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Abstract

AIM: To observe the interaction between the expression
of telomerase activity (TA) and its associate genes in
regulation of the terminal restriction fragment length
(TRFL) in esophageal squamous cell carcinoma (SCC).

METHODS: Seventy-four specimens of esophageal SCC
were examined. The TA was measured by telomeric
repeat amplification protocol (TRAP) assay, and the
associated genes [human telomerase-specific reverse
transcriptase (hTERT), hTERC, TP1, c-Myc, TRF1,
and TRF2] were detected using RT-PCR method. The
TRFL was measured by Telomere Length Assay Kit
and Southern blotting. The correlations between the
expression of telomerase and its associated genes with
the TRFL and survivals were examined.

RESULTS: Expressions of the TA, hTERT, hTERC, TP1,
c-Myc, TRF1, and TRF2 genes were observed in 85.1%,
64.9%, 79.7%, 100.0%, 94.6%, 82.4%, and 91.9% of
the tumor tissues, respectively. The TRFL of the tumor
and normal esophageal tissues were 2.70+1.42 and 4.93
+1.74 kb, respectively (P<0.0001). The TRFL of the
telomerase positive and telomerase negative tumor tissues
were 2.72+1.44 and 2.58+1.32 kb, respectively (P = 0.767).
The TRFL ratios (TRFLR) of the telomerase positive and
telomerase negative tumor tissues were 0.55+0.22 and
0.59+0.41, respectively (P = 0.742). The expression rates
of h-TERT (P = 0.0002), hTERC (P<0.0001), and TRF1
(P = 0.002) in the tumor tissues are higher than those
of the normal paired tissues. Though TA is markedly
activated in tumor tissues (P<0.0001), its expression is
not related to clinicopathological parameters including

gender, tumor differentiation, and TNM stages. The
cumulative 4-year survival rates of telomerase positive
and telomerase negative cases were 35.86% and 31.2%,
respectively (P = 0.8442). The cumulative 4-year survival
rates of patients with their TRFLR < 85% and >85%
were 38.7% and 15.7%, respectively (P = 0.1307).

CONCLUSION: Though telomerase expression is
not related to tumor stages and prognosis, our data
support that the TA increased as the TRFL decreased,
probably under the control of hTERT, hTERC, and TRF1.
When telomerase expression was activated, only TRF2
overexpression persisted to stabilize T-loop formation.
Furthermore, as the TRFLR decreased to 85%, a trend
of better prognosis was observed. Cox model analysis
indicates a higher t/n TRFLR and distant metastasis are
independent poorer prognostic factors (P = 0.035 and
P = 0.042, respectively).

©2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Telomerase is a ribonucleoprotein, which is responsible
for the synthesis and maintenance of the telomeric repeats
at the distal ends of human chromosomes. These end
structures, named telomeres, serve as protective caps and
consist of specific tandem repeats (5-TTAGGG-3’) with
an average length of 5-20 kb, Upon each cell division,
the chromosomal ends shorten at a rate of 50-200 bp[41
This molecular erosion sets a physical limit to the potential
number of cell divisions and serves as a “mitotic clock”
defining the lifespan of somatic cells. Unlike somatic cells,
new telomeric repeats are added to the chromosomal
end of the germline cells to maintain their stability and
also preserve their full genomic information for the next
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generation”, Similarly, immortalized cell lines and more
than 85% of the cancer cells can prevent the telomere
from progressive shortening by telomerase activation. This
phenomenon is regulated by a length-sensing feedback
mechanism when the critical point is reached". Telomerase
contains a catalytic human telomerase-specific reverse
transcriptase (W'TERT) and a RNA template (WTERC) for
the telomere, provides the cancer cells unlimited replicative
capacity and prevents lethal chromosomal instability. Other
telomerase-independent mechanism called as alternative
lengthening of telomeres (ALT) may ensure the same
chromosome ends replication functions.

