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Abstract
AIM: To investigate telomerase activity and hTERT, TP-1
expression and their relationships in esophageal squamous
cell carcinoma (ESCC).

METHODS: Telomerase activity was measured in 60 ESCC
tissues using telomeric repeat amplification protocol (TRAP)
assay by silver staining. In situ hybridization was used for
detecting hTERT and TP-1mRNA.

RESULTS: The telomerase activity was detected in 83.3 %
of ESCC tissues. The difference of telomerase activity was
significant between well and poorly cancer differentiated
lesions (P<0.05). The positive rate of telomerase activity
was higher in patients with lymphatic metastasis than in
patients without lymphatic metastasis. In cancer tissues
hTERT mRNA expression was 75 % and TP-1 mRNA
expression was 71.7 %. The expression of hTERT, TP-1
mRNA in well and poorly differentiated carcinoma was not
significant. The expression of hTERT mRNA was correlated
with telomerase activity, but TP-1 mRNA expression was
not correlated with it.

CONCLUSION: Telomerase activity and hTERT, TP-1 mRNA
expression are up-regulated in ESCC. Telomerase activity in
ESCC is correlated with lymphatic metastasis and cancer
differentiation. Telomerase activity may be used as a
prognostic marker in ESCC. hTERT mRNA expression is
correlated with telomerase activity. Enhanced hTERT mRNA
expression may initially comprehend the telomerase activity
level, but it is less sensitive than TRAP assay.
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INTRODUCTION
Repetitive telomere sequences are present at the ends of
eukaryotic chromosomes that protect the ends from damage
and rearrangement. Progressive shortening of telomeric

sequences is associated with cell division owing to the end
replication involved in DNA replication. Telomerase is a
special type of reverse transcriptase that stabilizes the telomeric
ends of chomosome by adding TTAGGG repeats onto the
chromosome ends. In humans, telomerase is composed of at
least two components. hTR containing the template for reverse
transcription[1], and telomerase associated proteins. Telomerase
associated protein consists of hTP-1[2,3] and human telomerase
reverse transcriptase (hTERT). hTERT is thought to be a
enzyme’s catalytic subunit. In human, telomerase was active
during embryonic development, and it was active in adult germ-
line tissues, immortal cell[4,5] and most malignant tumors[6,7].
We have reported that telomerase activities were high both in
esophageal squamous cell carcinoma (ESCC) and in their
preneoplasia lesions[8]. This study was to examine telomerase
activity, expression of hTERT mRNA, and hTP-1 mRNA in
ESCC tissues and to analyze the relationship between
teolmerase activity and its associated proteins.

MATERIALS AND METHODS

Materials
Esophageal squamous cell carcinoma tissues from 60 patients
(40 men and 20 female, aged from 34 to 70 years) undergone
surgical resection in Tumor Hospital of Medical College
Shantou University from 1999 to 2001 were analyzed. All
fresh tissues were taken immediately after operation and
stored at -70 .

TRAP-silver staining for telomerase activity
We used TRAPEZE telomerase detection kit (Intergen Company).
After addition of 10-20 µl telomerase assay lysis buffer
(1×CHAPS), the cells were lysed on ice. The lysate was incubated
on ice for 30 min and then centrifuged at 12 000 r/min for
20 min at 4 . The supernatant was collected and the protein
concentration was determined by standard procedures (BCA
protein assay). A volume of 0.6 µg protein equivalent was
added to 48 µl reaction solution containing TRAP buffer, dNTP
Mix, TS primer, RP primer, K1 primer and 2 units Taq
polymerase. PCR condition was 33 cycles at 94  for 30 s, at
59  for 30 s. PCR products were loaded and run on 12.5 %
non-denaturing polyacrylamide gel. After electrophoresis, the
gel was stained with silver.

In situ hybridization for hTERT and TP-1 mRNA expression
Samples were frozen and serially cut into 5 µm thick sections.
One section was stained by hematoxylin and eosin (HE) for
microscopic examination. Another was detected for hTERT
and TP-1 mRNA expression. Expression of hTERT mRNA
and hTP-1 mRNA was detected by digoxigenin-labeked gene
probe which form a commercial kit (Boster Company, China)
according to the manufacturer’s instructions. The hTERT
oligonucleotides probes were 5’-AGTCA GGCTG GGCCT
CAGAGAGCTG AGTAG GAAGG-3’, 5’-GCATG TACGG
CTGGA GGTCT GTCAA GGTAG AGACG-3’, and 5’-
AGCCA AGGTT CCAGG CAGCT CACTG ACCCT-3’. The
hTP-1 oligonucleotides probes were 5’-ATATC TGAGT
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GGGTA GATAC ATGCT GATGT-3’, 5’-GTCAG ATAGA
CCAAG ACAGT GCGGC CTGGC CTGGC-3’, and 5’-
AGCCA AGGTT CCAGG CAGCT CACTG ACCCT-3’. The
positive expression showed brown staining signals in
cytoplasm. The positive cancer cells constituted more than 75 %
of all cancer cells on the section were defined as a score of 3+
(strong), about 25-75 % of positive cells had a score of 2+
(moderate), and less than 25 % had a score of 1+ (weak). The
score of - (negative) had no positive cancer cell.

