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Oridonin enhances the radiosensitivity of lung cancer
cells by upregulating Bax and downregulating Bcl-2
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Abstract. Oridonin is an active component of the traditional
Chinese herb Rabdosia rubescens. The present study aimed to
evaluate the antitumor effects of oridonin on human non-small
cell lung cancer (NSCLC) cells and explore whether oridonin
could enhance their radiosensitivity. Oridonin was demon-
strated to inhibit the proliferation of SPC-A-1 and HCC827
lung cancer cells in a time- and dose-dependent manner, which
was detected using the MTT assay. In addition, pretreatment
with oridonin for 24 h prior to irradiation was identified to
enhance the radiosensitivity of SPC-A-1 cells. Furthermore,
the levels of apoptosis regulator BAX (Bax) and apoptosis
regulator Bcl-2 (Bcl-2) were detected by western blotting
analysis. The results demonstrated that the level of Bax was
increased and the level of Bcl-2 was decreased in SPC-A-1
cells treated with oridonin and irradiation compared with the
group that received irradiation alone. These results indicate
that oridonin may have a novel application as a radiosensi-
tizing agent for the treatment of human NSCLC.

Introduction

Non-small cell lung cancer (NSCLC) is a disease with high
incidence and mortality rates (1). Adenocarcinoma, squamous
cell carcinoma and large cell carcinoma are the three common
types of NSCLC (2,3). In patients with lung cancer, 85-90% of
cases are diagnosed as NSCLC (4). Compared with small cell
carcinoma, the growth of NSCLC is slower (2). The clinical
symptoms of NSCLC include fever, chest pain, shortness of
breath, coughing and bloody sputum (4,5). Clinically, NSCLC
is typically treated with surgery, chemotherapy, radiotherapy,
immunotherapy and combination therapy (6). Radiotherapy
is frequently used in combination with chemotherapy for the
treatment of NSCLCs if surgery alone is not possible (6,7).
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Radiation can be used to induce NSCLC cell death and can
relieve the symptoms caused by NSCLC, including breathing
problems and swelling (8). Additionally, radiation therapy can
be used to kill lung cancer cells that have metastasized to the
other part of the body, such as the bones (7).

Although radiotherapy is an important cancer treatment, it
can cause side effects, including neurotoxicity, nephrotoxicity,
myelosuppression, nausea and vomiting (9). Radiation kills
tumor cells and normal cells alike, which leads to limitations
in its clinical application (10). Therefore, the combination
of certain auxiliary anticancer drugs and radiotherapy has
become an area of interest for cancer research. The optimal
radiotherapy-anticancer drug combination should enhance the
antitumor effects and reduce radiation-induced side effects.

Oridonin is an active kaurene diterpene that is derived
from the traditional Chinese herb Rabdosia rubescens, which
possesses antitumor activity and exhibits little toxicity (11).
It has been reported that oridonin has antiproliferative and
apoptosis-inducing effects on cells from various types of
cancer, including colon cancer (12), gastric cancer (13), pros-
tate cancer (14), laryngeal cancer (15), lung cancer (16), breast
cancer (17) and gallbladder cancer (18). Murayama et al (19)
demonstrated that oridonin induced radiosensitization in
Chinese hamster V79 cells, alone or in combination with
misonidazole (19). The radiosensitivity enhancement ratios of
oridonin and misonidazole for hypoxic cells were 1.16 and 1.59,
respectively (19). In addition, the concurrent administration of
Asian botanicals, including vincristine, and radiotherapy may
increase the anticancer effects of therapies (20). However,
the role of oridonin on the radiosensitivity of lung cancer
cells remains unclear. The present study investigated whether
oridonin could enhance the radiosensitivity of lung cancer
cells and simultaneously to reduce the side effects of radiation,
which would provide a novel method for the radiotherapy of
human lung cancer.

Materials and methods

Cell lines and reagents. Human lung adenocarcinoma
HCC827 (CRL-2868™) cells were obtained from the
American Type Culture Collection (Manassas, VA, USA).
The human lung adenocarcinoma cell line SPC-A-1
(cat. no. YB-ATCC-4637) was purchased from Shybio
Corporation (Shanghai, China) and was maintained in the
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laboratory of the Department of Medical Oncology, Daqing
Oilfield General Hospital (Daqing, China). The HCC827
and SPC-A-1 cells were cultured in Dulbecco's Modified
Eagles Medium supplemented with 10% fetal bovine serum
(both HyClone; GE Healthcare Life Sciences, Logan, Utah,
USA) at 37°C with 5% CO,. Oridonin (cat. no. 09639) was
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany).