Normally, the 3> DNA terminal protein-DNA
complexes of the telomeres form capping structures to
stabilize chromosomal ends and prevent them from being
recognized as DNA double-strand breaks by the cells. The
current model for chromosome capping is that telomeres
form a higher-order chromatin structure that physically
hides the 3’-chromosome end from cellular activities. This
protective structure could be provided by the ability of
the 3’-overhang to fold back and invade the double-strand
region of the telomere forming the so-called T-loop and
D-loop with the help of TRF1 and TRF2"", If these
checkpoints fail, chromosomal instability may ensue
leading to oncogenic mutations.

Since 1994, the telomeric repeat amplification protocol
(TRAP) assay was extensively used for the detection
of TA. Our previous report has demonstrated good
correlations between the expressions of h'TERT (not
telomerase) and its associated genes such as c-Myc, TRE1
and TRF2"”. We also found that the expression of the
TA may indicate poorer prognosis' . A tumor-to-normal
telomere restriction fragment length rato (t/n TRFLR) <
75% indicates a better prognosis[“]. In addition, we found
a negative linear correlation between the t/n TRFLR
and expression of TA, suggesting a negative feedback
mechanism in the maintenance of TRFL"". In this study,
we investigated for correlations between the changes of
t/n TRFLR and expression of the telomerase associated
genes including c-Myc, TRF1 and TREF2 in squamous cell
carcinoma of the esophagus.

MATERIALS AND METHODS

Patients and follow-up

Between June 1999 and December 2003, we included 74
cases of squamous cell carcinoma of the esophagus who
underwent surgical resection in this prospective study.
Patients who received pre-operative chemotherapy or
radiotherapy were excluded. Whole body bone scan and
liver sonography were performed for all of the patients
to rule out systemic metastasis. The tumor differentiation
included well-differentiated carcinoma in none, moderately
differentiated carcinoma in 49, and pootly differentiated
carcinoma in 25. Tumor staging was performed according
to the AJCC (6" edition) criteria”. The p-TNM stages
included stage I in 2, stage II in 25, stage 11I in 33, and
stage IV in 14. The clinicopathological characteristics of
the patients are summarized in Table 1.

Table 1 Clinical characteristics of 74 patients with esophageal cancer

Numbers of patients

Age (mean), years 36-79 (59.5)
Sex

Male 71

Female 3
Differentiation

Well 0

Moderate 49

Poor 25
Tumor site

T1 3

T2 10

T3 50

T4 11
Lymph node

NO 24

N1 50
Metastasis

MO 60

M1 14
Stage

1 2

1T 25

I 33

v 14

Preparation of cell extracts

Twenty milligrams of frozen tissue samples were lysed
with 200 pL lysis buffer and homogenized by polytron.
Samples were then incubated in ice for 30 min and the
lysate was centrifuged at 16 000 g at 4 °C for 20 min. The
supernatant was transferred to a fresh tube and the protein
concentration was determined by the Bradford assay (Bio-
Rad Protein Assay Kit, Bio-Rad Lab., Hercules, CA, USA).

DNA isolation from tissues

Twenty-five milligrams of fresh frozen tissue was lysed
with 800 uL lysis buffer containing 0.5% sodium dodecyl
sulfate (SDS), 2 mmol/L EDTA, 0.5 mol/L NaCl, 10
mmol/L, MgClz, 10 mmol KCl and 10 mmol Tris-HCl (pH
76), and digested with proteinase K at 50 pg/mL at 50 °C
for at least 2 h. High molecular weight DNA was extracted
with phenol/chloroform.

