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Abstract. Nasopharyngeal carcinoma (NPC) is associated 
with a high incidence rate in South China and is predominantly 
treated with radiotherapy; however, the survival rate remains 
low. The therapeutic effects of radiation and chemotherapy 
may be enhanced when combined with anti‑sense oligo-
nucleotides targeting human telomerase RNA (hTR ASODN). 
However, the influence of hTR ASODN on the anti‑tumor 
effects of radiation in NPC remain unknown. The present 
study investigated the effects of hTR ASODN on the prolifera-
tion and radiosensitivity of NPC cells, and further explored the 
underlying mechanisms. hTR ASODN significantly inhibited 
the proliferation and decreased the telomere length of CNE‑2 
human NPC cells. Furthermore, combined treatment of 
hTR ASODN with radiation significantly enhanced anti‑tumor 
efficacy. The apoptotic rate and cleavage of caspase 9 were 
increased in the cells treated with the combined therapy, 
as compared with the cells treated with hTR  ASODN or 
radiotherapy alone. In conclusion, these results suggest that 
hTR ASODN may inhibit the proliferation of NPC cells and 
enhance the anti‑tumor effects of radiation by inducing cell 
apoptosis. Therefore hTR ASODN may be a potential adju-
vant agent for the treatment of NPC combined with radiation 
therapy, and these findings are of translational importance. 

Introduction

Nasopharyngeal carcinoma (NPC) is a squamous‑cell carci-
noma derived from the epithelial lining of the nasopharynx (1). 

Its incidence is rare in the United States and Western Europe, 
however it is common in endemic areas, including South 
China, North Africa and Alaska  (2). South China has the 
highest incidence rate of NPC, with 25‑30 per 100,000 people 
affected annually, and it is particularly common among 
people of Cantonese ancestry  (3). Since NPC is sensitive 
to irradiation, radiotherapy is the main therapeutic strategy 
used to treat NPC. With the improvement of radiotherapy 
techniques and chemotherapy, the locoregional control of 
NPC has improved (4), with a cure rate of ~70% (5). However, 
overall survival remains low. Therefore, the development of 
multidisciplinary therapeutic strategies that improve locore-
gional control and eradicate micrometastases is required.

Telomeres are repetitive nucleotides that reside at the 
ends of human chromosomes, and telomere length is mainly 
maintained through the activity of telomerase (6). Telomerase 
is activated in 80‑95% of cancers, and is present in very low 
to undetectable levels in normal cells (7). In normal human 
cells telomeres are shortened with cell division, however 
they are continuously elongated in tumor cells. Due to the 
pivotal role of telomerase in cancer cells, it is considered to 
be an attractive target for anticancer therapy. Inhibition of 
telomerase may lead to decreased telomere length, resulting 
in cell apoptosis in telomerase‑positive tumors (8). Potential 
telomerase inhibitors, including small molecules, antisense 
oligonucleotides and ribozymes, have previously been 
developed  (9). Preclinical studies have demonstrated that 
antisense oligonucleotides targeting human telomerase RNA 
(hTR ASODN) are promising agents for the treatment of 
various human malignancies (10). In addition, the therapeutic 
effects of chemotherapy (11,12) and radiation (13) were shown 
to be enhanced when combined with hTR ASODN. However, 
the influence of hTR ASODN on the anti‑tumor effects of 
radiation in NPC remain to be elucidated.

The present study aimed to investigate the influence of 
hTR ASODN on the proliferation and radiosensitivity of NPC 
cells, and to further explore the underlying mechanisms.

Materials and methods

Cell culture. CNE‑2 human undifferentiated NPC cells were 
cultured in RPMI‑1640 medium (Gibco Life Technologies, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco Life Technologies) at 37˚C, in a humidified 
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incubator containing 5% CO2. Cells at the logarithmic growth 
phase were used in the following experiments.

Cell transfection. hTR  ASODN was synthesized by 
Guangzhou Geneseed Biotechnology Co., Ltd. (Guangzhou, 
China), the sequence of which was: 5'‑TAG​GGT​TAG​
ACAA‑3'. The CNE‑2 human NPC cells were transiently 
transfected with hTR  ASODN using Lipofectamine® 
2000 Transfection reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA). The CNE‑2 cells (5x106 cells/ml) were 
transfected with 0.5, 1.0, 1.5, 2.0, 2.5 or 3.0 µmol DNA/106 

cells (Lipofectamine®:DNA, 3:1). The transfection efficiency 
was evaluated by flow cytometry 24 h post‑transfection. 
Cells transfected with Lipofectamine® 2000 only were used 
as the control group.

