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Abstract. Epidermal growth factor receptor (EGFR), a trans-
membrane glycoprotein, is expressed at high levels in a large 
proportion of laryngeal squamous cell carcinoma (LSCC). 
Cetuximab (Cet), an anti-EGFR monoclonal antibody, has 
limited clinical outcome for patients with head and neck 
squamous cell carcinoma. Our previous studies showed that 
oridonin (ORI), a natural and safe kaurene diterpenoid isolated 
from Rabdosia rubescens, inhibited cell growth in HEp-2 cells 
through inhibition of EGFR phosphorylation. The aim of the 
present study was to determine whether ORI could improve 
the anticancer efficacy of Cet on LSCC. We observed that the 
combination with Cet and ORI synergistically inhibited cell 
growth associated with Fas-mediated apoptosis and G2/M 
phase arrest in two LSCC cell lines (HEp-2 and Tu212 cells). 
Moreover, combination treatment caused cell death associ-
ated with suppression of p-EGFR and activation of reactive 
oxygen species (ROS)-mediated JNK pathway. In nude mice 
bearing HEp-2 xenografts, ORI plus Cet caused a significant 

tumor regression through induction of apoptosis and inhibi-
tion of proliferation with no side-effect. Together, our findings 
suggest that the combination of ORI and Cet has the potential 
to enhance tumor responses and may significantly improve 
therapeutic outcomes in LSCC.

Introduction

Head and neck cancers consistently rank among the six most 
frequently diagnosed types of cancer in the world (1). Over 
90% of head and neck cancers are squamous cell carci-
nomas (2). Laryngeal squamous cell carcinoma (LSCC) is 
a common type of head and neck malignancy worldwide. 
Despite the advance in the conventional therapies, the overall 
survival rate for LSCC has not significantly improved (3). 
Epidermal growth factor receptor (EGFR) is a member 
of the HER tyrosine kinase growth factor receptor family 
and is invariably involved in signaling pathways affecting 
cellular growth, differentiation and proliferation (4). It has 
been well established that overexpression of EGFR promotes 
tumor growth and progression, including maturation, angio-
genesis, invasion, metastasis and inhibition of apoptosis (5). 
Several research groups have confirmed that LSCC shows 
significantly higher EGFR expression compared with normal 
epithelium (6). Our group had also detected the EGFR gene 
amplification in human laryngeal squamous carcinoma HEp-2 
cells and in 11 laryngeal carcinoma tissues by fluorescence 
in situ hybridization (FISH) (7,8). High expression levels of 
EGFR contribute to oncogenesis and tumor progression in 
LSCC (9). Taken together, these reports indicate that EGFR is 
a promising target for LSCC.

Cetuximab (Cet) is a mouse-human chimeric anti-EGFR 
monoclonal antibody. Cet binds specifically to the extracel-
lular domain of EGFR and induces an internalization of the 
receptor leading to downregulation of EGFR (10). Cet has 
been shown to inhibit the proliferation of a variety of cultured 
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malignant human cell lines that overexpress EGFR (11,12). 
In 2004, Cet was approved as an intravenous infusion for the 
treatment of head and neck cancers by the United States Food 
and Drug Administration (FDA) (13). However, Cet when used 
as a single agent exhibits limited efficacy with lower response 
rates (<15%) in head and neck squamous cell carcinoma 
(HNSCC) patients (14). It is, therefore, essential to benchmark 
antitumor activity against the data accumulated with Cet when 
given as part of a doublet or triplet combination (15).

Anticancer agents derived from herbs and plants continue 
to attract attention globally due to their purported better effi-
ciency. Rabdosia rubescens, the widely used herb in traditional 
Chinese medicine, is shown to suppress tumor progression, 
prolong survival and has low adverse effect in patients with 
esophageal, gastric and hepatic carcinoma (16,17). Oridonin 
(ORI) (Fig. 1A), a natural kaurene diterpenoid, is an essential 
antitumor component from Rabdosia rubescens. ORI exhibits 
significant antitumor activity in a variety of cancer cells (18,19) 
and has low cytotoxicity against normal cells and tissues 
(20,21). Our previous studies also showed that ORI inhibits cell 
growth in HEp-2 cells through suppression of EGFR expres-
sion (22). Since combination of Cet with other cytotoxic drugs 
could be an effective management for HNSCC, it would be 
interesting to delineate and characterize the antitumor effects 
of the combined treatment with Cet and ORI on LSCC cells.

