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ABSTRACT 

Telomerase activation is one of the main pathways to immortalize cancer cells. In 

many kinds of cancer cells, this special reverse transcriptase stabilizes and elongates 

telomeres and prevents telomere erosion that naturally occurs in every cell division. 

Esophageal cancer is the fifth most fi-equent cause of cancer death worldwide, and is 

highly associated with alcohol, smoking, cultural habits, and environmental factors. 

Telomerase has been suggested as a tumor marker and a molecular target for drug 

design in several kinds of cancers. In this work telomerase activation was inspected 

among Iranian patients with Esophageal Squamous Cell Carcinoma (ESCC), and de

tected in 90% of samples of different stages. This may be an indication that tel om erase 

activation happens in an initial step in the development ofESCC. Although there is no 

correlation between telomerase activity and the progress ofESCC, it could be consid

ered as a good tumor marker in ESCC. Telomerase activity tests are suggested for 

screening purposes in high risk areas for ESCC, which can be easily done on a small 

amount of scrapped samples of esophageal mucosa. It is also possible that ESCC 

results from incomplete differentiation or a failure in telomerase gene switching off that 

nonnally occurs during the differentiation of esophageal epithelial cells. 
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INTRODUCTION 

Esophageal cancer is ranked as the fifth cause of death 
by cancer in the world. J The prognosis for both types of 
esophageal cancer, squamous cell carcinoma (ESCC) and 
adenocarcinoma (ADC), is poor; a survival rate at 5 years 
of less than 10% has been reported.2 In developing coun
tries, more than 85% of cases of esophageal cancer are 
ESSC, associated with a variety of significant factors 
coming from their environment, cultural and nutritional 
habits.3.4 Different pathways may be involved in the 
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pathogenesis of esophageal cancer. Actually, one of the 
most intriguing aspects of the epidemiology of esoph
ageal cancer is its strong geographical variation; certain 
areas of the world like the north parts of China, around 
the Caspian sea, South Africa and South America have a 
higher incidence by several orders.5 Although the mor
tality from esophageal cancer has decreased in the world 
using new and improved diagnostic strategies by endo
scopy and microsurgeries, the 5-year survival rate of 
patients with resectable esophageal cancer after treat
ment ranges between 20 and 30%, mainly because the 
majority of patients with esophageal cancer are diag
nosed in late stages. 
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Recent molecular oncology studies on Iranian pa
tients with ESCC performed in our lab have shown that 
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61 % of Iranian patients with ESCC had a loss of het
erozygosity (LOH) of a region on 17p, around the loca
tion of p53 gene (telomeric region), whereas 59.4% 
showed an allelic loss of 17q (Ziaee et aI., unpublished 
data). It is noteworthy that the telomere length of chro
mosome 17p is shorter than median telomere length, sug
gesting chromosome-specific factors regulate telomere 
length. Therefore, it is possible that the short telomere 
of 17p and frequent loss of alleles in ESCC tumors6 may 
influence tumor cell behavior. 

Telomerase as a ribonucleoprotein, consists of an in
ternal RNA, catalytic protein component and several 
other auxiliary factors to extend the 3'-G-rich strand of 
the ends of the telomeres. This enzyme is largely absent 
in normal somatic cells, while it is activated in immortal 
and cancer cells.7 Telomere bound hnRNPs may prove 
to be good targets for regulating telomere length.8 Hu
man telomerase (hT) adds repeated units of the 5'
TTAGGG-3' hexamer to the ends of telomeres by reverse 
transcription activity, using its RNA component (hTR) 
as a template9 and compensates the telomere loss that 
normally occurs in every cell cycle by the incomplete 
replication of linear chromosomal DNA.'O Telomere cri
sis, which is a result of continued unregulated cell divi
sion, promotes secondary genetic alterations that en
hance tumorigenesis and tumor growth is facilitated by 
telomerase activation (for a review see).11 On the other 
hand, very short telomeres are protected and stablized 
by an unknown mechanism. So telomerase acts more than 
just elongating the telomeres, it is also under regulation 
in multiple levels; regulation of hTERT transcription, 
transport to the nucleus, assembly of the telomerase 
holoenzyme, recruitment of tel om erase to the telomere, 
and post-translational modifications of hTERT protein, 
although generation of full-length hTERT protein is prob
ably the limiting step.12 