Flow‑fluorescent in situ hybridization (FISH) assay. The 
CNE‑2 cells were transfected with control or hTR ASODN 
(2.5 µmol) for 12 h. Irradiation was then conducted at room 
temperature using an RS 2000 X‑ray Biological Irradiator 
(Rad Source Technologies, Inc., Suwanee, GA, USA), at a 
dose rate of 1 Gy/min through a 0.2 mm copper filter. The 
cells were cultured for a further 36 h in RPMI‑1640 medium 
without FBS at 37˚C in a humidified incubator containing 
5% CO2. A total of 1x106 cells from each sample were washed 
in 2  ml phosphate‑buffered saline (PBS; 135  mM  NaCl, 
1.3 mM KCl, 3.2 mM Na2HPO4, 0.5 mM KH2PO4) supple-
mented with 0.1% bovine serum albumin (BSA; Guangzhou 
Chemistry Reagent Factory, Guangzhou, China). Each 
sample was divided into two replicate tubes; one pellet was 
resuspended in 80 µl hybridization buffer (10 mM NaHPO4, 
pH 7.4; 10 mM NaCl; 20 mM Tris, pH 7.5; 70% formamide), 
and another in hybridization buffer without fluorescein 
isothiocyanate (FITC)‑labeled telomeric peptide nucleic acid 
probe, which was used as a negative control. The samples 
were then denatured for 15 min at 87˚C with continuous 
agitation and hybridized for 2 h in the dark at room tempera-
ture. The cells were subsequently washed twice in washing 
solution (70% deionized formamide, 10 mM Tris, 0.1% BSA 
and 0.1% Tween® 20 in distilled H2O; pH 7.2). The cells were 
then centrifuged at 956 x g for 10 min, resuspended in 500 µl 
of propidium iodide (PI) solution  (Kaiji Biotechnology, 
Nanjing, China), incubated for 2 h at room temperature and 
stored at 4˚C, prior to flow cytometric analysis.

Cell proliferation assay. Cell viability following trans-
fection with hTR  ASODN was measured by an MTT 
assay (Sigma‑Aldrich, St. Louis, MO, USA), as described 
previously (14). Cells in early log phase were trypsinized 
with 0.25% trypsin (Gibco Life Technologies, Rockville, 
MD, USA) and seeded in 96‑well plates (2x103 cells/well). 
Following a 36 h incubation in RPMI‑1640 medium with 
10% fetal bovine serum at 37˚C, the medium was refreshed. 
Cell density was measured using MTT, according to the 
manufacturer's instructions. The absorbance of the converted 
dye was measured at a wavelength of 450 nm using a plate 
reader  (Multiskan  MK3; Thermo Labsystems, Waltham, 
MA, USA), and the absorbance was considered directly 
proportional to cell viability. This experiment was repeated 
≥three times.

Colony formation assay. The clonogenic potential of the 
cells treated with hTR ASODN and/or ionizing radiation was 
assessed using a colony formation assay. Briefly, the cells were 
transfected with the control or hTR ASODN (2.5 µmol) for 
12 h. Cells were trypsinized and plated in six‑well plates at 
200, 500, 3,000, 5,000, and 10,000 cells per well and cultured 
overnight to allow for cell attachment. Irradiation was then 
performed at room temperature using an RS 2000 X‑ray 
Biological Irradiator, at doses corresponding to 0, 2, 4, 6, and 
8 Gy, through a 0.2 mm copper filter. The plates were then 
incubated for 10 days at 37˚C, and the growth medium was 
replaced every three days. The plates were then stained with 
0.1% crystal violet (Sigma‑Aldrich), and colonies containing 
≥50 cells were counted under an inverted microscope (IMT‑2; 
Olympus Corp., Tokyo, Japan). The cell surviving fraction 
was determined relative to the survival of non‑irradiated cells 
transfected with Lipofectamine® 2000 only.

Apoptosis assay. The percentage of apoptotic cells was deter-
mined by flow cytometry using the Annexin V‑FITC Apoptosis 
Detection kit (Kaiji Biotechnology Co., Nanjing, China), as 
described previously (14). Briefly, the cells were collected, 
washed three times with PBS and fixed with 1 ml ethanol 
(70%) for 2 h at 4˚C. The cells were washed again with PBS, 
and the supernatants were removed following centrifugation 
at 956 x g for 10 min. The cells were then treated with 500 µl 
Annexin binding buffer, 5 µl Annexin V‑FITC and 5 µl PI, and 
incubated at room temperature in the dark for 15 min. The 
rate of cell apoptosis was determined by flow cytometry (BD 
Biosciences, Franklin Lakes, NJ, USA).

