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Induction of radioresistant nasopharyngeal 
carcinoma cell line CNE-2R by repeated high-dose            

X-ray irradiation 

INTRODUCTION 

Nasopharyngeal carcinoma (NPC) is a                    
malignant tumor prevalent in southern China (1). 
Radiotherapy is the current primary treatment 
for NPC because of its anatomical characteristics 
(2,3). Local residual or recurrence after                         
radiotherapy commonly occurs because about 
10%–20% of cells in NPC are resistant to                   
radiation, thereby reducing the treatment effect 
(4-7). In the present study, mainstream inducible 
methods were used to induce the NPC cell line 
CNE-2 to become a stable radio-resistant cell 

subline for investigating the mechanism of radio
-resistance (8-11). 

The mechanism underlying radiotherapy is 
DNA injury, particularly oxidative base damages, 
single-strand breaks, and double-strand breaks 
(DSBs) (12,13); of these injury types, DSBs are     
confirmed to be the most lethal approach to DNA 
inactivation (14). The lesions of DNA strands lead 
to chromosomal aberration, which increases               
genomic instability and inactivation of cancer 
cells. On the one hand, radio-sensitivity varies in 
different NPC cell lines (CNE) (12).                              
Radioactivity-induced lesions form the structure 
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ABSTRACT 

Background: All To enhance the curative effect of radiotherapy, we established a 
radio-resistant cell line, CNE-2R from CNE-2, a radio-sensitive type of CNE, through 
repeated irradiation. The developed cell line provides a basis for further studies on 
the radio-resistance of CNE and the molecular mechanism of radiotherapy 
sensitization drugs. Materials and Methods: The CNE-2 cell line was selected and 
exposed repeatedly to high-dose X-ray intermittent irradiation (6 Gy/fraction for 
seven fractions and 20 Gy/fraction for three fractions). After the entire irradiation 
process, 20 Gy/time was administered to CNE irregularly. The cell growth curves of 
CNE-2 and CNE-2R were constructed based on MTT assays. Dose-survival curves 
were obtained through colony-forming tests and subjected to linear quadratic 
formulation matching. SF2 and correlation parameters of radiation biology were 
calculated. Changes in the cell cycle of CNE-2 and CNE-2R were also assessed by 
serum starvation. Results: The doubling time of CNE-2 was 2.4 days, which is 
0.4 days shorter than that of CNE-2R, indicating the faster growth rate of CNE-
2. In the dose-survival equation of the survival clone test, the sensitization 
ratio of CNE-2R was enhanced relative to that of CNE-2. After synchronization 
and desynchronization for 24 h, G1 was arrested in CNE-2R. In the S phase, 
which is insensitive to radiation, the ratio of G1 increased, hence altering the 
cell cycle. Conclusion: We have established a radio-resistant nasopharyngeal 
carcinoma cell line by repeated exposure to radiation which is relevant to 
changes in the cell cycle.  
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of the human body, leading to radio-resistance 
and relapse as well as cancer spread and                   
metastasis to normal tissues (15).  

Radiosensitivity weakens the curative effect 
of radiotherapy and is associated with the cell 
cycle and pathological grading. Proliferating 
cells exhibit stronger radio-sensitivity than              
non-proliferating cells; and chromosomal                
aberration during radiotherapy can occur in  
every phase of cell division (16). Radioresistance 
is relevant to DNA repair capacity after                    
radio-exposure because of the following                    
reasons: 1. Radio-exposure may inactivate cells 
with high radio-sensitivity, thereby increasing 
the proportion of cells with high                               
radio-resistance. 2. After radio-exposure, the 
DNA repair capacity increases, improving the 
radioresistance. 3. Chromosomal aberration  
during radio-exposure generates tumor cells 
with high radioresistance (17, 18). Therefore,             
tumor cells with strong radioresistance can be 
obtained after repeated elimination and                   
restoration under high-dose radiation culture 
for a long period. 

To establish a radio-resistant nasopharyngeal 
carcinoma cell line that can be used as a model 
for the study of radiosensitization, our method 
innovatively combined the differences of the 
three common methods: 1. enhancing the largest 
dose to 20 Gy/time; 2. covering different phases 
of cell growth; 3. inducing radiosensitivity for a 
longer time, with certain radiation intervals at 
the earlier phase, and an uncertain radiation  
interval at the later phase; and 4. covering              
dose-rates in both certain and random                        
condition.  

