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ABSTRACT

Background: The development of malignant neoplasms is a multistep process and it is believed that multiple
genetic alterations are involved. There are various markers used to detect and to see the progression of cancers.
One among them is telomerase. Telomerase has recently come into the limelight as one of the most prevalent
tumor markers, due to its nearly ubiquitous presence in malignant tissues and absence from most somatic
tissues. In view of the close association between telomerase and malignancy, this molecule may prove to be a
useful marker for malignancy. The essential role of telomeres in unlimited cell proliferation and that of the
enzyme in telomere maintenance have suggested that telomerase inhibitors may be effective in cancer therapy.
This review focuses on structures of telomerase, its function and about the diagnostic and therapeutic potential

of telomerase.
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INTRODUCTION

The importance of telomerase came into lime light
recently due to its presence in malignant tumors
and absent in somatic tissues, so it has been used as
a molecular marker in oral carcinogenesis more
recently. In normal human somatic cells, the
telomeres are critically short which suggests that
they cause irreversible cell growth arrest and
cellular senescence(1) . In contrast, in most human
cancers telomere shortening are compensated
mainly due to activation of telomerase (2). So with
the help of telomerase, telomere become stable and
grow permanently the repression of this enzyme
activity in normal human somatic cells acts as a
tumor suppressive mechanism.

One of the common cancer of oral cavity is Oral
squamous cell carcinoma (OSCC), off late the
treatment of OSCC is improved but the survival rate
of OSCC still remains poor due to variety of

reasons(3) . Many research and studies indicate that
telomerase is a useful marker in cancer detection
and evaluating prognosis. The enzyme that is
present in telomerase maintenance and function of
telomere in unlimited cell proliferation have
suggested that telomerase inhibitors may be
effective in treatment of cancer, so the diagnostic
and therapeutic potential of telomerase could play a
important role in prognosis of the cancer patients.
In this article we review the structure and functions
of telomere and telomerase and their role in
carcinogenesis and senescence.

Telomere, telomerase-structure, function and
homeostasis

Telomeres. telomeres cap each end of eukaryotic
chromosomes, specialized structures which
stabilize chromosomes by protecting chromosomes
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from degradation and terminal fusion (4).
Telomeres serves as attachment points to nuclear
matrix(5) aiding the movement of chromosome
within the nuclear matrix(4). and it may alter
nearby gene transcription by a process called
telomere silencing(6). Lastly, telomeres also acts as

a buffer against the loss of terminal sequences
inherent to the replication of linear DNA molecules

(7)(8)(9)-

Chromosomal ends are repetitive with telomere,
shortens with each cell division because of
incomplete replication of the 3’ ends. DNA
polymerase can synthesize DNA only in the 5’ to 3’
direction and needs a short RNA primer to initiate
DNA synthesis, so lagging-strand synthesis remains
incomplete. This phenomenon is called the end-
replication problem(10).

Telomeres have a species-specific length setting
which is constant over the generations. Telomere
length is stable in several immortal human cell
lines, suggesting that telomere elongation is
maintained by a regulatory mechanism. In human
cells, telomeric repeat binding factor proteins are
shown to be important in regulating telomere
length. Human telomeres contain two related
TTAGGG repeat binding factors, TRF1 and
TRF2(11)(12).Both proteins are located at
chromosome ends where they function as
protection and maintenance of telomeric DNA.

TRF1 helps in suppressing of telomere elongation
and is involved in a negative feedback mechanism
that stabilizes telomere length. Long-term
overexpression of TRF1 in a telomerase-positive
tumour-cell line resulted in gradual progressive
telomere  shortening.  Conversely, telomere
elongation was induced by expression of a
dominant-negative TRF1 mutant that inhibited
binding of endogenous TRF1 to telomeres(11) .

A recent study showed that a dominant-negative
form of TRF2 increases the number of chromosome
fusions in cancer cells and decreases the quantity of
telomeric DNA 3’ overhang.

