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Abstract
One of the most common causes of mortality in the world is cancer. In spite of advancement in cancer treatments,
the clinical outcome is far away from expectation yet. Drug resistance remains a major obstacle to the effective cure
of almost all of the cancers. Telomerase is a ribonucleoprotein enzyme that contains an extremely conserved reverse
transcriptase (TERT) component and a template RNA component (TERC or TR). Telomerase activity is infrequently
present in normal somatic cells, but it is observed in most cancer cells. This enzyme is actually a key enzyme for
human cells to acquire immortality. This study was conducted to investigate possible association between telomerase
expression and clinicopathological features as well as the feasible correlation between telomerase expression and
clinical response to chemotherapy in Iranian colorectal cancer patients.
In this regards tumoral and adjacent normal tissues of 50 colon cancer patients were assessed for the expression
level of telomerase quantitative PCR. A significant correlation was found between telomerase expression level and
the stage of cancer. hTERT expression level was significantly increased in early stage tumors.
No association was seen between telomerase expression and other clinical features such as age, size of the
tumor, lymph node involvement. Regarding to the observations, it seems expression changes of hTERT can be
employed as an important marker in the diagnosis of human colorectal cancer at an early stage after performing
some complementary tests.
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Material and Method

Introduction

Patients

Colorectal cancer (CRC) is the fourth frequent cancer in males
and the third in the female [1,2]. In Iran the rate of colorectal cancer
is (7 per 100,000 population or 5000 individuals) yearly and this
cancer is the third widespread cancer in women and fifth in men
[1,2]. The current treatment for nearly all of cancers is in the base
of chemotherapy. However, drug resistance limits the efficiency of
chemotherapy [3].Various strategies are currently being examined to
conquer drug resistance, but there were no significant success in the
clinic [4]. One of the main reasons for the failure in cancer treatment is
immortalization [5]. Several evidence signify that telomeres protecting
the ends of chromosomes are centrally involved in the capability
for immortalization [6,7]. The majority of cancers and cancer cell
lines maintain their telomeres via telomerase [8]. Telomerase is a
ribonucleoprotein enzyme which contains an extremely conserved
reverse transcriptase (TERT) and a template RNA component (TERC
or TR).TERT is the catalytic subunit of the telomerase and uses the
3’ telomere overhang as a primer to align with TR sequences, TERT
adds telomeric repeats to chromosome ends, So its primary function
is maintenance and denovo synthesis of telomers at the end of linear
chromosomes [9,10].

This project was approved by the National Institute for Genetic
Engineering and Biotechnology (NIGEB) and written informed
consent was obtained from all patients. Fifty patients with colorectal
cancer admitted to Hazrat Rasol Hospital in Tehran were enrolled in
this study and underwent surgery. Fresh tissues (tumor and normal
tissue adjacent to the tumor) were collected by the clinicians in separate
sterile tubes. Tissue samples were frozen and stored at -70°C. The
pathological information of all patients was obtained from Pathology
Department of Hazrat Rasoll Hospital. Staging of colorectal cancer
was performed according to the International Union against Cancer
(UICC) which is based on (AJCC-TNM) classification [14].

Although the role of telomerase in inducing drug resistance
in several cancers has been extensively investigated the data is still
controversial [11-13]. According to the above description, evaluation
of the telomerase expression level in colorectal cancer patients seems
reasonable. Therefore, the aim of the present study was to investigate
the possible correlation between telomerase expression level and
clinicopathological features. We also wished to see whether or not
telomerase is associated with drug resistance in Iranian CRC patients.
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The patients were followed up clinically for at least 2 years. Clinical
response was assessed by evaluating carcino embryonic antigen (CEA)
levels at 3 month intervals; clinical examination and ultrasonography
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or computer tomography scan (CT) every 6 month intervals thereafter.
Patients with elevated CEA, clinical sign such as pain, and bleeding, with
no decrease in tumor size, or metastasis considered as nonresponsive
[15].

RNA extraction and cDNA synthesis
RNA extraction was carried out by Tripure Isolation Reagent
(Roch applied sciences). For cDNA synthesis, 1 µg of total RNA from
each sample was used to synthesize first-strand cDNA according to the
manufacturer’s protocol (Frementas).