Western blot analysis. The CNE‑2 cells were transfected 
with the control or hTR ASODN (2.5 µmol) and/or radia-
tion at a total dose of 6 Gy 12 h post‑transfection. At 36 h 
post‑transfection, whole cell lysates were collected and 
protein concentrations were determined using the Bio‑Rad 
Protein Assay kit (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). Whole cell extracts were separated using 14% 
SDS‑PAGE and transferred onto PVDF membranes (Bio‑Rad 
Laboratories, Inc.). Following incubation with 5% nonfat milk 
in TBST (10 mM Tris, pH 8.0, 150 mM NaCl, 0.5% Tween 
20) for 1 h, the membranes were washed once with TBST and 
incubated with a polyclonal rabbit anti‑Caspase 9 antibody 
(9502; 1:1,000; Cell signaling technology, Inc., Danvers, MA, 
USA) at 4˚C overnight. Membranes were then washed three 
times with TBST for 10 min and incubated with horseradish 
peroxidase‑conjugated anti‑rabbit antibodies (1:2,000; A0208; 
Beyotime Institute of Biotechnology, Shanghai, China) at 
4˚C for 2 h. Blots were washed with TBST three times and 
visualized using Super Enhanced Chemiluminescence Plus 
Detection Reagent (Applygen Technologies, Inc., Beijing, 
China) according manufacturer's instructions. The same 
membrane was stripped and re‑blotted with an anti‑β‑actin 
antibody (Sigma‑Aldrich) for normalization.

Statistical analysis. Statistical analyses were performed using 
SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). The 
data are expressed as the mean ± standard deviation and statis-
tical significance was analyzed by analysis of variance. P<0.05 
was considered to indicate a statistically significant difference.
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Results

Transient transfection of hTR  ASODN into CNE‑2 cells. 
To evaluate the efficacy of hTR  ASODN transfection by 

Lipofectamine® 2000, transfections using various concentrations 
of DNA were performed. The CNE‑2 cells (5x106 cells/ml) were 
transfected with 0.5, 1.0, 1.5, 2.0, 2.5 or 3.0 µmol hTR ASODN 
(Lipofectamine®:DNA, 3:1). The transfection efficiency of 
the various concentrations of DNA were 2.6±0.43, 5.2±0.79, 
35.4±0.51, 69±0.57, 82.6±0.42 and 69.2±0.49% when transfected 
with 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 µmol DNA, respectively. The 
best transfection efficiency was observed with a DNA concen-
tration of 2.5 µmol DNA/5x106 cells, 48 h post‑transfection 
(Fig. 1).

Transfection with hTR ASODN decreases telomere length in 
CNE‑2 cells. Flow‑FISH techniques were used to determine 
the effects of hTR ASODN and radiation on telomere length 
in CNE‑2 cells. The telomere length of the untreated control 
cells and those treated with irradiation, hTR ASODN and 
hTR ASODN combined with irradiation were 3193±659 bases, 
2093±555 bases, 1993±491 bases and 717±284 bases, respec-
tively. In addition, combined treatment with hTR ASODN and 
irradiation led to an increased rate of apoptosis of the CNE‑2 
cells (Fig. 2).

hTR ASODN inhibits the growth of CNE‑2 cells. To determine 
the inhibitory effects of hTR ASODN on human NPC cells, 
the growth of CNE‑2 cells was measured using an MTT assay. 
The CNE‑2 cells were transfected with 0.5, 1.0, 1.5, 2.0, 2.5 
or 3.0 µmol DNA/5x106  cells (Lipofectamine®:DNA, 3:1). 

Figure 1. Transfection of antisense oligonucleotides targeting human telomerase RNA (hTR ASODN) into CNE‑2 human nasopharyngeal carcinoma cells. 
CNE‑2 cells were transfected with hTR ASODN using Lipofectamine® 2000 reagent at various concentrations, as indicated. (A) At 12 h post‑transfection, 
transfection efficacy was evaluated by detecting the fluorescent intensity using fluorescence correlation microscopy. The images represent the hTR ASODN 
fluorescence from the transfected cells. (B) Transfection efficiency of the various concentrations of DNA were 2.6±0.43%, 5.2±0.79%, 35.4±0.51%, 69±0.57%, 
82.6±0.42% and 69.2±0.49%, when transfected with 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 µmol DNA, respectively. The best transfection efficiency was observed with 
a DNA concentration of 2.5 µmol DNA/5x106 cells, 48 h post‑transfection.

