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Tetrandrine enhances radiosensitivity through the CDC25C/CDK1/cyclin B1 pathway
in nasopharyngeal carcinoma cells
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ABSTRACT ARTICLE HISTORY

The increasing resistance of nasopharyngeal carcinoma to irradiation makes the exploration of effective Received 28 August 2017
radiosensitizers necessary. Tetrandrine is known to be an antitumor drug, but little is known regarding its Revised 28 October 2017
radiosensitization effect on nasopharyngeal carcinoma. We investigated the effect of combined treatment Accepted 1 December 2017
of irradiation and maximum non-cytotoxic doses of tetrandrine on the nasopharyngeal carcinoma cell KEYWORDS

lines CNE1 and CNE2. The maximum non-cytotoxic doses of tetrandrine in CNET and CNE2 cells were Tetrandrine; nasopharyngeal
assessed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. The carcinoma; radiosensitivity;
radiosensitization of cells receiving the maximum non-cytotoxic doses of tetrandrine was assessed by G2/M arrest; CDC25C/CDK1/
evaluating cell proliferation and DNA damage repair using MTT, clonogenic, comet assays and detection cyclin B1 pathway

of caspase-3 and phosphorylated histone H2AX (y-H2AX). The cell cycle was assessed by flow cytometry,

and protein expression was detected by western blot analysis. The maximum non-cytotoxic doses of

tetrandrine in CNE1 and CNE2 cells were 1.5 pwmol/L and 1.8 pwmol/L, respectively. When cells were

exposed to irradiation and the maximum non-cytotoxic doses of tetrandrine, the survival fraction was

decreased. DNA damage and y-H2AX levels markedly increased. Moreover, tetrandrine abrogated the G2/

M phase arrest caused by irradiation. Combined treatment with the maximum non-cytotoxic dose of

tetrandrine and irradiation caused suppression of the phosphorylation of CDK1 and CDC25C and increase

in the expression of cyclin B1. The study in vivo also showed that the maximum non-cytotoxic dose of

tetrandrine could reduce tumor growth in xenograft tumor model. Our results suggest that the maximum

non-cytotoxic dose of tetrandrine can enhance the radiosensitivity of CNE1 and CNE2 cells and that the

underlying mechanism could be associated with abrogation of radiation-induced G2/M arrest via

activation of the CDC25C/CDK1/Cyclin B1 pathway.

Introduction radiosensitivity of nasopharyngeal carcinoma and improve the
. . . . therapeutic efficacy of treatments used in combination with
Nasopharyngeal carcinoma is one of the leading cancers in .
radiotherapy.

Southern China (especially in the Guangdong province) with
an incidence of up to 25 cases per 100000 individuals [1]. Due
to anatomic restrictions and high radiosensitivity, radiotherapy
has been the mainstay of treatment of nasopharyngeal carci-
noma, achieving a 5-year overall survival of more than 80% for
early stage I and IIA disease [2]. However, because the early
clinical symptoms of nasopharyngeal carcinoma are untypical,
at least 60% of patients are present with locally advanced dis-
ease, and about 5%-8% present with distant metastasis at pre-
liminary diagnosis [3], and about 20% of nasopharyngeal
carcinoma patients develop local recurrence after radiotherapy
[4]. Concurrent chemoradiotherapy has been established as the
standard of treatment strategy in locoregionally advanced stage
III and IVA disease, which achieves an increase in the 5-year
overall survival. However, concurrent chemoradiotherapy is
limited in its clinical use due to significant increases in
dose-limiting toxicity [5]. These challenges make it necessary
to explore effective radiosensitizers that enhance the