Real-time RT-PCR
Evaluation of the expression level of telomerase was performed by
Real-Time quantitative PCR using a lightcyclerTM system (Corbett Real
Time Thermal cycler) and Fast-Start DNA Master SYBR-Green I kit
(Roche Applied Sciences) using GAPDH as a housekeeping gene.
The PCR was performed in 10 µL of solution, consisting of 2 µL of
Fast Start Master solution and 0.5 µM of each primer. A total of 13 µL
of this reaction mix was placed into 0.1 vials, and 2 µL of cDNA was
added as a template.
The following primers were used for evaluating hTERT expression:
hTERT Forward 5’AGTGTGTACGTGGTCGAGCTG3’ and hTERT
-Reversed 5'GGGGATGAAGCGGAGTCT3'. The primer sequences for
GAPDH were as follows: Forward 5'GCAGGGGGGAGCCAAAAGGG3'
and Reverse 5' TGGGTGGCAGTGATGGCATGG 3’. Thermal cycling
consisted of an initial denaturation step 95°C for min followed by
an amplification program (primer annealing, amplification and
quantification) repeated for 40 cycles. The amplification program
was 95°C for 10 Sec, 59°C for 15 Sec and 72°C for 20 Sec with a single
fluorescence acquisition at the end of the elongation step. The third
segment consisted of a melting curve program at 95°C for 0 Sec, 70°C
for 10 Sec and 95°C for 0 Sec with a linear temperature transition rate of
0.1°C/Sec with continuous fluorescence acquisition. Finally, a cooling
program cooled the reaction mixture to 40°C.

patients who showed no response made up the negative chemotherapy
response group. Forty four patients had response (88%) and six patients
had no response (12%).

Association between clinicopathological features and hTERT
expression level
In the present study the possible association between telomerase
expression level and clinicopathological features was investigated
.According to the data results there was a significant correlation
between hTERT expression level and tumor stage in colorectal cancer.
So that the highest expression level was in stage 1 of this cancer (P>0.05)
(Figure 1).
No significant relation was observed between expression level
of hTERT and gender, age, tumor size, lymph node involvement,
chemotherapy response. The summary of the data are summarized in
Table 1.

Real-time PCR validation
For the mRNA expression analysis of telomerase gene and the
housekeeping gene a reliable and reproducible relative quantification
method based on Light CyclerTM technology and linreg software was
established and validated. Melting curve analysis showed only one peak
for each reaction and this also confirmed by electrophoresis of PCR
products that showed only one band of the expected size.
The amplification curves, melting curve and PCR products are
illustrating for hTERT and GAPDH in Figure 2 and 3.

Expression of hTERT in normal and tumoral colon cancer
hTERT expression was detected in all the tumoral tissues while
it was negative in all adjacent normal tissues, so that there was a
significant up-regulation of hTERT mRNA in colorectal cancer tissues

10

Statistic analysis
The raw data from Real time RT-PCR analyzed with linreg software.
This software computes the efficiency and Crossing Threshold (CT) for
each reaction. Statistical analysis was performed using the SPSS for
software V18.0 (SPSS, Inc., Chicago, IL). Differences between groups
were analyzed by One-Way Analysis of Variance (ANOVA) and
the Turkey multiple comparison tests. A P value less than 0.05 were
considered statistically significant.
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3

4

Tumor stage

Patients’ clinical and pathological data
In total 50 colon cancer patients were studied (23 women and
27 men). Individuals whose follow up were not available (n=5) were
excluded from final analysis. The average age of the patients was 57
years. Stage I, II, and III IV were diagnosed by pathology examination
in 28%, 26%, 26% and 20% of the patients, respectively. Most of the
patients had tumor size smaller than 5 cm (n=24, 48%), about 32%
(n=16) of the patients had tumor size between 5-8 cm, while 20% of
the patients had tumors size larger than 10 cm (n=10, 20%). Twenty
three (46%) of the patients had lymph node metastasis. The patients
were divided into two groups according to the results of chemotherapy.
Patients who had response formed the positive response group, while

2

Figure 1: Different ΔCT in different stages (ΔCT between hTERT/GAPDH
mRNA levels in different stages).

Expression of hTERT
Age

NS (P>0.05)

Gender

NS (P>0.05)

Tumor size

NS (P>0.05)

Lymph node involvement

NS (P>0.05)

Histological grade

S (P<0.05)

Drug resistance

NS (P>0.05)

Table 1: The correlation between hTERT gene expression with clinicopathological
features of patients (NS: no significantly important, s: significantly important).
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an approximate result of 40% [19]. Overcoming this event needs the
understanding of multidrug resistance mechanism. Furthermore, at
the beginning of the chemotherapy only small portion of the cancer
cells become resistant to drugs. However, their population becomes
dominant when drug resistance occurs [20].
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Figure 2: The melting curves of hTERT and GAPDH.

hTERT
GAPDH

Therefore, we speculated whether or not the resistant cells need
more telomerase to help them to proliferate faster and so become
the majority of the tumor cells. Previous studies recommended that
a high telomerase activity helped maintain or increase drug resistance
in colorectal cancer cell lines cultivated with anticancer drugs [18,21].
Ward and Autexier [14] showed that telomerase inhibition could
sensitize drug resistant cells to chemotherapeutic therapy. Cerone et
al. [22] also demonstrated that telomerase inhibition increased the
response to anticancer drug treatment in human breast cancer cell
lines.
In contrast, another report showed that there was no significant
difference between drug resistant and sensitive MCF-7 cells in hTERT
expression levels and telomerase [13].
Among 50 CRC patients enrolled in this study 10 persons had
recurrence of cancer and were resistant to chemotherapy. We found
no significant difference in the expression level of hTERT between
patients who were resistant to chemotherapy and sensitive patients.

