
Review

New surprises from an old favourite: The emergence of telomerase as
a key player in the regulation of cancer stemness

Kerem Teralı a, *, Açelya Yilmazer b

a Faculty of Medicine, Near East University, 99138 Nicosia, North Cyprus
b Department of Biomedical Engineering, Faculty of Engineering, Ankara University, 06100 Tandogan, Ankara, Turkey

a r t i c l e i n f o

Article history:
Received 19 October 2015
Accepted 9 December 2015
Available online 15 December 2015

Keywords:
Telomerase
TERT
Cancer stemness
CSCs
Positive feedback loops
Targeted anticancer therapy

a b s t r a c t

It has been well established that the upregulation/reactivation of telomerase is a prerequisite for cellular
immortalisation and malignant transformation. More significantly, perhaps, telomerase stands at the
crossroads of multiple signalling pathways and its upregulation/reactivation leads to the modulation of
critical cellular processes, including gene expression and metabolism. In recent years, this multifaceted
ribonucleoprotein particle has become increasingly associated with the cancer stem cell (CSC) phenotype
in various human cancers. Cancer stemness is a major contributor to therapy resistance and hence
tumour recurrence. Here, we discuss new findings about the telomere-independent tumour-promoting
functions of telomerase and provide a mechanistic explanation for its regulatory role in CSC biology. It is
striking that there is a positive feedback loop between a number of gene products targeting telomerase's
reverse transcriptase subunit (TERT) and TERT expression itself. This plausibly amplifies the effects of
central oncogenes and oncogenic pathways related to cancer stemness in a cell-autonomous fashion. A
more complete elucidation of these regulatory mechanisms affords the opportunity to develop
telomerase-focused therapies that differentiate or kill CSCs effectively.

© 2015 Elsevier B.V. and Soci�et�e Française de Biochimie et Biologie Mol�eculaire (SFBBM). All rights
reserved.
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1. Introduction

Telomerase is a ribonucleoprotein enzyme complex consisting
minimally and essentially of a protein catalytic subunit (telomerase
reverse transcriptase, TERT) and a large RNA subunit (telomerase
RNA, TER). This dedicated RNA-dependent DNA polymerase assists
in replicating linear chromosomes through the de novo synthesis of
telomeric repeats, thereby counteracting the progressive telomere
erosion that would otherwise occur in its partial or complete
absence. Although primarily localised in the cell's nucleus, telo-
merase can also be found in other cellular compartments, such as
mitochondria [1]. Telomerase upregulation/reactivation is
observed in at least 85% of human advanced tumours, strongly
suggesting a crucial role during tumourigenesis [2,3]. Telomerase is
upregulated/reactivated in cancer cells by a variety of mechanisms,
including increased transcriptional activation of TERT and/or TER,
loss of transcriptional repressors of TERT, mutations in the TERT
gene promoter/enhancer region (which result in the trans-
activation of this gene), several kinases (which phosphorylate and
thus enhance the activity of TERT), and gain of copy number of TERT
and/or TER [4]. As a consequence of telomerase upregulation/
reactivation, cancer cells achieve unlimited replicative potential
that confer them immortal. In addition to its role in telomere length
maintenance, accumulated data over the last decade support the
notion that telomerase, in particular TERT, also performs telomere
length-independent functions, such as modulation of gene
expression. In a pathological context, telomerase's new talents are
intimately related to cancer development and progression to
metastatic disease. There is now emerging evidence that telome-
rase is a major regulator of cancer stemness, the stem-like
component of human cancers. Cancer cells within an individual
tumour usually exist in distinct phenotypic states which differ in
functional attributes. This intratumoural heterogeneity originates
from diverse cell types recruited to the tumour as well as from
genetic and epigenetic differences amongst the cancer cells
themselves and may lead to different responses to therapy [5].
Postulated to be the driving force behind tumour initiation and
progression, cancer stem cells (CSCs) represent a unique dimension
of intratumoural heterogeneity. These hypermalignant stem-like
cells are believed to sustain tumour growth and dissemination as
well as be responsible for treatment failure and tumour relapse. The
CSC concept is of considerable clinical importance and significance
because it prognosticates that successful anticancer therapy must
involve strategies that will eradicate CSCs, as these cells hierar-
chically lie at the apex of any residual cancerous cells that survive
conventional anticancer therapy. This review will highlight the
recently discovered extracurricular activities of telomerase/TERT
and describe how they are thought to be involved in generating
and/or maintaining cancer stemness traits.