In the present study, we show that combination of ORI 
with Cet at lower doses synergistically increased the antitumor 
effects in LSCC cells as compared with either single agent. 
Furthermore, our results demonstrated that ORI plus Cet 
significantly induced apoptosis and cell cycle arrest in vitro 
and in vivo through inhibition of EGFR phosphorylation and 
activation of ROS-mediated JNK signaling pathway.

Materials and methods

Reagents. Cet was obtained from Merck KGaA (Darmstadt, 
Germany). ORI was obtained from the Beijing Institute of 
Biological Products (Beijing, China). RPMI-1640 medium 
and fetal bovine serum (FBS) were obtained from Gibco-BRL 
(Gaithersburg, MD, USA). The primary antibodies for western 
blotting and immunohistochemical studies were purchased 
from Cell Signaling Technology (Beverly, MA, USA). All 
of the other chemicals were purchased from Sigma-Aldrich 
(St. Louis, MO, USA).

Cell culture. HEp-2 and Tu212 cells were obtained from 
the American Type Culture Collection (ATCC; Manassas, 
VA, USA). Cell lines were maintained at 37˚C and 5% CO2 
in RPMI-1640 medium supplemented with 10% FBS and 
10 µg/ml streptomycin and 100 µg/ml penicillin.

Cell viability assay. Cell viability of ORI and Cet on LSCC 
cells were measured by MTT assay. HEp-2 and Tu212 cells 
were seeded onto 96-well culture plates at a density of 0.5 
and 1x104 cells/well. Following treatment with the indicated 
concentrations of ORI (12, 24 and 36 µM) and/or Cet (1, 10 and 
100 µg/ml) for 24 and 48 h, the cells were washed twice with 
PBS. Subsequently, MTT was then added at a final concen-
tration of 0.5 µg/ml, and the cells were further incubated for 
2.5 h. The medium was removed, and the formazan crystals 

were dissolved in dimethyl sulfoxide (DMSO) (150 µl). The 
optical density (OD) was measured at 490 nm using a micro-
plate reader (BioTek Laboratories, Winooski, VT, USA). The 
percentage of cell viability was calculated as follows: Cell 
viability (%) = [(A490, sample - A490, blank)/(A490, control - A490, blank)] 
x100.

The combined effects of ORI and Cet on cell growth inhi-
bition were analyzed using the software CalcuSyn (Biosoft, 
Ferguson, MO, USA), which applies the median-effect equa-
tion of Chou and the CI (combination index) equation of Chou 
and Talalay (23).

Fluorescence microscopy examination. The apoptotic nuclear 
morphology was assessed by staining the cells with the fluores-
cent DNA-binding dye acridine orange (AO). After treatment 
with ORI and/or Cet for 48 h, LSCC cells were stained with 
20 µg/ml AO for 15 min, and then the nuclear morphology was 
observed under a fluorescence microscope (Olympus, Tokyo, 
Japan).

Flow cytometric analysis of apoptosis and cell cycle 
distribution. Cell apoptosis was analyzed using an 
Annexin V-PE/7-AAD apoptosis kit (BD Biosciences, San 
Diego, CA, USA) according to the manufacturer's instructions. 
After treatment with ORI and/or Cet for 48 h, LSCC cells were 
washed with binding buffer and centrifuged. The cell pellet 
was resuspended in binding buffer, and 5 µl Annexin-V-PE 
and 5 µl 7-AAD were added, mixed, and the preparation was 
incubated for 15 min in the dark at room temperature. The 
apoptotic cells were measured using a BD FACSCalibur flow 
cytometer (Becton-Dickinson, Franklin Lakes, NJ, USA).

To evaluate the cell cycle distribution, LSCC cells were 
treated with ORI and/or Cet for 48 h. Cell cycle distribution 
was conducted according to a previous report (22). All data 
were recorded and analyzed using the FlowJo software version 
7.6 (Tree Star, Inc., Ashland, OR, USA).

Detection of intracellular ROS accumulation. Intracellular 
ROS accumulation was monitored using DCF-DA, which is 
a specific probe for the presence of hydrogen peroxide. The 
experiments were conducted by flow cytometry as previously 
described (24).