We further probe the preliminary                      
mechanisms of radiation resistance in the              
established nasopharyngeal carcinoma cell lines.  
 
 

MATERIALS AND METHODS 
 

Cell lines and culture 
Human CNE-2 (X-Ray-sensitive strains) cells 

were cultured in RPMI-1640 medium (GIBCO) 
supplemented with 10% fetal bovine serum 
(GIBCO), penicillin (50 mg/ml) (GIBCO), and 

48 

streptomycin (50 mg/ml) (GIBCO). The culture 
was maintained in 5% CO2 in a humidified             
atmosphere at 37 °C. The spent growth medium 
was changed every day. The cells were detached 
with 0.25% trypsin and transferred after fusion 
growth. 

 
Irradiation 

In the first phase, CNE-2 cells were found to 
be in the logarithmic growth phase. The cells 
were washed twice with PBS solution, digested 
with 0.25% trypsin, and discarded after 3 min. 
The solution was added to a proper amount of 
RPMI-1640 containing 10% FBS medium and 
1% penicillin–streptomycin solution and mixed 
homogeneously to prepare a single-cell                     
suspension. The suspension was maintained in 
5% CO2-humidified atmosphere at 37 °C for 24 
h. The CNE-2 cells were subjected to X-ray             
irradiation using a medical linear accelerator. 
The radiation field was 25 cm × 25 cm,                 
source-skin distance was 100 cm, the rate of  
radiation dose was 5.48 Gy/min, and the cover 
glass was 1 cm thick. The medium was changed 
immediately after irradiation, and the culture 
was transferred during fusion growth. The cells 
were irradiated again after attaining stable 
growth. The doses of X-ray radiation were 7 
times of 6 Gy each and 3 times of 20 Gy each. In 
the second phase, the CNE-2 cells were                        
immediately subjected to X-ray irradiation from 
a medical linear accelerator after transfer               
culture. The rate of radiation dose was randomly 
chosen, and the cells were irregularly irradiated 
with 20 Gy. In the third phase, the cells were  
alternately irradiated with one of the first two 
radiation methods chosen randomly. The entire 
process of irradiation and culture lasted for 
more than 12 months, and the total IR dose was 
largely more than 200 Gy. 

 
MTT assay 

An auxetic assay (MTT) was performed to 
investigate whether irradiated CNE-2 cell lines 
acquired radioresistance. The growth rates of 
CNE-2 and CNE-2R (radiation-induced CNE-2) 
cells were compared. Suspension cells were            
harvested by centrifugation. The cells were             
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released from their substrate by trypsinization 
and re-suspended at 2 × 103/ml. The cells were 
plated at 2 × 102 per well into a 96-well cell             
culture cluster. Cell growth was examined by 
MTT assay for 8 consecutive days. After 0.5 mg/
ml thiazolyl blue tetrazolium bromide (MTT,             
Sigma-Aldrich) was added to each well, the cells 
were incubated at 37 °C for 4 h. The formed  
crystals were solubilized in 100 ml of dimethyl 
sulfoxide (DMSO, Sigma-Aldrich) for 10 min at 
room temperature with strong agitation.                
Absorbance was read with a filter at 490 and 
570 nm, and cell growth curve was constructed 
according to the daily mean of absorbance. The 
time for cell doubling was calculated by                 
TD = (t-t0) Log2/LogN-LogN0. 

 

Clonogenic survival assay 
Cells were counted and seeded at different 

cell densities in triplicates in six-well cell culture 
plates (1 × 102, 1 × 102, 1 × 102, 2 × 102, 2 × 102, 
2 × 102). After 24 h, the cells were irradiated 
with different doses of X-ray (0 Gy, 1 Gy, 2 Gy, 4 
Gy, 6 Gy, and 8 Gy). After 7–14 days, the colonies 
were washed twice with PBS, fixed with ice-cold 
carbinol for 30 min, washed twice with PBS, 
stained with Giemsa solution (1:999 with                    
distilled water) for 30 min, and washed with  
distilled water. Colonies with ≥ 50 cells were 
counted. Plating efficiency (PE) was calculated 
by dividing the number of colonies counted by 
the number of cells plated. The surviving           
fractions (SF) were calculated by dividing the PE 
by the PE of the non-irradiated control.                    
Sensitization enhancement ratio was calculated 
by division of SF2. Clonogenic survival curves 
were compared through the extra sum-of-
squares F-test in GraphPad Prism. 