Tetrandrine, a bisbenzylisoquinoline alkaloid, is isolated
from the roof of the Chinese herb Stephania tetrandra [6].
It possesses a broad pharmacological profile, including anti-
inflammatory, anti-hypertensive and anti-fibrotic properties,
which have led to the use of tetrandrine for the treatment
of lung silicosis, arthralgia and rheumatoid arthritis in the
clinic [7]. Published data have demonstrated that tetran-
drine can enhance sensitivity to radiotherapy and inhibit
the growth and proliferation of several types of cancer cells,
including glioblastoma, neuroblastoma, and esophageal car-
cinoma [8-10]. Sun et al [11] found the effect of tetran-
drine of radiotherapy sensibilization on nasopharyngeal
carcinoma cells, but this study could not elucidate whether
the sensitization is caused by the cytotoxicity or by the sen-
sitization effect of tetrandrine. This point should be clarified
because increasing doses of cytotoxic drugs could cause
severe side effects. Therefore, it is necessary to study the
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effect and molecular mechanisms of the radiosensitization
of the maximum non-cytotoxic dose of tetrandrine.

In the present study, we evaluated whether the maximum
non-cytotoxic dose of tetrandrine could augment the response
of the human nasopharyngeal carcinoma cell lines CNE1 and
CNE2 to irradiation and investigated the molecular mechanism
of the radiosensitization effect.

Results

The maximum non-cytotoxic doses of tetrandrine in CNE1
and CNE2

CNE1 and CNE2 cells were separately treated with a range of
doses of tetrandrine from 0.1 pmol/L to 2.0 pmol/L to deter-
mine the maximum non-cytotoxic dose of tetrandrine. MTT
assays were used to generate a cell growth curve. In the CNE1
cell line, cell proliferation was significantly inhibited when the
concentration of tetrandrine was more than 1.5 pmol/L
(Figure 1(A)), while in the CNE2 cell line, cells grew signifi-
cantly more slowly only when the tetrandrine concentration
exceeded 1.8 pmol/L (Figure 1(B)). These results indicated that
1.5 wmol/L and 1.8 pmol/L were the maximum non-cytotoxic
doses in the CNE1 and CNE2 cell lines, respectively. Therefore,
we used these doses in the following experiments to verify the
effect and mechanism of tetrandrine with irradiation.
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Figure 1. The maximum non-cytotoxic dose of tetrandrine in CNE1 and CNE2 cells.
The data shown are the mean and SE from three independent experiments.”p <
0.05 vs control.

Tetrandrine enhanced the radiosensitivity of CNE1 and
CNE2 cells

To elucidate the effect of the maximum non-cytotoxic dose of
tetrandrine on radiation sensitivity in nasopharyngeal carci-
noma cells, we generated cell growth curves and cell prolifera-
tion indexes using MTT assays. We observed that the survival
rate of both CNE1 and CNE2 cells was reduced after irradiation
treatment and the proliferation was more strongly suppressed
when combined treatment with irradiation and the maximum
non-cytotoxic dose of tetrandrine was used (Figure 2(A, B)). In
contrast, there was no cytotoxicity in cells treated with tetran-
drine alone.

To confirm the sensitization effect of tetrandrine, clone for-
mation was evaluated to examine the radiotherapy sensitivity
(Figure 2(C-F)). The plating efficiency were 0.51 and 0.54 for
CNE1 and CNE2 control groups, respectively. The survival frac-
tion in CNEI1 was (1 40.089) of control group, (0.97 £ 0.063) of
tetrandrine group, (0.129 4-0.088) of 4Gy irradiation group and
(0.050 +0.018) of combinate treatment group of 4Gy irradiation
and tetrandrine, respectively. And the survival fraction in CNE2
was (1£0.078) of control group, (0.93 £ 0.074) of tetrandrine
group, (0.233+£0.085) of 4Gy irradiation group and
(0.127 £ 0.098) of combinate treatment group of 4Gy irradiation
and tetrandrine, respectively. Compared with the control group,
there was a decreased survival fraction detected in the irradiation
group of CNE1 cells. It is worth noting that following the com-
bined treatment with irradiation and tetrandrine, the survival
fraction significantly decreased relative to that of the irradiation
group. The same tendency was observed in groups of CNE2
cells. These results demonstrated that tetrandrine could
strengthen the inhibition of cell clone formation caused by irra-
diation, resulting in an enhancement of the sensitivity of CNE1
and CNE2 cells to irradiation.