Assay for telomerase activity

TA was measured twice in independent experiments using
1-3 pg of total protein. Assays were performed using
Telomerase PCR ELISA Kit (Boehringer Mannheim
GmbH, Mannheim, Germany) including TRAP assay
and detection by ELISA in two steps. In the first step,
using TRAP, cell extracts were incubated with biotinylated
telomerase substrate oligonucleotide (P1-TS) at 25 °C
for 30 min, followed by 94 °C for 10 min to inactivate
the telomerase. The extended products were amplified by
PCR using Taq polymerase, the P1-TS, P2 primers and
nucleotides. The PCR conditions wete 33 cycles of 94 °C
for 30 s on a DNA thermocycler (GeneAmp PCR System
9700, Perkin Elmer, Norwalk, CT, USA). In the second
step, using the ELISA method, the amplified products
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were immobilized onto streptavidin-coated microtiter
plates via biotin-streptavidin interaction, and then detected
by anti-digoxigenin (DIG) antibody conjugated to
peroxidase. After the addition of the peroxidase substrate
(3,3°,5,5’-tetramethyl benzidine), the amount of TRAP
products were determined by measurement of their
absorbance at 450 nm (with a reference wavelength of
690 nm). Negative control reactions were performed by
incubating cell extracts with 1 pg/pl. RNase for 20 min
at 37 °C. The results were interpreted as negative, 1+, 2+,
and 3+ when the optic density (OD) values were <0.2, 0.2-1,
1-2, and >2, respectively.

Moteover, to confirm the ELISA results, amplified
products wete systemically run on 15% non-denaturing
polyacrylamide gel. After transferring the PCR products
onto a positively charged nylon membrane, Southern
blotting was performed by the semi-dry electrophoretic
blotting instrument (Multiphore II NovaBlot Unit,
Amersham Pharmacia Biotech, Buckinghamshire, UK).
The membrane was then incubated with a streptavidin
alkaline phosphatase conjugate (1:5 000 dilute in
blocking solution), and after rinsing, blotted products
were visualized by Biotin Luminescence Detection Kit
(Boehringer Mannheim). In addition, all telomerase-
negative tumor specimens were re-checked by additional
TRAP assay using a 150 bp internal telomerase assay
standard to exclude the possibility of Taqg DNA
polymerase inhibition in the tumor extracts'™”.

Reverse transcription-polymerase chain reaction (RT-PCR)
for telomerase-associated genes

Total RNA was isolated from tissue by SV Total RNA
Isolation System (Promega Corporation, USA). First strand
complementary DNA (cDNA) was synthesized using 5 mg
of total cellular RNA with reverse transcriptase (Invitrogen
Tech-Line SM, USA) and random primers (Protech
Technology Enterprise Co. Ltd). PCR was performed
using RT-MPCR* Kits for Human Telomerase Genes
(Maxim Biotech, Inc., USA). RTMPCR* Kits included PCR
primers for human 185 (WTELS-18S, 554 bp), PCR primers
for human TRF-1 (WTELS-TRF1, 433 bp), PCR primers for
human c-Myc (WTELS-MYC, 381 bp), PCR primers for human
TRFE-2 (WTELS-TRF2, 337 bp), PCR primers for human
TP-1 (hTELS-TP1, 292 bp), PCR primers for hTERT
(hWTELS-TERT, 255 bp), and PCR primers for human TER
(hTELS-TER, 191 bp). PCR reaction mixture contained
RT-MPCR buffer, 200 mM each of dATP, dCTP, dTTP,
and dGTP, 5U Taq DNA polymerase and 1 mL primers.
The thermal cycles of PCR were performed as follows:
3 cycles at 95 °C for 1 min and 56 °C for 4 min followed
by 30 cycles at 94 °C for 1 min and 55 °C for 2.5 min and
then an extension of 1 cycle at 70 °C for 10 min. PCR
products were subjected to electrophoresis through 3%
agarose gel stained with ethidium bromide.

Terminal restriction fragment (TRF) length measurement
and tumor-to-normal TRFL ratio (tn TRFLR)

TRFL measurement was performed using TeloTAGGG
Telomere Length Assay Kit (Roche, Mannheim, Germany).