 

Assay using flow cytometry (FCM) 
Cells were cultured with serum-free 1640 

medium for 36 h at a density of 1.0 × 106 cells/
ml and collected by centrifugation to investigate 
cell cycle synchronization with serum starvation. 
Portions of the cells were re-suspended in 200 µl 
of PBS. The remaining cells were cultured with 
10% serum 1640 medium for 24 h. For cell cycle 
analysis, the cells were fixed with 75% ethanol 
at −20 °C overnight. On the following day, the 

fixed cells were washed with PBS, treated with 
RNase A (50 µg/ml) in PBS at 37 °C for 30 min, 
and mixed with propidium iodide (PI, 50 µg/ml) 
for 30 min in the dark. The stained cells were 
analyzed with fluorescence-activated cell sorting 
(FACS) by FCM (FACS Calibur, Becton Dickinson, 
Bedford, MA).  

 
Twenty short tandem repeat assay 

Twenty short tandem repeat (STR) loci plus 
the gender determining locus, Amelogenin, were 
amplified using a commercially available STR 
profiling Kit. The cell line sample was processed 
using the ABI Prism® 3500XL Genetic Analyzer. 
Data were analyzed using GeneMapper® 5             
software (Applied Biosystems). 

Cell lines were authenticated using Short 
Tandem Repeat (STR) analysis as described in 
2012 in ANSI Standard (ANSI/ATCC ASN-0002-
2011 Authentication of Human Cell Lines:          
Standardization of STR Profiling) by the ATCC 
Standards Development Organization (SDO). 

 
Statistical analysis 
An independent two-sample t-test was used to 

assess the differences in continuous variables 
between the two independent groups. A p-value 
< 0.05 indicates statistical significance.                    
Statistical analyses were performed using SPSS 
18.0 for Windows (SPSS, Chicago, IL, USA) and 
GraphPad Prism 6.0C for Mac (Prism, San Diego, 
California, USA).  

 
 

RESULTS 
 
Status of cell growth 

A cell growth curve is a basic index used to 
describe the biological characteristics of cells. 
This tool is important for observing the basic 
regularity of cell growth, which is also a                 
significant index used in judging the vitality of 
cells. Cells derived from CNE-2 were named CNE
-2R. The results of the MTT assay showed that 
CNE-2 cells entered the logarithmic growth 
phase in the third day after seeding, whereas 
CNE-2R cells entered the same phase on the 
fourth day. CNE-2 and CNE-2R cells entered a 
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plateau phase sixth and eighth day after seeding, 
respectively. The growth rate of CNE-2R was 
slower than that of the original cell line CNE-2. 

According to the formula [TD = (t-t0) Log2/LogN
-LogN0], the doubling time of CNE-2 was 2.4 
days and that of CNE-2R was 2.8 days (figure 1).  

Zhu et al. / Radioresistant NPC Cell Line 

Figure 1. Cell growth curve of CNE-2 and CNE-2R cells. 
*: Compared with First day, P < 0.05 
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Changes in cell radiation biology parameter 
A survival clone test can reveal the survival 

score of irradiated cells veritably and is thus 
widely used in measuring the radio-sensitivity 
of cells. In S = exp (-αD - βD2), which is the              
linear-quadratic formulation (L-Q) of                       
cell-absorbed dose survival equation (19), α                  
represents the cell lesion caused by low dose of 
radiation, and β represents the reduction factors 
dependent on irradiation time. The larger rate of 
α/β indicates a weaker cell repair capacity, 
thereby directly reducing the radio-sensitivity of 
cells(20). Under 2 Gy radiation, the higher                     
survival fraction (SF2) indicates stronger                 
radio- resistivity. We obtained CNE-2 and                
CNE-2R cells from three of the colony-forming 
test cells for L-Q matching and constructed the 
dose-survival curve (figure 2A). SF2 and the  
correlation parameters of radiation biology are 
shown in table 1. The α/β of CNE-2 is 23.4 ± 
4.16, whereas that of CNE-2R is 6.71 ± 1.13 
(P<0.05). The SF2 of CNE-2 is 0.270 ± 0.0275, 
whereas that of CNE-2R is 0.663 ± 0.0236 