Combined treatment with tetrandrine and irradiation
increased apoptosis of CNE1 and CNE2 cells

Apoptosis is one of the most important end points for irradia-
tion. We investigated whether the radiosensitization by tetran-
drine in CNE1 and CNE2 cells related to apoptosis. The
expression of cleaved-Caspase3, a specific apoptosis marker,
was detected by western blotting. Cells were treated with the
maximum non-cytotoxic dose of tetrandrine 1 h after irradia-
tion, and protein was collected 6 h later. Figure 3(A, C and E)
shows increasing cleaved-Caspase3 protein expression follow-
ing treatment with irradiation alone in CNE1 cells, while the
expression was significantly increased after treatment with the
combination of the maximum non-cytotoxic dose of tetran-
drine and irradiation, which indicated that tetrandrine can
upregulate the apoptosis induced by irradiation. The same ten-
dency was observed in CNE2 cells (Figure 3(B, D, F)).

Combined treatment with tetrandrine and irradiation
increased DNA double-strand breaks

The main type of damage induced by ionizing rays is DNA
double-strand breaks (DSBs), and one of the most important
mechanisms for cancer cell resistance to radiotherapy is the
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Figure 2. Effects of the maximum non-cytotoxic doses of tetrandrine on the radiosensitivity of CNE1 and CNE2 cells. (A) and (B) The cell growth curves of CNE1 and CNE2
cells after different tetrandrine exposures. The data shown are the mean and SE from three independent experiments. *p<0.05 vs control, “*p<0.05 vs 4 Gy. (C) and (D)
The survival fraction of CNE1 cells after different exposures. (E) and (F) The survival fraction of CNE1 cells after different exposures. The data shown are the mean and SE

from three independent experiments.

high capacity for DNA DSB repair. To examine DNA damage,
comet assay was used. As shown in Figure 4, 4 Gy of irradiation
alone induced severer DNA damage than that occurred in con-
trol group of CNEI cells. Exposure to 1.5 wmol/L tetrandrine
treatment alone did not induce more DNA damage than the
control group, which implied that the maximum non-cytotoxic
dose we used in the experiments could not induce DNA dam-
age in cells. Combined treatment with tetrandrine and irradia-
tion significantly increased DNA damage compared to both
control group and irradiation group. The same tendency was
observed in CNE2 cells. It can be inferred that radiotherapy
can cause a significant increase in DNA damage, which was fur-
ther enhanced by a combination of irradiation and the maxi-
mum non-cytotoxic dose of tetrandrine.

As further proof, we used y-H2AX to verify DNA damage
caused by irradiation and tetrandrine. y-H2AX on Serl39 is
one of the key events of the DNA damage response and is

considered to be a marker of DSBs. The expression of y-H2AX
was measured by western blotting (Figure 4). The expression of
y-H2AX increased after irradiation compared with the control.
In addition, the combined treatment of tetrandrine and irradia-
tion led the expression of y-H2AX increase even more
significantly.

These results confirmed that tetrandrine could significantly
enhance DNA damage caused by irradiation.

Tetrandrine abrogated the G2/M phase arrest caused by
irradiation in CNE1 and CNE2 cells

It is well known that after the induction of DNA damage,
including DSBs, cell cycle progression can be interrupted to
provide time for damage repair. Flow cytometry was used to
observe whether cell cycle transition was influenced by treat-
ment with tetrandrine. As shown in Figure 5, combined
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Figure 3. Caspase3 activity in CNE1 and CNE2 cells was upregulated by tetrandrine during irradiation exposure. (A) The western blot image for cleaved-caspase3 and cas-
pase3 protein expression in CNE1 cells. (B) The western blot image for cleaved-caspase3 and caspase3 protein expression in CNE2 cells. (C) and (E) Quantification of the
western blot band intensity for cleaved-caspase3 and caspase3 in CNE1 cells. (D) and (F) Quantification of the western blot band intensity for cleaved-caspase3 and cas-
pase3 in CNE2 cells. Each data point represents the mean and SE from 3 experiments (*p<0.05 vs control, #p<0.05 vs 4Gy).

