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Abstract: To investigate the apoptosis-inducing effects of cetuximab combined with radiotherapy and hypothermia in
human nasopharyngeal carcinoma CNE cells. CNE cells were treated with the radiation monotherapy, the radiation
and hypothermia, the cetuximab and radiation, and the triple-combination treatment, respectively. MTT assay was
performed to assess cell proliferation following treatments. Hoechst 33258 staining and flow cytometry analyses
were used to detect apoptotic process. Western blot analysis was performed to determine the protein expression
levels. Cetuximab monotherapy inhibited the proliferation of CNE cells. Hyperthermia alone inhibited EGFR expres-
sion, and prolonged hypothermia treatment resulted in declining EGFR expression levels in these cells. Moreover,
Hoechst 33258 staining showed obvious apoptotic morphologies in the treatment groups. Flow cytometry analysis
showed that the interventions dramatically increased the apoptosis rates in CNE cells, with the most potent effect
for the triple-combination treatment. Western blot analysis showed that, in the treatment groups, the expression
levels of Bax were increased, while the expression levels of Bcl-2 were decreased, leading to significantly elevated
Bax/Bcl-2 ratios in these groups, with the highest ratio for the triple-combination treatment. Cetuximab combined
with radiotherapy and hypothermia treatments could efficiently inhibit the proliferation of CNE cells, and enhance
the cellular apoptotic processes via regulating the expression levels of Bax and Bcl-2. Our findings provide experi-
mental evidence for the application of the combination therapy in clinical treatment of nasopharyngeal carcinoma.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common
head and neck cancer in South China, with
10-30 cases per 100,000 in the general popu-
lation [1]. Although radiation therapy has been
used as the primary treatment option for NPC,
the efficiency is not satisfactory [2]. Therefore,
other therapeutic options, including biological
gene therapy, targeted therapy, hyperthermia,
and combination therapies [3, 4], have been
under investigation for NPC treatment for de-
cades.

At present, targeted therapy has been one of
the most active research areas for cancer treat-
ment. Monoclonal antibody cetuximab exerts
beneficial effects in the clinical treatment of
NPC [5, 6]. Cetuximab could specifically bind to
and degrade the epidermal growth factor

receptor (EGFR). In addition, cetuximab inhibits
the binding of EGFR to its ligands and blocks
the downstream signal transduction pathways,
leading to proliferation inhibition and apoptosis
induction in tumor cells [7].

On the other hand, hyperthermia treatment has
attracted great attention in recent years, due to
its high efficiency and well tolerance [8]. Hy-
perthermia could cause protein denaturation
and induce apoptotic process in tumor cells [9,
10]. Moreover, hyperthermia combined with ra-
diotherapy has been associated with improved
clinical outcomes. It has been reported that the
efficiency of the combination treatment was
superior to each of radiotherapy and hyperther-
mia treatment alone [11, 12]. In addition, hyper-
thermia combined with chemotherapy would
elevate the drug concentration within the tumor
and enhance the anti-cancer effects. Based on
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Figure 1. Cetuximab monotherapy inhibits the pro-
liferation of CNE cells. MTT assay was performed to
investigate the effects of cetuximab treatment alone
on CNE cell proliferation, and the proliferation inhi-
bition rates were calculated. CNE cells were treated
with cetuximab at 0.05, 0.5, 1, 2, 10, 20, 100, and
200 pg/ml, respectively, for 48 h, followed by cell
proliferation assessment.

these findings, it is of great significance to
investigate the effects of cetuximab combined
with radiotherapy and hypothermia treatments
on NPC.

In this study, human nasopharyngeal carcino-
ma (CNE) cells were treated with cetuximab
combined with radiotherapy and hypothermia,
and the apoptosis-inducing effects of the com-
bination treatments were investigated. Our
findings provide experimental evidence for the
application of the combination therapy in clini-
cal treatment of NPC.