(P<0.01). 
In a multi-target single-hit model, one of the 

most commonly used models in ionizing                   
radiation sensitivity, N represents the cell repair 
capacity to radiation lesions- a larger N             
indicating a stronger cell resistance. The                
quasi-threshold dose (Dq) also has a direct ratio 
to cell resistance, whereas a larger mean lethal 
dose (D0) indicates stronger radio-resistance (21). 

We took the CNE-2 and CNE-2R cells from three 
of the colony-forming test samples for                    
multi-target single-hit model matching and            
obtained the dose-survival curve (figure 2B). The 
correlation parameters of radiation biology are 
shown in table 2. The D0 of CNE-2 is 1.37 ± 
0.0985, and that of CNE-2R is 2.99 ± 0.475 
(P<0.05). The Dq of CNE-2 is 1.52 ± 0.115, and 
that of CNE-2R is 3.45 ± 0.417 (P<0.05). The N of 
CNE-2 is 1.16 ± 0.034, and that of CNE-2R is 1.58 
± 0.104 (P<0.05). As a result, the enhanced               
sensitization ratio in CNE-2R versus CNE-2 is 
0.469 ± 0.0989.  

Cell line α (Gy-1) β (Gy-2) α/ β (Gy) SF2 

CNE-2 0.609 ± 0.0566 0.0265 ± 0.00495 23.4 ± 4.16 0.270 ± 0.0275 

CNE-2R 0.145 ± 0.0150 0.0222 ± 0.00576 6.71 ± 1.13 0.663 ± 0.0236 

t 13.7 0.983 6.70 -18.8 

p 0.00309* 0.382 0.0150* 0.000055* 

Table 1. SF2 and the correlation parameters of radiation biology of CNE-2 and CNE-2R cells. 

*: P < 0.05 
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Changes in the cell cycle 
Serum starvation indicates that most of the 

cells are statically synchronized during the             
G0–G1 phase after cultivation in a serum-free 
medium for 24–48 h, whereas after                      
de-synchronization by serum cultured for 24 h, 
the time and number of cells entering the next 
cycle are different, which can be detected by the 
retardant by FCM. We analyzed the proportion 
of the three phases of CNE-2 and CNE-2R cells 
(G0–G1, G2/M, and S phase) (figures 3-4). The 
proportions of cell cycle after 24 h of                         
synchronization and desynchronization see in 
table 3. After synchronization and                            
desynchronization for 24 h, less G1 (P<0.05) and 
more S (P<0.05) phase-cells of CNE-2R were  
observed compared with those of CNE-2. Among 
the CNE-2 cells, the ratio of cells at G1 reduced 
from 63.99% to 50.83% (P<0.05), whereas the 
ratio of cells at S rose from 35.35% to 47.54% 
(P<0.05). Among the CNE-2R cells, the ratio of 

cells at G1 reduced from 45.92% to 43.86% 
(P>0.05), whereas the ratio of cells at S reduced 
from 54.02% to 52.46% (P>0.05), which                  
indicated insignificant variation in the cells          
before and after the serum starvation test.  

 
STR profile report 

The STR assay indicates that the                            
radioresistant nasopharyngeal carcinoma cell 
line CNE-2R and the primary nasopharyngeal 
carcinoma cell line CNE-2 are derived from a 
common ancestry. Meanwhile, because the cells 
are passaged too many times, cell line CNE-2 has 
lost 5% STR message. Moreover, the                         
radioresistant nasopharyngeal carcinoma cell 
line CNE-2R has lost 3% STR message more than 
CNE-2 because of irradiation (see in                         
supplementary file). Only TH01 and vWA loci 
are different between CNE-2 and CNE-2R are 
shown in table 4.  

