
Abstract. Telomere-associated proteins function as survival
factors in telomere maintenance, which are major contributors
to radiosensitivity in human cancers. The aim of this study
was to investigate the association of telomere-associated
gene expression and radiation resistance in human larynx
squamous carcinoma. The changes of telomere-associated
gene expressions and bionomical characteristics that occur in
two human larynx squamous carcinoma cell lines (Hep-2 and
Hep-2R), with different radiosensitivities in vitro were
explored in the present study. Based on previous research,
elevated POT1 and TPP1 expressions were detected by reverse
transcription-PCR and Western blotting in Hep-2R cell lines.
Furthermore, Hep-2R cells showed increased recovery ratio
accompanied by a reduction of cell arrested in G2/S phase,
suggesting that the radioresistance of Hep-2R cells was due to
a faster growth in which telomere length had recently been
demonstrated to be a powerful prognostic marker. These
results manifest that radioresistant Hep-2R cell lines showed
certain changes in gene expression and bionomical profiles
that are different from the profile changes of the more-
sensitive Hep-2 cell lines, and that evaluation of telomere-
associated genes may be a prognostic marker for response to
radiotherapy in larynx squamous cell carcinoma (LSCC).

Introduction

Radiation plays an important role in the treatment of cancer.
Although modern technology has made it an effective tool,

radiation resistance of tumor cells limit the success of this
treatment, and the tumors invariably recur (1-3). In order to
improve its therapeutic ratio, there has been much interest in
the difference between radioresistant cells and their parental
counterparts. As this approach is beginning to show promise,
there is a continued need for the discovery of exact
mechanisms and the genes involved in enhancing radio-
therapeutic response.

Our previous research showed that there must be some
intrinsic relationship between telomere length and cellular
radiosensitivity. The establishment of a radioresistant human
larynx squamous carcinoma cell line (Hep-2R) by repeated
irradiation of a radiosensitive line (Hep-2) was also reported
(4). This cell line would be a unique and good model to
investigate the mechanism or determinant factors for radio-
resistance. A difference in the gene expression after radiation
in these cell lines were detected previously by us (4), which
showed that 41 genes and their related molecular pathways
related to cell growth and structure were strongly associated
with radiation resistance. Nine were reported to be related to
cell telomere and DNA reparation, especially the human
protection of telomere1 (POT1), which increased more than
3-fold in Hep-2R cells, but the related genes, especially the
expression levels of POT1-interacting protein 1 (TPP1) and
relationship with bionomical characteristics in the two cell
lines has not yet been validated.

To confirm our outcomes and to clarify the relationship
between telomeric proteins and radiosensitivities of human
laryngeal cancer cell lines, we investigated the telomeric
protein changes correlated with biologic characteristics in
human larynx squamous carcinoma cell lines.

Materials and methods

Cell lines and culture conditions. The human LSCC-derived
cell lines Hep-2 and Hep-2R obtained from our previous
research were prepared for this study. The cells were main-
tained in Dulbecco's modified Eagle's medium (DMEM)
(Sigma Chemical Co., St Louis, MO, USA) supplemented
with 10% heat-inactivated foetal bovine serum and 50 Uml-1

penicillin and streptomycin. All cultures were grown at 37˚C
under a humidified atmosphere of 5% carbon dioxide for
routine growth.
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Irradiation. Cells were plated in 10 cm dishes and incubated
at 37˚C under humidified 5% CO2, 95% air in culture medium
until 70-80% confluent. Cells were then exposed to Á-rays
from a 60Co-ray source (Atomic Energy of Canada Ltd,
Canada and located in Institute, Seoul, Korea) at a dose rate
of 61.3 cGy/min.

Evaluation of PLDR. The PLDR in an in vitro system was
defined as follows. Appropriate numbers of cells were plated
in 25-cm2 plastic flasks. After 2 Gy irradiation of confluent
cells, the cells were either immediately plated in 25-cm2

plastic flasks or were placed for 8 h in an incubator
(incubation time) to allow cells to repair radiation damage
and were then plated (delayed plating). An increase in the
surviving fraction (SF) of delayed plating compared with that
of immediate plating implies PLDR. Surviving fractions
were determined by clonogenic assay as described previously
(5). Colonies were fixed and stained with crystal violet (2%
in methanol) at least 14 days after subculture for counting.