HEp-2 xenografts in nude mice. All of the experimental proce-
dures were approved, and the mice were maintained and treated 
in accordance with the institutional guidelines of Animal Care 
and Use Committee of Tianjin International Joint Academy 
of Biotechnology and Medicine. Six-to-eight-week-old female 
BALB/c athymic (nu+/nu+) mice were purchased from Vital 
River Laboratories, Co., Ltd. (Beijing, China). Logarithmically 
growing HEp-2 cells were harvested by trypsinization, and 
each mouse was given injections of 1x106 cells subcutaneously 
into the right flank. Tumor growth was assessed every day by 
caliper measurement. Tumor volume (mm3) was calculated by 
the formula: π/6 x larger diameter x (smaller diameter)2. In 
these experiments, all the mice were randomly divided into 
4 groups and injected intraperitoneally (i.p.) with vehicle, Cet 
(1 mg/mice) alone, ORI (20 mg/kg) alone, or ORI and Cet in 
combination (n=10 per group). Animals in the control group 
were treated with DMSO and sterile PBS given by i.p.
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In the study, all of the mice were sacrificed at the end of the 
treatment, and their tumors were harvested for immunohisto-
chemical analysis. ELISA was used to test the ROS production 
of tumor sample, as previously described (25).

Immunohistochemistry and TUNEL assay. Immunohisto
chemical analysis of tumor tissue from nude mouse xenografts 
was performed following the standard protocol. Terminal 
deoxynucleotidyl transferase-mediated dUTP nick end 
labeling assay (TUNEL) was carried out according to the 
manufacturer's instructions (Promega, Madison, WI, USA) as 
previously described (26).

Western blot assays. Culture cells and subcutaneous tumors 
were lysed in cell lysis buffer, and the protein concentra-
tions were determined using the Bradford absorbance assay. 
Protein expression was analyzed by western blot as previously 
described (22).

Data analysis. All data were analyzed using SPSS 17.0 
software. One-way ANOVA was employed to analyze the 
differences between sets of data. For all analysis, P<0.05 was 
considered to indicate a statistically significant result.

Results

Combined treatment with ORI and Cet induces LSCC cells 
death via inhibition of EGFR. The anti-proliferative effects of 
combination of ORI and Cet were examined using the MTT 
assay in LSCC cell lines. As shown in Fig. 1B, Cet alone only 
had a moderate inhibitory effect on the growth of LSCC cells, 
while ORI alone caused a time- and concentration-dependent 
inhibition of proliferation. Importantly, ORI in combination 
with Cet augmented growth inhibition of LSCC cells. The 
CI value of the combination of 24 µM ORI and 10 µg/ml Cet 
for 48 h was 0.59 for HEp-2 cells, while the CI value of the 
combination of 36 µM ORI and 10 µg/ml Cet for 48 h was 0.50 

Figure 1. The effect of combined ORI and Cet on cell viability in LSCC cells. (A) The chemical structure of ORI. (B) MTT assay of LSCC cells in the presence 
of ORI and/or Cet. Cells were plated in 96-well dishes and treated the next day with increasing doses of ORI (0, 12, 24 and 36 µM), Cet (0, 1, 10 and 100 µg/
ml), or the combination for 24 and 48 h. Results are expressed as percentage of cell number compared with the same cell line grown in the absence of the drugs. 
n=3, Mean ± SD. (C) The effect of combined ORI and Cet on the expression of p-EGFR and EGFR in the LSCC cells. LSCC cells were exposed to ORI (24 µM 
for HEp-2 cells and 36 µM for Tu212 cells, respectively) and Cet (10 µg/ml) for 48 h, and the protein levels were determined by western blot analysis. β-actin 
was used as a loading control and blots are representative of at least 3 repeats. 
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for Tu212 cells (Table I). The CI values <1 indicate that ORI 
and Cet exhibit synergistic growth inhibition of LSCC cells.

To characterize the expression of EGFR that might corre-
late with the observed growth inhibition, the effect of ORI/Cet 
combination on the levels of phosphorylated and total EGFR 
was examined by western blotting. Cet alone reduced p-EGFR 
expression in two LSCC cells, whereas ORI induced moderate 
inhibition. Combination treatment further decreased the 
expression of p-EGFR and total EGFR (Fig. 1C).

Combination of ORI and Cet induces apoptosis through 
activation of Fas-mediated extrinsic apoptotic pathway. 

Next, we verified whether ORI and Cet exert an anticancer 
effect via induction of apoptosis. As shown in Fig.  2A, 
compared with the control group, more apoptotic cells were 
observed in ORI-treated and combination groups. ORI plus 
Cet caused strong apoptotic cell death in HEp-2 and Tu212 
cells, which was higher than that caused by either agent 
alone (Fig. 2B).