treatment with 4 Gy irradiation and tetrandrine restrained G2/
M phase arrest caused by irradiation. In the 4 Gy irradiation
group, the percentages of CNEI and CNE2 cells at G2/M phase
were increased to (18.09 +1.97)% and (19.58 4= 1.74)%, respec-
tively, compared with (7.81+0.97)% and (8.69 =+ 0.82)%,
respectively, for the control group. Nevertheless, combined
treatment with the maximum non-cytotoxic dose of tetrandrine
and irradiation decreased the percentages of CNE1 and CNE2
cells at G2/M phase to (10.02+1.03)% and (9.78 +1.22)%,
respectively. Therefore, removing the arrest of G2/M phase
might be associated with the radiotherapy sensitization effect of
tetrandrine.

Tetrandrine prevented G2/M arrest by regulating the
CDC25C/CDK1/cyclin B1 pathway

To understand the molecular mechanisms by which tetrandrine
removes G2/M phase arrest, we studied intracellular signaling
by western blotting. Figure 6 shows that combined treatment
with the maximum non-cytotoxic doses of tetrandrine and irra-
diation decreased the phosphorylation of CDKI1(Tyrl5), the
inactive state, but the expression of total CDK1 did not change,
which suggests that combined treatment could raise the ratio of
activated CDK1. The combined treatment with tetrandrine and

irradiation also increased the expression of cyclin B1. It is well
known that the activation of the CDKIl-cyclin Bl complex
requires the activation of CDK1 and expression of cyclin Bl,
thus our results suggested that the activation of the CDK1-
cyclin Bl complex may be a target for the radiosensitivity effect
of tetrandrine.

The CDK1-cyclin Bl complex can be activated by CDC25C
protein via dephosphorylation of CDK1. CDC25C is inacti-
vated by phosphorylation at Ser216. We found that combined
treatment with tetrandrine and irradiation causes a decrease in
p-CDC25C-S216 protein expression compared with treatment
with irradiation alone. Therefore, tetrandrine may prevent the
phosphorylation of CDC25C and increase the activation of
CDK1 and cyclin B1, thereby decreasing G2/M arrest.

Tetrandrine enhanced the radiosensitivity of
nasopharyngeal carcinoma xenograft tumor growth
in vivo.

To evaluate the effect of the maximum non-cytotoxic doses of
tetrandrine on radiosensitivity in vivo, we used a subcutaneous
xenograft model of CNE1 cells in immunodeficient mice. A
range of doses of tetrandrine from 0 mg/kg to 100 mg/kg to
determine the maximum non-cytotoxic dose of tetrandrine. As
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Figure 4. Effects of the maximum non-cytotoxic doses of tetrandrine on DNA integrity. (A) Double-strand breaks were analyzed by DNA comet assay. Both CNE1 and CNE2
cells exposed to combined treatment of tetrandrine and irradiation exhibited more significant migration of DNA into the tail of the comet compared with cells exposed to
irradiation alone. (B) CNE1 cells were exposed to tetrandrine, irradiation (4 Gy), or combined treatment for 24 h. Western blotting was performed to determine the level of
y-H2AX. (C) Quantification of the western blot band intensity for y-H2AX in CNE1 cells was performed using ImageJ. Each data point represents the mean and SE from 3
experiments (*p<0.05 vs control, #p<0.05 vs 4 Gy). (D) CNE2 cells were exposed to tetrandrine, irradiation (4 Gy), or combined treatment for 24 h. Western blotting was
performed to determine the level of y-H2AX. (E) Quantification of the western blot band intensity for y-H2AX in CNE2 cells was performed using Imagel. Each data point
represents the mean and SE from 3 experiments ("p<0.05 vs control, *p<0.05 vs 4 Gy).

shown in Figure 7(A and B), tetrandrine of both 75 mg/kg and
100 mg/kg significantly reduced the tumor volume, while tet-
randrine of 25 mg/kg and 50 mg/kg had no significant effect on
tumor growth. What was more, tetrandrine of both 75 mg/kg
and 100 mg/kg significantly reduced the body weight of mice,
which indicated more side effect. Therefore, we used tetran-
drine of 50 mg/kg in the following experiments in vivo. We
found that tetrandrine of 50 mg/kg enhanced the cytotoxicity
of irradiation (Figure 7(B)), without significant weight loss
(Figure 7(C)).