MTT assay. The inhibitory effect of oridonin on HCC827
and SPC-A-1 cells was measured using the MTT assay.
Briefly, the cells were seeded into 96-well plates at a density
of 2x10° cells/well. The cells were pretreated with series of
increasing oridonin concentrations (0-80 pm) for different
amounts of time (24, 48 or 72 h). Cells treated with 0.1%
dimethyl sulfoxide (DMSO) were used as the negative control
group. The cells were cultured for the indicated length and for
further 4 h following MTT treatment (5.0 mg/l, 20 ul) prior
to testing. The crystals that had formed were dissolved with
DMSO. Subsequently, the plates were read at a test wavelength
of 490 nm and a reference wavelength of 570 nm.

Clonogenic assay. Cells in the logarithmic phase of growth
were irradiated with 6 MeV X-rays, which were generated by
a linear accelerator (Varian 2100C; Varian Medical Systems,
Inc., Palo Alto, CA, USA). Briefly, the lung cancer cells were
plated into 6 cm plates at a density of 5,000 cells/plate and
irradiated at a dose of 0, 2, 4, 6, 8 or 10 Gy. The cultured
medium was replaced every other day and the cells were
cultured for 22 days. The cells were then fixed with parafor-
maldehyde (40 g/1) for 15 min at room temperature and stained
with 1 g/l crystal violet for 20 min at room temperature.
Colonies of >50 cells were counted under a light microscope.
The surviving fraction (%) was calculated as follows: Colony
forming efficiency in the experimental group/colony forming
efficiency in the control group x 100; with colony forming effi-
ciency = number of colonies formed/number of cells planted
x100%. A single-hit multitarget model was used to fit the
survival curves and radiobiological parameters, including DO
and N, which were calculated using GraphPad Prism software
(version 5.0; GraphPad Software, Inc., La Jolla, CA, USA).
DO is the radiosensitivity parameter describing the mean
lethal dose. It was determined as the reciprocal slope in the
semi-logarithmic survival curve. The N-value is the extrapo-
lation value and was determined at the intersection with the
Y-axis.

Western blotting and antibodies. The lung cancer cells
were washed with ice-cold PBS and cell lysates were
prepared using radioimmunoprecipitation assay buffer (cat.
no. POO13B; Beyotime Institute of Biotechnology, Nanjing,
China). Proteins were separated by SDS-PAGE, as previously
described (21-23). Briefly, 20 ug protein was loaded per lane,
separated using 10% SDS-PAGE gels and transferred to poly-
vinylidene fluoride membranes. The primary antibodies used
included anti-apoptosis regulator BAX (Bax; 1:1,000; cat.
no. AP1302a-ev; Abgent, Inc., San Diego, CA, USA), anti-apop-
tosis regulator Bcl-2 (Bcl-2; 1:1,000; cat. no. AP1303a-ev;
Abgent, Inc.) and anti-f-actin (1:1,000; cat. no. ab8227; Abcam,
Cambridge, UK). Incubation with primary antibodies was
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overnight at 4°C. Horseradish peroxidase-conjugated goat
anti-mouse secondary antibodies (1:5,000; cat. co. sc-2031)
were purchased from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Incubation with the secondary antibody was 1 h at
room temperature. Bands were visualized using an enhanced
chemiluminescence detection kit (Amersham; GE Healthcare,
Chicago, IL, USA) and analyzed with ImagelJ software (V1.8.0;
National Institutes of Health, Bethesda, MD, USA) for quanti-
fication.

Statistical analysis. The data was analyzed using SPSS
(version 20.0; IBM Corp., Armonk, NY, USA) and GraphPad
Prism software 5.0 (GraphPad Software, Inc.). The results are
presented as the mean + standard deviation. Experiments were
repeated twice with each sample run in triplicate. Comparisons
between multiple groups were analyzed using one-way anal-
ysis of variance followed by a post hoc Tukey's range test. The
survival fraction analysis was performed using an independent
samples t-test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Oridonin suppresses the proliferation of lung cancer cells
in a time- and dose-dependent manner. Oridonin is a natu-
rally derived substance with low toxicity that possesses
antitumor activity against various types of cancer (12,18,24).
To explore the antitumor activities of oridonin on lung cancer
cells, human lung cancer SPC-A-1 cells were treated with
increasing concentrations of oridonin (0-80 ym) for 24 h.
Cell viability was then determined by the MTT assay and the
results demonstrated that the inhibition rate of oridonin on
the cells gradually increased in a dose-dependent manner (all
P<0.05 vs. the 0 #m oridonin group; Fig. 1A). In addition, the
HCC827 cells were treated with oridonin (0-80 xm) for 24,
48 or 72 h and the MTT assay was performed to determine
cell proliferation. Consistently, the inhibition rate increased
as the concentration of oridonin increased (Fig. 1B). Notably,
oridonin exhibited a marked inhibitory effect on HCC827 cell
proliferation in a time-dependent manner (Fig. 1B). These
results indicate that oridonin inhibits the proliferation of lung
cancer cells in a time- and dose-dependent manner. As cell
growth was increased and more consistent using SPC-A1 cells
compared with HCC827, SPC-A1 cells were chosen for further
experiments.