Since the Fas/FasL system is an important apoptosis 
signal transduction pathway (27), we investigated whether 
the Fas/FasL-mediated pathway is related to the ORI/Cet 
combination-induced apoptosis. As shown in Fig. 2C, LSCC 
cells exposed to ORI alone increased the expression levels of 

Figure 2. Combination of ORI and Cet synergistically induces Fas-dependent apoptosis in LSCC cells. (A) The cellular morphologic changes were observed 
under fluorescence microscopy with AO staining. Arrow indicates nuclear condensation and fragment. Bar represents 10 µm. (B) Induction of apoptosis was 
determined by staining with Annexin V-PE/7-AAD and flow cytometric analysis. Each histogram represents the mean ± SD of three independent experiments. 
(C) The expressions of Fas, FasL, FADD, caspases, PARP and ICAD were determined by western blot analysis. β-actin was used as a standard to ensure equiva-
lent loading of cell extracts. All blots are representative of at least 3 repeats. *P<0.05 compared to the control group; #P<0.05 compared to the ORI alone group.
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Fas and FasL when compared to control cells. Importantly, the 
levels of Fas, FasL and FADD were significantly enhanced by 

ORI plus Cet. Moreover, after 48-h exposure to ORI, we found 
that caspase-8, caspase-3 and PARP were cleaved to their 
active forms. Cleaved PARP, activated caspase-3 and activated 
caspase-8 were further increased as a result of the treatment 
with a combination of ORI and Cet. The expressions of ICAD 
were dramatically lower when both agents were combined 
compared with each agent alone.

Combined treatment with ORI and Cet induces G2/M phase 
cell cycle arrest. We further characterized the effects of 
ORI and Cet combination on the cell cycle distribution. As 
shown in Fig. 3A, Cet treatment did not show cell cycle arrest, 
whereas ORI caused G2/M arrest in LSCC cells compared to 
the control. Moreover, combination treatment with Cet and 
ORI resulted in a significant G2/M phase arrest compared 
with ORI given alone.

Next, the effects of ORI/Cet on the modulation of molec-
ular events associated with the G2/M phase were investigated 
in LSCC cells. As shown in Fig. 3B, ORI plus Cet resulted 
in a significant suppression of cyclin B1, which is essential 
for the transition from the S to the M-phase. Moreover, the 
combination of ORI and Cet decreased in Cdc25C and Cdc2 
protein levels, but strongly increased the levels of p-Cdc2 
and p-Cdc25c compared with either agent alone or control 
group. On the other hand, compared with each agent alone, 
ORI plus Cet moderately increased the protein levels of 
p21 (Fig. 3B), an upstream kinase associated with Cdc25C-
cyclin B1/Cdc2 (28). 

Figure 3. ORI/Cet induces G2/M phase cell cycle arrest and regulates the expression of cell cycle-regulating proteins. (A) Histogram of cycle distribution 
of HEp-2 and Tu212 cells after treatment with ORI (24 µM for HEp-2 cells and 36 µM for Tu212 cells, respectively) and Cet (10 µg/ml) for 48 h. Cell cycle 
distribution was monitored by flow cytometry using propidium iodide (PI) staining assay. n=3, Mean ± SD. (B) The protein levels of cell cycle-regulating 
proteins were detected by western blot analysis. Results presented are the mean from 3 parallel experiments. *P<0.05, compared to the control group; #P<0.05, 
compared to the ORI alone group.

Table Ⅰ. In vitro combination study of Cet with ORI in HEp-2 
and Tu212 cells.

	 CI of HEp-2 cells	 CI of Tu212 cells
Combining Cet	 ----------------------------------	 ---------------------------------
with ORI	 24 h	 48 h	 24 h	 48 h

1 µg/ml Cet
  12 µM ORI	 0.75	 0.71	 1.51	 0.66
  24 µM ORI	 0.81	 0.67	 0.72	 0.61
  36 µM ORI	 0.66	 0.63	 0.55	 0.51

10 µg/ml Cet
  12 µM ORI	 0.78	 0.73	 1.23	 0.78
  24 µM ORI	 0.70	 0.59	 0.83	 0.663
  36 µM ORI	 0.60	 0.62	 0.50	 0.50

100 µg/ml Cet
  12 µM ORI	 0.99	 1.02	 1.89	 0.68
  24 µM ORI	 0.73	 0.60	 1.57	 0.69
  36 µM ORI	 0.56	 0.64	 0.67	 0.54

Combination index (CI) <1 indicates synergism; CI=1 indicates addi-
tive effect; CI>1 indicates antagonism.
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ROS-mediated JNK pathway regulates ORI/Cet-induced 
apoptosis and cell cycle arrest. We investigated whether the 
cell growth inhibition induced by the combination of ORI and 
Cet was triggered by ROS accumulation. As shown in Fig. 4A, 
the treatment of LSCC cells with the combination of ORI and 
Cet could rapidly induce ROS production. The highest genera-
tion of ROS was observed after 3 h of exposure to the two 
agents.

