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Introduction

Colorectal Cancer (CRC) is the third neoplasia and
the fourth most common cause of oncological death
worldwide (1, 2). Surgery is the first therapeutic choi-
ce to be performed from the diagnosis, associated with
an oncological evaluation for pre or post-operative che-
mo or radio therapy.

CRC presents several mutations in oncogenes and on-
cosuppressors, such as APC, KRAS, BRAF, and in the
latest studies also hTERT, which is modified or ove-
rexpressed in at least 85% of all CRC in the world.
hTERT codifies for the catalytic subunit of telomerase,

an enzyme whose role is crucial for the maintenance and
the synthesis of chromosomal ends, the telomerase (3),
that in the somatic cells face at each replication a pro-
gressive shortening of their sequences, reaching a length
limit that let a further division impossible (4). It is es-
sential for the maintenance of proliferative capacity, for
preventing cellular senescence and death (5).

This activity is normally present in only a few cy-
totypes (stem cells, germ cells, activated lymphocytes,
epithelial cells with a high turnover), while in the majo-
rity of somatic cells the gene is silenced, resulting in an
inactivation of telomerase.

An overexpression of hTERT, already proved in se-
veral solid and hematologic tumors, acts in the preven-
tion of cellular senescence and death causing the im-
mortalization of the cell clone in which the gene is over
activated, maintaining telomere length above the thre-
shold that sets a limit to the replication (6).

The presence of hTERT could be an effective stra-
tegy in CRC treatment as gene-therapy target in asso-
ciation with surgery and chemotherapy protocols, con-
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Aim. The aim of our study is to focus on hTERT (human Telo-
merase Reverse Transcriptase) expression to identify tumoral tissue af-
ter a comparison to TP53 and KRAS. More than 85% of cancer cells
contain genetic aberrations and also overexpression of hTERT, and, in
fact, the promoter of hTERT characterizes all malignant cells.

Patients and methods. Our sample is composed of  18 patients,
including 10 with CRC that underwent surgical procedure and 8 pa-
tients without CRC, which represent the control group. The hTERT
gene expression, KRAS and p53 were evaluated by methodical Real Ti-
me - PCR on RNA extracted from tumor tissues, peritumoral tissue and
control cases.

Results. Within the CRC group the evaluation of the tumor tissue
showed an increase of hTERT expression with a statistical significance
(> 0.1) in 5 of these, also associated with substantial increase of KRAS
(> 0.2). The peritumoral tissue assessment showed important increase
in KRAS in 4 patients (> 0.2), while hTERT is not found to be parti-
cularly increased. The value of p53 did not show any particular signi-
ficance (<0.1).

Discussion. The analysis of our data leads us to consider that the
increase of hTERT is evident in patients suffering from CRC and that
some of them will become significant in relation to the increase of
KRAS and independent of p53. In peritumoral tissues, however, KRAS
increases considerably, instead hTERT maintains a low concentration
and this is compatible with the cellular evolution of the neoplastic tis-
sue adjacent to the tumor.

Conclusions. hTERT could be used for diagnosis and prognosis in
the future, to be able to identify the risk of tumor progression and to set
up an adequate therapy.
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sidering its exclusive and specific presence in the neoplastic
cells and its absence in the normal somatic ones.

Patients and methods

In this retrospective observational study, from January
2010 to December 2014, in our General Surgery Unit,
we enrolled 10 patients with CRC and 8 control group
patients, to evaluate the expression of hTERT in tumoral
and in peritumoral tissues and also to study if hTERT
could be a more specific tumor marker, compared to
TP53 and KRAS.

CRC group (6 males and 4 females) consisted in 2
cancers on ascending colon, 3 on descending colon, 2
on sigmoid and 3 on rectum. 57 years (± SD) was the
mean age (female range 55-75ys ; male range 50-70ys).
4 procedures were performed via traditional laparotomy
and 6 laparoscopic procedures. Type of operation: 2 ri-
ght hemicolectomies; 3 left hemicolectomies; 2 Hart-
mann’s procedure; 3 anterior resection of rectum. Du-
ring surgical procedures, it was performed an intraope-
rative removal of tumor and peritumoral tissue (within
3cm from the cancer). 

