional Chinese 
medicine monomer drug Tripterine may improve the antitumor 
activities of Apatinib is unknown. Therefore, the present study 
was designed to elucidate the mechanism of the antitumor 
effect of Apatinib on HCC cells. In addition, the synergistic 
antitumor effect of Tripterine with Apatinib and the molecular 
mechanism will also be investigated.

Materials and methods

Cell lines and reagents. Human hepatoma Hep3B cells 
were obtained from the Liver Disease Experimental Center 
of Beijing Friendship Hospital affiliated, Capital Medical 
University (Beijing, China). HUVECs were purchased from 
ScienCell Research Laboratories, Inc. (San Diego, CA, USA). 
The cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM; Corning Incorporated, Corning, NY, USA) 
supplemented with 10% fetal bovine serum (FBS; ExCell 
Biology, Shanghai, China) at 37˚C in the presence of 5% CO2. 
Apatinib was purchased from Jiangsu Hengrui Medicine Co., 
Ltd. (Lianyungang, China). Tripterine was purchased from 
Shanghai Aladdin Company Bio‑Chem Technology Co., 
Ltd. (Shanghai, China). MTS was purchased from Promega 
Corporation (Madison, WI, USA). The Annexin V‑FITC/PI 
Apoptosis Detection kit was purchased from Nanjing Kaiji Bio 
Tech Co., Ltd. (Nanjing, China). Antibodies against protein 
kinase B (Akt; A5523), phosphorylated Akt (p‑Akt; AP0274), 
extracellular signal‑regulated kinase (ERK; A11116) and 
phosphorylated ERK (p‑ERK; AP0472) were purchased from 
ABclonal (ABclonal Biotech Co., Ltd., Woburn, MA, USA). 
Antibodies against Caspase‑3 (9662S) and B‑cell lymphoma 
2‑associated X protein (Bax; 5023S), Antibodies against 
VEGFR‑2 (2479S) were purchased from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). Antibodies against 
GADPH (41549) were purchased from Signalway Antibody 
LLC (College Park, MD, USA). The dilution factor of the 
antibodies was 1:1,000.

Human hepatoma Hep3B cells were assigned into four 
different groups: Control group, Apatinib group, Tripterine 
group and combination group. The treatments in the four 
groups were no drug for the control group, 30 µmol/l Apatinib 
for the Apatinib group, 2.5 µmol/l Tripterine for the Tripterine 

group, and 30 µmol/l Apatinib with 2.5 µmol/l Tripertine for 
the combination group.

Western blot analysis. Human hepatoma Hep3B cells 
were seeded onto 6‑well plates. After 24 h, the cells were 
harvested. Cells were lysed with radioimmunoprecipitation 
assay lysis buffer (Nanjing Kaiji Bio Tech Co., Ltd. Nanjing, 
China), premixed with phenylmethanesulfonyl fluoride (dilu-
tion, 1:100). The protein concentration of the cell extracts was 
quantified using a bicinchoninic acid assay. Equal amounts of 
protein (40‑60 µg) were separated by SDS‑PAGE gels (8%, 
10% or 12%) and then electrotransferred onto polyvinylidene 
difluoride membranes, followed by blocking with bovine 
serum albumin (BSA, Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China) at room temperature for 30 min and 
incubation with primary antibodies at 4˚C overnight. TBST 
(0.025%) was used to wash the membrane three times. The 
membranes were incubated with the secondary antibody at 
room temperature for 1 h. The bands were detected using an 
enhanced chemiluminescence kit (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), and signal intensities were analyzed 
with a Gel‑pro 4.5 Analyzer (Media Cybernetics, Rockville, 
MD, USA).