To determine whether ROS is involved in cell growth 
inhibition induced by the combination of ORI and Cet, NAC 
(N-acetylcysteine) and CAT (catalase), two general free radical 
scavengers (29,30), were introduced. NAC and CAT showed 
significant inhibitory effects on ORI/Cet-induced cell growth 

inhibition (Fig. 4B). Moreover, the percentage of apoptotic 
cells of combination groups were significantly reduced after 
pretreatment with NAC and CAT (Fig. 4C). NAC could partly 
inhibit the expression of the cleaved PARP and activated 
caspase-3 induced by ORI/Cet (Fig. 4D). On the other hand, 
the proportion of LSCC cells treated with ORI/Cet plus NAC 
or CAT in G2/M phase was significantly lower than that in 
cells treated with ORI/Cet (Fig. 5). Pretreatment with NAC 
showed a significant protection against ORI/Cet-induced Cdc2 
and cyclin B1 degradation (Fig. 5).

Next, we explored the contribution of MAPK (mitogen-
activated protein kinase) family proteins ERK, JNK and 
p38 to the ORI/Cet-induced cell apoptosis and G2/M phase 

Figure 4. ORI/Cet stimulates the generation of ROS, which in turn mediates LSCC cell apoptosis. (A) HEp-2 and Tu212 cells were incubated with ORI (24 µM 
for HEp-2 cells and 36 µM for Tu212 cells, respectively) and Cet (10 µg/ml) for the indicated time periods. The generation of ROS was measured by using 
the fluorescent dye DCF-DA in flow cytometry. n=3, Mean ± SD. (B) The cells were pretreated with 2.5 mM N-acetylcysteine (NAC) and 50 U/ml catalase 
(CAT) for 1 h and then treated with ORI/Cet for 48 h. Cell growth rate was measured by MTT assay. n=3, Mean ± SD. (C) Apoptosis was detected through 
Annexin V-PE/7-AAD assay. n=3, Mean ± SD. (D) The protein levels of Fas, PAPR and caspase-3 were detected by western blot analysis. *P<0.05, compared 
to the control group; #P<0.05, ##P<0.01, compared to the combined treatment group.
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arrest. As shown in Fig. 6A, pretreatment with JNK inhibitor 
SP600125 (31) exhibited a significant inhibitory effect on cyto-
toxicity of the combination of ORI and Cet in LSCC cells, while 
pretreatment with ERK inhibitor PD98059 and p38 inhibitor 
SB203580 markedly increased ORI/Cet-induced cytotoxicity. 
Moreover, both ORI and Cet upregulated the level of p-JNK 
in the LSCC cells. Treatment of cells with ORI combined with 
Cet strongly increased the expression of p-JNK (Fig. 6B). In 
addition, compared with the combination group, inhibiting 
JNK resulted in decreased apoptosis in ORI/Cet-treated 
LSCC cells (Fig. 6C). The levels of Fas, cleaved PARP and 
activated caspase-3 were decreased by SP600125 (Fig. 6D). 
On the other hand, the inhibition of JNK was associated with 
obvious abolition of ORI/Cet-induced G2/M arrest (Fig. 7A). 
Addition of SP600125 abolished ORI/Cet-induced downregu-
lation of cyclin B1 and Cdc2 (Fig. 7B). Notably, western blot 
results indicated that inhibiting the generation of ROS partly 
inhibited the ORI/Cet-induced upregulation of p-JNK both 
in HEp-2 cells and Tu212 cells (Fig. 7C). All these results 
suggested that ROS-mediated JNK pathway participated in 
the regulation of G2/M phase arrest and apoptosis induced by 
ORI/Cet treatment.

Combined treatment of ORI with Cet leads to in vivo tumor 
regression through inhibiting the activation of EGFR. To 
characterize the in vivo effects of the combination of ORI and 
Cet, a series of experiments were conducted in HEp-2 tumor 
xenografts. As shown in Fig. 8A, ORI and Cet alone produced 
significant growth inhibition in HEp-2 xenografts. Combined 
treatment of Cet with ORI further inhibited tumor growth and 
resulted in substantial growth delay in the HEp-2 xenografts. 

All of the treatments were well tolerated, and there were no 
signs of toxicity or body weight loss during therapy.

We also elucidated the molecular mechanisms of the treat-
ment effects with ORI plus Cet on mouse HEp-2 xenografts. 
Cet alone had a minimum effect on p-EGFR expression, 
whereas ORI alone effectively reduced p-EGFR expression 
levels. The levels of p-EGFR in the combined treatment 
group were significantly lower than that in the ORI group 
(Fig. 8B and D).