Discussion

Radiotherapy is one of the most common and effective meth-
ods for nasopharyngeal carcinoma treatment, for both the
radiosensitivity of nasopharyngeal carcinoma and the inaccessi-
ble location of the nasopharynx. Advances in radiation have
improved the prognosis of nasopharyngeal carcinoma, how-
ever, many patients still suffer the treatment failures due to the

radioresistance of tumors and residual tumor cells after radia-
tion [12]. Chemoradiotherapy has been used to control
advanced nasopharyngeal carcinoma, however, effective agents
for combination chemoradiotherapy for nasopharyngeal carci-
noma are still to be established [13]. What is more, compared
with radiotherapy alone, chemoradiotherapy is invariably asso-
ciated with higher incidences of complications, such as haema-
tological and non-haematological acute toxic effects [14].
Therefore, studies on radiosensitizer are of great importance
which may provide a more effective therapeutic strategy.
Recently, increasing attention has been paid to the radiosen-
sitivity effect of tetrandrine [9,10]. In human neuroblastoma
cells, significant concentration-dependent and time-dependent
synergistic cytotoxic effects of tetrandrine and radiation have
been demonstrated [9]. The radiotherapy-Tet protocol (using
irradiation at the beginning of tetrandrine treatment) was more
cytotoxic for neuroblastoma cells than the Tet-radiotherapy
protocol (using irradiation after tetrandrine treatment) [9].
Yu et al. found that tetrandrine could enhance the
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Figure 5. Effects of tetrandrine with irradiation on cell cycle distribution. (A) CNE1 cells were cultured for 24 h with 1.5 wmol/L tetrandrine, 4 Gy irradiation, or a combina-
tion of 1.5 wmol/L tetrandrine and 4 Gy irradiation. The cell cycle distribution of the cells was investigated. (B) CNE cells were cultured for 24 h with 1.8 wmol/L tetran-
drine, 4 Gy irradiation, or a combination of 1.8 wmol/L tetrandrine and 4 Gy irradiation. The cell cycle distribution of the cells was investigated. (C) The percentages of
cells in the cell cycle phases were determined. The mean and SE were presented for three independent experiments. (*p<0.05 vs control, #p<0.05 vs 4 Gy.)

radiosensitivity of esophageal carcinoma cells by a mechanism
that might involve relief of radiation-induced G2/M arrest [10].

Sun et al. [11] found the effect of tetrandrine of radiotherapy
sensibilization on nasopharyngeal carcinoma cells, however, the
concentration of tetrandrine used in this study was cytotoxic to
cancer cells, which indicated that the side effects of the com-
bined treatment also increased. Consequently, it was unclear
whether the sensitization is caused by cytotoxicity or by the
sensitization effect of tetrandrine. Our results showed that the
maximum non-cytotoxic doses of tetrandrine for CNE1 and
CNE2 cells were 1.5 pmol/L and 1.8 pmol/L, respectively.
These concentrations were used in subsequent experiments to
eliminate the cytotoxicity of tetrandrine and retain only its sen-
sitization effect. We found that the maximum non-cytotoxic
dose of tetrandrine treatment combined with irradiation inhib-
ited the proliferation of CNEI and CNE2 cells and caused a sig-
nificant decrease in the number of clones relative to irradiation
treatment alone. The results inferred that tetrandrine could
enhance the radiosensitivity of CNE1 and CNE2. The study in
vivo also revealed that the maximum non-cytotoxic dose of

tetrandrine could amplify the suppression of tumor growth
caused by irradiation. Furthermore, the maximum non-cyto-
toxic dose of tetrandrine had no obvious side effect, as con-
vinced by showing no significant weight loss of mice.