Immunofluorescence staining. Hep3B cells were plated at a 
density of 3x104 cells per well in 12‑well plates with coverslips. 
The coverslips were washed three times in PBS and fixed with 
4% formaldehyde solution at room temperature for 20 min. Next, 
the coverslips were washed three times in PBS and incubated 
with a membrane‑permeation solution (1 ml Triton X‑100 
in 100 ml PBS) at room temperature for 10 min. Following 
washing three times in PBS, the coverslips were placed into 
2% BSA at room temperature for 30 min. The coverslips were 
then incubated with a primary VEGFR‑2 antibody (dilution, 
1:100) at 4˚C overnight. The coverslips were washed three 
times with PBS and incubated at room temperature for 60 min 
with a horseradish peroxidase‑conjugated goat anti‑rabbit 
immunoglobulin G secondary antibody (L3012‑1; 1:100; 
Signalway Antibody LLC, College Park, MD, USA). The 
coverslips were washed three times with PBS and the nuclei 
were stained with DAPI at room temperature for 5 min. Finally, 
stained cells were visualized under a confocal laser‑scanning 
microscope(magnification, x40; oil, NA=1.25; zoom=3) TCS 
SP5 (Leica Microsystems GmbH, Wetzlar, Germany).

MTS assay. Hep3B cells in the logarithmic growth phase were 
collected and inoculated into 96‑well plates. A total of 50 µl 
DMEM was then added to 50 µl cell suspension (containing 
1x104 cells) per well to reach a final volume of 100 µl. After 
the cells were adhered to the plates, they were treated with 
different concentrations (0, 10, 30, 50 and 100 µmol/l) of 
Apatinib for 24 h (Fig. 1A). The final optimal concentration of 
Apatinib was 30 µmol/l. Similarly, Hep3B cells were treated 
with different concentrations (0, 1, 2.5, 5 and 10 µmol/l) of 
Tripterine for 24 h (Fig. 1B). The final optimal concentration 
of tripterine was 2.5 µmol/l. After determining the optimal 
concentration of the aforementioned two drugs, Hep3B 
cells were treated with Apatinib at a final concentration of 
30 µmol/l and Tripterine at a concentration of 2.5 µmol/l. Four 
duplicate wells were set for each sample. Dimethyl sulfoxide 
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(50 µl) was added to the blank control group. At the end of 
the experiment, 20 µl MTS was added to each well and incu-
bated at 37˚C for 4 h. Following aspiration of the supernatant, 
DMEM was added to the culture medium of each well. The 
OD value at a wavelength of 490 nm was measured using 
a microplate reader. The formula is cell proliferation rate 
(%)=OD 490 nmexperimental group/OD 490 nmcontrol group x100. The 
inhibition rate (%)=(average of OD 490 nmcontrol group‑average of 
OD 490 nmexperimental group)/OD 490 nmcontrol group x100.

Wound healing assay. Hep3B cells were seeded at a density 
of 1x105 cells per well in 6‑well flat‑bottomed microplates 
and then cultured to 90% confluency at 37˚C in a humidified 
atmosphere with 5% CO2. A thin scratch (wound) was made 
in the central area using pipette tips (200 μl) and cells were 
carefully washed three times with DMEM. Different concen-
trations of Apatinib and Tripterine were then added to the 
culture medium of scratched Hep3B cells. Wound closure was 
monitored by light microscopy (magnification, x40). Images 
were acquired at 0, 24 and 48 h post‑scratching. The migra-
tion rate (%)=(scratch distance‑distance after growing)/scratch 
distance.

Transwell assay. Matrigel diluted in cold serum‑free DMEM 
was added to the bottom of the pre‑cooled chamber prior to 

incubation at 37˚C. A total of 3x104 Hep3B cells were added to 
the coated upper chamber containing DMEM. DMEM supple-
mented with 10% FBS was added to the lower chamber. After 
24 h of incubation, the cells remaining on the upper chamber 
were wiped gently with cotton swab. Methanol (20%) and 
0.1% crystal violet at room temperature for 20 min were used 
to stain the cells that invaded through the membrane. Light 
microscopy was used to observe migrated cells in the lower 
chamber (magnification, x100).

Flow cytometry assay. Apoptotic cells were quantified by flow 
cytometry using an Annexin V‑FITC/PI Apoptosis Detection 
kit (BD Biosciences, Franklin Lakes, NJ, USA), according to 
the manufacturer's protocol. Briefly, Hep3B cells were treated 
with 30 µmol/l Apatinib, 2.5 µmol/l Tripterine or a combina-
tion of 2.5 µmol/l Tripterine and 30 µmol/l Apatinib for 24 
or 48 h. Cells were then collected and washed twice with 
cold PBS followed by resuspension with 500 µl Annexin V 
binding buffer containing 5 µl fluorescein isothiocyanate 
(FITC)‑labeled Annexin V. The cell suspension was transferred 
into round‑bottom tubes and incubated for 15 min in the dark 
at room temperature. Finally, 5 µl propidium iodide (PI) was 
used and the percentage of apoptotic cells was measured using 
a flow cytometer and BD facs divaTM software (version 7.0; 
BD Biosciences).