Figure 2. Transfection with antisense oligonucleotides targeting human 
telomerase RNA (hTR  ASODN) in combination with irradiation (IR) 
decreased the telomere length of CNE‑2 human nasopharyneal carcinoma 
cells. Flow‑fluorescent in situ hybridization was used to determine the effects 
of hTR ASODN and IR on telomere length in CNE‑2 cells. Telomere length 
of the untreated control cells and those treated with IR, hTR ASODN and 
hTR ASODN combined with IR were 3193±659 bases, 2093±555 bases, 
1993±491 bases and 717±284 bases, respectively. Data are presented as the 
mean telomere length values ± standard deviation. *P<0.05, compared with 
the control; #P<0.05 compared with the IR or hTR ASODN groups.
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The growth of CNE‑2 cells was markedly inhibited 48 h 
post‑transfection, as compared with the control cells. 
The growth inhibitory rate of the cells transfected with 
hTR ASODN (2.5 µmol) was 73±0.69% (Fig. 3). These results 
suggest that hTR ASODN exhibits potential cytotoxic activity 
against human NPC cells.

hTR ASODN enhances the cytotoxic effects of X‑ray irradia-
tion on CNE‑2 cells. To determine the effects of hTR ASODN 
on radiosensitization of CNE‑2 cells, a colony forming assay 
was performed on the cells either treated with irradiation, 
or transfected with hTR  ASODN (2.5  µmol) followed by 
irradiation. The cells transfected with hTR ASODN followed 
by radiation exposure exhibited a greater inhibition of colony 
formation, as compared with the control cells (Fig. 4, P<0.01). 

Further analysis of clonogenic survival indicated that the 
sensitization enhancement ratio (SER) was 1.479. These results 
suggest that hTR ASODN may be capable of sensitizing NPC 
cells to the cytotoxic effects of radiation treatment.

hTR ASODN enhances the pro‑apoptotic effects of X‑ray 
irradiation in CNE‑2 cells. To investigate the underlying 
mechanisms of the inhibition of colony survival following 
transfection of the CNE‑2 cells with hTR ASODN (2.5 µmol) 
and radiation (6 Gy), the cells were analyzed by flow cytometry. 
The rate of apoptosis was significantly increased by transfec-
tion with hTR ASODN or irradiation alone, as compared with 
the control group. Combined treatment of hTR ASODN with 
irradiation significantly increased the rate of cell apoptosis, as 
compared with either hTR ASODN or irradiation treatment 
alone (Fig. 5A). The apoptotic rate of the untreated controls 
and the cells treated with irradiation, hTR ASODN and hTR 
ASODN combined with irradiation were 3.2±0.6, 9±2.2, 
14.2±2.1 and 23.8±1.87%, respectively. Combined treatment of 
hTR ASODN with irradiation led to increased cell apoptosis 
of CNE‑2 cells (Fig. 5B, P<0.05). In addition, the results of 
a western blot analysis suggested that combined treatment 
of hTR  ASODN with irradiation led to increased protein 
expression levels of cleaved caspase 9 in the CNE‑2 cells, thus 
indicating an increased rate of cell apoptosis (Fig. 6).

Discussion

The present study explored the effects of hTR ASODN on the 
CNE‑2 NPC cell line. Transfection with hTR ASODN signifi-
cantly reduced the telomere length, inhibited the proliferation 
of NPC cells and enhanced the anti‑tumor efficacy of radiation 
by inducing cell apoptosis. This is the first study, to the best 
of our knowledge, to determine the effects of hTR ASODN in 
combination with radiation on NPC.

The results of the present study demonstrated that 
hTR ASODN was efficiently transfected into CNE‑2 cells 
using Lipofectamine® 2000. The transfection efficiency 
reached 82.6% when the cells were transfected with 
2.5 µmol DNA/5x106 cells. Furthermore, transfection with 
hTR ASODN significantly reduced the growth of the CNE‑2 
cells. Human telomerase consists of the hTR and the human 
reverse transcriptase catalytic subunit (hTERT) (15). Since 
telomerase activity is present in ~90% of human cancer cells, 
but not in the majority of normal human somatic cells, telom-
erase inhibition is considered to be a potent molecular target in 
cancer therapeutics (16). A previous study detected frequently 
increased levels of telomerase activity in NPC, as compared 
with normal nasopharyngeal tissue (17). Furthermore, previous 
studies have observed tumor inhibitory effects by targeting 
telomerase. Wang et al (18) demonstrated that short hairpin 
RNA targeting hTERT inhibited cell viability in NPC cells. 
In addition, ASODN targeting telomerase were also shown to 
inhibit the growth of NPC cells (19). Therefore, inhibition of 
telomerase activity by hTR ASODN may be a potential thera-
peutic strategy in NPC.