Zhu et al. / Radioresistant NPC Cell Line 
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Cell line D0 Dq N SER 

CNE-2 1.37 ± 0.0985 1.52 ± 0.115 1.16 ± 0.034 － 

CNE-2R 2.99 ± 0.475 3.45 ± 0.417 1.58 ± 0.104 0.469 ± 0.0989 

t -5, 79 -7.74 -6.79 － 

P 0.0236* 0.0107* 0.0137* － 

Table 2. Correlation parameters of multi-target single-hit model of CNE-2 and CNE-2R cells. 

*: P < 0.05 

Figure 2. Dose-survival curve of CNE-2 and CNE-2R cells obtained from L-Q matching and multi-target single-hit model matching. 
A: L-Q matching; B: multi-target single-hit model matching 
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Figure 3. Changes in cell cycle after synchronization and desynchronization of CNE-2 and CNE-2R cells. A: Cell cycle of CNE-2 after 
synchronization. B: Cell cycle of CNE-2 after desynchronization for 24 h. C: Cell cycle of CNE-2R after synchronization. D: Cell cycle of 

CNE-2R after desynchronization for 24 h. 

 G1 G2 S 

A 63.9933±0.55582 0.6533±0.71066 35.3533±1.26144 

B 50.8267±2.94629# 1.6333±2.26577 47.5400±1.12210# 

C 45.9233±0.48809* 0.0600±0.10392 54.0167±0.40919* 

D 43.8567±1.17823‡† 3.6833±0.82519 52.4633±0.43501‡† 

Figure 4. Changes in the proportions of cell cycle after 24 h of synchronization and desynchronization. A: Cell cycle of CNE-2 after 
synchronization. B: Cell cycle of CNE-2 after desynchronization for 24 h. C: Cell cycle of CNE-2R after synchronization. D: Cell cycle of 

CNE-2R after desynchronization for 24 h. 
*: C compare with A, P < 0.05; †: D compare with B, P < 0.05; #: B compare with A, P < 0.05; ‡: D compare with C, P < 0.05. 

Table 3. Changes in the proportions of cell cycle after 24 h of synchronization and desynchronization.  

A: Cell cycle of CNE-2 after synchronization.  
B: Cell cycle of CNE-2 after desynchronization for 24 h.  
C: Cell cycle of CNE-2R after synchronization.   
D: Cell cycle of CNE-2R after desynchronization for 24 h. 
*: C compare with A, P < 0.05; †: D compare with B, P < 0.05; #: B compare with 
A, P < 0.05; ‡: D compare with C, P < 0.05 
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 DISCUSSION 

CNE is moderately sensitive to the majority of 
radioactive therapy, which makes it the                      
treatment of choice for NPC worldwide.(15)                  
However, research shows that loss in high              
sensitivity during radiotherapy can be                          
attributed to radiation resistance of CNE.                  
Moreover, radiotherapy can also cause genomic 
instability , which leads to recurrence and                  
metastasis (12). In this study, we used the CNE-2 
cell line because of its high radio-sensitivity and 
low differentiation by pathology, which                    
conforms to the characteristics of most types of 
CNEs and thus leads to a highly simulated              
clinical setting (22). In addition, CNE-2R, the cell 
line with stable radioresistance, was obtained 
after more than 12 months of repeatedly               
high-dosed filtration and cultivation. By              
comparing the difference in radiation biological 
parameters of the two types of cells and the 
changes in cell cycle, the mechanism of radiation 
engendered on CNE cell proliferation, survival, 
and apoptosis could be revealed in a visual and 

distinct way. 
The cell cycle refers to the whole process 

from the start of one division to the end of the 
next, wherein the first division is split into the 
mitotic phase and interphase, whereas the latter 
is divided into G1/G0, S, and G2/M phase (23). 
Radiation exposure has a retardant effect on all 
three phases, among which G1 checkpoint            
prevents damaged DNA from entering into the S 
phase to forward replication, and G2 checkpoint 
prevents the separation of abnormal                     
chromosome in M phase (24). As a result, the 
presence of arrest checkpoint extends the cell 
cycle. According to the result of FCM, we                  
discovered that compared with CNE-2, the  
quantitative proportion of CNE-2R in G1 phase 
during the serum starvation test was not            
significantly lower after desynchronization and 
synchronization, indicating the existence of G1 
phase arrest in CNE-2R and matching the             
0.4-day extension of the doubling time of cell 
growth curve, which might be relevant to the 
activation of the checkpoint caused by radial 
lesion. Consistent with the report by Xiaohui Yu, 