Figure 1. The inhibitory effects of Apatinib and Tripterine on the proliferation of Hep3B cells examined by MTS. (A) Hep3B cells were treated with with 
different concentrations (0, 10, 30, 50 and 100 µmol/l) of Apatinib for 24 h. (B) Hep3B cells were treated with different concentrations (0, 1, 2.5, 5 and 
10 µmol/l) of Tripterine for 24 h. ***P<0.001 vs. control.

Figure 2. The expression of VEGFR‑2 in Hep3B cells. (A) Representative western blot image of VEGFR‑2 expression in Hep3B cells. (B) Representative 
immunofluorescence image of Hep3B cells to examine the localization of VEGFR‑2 (Scale bar=25 µm). VEGFR‑2, vascular endothelial growth factor 
receptor‑2. The blue fluoresence represents the nucleus and the red fluoresence represents the expression of VEGFR‑2.
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Statistical analysis. Data are presented as the mean ± standard 
deviation. The differences between the control and experi-
mental groups were analyzed by one‑way analysis of variance, 
followed by the Student‑Newman‑Keul's (SNK) post hoc test. 
The statistical differences were evaluated by SPSS 19.0 soft-
ware (IBM Corp., Armonk, NY, USA). P<0.05 was considered 
to indicate a statistically significant difference.

Results

The expression of VEGFR‑2 in Hep3B cells. HUVECs were 
used as a positive control and VEGFR‑2 was demonstrated 
to be expressed in Hep3B cells as detected by western blot 
analysis (Fig.  2A). An immunofluorescence assay also 
demonstrated that VEGFR‑2 was located on the Hep3B 
cells (Fig. 2B). Therefore, VEGFR‑2 was demonstrated to be 
expressed in Hep3B cells.

Tripterine enhances the inhibitory effect of Apatinib on 
Hep3B cell proliferation. An MTS assay was used to detect 
the effects of Apatinib, Tripterine and the combination 
of drugs on the proliferation of Hep3B cells. According 
to our pre‑experiment, 30 µmol/l Apatinib combined with 
2.5 µmol/l Tripterine may be the optimal therapeutic concen-
tration for Hep3B cells (Fig.  1). At 24  h post‑treatment, 
Apatinib, Tripterine and a combination of the two signifi-
cantly inhibited the proliferation of Hep3B cells compared 
with the control group (P<0.001). The inhibitory effect 
of the combination group was more pronounced than that 
of the Apatinib and Tripterine groups (Fig. 3A). At 48 h 
post‑treatment, the inhibitory effects were more evident in 
all three groups. However, the inhibitory capacity of the 
combination group was significantly stronger than that of the 
Apatinib group (P<0.05). However there was no significant 
difference in the combination group at 48 h post‑treatment 
compared with the Tripterine group (P>0.05; Fig. 3B). The 
results demonstrated that the inhibition rates were 69.1 and 
60.4% of Apatinib and Tripterine alone at 24 h post‑treat-
ment, respectively. However, following treatment with the 
combination of two drugs for 24 h, the inhibition rate was as 
high as 75.8%. At 48 h post‑treatment, the inhibition rates of 
Apatinib and Tripterine were 78.8 and 82.2%, respectively, 

while the inhibition rate of the combination of the two drugs 
was 83.5%. Therefore, Tripterine enhanced the inhibitory 
effect of Apatinib on Hep3B cell proliferation.

