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Abstract: The present study investigated the relationship between DNA-dependent protein kinase (DNA-PK) and radiosensitivity of
nasopharyngeal carcinoma (NPC) cell lines. The dose-survival relationship for NPC cell lines, CNE1 and CNE2, was analyzed using
clonogenic formation assay, the activity of DNA-PK of the two cell lines was measured using the Signa TECT DNA-PK assay kit, and
the localization and expression of Kus (a heterodimer) and DNA-PKcs protein in CNE1 and CNE2 before irradiation and 15 min, 1 h,
6 h, 12 h, 24 h after 4 Gy irradiation were analyzed by immunofluorescence, laser scanning confocal microscope (LSCM) and Western
blot. The results showed that the surviving fraction of CNE1 was higher than that of CNE2 at each dose. The DNA-PK activity of
CNE1 was also significantly higher than that of CNE2 before and after irradiation (P<0.05), while the expression of total Ku70/Ku80
in CNE1 and CNE2 had no significant difference. Increasing translocation of Ku70 and Ku80 from the cytoplasm to the nuclei in the
two cell lines was observed with increase of irradiation time as detected by Western blot, and the immunofluorescence of the DNA-PK
complex subunits showed greater nuclear translocation in CNE1 than CNE2 after irradiation. The results suggest that the relatively
higher radio-resistance of CNE1 correlates with the higher activity of DNA-PK as compared to that of more radiosensitive CNE2 (or
lower radio-resistance) before and after irradiation. Thus, DNA-PK activity may be a useful predictor of radiosensitivity of NPC.

Key words: nasopharyngeal carcinoma; CNE1/CNE2; radiosensitivity; DNA-dependent protein kinase

DNA-PK 的活性与鼻咽癌细胞株 CNE1/CNE2 放射敏感性的关系

贺玉香 1,2，仲萍萍 1,2，严珊珊 1,2，刘 莉 1,2，史弘流 1，曾木圣 1，夏云飞 1,2,*
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摘 要：本文主要研究 DNA 依赖的蛋白激酶(DNA-dependent protein kinase, DNA-PK)与鼻咽癌细胞放射敏感性之间的关系。

克隆形成实验分析鼻咽癌细胞 CNE1/CNE2 的剂量存活曲线，Signa TECT DNA-PK 试剂盒检测 DNA-PK 活性，免疫荧光及激

光显微共聚焦分析放疗前及放疗后 15 min、1 h、6 h、12 h 和 24 h CNE1/CNE2 细胞中 Kus 及 DNA-PKcs 的亚细胞定位，

Western blot 分析两株细胞中 Kus 蛋白的表达。结果显示：CNE1 细胞在每个剂量点的存活分数均高于 CNE2 细胞；同时发

现放疗前后CNE1细胞中的DNA-PK活性也均高于CNE2细胞，但两株细胞中Ku70/Ku80蛋白表达无明显差异；放疗可使DNA-
PK 活性增加，且各个检测时间点 CNE1 细胞增加的幅度大于 CNE2 细胞；DNA-PK 亚基可同时定位于胞浆和胞核，但主要

位于胞核，细胞照射后 Ku70、Ku80 和 DNA-PKcs 从胞浆转运到胞核。结果表明：DNA-PK 活性更高可能是 CNE1 细胞较

CNE2 细胞更能抵抗放射的原因之一；放疗所致 DNA-PK 活性增高可能与 DNA-PK 亚基从胞浆转运到胞核有关，而与 Ku 蛋

白表达的总量无关。

关键词：鼻咽癌；CN E1 /C NE 2；放射敏感性；D NA 依赖的蛋白激酶
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Radiotherapy is a major treatment modality for nasopha-
ryngeal carcinoma (NPC), and about 60% of five-year
survival rate can be obtained by radiotherapy alone. Ra-
dioresistance of NPC cells to ionizing radiation is one of
the main reasons for the failure of the therapy[1]. Therefore,
understanding the mechanism underlying the radioresis-
tance of NPC cells can help us develop new radiosensitizing
approaches to improve the treatment efficacy.