Since radiotherapy is currently the main treatment for NPC, 
the present study investigated the combined effects of radiation 
and hTR ASODN on CNE‑2 cells. The results demonstrated 
that transfection with hTR ASODN significantly enhanced the 

Figure 3. Transfection with antisense oligonucleotides targeting human 
telomerase RNA (hTR ASODN) inhibited the growth of CNE‑2 human 
nasopharyngeal carcinoma cells. Cell viability was assessed by MTT assay. 
Cells were transfected with control vectors or hTR ASODN at various con-
centrations, as indicated, for 24 h. The growth of CNE‑2 cells was markedly 
inhibited 48 h post‑transfection, as compared with the control cells. Data are 
presented as the mean ± standard deviation from three independent experi-
ments. *P<0.05 and **P<0.01 compared with the control cells.

Figure 4. Radiosensitization of CNE‑2 human nasopharyngeal carcinoma 
cells by transfection with antisense oligonucleotides targeting human 
telomerase RNA (hTR ASODN). CNE‑2 cells were transfected with control 
or hTR ASODN for 24 h prior to irradiation (IR). Cells transfected with 
hTR ASODN (2.5 µmol) followed by IR exhibited a greater inhibition of 
colony formation, as compared with the control (P<0.01). The clonogenic 
survival fraction revealed that the sensitization enhancement ratio was 1.479. 
Data points are the averages of two independent experiments, each plated in 
triplicate.
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radiosensitivity of CNE‑2 cells, with a SER of 1.479. These 
results were concordant with the findings of previous studies. 
The shortening of telomeres induced by GRN163L, an oligo-
nucleotide targeting the RNA component of telomerase, was 
previously shown to significantly enhance the effects of radia-
tion in breast cancer cells (13). Treatment with GRN163L in 
combination with radiation and temozolomide also exhibited a 
marked effect on cell survival, and activated the DNA damage 
response pathway  (20). Notably, a previous study demon-
strated that high doses of radiation (2, 4 and 8 Gy) resulted 
in decreased telomerase activity (down to 30% of untreated 
controls), which subsequently resulted in increased cell death, 
thus suggesting that inhibition of telomerase activity by high 
doses of radiation may have a role in radiation‑induced cell 
death (21). The present study determined the rate of apop-
tosis of the untreated cells and those treated with irradiation, 
hTR ASODN and hTR ASODN combined with irradiation, and 

Figure 6. Transfection with antisense oligonucleotides targeting human 
telomerase RNA (hTR ASODN) combined with irradiation (IR) enhanced 
the cleavage of caspase 9. CNE‑2 human nasopharyngeal carcinoma cells 
were transfected with control or hTR ASODN (2.5 µmol) alone or with 6 Gy 
of IR 12 h post‑transfection. Whole cell lysates were collected 24 h after 
IR and cleaved caspase 9 (c‑caspase 9) protein expression levels were ana-
lysed by western blotting. hTR ASODN plus IR significantly increased the 
cleavage of caspase 9.

Figure 5. Transfection with antisense oligonucleotides targeting human telomerase RNA (hTR ASODN) combined with irradiation (IR) enhanced the rate of 
apoptosis of CNE‑2 human nasopharyngeal carcinoma cells. The cells were transfected with control or hTR ASODN (2.5 µmol) for 24 h, and then irradiated 
at 6 Gy. (A) Representative images of flow cytometric analysis of the various treatments. (B) Apoptotic rate of cells treated with control, IR, hTR ASODN 
and hTR ASODN combined with IR was 3.2±0.6%, 9±2.2%, 14.2±2.1% and 23.8±1.87%, respectively. *P<0.05 and **P<0.01 compared with the control cells; 
#P<0.05 compared with the IR or hTR ASODN groups.

  A
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the rates were 3.2±0.6, 9±2.2, 14.2±2.1, 23.8±1.87%, respec-
tively. These results suggest that transfection with hTR ASODN 
combined with irradiation significantly increased the rate of cell 
apoptosis, as compared with either hTR ASODN or irradiation 
treatment alone. In addition, the results of a western blot analysis 
demonstrated that transfection with hTR ASODN combined 
with irradiation significantly increased the protein expression 
levels of cleaved caspase 9. Therefore, it may be hypothesized 
that hTR ASODN combined with radiation may induce cell 
apoptosis by synergistically reducing telomerase activity.

In conclusion, the present study demonstrated that 
hTR ASODN could inhibit the proliferation of NPC cells and 
enhance the anti‑tumor effects of radiation by inducing cell 
apoptosis. These data indicate that hTR ASODN may be a 
potential adjuvant agent for the treatment of NPC in combina-
tion with radiation therapy, and this finding is of translational 
importance.
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