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Apatinib promotes apoptosis of the SMMC-7721 hepatocellular
carcinoma cell line via the PI3K/Akt pathway
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Abstract. The present study investigated the inhibitory
effects of apatinib on the proliferation of the SMMC-7721
hepatocellular carcinoma cell line to explore the possible
mechanism. The MTT assay was used to detect the inhibi-
tory effects of the different concentrations of apatinib on
the proliferation of SMMC-7721 cells. Annexin V/PI
double staining was performed to investigate the effects of
apatinib on the apoptosis of SMMC-7721 cells. Expression
of the apoptosis-related genes Bcl-2, Bax and caspase-9
after apatinib treatment was detected by reverse transcrip-
tion-quantitative PCR (RT-qPCR) and western blot analysis.
Expression of the PI3K, p-PI3K, Akt and p-Akt proteins
after apatinib treatment was detected using western blot
analysis. The MTT results showed that apatinib inhibited
the in vitro proliferation of SMMC-7721 cells. Annexin V/PI
double staining showed that apatinib induced the apoptosis
of SMMC-7721 cells in a concentration-dependent manner.
Results of RT-qPCR and western blot analysis showed that
apatinib was able to induce the expression of pro-apoptotic
genes Bax and caspase-9 and inhibited the expression of
anti-apoptotic gene Bcl-2. In addition, the western blot
analysis revealed that p-PI3K and p-Akt was significantly
decreased following apatinib treatment, while no signifi-
cant differences were found in the total protein levels of
PI3K and Akt. The results of the present show that apatinib
is capable of promoting the apoptosis of SMMC-7721 cells
by inhibiting the PI3K/Akt signal transduction pathway,
upregulating the expression of pro-apoptotic genes Bax and
caspase-9, and downregulating the expression level of the
anti-apoptotic gene Bcl-2.
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Introduction

Primary hepatocellular carcinoma is a common type of malig-
nant tumor in the digestive system with the characteristics of
high incidence, rapid progression and high mortality (1,2). The
occurrence and development of hepatocellular carcinoma is
very complex with various genes and signaling transduction
pathways involved, and the pathogenesis remains unclear (3).
At present, the main clinical treatment of hepatocellular
carcinoma is surgery. However, the early clinical symptoms
of hepatocellular carcinoma are not obvious, which in
turn leads to misdiagnosis. Therefore, most hepatocellular
carcinoma patients are at an advanced stage at the time of
diagnosis, and approximately 90% of patients no longer have
the option of surgical resection, leading to the utilization of
radiotherapy and chemotherapy (4,5).

The phosphatidylinositol 3-kinase/protein kinase B
pathway (PI3K/Akt) can affect the normal physiological
activity of cells. Findings of previous studies have shown
that the abnormal activation of the PI3K/Akt signaling
pathway plays pivotal roles in the occurrence and develop-
ment of breast, ovarian, gastric, and lung cancers and other
malignant tumors (6-9). In addition, the PI3K/Akt signaling
pathway plays an important role in the development and
progression of hepatocellular carcinoma, and activation
of the PI3K/Akt signaling pathway can affect the prolif-
eration, invasion and apoptosis of hepatocellular carcinoma
cells (10).

Apatinib is an antitumor drug that is used for the clinical
treatment of advanced gastric cancer (11). In addition,
previous findings showed that apatinib has therapeutic effects
on breast and non-small cell lung cancer, as well as other
types of cancer (12-14). Apatinib can specifically bind to ATP
binding sites of VEGFR-2 in tumor cells to block the down-
stream signaling transductions of c-Kit, Ret and c-Src genes,
thereby inhibiting neovascularization in tumor tissues (15).

The aim of the present study was to investigate the
inhibitory effects of apatinib on the proliferation of the
SMMC-7721 human hepatocellular carcinoma cell line,
and to investigate the effects of apatinib on the expression
of apoptotic-related genes Bcl-2, Bax and caspase-9 and the
PI3K/Akt signaling pathway-related proteins, and to explore
the mechanism of the effects of apatinib on hepatocellular
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carcinoma in order to lay the foundation for the clinical
treatment of hepatocellular carcinoma with apatinib.