It has been established that radiosensitivity is related to
DNA double-strand break (DSB) repair system. DNA-
dependent protein kinase (DNA-PK), which plays an im-
portant role in DSB repair system, is a component trimetric
enzyme consisting of a 465- kDa serine/threonine protein
kinase catalytic subunit (DNA-PKcs), and a heterodimer
called Ku, which comprises 70-kDa (Ku70) and 80/86-
kDa (Ku80) proteins as a regulatory subunit[2-4]. The de-
fects in DNA-PK components will lead to decreased DNA-PK
activity and less DSB repair, thus increased radiosensitivity.
For example, the MO59J cell line with deficiency in DNA-
PKcs was 10-fold or more radiosensitive than the MO59K
cell line with normal expression of DNA-PKcs[5]. Defi-
ciency in DNA-PKcs expression and DNA repair has also
been reported leading to increased radiation sensitivity in
the BALB/c mouse[6]. Ku, which functions as an initiator
of  NHEJ (non-homology end joining), is able to bind DNA-
DSBs and recruit DNA-PKcs and other repair factors. The
importance of Ku in the response to ionizing radiation is
apparent from the extremely increased radiation sensitivity
along with deficiency in DSB repair whenever there are
mutations in one of its subunits[7,8]. Furthermore, several
studies reported that antisense nucleotide targeted to either
Ku80, Ku70 or DNA-PKcs messenger RNA could sensi-
tize human fibroblasts, M059K malignant glioma cells, and
human non-small cell lung cancer (NSCLC) cell lines to
ionizing radiation[9-11]. Some researchers have tried to use
Ku as a predictor of radiosensitivity and the prognosis of
malignant diseases, such as rectal carcinoma, oropha-
ryngeal, hypopharyngeal carcinomas and carcinoma
of the cervix[12-14]. The use of DNA-PKcs as a predictor
for chemoradiation therapeutic sensitivity, such as eso-
phageal cancer has also been proposed[15]. Lee et al.[16] studied
the levels of immunoreactivity for Ku70 and DNA-PKcs in
pretreatment biopsy specimens from 66 patients with NPC
who were then treated with radiotherapy alone or with
concurrent chemotherapy. Their results showed that the
level of Ku70 expression could be used as a molecular
marker to predict the response to radiotherapy in NPC
patients. However, the relationship between DNA-PK ex-

pression/activity and radiosensitvity has not been carried
out under well-controlled laboratory condition for NPC cell
lines exhibiting different degree of radiosensitivity.

The NPC cell lines, CNE1 and CNE2, which were both
derived from squamous cell carcinoma[17,18], exhibit promi-
nent difference in morphology and biological behavior. It
has been demonstrated that CNE2 is more radiosensitive
than CNE1[19-21]. Wang et al.[22] found that the expression
of  ATM (ataxia-telangiectasia mutant), a protein of DNA
repair, was higher in CNE1 than that in CNE2, and thus it
was suggested that ATM was one of the factors leading to
radioresistance in CNE1. Since DNA-PK belongs to
phosphatidylinositol-3-kinase (PI3K) family as well as ATM,
it is highly possible that DNA-PK be one of the factors
affecting radiosensitivity of NPC cell lines CNE1 and CNE2.
Therefore, we undertook the present study to investigate
the relationship between DNA-PK expression/activity and
the known radiosensitivity of NPC cell lines.