Eight micrograms of genomic DNA was digested with
each 30U Hinf 1/Rsa 1 at 37 °C for 16 h. The resulting
fragments were fractionated by electrophoresis on 0.8%
agarose gel and transferred to nylon membrane using
Southern blotting, After transfer, the transferred DNA was
fixed on the membrane by UV-crosslinking (120 m]). The
membrane was first pre-hybridized at 42 °C for 30 min
and then hybridized with telomere-specific DIG-labeled
probe at 42 °C for 3 h. After washing the membrane in
2X SSC, the membrane was incubated with anti-DIG-
alkaline phosphatase (1:5 000 dilute in blocking solution).
Finally, the immobilized telomere probe was visualized
by alkaline phosphatase metabolizing CDP-Star, a highly
sensitive chemiluminescent substrate. The membrane was
then exposed to X-ray film, and the average TRFL was
determined by comparing the signals relative to a molecular
weight standard (using BIO-PROFIL Bio-1D Software,
Version 99, Vilber Lourmat, France), and the mean of
three measured TRFLs deducted by 2.5 kb was used as the
presented telomere length™*'"”. Furthermore, the TRFLR
was defined as the ratio between the length of tumor tissue
TRF (t-TRF) and their paired normal tissue TRE (n-TRF)
from the same patient.

Statistical analysis

All probabilities were two-tailed, with a P-value less than
0.05 regarded as statistically significant. The statistical
calculations were conducted with SPSS software (v10.5,
SPSS Inc., Chicago, 1L, USA).

RESULTS

Expression of telomerase activity and its associated genes
Positive TAs were observed in 63 of 74 (85.1%) tumor
tissue samples, and 24 of 74 (32.4%) normal tissue
samples, respectively. Expressions of hTERT, hTERC,
TP1, c-Myc, TRF1 and TRF2 genes were observed in
64.9%, 79.7%, 100.0%, 94.6%, 82.4%, and 91.9% of
the tumor tissues, respectively. Representative samples
showing the expression of the TA by TRAP assay, and
the associated genes in paired tumor (T) and normal (N)
tissues are shown in Figure 1. Expression of TA according
to the patient’s clinicopathological characteristics are listed
in Table 2. Expression of the telomerase associate genes in
normal and tumor tissues are listed in Table 3. Expression
of the telomerase associate genes in tumor tissues
according to the TA are listed in Table 4.

Terminal restriction fragment (TRF) length and tumor-to-
normal TRFL ratio (t/n TRFLR)

The mean TRFL of the tumor and normal esophageal
tissues were 2.70£1.42 and 4.93%1.74 kb, respectively
(P<0.0001). The mean TRFL of the telomerase positive
and telomerase negative tumor tissues were 2.7211.44 and
2.58%1.32 kb, respectively (P = 0.767). The TRFLR of the
telomerase positive and telomerase negative tumor tissues
were 0.55£0.22 and 0.59£0.41, respectively (P = 0.742).
The mean TRFL were 3.04£0.42 kb in stage I tumor,
2.6511.44 kb in stage II tumor, 2.83+1.44 kb in stage 111
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Table 2 Expression of telomerase activity according to the
clinicopathological characteristics of 74 esophageal cancer patients

Table 3 Expression of telomerase associate genes of the tumor
and normal tissues in 74 esophageal cancer patients

Telomerase (+) Telomerase (-) P value'
Gender 1.0
Female 3 0
Male 60 11
Differentiation 0.492
Well to moderate 20 5
Poor 43
Tumor Size 1.0
Ti+T2 11
Ts+Ts 52 9
Lymph node 0.321
No 19
Nu 44
Metastasis 0.110
Mo 49 11
M 14 0
Stage 0.194
I+11 21
I+IV 42

"Fisher's exact test (if expectation<5) or Yate's correction of contingency.

Table 4 Expression of telomerase associate genes of the tumor
tissues according to the telomerase activity in 74 esophageal cancer
patients

1

Telomerase (+) Telomerase (-) P-value
hTERT 0.737
Positive 40 8
Negative 23 3
hTERC 0.684
Positive 51 8
Negative 12 3
c-Myc 0.103
Positive 61 9
Negative 2 2
TRF1 0.396
Positive 53
Negative 10
TRF2 0.039'
Positive 60
Negative 3
TP1 N/A
Positive 63 11
Negative 0 0

'Fisher's exact test (if expectation<5) or Yate's correction of contingency.

tumor, and 2.41£1.49 kb in stage IV tumor, respectively
(stage I+IT o5 stage IIT+IV, P = 0.936). The t/n TRFLR
were 0.818%0.019 in stage I tumor, 0.686%0.184 in stage
II tumor, 0.729£0.265 in stage 111 tumor, and 0.649£0.185
in stage 1V tumor, respectively (stage I-+1I vs stage III+1V,
P = 0.867). Table 5 lists the TRFL and t/n TRFLR data
of our patients. The representative samples showing TRFL
in paired T and N tissues are shown in Figure 2.

