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Abstract
Purpose: To investigate the radio-sensitizing effect of ethyl caffeate (ETF) on naso-pharyngeal
carcinoma.
Methods: MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) assay was used to
evaluate the cell viability of CNE-2 cells, while their levels of caspase-3 and caspase-9 were determined
by enzyme-linked immunosorbent assay (ELISA). In addition, a xenograft model was established in
nude mice. The model was treated with ETF (40 mg/kg) and subjected to β-irradiation (10 Gy) for 28
days, during which tumor volume was determined at 4-day intervals. Expressions of caspase-3,
caspase-9 and Bcl-2 were determined by western blotting assay.
Results: β-irradiation (10 Gy) did not produce any obvious inhibitory effect on the proliferation of CNE-2
cells. However, ETF (10, 20 and 40 μg/mL) significantly enhanced the radiosensitivity of the cells to βirradiation (p < 0.01) and significantly increased their levels of caspase-3 and caspase-9 (p < 0.01). The
combination of ETF (40 mg/kg) with β-irradiation resulted in significant inhibition of tumor growth in mice
xenograft model (p < 0.01). The combined treatment also resulted in significant up-regulation of
expressions of caspase-3 and casepase-9 and significant down-regulation of Bcl-2 in the tumor tissues
when compared with corresponding tissues from the control mice (p < 0.01).
Conclusion: ETF significantly enhances the sensitivity of naso-pharyngeal carcinoma CNE-2 cells to βirradiation, probably through induction of mitochondria-mediated apoptosis. ETF may be useful for
treating naso-pharyngeal carcinoma in combination with radiation therapy.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) is one of the
malignant solid tumors of head and neck which
commonly occurrs in the nasopharynx [1]. It has
been reported that NPC distribution exhibits
geographical characteristics, with presence
mainly in Eastern and Southeastern Asia, and
Northern
Africa
[2,3].
Epidemiological
investigations have revealed that men are more
susceptible to NPC than women [2]. The

pathological causes of NPC are complex, and
include Epstein Barr virus (EBV), smoking and
hereditary factors [4]. In recent times, great
progress has been made in the diagnosis and
treatment of NPC, due to radiotherapy and
chemotherapy [2,4]. However, NPC cells have
become increasingly insensitive to radiotherapy.
Excess irradiation could result in severe side
effects, such as irradiation enteritis, irradiation
osteomyelitis and irradiation pneumonitis [5].
Therefore, it is necessary to explore strategies
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for enhancing the sensibility of NPC to
irradiation.
Natural
plant-derived
agents
(including extracts and compounds) have been
found beneficial for the treatment of diseases;
these natural agents also possess significant
irradiation sensitizing effects on tumor cells [6,7].
Ethyl caffeate (ETF, Figure 1) is a
phenylpropanoid compound found in various
plants such as Atractylodes macrocephala and
Pharbitis nil [8]. Previous studies have
demonstrated that ETF has antioxidant,
antitumor, and antiviral properties [9-10].
However, there are no reports in the literature
regarding the irradiation sensitization of ETF. In
this study, we evaluated the β-irradiationsensitization of ETF on NPC CNE-2 cell was
investigated, and the underlying mechanism was
elucidated.
O
C

O

C2H5

Experimental animals
BALB/C nude male mice (6 week-old) were
purchased from the Experimental Animal Center
of the Graduate School of the Academy of
Military Medical Sciences (Beijing, China). The
experimental protocols were carried out in
accordance with “Principles of Laboratory Animal
Care” (NIH publication no. 85-23, revised 1985)
[11] and was approved by Ethics Committee for
Experimental Animals of The 5th People’s
Hospital of Ji’nan (approval no. M 2016-0124).
MTT assay
4

CNE-2 cells (1 × 10 /cell) were seeded in a 96well plate and cultured overnight. Thereafter, the
cells were exposed to different concentrations of
ETF for 24 h. In the radio-sensitivity assay, CNE2 cells were exposed to β-irradiation along with
ETF treatment, and MTT assay was performed to
assess the viability of the CNE-2 cells. Cell
viability (%) was calculated using the equation.
Cell viability (%) = (At/Ac) × 100

HO

where At and Ac are the absorbances of treated
and control cells, respectively.
HO

ELISA assays
Figure1: Chemical structure of ethyl caffeate.

