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Abstract  Introduction: Telomerase is a ribonucleoprotein synthesizing telomeric DNA onto the chromosomes which 
has two functional subunits: hTERT (human telomerase reverse transcriptase) and hTR (human telomerase RNA). Activation 
of telomerase appears to be associated with unlimited replicative potential. Telomerase activity and expression of 
telomerase components may have significant roles in diagnosis or/and prognosis of malignancies. PCR-based TRAP assay is 
very sensitive for the detection of enzymatic activity of telomerase even if a few number of cancerous cells are available. The 
diagnostic or prognostic value of telomerase activity and its expression in colorectal cancer are still unclear. Material and 
Methods: Protein extraction was performed from specimens of matched normal and colon cancer specimens. Protein 
concetrations were determined by Bradford assay. Optimized protein concentrations were used for TRAP Assay (Telomeric 
repeat amplification protocol) which is a PCR-based assay. TRAP products were seperated by vertical gel electrophoresis on 
12.5% polyacrylamide gel and visualized by silver staining. Gene expression of hTERT was determined by qPCR analysis. 
Results: The results demonstrated that all tumor tissues were telomerase positive whereas all corresponding normal tissues 
were telomerase negative. Among clinicopathological findings, telomerase activity was found to be associated with stage, 
histology, localization, distant metastasis and lymph node metastasis of tumor. The expression of hTERT was observed both 
in tumor and normal tissues, however; tumor tissues expressed 4.33 fold more hTERT than normal tissues. Although all of the 
clinicopathological findings differed in the expression of hTERT compared to normal tissues, they did not differ from each 
other significantly. Conclusion: Telomerase activity could be a promising tumor marker for colorectal cancer and there is a 
close association between the enzymatic activity and the expression of its catalytic subunit. 
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1. Introduction 
Eukaryotic chromosomal ends are composed of tandemly 

repeated G-rich sequences which are also called as 
telomeres[1]. Telomeres protect the ends of chromosomes 
from degredation, end to end fusions and aberrant 
recombinations[2]. Normal somatic cells have limited 
proliferative capacity due to shortening of telomeres after 
each cell division[3]. Progressive shortening of 
chromosomal termini can result in loss of protective function 
of telomeres thereby loss of chromosomal stability and 
integrity[4]. Cells with critically shortened telomeres are 
recognized as a DNA damage response followed by growth 
arrest, therefore they go into replicative senescence[5]. In 
contrast to normal cells; stem cells, germline cells, 
hematopoietic cells, immortal cells and cancer cells are able 
to proliferate indefinetely thanks to the ability of stabilizing  
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their telomeres by an enzyme called as telomerase 
preventing telomere loss[6,7].  

Telomerase is a reverse transcriptase composed of two 
essential subunits: TERT (telomerase reverse transcriptase) 
and TR (telomerase RNA)[8]. Telomerase synthesizes 
hexameric telomeric repeats onto the chromosomes thereby 
compansating telomere loss in immortal cells such as tumor 
cells[9]. Telomerase utilizes TR subunit as a template since 
TR contains complemantary sequences to telomeric DNA 
sequences whereas TERT is used for nucleotide joining 
process as a catalytic subunit[10,11]. Activation of 
telomerase gene has been found in about %85 cancer types 
with the help of a sensitive PCR-based assay. Its activation 
leads to immortalization of cells through increasing 
proliferation capacity whereas most healthy normal tissues 
has shown little or no telomerase activity[12,13]. Its clinical 
importance varies among different types of cancer. Since 
there was no significant difference in telomerase activity 
between normal adjacent and tumor tissues, telomerase 
activity was found not to be a diagnostic or prognostic 
marker for some types of cancer whereas telomerase activity 
was found to be correlated with poor prognosis in certain 
types of cancer such as neuroblastoma, lung cancer, gastric 
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cancer[14]. Previous studies demonstrated telomerase 
activity in colorectal cancer tissues and a few studies showed 
the expression level of hTERT in colorectal cancer together 
with telomerase activity[15-17]. However, the prognostic 
and/or diagnostic value of telomerase activity in colorectal 
cancer and its relation with clinicopathological features are 
still controversial.  

