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Abstract

Telomerase and the control of telomere length are intimately linked to the process of tumorigenesis in humans
and mutations in the promoter regions of its catalytic subunit, TERT, can affect telomerase activity and telomere,
creating severe clinical phenotypes. In this paper, we briefly review the potential mechanisms under which TERT
play in tumorigenesis and focus mainly on TERT’s potential as a biomarker for the detection and diagnosis of
bladder cancer.
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Introduction
Telomeres are the structures that cap the ends of chromosomes.

They are composed of the hexameric DNA sequence TTAGGG
tandemly repeated into arrays of 25 kb in our cells. One important
function of telomeres is to counteract the end-replication losses that
occur resulting from semiconservative replication of DNA molecules
[1]. And the telomerase reverse transcriptase (TERT), along with the
telomerase RNA component (TERC), regulates the above-mentioned
function by catalysing the RNA-templated addition of telomere
repeats at the chromosomal terminus [2]. It is noted that, more than
90% of human cancers are telomerase positive, whereas most normal
tissues or benign tumors contain low or undetectable telomerase
activity [3]. In particular, the enhanced levels of the hTERT catalytic
subunit have been observed in nearly all human tumor histotypes [4].
While recent findings provided the description of TERT promoter
mutations in 66% of muscle-invasive urothelial carcinomas of the
bladder [5] the detection of TERT promoter mutations in urine holds
promise in the diagnosis of bladder cancers [6]. Besides, studies also
demonstrated the close relationship between elevated TERT
expression and the pathological grades and clinical stages of bladder
cancers [7]. Nevertheless, the potential mechanism under which TERT
mutations perform in tumorigenesis and its clinical implications in
bladder cancer still need to be elucidated. Hence, the purpose of this
review is to highlight the available evidence, summarize the potential
roles TERT has in tumorigenesis and put forward the potential clinical
implications and applications in bladder cancers.

Potential mechanism under which TERT contributes to the
development of carcinoma

The expression of hTERT correlates with telomerase activity
because its presence is essential for enzymatic activity, and researches

have indicated that telomerase activation is viewed as one of the six
key events common to cancer development [8]. While telomere
maintenance is one feasible mechanism for tumorigenesis and cancer
progression, increasing evidence suggests that there are other two
potential ones [7]. Firstly, as studies have suggested that some
immortalized cells were found to be telomerase negative, [9]
researchers have put forward the corresponding alternative
lengthening of telomeres (ALT) theory after excluding the possible
technical reasons [10]. Secondly, the finding that TERT is involved in
the regulation of Wnt target genes may offer mechanistic evidence for
a telomere-independant function of TERT in tumorigenesis and
cancer development [11]. Taken together, TERT plays a vital position
in tumorigenesis and cancer development, but the pathways and
molecular mechanisms by which TERT promotes cancer still needs to
be elucidated.

The application of TERT in the detection and diagnosis of
bladder cancer

Telomerase activity and hTERT are found in nearly 90% of bladder
cancers [12]. Nevertheless, their presence is not specific for
malignancy. Other studies have found that the elevated hTERT
expression is associated with pathological grade and clinical stage of
cancer. In clinical practice, testing for telomerase in exfoliated cells
collected from bladder washings can be a promising tool for the
diagnosis and management of bladder cancer. However, other studies
have indicated that telomerase activity in urine is not related to tumor
grade, size or stage due to the rate of false-positive results. As an
alternative, the assay of hTERT expression in urine can be a more
sensitive test for the detection of primary urothelial neoplasms than do
assessments for telomerase activity. Recently, the role of TERT in the
detection and diagnosis of bladder cancer has been widely reviewed.
The potential relevance of TERT for diagnosing this malignancy
derives from 2 main findings. TERT promoter mutations and TERT
mRNA expression have been detected in most cases of transitional cell
carcinoma.
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According to recent studies, frequent TERT promoter mutations
were found in various types of cancers but not in adjacent normal
tissues [13]. One of the promising results was finding point mutations
in the TERT gene promoter in 66% of urothelial carcinomas of the
bladder [13]. In one study, researchers sequenced the TERT promoter
in 76 well-characterized papillary and flat noninvasive urothelial
carcinomas, which demonstrated the early occurrence of TERT
promoter mutations in urothelial neoplasia [5]. In another study,
people investigated a large series of 327 patients with well-
characterized tumors from urothelial cell carcinoma of bladder for
mutations in the TERT promoter and they observed that the common
TERT promoter mutations affected two-thirds of the tumors and were
spread across all stages and grades, suggesting that the mutations are
early events in bladder carcinogenesis [14]. And the subsequent
research led to the findings which suggest that the TERT promoter
mutations in conjunction with the common polymorphism have
potential of being used as clinical biomarkers in bladder cancer. Then
researchers tried to test the sensitivity of urine TERT promoter
mutation detection, subsequently, in one study, fifty-one mutations
were detected including all mutations (n=23) in 29 patients with low-
grade non-invasive tumours, only two mutations detected in tumour
samples were not detected in the corresponding urine, possibly due to
the presence of a low number of tumour cells [15]. Taken together,
these provocative results suggest that TERT promoter mutations occur
in both papillary and flat lesions, are the most frequent genetic
alterations identified to date in noninvasive precursor lesions of the
bladder, and may offer a useful urinary biomarker for both early
detection and monitoring of bladder neoplasia.

On the other side, as telomerase activity in cancer exfoliated cells
was not correlated with the clinical stage and grade, [16] detecting
hTERT mRNA by RT-PCR is developed with a much better sensitivity
than the detection of telomerase activity when adopted in diagnosing
bladder cancers. When adopting a quantitative RT-PCR assay,
researchers showed that the levels of hTERT mRNA expression are
significantly correlated with bladder cancer grade and stage [12].
Others have also showed that the combination of hTERT and cytology
can largely increase the sensitivity of cytology [17]. Although
researches have suggested that quantitative hTR analysis is the most
accurate telomerase-based test for bladder cancer detection, [18] they
are unable to exclude the problem of interference of leukocytes with
urine-based tests. As an alternative, individuals can be submitted to
hTERT testing, which keeps its specificity in the presence of
leukocyturia.

To summarize, hTERT mRNA detection by real-time quantitative
RT-PCR and TERT promoter mutations detection in urine both
appear to be sensitive methods for the detection and diagnosis of
bladder cancers.

Conclusion
TERT activity has been measured in a wide variety of cancerous and

non-cancerous tissues, and the vast majority of studies have shown the
association between TERT activity and the presence of cancerous cells.
Regarding TERT’s contribution to tumorigenesis, telomere
maintenance, alternative lengthening of telomere and telomere-
independent ways are the three common ones known to us. In bladder
cancers, the detection of TERT mRNA and TERT promoter mutations
in urine also enable it to be a promising biomarker for patients’
diagnosis when comparing with the existing ones. Nevertheless, those

ideas might be associated with several problems, which still need to be
improved and developed.
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