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Oxymatrine induces nasopharyngeal cancer cell death
through inhibition of PI3K/AKT and NF-kB pathways
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Abstract. Oxymatrine may inhibit tumor cell proliferation,
induce cell cycle arrest, promote apoptosis, induce tumor cell
differentiation and fight against tumor angiogenesis, as well
as inhibit tumor invasion and metastasis. The present study
aimed to investigate the anticancer effects of oxymatrine on
nasopharyngeal cancer (NPC) cell death, and the underlying
molecular mechanisms of these effects. NPC HK-1 cells were
incubated overnight and treated with oxymatrine (0, 2, 4, 6
and 8 mg/ml) for 1, 2 or 3 days. The results demonstrated that
oxymatrine significantly inhibited NPC cell proliferation in
a time- and dose-dependent manner. Oxymatrine treatment
also induced apoptosis, induced the activities of caspase-3
and caspase-9, promoted p53 and Bax protein expression, and
suppressed cyclin D protein expression in these cells. The
protein expression levels of phosphoinositide 3 kinase (PI3K),
phosphorylated (p)-AKT, p-mammalian target of rapamycin,
p-p70 ribosomal protein S6 kinase and nuclear factor (NF)-kB
were significantly downregulated by oxymatrine treatment.
In conclusion, results from the present study suggested that
oxymatrine may induce NPC cell death through the inhibition
of PI3K/AKT and NF-«B signaling pathways.

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant tumor that
occurs in epithelial cells of the nasopharynx and is closely
related to Epstein-Barr virus infection, with an annual inci-
dence rate of 10-50 out of 100,000 worldwide (1). It is rare
in most regions of the world, and its annual incidence rate is
only 0.5-0.6 out of 100,000 in Europe and the United States.
The 5-year overall survival of NPC is 84% of non-metastatic
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cases with intensity-modulated radiation therapy (IMRT) and
optimal chemotherapy (2,3).

Recently, the phosphoinositide 3 kinase (PI3K)/AKT
signaling transduction pathway has attracted increasing atten-
tion (4). Previous studies have reported that the PI3K/AKT
signaling pathway is important in the signal transduction of
various growth factors, and is closely related to cellular physi-
ological functions as well as the incidence and development of
certain tumors (5,6). The products of PI3K3-phosphoinositide,
that is 3,4-diphosphoinositide and 3.4,5-inositol triphosphate,
bind to the PH domain of AKT and induce a conformational
change and the subsequent phosphorylation and activation of
AKT, which migrates from the cytoplasm to the cell membrane,
where it directly or indirectly activates its downstream
molecule proteins, such as mammalian target of rapamycin
(mTOR), p70 ribosomal protein S6 kinase (p70S6K), matrix
metalloproteinase (MMP)-2, and nuclear factor-kB (NF-«xB)
and insulin-like growth factor I receptor (IGF-IR) (7). The
activation of mTOR and p70S6K initiates protein transla-
tion to promote protein synthesis; the activation of NF-kB
promotes the transcription of apoptosis-inhibiting genes and
upregulates the mRNA and protein expression of IGF-IR and
MMP2, thus promoting the invasion and metastasis of cancer
cells (8). Therefore, the PI3K/AKT signaling pathway may
be considered to serve an important role in cell proliferation,
differentiation and migration.

The NF-kB family of transcription factors promotes
tumorigenesis, and functional proteins encoded by NF-kB
may promote tumor growth; NF-xB may promote tumorigen-
esis by inhibiting apoptosis (9). NF-«xB is inactive in patients
with head and neck squamous carcinoma, and inhibiting Rel A
can increase apoptosis in tumor cells (10). NF-xB may be an
important indicator in the early diagnosis and treatment of
tumors (10).

Oxymatrine is a compound (Fig. 1) extracted from radix
sophorae flavescentis that has been previously reported
to exhibit antitumoral effects, mainly by inhibiting the
differentiation and apoptosis of tumor cells, suppressing
the proliferation and metastasis of tumor cells, inhibiting
the activity of telomerase, suppressing tumor angiogenesis,
inhibiting drug resistance of tumor and promoting antitumor
immune response of the host (11,12). The present study inves-
tigated the anticancer effects of oxymatrine on NPC cell death
and the underlying molecular mechanisms of these effects.
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Materials and methods

Cell culture. The human NPC HK-1 cell line was obtained
from the Experimental Center of Capital Medical University
(Beijing, China) and cells were maintained in RPMI-1640
medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) containing 10% fetal bovine serum (Invitrogen;
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and
100 mg/ml streptomycin in a humidified atmosphere
containing 5% CO, at 37°C.