In our study, we analysed telomerase activity in both 
tumor and adjacent normal tissues by a quantitative 
telomeric repeat amplification protocol (TRAP)-silver 
staining assay. In addition, we also evaluated 
clinicopathological characteristics (such as age, gender, 
histological type, stage of disease, histological grade, tumor 
site, and size of tumors) regarding telomerase activity. 
Besides these criteria, depth of tumor, lymph node status and 
distant metastasis were also analysed. Moreover, the level of 
hTERT mRNA expression was analysed by quantitative- real 
time polymerase chain reaction (q-RT-PCR) both in normal 
tissue samples and tumor samples. We also evaluated 
clinicopathological findings with respect to the expression 
levels of hTERT. 

2. Materials and Methods 
2.1. Patients and Tissue Samples 

20 colorectal cancer tissues and their adjacent normal 
tissues were obtained from patients at Gülhane Millitary 
Medical Academy (GATA) in Turkey. From each patient, 3 
normal adjacent tissue sample and tumor tissue sample were 
obtained and studied. Ethical approval was obtained from the 
committee for the collection of tissue samples and further 
studies.  

Upon surgical removal, tumor and adjacent normal tissues 
were stored in RNAlater® solution immediately 
(Sigma-Aldrich, USA). After overnight incubation at 4°C, 
tissues were stored at -80°C. Additionally, main tissue 
specimens were fixed in 10% phosphate-buffered neutral 
formalin. Samples were embedded in parafin according to 
macroscopy guidelines. After 4µm sections were taken, 
slides stained with hematoxylin and eosin for 
histopathological analysis. Tumors were categorized in 
accordance with TNM system endorsed by American Joint 
Committee on Cancer (AJCC, Version7).  

2.2. TRAP (Telomeric Repeat Amplification 
Protocol)-Silver Staining Assay 

Telomerase activity was determined in accordance with 
the telomeric repeat amplification protocol provided by the 
TRAPeze® telomerase detection kit (Millipore, Germany). 
Each sample was assayed in triplicate. Each experimental 
setup included a heat inactivated control, CHAPS lysis 
buffer only and a positive control. Fresh frozen tissue 
specimens were homogenized well with liquid nitrogen to a 
fine powder transferred with a sterile surgical blade to a 
RNAse free 1.5 mL microcentrifuge tube containing 40 

unit/uL of RNAse inhibitor and 250 uL ice-cold CHAPS 
lysis buffer (10 mM Tris-HCl, pH 7.5, 1 mM MgCl2, 1 mM 
EGTA, 0.1 mM Benzamidine, 5 mM β-Mercaptoethanol,  
0.5% CHAPS, 10% Glycerol). The homogenate was 
incubated on ice for 30 min and then spun in a benchtop 
microcentrifuge at 12.000 X g for 20 min at 4 °C. About 160 
uL of supernatant was collected in a sterile RNAse free 
plastic tube, then stored at -80 °C for further use.  Protein 
concentration of each sample was determined by Bradford 
assay. An aliquot of extract containing 0,6 ug of protein was 
used for each TRAP assay. PCR conditions performed were 
30°C for 30 min for the elongation of TS ( telomere substrate) 
primer by telomerase and followed by 33 cycles of PCR 
amplification (94°C for 30 seconds, 59°C for 30 seconds and 
72°C for 60 seconds). The PCR products were analyzed by 
vertical gel electrophoresis in a 12.5% polyacrylamide 
(PAGE) non-denaturating gel for 45 min at 300V. PAGE gel 
was stained with modified silver staining method. Specimens 
were considered telomerase positive showing six base pair 
incremental bands starting from 50 bp band according to 
manufacturers instructions. The gel images were analysed 
with Image J software.  