In many different cancer cells, telomerase is activated 
and it is considered as a very good tumor marker. 
Telomerase activation is achieved at various steps, in
cluding transcriptional and post-transcriptional levels 
of the hTERT gene. 13 The expression of hTERT in tumor 
cell lines shows a recessive phenomenon, indicating that 
lack of expression in normal cells is because of one or 
several repressors.'4 Several chromosomes may code 
for such repressors including some transcription fac
tors, cell cycle inhibitors, tumor suppressor genes, hor
mone receptors, cell fate determining molecules and vi
ral proteins.'4 However, no clear explanation has been 
outlined so far in connection with the tumor specific 
expression of the hTERT gene.14 

Telomerase activity have been detected in a consid
erable number of esophageal carcinoma and also normal 
esophageal mucosa.'5 In 1998, Asai et al. studied 13 
human ESSC cell lines, and showed telomere restriction 
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fragment (TRF) shortening and telomerase activity in all 
of these cell lines.'6 Applying in situ hybridization tech
nique, hTR overexpression has been reported as an early 
event in the development of ESCC.'7 From the molecular 
oncology point of view, studies on telomerase activity 
in Iranian patien ts with ESCC can be a valuable contri
bution to the efforts of elucidation the esophageal can
cer etiology in high risk areas around the world. 

IYIATERIAL AND METHODS 

Fresh tissue samples of ESCC were snap frozen and 
kept in liquid nitrogen until use. Histopathological stud
ies of tissues were performed according to TNM classi
fication by two pathologists blind to the telomerase ac
tivity results of the tissues. T issue samples were pow
dered by microdismembrator at maximum speed for 60 
seconds under liquid nitrogen conditions. Each pow
dered tissue sample was added to an appropriate amount 
of lysis buffer containing 10 mM Tris-HCl pH=7.5, I mM 
MgCI2, I mM E GTA, 0.1 mM 
Phenylmethylsulfonylfluoride (PM SF), 5 mM beta
mercapto ethanol, 0.5% CHAPS and 10% glycerol.25 Af
ter 30 minutes i ncubation on ice, the lysate was centri
fuged at 16000g for 30 minutes at 4°C. Supernatant was 
then applied for Telomerase Repeat Amplification Pro
tocol (ATRAP) assay.25 Due to the well known presence 
of the telomerase activity in HeLa cells, these cells were 
used as a positive control. If HeLa cellular extract is 
treated with RNase-A ribonuclease, it can be considered 
as a negative control as well. HeLa cells were purchased 
from Iran Pasteur Institute (ATCC No: CCL-2). Initially, 
HeLa cells were grown in in RPMI 1640 medium supple
mented with 10% fetal calf serum (FCS) and 100 units 
Penicillin and incubated at 37°C under 5% ambient CO, 
condition. For cellular extract preparation, cells were 
grown to 80% confluency, trypsinized with 0.2% trypsin, 
washed with phosphate buffer saline, centrifuged then 
resuspended in lysis buffer at a concentration of 5 x 106 
cells/mL. Protein concentration of all samples were esti
mated using a Bradford based microassay.38 For the 
telomerase assay, 0.05-5Ilg of the extracted protein were 
used for a 50 ilL reaction mixture containing 20 mM T ris
HCl pH=8.3, 1.5 mM MgCI2, 63 mM KCI, ImM EGTA, 
0.005% Tween 20, 0.1 mg/mL BSA, lug T4g32pr, 20 IlM 
dNTP mix), O.lllg Ts primer (5'-AATCCGTCGAGCAGATT-
3') and after incubation at 24-26°C for 20 minutes 0.1 Ilg 
Cx primer (5' -(CCCTTA)4 -3'), the product of reverse 
transcriptase activity of the telomerase was ready for 
PCR amplification. The PCR amplification consisted of 
an initial denaturation, without Taq polymerase, at 94°C 
for 5 min, then 2 units of Taq polymerase were added 
and 30 cycles at 94°C for 30 S, 52°C for 30 s and noc for 
45s were performed on a Techne Thermal Cycler. Con-
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troIs for telomerase activity TRAP assay, consisted of 
both O.S ).lg RNase-A ( for destructing the RNA compo
nent of the telomerase) treated and untreated HeLa cel
lular extract as negative and positive controls, respec
tively. Another control containing the PCR mixture with
out any cell or tissue extract was used to check primer 
dimerisation and any sort of genomic contamination. The 
PCR product was electrophoresed on 15% non-denatur
ing polyacrylamide mini-gel, stained with silver nitrate. 