Materials and methods

Materials. Materials used in the present study were: Apatinib
and DMSO (Aladdin, Shanghai, China); SMMC-7721 hepato-
cellular carcinoma cell line (The Cell Bank of Type Culture
Collection of Chinese Academy of Sciences, Shanghai,
China); RPMI-1640 medium (Gibco Life Technologies,
Carlsbad, CA, USA); MTT (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany); Annexin V/PI apoptosis detection
kit (Beyotime Institute of Biotechnology, Nantong, China);
TRIzol, reverse transcription kit and RT-qPCR kit (all from
Invitrogen, Carlsbad, CA, USA); primer synthesis (Takara
Biotechnology Co., Ltd., Dalian, China); rabbit anti-human
PIAK, rabbit anti-human pPI3K, rabbit anti-human Akt,
rabbit anti-human pAkt, rabbit anti-human Bcl-2, rabbit
anti-human Bax, rabbit anti-human caspase-9, and rabbit
anti-human GAPDH primary antibodies, and HRP-labeled
goat anti-rabbit secondary antibody (all from Proteintech
Group, Inc., Wuhan, China).

Cell culture. SMMC-7721 cells were incubated with
RPMI-1640 medium containing 100 U/ml penicillin,
100 pg/ml streptomycin and 10% fetal bovine serum (FBS)
in an incubator (37°C, 5% CO,). The cells were collected
during the logarithm growth period, and digested with trypsin
to produce single cell suspension. The cells were subjected to
different treatments according to the experimental design.

MTT assay to detect SMMC-7721 cell proliferation.
SMMC-7721 cells (100 ul, 1x10%/ml) were inoculated into
96-well plates and cultured (37°C, 5% CQO,) for 24 h. Then,
apatinib was added at a concentration of 0, 0.5, 1, 2, 4, 8 and
16 ymol/l. After incubation for 48 h, 10 ul of MTT solution
(5 mg/ml) was added into each well, followed by incubation for
4 h. Absorbance values (OD) at 570 nm were measured using
a microplate reader (Model 680; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA), and the inhibition rate of apatinib on cell
proliferation was calculated using the formula: Inhibition rate
(%) = (OD value of experimental group - OD value of normal
control group)/(OD value of normal control group) x 100%.

Annexin V/PI double staining to detect apoptosis of
SMMC-7721 cells. The cells were collected during the loga-
rithm growth period. After digestion with 0.25% trypsin, the
cells were inoculated into 6-well plates, and then randomly
divided into the control and apatinib treatment groups (1, 2
and 4 umol/l). After treatment with apatinib for 48 h, the
cells were digested with 0.25% trypsin, followed by centrifu-
gation at 3,000 x g for 10 min to collect cells. The cells were
washed twice with phosphate-buffered saline (PBS) and
5 pl Annexin V and 5 ul PI were added and mixed gently,
followed by incubation in the dark for 15 min. Cell apop-
tosis was detected by flow cytometry (Becton-Dickinson,
Franklin Lakes, NJ, USA).

RT-gPCR used to detect the expression of related genes in
SMMC-7721 cells. After the process described, TRIzol reagent
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Table I. Primer sequences used in RT-qPCR.

Genes Primer sequences

Bcl-2 F: 5-TGGGATGCCTTTGTGGAAC-3'
R:5'-CATATTTGTTTGGGGCAGGTC-3'

Bax F: 5-TGCTACAGGGTTTCATCCAG-3'
R:5-ATCCACATCAGCAATCATCC-3'

Caspase-9 F: 5'“AGCCAGATGCTGTCCCATAC-3'
R:5-CAGGAGACAAAACCTGGGAA-3'

GAPDH F: 5-GGAAAGCTGTGGCGTGAT-3'

R:5-AAGGTGGAAGAATGGGAGTT-3'

F, forward; R, reverse.

was used to extract total RNA from each group of cells. Only the
RNA samples with a ratio of A260/A280 between 1.8 and 2.0
were used for reverse transcription to synthesize cDNA. Primer
sequences used in PCR reactions are listed in Table I. PCR
reaction conditions were as follows: 94°C for 3 min followed
by 30 cycles of 94°C for 30 sec, 57°C for 30 sec and 72°C for
1 min. The experiment was repeated 3 times. The data were
processed using 2444 method: ACq (target gene) = target gene
Cq - control gene Cq; AACt = ACq (target gene) - ACq (standard
value). Relative expression levels of Bax, caspase-9 and Bcl-2
were calculated according to endogenous control GAPDH.