Irradiation inhibits cell proliferation of SPC-A-1 cells. In
order to identify an appropriate irradiation dose for SPC-A-1
cells, a series of irradiation doses were used to treat the cells,
which were then cultured for 24 h. Cell viability was then
determined using the MTT assay. The results demonstrated
that the proliferation of SPC-A-1 cells was significantly inhib-
ited with increasing irradiation doses (all P<0.01 vs. the 0 Gy
group; Fig. 2A). Cells were irradiated with 2, 4, 8 and 16 Gy;
the inhibition rate was 62.4% at 16 Gy. In the following experi-
ments, a 4 Gy irradiation dose (~30% inhibition rate) was used
to treat the lung cancer cells.

Oridonin increases the radiosensitivity of SPC-A-1 cells. An
increasing concentration of oridonin (0-40 ym) was used to
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Figure 1. Oridonin suppresses the proliferation of lung cancer cells in a time- and dose-dependent manner. (A) Human lung cancer SPC-A-1 cells were treated
with different concentrations of oridonin for 24 h and the MTT assay was performed to determine cell viability. (B) HCC827 cells were treated with different
concentrations of oridonin for 24, 48 or 72 h and the MTT assay was performed to measure cell viability. "P<0.05, “P<0.01 vs. the 0 #m oridonin group;

#P<0.05, #P<0.01.
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Figure 2. Oridonin increases the radiosensitivity of SPC-A-1 cells. (A) Cells were irradiated with 2,4, 8 or 16 Gy and the inhibition rate was determined using
the MTT assay. (B) Cells were pretreated with 10, 20 or 40 ym oridonin for 24 h, then each group was irradiated with 4 Gy and the MTT assay was used to
detect cell viability. At O gm oridonin, the drug was substituted with dimethyl sulfoxide and oridonin+IR served as the control group. “P<0.01 vs. 0 Gy group;

"P<0.01 vs. oridonin group at the respective concentration. IR, irradiation.

pretreat the human lung cancer SPC-A-1 cells for 24 h prior
to a 4 Gy irradiation dose. Subsequently, cell viability was
determined using the MTT assay. As shown in Fig. 2B, the
inhibition rate was significantly increased in the 20 and 40 M
oridonin pretreatment groups compared with the group treated
with irradiation alone (P<0.01).

SPC-A-1 cell survival is enhanced by oridonin treatment
prior to irradiation. In order to further determine the role of
oridonin on the radiosensitivity of lung cancer cells, SPC-A-1
cells were pretreated with 40 ym oridonin for 24 h and then
exposed to various irradiation doses (2,4, 6, 8 and 10 Gy). The
results demonstrated that the survival fraction in the oridonin
and irradiation treated group was lower compared with that in
the irradiation alone group at all doses (Fig. 3). In the single-hit
multitarget model, for its associated parameters the DO value
was 2.916+0.063 in the oridonin pretreatment group, which
was significantly decreased compared with that of 3.465+0.239
in the group without oridonin pretreatment (P<0.05; Fig. 3).
The N value was 2.367+0.334 in oridonin-pretreated cells

Radiosensitization
-+~ Oridonin+IR
= R

1.0

0.5

Survival fraction

0.0

0 2 4 6 8 10 12
Radiation dose (Gy)

IR Oridonin+IR
Do 3.465 . 2.916
N 4.144 | 2.367

Figure 3. SPC-A-1 cell survival is enhanced by oridonin treatment prior to
IR. SPC-A-1 cells were pretreated with 40 ym oridonin for 24 h and then
irradiated with 2, 4, 6, 8 and 10 Gy. The survival rates were fitted using a
single-hit multitarget model. IR, irradiation; DO, radiosensitivity parameter;
N, extrapolation value.
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Figure 4. Oridonin promotes the expression of Bax and decreases the expression
of Bcl-2 in SPC-A-1 cells. (A) Cells were treated with 10,40 or 80 ym oridonin
for 24 h, then cell lysates were prepared and the levels of Bax and Bcl-2 were
determined by western blotting. The gray values of the (B) Bax and (C) Bcl-2
western blotting results were quantified. “P<0.01 vs. the O zm oridonin group.
Bax, apoptosis regulator BAX; Bcl-2, apoptosis regulator Bcl-2.

compared with 4.144+1.519 in the cells without oridonin
pretreatment.