EXPERIMENTAL
Chemicals and reagents
Ethyl caffeate (ETF, 98 % pure) was purchased
from Tauto Biotech. Co. (Shanghai, China). MTT
and DMSO were purchased from Sigma Co.
(Shanghai, China). Caspase-3 and ELISA kits
were
obtained
from
RayBiotech,
Inc
(Guangzhou, China). RPMI 1640 medium and
FBS were products of the Gibco Biotech.
(Shanghai, China). ELISA kits for caspase-3,
caspase-9 and the primary antibodies of
caspase-3, caspase-9, Bcl-2 and β-actin were
obtained from Beyotime Biotech. (Hangzhou,
China). All other reagents used were of analytical
grade.
Cell culture and β-irradiation
Nasopharyngeal carcinoma CNE-2 cell line was
cultured in RPMI1640 supplemented with 10 %
fetal bovine serum (FBS) in a CO2 cell incubator
with 5 % CO2 at 37 °C. The cells were exposed
to β-ray irradiation at a series of selected doses
using a 2300 C/D accelerator linear (Varian,
USA).

After treatment with ETF and β-irradiation,
supernatants from CNE-2 cells were used for
determination of levels of caspase-3 and
caspase-9 in CNE-2, based on manufactures’
instructions in commercial ELISA kits.
In vivo assay of radio-sensitivity of ETF on
xenograft nude mice
BALB/C nude mice were divided into three
groups: control, β-irradiation (10 Gy) and βirradiation + ETF (10 Gy + 40 mg/kg) groups.
The mice were subcutaneously injected with 2 ×
106 CNE-2 cells. Then, mice in group 3 were
treated with ETF at a dose of 40 mg/kg, while
mice in groups 2 and 3 were exposed to 10 Gy of
β-irradiation. Tumor volumes were determined
with a vernier caliper every 4 days during the 28
days period, in line with the formula: Tumor
volume V (mm3) = 0.5 × (width2×length)] [12].
Mice in the three groups were sacrificed by
cervical dislocation at the end of 28 days, and
tumor tissues were isolated for western blotting
assay.
Western blotting assay
Total proteins were isolated from the tumor
tissues. Then 40 μg of protein was subjected to
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SDS/PAGE, and the separated proteins were
blotted on a PVDF membrane. Thereafter,
protein bands were probed with corresponding
primary antibodies, and incubated with HRP.
Finally, the protein bands were detected by
chemiluminescence.

concentrations of 10 (p< 0.01), 20 (p< 0.001) and
40 μg/mL (p < 0.001) significantly enhanced the
radio-sensitivity of CNE-2 cell line to βirradiation.

Statistical analysis
Data are expressed as mean ± standard
deviation (SD) and were analyzed using SPSS
software (SPSS for Windows 17.0, SPSS Inc,
USA). Student's t test was used for the
evaluation of the significance of differences.
Differences at p < 0.05 were considered
statistically significant.

RESULTS
Antitumor effect of ETF and β irradiation
In this present investigation, MTT assay was
carried out to identify the relative sub-toxic doses
of ETF and β irradiation on the CNE-2 cells. As
shown in Figure 2, ETF possesses significant
cytotoxicity against CNE-2 cells at the doses of
80 (p < 0.01), 160 (p < 0.001) and 320 μg/mL (p
< 0.001). In addition, β-ray irradiation exerted
cytotoxicity on CNE-2 cells at doses above 10
Gy. Based on these results, 10 Gy was chosen
as the irradiation dose, while the doses of EFT
chosen were 10, 20 and 40 μg/mL.

Figure 2: Effect of ETFon cell proliferation of
CNE-2 cells. Data are expressed as mean ± SD
(n = 4), **p <0.01, ***p < 0.001, compared with
control group (0 μg/mL)
ETF enhanced radio-sensitivity of CNE-2 cells
to β-irradiation
The cytotoxicity effects of β-irradiation combined
ETF (10, 20 and 40 μg/mL) on CNE-2 cells are
shown in Figure 4. The results revealed that the
only β-irradiation dose that did not produce
obvious inhibitory effects on cell proliferation of
CNE-2 cells (p> 0.05). However, ETF at

Figure 3: Effect of β-irradiation on proliferation of
CNE-2 cells. Data are expressed as mean ± SD
(n = 4), **p < 0.01, *** p < 0.001, compared with
control group (0 Gy)