1  MATERIALS AND METHODS

1.1  Cell lines and culture conditions
CNE1 and CNE2 were provided by the Cancer Center of
Sun Yat-sen University. All cells were routinely cultured in
RPMI 1640 media supplemented with 10% fetal calf se-
rum (FCS) and antibiotics including 100 U of penicillin per
mL and 100 μg of streptomycin per mL. All incubations
were performed at 37 °C in a humidified atmosphere of
5% CO2 and 95% air.
1.2 Methods of irradiation
Exponentially growing cells were treated with 0.25% trypsin
to get cell suspension. Then the cells were irradiated with
X ionizing radiation of 4 Gy, and with irradiation rate of
104.93 cGy/min at 210 kV and 12 mA. The source-to-
target distance was 40 cm and the irradiation field was 10
cm×15 cm with 0.25 Cu filter and 0.52 Cu half values
layer. Cells were harvested to be used for laser scanning
confocal microscope (LSCM), Western blot analysis and
DNA-PK activity assay 0, 15 min, 1 h, 6 h, 12 h and 24 h
after irradiation of 4 Gy X-ray.
1.3  Clonogenic survival assay
Cells were grown in culture flasks to mid-logarithmic phase
with about 60% confluence and fed fresh medium on the
day before the experiment. Cells were  treated with 0.25%
trypsin, single-cell suspensions were prepared, and cell
number was counted using a hemocytometer. Cells were
then seeded in varying amounts onto 60-mm culture dishes
along with nutrient medium. The latter were respectively
irradiated with different single dose ranging from 0 to 800
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cGy. This was done in triplicate at each dose including 0,
0.5, 1, 2, 4, 6 and 8 Gy. Immediately after irradiation, the
treated cells were incubated under the above-described
growing condition for 9-14 d until colonies appear. The
surviving clones were fixed with methanol and stained with
crystal violet. Clones only having a minimum of 50 viable
cells were scored. The experiments were repeated at least
three times to get an average value. All survival data were
analyzed using survival curve program on a microcom-
puter with Sigma-Plot software in the Department of Ra-
diation Oncology at Sun Yat-sen University Cancer Center.
The linear quadratic model was applied to analyze the sur-
vival curve data and then the parameters plating efficiency
(PE), α, β, survival fraction of 2 Gy (SF2), mean inacti-
vation dose (MID) were calculated.
1.4  Immunofluorescence
Cells were seeded (5×105 cells) in 40-mm dishes with co-
verslips (Fisher Scientific), cultured in RPMI 1640 media
with 10% FCS at 37 oC overnight. Then cells were fixed in
pre-cold 10% paraformaldehyde for 30 min at designed
measuring time (0, 15 min, 1 h, 6 h, 12 h and 24 h) after
irradiation of 4 Gy ionizing radiation, permeabilized in
0.5% Triton X-100/PBS for 15 min.  After an additional
wash in PBS, the coverslips crawled with cells were
blocked in 10% goat serum in PBS for 30 min, and incu-
bated with anti-Ku70, anti-Ku80 or anti-DNA-PKcs anti-
bodies (BD Biosciences) diluted in 10% goat serum/PBS
(1:100 dilution) overnight at 4 oC. After rinsed in PBS for 5
min, coverslips were incubated with FITC-conjugated goat
anti-mouse IgG (DAKO) for 1 h in dark and wet box, and
incubated with 0.5 μg/mL DAPI (Sigma) to stained the
nuclei for 2 min, rinsed in ddH2O for 5 min, mounted with
80% glycerol/PBS. Confocal images were obtained using
a confocal laser microscopy system (Zeiss). HeLa cell was
the positive control, and the group with PBS replacing the
primary antibody during incubation was regarded as nega-
tive control.
1.5  Western blot analysis
Sample preparation: the control cells and 4 Gy-irradiated
cells were scraped from the dishes in PBS at 0, 15 min, 1 h,
6 h, 12 h and 24 h after irradiation. The collected cells
were centrifuged at 4 °C and then the cell pellets were
lysed in pre-cooled radio immunoprecipitation (RIPA) buffer
(Upstate, Ltd.). The swollen cells were disrupted by incu-
bation on ice for 30 min. The resulting suspension was
centrifuged at 15 000 r/min for 10 min at 4 °C, and the
clear supernatants were the whole extracts of the cells,
stored at -80 °C before use. Protein concentrations were

determined with BCA protein assay kit (Piearce, Ltd.).
Nuclear-Cytosol Extraction Kit was used to prepare nuclear
and cytoplasmic extracts of the cells.