Relative telomerase activity (RTA) was calculated by the 
following formula; 

  

 

3. Reverse Transcription-quantitative 
Polymerase Chain Reaction 
(RT-qPCR) 

3.1. RNA Isolation  

Total RNA was extracted from each tissue sample by 
using TRIzol Reagent according to manufacturers 
instructions (Sigma Aldrich, USA). The concentration and 
purity of isolated RNA samples were determined by 
measuring optical densities at 260 nm and 280 nm using 
NanoDrop 2000 C spectrophotometer (Thermo Fischer 
Scientific, USA). The intactness of isolated RNA and DNA 
contamination were checked by agarose gel electrophoresis.  

3.2. cDNA Synthesis 
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cDNA synthesis was performed by using QuantiTect 
Reverse Transcription Kit (Qiagen, Germany) according to 
manufacturers instructions. 1 ug total RNA and 25 pmol of 
gene specific primers, either of GAPDH, hTERT were used 
for each reaction. Briefly, genomic DNA elimination step 
was performed at 42°C for 2 min by using 2 ul genomic 
DNA wipeout buffer, 1 ug RNA to a final volume 11ul. 
Secondly, reverse transcription reaction was carried out at 
42°C for 15 min by the addition of 4 ul RT buffer, 1 ul 
reverse primer or primer mix and 1 ul reverse transcriptase. 
Finally, the reverse transciption was terminated by 
incubation at 95°C for 3 min to inactivate reverse 
transcriptase. cDNA was stored at -20°C until further 
studies. 

3.3. Real Time Quantitative Polymerase Chain Reaction 

hTERT mRNA levels were quantified by quantitative real 
time PCR (qRT-PCR) performed in Rotor-Gene 6000 
(Corbett Research, Australia). Light-Cycler-FastStart SYBR 
Green I DNA master mix kit was used. Briefly, total volume 
of reaction mix was 20 ul containing 10 ul SYBR Green 2X 
master mix, 0.15 uM of reverse and forward primers, 2.8 uL 
of cDNA and appropriate amount of nuclease free water.  

All samples were run as triplicates in each run including a 
non-template control to check background signal. Relative 
quantification of qPCR products was perfomed by using 
2-∆∆Ct method[18]. Delta delta Ct (2-DDCT) relative 
quantitation method was used for quantitation of qPCR 
products.  

3.4. Statistical Analysis 

All data are representative of three independent 
experiments and expressed as mean _ standard error of the 
means (SEM). Relative telomerase activity (RTA) results of 
tumor and normal tissues were analyzed by two-tailed t tests 
to assess the association. The relationship between clinical 
variables and RTA values was analyzed by Mann-Whitney U 

test. 
The difference in the gene expression of hTERT between 

tumor and normal tissue samples was determined using t-test. 
One-way ANOVA test and post-hoc Tukey analyses were 
carried out to find groups whose mean differences were 
significant. The results were significant at the 0.05 level. 

4. Results 
20 matched samples from patients with colorectal cancer 

were obtained and studied in this study. Tumors were 
localized mostly (13/20) in left colon and %65 of tumors in 
left colon were found in rectum and remaining were found in 
sigmoid colon. Tumors in right colon (7/20) localized in 
hepatic flexure, ascending colon, cecum. Tumor size ranged 
from 1.8 cm to 10 cm. According to histological analysis, 18 
tumors out of 20 were usual adenocarcinomas whereas other 
two tumors were categorized as unusual adenocarcinoma 
which were both mucinous adenocarcinomas. According to 
TNM classification, 14 out of 20 patients were evaluated as 
late stage (stage III and IV) whereas 6 out of 20 patients were 
at early stage (stage I and stage II). One of the patient was 
diagnosed at early onset with Stage I which is a rare event in 
turkish population. About %65 of patients showed lymph 
node metastasis. The number of lymph node metastasis was 
variable, however; metastasis in 4 or more regional lymph 
node was common among patients evaluated. Distant 
metastasis (M) status was also evaluated and 2 out of 20 
cases showed metastasis to liver and peritoneum. Patients 
with rectal tumors took chemoradiotheraphy as neoadjuvant 
therapy, however; other patients did not take any therapy 
before surgery. 