Controls
TRAP telomerase activity analysis: Esophageal cancer cell line
EC109 was used as positive telomerase control, which was
identified to be telomerase positive by our laboratory. Negative
control was to perform a TRAPEZE kit assay with 1×CHAPS
lysis buffer substituted for the cell extract. Heat-treatment of
each sample by incubating at 85  for 20 minutes prior to
TRAPEZE kit assay to inactivate telomerase served as a heat
inactivation control. The TRAPEZE primer Mix contains internal
control, which produce a 36 bp band (S-IC) in every lane to
monitor PCR inhibition. If the extract with telomerase activity,
a ladder of products with 6 bp increment starting at 50 bp
nucleotide and a 36 bp internal control band could be seen. If
the extract was telomerase negative, there was only a 36 bp
internal control band (S-IC) (Figure1).
      In situ hybridization: Positive control section was provided
with the kit. Negative control included using incubation solution
instead of the probe or the sections digested with ribonucleases
(RNase) (10 mg·L-1) before hTERT or hTP-1 detection.

Figure 1  Carcinoma telomerase activity detected by TRAP-
silver assay and separated on a 12.5 % polyacrylamide gel.
Lane 1: primer-dimer/PCR contamination control, Lane 2:
telomerase positive control, Lanes 4, 6 and 8: telomerase posi-
tive samples, Lanes 3, 5 and 7: heat-treated controls.

Statistical analysis
Statistical significance was tested using rectified chi-square
test and exact method.

RESULTS

Relationship between telomerase activity and cancer
differentiation
Histopathologically, the study population (n=60) was divided
into 3 categories according to cancer differentiation as
follows: grade I (n=15), grade II (n=33), and grade III (n=12).
In 60 cases of esophageal SCC, telomerase activity was
detected in 50 cases. The positive rate was 83.3 %. As showed
in Table 1, the positive rates of telomerase activity were low
in grade I and progressively increased from grade I to grade
III. The significant difference of telomerase activity rate was
found between grade I and grade II (χ2=4.597, P<0.05), while,
there was no significant differences between grade II and
grade III (χ2=0.263, P>0.05).

Table 1  Relationship between differentiation degree and
telomerase activity in 60 cases of ESCC

Tumor Sample Positive Prositive        P value
stage     (n)      (n)  rate (%)

I     15        9     60
II     33      30     90.9           P<0.05
III     12      11     91.6

Relationship between telomerase activity and lymphatic
metastasis
There were 41 patients with lymph node metastasis out of
the 60 patients. Telomerase activity rates were higher in
patients with lymphatic metastasis (90.2 %) than in those
without (63.2 %) (Table 2), and this difference was significant
(χ2=4.68, P<0.05).

Table 2  Relationship between telomerase activity and lym-
phatic metastasis

Telomerase activity
Sample (n) Lymphatic        P value

 metastasis
 +      -

41           + 37      4         P<0.05
19           - 12      7

Figure 2  Esophageal squamous cell carcinoma (grade I). ex-
pression of hTERT mRNA was limited to the basaloid cell nests
(40×).

Figure 3  Poorly-differentiated esophageal squamous cell
carcinoma. The expression of TP-1 mRNA was diffuse in can-
cer cells (40×).

Expression of hTERT and hTP-1 mRNA in esophageal
squamous cell cacinoma
The positive rates of hTERT and hTP-1 mRNA expression
were 75 % and 71.7 % respectively. The expression of hTERT
and hTP-1 in well-differentiated carcinoma was limited to the
basaloid cell nests (Figure 2). In the poorly-differentiated
carcinoma, most tumor cells showed diffuse or occasionally
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focal expression (Figure 3). As showed in Table 3, the positive
intensity and the positive rate of hTERT and hTP-1 expression
progressively increased from grade I to grade III, but no significant
differences existed between them (hTERT: χ2=4.95, P>0.05;
TP-1: χ2=3.49, P>0.05).

Relationship between hTERT, hTP-1 expression and
telomerase activity
Relationship between hTERT and hTP-1 expression and
telomerase activity are summarized in Table 4. By statistical
analyses, the expression of hTERT mRNA was correlated with
telomerase activity (χ2=5.76, P<0.05), but the expression of
hTP-1 mRNA was no correlated with telomerase activity
(χ2=1.64, P>0.05).