RESULTS 

In this study 33 ESCC cases were examined. A tumor
ous part and an adjacent normal tissue as a normal pair 
were taken from each ESCC patient. Tumors were then 
classified in 3 major groups by a pathologist consider
ing TNM classification: well differentiated, moderately 
well differentiated and poorly differentiated ESCC. Look
ing at Table I, one can see that the average age to de
velop a tumor is about eight years lower for women than 
for men. However, the quantity of samples analyzed is 
too low to statistically reflect the whole population of 
ESCC patients in Iran. 

TRAP assay showed telomerase activity at least in 
30 out of 33 samples (90%). This high frequency of 
telomerase positive tumor tissues suggests that activa
tion of this enzyme happens in an early stage in tumori
genesis of ESCC and stay switched on during tumor pro
gression (Figs. 1,2). Our data analysis indicated no cor
relation between the telomerase activity of samples and 
the stage (or grade) of esophageal squamous cell carci
noma, the prognosis, sex, age and geographical distri
bution of patients who were from different long distant 
areas in the country. There was a very slight telomerase 
activity observed in some normal adjacent epithelial tis
sues of esophagus, which is not comparable with the 
telomerase activity of their tumor pairs. This small amount 
of telomerase activity in normal tissues is well under
stood to be due to the presence of some stem cells which 
naturally proliferate and regenerate the eplithelium of 
normal esophagus and/or some small contamination with 
tumor cells in the apparently normal parts of esophagus 
adjacent to the tumor, which has been considered as 
normal tissue when inspected by bare eyes during tis
sue processing. 

DISCUSSION 

Although telomerase activity can be easily studied 
using RT-PCR of RNA component of telomerase (hTR), 18 

and reverse transcriptase subunit of telomerase 
(hTERT),19 it has frequently been preferred to deter
mine tel om erase activation on the basis of catalytic 
activity of this enzyme. To evaluate such activity, TRAP, 
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C* M C+ C- N T T N T T 

Fig. 1. Telomerase activity in squamous cell carcinoma of esopha

gus. HeLa cell omission; C* (As a first negative control, the band 

shows the PCR used primers). RNase-A treated HeLa cell extract; 

C- (as a second control). HeLa cell extract; C+ (As a positive 

control), Normal esophagus tissue; N, (Absence of telomerase 

activity), Squamous cell carcinoma of esophagus tissue: T (Pres

ence of telomerase activity a s  a DNA ladder), DNA marker 100 

bp; M (The last band is 100 bp). 

Fig. 2. Telomerase activity in squamous carcinoma of esophagus. 

HeLa cell extract omission; C* (As the first negative control), 

RNase-A treated HeLa cell extract;C- (As a second control), HeLa 

cell extract; C+ (As a positive control), Squamous cell carcinoma 

of esophagus tissue; T (Presence oftelomerase activity as a DNA 

ladder). 
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Table I. Telomerase activity in [See tissues. 

Pathological Number 

Classification of of patients 

specimens of ESCC 

Well differentiated Female 

Male 

Moderately Well Female 

Differentiated Male 

Poorly Differentiated Female 

Male 

Total Female 

Male 

PCR-ELISA or other common assays were used as these 
are more rei iable and perfect and recommended experi
ments. However, several publications have shown the 
complexity of the telomerase,2°·!2 which implicate the 
complicated regulation of telomerase activity. For ex
ample, at the gene expression level, different isoforms of 
this enzyme result following alternative splicing of the 
same mRNA, and some of which are catalytically inac
tive.2! This in turn can titrate the hTR component in the 
RNP complex of telomerase and lead to decrease in ac
tivity. Post-transcriptional modification has also been 
reported and inhibitor pathways may exist. The intro
duction of a normal human chromosome 3 into human 
renal cell carcinoma caused repression of telomerase 
activity,22 and protein phosphatase 2A can inactivate 
telomeraseY hTR component has also been seen with
out any detectable telomerase activity in certain human 
norn1al and tumorous cells and several preimmortal cells. 
In some transgenic mouse models, the RNA component 
of telomerase was up-regulated in early preneoplastic 
stages, while the telomerase activity is only lately ob
served.24 In our study, we preferred to evaluate 
telomerase activity by the well recommended TRAP as
say, with slight modifications of Kim et aI's protocol. 25 
We used fresh tumors without considering the degree of 
ESCC development, and telomerase activity was detected 
in about 90% of the tumor samples. The molecular 
changes during esophageal carcinogenesis remains to 
be understood, however many genes are deregulated in 
ESCC.26 COX-2 overexpression and the mutations pro
file of p53 gene in ESCC Iranian patients recently has 
shown a high prevalence of C to T transition at CpG 
dinucleotides in about 50% of tumors suggesting a 
baseline of chronic inflammatory stress involved in ESCC 
in this high risk area of incidence.27 The higher inci
dence of telomerase activity in this work to other events 
such as p53 mutations and/or LOH suggest that the oc-