Samples 
Loci 

CNE-2 CNE-2R 

Amelogenin X,X X,X 

D3S1358 15,18 15,18 

D1S1656 12,15 12,15 

D6S1043 11,14,18 11,14,18 

D13S317 10,12,13.3 10,12,13.3 

PentaE 17,20 17,20 

D16S539 9,10 9,10 

D18S51 13,16 13,16 

D2S1338 17,23 17,23 

CSF1PO 10,11 10,11 

PentaD 9,12 9,12 

TH01 6,7,9 6,9 

vWA 14,17 14,16,17 

D21S11 27,30 27,30 

D7S820 10,12 10,12 

D5S818 11,12 11,12 

TPOX 8,9 8,8 

D8S1179 12,13,17 12,13,17 

D12S391 20,21 20,21 

D19S433 13,13 13,13 

FGA 18,21 18,21 

Table 4. The result of STR typing of CNE-2 and CNE-2R. 
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the radiation resistance of nasopharyngeal              
carcinoma cells is related to the G0/G1 cell cycle 
arrest caused by the high expression of CDC6 
protein (25). 

Meanwhile, research had shown that             
radio-sensitivity to the same dose of irradiation 
of cells in different phases are diverse, showing 
that the G2/M phase has the highest                         
radiosensitivity, whereas the S phase has the 
lowest. The results of FCM showed that,                 
compared with CNE-2, the proportion of CNE-2R 
in G1 phase is significantly lower, whereas those 
in S phase is significantly higher (23). Although 
the proportion of CNE-2R in G2 phase increased, 
it was still less than 4% of the quantum,              
indicating the increase in radio-resistance. The 
number of cells at the G0 phase was small due to 
dedifferentiation, hence their results were              
omitted in this study.  

So far, there are three main methods to          
induce radio-resistant cell lines. The first one
(26,27) is irradiating fewer times in larger-doses 
(5-10 Gy/time) on logarithmic-growth-phase-
cells under a certain dose-rate, which induces 
cell lines with very unstable and weak                   
radio-resistance. The second one (28-30) is                  
irradiating several times in smaller-doses (1.5-3 
Gy/time) before fewer times in larger-doses             
(6-10 Gy/time), which can induce cell lines with 
stable but weaker radio-resistance. Based on the 
latter, the third method17 replaces                            
logarithmic-growth-phase cells into slow phase 
cells. Our inducing method innovatively                 
combined the differences of the three methods 
above: 1. Enhancing the largest dose into 20 Gy/
time. 2. Covering different phases of cell growth. 
3. Inducing for a longer time, with a certain              
radiation interval at the earlier phase while an 
uncertain radiation interval at the later phase. 4. 
Covering dose-rates in both certain and random 
condition. The objection of culturing for 12 
months instead of few months is to assure the 
stability of resistance 

The cell growth curve obtained from the MTT 
test suggested that the multiplication rate of 
CNE-2R was slower than that of CNE-2,                     
indicating that the doubling time was longer and 

verifying that CNE underwent cell cycle arrest 
after exposure to large-doses of radiation for a 
long period. Results obtained from L-Q of               
cell-absorbed dose survival equation showed 
that CNE-2R had a significantly higher survival 
fraction than CNE-2 when exposed to 2 Gy             
radiation, whereas the significantly lower α/β in 
CNE-2R suggested a stronger repair capacity 
evolving to a stronger radio-resistance. Three or 
more Alleles at one or two loci may be due to 
somatic mutation, trisomy or gene duplications. 
Events with more than three alleles at more than 
three loci may be due to cellular contamination. 
In conclusion, the radio-stabilized CNE-2R cell 
induced by high-dose radiation can be the basis 
for future research on radio-resistance of CNE 
and the molecular mechanism of                         
radiation-sensitive medicine. In the future, the 
apoptotic sensibility, genetic expression and  
primary culture of CNE-2R cells should be               
investigated. 

 
 

CONCLUSION 
 

We have established a radio-resistant                
nasopharyngeal carcinoma cell line by repeated 
exposure to radiation which is relevant to    
changes in the cell cycle, and can be used as a 
model for studying radiosensitization of                  
nasopharyngeal carcinomas.  
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