Survival analysis
The influence of TA expression was evaluated by
cumulative survival period. The 5-year cumulative survival

Expression Positive Negative P-values'

TRF1 0.002
Tumor 61 13
Normal 43 31

TREF2 1.0
Tumor 68 6
Normal 67

c-Myc 0.160
Tumor 70 4
Normal 64 10

hTERT 0.0002
Tumor 48 26
Normal 24 50

hTERC <0.0001
Tumor 59 14
Normal 30 44

TP1 N/A
Tumor 74 0
Normal 74 0

Tissue 0.288
Tumor 63 11
Normal 24 50 <0.0001

1 2
Pearson’s x“-test.

Table 5 TRFL and t/n TRFLR of the tumor tissues according to the
telomerase expression and TNM stages

Variables TRFL P-values t/n TRFLR P-values
Tissues <0.0001"
Normal 4.93+1.74 kb
Tumor 2.70+1.42 kb
Telomerase 0.767" 0.742*
Positive 2.7241.44 kb 0.55+0.22
Negative ~ 2.58+1.32 kb 0.59+0.41
Tumor stages 0.936” 0.867*
Stage I 3.04+0.42 kb 0.818+0.019
Stage II 2.65+1.44 kb 0.686+0.184
Stage I1I 2.83+1.44 kb 0.729+0.265
Stage IV 2.41+1.49 kb 0.649+0.185
Total 2.70+1.42 kb 0.73+0.24

P values: 'Paired t-test, 2Independent t-test.

Case 1 2 3 4 5 6 7 8
Age 56 46 56 71 72 77 60 44
S M M M M M M M M
pStage IV IIb III Ila III III IV IV

TNTNTNTNTNTNTNTN

TRAP + -+ -4+ +--+4+-4+-+ -4 -
h-TERT
h-TERC
TRF2
TRF1
TP1

c-Myc
18S

i

Figure 1 Representative samples showing expression of the telomerase activity by
TRAP assay, and the associated genes in paired tumor (T) and normal (N) tissues.
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Figure 2 Representative samples showing TRFL by telomere length assay kit in
paired tumor (T) and normal (N) tissues are shown.
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Figure 3 Cumulative survival rates according to the expression of telomerase
activity in 74 SCC of esophagus.

I+1I1 (7 = 27)=51.45%

LI+IV (7 = 47)=-19.54%

20%
10% - P =0.0938
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Figure 4 Cumulative survival rates according to the TNM stages in 74 SCC of
esophagus.

rates of the patients by tumor stages and presence of
distant metastasis are shown in Figures 3 and 4. As
shown in Figure 5, the 4-year cumulative survival rates of
telomerase-positive and telomerase-negative patients were
35.8, and 31.2%, respectively (P = 0.8442). When survival
analyses were performed based on the change of TRFL
in the tumor tissues, a cut-off value of 50% demonstrated
a trend in survival difference. As shown in Figure 6, the
4-year cumulative survival rates of lower t/n TRFLR (£ 85%)
and higher t/n TRFLR (>85%) patients were 38.7, and
15.7%, respectively (P = 0.1307). Multivariate survival
analysis using Cox proportional hazards model revealed