Cell proliferation assay. HK-1 cells were seeded
(1,000 cells/well) into 96-well plates, incubated overnight and
treated with oxymatrine (0,2,4, 6 and 8 mg/ml; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) for 1,2 and 3 days at 37°C.
MTT (10 ml; 5 mg/ml; Beyotime Institute of Biotechnology,
Haimen, China) was added and was incubated in darkness for
4 h at 37°C. The media was removed and dimethylsulfoxide
was added to dissolve the formazan crystals for 20 min; the
absorbance was measured using a FluoDia T70 microplate
reader (Photon Technology International, Inc.; Horiba, Ltd.,
Stanmore, UK) at a wavelength of 490 nm.

Flow cytometric analysis. HK-1 cells were seeded
(1-2x10° cells/well) into 6-well plates, incubated overnight
and treated with oxymatrine (0, 4, 6 and 8 mg/ml) for 2 days.
Cells were centrifuged at 1,000 x g at 4°C for 10 min and
washed using PBS three times. Cells were stained using an
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) Cell Apoptosis Detection kit (BD Biosciences,
Franklin Lakes, NJ, USA) according to the manufac-
turer's protocols, and fluorescence was determined using a
FACSCalibur flow cytometer (BD Biosciences) and analyzed
using Flowjo version 7.6.1 (FlowJo LLC, Ashland, OR, USA).

Caspase-3 and caspase-9 activities. HK-1 cells were seeded
(1-2x10° cells/well) into 6-well plates, incubated overnight
and treated with oxymatrine (0, 4, 6 and 8 mg/ml) for 2 days
at 37°C. Cell protein extracts were prepared in radioimmu-
noprecipitation assay (RIPA) buffer (Beyotime Institute of
Biotechnology) for 15 min. The protein concentrations were
determined using the BCA Protein Assay kit (Beyotime
Institute of Biotechnology). Equal amounts of proteins (50 ug
per condition) were incubated with Caspase-3/9 activities
kits (C1115 or C1157; Beyotime Institute of Biotechnology)
for 1-2 h at 37°C. Absorbance was measured using a FluoDia
T70 microplate reader (Photon Technology International, Inc.;
Horiba, Ltd.) at a wavelength of 405 nm and analyzed using
SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).

Western blot analysis. HK-1 cells were seeded
(1-2x10° cells/well) into 6-well plates, incubated overnight
and treated with oxymatrine (0, 4, 6 and 8 mg/ml) for 2 days.
Protein extracts were prepared in RIPA for 15 min. Protein
concentrations were determined using the BCA Protein Assay
kit (Beyotime Institute of Biotechnology). Equal amounts
of proteins (50 pg) were separated by 8-10% SDS-PAGE
and transferred to polyvinyl difluoride membranes (EMD
Millipore, Billerica, MA, USA). Membranes were blocked
in PBS with 5% skimmed milk powder for 1 h at 37°C and
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Figure 1. Chemical structure of oxymatrine.
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Figure 2. Oxymatrine inhibits cell proliferation in nasopharynx cancer HK-1
cells at various concentrations and lengths of exposure. “P<0.01 vs. untreated
Control.
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Figure 3. Oxymatrine induces apoptosis in nasopharynx cancer HK-1 cells at
higher concentrations. “P<0.01 vs. untreated Control.

0.1% Tween-20 and incubated with primary antibodies
against p53 (sc-6243; 1:500; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), Bax (sc-493; 1:500), cyclin D (sc-25764;
1:500), PI3K (sc-7174; 1:500), phosphorylated (p)-AKT
(sc-135650; 1:500), p-mTOR p-p70S6K (sc-8416; 1:500),
NF-xB (sc-109; 1:500) and GAPDH (sc-25778; 1:500; all
from Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
overnight at 4°C. Following washes with Tris-buffered
saline and 0.1% Tween-20, membranes were incubated with
horseradish peroxidase-conjugated anti-mouse or anti-rabbit
secondary antibody (sc-2005 or sc-2004; 1:5,000; Santa
Cruz Biotechnology, Inc.) for 1 h at 37°C and visualized
using the Enhanced Chemiluminescence Detection reagent
(BD Biosciences) and analyzed using ImageLab version 3.0
(BD Biosciences).
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Figure 4. Oxymatrine induces the activity of caspase-3 and caspase-9 in nasopharynx cancer HK-1 cells. Oxymatrine treatment induced the activities of
(A) caspase-3 and (B) caspase-9 at higher concentrations. ““P<0.01 vs. untreated Control.
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Figure 5. Oxymatrine affects the protein expression levels of Bax, p53 and cyclin D in nasopharynx cancer HK-1 cells. Oxymatrine treatment induced the
protein expression of (A) Bax and (B) p53, and (C) reduced the expression of cyclin D. (D) Representative image of western blotting analysis used to draw the

graphs in (A-C). “P<0.01 vs. untreated Control.