ISO 

Telomerase 

activity 

6 5/6 

II 101 1 1  

5 4/5 

4 4/4 

3 313 
4 4/4 

14 12/14 

19 18/19 

currence of such telomerase activity may be a critical 
step in ESCC carcinogenesis. Considering recent data 
on telomere structure, telomere-binding proteins, and 
sensitivity of telomeres to oxidative damage, a new model 
suggests that t-Ioop formation prevents access of repair 
proteins to telomeres, and this in turn may lead to the 
accumulation of apurinic and apyrimidinic sites and 
single-strand breaks that accelerated telomere shorten
ing. In consequence of this, the single-stranded G-rich 
overhang, which is normally protected at the base of the 
telomeric loop, would be exposed to the nucleoplasm 
and act as a strong inductor of the p53 pathway. Such 
exposure of the overhangs has been proposed to be the 
first step in the signal transduction cascade to replica
tive senescence.28 Cells lacking normal activity of p53 
may pass senescence easier and become more potent in 
proliferation. 

Epidemiological studies have indicated that environ
mental factors such as working place pollution includ
ing chemicals, corrosive, fine particles,29 and some cul
tural habits in food preparation, and kinds of foods of 
interest in high risk areas of incidence are associated to 
esophageal cancer. These factors may play an important 
role causing frequent microinjuries in individuals with 
prolonged exposure. Therefore it is possible to suggest 
that ESCC results from incomplete differentiation of 
esophageal epithelial cells during the development of 
these microinjuries or a failure in telomerase gene switch
ing off normally occurs during the normal differentiation 
of esophageal epithelial cells. 

ESCC shows a high rate of incidence in developing 
countries and usually it is not diagnosed until the grow
ing tumor prevents mouthful swallow, which is inevita
bly ended by at least partial resection of this part of the 
digestive tract in patients who also develop anorexia. 
Proposing telomerase activity as a good tumor marker 
for this kind of cancer would be a useful tool for acceler-
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Fig. 3. Telomerase activity in squamous ceil carcinoma of esopha

gus. 

HeLa cell extract omission; C* (As a first negative control, the 

band shows PCR used primers), RNase-A treated HeLa cell ex

tract; C- (As a Second negative control), HeLa ceil extract; C+ (As 

a positive control), Squamous ceil carcinoma of esophagus tissue; 

T ( Presence of telomerase activity as a DNA ladder). 

ating its diagnosis. This assay may easily be performed 
in combination with endoscopic inspection or together 
with screening studies without resecting biopsies and 
probably just by esophageal washing and/or a mild 
scrape of the epithelial tissues of the esophagus, This 
may be similar to the recently reported telomerase activ
ity in cytologic fluids.30 

On the other hand telomerase may be considered as a 
good target for chemotherapy31 and immunotherapy32 in 
cancer treatment. However, the presence of telomerase 
activity in stem cells or germ cells, which seems neces
sary for their progeny, may causes uneasiness with the 
use of telomerase inhibitors. Considering that the telom
eres length in normal proliferative cells are much longer 
than tumor cells and most primitive stem cells that occa
sionally proliferate, their telomeres should be shortened 
at a much slower rateY' 34. 35 These physiological as
pects have led many investigators to focus on design
ing telomerase inhibitors for anti-cancer chemotherapy 
protocols.31 It has recently been reported that inhibition 
of telomerase activity by peptide nucleic acid and 2 '  -0-
MeRNA oligomeres, caused reversible progressive 
telomerase shortening and induced apoptosis in all those 
treated immortal human cells that finally led to their 
death. W hen the supplement of these inhibitors were 
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stopped, telomeres regain their initial lengths.36 Also 
some other chemicals such as oligonucleotide N3'->P5' 
phosphoramidates, and thio-phosphoramidates have 
recently been checked for having such inhibitory prop
ertiesY Such updated achievement gives hope for a 
therapy allowing non-cancerous cells to regain their 
health after chemotherapy. 
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