We further evaluated tumor cell proliferation by PCNA 
staining. Treatment with ORI or Cet alone decreased the 
percentage of PCNA-positive proliferating tumor cells, with 
proliferation indices of 40 and 47%, respectively. Combined 
treatment with ORI and Cet markedly decreased the 
percentage of PCNA-positive proliferating tumor cells to 9% 
(Fig. 8B and C). We also examined whether treatment with 
ORI and/or Cet induced apoptosis in vivo in HEp-2 tumors. 
Combined treatment significantly increased the percentage 
of apoptotic cells to 46.3% compared with the cells of mono-
treated (ORI 29.3 and Cet 13%) or control mice (3%) (Fig. 8B 
and C). In addition, ORI plus Cet increased the activation of 
caspase-8 and caspase-3 (Fig. 8D).

Next, we detected the expression of cyclin B1 in the tumor 
tissue. As shown in Fig. 8B and D, Cet and ORI treatments 
decreased the percentage of mitotic cells as indicated by a 
decrease in the number of cyclin B1 positive cells. Similar to 
in vitro findings, there were fewer cells positive for cyclin B1 
in the combination group than in ORI-treated group.

Combining ORI and Cet induces ROS production and JNK 
activation in HEp-2 xenografts. To investigate whether ORI 

Figure 5. Combination of ORI and Cet induces G2/M arrest via ROS. (A) LSCC cells were pretreated with either NAC or CAT for 1 h, followed by treat-
ment with ORI plus Cet for 48 h. The cells were then stained with PI, followed by flow cytometric analysis. (B) The expression of cyclin B1 and Cdc2 were 
determined by western blot analysis. β-actin worked as the loading control. All blots are representative of at least 3 repeats. *P<0.05, compared to the control 
group; #P<0.05, compared to the combined treatment group.
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plus Cet induced ROS generation in vivo, the levels of ROS in 
the different treatment tumor tissues were examined. As shown 
in Fig. 8E, compared with the control group, both ORI and 
combination treatment resulted in a more significant elevation 
in ROS levels. However, no statistical difference in ROS levels 
was observed between the ORI and combined treatment group.

To substantiate the activation of JNK induced by the 
combination of ORI and Cet in vivo, p-JNK in xenograft tissues 
was revealed by immunohistochemistry and western blotting. 
As shown in Fig.  8B and D, p-JNK was detected in ORI 
and Cet-treated xenograft tissues compared with the control 
group, and combined treatment with ORI and Cet significantly 
increased the expression levels of p-JNK in tumors.

Discussion

In comparison with normal tissues, LSCC shows higher 
expression of EGFR, which promotes processes responsible for 
tumor growth and progression (6). Cet, an anti-EGFR mono-
clonal antibody, has failed to bring the expected antitumor 
outcome (14). Additionally, Cet is not sufficient to induce 
apoptosis and generally has less cytostatic effects on cell 
growth in many tumor cell lines (32,33), including LSCC cells. 
However, in combination with several anticancer agents from 
natural products, Cet has been shown to increase the incidence 
of human tumor cell apoptosis in a number of model systems. 
Park et al (34) observed marked antitumor activity with the 

Figure 6. Combination of ORI and Cet induces apoptosis through activating JNK. (A) HEp-2 and Tu212 cells were pretreated with JNK inhibitor SP600125 
(SP), p38 inhibitor SB203580 (SB) and ERK inhibitor PD98059 (PD) for 1 h and then treated with ORI (24 µM for HEp-2 cells and 36 µM for Tu212 cells, 
respectively) and Cet (10 µg/ml) for 48 h. Cell growth rate was measured by MTT assay. n=3, Mean ± SD. (B) HEp-2 and Tu212 cells were incubated with ORI 
and Cet for 48 h. The expression of JNK and p-JNK were determined by western blot analysis. (C and D) LSCC cells were pre-incubated with or without SP for 
1 h, then treated with the combination of ORI and Cet for 48 h and analyzed by flow cytometry and western blotting to evaluate apoptosis and related proteins. 
#P<0.05, compared to the combined treatment group.
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combination of Cet and genistein, a natural isoflavonoid 
derived from soy, in mice bearing an oral squamous cell carci-
noma (OSCC) xenograft. Cet in combination with docetaxel, 
a taxoid derived from the needles of the European yellow tree, 
could inhibit the proliferation of non-small cell lung cancer 
PC9/G2 cells in vitro and in vivo (35). Leeman-Neill et al (36) 
reported that guggulsterone, a naturally-occurring compound 
used in traditional Indian medicine, augments Cet-induced cell 
growth inhibition of HNSCC. Consistent with these observa-
tions, our results firstly demonstrated that a combination of Cet 
and ORI, an active component from Rabdosia rubescens, is an 
effective way to achieve synergistic antitumor effects against 
LSCC in vitro and in vivo. The present study also explored the 
potential mechanisms underlying the observed synergy of the 
combined treatment.