Statistical analysis. Data are expressed as the mean + standard
deviation (n=3), and statistical analysis was carried out using
SPSS version 17.0 (SPSS, Inc.). Statistically significant differ-
ences between groups were determined by one-way analysis of
variance and Tukey's post hoc test. P<0.05 was considered to
indicate a statistically significant difference.

Results

Oxymatrine inhibits NPC cell proliferation. To investigate
the putative anticancer effects of oxymatrine on NPC cell
growth, HK-1 cells were treated with various concentrations
of oxymatrine. Results from the MTT assays suggested that
oxymatrine inhibited cell proliferation of HK-1 cell in a time-
and dose-dependent manner (Fig. 2). Treatment with 4, 6 and
8 mg/ml of oxymatrine significantly inhibited cell prolifera-
tion of HK-1 cells, compared with the untreated Control group
(Fig. 2).

Oxymatrine induces NPC cell apoptosis. Oxymatrine-induced
NPC cell apoptosis was measured using Annexin V-FITC/PI
double staining. The results demonstrated that 6 and 8 mg/ml

of oxymatrine treatment significantly induced NPC HK-1 cell
apoptosis, compared with cells in the untreated Control group
(Fig. 3).

Oxymatrine induces the activity of caspase-3 and caspase-9
in NPC cells. The effects of oxymatrine treatment on inducing
the activities of caspase-3 and caspase-9 in NPC HK-1
cells were determined. Oxymatrine exposure increased the
activities of both caspase-3 and caspase-9, compared with the
Control group (Fig. 4).

Oxymatrine affects the protein expression levels of Bax, p53
and cyclin D in NPC cells. The effects of oxymatrine on Bax,
p53 and cyclin D protein expression of NPC HK-1 cells were
examined. Compared with cells in the untreated Control
group, oxymatrine treatment at 6 and 8 mg/ml significantly
induced the protein expression of Bax and p53, and suppressed
cyclin D protein expression (Fig. 5).

Oxymatrine suppressed the protein expression levels of PI3K,
p-AKT and p-mTOR in NPC cells. To investigate the possible
molecular mechanisms underlying oxymatrine-induced NPC
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Figure 6. Oxymatrine suppresses the protein expression levels of PI3K, p-AKT and p-mTOR in nasopharynx cancer HK-1 cells. Oxymatrine treatment induced
the protein expression of (A) PI3K, (B) p-AKT and (C) p-mTOR. (D) Representative image of western blotting analysis used to draw the graphs in (A-C).
“P<0.01 vs. untreated Control. n"TOR, mammalian target of rapamycin; p, phosphorylated; PI3K, phosphoinositide 3 kinase.
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Figure 7. Oxymatrine suppresses the protein expression levels of p-p70S6K and NF-«B in nasopharynx cancer HK-1 cells. Oxymatrine treatment induced
the protein expression of (A) p-p70S6K and (B) NF-kB. (C) Representative image of western blotting analysis used to draw the graphs in (A and B). “P<0.01
vs. untreated Control. NF, nuclear factor; p, phosphorylated; p70S6K, p70 ribosomal protein S6 kinase.

cell apoptosis, PI3K/AKT signaling was analyzed following
treatment with different concentrations of oxymatrine. Western
blotting results suggested that oxymatrine treatment at 6 and
8 mg/ml significantly suppressed the protein expressions of
PI3K, p-AKT and p-mTOR of HK-1 cell, compared with the
Control group (Fig. 6).

Oxymatrine suppresses the protein expression levels of
p-p70S6K and NF-kB in NPC cells. To further understand
the role of p70S6K in oxymatrine-induced nasopharynx
cancer cell apoptosis, p-p70S6K and NF-kB protein expres-
sion levels were analyzed in NPC HK-1 cells treated with

various concentrations of oxymatrine. Compared with cells in
the untreated Control group, oxymatrine treatment at 6 and
8 mg/ml significantly suppressed the protein expression levels
of p-p70S6K and NF-«xB (Fig. 7).

Discussion

NPC is a common malignant tumor in southern China, and
is characterized by high racial susceptibility, regional aggre-
gation and family tendency (13). The cause of NPC remains
unknown, but it is currently considered to be related to genetic
factors, environmental factors and viral infection (14). The
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clinical symptoms of NPC are complicated and diverse,
are easy to be misdiagnosed or may by ignored by patients,
and include clinical characteristics such as high degree of
malignancy, early cervical lymph node metastasis and distant
metastasis (15). Data from the present study demonstrated that
oxymatrine treatment significantly inhibited cell proliferation
and induced NPC cell apoptosis in HK-1 cells.