Oridonin promotes the expression of Bax and decreases
the expression of Bcl-2 in SPC-A-1 cells. Furthermore, the
underlying molecular mechanism of the effect of oridonin
on lung cancer cells was investigated by western blotting
analysis. The SPC-A-1 cells were treated with different doses
of oridonin (10, 40 and 80 um) for 24 h prior to analysis.
As shown in Fig. 4, the level of Bax gradually increased as
the concentration of oridonin increased, up until a dose of
40 pum, and conversely, the level of Bcl-2 decreased with an
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Figure 5. Oridonin in combination with IR increases the apoptosis of SPC-A-1
cells. (A) Cells were pretreated with oridonin for 24 h and irradiated with 2,4
or 8 Gy, and then the levels of Bax and Bcl-2 were detected by western blot-
ting analysis. The gray values of the (B) Bax and (C) Bcl-2 western blotting
results were quantified. “P<0.01 vs. the 0 Gy group. Bax, apoptosis regulator
BAX; Bcl-2, apoptosis regulator Bel-2. IR, irradiation.

increasing concentration of oridonin. These results indicate
that oridonin pretreatment promotes the apoptosis of lung
cancer cells.

Oridonin in combination with irradiation increases the level
of Bax and decreases the level of Bcl-2 in SPC-A-1 cells. To
investigate whether pretreatment with oridonin promoted the
apoptosis of lung cancer cells in response to irradiation, western
blotting was performed to detect the expression levels of Bax
and Bcl-2 after oridonin and irradiation treatment. SPC-A-1
cells were pretreated with oridonin (40 xM) for 24 h and then
subjected to a 0, 2, 4 or 8 Gy irradiation dose. As shown in



Fig. 5, the expression of Bax was increased and the expression
of Bcl-2 was decreased with increasing irradiation doses. These
results suggest that oridonin increases the radiosensitivity of
human lung cancer cells through inducing apoptosis.

Discussion

In recent years, great progress has been made in the diagnosis
of and clinical therapy for lung cancer. However, the mortality
rate of patients with lung cancer remains high, with a 5-year
survival rate of only 15% (25-27). Oridonin is a compound that
is extracted from the traditional Chinese herb R. rubescens,
which possesses anticancer properties through inhibiting prolif-
eration and promoting apoptosis (24,28,29). The present study
investigated the role of oridonin in the radiosensitivity of lung
cancer cells.

Two human lung cancer cell lines, HCC827 and SPC-A-1,
were used as cell models of lung cancer. The human lung cancer
cells were treated with different concentrations of oridonin
for 24, 48 or 72 h and cell viability was determined using the
MTT assay. The results demonstrated that oridonin inhibited
lung cancer cell proliferation in a time- and dose-dependent
manner. Next, the lung cancer cells were exposed to different
doses of radiation, which revealed that irradiation inhibited the
proliferation of SPC-A-1 cells. Furthermore, different concen-
trations of oridonin were used to pretreat the SPC-A-1 cells for
24 h prior to a 4 Gy irradiation dose. The results demonstrated
that oridonin increased the radiosensitivity of SPC-A-1 cells.

The underlying molecular mechanism of the effect of
oridonin and irradiation on lung cancer cells was explored.
Notably, the results demonstrated that oridonin in combina-
tion with irradiation promoted the apoptosis of SPC-A-1
cells, as the Bax/Bcl-2 ratio was increased in the cells treated
with combination therapy compared with each therapy alone.
Bcl-2 is an antiapoptotic protein that is primarily located on
the nuclear membrane, endoplasmic reticulum and the outer
mitochondrial membrane, and inhibits the progression of
X-ray-induced apoptosis (30,31). Another apoptotic effector,
Bax, also belongs to Bcl-2 family. Bax can bind to Bcl-2 to form
heterodimers, which promote apoptosis (32,33). In the present
study, treatment with oridonin prior to irradiation notably
increased the ratio of Bax/Bcl-2, suggesting that apoptosis
was promoted by the combination of oridonin and irradiation
compared with each treatment alone. Active Bax is recruited
to the mitochondria and forms pores leading to the release of
cytochrome ¢ (33). Thus, the present study hypothesized that
combination treatment with oridonin and irradiation activated
the mitochondrial-mediated apoptosis signaling pathway.
However, the present study only detected the levels of Bax and
Bcl-2. Further studies are required to measure the apoptotic
rate of lung cancer cells after oridonin treatment and irradia-
tion. In conclusion, the results of the present study indicate that
oridonin has a potential application as a radiosensitizing agent
for the treatment of human NSCLC.
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