Electrophoresis and transference of the protein: the pro-
tein extracts (10 µg of total cell extracts, 15 µg of nuclear
or cytoplasmic extracts) were separated on 10% polyacry-
lamide gel and transferred to polyvinylidene difluoride mem-
branes (Roche Corporation). The membranes were blocked
with 5% degreased milk for 1 h at room temperature or
overnight at 4 °C. Then, the membranes were incubated
with the primary antibodies (all were from Santa Cruz
Biotechnology, CA) diluted in Blocking buffer for 3 h at
room temperature at the following dilutions: 1:1 000 for
Ku70 and Ku80, 1:10 000 for GAPDH, respectively. After
that, the membranes were washed and proteins were de-
tected by horseradish peroxidase-conjugated secondary
antibody (Santa Cruz Biotechnology, CA) (1: 2 000) and
enhanced chemiluminescence (Amersham Pharmacia
Biotech). Equal loading of extracts was confirmed by mea-
suring GAPDH expression. The bands were quantified by
densitometric analysis using an apparatus JVC ky-F3OB
3-CCD (Japan) with automatic image analysis system. We
introduced the integral optical density (IOD), which was
produced by the area of the band multiply the mean light
densitometer as a last index.

The experiments of Western blot, which was designed
to detect the expression of Kus of CNE1 and CNE2 before
and after irradiation, were done in triplicate. The bands
normalized to the expression level of HSP70 were mea-
sured for its IOD and the results were described with
means±SEM. The mean value between two groups was
compared using the Student t-test.
1.6  DNA-PK activity assay
Kinase assays were performed as described previously[23-25]

using the Signa TECT DNA-PK assay kit according to the
manufacturer’s protocol (Promega Inc.), with the follow-
ing modification: Cell extracts were prepared with ice-cold
low salt (LS) buffer (50 mmol/L NaF, 20 mmol/L HEPES/
NaOH at pH 7.6, 450 mmol/L NaCl, 25% glycerol, 0.2
mmol/L EDTA, 0.5 mmol/L DTT, 0.5 mmol/L PMSF, 1
µg/mL aprotinin, 1 mg/mL trypsin inhibitor, 1 µg/mL
leupeptin, 0.5% NP-40). In order to remove endogenous
DNA, the aliquot cell extracts (include 100 µg protein)
were mixed with 20 µg dsDNA-cellulose (Sigma Co.) in a
total volume of 100 µL Buffer Z (25 mmol/L HEPES/KOH
at pH 7.6, 12.5 mmol/L MgCl2, 20% glycerol, 0.1% NP-40,
1 mmol/L DTT and 50 mmol/L KCl). The mixture was
incubated at 4 °C for at least 20 h with continuous shaking.
And kinase assays were conducted in the following steps.
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Prepare the enzyme dilution buffer for the experimental
group including DNA-PK biotinylated peptide substrate and
for the control group without DNA-PK biotinylated pep-
tide substrate, and djust the final reaction volume to 25 µL
with deionized water. After incubating at 30 oC for 5 min,
add 15.0 µL enzyme dilution buffer to each sample (25.0
µg protein of each) which involved 0.05 µL radioactivity
isotope [γ-32P]ATP (7 000 Ci/mmol; ICN Radiochemical)
to activate the reaction. Terminate it by adding 12.5 µL of
terminate buffer to each reaction and mix well. Spot 10.0
µL of each terminated reaction onto a SAM2 biotin capture
membrane. After all samples have been spotted, wash the
SAM2 membrane, and the excess free [γ-32P]ATP and
nonbiotinylated proteins were removed via a simple wash-
ing procedure. After washing, the radioactivity was deter-
mined in a liquid scintillation counter (Beckman LS6000).
Calculation of DNA-PK activity by using the formula of-
fered in the kit.
1.7  Statistical method
Data were expressed as the means±SEM. Results were
analyzed for significant differences using SPSS procedures
(version 10.0) and Student’s t tests (Sigma Plot 6.0). Re-
sults were considered significant at P<0.05.

2  RESULTS

2.1  Radiation dose-survival curve and radiobiologi-
cal parameters
Radiation dose-survival curve and radiobiological para-
meters were shown in Fig.1 and Table 1. Obviously, the
survival curve of CNE1 was smoother than that of CNE2,
indicating higher survival (or more resistance). Also, α
value in linear portion of CNE1 was smaller than that of
CNE2 and its MID was almost twice of that of CNE2. The
data suggested that the CNE2 is intrinsically much more
radiosensitive than CNE1.
2.2  DNA-PK activity
The DNA-PK activity was measured by an assay kit. As
summarized in Fig.2, before irradiation the DNA-PK ac-
tivity of CNE1 was higher than that of CNE2 (4.14±0.69
versus 0.41±0.26, P<0.05). The DNA-PK activity of both