Bcl2 is an apoptosis-regulator that has been thoroughly
studied, and its change in expression not only affects normal
apoptosis of damaged DNA cells and abnormal cells, but also
the apoptosis of tumor cells (16). Bcl2 proteins are highly
expressed in NPC tissues and atypical hyperplasia epithelium,
which suggested that Bcl2 proteins may serve an important
role in the early stage of NPC, and the overexpression of
Bcl2 may also be related to the inhibition of the apoptosis of
NPC (17). The present study demonstrated that oxymatrine
increased the expression levels of caspase-3 and caspase-9 and
Bax protein expression of HK-1 cell.

p53 has been reported to have at close relationship with
human tumors, and functions to block cell cycle, inhibit cell
proliferation, induce cell differentiation, initiate apoptosis
and maintain the stability of genome (16). In the present
study, higher concentrations of oxymatrine treatment (6 and
8 mg/ml) significantly induced the protein expression of p53 in
NPC HK-1 cells. A previous study suggested that oxymatrine
inhibits prostate cancer cell proliferation through p53 and
Bax/Bcl2 expression (18).

Cyclin D1 (also known as Bcl-1) is encoded by CCNDI,
which is located on chromosome 11ql3, comprises 5 exons
and 4 introns, and is 15 kb long (19). Cyclin D1 is a nuclear
protein that serves an important role in the regulation of the
Gl stage of the cell cycle. Overexpression of cyclin DI may
lead to the disorder of regulation and detection point at G1/S
stage, thus accelerating cell cycle progression and inducing
irreversible abnormal proliferation, which results in disordered
cell proliferation and regulation (20). As a regulatory factor
of cell cycle, cyclin D1 has a close relationship with cell
proliferation, it participates in the regulation of cell cycle,
and reflects proliferative activity of cells to a certain extent,
and the proliferative activity of tumor cells is one of crucial
factors affecting the radiosensitivity of NPC (21). Overall,
the results of the present study suggested that oxymatrine
significantly suppressed the protein expression of cyclin
D of HK-1 cell. Another study reported that oxymatrine
enhances the antitumor activity of oxaliplatin on colon cancer
cell growth by downregulating cyclin D expression and the
PI3BK/AKT/mTOR pathway (22).

Previous studies have indicated that the biological func-
tion of the PI3K/AKT signaling pathway is closely related
to the survival of tumor cells, glucose metabolism and the
incidence and development of tumors (5,23). There are
extensive and in-depth studies on the effects of PI3K/AKT
signaling in the occurrence and development, as well as
resistance to radiotherapy, chemotherapy and drugs, of malig-
nant tumors (5,23). One previous study reported that AKT
was highly expressed and the activity of AKT kinase was
increased in ovarian cancer tissues, which was associated
with the biological behaviors of malignant tumors (24). Other
studies have demonstrated that the incidence and development
of prostate cancer, cervical cancer, non-small cell lung cancer
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and other malignant tumors are closely related to the activa-
tion of the PI3K/AKT signaling pathway (5,25). In the present
study, oxymatrine treatment significantly reduced the protein
expression levels of PI3K, p-AKT, p-mTOR and p-p70S6K in
NPC HK-1 cells.

NF-«B belongs to a family of tumorigenesis proteins, and
several functional proteins encoded by NF-kB may promote
tumor growth (10). The cyclin D1 promoter region contains two
NF-«B binding sites, and the activation of NF-xB promotes
conversion function of the expression of cyclin DI and G1/S,
which accelerates cell cycle progression (26). NF-kB may also
promote tumorigenesis by inhibiting apoptosis (27). In vitro
experiments demonstrated that specifically inhibiting the activity
of NF-«kB was able to block the cell cycle in glioma cell lines and
induce the apoptosis of tumor cells, whereas in vivo experiments
confirmed that NF-kB inhibited the growth of glioma cells in
rats (27). The results of the present study revealed that oxymatrine
treatment suppressed the protein expression of NF-xB
in NPC HK-1 cells. A previous study demonstrated that
oxymatrine inhibited epithelial-mesenchymal transition of
colorectal cancer cells through the regulation of NF-kB
signaling (11).

In conclusion, the results of the present study demonstrated
that oxymatrine significantly inhibited cell proliferation,
induced NPC cell apoptosis, increased caspase-3 and caspase-9
activities, promoted p53 and Bax protein expression and
suppressed cyclin D protein expression in NPC HK-1 cells
through the regulation of PI3K/AKT and NF-«B pathway.
Therefore, these findings may provide a novel approach for the
development of oxymatrine, which is derived from TCM herb,
as a potential NPC therapy.
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