Cell cycle analysis. For cell cycle analysis, cells were fixed
in 70% ethanol for at least 1 h at 4˚C. The fixed cells were
then washed once with PBS containing EDTA and resus-
pended in 1 ml of PBS. After the addition of 10 μl each of PI
(5 mg/ml) and RNase (10 mg/ml), the samples were incubated
for 30 min at 4˚C and analyzed with a flow cytometer
(Beckman Coulter)

RNA isolation and semiquantitative RT-PCR. Total RNA was
isolated using TRIzol reagent (Invitrogen) according to the
manufacturer's instructions. The first strand of cDNA was
obtained using Revert Aid™ First Strand cDNA Synthesis
Kit (Fermentas). For quantitative analysis of POT1 and TPP1
mRNA, human GAPDH gene was used as an internal
control. DNA primer sequences were designed as follows:
sense CCTTACGTGTTTGGGCATCT and antisense GAA
ATGATGCTCCGTCCACT for POT1, sense CCTTGA
GGAGCACCTTTCAG and antisense CAGTGTCAGGCAG
CTTTCAG for TPP1, and ATCACTGCCACCCAGAA
GAC and antisense AGCGTCAAAGGTGGAGGAGT for
GAPDH. The cycling conditions for all the cDNA included
preincubation for 5 min at 94˚C and followed by 30 cycles of
30 sec at 94˚C, 40 sec at 54˚C, 60 sec at 72˚C and a final
extension for 7 min at 72˚C. PCR products were identified
using electrophoresis on 1.5% agarose gels containing 0.5%
ethidium bromide (EB). Gel images were obtained and the
densities of PCR products were quantified using Bio-ID gel
analysis software (Vilber Lourmat, France). All experiments
were repeated at least three times.

Polyacrylamide gel electrophoresis and Western blot
analysis. Cells were solubilized with lysis buffer (120 mM
NaCl, 40 mM Tris, pH 8.0 and 0.1% NP40), the samples
were boiled for 5 min and equal amounts of protein (40 μg/
well) were analyzed on 7.5-10% SDS-PAGE. After electro-
phoresis, proteins were transferred to a PVDF membrane and
processed for immunoblotting. For the detection of POT1
and TPP1, blots were incubated with 1:100 dilution rabbit
polyclonal or monoclonal antibodies (Abnova) and further
incubated with horseradish peroxidase-conjugated secondary

antibody diluted at 1:5000 and specific bands were visualized
by ECL (Amersham International). Autoradiographs were
recorded onto X-Omat AR film (Eastman Kodak Co.). 

Statistical analysis. Data were obtained from triplicate samples
and expressed as the mean ± standard deviation (SD).
Statistical analyses were performed by Student's t-test.
Statistical analysis was performed using software SPSS 10.0
and Graphic Prism 4.0. P<0.05 was considered to be statis-
tically significant.

Results

Cell survival curves. As shown in Fig. 1, PLDR was observed
in both cell lines. The curve of Hep-2R has a distinct shoulder
region, while that of Hep-2 cells is linear and shows marked
radiosensitivity compared to Hep-2R cells. The recovery
ratio at 10 Gy was 2.97±0.5 in Hep-2R and 2.44±0.6 in Hep-2,
respectively, and was consistent with the difference in
radiosensitivity of the two cell lines. The difference was
statistically significant (P<0.05), which indicates that the
recovery ratios of radioresistant Hep-2R were slightly greater
than those of Hep-2. Hep-2R are capable of repairing
substantial PLD, whereas little PLD repair occurs in Hep-2
cells.

Hep-2R showed significant changed in cell cycle distribution.
The notorious growth retardation of cells induced by
radiation prompted us to examine whether cell growth
inhibition was affected by changes in cell cycle. Table I
exhibited differences in cell cycle phases at 72 h in Hep-2
and Hep-2R cells. Accumulation of G2-arrested cells was
more prominent in Hep-2 than Hep-2R (22±1.65% in Hep-2
and 10.6±0.97% in Hep-2R), and the difference in proportion
of the cells was statistically significant (P<0.05).

Altered gene expression, confirmed by RT-PCR and Western
blotting, in radiation-resistant clones. We used RT-PCR and
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Figure 1. Clonegenic survival assay demonstrating PLDR in both cell lines.
Confluent-phase cells were irradiated with 2 Gy and plated immediately after
radiation or 8 h after post-irradiation incubation.
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Western blotting to confirm genes that were differentially
expressed in radioresistant Hep-2R clones revealed by
microarray, which had indicated that the POT1 showed the
most significant alterations in expression in radioresistant
clones (3.5-fold increases) (4). So we performed RT-PCR
analysis, to further validate the cDNA array approach. As
seen in Fig. 2, two genes, including POT1 and TPP1, were
selected. Western blot analyses for the two genes were
consistent with the results of the cDNA hybridization array
and RT-PCR (Fig. 3).

Discussion

Previous studies have demonstrated that a set of genes related
to telomere changed in human laryngeal cancer cell lines
with different radiosensitivity (4). In this study, we have
further observed that, the expressions of POT1 and TPP1, the
important mediator involved in telomere maintenance, were
increased in radioresistant Hep-2R than in more sensitive
Hep-2 cell lines at both gene and protein levels. In addition,
Hep-2R cells showed higher capacity of potential lethal

damage repair and an decreased cell numbers in G2/S phase.
Therefore, we favor the hypothesis that both POT1 and TPP1
may acts as constitutive and inducible radioresistant factors
in human laryngeal cancer.