Western blot analysis used to detect the expression-related
proteins in SMMC-7721 cells. After the process described,
the total protein was collected from each group of cells
after cell lysis using RIPA cell lysate. Protein concentra-
tion was quantified, and protein samples were subjected to
10% SDS-PAGE electrophoresis, followed by transmembrane
to PVDF membrane. The membranes were blocked with
5% skimmed milk, followed by incubation with primary
antibodies of PI3K, pPI3K, Akt, pAkt, Bcl-2, Bax, caspase-9
and GAPDH (1:1,000) overnight at 4°C. After washing with
TBST for 30 min, membranes were incubated with labeled
secondary antibody (1:500) at room temperature for 2 h.
Color development was performed with ECL solution and
the results were photographed. Images were analyzed using
Image Lab 4.0.1 software, and the relative expression of each
protein was normalized to endogenous control GAPDH.

Statistical analysis. Data are expressed as mean + standard
deviation and processed by SPSS 17.0 (IBM, Corp., Armonk,
NY, USA). Single factor analysis of variance was used to
analyze the data. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Effects of apatinib on the proliferation of SMMC-7721
cells. MTT results showed that apatinib (0.5, 1, 2, 4, 8 and
16 umol/l) was able to inhibit the activity of SMMC-7721 cells
in a dose-dependent manner (Fig. 1). For the following experi-
ments, apatinib at the concentrations of 1, 2 and 4 pmol/l,
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Figure 1. Inhibitory effect of different concentrations of apatinib on
SMMC-7721 cells detected by MTT assay. Compared with control group,
apatinitine significantly inhibited the proliferation of SMMC-7721 cells.
“P<0.01, compared with the control group.
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Figure 2. Effects of apatinib on the apoptosis of SMMC-7721 cells detected
by AV/PI double staining. Compared with the blank control group, apatinib
significantly promoted the apoptosis of SMMC-7721 cells. “P<0.01, com-
pared with the control group.

which showed 50% inhibitory rate on cell proliferation were
used, and the action time was 48 h.

Effects of apatinib on the apoptosis of SMMC-7721 cells.
Effect of apatinib on the apoptosis of SMMC-7721 cells
was detected by AV/PI double staining. As shown in Fig. 2,
compared with the control group, the cell apoptotic rate in the
apatinib treatment groups were significantly increased (p<0.01),
indicating that apatinib can significantly induce apoptosis of
SMMC-7721 cells.

Effects of apatinib on the expression of apoptosis-related
genes in SMMC-7721 cells. RT-qPCR and western blot results
revealed that the expression levels of pro-apoptotic genes
Bax and caspase-9 were significantly higher, and the expres-
sion level of the anti-apoptotic gene Bcl-2 was significantly
lower in cells treated with different concentrations of apatinib
compared with the control group at the mRNA and protein
levels (Figs. 3 and 4).

Effects of apatinib on PI3K/Akt pathway in SMMC-7721
cells. As shown in Fig. 5, compared with control group, levels
of p-PI3K and p-Akt in cells treated with different concentra-
tions of apatinib were significantly reduced. No significant
differences were identified in the total protein levels of PI3K
and Akt. Thus, apatinib can inhibit the phosphorylation of
PI3K and Akt protein.
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Figure 3. Effects of apatinib on the expression of apoptosis-related genes in
SMMC-7721 cells detected by RT-qPCR. Compared with the control group,
apatinib significantly increased the expression levels of Bax and caspase-9
mRNA and inhibited the expression of Bc/-2 mRNA in SMMC-7721 cells.
“P<0.01, compared with control group.
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Figure 4. Effects of apatinib on the expression of apoptosis-related proteins
in SMMC-7721 cells detected by western blot analysis. (A) Results of western
blot analysis. (B) Relative expression levels of each protein. Compared with
the control group, apatinib significantly increased the expression levels of
Bax and caspase-9 protein and inhibited the expression of Bcl-2 protein in
SMMC-7721 cells. “P<0.01, compared with the control group.
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Figure 5. Effect of apatinib on the expression of PI3K, p-PI3K, Akt and p-Akt
in SMMC-7721 cells detected using western blot analysis. (A) Levels of PI3K
and p-PI3K protein. (B) Levels of Akt and p-Akt protein. Compared with
the control group, levels of the p-PI3K and p-Akt apatinib treatment groups
were significantly reduced, but total protein levels of PI3K and Akt were not
significantly changed. “P<0.01, compared with the control group.

