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ABSTRACT
Telomerase is an attractive cancer target as appear to be required in essentially all tumors for immortalization of a subset of
cells, including cancer stem cells. Moreover differences in telomerase expression and telomere length between normal and
tumor tissues suggest that targeting telomerase would relatively safe. In normal adults, telomerase activation mainly presents
in tissue stem cells and progenitor cells giving them unlimited growth potential. Cells immortalized in vitro, on the other
hand, express telomerase and maintain their telomeres. Telomerase activity has also been detected in the large majority of
tumors from a variety of cancers [1]. Telomerase expression is a potentially important marker of high-grade cervical
dysplasia and squamous cell carcinoma (SCC).Ectopic expression of telomerase reverse transcriptase (TERT), the protein
catalytic subunit of telomerase, can reconstitute telomerase activity, lengthen telomeres, and bypass both senescence and
crisis, endowing human fibroblasts with immortal proliferative properties. Telomerase is a fundamental marker of euplastic
transformation that is widely expressed in both premalignant intraepithelial lesions and in most malignant lesions of the
uterine cervix [41], and therefore, is a potential element in the carcinogenesis and diagnosis.
Keywords: Telomerase, Immortality, Euplastic.

1. INTRODUCTION
The process of cancer formation called as
tumorigensis. Tumorigensis is a multistep process
involving genetic mutation leads to malignant phenotype.
Six essential genetic alterations manifesting themselves in
cell physiology contribute to the malignant transformation
of a cell. There are six main steps whose alterations
contribute to malignant transformation commonly
refereed as hallmarks of cancer. These can be:







Self-sufficiency in growth signals.
Insensitivity to growth inhibitory signals.
Evasion of apoptosis.
Limitless explicative potential.
Sustained angiogenesis.
Tissue invasion and metastasis [2].

Telomerase is a reverse transcriptase having its
own RNA component which acts as a template and adds
DNA sequence repeats ("TTAGGG" in all vertebrates) to
the 3’ end of DNA strands in the telomere regions.
Telomeres are very end region of eukaryotic chromosome
which prevents constant loss of important DNA segment
from chromosome ends .The existence of a compensatory
shortening of telomere (telomerase) mechanism was first
predicted by Soviet biologist Alexey Olovnikov in
1973[2], who also suggested the telomere hypothesis of
aging and the telomere's connections to cancer.

Telomerase was discovered by Carol W. Greider and
Elizabeth Blackburn in 1984 in the ciliate Tetrahymena
[4]. The protein composition of human telomerase was
identified in 2007 by Scott Cohen and his team at the
Children's Medical Research Institute in Australia. It
consists of two molecules each of human telomerase
reverse transcriptase (TERT), telomerase RNA (TR or
TERC), and dyskerin (DKC1) [5]. The genes of
telomerase subunits, which are TERT, TERC, DKC1,and
TEP1etc, are located on the different chromosomes in
human genome. Human TERT gene (hTERT) is
translated into a protein of 1132 amino acids. During cell
division progeny cells after certain period of time reach a
Hay flick limit in normal conditions due to lack of
telomerase [6]. When cells lost their senesce, become
immortal and the presence of telomerase triggers
uncontrolled proliferation of cells and each dividing cell
can replace the lost bit of DNA are associated with a
variety of premature aging syndromes with short
telomeres [7]. These include Werner syndrome, Ataxia
elangiectasia, Ataxia-telangiectasia like disorder, Bloom
syndrome, Fanconi anemia and Nijmegen breakage
syndrome. To explore telomerase in aging first its
molecular characterization is essential which is still under
investigation. Cancer arises due to a common theme:
activation of TERT, loss of p53 pathway function, loss of
pRb pathway function, activation of the Ras or myc
proto-oncogenes, and aberration of the PP2A protein
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phosphates. That is to say, the cell has an activated
telomerase, eliminating the process of death by
chromosome instability or loss, absence of apoptosisinduction pathways, and continued activation of mitosis.
Of the tumors that have not activated TERT [12], most
have found a separate pathway to maintain telomere
length termed ALT (Alternative Lengthening of
Telomeres [8].The exact mechanism behind telomere
maintenance in the ALT pathway has not been elucidated,
but likely involves multiple recombination events at the
telomere As we know that telomerase is necessary for the
immortality of so many different cancer types, it is
thought to be a potential drug target. If a drug can be used
to turn off telomerase in cancer cells, the above process of
telomere-shortening will resume—telomere length will be
lost as the cells continue to divide, mutations will occur,
and cell stability will decrease. Experimental drug and
vaccine therapies targeting active telomerase have been
tested in mouse models, and some have now entered early
clinical trials. Geron Corporation is currently conducting
four human clinical trials involving telomerase inhibition
and telomerase vaccination. Merck, as a licensee of
Geron, has recent approval of an IND for one vaccine
type. The vaccine platform is being tested
using different approaches. However, a variety of caveats,
including the presence of the ALT pathway, complicate
such therapies [9].