ORI was reported to exhibit potent antitumor effects 
against many cell lines through different mechanisms 
including MAPK, mTOR and NF-κB (37,38). In addition, 
ORI led to apoptosis in A431 cells (39), H1975 cells (40) and 
HEp-2 cells (22) through blockage of EGFR phosphorylation. 
Herein, our results also demonstrated that ORI could inhibit 
EGFR phosphorylation both in vitro and in vivo. Cet alone 
showed stronger suppression on EGFR phosphorylation 
than ORI alone in  vitro, whereas ORI had stronger anti-
proliferation effect on LSCC cells compared to Cet alone, 
suggesting that except EGFR pathway, the growth inhibitory 

effect of ORI appears to be associated with other signaling 
pathways. Importantly, combination of ORI with Cet has 
synergistic anti-proliferative activity in vitro with significant 
inhibition of p-EGFR expression. In addition, we observed 
that the combination treatment with ORI and Cet significantly 
suppressed levels of p-EGFR in tumor tissue and caused 
tumor regression of HEp-2 xenograft in vivo, compared with 
ORI or Cet alone. We did not observe any serious side-effects 
in the treatment groups during the entire experimental period. 
These results suggest that the two agents given together had 
a potent anticancer effect against LSCC through downregula-
tion of p-EGFR.

Decreased activity of EGFR leads to downregulation of 
several downstream signaling cascades resulting in apoptosis 
of cancer cells (41). Consistent with this report, our results 
demonstrated that the inhibitory effects of the combined treat-
ment with ORI and Cet on the EGFR phosphorylation was 
accompanied by a marked apoptosis in vitro and in vivo. It was 
reported that anti-EGFR inhibitors decreased phosphorylation 
of EGFR and its downstream effector Akt and amplified the 
induction of Fas-mediated apoptosis (42). Here, LSCC cells 
when co-treated with ORI and Cet showed higher expressions 
of Fas, FasL and activated caspase-8 than those in ORI alone-
treated cells. Furthermore, in the HEp-2 tumor xenografts, 
combined treatment resulted in significant apoptosis as well 
as marked increase in activated caspase-8 and -3, suggesting 

Figure 7. ORI/Cet induces G2/M phase arrest through ROS-mediated JNK pathway. (A and B) Flow cytometry and western blotting to evaluate cell cycle and 
related proteins. (C) LSCC cells were pre-incubated with or without NAC for 1 h, then treated with the combination of ORI and Cet for 48 h and analyzed 
the protein levels of JNK and p-JNK. β-actin worked as the loading control. All blots are representative of at least 3 repeats. *P<0.05, compared to the control 
group; #P<0.05, compared to the combined treatment group.
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Figure 8. ORI/Cet significantly inhibits HEp-2 growth and induces apoptosis in a xenograft mouse model. (A) Mice bearing HEp-2 xenografts were treated 
with vehicle, ORI (20 mg/kg/day), Cet (1 mg/kg twice for 5 days) or their combination for 10 days. Each group included 10 mice. Tumor volume was measured 
every day. After 10 days, the mice were sacrificed and the tumors were removed and analyzed. Data are expressed as mean (± SEM) tumor volume. Body 
weight of mice with HEp-2 xenografts was measured every day during treatment with vehicle control, ORI, Cet or their combination. (B) Representative 
images of HEp-2 tumors immunohistochemically stained with antibodies to p-EGFR, p-JNK, cyclin B1 and PCNA, and representative images of apoptotic 
cell death in HEp-2 tumors as measured by the TUNEL assay. Bar represents 10 µm. (C) Quantification of proliferation index (PCNA) and apoptosis index 
(TUNEL). (D) Expression levels of p-EGFR, EGFR, p-JNK, JNK, cyclin B1 and caspases in tumor tissues from various treatment groups were analyzed by 
western blot analysis. (E) ELISA measurement of the ROS level in tumors tissues treated by ORI and/or Cet. n=4, Mean ± SD. *P<0.05, **P<0.01, ***P<0.001 
compared to the control group; #P<0.05 compared to the ORI alone group.
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that Fas-mediated extrinsic pathway plays an important role in 
ORI/Cet-induced tumor cell death.