Figure 3: The amplification curves of hTERT and GAPDH.

compared with their normal counterparts. All the patients clinical and
molecular data are presented in appendix 1.

Correlation between mRNA expression of hTERT and
response to chemotherapy
A comparison between the tumors of responder vs. non responder
patients with respect to the relative expression levels of hTERT showed
that there was no significant difference in the expression level of hTERT
between patients who were resistant to chemotherapy and sensitive
patients (Figure 4).

Discussion
One of the most common causes of the mortality in the world is
cancer. In spite of progressions/advancement in cancer treatments, the
clinical outcome is far away from expectation yet [16]. The advent and
development of multidrug resistance is a major obstacle which limits
the efficiency of chemotherapy in cancers.
Cancer cells are unregulated growth of cells that fail to notice the
message to stop growing and one of the main reasons for the failure
in cancer treatment is immortalization [5,17]. On the other hand
it has been demonstrated that telomerase activity to be increased in
proliferative cells like basal, germ , stem cells as compared to normal
tissues [18].
According to the above description, this study was conducted to
investigate possible association between telomerase expression and
clinicopathological features as well as the feasible correlation between
telomerase expression and clinical response to chemotherapy in
Iranian colorectal cancer patients. The role of telomerase in inducing
drug resistance in several cancers has been extensively investigated but
the results are not conclusive [11-13].
Human cancers develop resistant to chemotherapeutic drugs with
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Therefore, by this evidence we may comment that resistance
to chemotrapeutic drugs is independent of the hTERT expression
and multidrug resistant does not seem to have a direct association
with expression levels of hTERT. This study was also conducted
to investigate the association between telomerase mRNA level and
clinicopathological features.
1-Age: The risk of colorectal cancer increases with advancing age.
More than 90% of cases occur in people aged 50 or older [22]. We
assumed that there may be a correlation between hTERT expression
levels and patient ages. The age range of the patients studied was
between 26 to 88. The analysis between hTRET expression levels and
age of patients illustrated that this association was not significant.
2-Tumor size: Studies have shown that an increase in tumor size
relates to an increased risk of recurrence in the most cancers [23-25]. In
breast cancer tumor size is a very important factor in predicting clinical
outcomes [26]. Hoos et al. [27] have also found a significant correlation
between telomerase activity and tumor size in breast cancer in drug
resistant MCF-7 cell. In contrast, another study showed the tumor size
was independent telomerase expression [27].

hTERT

100 bp ladder
A

tumoral tissues
B

C

D

E normal

tissue

Figure 4: Telomerase expression in tumoral and adjacent normal tissues. (A,
B, C, D, E are tumoral and F column normal tissue
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In the present study most of the patients had tumor size smaller
than 5 cm (n=24, 48%), about 32% (n=16) of the patients had tumor
size between 5-8 cm, while 20% of the patients had tumors size larger
than 10cm (n=10, 20%). Our results indicated that there was no relation
between tumor size and the telomerase expression level
3-Lymph node involvement: The involvement of lymph nodes
by tumor is an important factor in determining prognosis in gastric
cancer [28]. It has been illustrated by Okayasu that telomerase activity
is associated with lymph node metastasis in colorectal carcinomas
[29]. On the contrary, other studies did not confirm these results and
described no relation between telomerase activity and prognostic
indicators such as lymph nodes [30]. In the present study data analysis
showed that hTERT expression level was not correlated with lymph
node involvement.
4-Histological grade: Tumor grade is also an important prognostic
variable. Histologic grade called differentiation, refers to how much the
tumor cells resemble normal cells of the same tissue type [31]. Since this
factor has an important role in cancer prognosis and treatment in this
study the relation between hTERT mRNA level and histological grade
of tumor was also investigated. Our results revealed that telomerase
(hTERT) expression level was correlated with the stage of the colorectal
cancer (P<0.05). hTERT expression level was significantly increased in
early stage tumors. Tumors in stage I had the most expression level
in comparison with other stages. One possible interpretation is that
in early stages of tumor formation, most tumors indicate continuous
telomers shortening. When telomers become critically short, this cause
telomerase activation.
In conclusion, these findings demonstrate the importance of
telomerase for tumorgenesis and possibly indirectly in drug resistance
and it can be used as molecular marker for cancer diagnosis. The
controversial results which are obtained from several studies may be
partly due to the presence of an Alternative Lengthening of Telomers
(ALT) mechanism, different kind of tumoral tissues and diverse
common practical methods applied for investigation of gene expression
[32].
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