Materials and methods
Cell culture and grouping

Human nasopharyngeal carcinoma (CNE) cells
were purchased from Shanghai Institute of Cell
Bank, Chinese Academy of Science (Shanghai,
China). CNE cells were grown in RPMI1640 co-
mplete medium (Gibco, Grand Island, NY, USA)
containing 10% fetal bovine serum (FBS;
Zhejiang Tianhang Biological Technology Co.,
Ltd., Hangzhou, Zhejiang, China), in a 37°C, 5%
CO, humidified incubator (Thermo Electron,
Marietta, OH, USA). The culture medium was
changed every 2 to 3 days.

These cells were divided into the following
groups: (1) the control group that was free from
intervention; (2) the radiotherapy groups that
were subjected to radiation at 2, 4, 8, and 12
Gy, respectively; (3) the radiation and hypother-
mia groups that were first subjected to radia-
tion at 2, 4, 8, 12, and 20 Gy, respectively, fol-
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lowed by hypothermia treatment at 41.8°C for
60 min; (4) the cetuximab and radiation groups
that were first treated with 10 ug/ml cetuximab
(ImClone, Branchburg, NJ, USA) for 48 h, and
then subjected to radiation treatment at 2, 4, 8,
and 12 Gy, respectively; (5) the triple-combina-
tion treatment groups, which were first treated
with 10 pg/ml cetuximab for 48 h, and subse-
quently subjected to radiation (2, 4, 8, and 12
Qy, respectively) and hypothermia (43°C for 30
min) treatments.

MTT assay

The MTT assay was performed to determine
the working concentration of cetuximab on CNE
cells. Briefly, CNE cells in logarithmic growth
phase were seeded onto 96-well culture plates
at a density of 3 x 10° cells/well. These cells
were subjected to the cetuximab treatment at
different concentrations (0.05, 0.5, 1, 2, 10,
20, 100, and 200 ug/ml, respectively) for 48 h.
20 yl MTT (5 mg/ml; Sigma, St. Louis, MO, USA)
was added into each well. After 4-h incubation,
100 pyl DMSO (Amresco, Cleveland, Ohio, USA)
was added, and the plate was shaken for 5 min.
Absorbance (OD) at 490 nm was read on an
automatic microplate reader (Biotek, Winooski,
VT, USA), with a reference wavelength of 620
nm. Cell proliferation inhibition rate was calcu-
lated according to the following equation: cell
proliferation inhibition rate (%) = (OD_ . -
OD, cotment) 7 OD oy X 100%. The treatment
concentration between inhibiting concentra-
tion 20-30% (IC,, - IC,,) was used in the follow-
ing experiments.

Hoechst 33258 staining

Cells were seeded onto sterile coverslips pla-
ced in 30 mm? culture dishes, and incubated
overnight. After washed twice with double dis-
tilled water, cells were stained with 5 mg/L
Hoechst 33258 (Sigma) for 5 min, and then
observed under a fluorescence microscope
(Leica, Leica, Germany).

Flow cytometry

CNE cells in logarithmic growth phase were
seeded onto a 25 mm? culture bottle at a den-
sity of 2 x 10° cells/bottle. Following indicated
treatments as mentioned above, cells were fur-
ther cultured for 24 h. For flow cytometry analy-
sis, cells were collected and washed twice with
pre-cold PBS. 400 pl binding buffer solution
was used to re-suspend these cells to achieve
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Figure 2. Hyperthermia inhibits the EGFR expression in CNE cells. A. CNE cells were subjected to hypothermia
treatment for O min, 15 min, 30 min, 2 h, 6 h, 12 h, and 24 h, respectively, and the EGFR expression levels were
detected by Western blot analysis. B. Statistical analysis of the EGFR expression levels in CNE cells. Compared with
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a final concentration of 4 x 105 cells/ml. 5 pl
annexin V-FITC (Bipec Biopharma Corp., Cam-
bridge, MA, USA) was added to incubate the
cells in dark at 4°C for 15 min, and then 10 pl
Pl solution (20 ug/ml) was added for incubation
in dark at 4°C for 5 min. The apoptotic process-
es were detected by a flow cytometer.