Table 1.    Dose-survival curve parameters of CNE1 and CNE2

  Cell line                   PE (%)          SF2 read (%)      SEM (%)            SF2est (%)              α (Gy-1)                 β (Gy-1)             MID (Gy)

CNE1 92 37 2.83 54 0.106 0.110 2.345
CNE2 90 16 1.41 17 0.810 0.085 1.111

PE, plating effciency; SF2, survival fraction of 2 Gy; MID, mean inactivation dose.

Fig.2. Changes of DNA-PK activity in CNE1/CNE2 cells before and
after irradiation. A: Relationship between the DNA-PK activity and
quantity of cell extracts in CNE1/CNE2 cells. Within 12.5-150 μg of
cell extracts, the DNA-PK activity linear increased with the increase
of protein quantity. The cumulative means±SEM were shown (n=3).
B: Changes of DNA-PK activity in CNE1/CNE2 cells before and
after 4 Gy X-ray exposure at different time points. The results
shown for DNA-PK activity were the means±SEM of three inde-
pendent experiments. *P<0.05 vs CNE2.

Fig.1.  Clonogenic cell survival curves for CNE1 and CNE2 cell lines
were generated after exposure to 0, 0.5, 1, 2, 4, 6 and 8 Gy of ionizing
radiation.
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cell lines increased 1 h after irradiation, while the increase
in DNA-PK activity in CNE1 was drastically higher than
that of CNE2  (P<0.05). Similar results were obtained at
all time points examined (Fig.2B).
2.3  Protein expressions of Ku70 and Ku80
The protein levels of Ku70 and Ku80 were detected by
Western blot in both CNE1 and CNE2 cell lines before and
after 4 Gy irradiation (Fig.3). The semi-quantified assay of

the protein bands showed that the basic expressions of
Ku70 and Ku80 in the two cell lines before irradiation were
not significantly different. With 4 Gy irradiation, the Ku
protein expression of the total extracts in the two cell lines
remained stable, but the levels of Ku of the nuclei extracts
were obviously higher than that of pre-irradiation. Notably,
the expression of Ku70 in the cytoplasm after irradiation
for over 6 h appeared to be consistently lower in CNE1

Fig.3. Expression of Ku70 and Ku80 proteins before and after irradiation by Western blot.

(Continued on next page)
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Fig.4. Comparison of time-dependent nuclear translocation of DNA-PK subunits after irradiation between CNE1 and CNE2 by immunofluo-
rescent staining. A:  Immunofluorescence of Ku70 in CNE1 and CNE2. Scale bar, 20 µm. B:  Immunofluorescence of Ku80 in CNE1 and CNE2.
Scale bar, 20 µm. C: Immunofluorescence of DNA-PKcs in CNE1 and CNE2. Scale bar, 20 µm. HeLa cells were used as the positive control,
and the PBS replacing the primary antibody during incubation was regarded as negative control.

(Continued from previous page)
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than that in CNE2 although the difference between the two
nuclei fractions in these cells were not obvious.
2.4  Subcellular localization of DNA-PK subunits
Subcellular localization of DNA-PK subunits was examined
by immunofluorescence using confocal laser microscopy.
All DNA-PK subunits, including Ku70, Ku80 and DNA-
PKcs, were localized to both nuclei and cytoplasm before
irradiation in both CNE cell lines, which were stained nega-
tive in the controls. After irradiation, the intensity of Ku/
DNA-PKcs nuclear staining was increasing with irradia-
tion time, especially from 1 to 6 h after irradiation, with
stronger intensity of nuclear staining for all subunits ob-
served in CNE1 as compared to that in CNE2 6 h after
irradiation (Fig.4).