The migration and invasion of Hep3B cells were inhibited by 
Apatinib and Tripterine. Identical drug concentrations were 
selected according to the MTS assay as previously described. 
Wound healing assays were performed to determine the 
migration effect of Hep3B cells under different drug treat-
ments (Fig. 4A). A total of 24 h after scratching compared with 
the control group, Apatinib and Tripterine inhibited Hep3B 
cell migration; however, the difference was not statistically 
significant (P>0.05; Fig. 4B). By contrast, the combination 
group significantly inhibited Hep3B cell migration (P<0.01). 
Compared with Apatinib or Tripterine alone, the combination 
group exhibited a significantly more evident inhibitory migra-
tion effect (P<0.01 and P<0.05, respectively; Fig. 4A and B). At 
48 h post‑treatment, the inhibitory effect of Hep3B cell migra-
tion was significantly enhanced in all three groups (all P<0.01). 
Furthermore, the combination group and the Apatinib group 
exhibited a significantly stronger inhibitory migration effect 
(P<0.001; Fig. 4A and C). Transwell assays were performed to 
determine the invasive effect of Hep3B cells under different 
drug treatments. After 24 h of the Transwell assay, compared 
with the control group, all treatments significantly inhibited 
Hep3B cell invasion (P<0.001). The inhibitory effect was the 
strongest in the combination group and the difference was 
statistically significant compared with the Tripterine group 
(P<0.05; Fig. 4D and E). Therefore Tripterine enhanced the 
inhibitory effect of Apatinib on Hep3B cell migration and 
invasion.

Tripterine combined with Apatinib promoted the apoptosis 
of Hep3B cells. The present study evaluated the effective-
ness of the treatment in terms of apoptosis by performing 
Annexin V and PI staining on Hep3B cells from different 
treatment groups at 24 and 48 h after treatment. The present 
study identified a larger population of apoptotic cells in the 
Apatinib, Tripterine and combination groups at 24 and 48 h 
post‑treatment (P<0.001, respectively), while the pro‑apoptotic 
effect of the combination treatment was evident compared 
with that of Apatinib or Tripterine treatment alone (P<0.05, 

Figure 3. The inhibitory effects of Apatinib (30 µmol/l) and Tripterine (2.5 µmol/l) on the proliferation of Hep3B cells examined by MTS. (A) Hep3B cells 
were treated with various drugs for 24 h. (B) Hep3B cells were treated with various drugs for 48 h. ***P<0.001 vs. control; #P<0.05 vs. combined treatment; 
###P 0.001 vs. combined treatment.
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respectively; Fig. 5A‑D). Tripterine promoted the apoptosis of 
Hep3B cells via Apatinib.

Apatinib and Tripterine downregulated the expression of 
p‑Akt and p‑ERK and upregulated the expression of cleaved 
Caspase‑3 and Bax. The present study demonstrated that 
the combination of Apatinib and Tripterine promoted the 
caspase‑dependent apoptosis of Hep3B cells. As demonstrated 
in Fig. 6A and B, the expression of cleaved caspase‑3 and 
Bax was elevated in the Apatinib, Tripterine and combina-
tion groups, and the increases in cleaved caspase‑3 and Bax 
were more evident in the combination group at 24 and 48 h 
post‑treatment (Fig. 6C and D). ERK and Akt are downstream 
regulators of VEGFR‑2 that serve a vital role in the process of 
apoptosis (22). Therefore, the expression of p‑Akt and p‑ERK 
were detected via western blotting. The results demonstrated 

that the expression of p‑Akt and p‑ERK were significantly 
decreased in the Apatinib, Tripterine and combination groups 
(Fig.  6A and  C). The expression of p‑Akt and p‑ERK in 
the combination group was significantly lower than that in 
the Apatinib group or the Tripterine group (Fig. 6B and D). 
These findings suggested that the reduced phosphorylation of 
Akt and ERK may be the key to inducing caspase‑dependent 
apoptosis in Hep3B cells. The combination of Apatinib and 
Tripterine downregulated the expression of p‑Akt and p‑ERK 
and upregulated the expression of cleaved Caspase‑3 and Bax.