The most deleterious lesion induced by irradiation is
thought to be DSBs. At the occurrence of a DNA lesion, the cell
will initiate repair to protect the integrity of the genetic mate-
rial. If DNA cannot be fully repaired, cells will undergo apopto-
sis [15]. The high DNA-damage repair capacity of cancer cells
leads to irradiation resistance. Our data provided direct evi-
dence that combined treatment with the maximum non-cyto-
toxic dose of tetrandrine and irradiation could increase DNA
damage and reduce DNA repair, leading to an increase in the
activation of apoptotic factors.

After DNA damage, cell cycle checkpoints at both the G1/S
transition and G2/M transition become active to provide time
for cells to repair DNA damage before mitosis to protect geno-
mic stability [16]. If DNA repair fails and cells are released into
mitosis in the presence of DSB repair, chromosomal breaks in
mitosis will increase, which can cause the activation of
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Figure 6. Tetrandrine treatment with irradiation regulated cell cycle-related proteins. (A) The expression of key protein in CNE1 cells. (B) The expression of key protein in
CNE2 cells. Cells receiving 4 Gy irradiation pretreatment were exposed to 1.5 wmol/L (CNE1) or 1.8 umol/L (CNE2) tetrandrine for 1 h, 6 h, and 24 h before collection for

western blot analysis.

apoptosis [17]. Cancer cells may harbor DNA damage by skip-
ping the G1/S checkpoint. Then, the G2/M checkpoint is the
last phase where damage can be repaired, thus making it a key
defender of cancer cell progression [18]. Therefore, G2/M
checkpoint abrogation has been investigated as a means of
enhancing the therapeutic index of cytotoxic agents. Recently,
several studies have shown that removal of arrest G2/M phase
arrest has significant effects on the radiosensitivity of cancer
cells [19-21]. Tetrandrine is also recognized as an enhancer of
radiosensitivity via abrogation of G2/M arrest in various kinds
of cancer [9,22]. It can sensitize human breast cancer cells to
irradiation by abolishing G2/M checkpoint controls and induc-
ing the entry of the irradiated cells into mitosis [22]. Chen et al.
noted that abrogation of radiation-induced G2/M arrest was
related to tetrandrine-induced radiosensitization in neuroblas-
toma cells [9]. In agreement with these studies, we observed
that irradiation arrested CNEI and CNE2 cells in G2/M phase.
Following combined treatment with the maximum non-cyto-
toxic dose of tetrandrine and irradiation, G2/M arrest was sig-
nificantly reduced. This finding indicates that the regulation of
cell cycle progression caused by tetrandrine was probably
related to the sensitization to irradiation. By abrogating the G2/
M delay caused by irradiation, tetrandrine treatment may
shorten the time for repair of irradiation-induced DNA dam-
age, resulting in a stronger cytotoxic effect and radiosensitivity.
The G2/M phase transition is regulated by the CDK1-cyclin
B1 complex directly. Dephosphorylation of CDK1 and expres-
sion of cyclin Bl are required for the activation of the CDK1-
cyclin B1 complex [23]. During G2/M arrest, the CDK1-cyclin

B1 complex is kept in an inactive state by phosphorylation at
the conserved tyrosine 15 residue of CDK1 [24]. This inactiva-
tion can be abolished by the dephosphorylation of CDK1 by
CDC25C, a protein phosphatase whose activity is downregu-
lated via phosphorylation on Ser216 [25]. Thus, the reduced
activity of CDC25C and a subsequent increase of CDK1 phos-
phorylation is the hallmark of cell cycle arrest at G2/M phase.
A dose-dependent effect of tetrandrine on the activation of G2/
M checkpoint kinases was observed in our study. With an
increase in the concentration of tetrandrine, p-CDC25C-
Ser216 and p-CDK1-Tyrl5 was increased while the expression
of total CDK1 did not change. These results showed that tetran-
drine itself could halt cell cycle progression at G2/M phase,
which appeared to occur in a concentration-dependent man-
ner. This conclusion was also consistent with recent studies
[26,27]. We also observed that using the maximum non-cyto-
toxic dose, 1.5 pmol/L and 1.8 pmol/L in CNE1 and CNE2
cells, respectively, had no significant effect on the activation of
G2/M checkpoint kinases.