4.1. TRAP-Silver Staining Assay 

In this study, all 20 of colorectal cancer cases showed 
telomerase activity at different levels, whereas none of the 
normal tissues were telomerase positive (Figure 1). 

 
Figure 1.  Representative results of TRAP-Silver Staning Assay. Lane 1 and 2: tumor specimens, Lane 3 and 4: normal specimens, Lane 5: CHAPS only, 
Lane 6: heat inactivated control, Lane 7 & 8: positive controls at different concentrations 
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Table 1.  The association between telomerase activity and clinicopathological features of patients 

Factors No.Cases (percentage 
/number) RTA (Mean±SEM) P 

Gender 
Woman 

Man 

 
%55   / 11 
%45   /  9 

 
0.99 (±0.98) 

 

 
0.080 

 

Age 
Young(＜40) 

Old(40＜) 

 
%15   /  3 
%85   / 17 

 
1.90 (±1.48) 
1.30 (±1.24) 

 
0.145 

Histological Type 
Usual 

Unusual 

 
%90   / 18 
%10   /  2 

 
1.26 (±1.04) 
2.54 (±2.09) 

 
0.031* 

 
Localization 

Right 
Left 

Rectum 
Colon 

 
%35   / 7 
%65   / 13 
%35   / 7 

%65  /  13 

 
0.69 (±0.37) 
1.76 (±1.42) 
1.68 (±1.12) 
1.23 (±1.35) 

 
0.039* 

 
0.154 

 
Stage 
Early 

I 
II 

Late 
III 
IV 

 
 

%30  /  6 
 
 

%70  /  14 
 

 
 

0.52(±0.26) 
 
 

1.78(±1.34) 
 

 
 

0.003** 
 
 
 
 

Grade 
Low(I,II) 

High(III,IV) 

 
%75   / 15 
%25   / 5 

 
1.13(±0.96) 
1.16(±1.83) 

 
0.095 

 

N 
Negative(N0) 

Positive(N1,N2) 

 
%35   / 7 
%65  / 13 

 
0.76(±0.36) 
1.419(±0.35) 

 
0.032* 

 

M 
Negative(N0) 
Positive(N1) 

 
%90  / 18 
%10  / 2 

 
1.08(±0.83) 
4.17(±0.59) 

 
＜0.0001*** 

 

 

A noteworthy difference was observed between tumor site 
and telomerase activity. Tumors located at left colon had 
significantly higher telomerase activity compared to tumors 
at right colon (p:0.039). Additionally, tumors with usual type, 
also called as adenocarcinoma, tended to show higher 
telomerase activity (p:0.031). Furthermore, 6 out of 20 
patients at early stage (stage I and II) were compared with 14 
patients out of 20 at late stage (stage III and IV) regarding 
telomerase activity. Telomerase activity increased 
significantly with advanced stages (Stage III and Stage IV) 
compared to early stages (Stage I and Stage II). (p:0.003). 
Tumors with distant metastasis (M1) and lymph node 
metastasis (N1 and N2) revealed higher telomerase activity 
compared to tumors without distant metastasis (M0) and 
lymph node metastasis (N0), respectively. No association 
was found among telomerase activity, age, gender, tumor 
size, grade of tumor. 

The associations between telomerase activity and the 
clinicohistopathological characterictics of patients with 
colorectal cancer were shown in Table 1.  

4.2. Expression Analysis of hTERT Gene in Colorectal 
Cancer Samples 

According to RT-qPCR results, all of the tumor and 
adjacent normal tissues were found to express hTERT, 
however; tumor tissues showed 4.33 fold more hTERT 
expression compared to their normal adjacent tissues (Figure 
2A). Gene expression of hTERT was found to upregulate as 
cancer progressed, since tumors at late stages showed 3.13 
fold more expression level of hTERT compared to normal 
tissue samples whereas tumors at early stage expressed high 
level of hTERT compared to normal tissues but statistically 
not significant (Figure 2B).  