The cell lines used in this study were derived from the
same origin, and they may have similar tumor character-
istics. Thus these would be a good model to investigate
determinant factors for radiosensitivity. This study demon-
strated that PLDR was observed in both Hep-2 and Hep-2R
whereas the radioresistant Hep-2R showed higher capacity
of PLDR than the radiosensitive Hep-2. Radford et al (6)
recently reported that DNA repair capability influences
susceptibility to radiation, therefore higher proportion of
unrepairable DNA damage in Hep-2 than Hep-2 R may
cause different radiosensitivity due to the difference of
telomere length.

To determine if the induction of radiosensitivity was
associated with accumulation of cells in radiosensitive phases
of cell cycle, we investigated cell cycle alterations in the two
cell lines. In Hep-2R cells, the percentage of cells in G2/S
was significantly reduced with an accumulation of cells in
G1 compared with Hep-2 cells. Cells in G2/M are most
sensitive and cells in S phase are mostly radioresistant, which
may partially account for the increase in the radioresistance
of Hep-2R cells induced by radiation. Furthermore, the
magnitude of G2 delay has been shown to detect the degree
of radiation-induced DNA damage and cellular radiosen-
sitivity (7), it may be speculated that Hep-2R had less residual
DNA damage due to longer telomere length than Hep-2,
which was consistent with our previous research suggesting
that short telomere length may lead to an impaired DNA
repair (8).

Telomeres were originally defined as chromosome caps
that prevent the natural ends of linear chromosomes from
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Table I. Cell cycle distribution of Hep-2 and Hep-2R cells at
72 h after plated.
–––––––––––––––––––––––––––––––––––––––––––––––––
Group G1 (%) S (%) G2 (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Hep-2 54.2±1.63 23.8±1.53 22±1.65
Hep-2R 75.6±0.72* 13.7±1.94* 10.6±0.97*

–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. RT-PCR detected TPP1 and POT1 mRNA expression in Hep-2
and Hep-2R cell lines respectively. (A) Representative gels are shown with
the upper band displaying GAPDH (452 bp) and the lower band displaying
TPP1 (207 bp) or POT1 (135 bp). (B) The PCR products were semiquan-
tified for relative levels of mRNA using image analysis by comparing TPP1
or POT1 with GAPDH. Bar graph shows the mean ± SD value of relative
mRNA expression. *P<0.05 is considered significant.

Figure 3. The protein expressions of TPP1and POT1 in Hep-2 and Hep-2R.
Protein expressions of TPP1 and POT1 were detected by Western blotting.
(A) Representative images are shown of TPP1 and POT1 expression in the
Hep-2 and Hep-2R cell lines. (B) The bar chart shows the semiquantitative
analysis of TPP1 and POT1 protein expression. Data represent means ± SD.
*P<0.05 is considered significant.
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undergoing deleterious degradation and fusion events (9,10).
A great number of studies manifest that cellular radio-
sensitivity is related to the cellular reproductive ability, so
there should be some kind of intrinsic correlation between
the telomere length and radiosensitivity (11-13). Our
previous research also indicated that radiosensitivity is
negatively correlated with telomere length, the longer the
telomere length, the lower the radiosensitivity (8). Telomere
maintenance has been implicated in cancer and ageing, and
requires cooperation between a multitude of telomeric
factors, including telomerase, TRF1, TRF2, RAP1, TIN2,
Tankyrase, PINX1 and POT1 (14-16). Among these
proteins, TPP1 and POT1 directly bind single-stranded
telomere DNA and interact with a number of proteins to
maintain telomere length and structure (17-19). Therefore,
the two proteins probably are the major players of telomere
maintenance. In a recent study by Wang et al (20), the
author showed that TPP1 was the missing ß-subunit of
human POT1 protein and proposed that POT1-TPP1
switched from inhibiting telomerase access to the telomere,
as a component of shelterin, to serving as a processivity
factor for telomerase during telomere extension. O’Connor
et al also have reported that the telomeric targeting of POT1
depended on its interaction with TPP1. It remains to be
determined how TPP1 interacts with other telomeric
proteins and whether TPP1 has any function other than
targeting POT1 (21).

In the present study, we detected expression of POT1
and TPP1 both at gene and protein levels, which showed
that both them were elevated in Hep-2R cells. Although
these changes have to be confirmed by further experiments,
they are expected to greatly affect the function of telomeres
in radioresistant clones. A yin-yang model (22) in which
TPP1 and POT1 function as a unit to protect human
telomeres, indicated they both positively and negatively
regulated telomerase access to telomere DNA. The lower
expression level of various factors involved in telomerase
activity should impair telomere regeneration at each S-
phase (23). Moreover, the altered expression of telomere
capping factors might disrupt the capping complex,
facilitating telomere degradation and shortening indepen-
dently of the telomerase status (24,25). This correlates with
telomeric damage possibly already appeared in LSCC cells,
which may be one of the reasons as to why shortened
telomeres result in increased sensitivity to ionizing radiation
exposure.

In conclusion, our results provide the first evidence of the
expression of telomere-associated genes in LSCC, which
suggests that high level of TPP1 and POT1 seems to be
directly associated with poor radiosensitivity in LSCC cells as
independent predicting factors. Although an accurate delivery
system of siRNA to target cells is yet to be established, we
believe that this mechanism is worthy of further research.
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