Discussion

A large volume of evidence has demonstrated that tumor 
angiogenesis is an essential event in the process of tumor 
growth and metastasis, which lead to the poor prognosis of 

Figure 4. The inhibitory effects of various drugs (Apatinib 30 µmol/l and Tripterine 2.5 µmol/l) on the migration and invasion of Hep3B cells detected by 
wound healing and Transwell assays. (A) Wound healing assay (magnification, x40). Photomicrograph of wound width in Hep3B cells at 0, 24 and 48 h after 
scratching. (B) Comparison of cell migration rates between the four groups at 24 h post scratching. (C) Comparison of cell migration rates between the 
four groups at 48 h post scratching. (D) Transwell assay. Cells were stained with crystal violet and subsequently captured by an inverted microscope (x100 
magnification). (E) Quantification of cell migration rates between the four groups. **P<0.01, ***P<0.001, #P<0.05 and ##P<0.01.
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HCC (23‑25). HCC becomes more aggressive and lethal once 
it obtains a sufficient blood supply (26). Therefore, it is of great 
importance to block angiogenesis in HCC. Among all angio-
genic factors, VEGF is the key regulator that triggers a series 
of signaling pathways to promote endothelial cell proliferation, 
migration and survival from pre‑existing vasculature (27). 
VEGF/VEGFR are highly expressed in the majority of 
tumor tissues. Therefore, the VEGF‑VEGFR pathway has 
been a research hotspot in the field of anti‑angiogenesis 
therapy (28,29).

Apatinib is an orally administered small‑molecule 
inhibitor that selectively targets VEGFR‑2, inhibiting the 
activities of platelet‑derived growth factor‑b receptor, c‑kit, 
and c‑src, which subsequently suppress the formation of new 
blood vessels (30). Angiogenesis is an important mechanism 
of tumorigenesis (31). The study of Li et al (32) demonstrated 
that Apatinib significantly improved the survival outcomes of 
patients with gastric cancer who underwent second‑line treat-
ment failure in a phase II clinical trial, which was consistent 
with the research of Roviello et al (33). Therefore, the present 
study used Apatinib as a novel anti‑tumorigenesis agent for the 
treatment of HCC.

Tripterine is a traditional medicine monomer extracted 
from the Chinese herb Tripterygium wilfordii HOOK f. 
Previous studies have demonstrated that Tripterine has 
anti‑inflammatory, anti‑immune and antitumor effects (34‑36). 

Tripterine has been demonstrated to induce apoptosis in 
human triple‑negative breast cancer cells by upregulating 
the expression of Bax and downregulating the activity of the 
phosphoinositide 3‑kinase enzyme and the phosphorylation of 
Akt (17). Lee et al (18) also identified an increase in phosphor-
ylated mitogen‑activated protein kinase following a decrease 
in all phosphorylated forms of Akt, mechanistic target of 
rapamycin and S6K following treatment with Tripterine in 
gastric cancer. Therefore, the present study further investigated 
the synergistic antitumor effect of Apatinib and Tripterine. The 
proliferation, migration and invasion of tumor cells contribute 
toward the local infiltration and distant metastasis of malig-
nancies, which subsequently lead to the lethality of cancer.

In the present study, the effects of Apatinib combined 
with Tripterine on the proliferation, migration and invasion 
of Hep3B cells were investigated. Due to the function of 
VEGFR‑2 as a membrane receptor protein, western blot 
analysis and immunofluorescence assays were used to confirm 
the expression of VEGFR‑2 in Hep3B cells. The results 
demonstrated that the proliferation, migration and invasion 
of HCC cells were significantly inhibited by Apatinib and 
Tripterine, and the inhibitory effect was more evident in the 
combination group, suggesting that Apatinib and Tripterine 
had a synergistic effect in anti‑tumorigenesis. Furthermore, 
the underlying mechanism of this process was elucidated. As 
a key tumor suppression mechanism, apoptosis is a process of 