Figure 4: Effect of combination of ETF and βirradiation on proliferation of CNE-2 cells. Data
are expressed as mean ± SD (n = 4), **p < 0.01,
***p < 0.001, compared with control group
ETF increased levels of caspase-3 and 9 in
CNE-2 cells
To ascertain whether the radio-sensitivity of ETF
was linked to apoptosis, levels of caspase-3 and
9 were determined in CNE-2 cells that received
combined treatment of by ETF and β-irradiation.
The results (Figure 5) showed that ETF
significantly increased the levels of caspase-3
and 9 in CNE-2 cells after ETF when combined
with β-irradiation (p< 0.01,p< 0.001 and p< 0.001
for 10, 20 and 40 μg/mL, respectively).
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Figure 5: Effect of combination of ETF combined with β-irradiation on levels of caspase-3 and 9 in
CNE-2 cells. Data are expressed as mean ± SD (n = 4), **p < 0.01, ***p < 0.001, compared with
control group (0 μg/mL)
ETF increased sensitivity of CNE-2 tumor to β
irradiation in vivo
The combination of ETF (40 mg/kg) and βirradiation significantly inhibited the growth of
CNE-2 cells in mice (p < 0.001) when compared
with the control mice (Figure 6). The combined
treatment also produced a better antitumor effect
on CNE-2 tumor than β-irradiation alone (p <
0.01).
The expressions of caspase-3 and 9 in β
irradiation alone, and ETF + β-irradiation group,
were up-regulated when compared with
corresponding expressions in the control group

(p < 0.01 for β-irradiation alone; p < 0.001 for
ETF + β-irradiation). In particular, the
expressions of caspase-3 and caspase-9 in ETF
+ β-irradiation group were higher than those in
the mice group that received β-irradiation alone
(p < 0.01) (Figure 7). The results also revealed
that β-irradiation alone and ETF + β-irradiation
significantly down-regulated Bcl-2 levels in tumor
tissues of the xenograft mice when compared
with mice in control group (p < 0.01 for βirradiation alone; p < 0.001 for ETF + βirradiation). However, the expression of Bcl-2 in
tumor tissues of mice treated with ETF + βirradiation was lower than that in the βirradiation-alone mice (p< 0.01, Figure 7).

Figure 6: Effect of combination of ETF and β-irradiation on tumor growth of CNE-2 cells in mice. Data
are expressed as mean ± SD (n = 5), **p < 0.01, ***p < 0.001, compared with control group (0 μg/kg);
##
p < 0.01, compared with β irradiation alone (10 Gy). ▲ 40 mg + 10 Gy, ◆ control, □ 10 Gy
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Figure 7: Effect of combination of ETF and β-irradiation on levels of caspase-3 and caspase-9 in
mice tumor tissues. Data were expressed as mean ± SD (n = 4), **p < 0.01, ***p < 0.001, compared
with Control group; ##p < 0.01, compared with β irradiation alone group (10 Gy)

DISCUSSION
Radiotherapy and surgery are conventional
strategies used for managing solid tumors
besides surgery. However, increasing reports
have found that over 10 % tumors are resistant
to radiotherapy [13]. The radio-resistance of
these tumors largely diminishes the antitumor
effects of radiotherapy. Studies have shown that
the application of radio-sensitizers may provide
feasible approach for reversing radio-resistance
of tumors [14]. The present study has for the first
time, demonstrated that ETF possesses
significant β-irradiation-sensitization on CNE-2
cells, most probably through a mechanism
involving induction of apoptosis.
Previous reports have revealed that the
complexity of mechanisms involved in radiosensitization. These mechanisms include
apoptosis, DNA damage and cell cycle arresting

[15]. Apoptosis, (programmed cell death), plays
crucial roles in oncotherapy [16]. Mitochondriamediated apoptosis is a major apoptotic
pathway, which requires caspases and Bcl-2
family proteins for its activation [17]. Bcl-2, one of
the most important Bcl-2 family proteins, inhibits
apoptosis by suppressing the release of
cytochrome c into the cytoplasm [18]. On the
other hand, caspase-3 and caspase-9 are proapoptotic proteins. Previous studies indicated
that caspase-9, the initiating protein in caspase
cascade reaction, is activated by cytochrome c,
and in turn, the activated caspase-9 actives
caspase-3 [19].
Caspase-3, considered a marker of apoptosis, is
the most important executioner caspase in the
apoptotic process. Caspase-3 also activates the
other caspases, resulting in caspase cascade of
reactions [20]. The present study found that the
combination of ETF and β-ray irradiation upregulated the expressions of caspase-3 and 9 in
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tumor tissue, and down-regulated the expression
of Bcl-2. This implies the induction of
mitochondria-mediated apoptosis.

cytotoxicity, inhibits cisplatin-induced apoptosis and
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Ethyl caffeate (ETF) significantly enhanced the
sensitivity of naso-pharyngeal carcinoma CNE-2
cells to β-ray irradiation. The underlying
mechanism may be linked to induction of
mitochondria-mediated apoptosis. The findings in
this study may provide a scientific basis for the
use of ethyl caffeate in the treatment of
nasopharyngeal carcinoma.
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