The location (right and left colon), histology (usual and 
unusual types) and grade (II and III) of colorectal cancer 
tissues did not differ from each other significantly with 
respect to hTERT expression in the current study, but their 
expression was significantly higher than normal tissues 
(Figure 2C).  
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Figure 2.  hTERT expression levels in different clinicopathological parameters (* Results were signifcant with a p<0.05, ** results with a p < 0.01 and *** 
results with a p<0.0001) 

Table 2.  Fold changes in the expression of hTERT and relative 
telomerase activity 

Groups Fold Change 
(hTERT) RTA 

Normal 0.99±0.13 0.000 
Tumor 4.59±0.86 2,987±0,015 
Early Stage 1.79±0.81 0,387±0,113 
Late Stage 3.94±0.31 1,609±0,358 
Right Colon 4.13±0.74 0,653±0,159 
Left Colon 3.14±0.78 1,432±0,362 
Grade 2 3.38±0.74 0,941±0,228 
Grade 3 3.66±0.94 2,156±0,814 
Usual Type 3.56±0.71 1,078±0,232 
Unusual Type 2.20±0.95 3,038±1,551 
Lymph node metastasis 
negative (N0) 3.56±0.91 0,382±0,100 

Lymph node metastasis 
positive (N1 and N2) 3.50±0.58 1,419±0,353 

Distant metastasis 
negative (M0) 3.56±0.62 0,922±0,191 

Distant metastasis 
positive (M1) 2.20±0.89 4,169±0,420 

Furthermore, tumors with lymph node metastasis and 
distant metastasis (positive or negative) showed no 

significant difference with respect to hTERT expression but 
their hTERT expression was found to be significantly higher 
compared to normal tissues (Figure 2 D). 

Table 2 summarizes fold changes in the expression of 
hTERT and relative telomerase activity with respect to the 
clinicopathological features. 

All tumor tissues showed telomerase activity together 
with significantly high level of hTERT expression. 
Telomerase activity is seemed to be correlated with the 
expression of its catalytic subunit. 

5. Discussion and Conclusions 
Maintenance of telomere length is prerequisite for cellular 

immortalization. Some cells including some type of tumors 
utilize different mechanisms other than telomerase activity 
for stabilizing and/or elongating of their telomeres, such as 
alternative lengthening of telomere (ALT) pathway, which is 
caused by homologous recombination or non homologous 
end-joining events between telomeric repeats[40]. 
Additionally, there are a number of telomere binding 
proteins which may have essential roles for maintanence of 
telomere length[41]. Although telomerase positive cells do 
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not indicate necessarily malignancy, they are potentially 
immortal. On the other hand, telomerase activity was found 
to be strongly associated with the acquisition of 
malignancies and could be a potential biomarker for the 
detection of cancer[19].  

Telomerase activity can be detected by four different 
methods which are TRAP assay, terminal rectriction 
fragment length analysis, Real-time PCR and 
immunohistochemistry. Each of these methods is used for 
detection of a different aspect of telomerase activity. 
Therefore, all four methods are not homogenous in research 
meaning[20]. TRAP assay is the best analysis method for 
enzymatic activity. RT-PCR has been used for the analysis of 
gene expression levels and it is a specific and sensitive 
method to analyse the expression level of hTERT which is 
the protein subunit of telomerase[21].  

There are early studies that analysed telomerase enzyme 
activity in colorectal cancer; however, only a few studies 
conducted both in normal and cancerous tissues in colorectal 
cancer[22,23]. A variety of studies have investigated 
enzymatic activity of telomerase in colorectal cancer. 
However, whether the activity of telomerase in association 
with clinicopathological features of patients is still 
controversial[24-27].  

Although some of the previous studies reported that 
normal colonic mucosa specimens showed telomerase 
activity, the current study demonstrated no telomerase 
activity in normal colonic mucosa specimens consistent with 
other studies which did not detect telomerase activity in 
normal colon tissues[28-30]. 