Figure 5. The pro‑apoptotic effect of Apatinib (30 µmol/l) and Tripterine (2.5 µmol/l) on Hep3B cells was detected by flow cytometry. (A) Apoptosis rates 
of Hep3B cells after 24 h measured using flow cytometry with double staining by Annexin V and PI. (B) Apoptosis rates of Hep3B cells after 48 h measured 
using flow cytometry with double staining by Annexin V and PI. (C) The percentage of Q2% plus Q4% of different groups after 24 h. (D) The percentage of 
Q2% plus Q4% of different groups after 48 h. Q2, late‑stage apoptosis rate; Q4, early‑stage apoptosis rate. *P<0.05, **P<0.01, ***P<0.001, #P<0.05, ##P<0.01 and 
###P<0.001. FITC, Fluorescein isothiocyanate; PI, propidium iodide.
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programmed cell death that can be initiated by the pro‑apoptotic 
factor Bax. Bax is widely expressed in a variety of cells and 
is an important apoptotic protein (37,38). Bax translocation 
from the cytosol to the outer mitochondrial membrane alters 
the permeability of the mitochondrial membrane and releases 
several pro‑apoptotic factors, including cytochrome c (39). In 
addition to Bax, caspase‑3 is a crucial mediator of apoptosis that 
catalyzes the specific cleavage of numerous key pro‑apoptotic 
proteins that leads to DNA fragmentation and the formation 
of apoptotic bodies (40). The present study examined whether 
Apatinib and Tripterine could induce apoptosis of HCC and 
demonstrated that Apatinib and Tripterine could significantly 
increase apoptosis. Furthermore, apoptosis was more evident 
with a combination of the two drugs. According to the flow 
cytometry assay, the number of necrotic cells was large, 
culminating in the hypothesis that there were a number 
of other mechanisms for cell death in addition to apoptosis 
that require further research. The focus was on the effects of 
different drugs on the apoptosis of Hep3B cells. In addition, 
the expression of cleaved caspase‑3 and Bax was significantly 
increased in the Apatinib and Tripterine groups and further 
increased in the combination group.

The ERK signaling pathway serves a vital role in numerous 
cell functions that mediate different proliferation‑related 
events, including apoptosis, autophagy and senescence (41). 
Akt is also a key apoptosis‑associated protein that promotes 
cell survival via the inhibition of apoptosis  (42,43). The 
expression of two important proteins, Akt and ERK, which are 
downstream of VEGFR‑2, was examined and it was revealed 
that the expression of p‑Akt and p‑ERK was decreased in the 
Apatinib and Tripterine groups and further decreased in the 
combination group at 48 h post‑treatment.

A combination of Apatinib and Tripterine significantly 
inhibited the proliferation, invasion and migration of Hep3B 
cells while promoting caspase‑dependent apoptosis. However, 
there are certain limitations to the present study. To begin 
with, the expression of Bax was examined during an apoptosis 
assay. As previously mentioned, Bax translocation from the 
cytosol to the outer mitochondrial membrane releases several 
pro‑apoptotic factors (44); consequently, detecting cellular 
Bax localization will be more intuitive and representative and 
should be the focus of future study. The activation of Caspase‑3 
(cleaved caspase‑3) indicates the progression of apoptosis 
into an irreversible stage, which can irrefutably demonstrate 

Figure 6. Protein expression in various treatment groups (Apatinib 30 µmol/l and Tripterine 2.5 µmol/l) detected by western blot analysis. (A) Expression 
of p‑Akt, p‑ERK, cleaved caspase‑3 and Bax in four different groups at 24 h post‑treatment. (B) Quantification of different protein expression levels 
between the four groups at 24 h post‑treatment. (C) Expression of p‑Akt, p‑ERK, cleaved caspase‑3 and Bax in four different groups at 48 h post‑treatment. 
(D) Quantification of different protein expression levels between the four groups at 48 h post‑treatment. *P<0.05, **P<0.01 and ***P<0.001. Akt, protein 
kinase B; ERK, extracellular signal‑regulated kinase; p‑Akt, phosphorylated protein kinase B; p‑ERK, phosphorylated extracellular signal‑regulated kinase; 
Bax, B‑cell lymphoma‑associated X protein.
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that apoptosis occurs (45). In future experiments, a cleaved 
caspase‑3 and caspase‑3 precursor should be detected to 
further confirm the results. Furthermore, when the expres-
sion of VEGFR‑2 in Hep3B cells was examined, the specific 
location of VEGFR‑2 in Hep3B cells was not established. 
However, according to previous reports, VEGFR‑2 should be 
located on the cell membrane (46). Future studies should use 
non‑permealibilized cells as a control and a membrane marker 
to verify whether VEGFR‑2 was expressed on the cellular 
membrane. In conclusion, the present study may represent a 
potential treatment strategy for patients in the advanced stages 
of liver cancer. However, more studies should be conducted 
in order to evaluate the safety and the appropriate dose in a 
clinical setting.
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