All patients were diagnosed with CT scan and colo-
noscopy with biopsy. According to TNM classification,
staging has identified 4 pts stage I and 6 pts in stage II.
Pathology examination revealed 3 poorly differentiated
cancers, 3 moderately differentiated and 4 well diffe-
rentiated. Exclusion criteria were: patients with TNM 3,
colorectal cancer perforation and obstruction, metasta-
tic colorectal cancers, patients with ASA IV-V score. All
patients’ characteristics can be appreciated in Table 1.

Furthermore, 8 pts (4 males and 4 females, mean age
55) were enrolled as a control group, which was free CRC
and needed to be treated surgically because of choleli-
tiasis. It was necessary for our analysis a sample of tis-
sue belonging to the gallbladder as healthy tissue.

The protocol was approved by the Ethical Committee
and it was clearly explained to all participants. Written
informed consent was obtained from all patients.

Samples of excised tissues were collected to evalua-
te gene expression of hTERT, KRAS and p53 and were
cryopreserved in liquid nitrogen pending subsequent
RNA extraction, to study their expression using Real
Time PCR (qRT-PCR). We also calculated median va-
lues of three genes’ expression and we compared all grou-
ps (tumoral, peritumoral and normal tissue).

RNA extraction

Assumed the extreme instability of RNA and for the
high risk of contamination with RNase, all materials have
been pre-treated with H2O and DEPC (diethylpyro-
carbonate). The technique used is a variant of the
Chomczynski method (7). The cellular RNA from tis-
sue samples was extracted by homogenisation in TRI-
zol® Reagent (Invitrogen). This methodology allows an
extraction with less contamination by genomic DNA and
proteins. The RNA quantity was determined by spec-
trophotometric examination at a wave length of 260 nm,
while the total RNA obtained qualitative analysis is perfor-
med by electrophoresis on 1.7% agarose gel in which has
been added the ‘ethidium bromide.

Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) 

For the reverse transcription was used the High-Ca-
pacity cDNA Reverse Transcription (Applied Biosystems
Foster City, CA, USA) kit, following the protocol of the
supplier company. A volume of 1 micrograms of total
RNA was denatured at 75°C for 3 minutes then added
to a reaction mix containing: 10X RT buffer, 25X dNTP
mix, 10X RT random primers, of MultiScribe Reverse
Transcriptase 50 U / ul, RNase inhibitor, (Applied Bio-
systems, Branchburg, NJ, USA). The samples were in-
cubated (Gene Amp PCR 9700, Applied Biosystems) for
10 minutes at 25°C, for 120 minutes at 37°C, for 5 se-
conds at 85°C and for ∞ at 4°C.

qRT-PCR  
The analysis of the expression of hTERT gene, TP53,

and KRAS was determined using real-time PCR8. On the
cDNA obtained after reverse transcription are the reac-
tions of qRT-PCR were performed using IQTM SYBR
Green Supermix (6mMMgCl2, dNTP, DNA polymerase
iTaq, SYBR Green I, fluorescein and stabilizers) (Bio-Rad
Laboratories, Hercules, CA, USA). The quantification of
mRNA levels was performed on a MiniOpticon of Real-
Time PCR Detection System (Bio-Rad Laboratories). The
protocol used in the PCR reactions is the following: ac-
tivation of the polymerase at 95°C for 3 min, followed by
45 cycles of 95°C for 10 s, 60°C for 30 s. The melting cur-

TABLE 1 - PATIENT'S CHARACTERISTICS AND PROCE-
DURES.

CRC Group Control Group 

Gender M 6 M 4
F 4 F 4

Age 57 55

Surgical 2 Right Colectomies 8 Lap. Cholecistec.
Procedure 3 Left Colectomies 

2 Hartmann
3 Rectum Ant. Res. 

TNM 4 Stage 1
6 Stage 2

Pathology 3 Poorly Diff. 
3 Moderately Diff.

4 Well Diff.
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ves were generated through 60 additional cycles (65°C for
5 s with an increase of 0.5°C / cycle). The gene expres-
sion results were obtained as the average Ct (threshold cy-
cle) of the samples in triplicate values. The expression was
determined using the ΔΔCt method. The expression va-
lues were normalized to GAPDH.