Telomerase activity did not show any difference in age, 
gender in this study which is consistent with other studies; 
however, a northworty difference was observed between 
tumor site and telomerase activity. Tumors located at left 
colon had significantly higher telomerase activity compared 
to tumors at right colon. Previous study reported that 
proximal and distal colon carcinogenesis were found to have 
distinct biological characterictics which have been reported 
to be acquired during embryogenesis or postnatal 
development. Moreover, it was stated that different 
procarcinogenic pathways are responsible for the 
development of carcinogenesis in right and left colon which 
may be related with the difference in the relative telomerase 
activity between right and left colon[31].  

In the current study, telomerase activity was found to 
increase with the stage of the tumor which is in consistence 
with previous study[32]. Telomerase activity could be an 
indicator of agressiveness of malignancies[33]. Among 
histopathological findings, the unusual histological type, 
mucinous adenocarcinomas, showed significantly higher 
telomerase activity compared to usual colorectal 
adenocarcinomas in this study. Moreover, of the TNM 
classification parameters, metastasis (M) and lymph node 
metastasis (N) positive tumors demonstrated higher 
telomerase activity in the current study. High telomerase 
activity may accelerate abnormal cell proliferation and help 
tumor cells escape from apoptosis due to shortened 

telomeres[34]. In this study, there is only one tumor sample 
was determined with pT1; therefore, statistical analysis 
between RTA and depth of tumor could not be perfomed. 
Similarly, Shoji et. al, found a relationship between 
telomerase activity and depth of invasion of tumors (pT)[35]. 
In two cases out of twenty of the current study, liver 
metastasis was observed with high telomerase activity.  

A variety of studies conducted so far revealed that hTERT 
could serve as a potential and useful tumor marker thanks to 
its expression in a number of different cancer types. 
Therefore, hTERT could be used as a screening tool for 
diagnostic or prognostic purposes by real-time PCR[36,42]. 
In the current study, although all tumor and normal tissue 
specimens were found to express hTERT, tumor specimens 
expressed more hTERT compared to normal tissues which is 
in accordance with previous study conducted in colorectal 
cancer[36]. Simirlary, in this study telomerase activity was 
found to have a tendency to be higher in tumor tissues 
compared to corresponding normal tissues. As cancer 
progressed, hTERT expression was found to be increased. 
Late stage tumors expressed more hTERT than early stage 
tumors and normal tissues. Likewise, late stage tumors 
showed higher telomerase activity compared to early stage 
tumors. These results showed there could be a close 
correlation between telomerase activity and hTERT 
expression. However, other clinicopathological findings did 
not differ from each other in the expression level of hTERT 
in this study whereas some of previous studies reported a 
correlation of telomerase catalytic subunit expression with 
depth of tumor and tumor grade[36,37]. Some of earlier 
results were consistent with the results of current study 
which were unable to demonstrate a correlation among the 
expression of telomerase catalytic subunit and 
clinicopathological characteristics of tumors such as tumor 
site, lymph node involvement and distant metastasis[36]. In 
contrast, a study revealed a significant difference between 
expression of hTERT and tumor site. Moreover, another 
study demonstrated that hTERT expression correlated with 
tumor grade[37].  

In the current study, normal tissues were telomerase 
negative; however, they were shown to express hTERT gene. 
This may be due to posttranscriptional splicing of hTERT or 
posttranslational regulation of hTERT gene. Kilian et.al 
1997, reported that posttranscriptional splicing of hTERT 
products may lead to production of different proteins with 
different functions[38]. Alternatively, alternative splicing of 
hTERT variants may cause the deletion in the protein 
structure[39]. 

The absence of telomerase activity in normal adjacent 
tissues may indicate that the enzymatic activity of telomerase 
and hTERT expression may be clinically useful as a 
diagnostic or prognostic tool. Moreover, the activity of 
telomerase and its catalytic subunit expression was found to 
correlate significanlty in colorectal cancer in the current 
study. These results may indicate that telomerase could be a 
promosing marker for colorectal cancer in the future. In this 
study, some relations or and associations found was 
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statistically non-significant.  
This could be related with a limited number of patients 

categorized in different clinicopathological parameters. Thus, 
it may be useful to demonstrate these results in a larger 
number of patients’ pool. 
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