For our systemic analysis, we first focus on the extratelomeric
cancer-promoting effects of manipulating telomerase/TERT
expression or function in well-defined cancer cells, including CSCs,
as well as in stem/progenitor and mature cells, all of which may
serve as potential targets for oncogenic transformation and cellular
reprogrammimg. We then extrapolate the results of these studies
to the operation of CSCs within a tumour. Although some of the

observed cellular/microenvironmental changes may require a
catalytically active enzyme, there are several examples of onco-
genic alterations brought about by catalytically inactive telomerase,
as in the case of alternatively spliced (AS) TERT variants.

2. The definition and determinants of cancer stemness

Accumulating evidence suggests that CSCs are important
players in most, if not all, types of human cancers, including sar-
comas [6], melanomas [7,8], lymphomas [9], leukaemias [10e12],
and various carcinomas, such as brain [13], skin [14], head and neck
[15], lung [16,17], liver [18], gastric [19], colorectal [20,21], bladder
[22], pancreatic [23,24], prostate [25], breast [26] and ovarian [27]
cancers. This often-rare subpopulation of phenotypically distinct
cancer cells has critical roles in tumour formation, maintenance
and aggressiveness, spreading, treatment resistance, and recur-
rence, all of which lead to poor prognosis. The three noticeable
features that contribute to the above-mentioned critical roles of
CSCs in cancer, also referred to herein as cancer stemness traits, are
their unlimited capacity for self-renewal, their aberrant potential
for differentiation into extremely heterogeneous populations of
neoplastic cells and their high ability to shift from a proliferative to
a quiescent or dormant state. Although these peculiar functional
characteristics are shared by both CSCs and physiological stem cells,
only CSCs are associated with multiple malignant phenotypes,
including resistance to cell death and activation of invasion and
metastasis. Furthermore, CSCs are distinguished from bulk cancer
cells by their expression of a selected repertoire of stem cell-surface
markers, their ability to form spheres when grown in stem cell
media under nonadherent culture conditions and their propensity
to seed tumours when transplanted into immunodeficient mice
[28]. Regardless of how it is assayed, cancer stemness stresses the
ways in which CSCs differ from bulk cancer cells as well as from
physiological stem cells.

Recent studies have revealed that cancer stemness is governed
by genetic changes (e.g., oncogene activation and oncosuppressor
gene inactivation) and epigenetic changes (e.g., miRNA targeting
and promoter DNA hypomethylation/hypermethylation) concomi-
tant with changes in the tumour microenvironment (especially the
CSC niche). These changes are required for the oncogenic trans-
formation and cellular reprogramming of non-CSCs to CSCs and
result in the inactivation of certain oncosuppressor proteins,
upregulation/reactivation of telomerase, reactivation of the
epithelial-to-mesenchymal transition (EMT) programme, modula-
tion of energy metabolism, stimulation of varied embryonic/
oncogenic signalling pathways, and differential expression of
several microRNAs (miRNAs).

An early molecular event accompanying the emergence of
cancer stemness traits is disruption of a number of oncosuppressor
proteins with antiproliferative, prodifferentiative and/or proapo-
ptotic effects. p16INK4A, pRB, p53, and PTEN are among the most
frequently inactivated oncosuppressor proteins in human cancers
[29]. Their inactivation allows premalignant cells to bypass senes-
cence and escape apoptotic cell death, thereby continuing to divide
and accumulating further tumourigenic changes such as chromo-
somal instability resulting from telomere erosion [30]. The
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