Statistical analysis
Data on the clinical and histological characteristics

of the study population were presented as absolute num-
bers, as the mean ± standard deviation or median. The
comparison of the values of hTERT, TP53 and KRAS
was performed using t-test Student and Mann Whitney
test. A value of p-value <0.05 was considered statistically
significant.

Results

From January 2010 to December 2014 in our Ge-
neral Surgery Unit, 10 patients (6 males and 4 females,
mean age of 57) with a preoperative CRC diagnosis and
8 pts (4 males and 4 females; mean age of 55) without
CRC were treated surgically and enrolled for our study
to evaluate and compare hTERT, TP53 and KRAS’ ex-
pression from tumoral, peritumoral and healthy tissues.  

In CRC group, the median values of hTERT,
TP53, KRAS were respectively of 0.2 (0-1), 0.044 (0-
0.2) and 0.275 (from 0.004 to 1). In peritumoral tissue,
median values of 3 genes were respectively of 0.009 (0
to 0.104), 0.006 (0 to 0.127) and 0.057 (0.003 to 0.359).
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Figure 1 - Gene expression of hTERT, p53, Kras in tumor tissue.

Figure 2 - Gene expression of hTERT, p53, Kras in peritumoral tissue.
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For what concerns the control group, the median values
were respectively 0.037 (0.019 to 0.2), 0.022 (0 to 0.044)
and 0.075 (0.068 to 0.1) (Figures 1, 2, 3).

In CRC group, the evaluation of tumor tissue
showed an increase of hTERT in all samples, with va-
lues   higher than 0.1 and higher than 0.2 (respectively
5 and 5 pts). Peritumoral tissue assessment showed a si-
gnificant increase (> 0.2) of KRAS levels in four patients,
while hTERT is not found to be particularly increased.
Finally, the value of TP53 did not show any statistical
significance (<0.1). Within the control group it was de-
tected an increase of hTERT in one pt, with uncertainty.

The comparative study of hTERT values, TP53 and
KRAS in tumor, peritumoral and healthy tissues showed
that the comparison between hTERT tumor and peri-
tumoral values (p = 0.018) has statistical significance (p
<0.05); while between tumor/healthy samples (p = 0.059)
and peritumoral/healthy ones (p = 0.095) there is no sta-
tistical significance. KRAS value in healthy/tumor tis-
sue samples has statistical significance (p = 0.04); whi-
le tumor/peritumoral samples (p = 0.061) and peritu-
moral/healthy (p = 0.334) did not demonstrate any si-
gnificance. Finally, TP53 values were not statistically si-
gnificant in any comparison. 

Discussion

Many studies demonstrated that hTERT expression
is highly specific for neoplastic cells and associated with
increased enzyme activity. In fact, telomerase activity more
than the actual length of telomeres is the key element
of providing the cells the ability to replicate indefinitely
without incurring senescence and apoptosis (9).

Despite all the attempts to understand the mecha-

nism of telomerase in neoplastic cells, the factors that al-
low neoplastic cells to gain the reactivation of telome-
rase remain obscure and the changes that regulate its ex-
pression are still unknown.

hTERT presence has been already determined in al-
most all neoplastic tissue and absent in normal tissues
and in peri-tumoral tissues. This feature let telomerase
be a very attractive and therapeutic target.     

In particular, in literature it has been established the
role of hTERT in the initiation, promotion and pro-
gression of cancer, as well as the acquisition of an inva-
sive and metastatic phenotype.

Tang et al. (10) investigated the role of telomerase
activation in carcinogenesis, examining a group of pa-
tients with adenomatous polyps and a second group of
patients with a colonic neoplasia. They observed high le-
vels of the enzyme expression in 20% of intermediate
polyps, in 73% of polyps larger than 2cm and in 96%
of adenocarcinoma samples, while the levels found in nor-
mal mucosa and in the smaller polyps (<1cm) were re-
spectively of 18% and 16%.

Roger et al. (11) found that, among all the other me-
chanisms of carcinogenesis, telomere dysfunction was the
biggest driving force in chromosomal rearrangements’
generation in tumor progression. Although the mecha-
nisms are not well defined yet, it was cleared that telo-
mere shortening that occurs in normal mucosal cells into
senescence, also occurs in colorectal cancer, but telomeric
erosion has been detected only in adenomatous polyps
and not in high degrees of dysplasia.