Western blot analysis

Cells were harvested and lysed with 400 ul
lysis solution (KeyGen, Nanjing, Jiangsu, China)
containing PMSF on ice for 30 min. After cen-
trifugation at 12,000 rpm at 4°C for 5 min, the
supernatant was collected, and the concentra-
tion was adjusted with a BCA kit. Proteins were
subjected to SDS-PAGE, and then electronically
transferred onto a PVDF membrane. The blot
was blocked with TBST containing 10% non-fat
milk at room temperature for 1 h. Then the
membrane was incubated with Bax (1:200 dilu-
tion; Santa Cruz, Santa Cruz, California), Bcl-2
(1:200 dilution; Santa Cruz), EGFR (1:200 dilu-
tion; Santa Cruz), and B-actin (1:200 dilution;
Multisciences, Hangzhou, Zhejiang, China) pri-
mary antibodies, respectively, at 4°C overnight.
After washed with TBST, goat anti-mouse IgG-
AP (1:500 dilution; Sino-American Biotechnology
Co., Ltd., Luoyang, Henan, China) was used to
incubate the membrane at room temperature
for 1 h, following by AP chromogenic reaction
(Promega, Madison, WI, USA). 3-actin was used
as control. The optical density of protein bands
were analyzed by a gel image analysis system
(JS-380A; Shanghai Peiging Science & Tech-
nology Co., Ltd., Shanghai, China).

To detect the effects of hypothermia on the
expression of EGFR in CNE cells, these cells
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were subjected to hypothermia treatment for O
min, 15 min, 30 min, 2 h, 6 h, 12 h, and 24 h,
respectively, and then the protein expression
levels of EGFR were assessed by the Western
blot analysis.

Statistical analysis

Data were expressed as mean + SD. SPSS15.0
software was used for statistical analysis. The
t-test was used for the pair-wise comparison,
and ANOVA was used for the multiple compari-
son. P < 0.05 was considered statistically si-
gnificant.

Results

Effects of cetuximab monotherapy on CNE cell
proliferation

To investigate the effects of cetuximab treat-
ment on CNE cell proliferation, the MTT assay
was performed. CNE cells were treated with
cetuximab at 0.05, 0.5, 1, 2, 10, 20, 100, and
200 pg/ml, respectively, for 48 h, followed by
cell proliferation measurement. Our results
indicated that cetuximab treatments inhibited
the proliferation of CNE cells, and the cell prolif-
eration rate was increasing as the treatment
concentration increased (Figure 1). According
to the results, the treatment concentration
between IC20 and IC30 values, i.e., 10 ug/ml,
was used as the working concentration in the
following experiments.

Effects of hyperthermia monotherapy on EGFR
expression in CNE cells

Next, we investigated the effects of hyperther-
mia on the expression of EGFR (the target of
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Figure 3. Cetuximab combination treatment promotes the apoptotic process in CNE cells. A. Hoechst 33258 stain-
ing was performed to detect the apoptosis in CNE cells (x200). B. Annexin V-FITC/PI staining and flow cytometry
analyses were performed to detect apoptosis in CNE cells following treatments. The radiation dosages were set at 2,
4, 8, and 12 Gy, respectively. C. Statistical analysis of the apoptosis rates in CNE cells following treatments. Control,
the control group; radiation, the radiation monotherapy group; radio + thermo, the radiation and hypothermia group;
cetuximab + radio, the cetuximab and radiation group; triple, cetuximab combined with radiotherapy and hypother-
mia. Compared with the previous group, P < 0.05.

cetuximab) in CNE cells. These cells were sub- min, 30 min, 2 h, 6 h, 12 h, and 24 h, respec-
jected to hypothermia treatment for O min, 15 tively, and the EGFR expression level was
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Figure 4. Cetuximab combination therapy regulates the Bax/Bcl-2 expression levels in CNE cells. A. CNE cells were
subjected to the indicated treatments, and the expression levels of Bax and Bcl-2 in these cells were assessed by
Western blot analysis, respectively. B. Statistical analysis of the Bax/Bcl-2 ratios in CNE cells following treatments.
Compared with the control group, “P < 0.05; compared with the previous group, *P < 0.05.

detected by Western blot analysis. Our result
showed that hyperthermia could inhibit the pro-
tein expression of EGFR in CNE cells. Moreover,
prolonged hypothermia treatment resulted in
declining expression levels of EGFR in CNE cells
(Figure 2). These results indicate that hyper-
thermia treatment could inhibit the EGFR
expression in CNE cells. Since cetuximab has
been known to target EGFR, synergistic effects
would be expected for the combination trea-
tments.