3  DISCUSSION

Although CNE1 and CNE2 cell lines derived from squa-
mous NPC cells, they show different radiosensitivity[19-21].
In our present data from clonogenic survival assay, MID
was 1.111 for CNE2 and 2.345 for CNE1 (Table 1), which
also confirmed that CNE2 was more sensitive to ionizing
radiation than CNE1. Several reports have proposed that
the differences in morphological parameters, such as the
nuclear perimeter or ratio of nucleus to cytoplasm, and
degree of differentiation may be responsible for the ob-
served difference in radiosensitivity between these cells[23-27].
However, we are interested in whether this difference is
determined by intrinsic molecular factor(s), especially those
related to DNA repair. DNA-PK is known to play an im-
portant role in the repair of DNA double-strand breaks in-
duced by ionizing radiation. While DNA-PK has been pro-
posed as a predictor for radiation therapeutic sensitivity[28-32];
the use of its complex subunits, including Ku proteins, for
this purpose remain controversial[15,16]. A recent study has
reported that the radiosensitization effect of roscovitine is
associated with an inhibition of the DNA-PK activity caused
by a marked decrease in Ku-DNA binding instead of changes
in expressions of Kus and DNA-PKcs[33]. It was suggested
that DNA-PK activity and Ku-DNA binding in the nucleus
could really determine the radiosensitivity.

In order to explore possible relationship between DNA-
PK activity and the radiosensitivity of CNE1 and CNE2,
we measured DNA-PK activity in these cell lines in the
present study, and found that the DNA-PK activity in CNE1
was nearly 9 folds of that of CNE2 before and after
irradiation, indicating that the lower radiosensitivity of CNE1
compared with that of CNE2 may be related to a higher
DNA-PK activity in CNE1. We further compared the

expression of Ku proteins between the two cell lines and no
significant difference in the total Ku protein level between
the two cell lines was found before or after irradiation.
Therefore, it seems that the higher DNA-PK activity in
CNE1 compared with that in CNE2 may not be directly
related to the level of Ku expression, with or without
irradiation, which is consistent with other findings from
several oral squamous cell carcinoma lines with different
radiosensitivities[34,35].

Earlier studies have suggested that nuclear translocation
of Ku70 and Ku80 is important for the fast repair process[36],
and therefore, the nuclear expression of Ku proteins could
be a more accurate measure of radiosensitivity. Indeed,
our Western blot analysis showed that the amount of Ku70
and Ku80 proteins in the nuclear fractions of both cell lines
had remarkably increased after irradiation.  Immunostaining
of Ku70/Ku80/DNA-PKcs of the two cell lines confirmed
the same results, showing drastic increase in the Kus and
DNA-PKcs immunofluorescence intensities in the nuclei
1-6 h after irradiation. These results suggest that the nuclear
translocation of DNA-PK subunits upon irradiation is an
important event necessary for DNA repair. Interestingly,
while Western blot did not seem to show obvious diffe-
rence in the nuclear Ku levels between CNE1 and CNE2,
the Ku70 content in the cytoplasm of CNE1 was detectably
lower than that of CNE2 at longer time points after irradiation,
suggesting possibly more nuclear translocation of Ku70 in
this cell line with lower radiosensitivity. More prominent
difference in nuclear translocation of DNA-PK subunits
between CNE1 and CNE2 was demonstrated by the
immunostaining, showing consistently higher nuclear
immunostaining intensities in CNE1 as compared that in
CNE2 for all the subunits examined, especially at 6 h after
irradiation (Fig.4). The difference in nuclear translocation
of DNA-PK subunits between the two cell lines may result
in the observed difference in DNA-PK activity that under-
lines the difference in radiosensitivity of these two cell lines.
Indeed, it has been proposed that Ku-DNA binding which
takes place in the nucleus is closely related to DNA-PK
activity and radiosensitivity[37-39]. An increase in DNA-PK
activity in the nucleus leads to increased formation of the
DNA end-binding protein complexes containing DNA-PK
which is essential for repair of DNA double-strand breaks,
and further results in radioresistance of the cells[39-41]. It
should be noted, however, that the differences of the Kus
in the nuclear fractions between CNE1 and CNE2 were
difficult to detect by Western blot and yet remarkable
increases in DNA-PK activity with observed difference
between CNE1 and CNE2 cells after irradiation could be
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obtained. These results suggest that DNA-PK activity is a
more sensitive measure, as compared to its complex
subunits, for prediction of radiosensitivity.
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