Tanaka et al. (12) have instead demonstrated that al-
terations in telomere maintenance, related to hTERT ac-
tivity, do not seem to be so significant in initiation of
colonic neoplasia as in its progression and acquisition of
an invasive phenotype. A p53 defect and the shortening
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Figure 3 - Gene expression of hTERT, p53, Kras in healthy patients.
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of telomere length were not enough in determining te-
lomere fusion. In some cases, telomeric fusion was ob-
served even in normal tissues and in peritumoral ones,
suggesting that chromosomal instability is present in a
non-neoplastic region. The erosion of telomeric regions
is still extended and increases with tumoral invasiveness
and lymph nodal infiltration.

Boldrini et al. (13) also investigated the role of hTERT
overexpression in local and metastatic invasiveness.
They evaluated the levels of transcripts of the hTERT
gene in different samples from adenomatous polyps, dy-
splastic polyps, tumoral and two metastatic tissues
from sporadic CRC. The results obtained by RT-PCR
showed the highest levels of transcription in corre-
spondence of all tissues examined. HTERT could then
simplify the progression to metastatic disease.  

Therefore, in literature the relationship between
hTERT activity and the lifestyle of the population un-
der study has been evaluated, particularly with regard
to alimentary habits and smoking. Pellet et al. de-
monstrated that BMI and smoking were significantly
and inversely associated with telomere length in com-
parison to control group, that instead, with a greater te-
lomere length, had a lower risk of CRC onset (14). The
study group was subsequently associated to higher BMI
and presence of three SNPs of hTERT that predispo-
se to CRC (15).

In our study we wanted to evaluate the expression of
hTERT in tumoral and in peritumoral tissues, as well
as in the control group of patients without CRC and our
purpose was to understand if hTERT could be a more
specific indicator of disease, compared to well-studied
markers such as TP53 and KRAS.

We calculated median values of the expression of the
three genes and we compared the different groups (tu-
moral, peritumoral and normal tissue). We noticed that
medians were higher in cancer group than in two ones.
From the analysis of the individual values of hTERT,
TP53 and KRAS, hTERT in tumor tissues presented in
all patients values greater than 0.1 and, in five of these,
greater than 0.2; while in the peritumoral tissue, hTERT
did not appear to have increased particularly. KRAS
showed a significant increase (> 0.2) of its levels in four

patients in the peritumoral sample. Finally, the TP53 va-
lue was not particularly relevant in any of the samples
analysed. These data may indicate that hTERT should
be considered a more specific marker of cancer than KRAS
and TP53. Within the control group, an increase of
hTERT value in a single subject was also detected.  

To further confirm our hypothesis, we performed a
comparison between the median values of the three ge-
nes in the three groups (tumoral, peritumoral and nor-
mal tissue). This study showed statistically significance
only between tumoral and peritumoral group for what
concerns hTERT gene and between tumoral and nor-
mal tissue for KRAS. Then we investigated the possible
correlation between gene’s expression and cancer grading
(G1, G2 and G3) and an increased expression of
hTERT emerged and it is parallel to the increase of the
degree; on the contrary, there was no detectable corre-
lation for KRAS.

Our results agree with results reported by Tang and
Roger: increased activity of telomerase has a crucial role
in acquisition and progression of colonic neoplasia, in
agreement with the significantly higher values of
hTERT.

Furthermore, the comparison between hTERT ove-
rexpression and the cancer grading showed an increase
in the most undifferentiated lesions (G3), and conse-
quently in more invasive CRC.

Conclusions

The aim of our study is to focus on hTERT’s ex-
pression to identify its expression in tumoral tissue af-
ter a comparison to TP53 and KRAS. Because of its spe-
cificity as tumoral tissue’s marker hTERT could be an
important therapeutic target to silence and regulate and
modulate tumor progression. 

Our study considers a scant number of patients. For
this reason we prefer to improve our data and to obtain
more accurate results. hTERT could be used for dia-
gnosis and prognosis in the future and also to identify
the risk of tumor progression and to set up an adequate
therapy. 
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