2. WHEN IS TELOMERASE ACTIVATED
DURING CANCER DEVELOPMENT?
Requirement of telomerase for immortality and
ultimately to malignancy have been proven by different
scientist invitro and invivo. .Activity of telomerase is
mostly absent in normal human somatic cells but become
activated during tumor genesis and cellular
immortalization. Still mechanism behind telomerase
activation is not fully understood may include telomerase
catalytic subunit gene (hTERT) amplification and transactivation of the hTERT promoter by the oncogene
product. Many cells can immortalize as they restore
ectopic expression of hTERT. (42) Telomerase activity
has been detected in both germ line cells and in the
developing embryo. However, activity is turned off in
most somatic cells of the neonate although; low levels of
activity seem to persist in regenerative tissues.
Telomerase is found to be reactivated or up regulated in
the majority of cancers. If this activation
occurs early during tumor genesis, then it may be a useful
marker for cancer detection and early diagnosis. If, on the
other hand, it is a late event, then it may be better suited
for staging or prognostic purposes. Specific cancers in
which there is evidence that activation occurs early
include the following: bladder, liver, colorectal head and

neck, lung, cervix, kidney prostate, and thyroid. In these
tumor types, neither the presence or absence of activity,
nor the levels of activity correlate with markers known to
have prognostic value. Cancers, in which there does
appear to be a correlation between activity status and
tumor grade, stage, prognostic factors, or patient survival,
include: meningiomas, neuroblastomas, non-Hodgkin’s
lymphomas, and certain leukemia’s. Conflicting results
have been reported for gastric and breast cancers. In the
breast, activity has been found in pre-malignant lesions
and most studies fail to find any link between activity and
known prognostic factors [10].

3. SENSITIVITY AND OTHER ASSAY
METHODS
To detect telomerase with specificity and
sensitivity variety types techniques are available .Some
cell types including
male germ cells, activated
lymphocytes, and stem cell populations continue to
express telomerase at reduced levels [11,12,13,].
However, the majority of immortalized cells express
telomerase, and one of the most exciting findings in
recent years is the identification of telomerase activity in
greater than 85% of human cancers, encompassing a
broad range of cancer types, with little or no activity in
most normal somatic tissues [14]. In 1989, telomerase
activity was detected by Morin in an immortalized human
cancer cell line (HeLa), and later by Counter during the in
vitro immortalization of human embryonic kidney cells
whose telomere lengths were then seen to stabilize
[15,16]. Finally, in 1994, telomerase activity was detected
in human ovarian and B-cell cancers, confirming
Olovnikov’s
prediction of an "anti-marginotomy"
mechanism at work in malignant cells [17, 18].
Unfortunately, the primer extension assay used up to this
point for detecting telomerase activity required large
amounts of tissue, making widespread application of the
method difficult. Then, in December of 1994, Kim et al.
published their Telomeric Repeat Amplification Protocol
(TRAP) which featured an improved tissue lysis method
and PCR amplification of the telomerase-extended
oligonucleotide substrate [15]. These improvements
resulted in a 10,000-fold increase in assay sensitivity,
thereby allowing the use of very small (milligram or less)
amounts of tissue. Since then, there has been a flurry of
investigations in which telomerase activity has been
assayed in normal, benign lesions, pre-malignant, and
cancerous samples of many human tissue types, using
either the original or one of various modified versions of
the TRAP assay as there is no currently agreed upon
standard method for measuring or quantitating activity.
The assay has recently been modified to allow
for the quantitative assessment of telomerase using
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enzyme-linked immunosorbent assay technology. Studies
using the TRAP assay have shown that expression of
telomerase is strictly regulated, at least in human tissues.
Telomerase activity is essential for embryogenesis but is
repressed upon tissue differentiation during development
such that telomerase is absent from birth in most somatic
tissues [19]. With the advancement of more new
techniques like Microarray technology is an orderly
arrangement of known or unknown DNA samples
attached to a solid support [20], Biosensor detection
devices
[21],
Electrochemical
impedance
spectroscopy[22] ,along with a number of telomerase
based strategies are used in cancer therapy to improve
diagnosis
and
prognosis
value.