Table 6 Multivariate survival analysis for Cox proportional hazards

model
Risk factors (# Patients) ~Coefficients (SE) ~ Relative risk (95%CI) P-values'
t/n TRFLR 0.78 (0.37) (1.06-4.48) 0.035
<85% (n=>57) 1
>85% (n=17) 218
T-status 1.17 (0.78) (0.70-15.06) 0.134
T1+T2 (n =13) 1
T3+T4 (n=61) 3.24
N-status 1.06 (0.66) (0.79-10.48) 0.108
NO (n =24) 1
N1+N2 (n = 50) 2.88
M-status 0.87 (0.43) (1.03-5.49) 0.042
MO (n = 60) 1
Ml (n=14) 2.38
Stage -0.90 (0.78) (0.09-1.89) 0.251
I+II (n =27) 1
HI+1V (n = 47) 041
Differentiation 0.33 (0.35) (0.70-2.76) 0.352
WM (1 = 25) 1
P (n=49) 1.39
Telomerase expression -0.11 (0.46) (0.36-2.22) 0.811
Negative (1 =11) 1
Positive (n = 63) 0.90
'Wald statistic
100% 7
90%
80% |
70% |
60%
50%

M() (7= 60)=>37.86%

40%
30%
20% M(+) (7= 14)—1607%
1% p=0.0095
0% T T I

T ] T T
005115 225335 4455 (Y)

Figure 5 Cumulative survival rates according to the distant metastasis in 74 SCC
of esophagus.

100%
90% 7
80% |
70%
60%
50%
40%
30%
20%
0% p=0.1307

0% T T T T T T 1
005115225 3354 455 (Yr)

tn TRALR<85% (7 = 57) =38.73%

t/n TRALR>85% (7 = 17) =15.69%

Figure 6 Cumulative survival rates according to the t/n TRFLR in 74 SCC of
esophagus.

independent prognostic factors that includes t/n TRFLR
(P =0.035), and M-status (P = 0.042) of the tumor (Table 6).
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DISCUSSION

Cell numbers are vigorously controlled within the body
and, in human adults, only a few cell types are capable of
continued division. Cultured cells 7z vitro can undergo only
a limited number of cell divisions, known as the Hayflick
limit, before entering a state of senescence where they
remain metabolically active but have lost their capacity to
replicate (M1 crisis). Reduction in telomere length could
provide the signal to cause growth arrest. Cultured cells
can be induced to continue to divide beyond the Hayflick
limit by inactivation of p53 or pl6INK4a genes. During
this process of oncogenesis, their telomeres continue
to shorten with each division and at a certain point cells
enter a crisis where the majority will die (M2 crisis). Rare
immortalized clones that emerge from crisis express the
enzyme telomerase''”. The regulation of TA is a complex
issue, involving the transcriptional activity of the hTERC
(telomerase RNA component gene), and the h'TERT, as
well as the interaction of telomerase with other telomerase-
associated proteins, such as TP1/c-Myc/TRF1/TRF2/
Tankyrase. TP1, which is expressed ubiquitously, may play
a role in coordinating telomerase holoenzyme tertiary
or/and quaternary structures and/or serve as a docking/
scaffold protein in recruiting telomerase regulatory factors.
The ability of c-Myc to function as a transcription factor
has been shown to depend upon its dimerization with
the protein Max'". In addition to the formation of stable
complexes with c-Myc, Max also heterodimerizes with
proteins of the Mad(Mxil) farnily“g]. These Mad/Max
complexes act in an antagonistic manner to c-Myc/Max-
induced transactivation and result in potent repression of
gene expression. Two proteins that bind to the double-
stranded region of mammalian telomeres have been
identified: TTAGGG tepeat binding factor 1 (TRF1) and
factor 2 (TRF2). These proteins are related and have a
similar domain organization. Both proteins are associated
with telomeres throughout the cell cycle and bind to
the cognate telomeric sequence as homodimers using a
carboxy-terminal myb-type DNA binding domain. TRF1
regulates telomere length and TRE2 protects chromosome
ends. These two paralogs bind to double stranded
telomeric DNA with high affinity, but no interaction
between TRF1 and TRF2 has been observed so far' ™",
However, TRF1 and TRF2 interact with other proteins
in regulating telomeric repair. Together with tankyrase,
TRF1 is involved in telomere length regulation via negative
feedback mechanism; overexpression results in shortened
telomeres, and mutation of telobox causes elongated
telomeres™ . Removal of TRF2 from the telomere
results in the loss of the 3’-overhang, covalent fusion of
telomeres, and the induction of ATM and p53 dependent
apoptosis. Overexpression of TRF2 in telomerase negative
cells prevents critically short telomeres from fusion and
delays the onset of senescence!”