We contrasted the difference between irradiation treatment
and combined treatment with tetrandrine and irradiation. After
irradiation, the phosphorylation of CDC25C and CDK1
sharply increased while the expression of cyclin Bl did not
change. In contrast, the increased phosphorylation of CDC25C
and CDKI1 was reversed while the total CDK1 did not change
after combined treatment with tetrandrine and irradiation,
which indicated that a higher proportion of CDK1 was acti-
vated. Combined treatment also promoted the expression of
cyclin Bl. Therefore, it could be inferred that following
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Figure 7. Tetrandrine inhibited nasopharyngeal carcinoma xenograft growth in vivo. (A) The tumor growth curves of mice model after different tetrandrine exposures. (B)
The body weight of mice model after different tetrandrine exposures. (C) The tumor growth curves of mice model after treatment with tetrandrine or irradiation. (D) The

body weight of mic model after treatment with tetrandrine or irradiation.

combined treatment, the activity of the CDK1-cyclin B1 com-
plex increased, resulting in the G2/M checkpoint transition.
This conclusion was consistent with the phenomenon observed
in cell cycle analysis.

In conclusion, our study suggests that the maximum non-
cytotoxic dose of tetrandrine might efficiently enhance the sen-
sitivity of irradiation in CNE1 and CNE2 cells and improve the
cytotoxicity of irradiation. The sensitization mechanism might
be involved in downregulation of the phosphorylation of
CDK1 and CDC25C, promoting the activation of these proteins
and increasing the expression of cyclin Bl. Such regulation
could prevent DNA repair at the G2/M checkpoint and
increase the DNA damage and apoptosis caused by irradiation.

Materials and methods
Cell culture

The human nasopharyngeal carcinoma cell lines CNE1 and
CNE2 were obtained from Sun Yat-sen University Cancer Cen-
ter (Guangzhou, China). Cells were cultured in RPMI-1640
medium (Gibco) supplemented with 10% fetal bovine serum
(FBS, Gibco). Cultures were maintained in a standard incubator
at 37°C and 5% CO,. The culture medium was changed every
24 h.

Radiation

Cells were exposed to irradiation with a total dose of 4Gy at
250 cGy/min using the Siemens Primus accelerator with 6 MV-
photos. All irradiation experiments were carried out at room
temperature.

The maximum non-cytotoxic doses of tetrandrine

Tetrandrine was purchased from Zhejiang Haizheng Pharma-
ceutical Company Limited (Taizhou, Zhejiang, China), with a
purity of over 98%. The solution of tetrandrine was diluted in
Imol/L hydrochloric acid to achieve a final concentration of
2500 uM, which was diluted from 0.1 pmol/L to 2.0 pwmol/L in
RPMI-1640 medium supplemented with 10% FBS for use.
MTT assays were performed for 6 consecutive days to generate
data for a cell growth curve. The maximum dose of tetrandrine
that had no effect on cell proliferation was chosen to be the
maximum non-cytotoxic dose.

MTT assay

CNEL1 and CNE2 cells were seeded into 96-well plates at a den-
sity of 1 x 10> cells/well. Cells were treated with concentrations
(0-2.0 pmol/L) of tetrandrine or irradiation and incubated for 1



to 6 days. Tetrandrine was added to combined treated cells 1h
after irradiation. After incubation, the medium was removed
from each well, and 20 pL of MTT (0.5 mg/mL) (Sigma-
Aldirich, USA) was added to each well, and the plates were incu-
bated for another 4 h. Then, 150 pwL of dimethylsulfoxide
(DMSO, Sigma-Aldirich, USA) was added to dissolve formazan
products. The solution was kept in the dark for 10 min at room
temperature. The absorbance of the solution was read at 490 nm.

Clonogenic assays

Exponentially growing cells were irradiated at doses of 1-8 Gy
at room temperature and then incubated in the presence or
absence of tetrandrinelh after irradiation. After this treatment,
cells were washed in PBS and trypsinized. Cells were seeded in
a 24-well plate in 5 ml medium at a density of 200 cells/well.
Colonies were grown for 10—14 d. Plates were washed in PBS,
and colonies were fixed with 95% ethanol. Staining was per-
formed using 0.1% crystal violet solution. Colonies of more
than 50 cells were counted to calculate the surviving fraction.
The proliferation index was the radio of OD value of combined
treated group to control group. Six parallel samples were scored
for each treatment condition.