DISCUSSION
Telomerase is a ribonucleoprotein reverse transcriptase that
utilizes its own RNA template for the addition of telomeric
sequences to chromosomal ends in order to maintain telomeric
length. In vivo and in vitro studies suggested that telomerase
was associated with cellular immortality and malignance,
indicating that activation of telomerase might play an important
role in tumorigenesis and immortalization. Telomerase
activation has been demonstrated in many types of human
tumors, including tumors in breast[9], nasopharynx[10,11],
stomach[12-14], prostate[15], urinary bladder[16], skin[17], cervix[18],
lung[19,20] and brain[21]. Some scientists suggested that telomerase
activity was a diagnostic and prognostic marker for malignant
tumors[22,23]. Previous research suggested that the positive rate
of telomerase activity in esophageal carcinoma was 79-87 %,
but there were different conclusions regarding the relationship
between telomerase activity and cancer differentiation in
esophageal cacinoma. Asai et al[24] reported that well-
differentiated cancer had higher detectable telomerase activity,
but Ikeguchi et al[25] found the opposite result. Zhao et al[26]

concluded that telomerase activity had no correlation with
cancer differentiation. Our present study results suggested that
the detectable rate of telomerase activity was gradually
increased from well-differentiated carcinoma to poorly-
differentiated one. The difference between grade I and grade
II was significant, while the difference between grade II and
grade III was not significant. This result gave more evidences
that telomerase activity was correlated with differentiation in
esophageal SCC. The presence of telomerase activity in
esophageal SCC with lymphatic metastasis suggested that the
telomerase activity in patients with lymphatic metastasis was
higher than that in patients without lymphatic metastasis.
     Collins et al[27,28] first purified tetrahymena telomease
protein p80. The p80 components could be specifically cross-
linked to telomerase RNA. Then, the mammalian (mouse and

human) homology of p80 was found, and termed telomerase-
associated protein 1 (TP-1)[29]. The sequence of TP-1 showed
most homology to tetrahymena p80. In vitro experiments
suggested that TP-1 interacted specifically with telomerase
RNA and that TP-1 was associated with telomerase activity.
However, expression of TP-1 did not reflect the level of
telomerase activity[30-32]. In the present study, we found that
TP-1 expression was high in esophageal squamous cell
carcinoma, but it was not correlated with telomerase activity.
The specific mechanism by which the protein participated in
telomerase function has not been defined.
       Two related proteins, Est2p from the yeast Saccharomyces
cerevisiae and p123 from the ciliate Euplotes aediculatus, have
been identified as the catalytic subunits of telomerase in their
respective species[33-36]. Est2 was first identified as a gene
required for telomere maintenance in yeast[37] and was essential
for telomerase activity. Then, a human gene, hEST2/hTERT
(human telomerase reverse transcriptase), sharing significant
sequence similarity with telomerase catalytic subunit genes of
lower eukaryotes was cloned and the protein was identified[38].
Studies suggested that hTERT expression was correlated with
telomerase activity. The expression of hTERT was up-
regulated concomitantly with the activation of telomerase
during the immortalization of cultured cells and down-
regulated during in vivo cellular differentiation[39]. In vitro,
changes in the sequence of hTERT amino acid might reduce
telomerase activity, and transfer of hTERT into normal human
cell might resurrect telomease[40]. Designing a ribozyme
targeting hTERT also reduced telomerase activity[41]. However,
some studies revealed that the levels of hTERT expression
and detectable telomerase activity were not concomitant[42-48].
The present experiment suggested that hTERT mRNA
expression was correlated with telomeras activity in esophageal
SCC. But we found that the positive rate of hTERT mRNA
expression was lower than detectable telomerase activity. The
positive intensity and the positive rate of hTERT expression
were progressively increased from grade I to grade III, but the
differences between them was not significant. In 50 detectable
telomerase activity cases, just 41 cases expressed hTERT
mRNA, 9 cases had negatively expression of hTERT mRNA.
There were 4 hTERT positive cases without detectable
telomerase activity. It indicated that hTERT gene expression
was an important factor to resurrect telomease, but not the only
one. There was a possibility that other mechanisms were
intervened to modulate telomerase activity. The reasons why
the tissue had expression of hTERT mRNA without detectable
telomerase activity are not clear. Following might be the
explanations. Posttranscriptional modification of telomerase
subunits would modulate telomerase activity, and there were
some inhibitors in telomerase extract solution to reduce its
activity. Using in situ hybiridization assay detected hTERT
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Table 3  Intensity of hTERT and hTP-1 mRNA expression in esophageal carcinoma tissues

hTERT               hTP-1
Tumor stage P value P value

 n - + ++ +++ Positive - + ++ +++ Positive
rate (%) rate (%)

I 15 7 4   3    1    53.3 7 5   3    0    53.3
II 33 6 7 11    9    81.8  P>0.05 8 6 12    7    75.8  P>0.05
III 12 2 2   4    4    83.3 2 2   5    3    83.3

Table 4  Relationship between hTERT, hTP-1 expression and telomerase activity

  hTERT       TP-1
Telomerase activity P value P value

 + -  +  -

+ 41 9 P<0.05 38 12 P>0.05
-   4 6   5   5



expression might initially comprehend telomerase activity level.
However, the result of hTERT expression and detectable
telomerase activity were not identical. It was less sensitive than
TRAP assay.
      In summary, detectable telomerase activity and telomerase
subunit expression are high in esophageal squamous cell
carcinoma. Telomerase activity is related to tumor differentiation
and lymphatic metastasis, which may provide a new marker
for evaluating the prognosis of patients with esophageal SCC.
Expression of hTERT mRNA is correlated with telomerase
activity, but the expression of TP-1 mRNA is not correlated
with telomerase activity.
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