4. SPECIFICITY
OF
TELOMERASE
ACTIVITY IN CANCER
For the measurement of telomerase activity to be
useful clinically, either its presence must be restricted to
malignant tissues or activity levels must be quantitatively
distinguishable from those present in normal and benign
tissues. Early surveys of telomerase activity in human
material found only rare instances of active telomerase in
non-malignant tissues compared to the vast majority of
cancers which were discovered to be telomerase positive
[23]. These initial observations supported the hypothesis
that cancer cells were primarily telomerase-positive and
immortal while their normal somatic cell counterparts
were telomerase-negative and mortal. This is in keeping
with the observed telomere shortening and limited life
spans of non-euplastic cells. Since then however, the
widespread use of sensitive PCR-based assays has
resulted in the detection of activity in increasing numbers
of some types of both normal and benign tissues. The fact
that some normal tissues possess telomerase activity was
not unanticipated. Research group hypothesized that the
stem cell pools of regenerative tissues such as the
hematopoietic system, the lining of the gut, and the
epidermis of the skin, would likely require active
telomerase in order to sustain the large amount of cell
turnover observed in such systems [24]. They tested this
hypothesis in male rodent secondary sex-accessory tissues
which can be experimentally cycled to grow, involutes,
and regrow by manipulation of serum testosterone levels.
In the prostate for example, lowering testosterone causes
glandular involution and the loss of over 90% of prostate
cells. The small residual prostate and seminal vesicles
that remain following testosterone withdrawal are highly
enriched for stem cells and display high levels of
telomerase activity. Furthermore, activity is rapidly
down-regulated
in conjunction
with glandular
regeneration which occurs following the re-introduction

of.testosterone[25].
The first indication that normal human tissues
possessed active telomerase came from the discovery that
peripheral blood leukocytes and bone marrow cells from
normal donors had detectable levels of enzyme activity
[26, 27, and 28]. This was surprising because it was
known from previous studies that these stem cell
populations exhibited telomere shortening. Interestingly,
in the hematopoietic system, telomerase activity was not
restricted to the most primitive stem cells but was also
found in mature T-cells, B-cells, macrophages, and
granulocytes [26, 28, and 29]. Although the activity
detected was generally much weaker than that found in
established lines of immortal tissue culture cells or in
malignant cells. However, in vitro studies have shown
that activity can be up-regulated by a number of
activating
mutagenic
stimuli
including:
phytohemagglutinin in T-cells, pokeweed mitogen in Bcells, phorbol ester/Ca-ionophore combinations, and
various anti-cell surface receptor antibodies [22-28]. In
addition to bone marrow and peripheral blood cells,
normal and benign lymph nodes have also been shown to
be telomerase-positive, with activity localized to
proliferating B-cells in the germinal centers of secondary
follicles [31,32] . Moreover, recent studies have shown
that activity clearly exists in normal skin and cervical
epidermis [32-35], hair follicles [32, 36], the endometrial
of the uterus [37-40], vascular endothelial cells [41], as
well as the lower portions of the crypts within the colonic
mucosa [34]. All of these tissues are undergoing
continuous cell turnover and, where examined, telomerase
activity appears restricted to regions harboring stem cells
and proliferating amplifying cell pools, while this activity
is apparently lost in other zones in conjunction with
terminal differentiation. The overall prevalence of
telomerase activity in normal and benign euplastic solid
tissues are both 27%, significantly greater than in earlier
reports. However, lymph nodes, which are nearly always
found to be positive, represent greater than one-half of the
benign and approximately one-third of the normal
positive samples making up this average .The bulk of the
remaining positive cases come from tissues with renewal
and regenerative properties such as the skin, uterus, and
colon. If these three sources, along with lymph nodes, are
excluded from consideration in the overall averages then
the incidence of telomerase-positive cells in normal solid
tissues drops to 6%. On the whole it seems that, in
addition to the aforementioned telomerase activity found
in normal blood and bone marrow, activity is also
commonly detected in non-cancerous samples of other
actively cycling tissues. This background activity may
compromise the clinical value of telomerase assays in
these regenerating tissue types. If activity could be
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reliably quantities it might be possible to set reasonable
cut off limits that would differentiate between cancerous
and non-cancerous samples [24].
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5. CONCLUSION
Although more than 25 years have passed since
the discovery of telomerase (Greider and Blackburn,
1985), this remarkably complex enzyme still retains many
mysteries. Telomerase genes are now characterized in a
number of organisms, making comparative studies and
enabling reconstitution and complementation studies.
Multiple levels of telomerase regulation have been
discovered and this knowledge is being exploited in
designing novel strategies of anticancer therapy or
telomerase targeted drug therapy [1]. Characterization of
the newly cloned protein subunits as well as illumination
of the enzymatic mechanism of telomerase will hopefully
provide useful new targets for our continuing war on
cancer [11]. Role of telomerase in immortalization has
been clearly established (Hahn et al., 1999), its value as a
cancer inhibitory target is yet to established and has not
fully been proven by clinical studies that report an actual
significant therapeutic benefit in cancer patients. The
prospect of adding telomerase-based therapies to the
growing list of new anticancer products is promising, but
what are the advantages and limitations of different
approaches, and which patients are the most likely to
respond? Still has to be answered. . Molecular staging
using markers such as telomerase activity in combination
with other molecular markers will be highly useful.
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