Effects of cetuximab combination treatments
on apoptotic process in CNE cells

In order to investigate the effects of cetuximab
combination treatments on apoptosis in CNE
cells, Hoechst 33258 staining and flow cytom-
etry analyses were performed. Hoechst 33258
staining showed regular cellular morphology in
control CNE cells, without apoptotic features
(Figure 3A). In contrast, in the treatment groups
(cetuximab, radiotherapy, hypothermia, and co-
mbination treatments, respectively), obvious
apoptotic phenotypes were observed, including
nuclear condensation. Moreover, the triple-
combination treatment lead to the most signifi-
cant morphological changes in CNE cells, where
the apoptotic bodies were formed (Figure 3A).
In addition, results from annexin V-FITC/PI
staining and flow cytometry analysis showed
that, compared with the control group, the
treatments dramatically increased the apopto-
sis rates in CNE cells (Figure 3B, 3C). Moreover,
the apoptosis rates in the triple-combination
treatment groups were significantly higher than
the groups treated with radiation or hypother-
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mia treatment alone, as well as the group treat-
ed with cetuximab and radiation treatments
(Figure 3C) (P < 0.05). Taken together, these
results suggest that cetuximab combination
therapy could enhance the apoptotic process in
CNE cells, with the most obvious effect for the
triple-combination treatment.

Effects of cetuximab combination therapy on
Bax and Bcl-2 expression levels in CNE cells

To further investigate the effects of cetuximab
combination treatments on apoptosis in CNE
cells, the expression levels of Bax and Bcl-2
were detected by Western blot analysis (Figure
4). Our results indicated that the expression
levels of Bax were increased in the following
order: the control group, the radiation mono-
therapy group, the radiation and hypothermia
group, the cetuximab and radiation group, and
the triple-combination treatment group, while
the expression levels of Bcl-2 were decreased
in the very same order, resulting in the increas-
ing trend in the Bax/Bcl-2 ratio in these groups.
The Bax/Bcl-2 ratios in all the intervention
groups were significantly higher than the con-
trol group (P < 0.05), with the highest ratio for
the triple-combination treatment group (P <
0.05).

Discussion

With the rapid development of molecular biolo-
gy in recent years, the pathogenesis and devel-
opment of tumor has been found to not only be
associated with cell proliferation disturbance,
but also with the dysfunction of apoptosis.
Accordingly, apoptosis induction is of great sig-
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nificance in the clinical treatment of cancers
[13]. Epidermal growth factor receptor (EGFR)
is one member of ErbB cell surface receptor
family, which is highly expressed and activated
in various tumors, including nasopharyngeal
carcinomas [14]. The extracellular domain of
the receptor could bind to and phosphorylate
the ligands, resulting in the formation of homo-
or heterodimers, activating a series of down-
stream signaling molecules and thereby pro-
moting cell proliferation and inhibiting apopto-
sis [15-17]. Therefore, EGFR has been recog-
nized as one of the common targets in the
treatment of tumors.