Western blot analysis

Cell extracts were obtained with lysis buffer (Beyotime, China).
Protein concentration was quantified by BCA protein assay kit
(Thermo Scientific, MA). Western blots were performed as pre-
viously described [28]. Rabbit monoclonal anti-cyclin Bl
(ab32053), phospho-CDC25C-Ser216 (E190), rabbit polyclonal
phospho-CDK1-Tyrl5 (ab47594), and mouse monoclonal
CDKI1 (ab18) antibodies were purchased from Abcam. Rabbit
polyclonal anti-cleaved-Caspase3 (9661) and anti-Caspase3
(9662) was purchased from Cell Signaling Technology. Poly-
clonal rabbit anti-GAPDH (10494-1-AP) were pursed from
ProteinTech. Polyclonal goat anti-rabbit and anti-mouse sec-
ondary antibodies were purchased from CWBIO.

Neutral comet assay

Cells were seeded and irradiated at a dose of 4 Gy in 25-ml cul-
ture flasks and incubated in the presence of tetrandrine for
24 h. Cells were irradiated as a monolayer cultured in culture
flask. Tetrandrine was added to combined treated cells 1h after
irradiation. Cells (1 x 10°) were combined with molten LMA-
garose at a ratio of 1:10 (v/v) and pipetted onto Comet Slides
immediately. After being placed flat at 4°C in the dark for
10 min, slides were immersed in lysis solution at 4°C for 1 h
and then washed in neutral electrophoresis buffer for 30 min at
4°C. Then, slides were immersed in DNA precipitation solution
and 70% ethanol in turn for 30 min at room temperature. SYBR
Green I (100 L) was placed onto each sample for 30 min in
the dark. Slides were viewed by epifluorescence microscopy.

Flow cytometric analysis of the cell cycle

Cells were seeded and irradiated at a dose of 4 Gy in 25-ml cul-
ture flasks and incubated in the presence of tetrandrine for
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24 h. Tetrandrine was added to combined treated cells 1h after
irradiation. Cells (1 x 10°) from each group were harvested
24h after irradiation and washed with PBS. Then, 50 L of 100
pwg/mL RNase (Sigma-Aldirich, USA) was added. The cells
were incubated for 30 min with RNase solution and then placed
on ice. Immediately prior to measurement, the cells were
stained by adding 100 pl of 50 pg/mL propidium iodide (PI,
Sigma-Aldirich, USA). The histogram of DNA content mea-
sured with FACSCalibur (BD Biosciences, USA) was analyzed
using Flow]o software.

In vivo

Five-week-old immunodeficient BALB/c nu/nu female mice
(18-22 g) were purchased from the Experimental Animal Cen-
ter of Sun Yat-sen University (Guangzhou, China) and housed
in barrier facilities on a 12 h light/dark cycle. CNEL1 cells were
injured subcutaneously into the right flank (3 x 10° cells in 200
nL of RPMI-1640 medium). When the xenograft volumes
reached approximately 100 mm?®, the transplanted mice were
randomly divided into 4 groups (n = 5 mice each): control
group, 50mg/kg tetrandrine group, 6Gy group and combined
treatment group. An 6Gy dose of irradiation was delivered to
the tumor of 6Gy group and combined treatment group. One
day after irradiation, mice were treated by oral administration
of 50mg/kg tetrandrine (50mg/kg tetrandrine group and com-
bined treatment group) or normal saline (control group and
6Gy group) every other day. The tumor volumes were deter-
mined by measuring length (I) and width (w) and calculating
volume (V = 0.5 x 1 x w2) every 4 days. 24 days after irradia-
tion, the mice were killed by cervical dislocation.

Statistical analysis

Data are expressed as the mean =+ SD. Statistical software SPSS
16.0 was used to perform Student’s ¢-tests. The significant dif-
ference criterion was set at p<0.05.
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