Discussion

In China, a large portion of the population is affected by hepa-
tocellular carcinoma, which shows both a high incidence and
mortality rate (16). At present, the preferred treatment is surgical
resection. However, the early symptoms of hepatocellular
carcinoma are not clear, and most patients are diagnosed with
distant metastasis, which can only be treated with radiotherapy
or chemotherapy (17). Apatinib, or N-[4-(1-cyanocyclopentyl)
phenyl]-2-(4-pyridylmethyl) amino-3-pyridinecarboxamide
methanesulfonate, is a new type of small molecule VEGFR-2
tyrosine kinase inhibitor that can be taken orally. Apatinib has
been approved by the China Food and Drug Admistration to
treat patients with recurrent advanced gastric adenocarcinoma
and gastric-esophageal junction adenocarcinoma. In addition,
the therapeutic effects of apatinib on non-small cell lung, breast,
liver and rectal cancers are now being tested clinically (18-20).

PI3K is an important kinase of phosphatidylinositol and
inositol. PI3K can be activated by receptor on cell surface to
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form p-PI3K, and p-PI3K can activate Akt and other down-
stream effector to transduct the signals of various growth
factors and cytokines to cells (21,22). Phosphorylated Akt
can act on proteins in Bcl-2 family and the caspase family
to inhibit cell apoptosis, which in turn lead to excessive cell
growth and proliferation (23). Studies have shown that PI3K
and Akt were highly expressed in various types of tumor cells,
and the activated PI3K/Akt pathway can promote the prolife-
ration and invasion of tumor cells and induce resistance of
tumor cells to chemotherapeutic drugs (24,25).

As an anti-apoptotic protein, Bcl-2 plays a key role in the
apoptotic signaling pathway. Bcl-2 can inhibit cell apoptosis
and improve cell proliferation (26). As a pro-apoptotic protein,
Bax has opposite functions to Bcl-2. Bax and Bcl-2 belong
to the same family. Bax, not only antagonizes the inhibitory
effects of Bcl-2 on cell apoptosis, but also directly promotes
tumor cell apoptosis (27). Caspase-9 is a key factor in the
mitochondrial apoptosis pathway. Activated caspase-9 can
further activate downstream caspase-3, which in turn leads to
tumor cell apoptosis (28,29).

In the present study, different concentrations of apatinib
were used to treat SMMC-7721 cells for 48 h. The MTT assay
showed that apatinib significantly inhibited the proliferation
of SMMC-7721 cells. Annexin V/PI double staining results
showed that apatinib was able to induce the apoptosis of
SMMC-7721 cells in a concentration-dependent manner.
Results of RT-qPCR and western blot analysis showed that
apatinib induced the expression of pro-apoptotic genes Bax
and caspase-9 and inhibited the expression of anti-apoptotic
gene Bcl-2, indicating that apatinib can induce tumor cell
apoptosis. In this study, the possible involvement of the
PI3K/Akt signaling pathway was also investigated. Western
blot analysis revealed that apitatinib significantly reduced
the levels of p-PI3K and p-Akt in SMMC-7721 cells, but
showed no significant effect on total protein levels of PI3K
and Akt. Similar results were found in a study carried out
by Yin et al, that is, apatinib can induce the apoptosis of
HCT-116 colon cancer cells by inhibiting the MAPK/Erk
pathway, reducing the phosphorylation of p-ERK and p-AKT
in the PI3K/Akt pathway, and inducing the expression of Bax
and caspase-3 (30).

In conclusion, the present findings have shown that apatinib
inhibited the proliferation and induced the apoptosis of human
hepatocellular carcinoma cells possibly by inhibiting the
PI3K/AKkt signaling transduction pathway, upregulating the
expression of Bax and caspase-9, and downregulating the
expression of Bcl-2.
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