On the other hand, hyperthermia is attracting
more and more attention in cancer treatment
recently [8]. According to the treatment tem-
perature, hyperthermia can be roughly divided
into high-temperature (> 43°C) and low-tem-
perature (£ 43°C) treatments. High-tempera-
ture hyperthermia usually causes protein de-
naturation, leading to cell death, while low-tem-
perature hyperthermia could induce cellular
apoptosis [9, 10]. It has been confirmed that,
hyperthermia at 43°C for 30 min could induce
widespread apoptotic process [18], and the
combination of hyperthermia and chemothera-
py would greatly elevate the apoptosis rate in
tumor cells [19]. There are several advantages
for hyperthermia in the cancer treatment: (1)
Compared with normal cells, tumor cells are
less tolerant to thermal treatments, which
would generally be killed by 2 h treatment at
42°C. Since the heat sensitivity is higher for the
tumor cells than the normal cells, the tempera-
ture in the tumor tissue following hyperthermia
is usually higher than surrounding normal tumor
tissues (37°C). Therefore, hyperthermia within
a reasonable temperature range could directly
Kill the tumor cells, without causing damages to
surrounding tissues. (2) Some tumor cells might
be insensitive to radiation therapy, including
cells inthe S phase and the hypoxic cells. These
cells are highly sensitive to the hyperthermia
treatment. (3) Hyperthermia could partially
repair the damages caused by the radiothera-
py. (4) Since the tumor tissues are always linked
with the abundant peripheral blood supply, the
killing effects of hyperthermia on the peripheral
cells are not as potent as that on the tumor
cells. The treatment failure of hyperthermia is
probably the tumor recurrence in surrounding
tissues, while radiotherapy failure is mainly due
to the local recurrence within the tumors.
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Therefore, the rational combination of hyper-
thermia and radiation therapies might over-
come the disadvantages of the monotherapy
[20, 21]. (5) Hyperthermia could up-regulate
the pro-apoptosis genes and down-regulate the
apoptosis-suppressing genes [22]. (6) Hyper-
thermia enhances the cytotoxicity of certain
chemotherapy drugs, such as cisplatin. It has
been confirmed in vitro that the thermo treat-
ment at 42°C for 2 h could enhance anti-can-
cer effects of several chemotherapy drugs by
10 to 100 times. Based on these backgrounds,
it could be expected that the combination treat-
ments would lead to synergistic effects in can-
cer treatment.

In this study, cetuximab combined with radio-
therapy and hyperthermia was used to treat
CNE cells. Our results showed that, the combi-
nation treatments could induce apoptotic pro-
cess in these cells, with the most potent effects
in the triple-combination treatment group. Th-
ese results suggest that the combination treat-
ments would provide synergistic effects in
treating nasopharyngeal carcinoma cells, via
promoting cellular apoptosis. Bcl-2 family mem-
bers play important roles in the regulation of
apoptosis. According to the protein function,
Bcl-2 protein family could be divided into the
following categories: Bcl-2, improving cell sur-
vival and inhibiting cellular apoptosis, and Bax,
in contrast, promoting apoptotic process [23].
The expression levels of Bax and Bcl-2 in CNE
cells following treatments were detected, and
the results showed that, compared with the
control group, all the treatments would up-reg-
ulate the expression levels of Bax, and down-
regulate the Bcl-2 expression. Therefore, the
Bax/Bcl-2 ratios were increased in the follow-
ing order: the control group, the radiation
monotherapy group, the radiation and hyper-
thermia treatment group, the cetuximab and
radiation treatment group, and the triple-com-
bination treatment group. These results sug-
gest that cetuximab combined with radiation
and hyperthermia treatments would induce
apoptosis in CNE cells, probably through regu-
lating the expression levels of Bax and Bcl-2.

Cetuximab could down-regulate the expression
of EGFR, and block the binding of EGFR to its
ligands, resulting in cellular apoptosis. In fact,
EGFR is a transmembrane protein, whose me-
mbrane structure would be damaged by hyper-
thermia. Therefore, we speculate that hyper-
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thermia might also regulate the expression of
EGFR to promote apoptosis, achieving synergis-
tic effects together with the cetuximab treat-
ment. Our results showed that the expression
levels of EFGR were decreased along with the
hyperthermia treatment, which would be fur-
ther declined when hyperthermia was com-
bined with cetuximab. These results indicate
that the synergistic effects between hyperther-
mia and cetuximab would be associated with
the down-regulated expression levels of EGFR.

In conclusion, cetuximab combined with radio-
therapy and hypothermia treatments could effi-
ciently inhibit the proliferation of CNE cells, and
enhance the cellular apoptotic processes via
regulating the expression levels of Bax and Bcl-
2. Our findings provide experimental evidence
for the application of the combination treat-
ments in clinical treatment of NPC.
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