The expression rates of telomerase and hTERT were
85.1% and 64.9%, which were consistent with other
reports. We also found telomerase expression in 32.4%
of the paired normal esophageal mucosa. This had
been attributed to actively dividing basal layer cells™ or

submucosal tumor infiltration™. A higher telomerase
and hTERT expression rate in the normal esophageal
mucosa makes it a distinct finding as compared with other
digestive tract mucosa””. The telomerase expression of the
tumor is not related to the clinicopathological parameters
including gender, tumor differentiation, and TINM stages
of the patients (see Table 2). Controversy in interpretation
of the clinical significance of telomerase expression may
be related to the presence of the alternative telomere
lengthening (ATL) mechanism. ALT cells have long
heterogeneous telomeres thought to be generated by a
recombination-based mechanism™". Interestingly, tumor
cells may simultaneously obtain both telomerase and ATL
mechanisms in maintaining telomere length[zs]. This will
cause more complexity in analyzing the relation between
the telomerase expression, telomere maintenance, and their
impact on prognosis.

In a previous study in non-small cell lung cancers,
we found that c-Myc, TRI1, and TREF2 expression was
closely related to hTERT expression, although there was
no association with telomerase expressionm. We also
found that when the TRFL decreased to a critical level,
the TA could be elicited"". This hypothesis was further
confirmed by the establishment of a negative linear
association between the t/n TRFLR and the expression
of TA in NSCLC tumor tissues'! In the current study, we
found a higher expression rate of the hTERT, hTERC,
and TRF1 in the tumor tissues (Table 3). This suggests
that hTERT, hTERC, and TRF1 are incorporated in the
regulation of telomerase expression in the tumor tissues
as the TRFL becomes progressively shortened. However,
once the telomerase expression was activated, TRF1
expression becomes suppressed to prevent interference
with telomerase binding. Instead, TRF2 overexpression
persisted (see Table 4), which increases the number of
TRF2 molecules binding on the telomeric DNA, and
subsequently leads to more efficient and stable T-loop
formation as described in the 7z vitro study™. Therefore,
it is not only the telomere length, but also the TRF2 that
determines whether senescence ensues or not.

Though a decreased TRFL was observed in the tumor
tissues, there were no significant changes in TRFL between
different tumor stages or different telomerase expression.
Also, the t/n TRFLR did not change accordingly in
different tumor stages. But when the t/n TRFLR
decreased to a critical level (< 85%), a better survival was
observed (Figure 6). This may be due to the failure of the
tumor cells to regain an adequate telomere length, which
subsequently triggers the apoptosis pathway. Cox model
analysis also confirmed t/n TRFLR as an independent
prognostic factor in addition to distant metastasis.

In summary, our data suggest that telomerase
expression in esophageal cancers is not related to tumor
stages and patient’s prognosis. This may be due to a high
telomerase expression in the normal esophageal mucosa
which makes telomerase not a reliable biomarker in
esophageal tumors. However, TA can be elicited as the
TRFL decreased in the tumor tissues, probably under the
control of h'TERT, h'TERC, and TRF1 (but not TRF2).
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Once the telomerase expression was elicited, TRF1
expression becomes suppressed to prevent interference
with telomerase binding. Instead, TRF2 overexpression
persisted, which increases the number of TRF2 molecules
binding on the telomeric DNA, and subsequently leads
to more efficient and stable T-loop formation. Moreover,
as the t/n TRFLR decreased to 85%, a trend of poorer
prognosis was observed. These findings further confirm
our previous proposal using the t/n TRFLR as an indicator
of chromosome ends replication ability"". The complex
interweaving of the regulatory pathway for telomere
maintenance and the mechanism involved in the detection
of telomere loss by tumor cells, which subsequently
activates telomerase expression require further study.
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