Previous studies have demonstrated that Cet inhibits cell 
cycle progression in non-small cell lung cancer lines, causing 
cells to arrest in the G1 gap phase that occurs prior to DNA 
synthesis (43). Nevertheless, Cet did not induce G0/G1 phase 
arrest in our models, which might be attributed to our use of 
different cell lines or the dose of Cet. The present results were 
in agreement with previous reports that ORI could induce 
G2/M arrest in HEp-2 (44), HCT116 (45) and MCF-7 cells 
(46). Interestingly, Cet strongly enhanced ORI-caused G2/M 
arrest in vitro and in vivo. It is now established that p21 is 
a universal inhibitor of cyclin kinases which controls cell 
cycle by activating and/or inactivating the cyclin-dependent 
kinases (28). Cdc25C is a critical regulator of Cdc2/cyclin B1 
kinase activity and controls cell cycle progression by dephos-
phorylating and activating CDKs (47). In the present study, the 
combined treatment of Cet and ORI moderately increased p21 
levels, which phosphorylated and inactivated Cdc25c, resulting 
in the inactivation of cyclin B1/Cdc2 complex. Hence, our find-
ings support that p21-Cdc25C-cyclin B1/Cdc2 pathway could 
be one of the possible underlying molecular events associated 
with the strong synergistic effect of the ORI/Cet combination 
on G2/M arrest in LSCC cells.

ROS act as secondary messengers and are essential for cell 
signaling and various cellular processes, including apoptosis 
and cell cycle arrest (48). It is reported that ORI induced apop-
tosis and G2/M arrest via ROS activation in L929 cells (49) 
and HEp-2 cells (44). The present study demonstrated that 
ORI induced apoptosis and G2/M arrest via ROS generation 
not only in HEp-2 cells but also in Tu212 cells, another type of 
LSCC cell line. In addition, the combination group also induced 
significant ROS production both in vitro and in vivo. However, 
combined treatment did not induce more ROS generation 
compared with the ORI alone group in vivo, indicating that 
other mediators might be involved in the antitumor effect of 
combination treatment with ORI and Cet in vivo. Furthermore, 
NAC or CAT pretreatment resulted in the marked inhibition 
of ORI/Cet-induced cell growth inhibition, apoptosis and Fas 
expression, indicating that combination treatment induced 
Fas-dependent apoptosis through ROS generation in LSCC 
cells. Moreover, pretreatment with NAC or CAT significantly 
decreased ORI/Cet-induced G2/M arrest, suggesting that 
combination of ORI and Cet caused ROS generation which 
is involved with combined treatment induced G2/M arrest. 
Taken together, these results suggest that the combined treat-
ment with ORI and Cet could trigger ROS generation, which 
was related to the Fas-dependent apoptosis and G2/M phase 
arrest in LSCC cells.

MAPK cascades are activated by various cellular stresses 
and growth factors, which are signaling transduction mole-
cules in apoptosis and cell cycle arrest (50). JNK pathway, 
as an important subgroup of MAPK super family, has been 
reported to be involved in tumor cell death induced by 
different chemotherapeutic agents (51). Herein, we demon-
strated that combination of ORI and Cet remarkably increased 
the levels of p-JNK in vitro and in vivo. Additionally, the 
inhibition of JNK by SP600125 decreased, in part, the 
ORI/Cet-induced cell death, apoptosis, G2/M arrest and 
related protein, suggesting that JNK activation contributed to 

ORI/Cet-induced extrinsic apoptosis and G2/M arrest. The 
involvement of JNK in ORI/Cet-induced growth inhibition 
is partial, and additional studies are still necessary to iden-
tify the other actors involved in this mechanism including 
the downstream effectors of EGFR, such as STAT or Akt. 
In addition, although diverse stimuli activate MAPK path-
ways, in many cases, the generation of ROS is responsible 
for increases in MAPK activity (52). In the present study, we 
found that NAC significantly inhibited the phosphorylation 
of JNK in LSCC cells especially in HEp-2  cells, suggesting 
that ORI/Cet-induced JNK activation was mediated through 
ROS generation. Together, these findings imply that ROS 
might be an upstream mediator of JNK activation, which 
initiates the series of apoptotic events and G2/M phase arrest 
induced by ORI/Cet.

In summary, the present study shows that combined 
treatment of ORI and Cet exerts synergistic effects on cell 
growth inhibition via downregulation of p-EGFR. ORI plus 
Cet activates ROS mediated-JNK pathway, and invokes strong 
anticancer activity against LSCC by inducing apoptosis and 
G2/M cell arrest in vivo and in vitro. Thus, a combination of 
ORI and Cet might be a promising approach for the treatment 
of laryngeal cancer.
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