Consequently, TRF2 prevents recombination
between two telomeres by controlling the structure
of the very end of chromosomal DNA(13) . The
length of human telomeres is governed by a
homeostatic mechanism.
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Telomerase synthesizes telomeric DNA onto
chromosome ends(14)(15). Telomerase plays an
important role in maintaining telomere length. In
1985, telomerase was firstly identified from
Tetrahymena cell-free extracts(14). In 1989,
telomerase activity that satisfied the requirements
for a human telomere terminal transferase was
detected in crude human cell extracts(15). By 1994,
it was found that telomerase activity was detected
in germline cells and most cancer cells, whereas
most normal somatic cells had not shown
telomerase activity(16).

Telomerase. loss of telomeric DNA sequences and
shortening of telomeres with each round of
semiconservative DNA synthesis are predicted by
the inability of DNA polymerases to replicate the
termini of linear molecules(7)(8)(9). This 'end
replication problem' can be overcome by addition of
terminal sequences by transposition, as in
Drosophila , or by recombination as sometimes
occurs in yeast (17)(18)(19). Telomerase is active
in the vast majority of tumours, but not in normal
somatic tissues, and prevents progressive
shortening of telomeres with cell division, probably
giving tumour cells a growth advantage over normal
cells.

Telomeres in human somatic cells differ in length
and stability for adults from those in germline and
fetal cells. In sperm, telomeric DNA tracts are =20
kb long(20)(21)(22)(23)(24)(25)(26) and are
maintained at this length, or possibly even
elongated, with increasing donor age(27) . on the
other hand, in somatic tissues telomeres are
significantly shorter and their size decreases as
donor age increases(28) (21)(27)(26)(29)(30), a
process that is accelerated in individuals with
premature-aging syndromes(27) (30). Lastly, cell
division plays a pivotal role in loss of telomeric
DNA in cultured somatic cells. (28 ; Allsopp et al,
submitted), and telomere length is a good predictor
in the residual proliferative capacity of cells in vitro
and in vivo (27) .

Cellular senescence

limited proliferative capacity of normal cultured
cells are defined as cellular senescence (31). This
point is termed mortality stage 1 (M1), and
telomere length usually shortens to about 5 kb in
human cells. When onco viral infection occurs, cells
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can further extend their life span. When telomere
shortening reaches its limit, cells cannot proliferate
any more, This point is termed immortality stage 2
(M2)(32)(33) . However, after specific mutational
events that result in telomerase reactivation, a rare
immortal cell arises from this population of cells in
M2. Activation of telomerase is considered an
important step in immortalization. Thus, telomerase
is activated in most malignant cells, resulting in
permanent proliferation.

The molecular mechanisms underlying senescence
have been poorly understood. However, in the last
few years several progress has been made toward
identifying the pathways executing senescence, one
of which is the telomere aging clock theory(34)(35)

Regulation of telomerase
hTERT

hTERT is one of the telomerase protein components
and is the catalytic subunit of human
telomerase(36). This component is also found in
malignant tumour cells but is largely absent from
normal cells. This protein mainly acts as a reverse
transcriptase. Reconstitution experiments both in
vitro and in vivo strongly suggest that hTERT is a
major determinant of human telomerase activity
(37)(38).

Activation of telomerase

Telomerase can be activated by oncogenes
including c-myc [30£35], SV40 and H-ras human
papilloma virus E6 [36%38](39), c-myc induces
telomerase(40) and a cultured cell line showed a
profound decrease in telomerase activity after c-
myc antisense oligomer treatment, whereas cells
treated with c-myc sense oligomers showed
essentially no change in telomerase activity(41).
down- regulation of p16 expression, in combination
with induction of telomerase activity by E6, is able
to immortalize epithelial cells efficiently (42).
Moreover, the ectopic expression of hTERT in
combination with two oncogenes, oncogenic allele
of H-ras and SV40 large-T oncoprotein, results in
direct tumourigenic conversion of normal human
epithelial and fibroblast cells(39).

Inhibition of telomerase
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cellular senescence is induced by introduction of
normal human chromosome 3 into cancer cells,
accompanied by suppression of telomerase activity
and shortening of telomere length(43)(44)

It was reported that telomerase is activated and
hTERT mRNA is upregulated by inhibition of
histone deacetylase by trichostatin A in telomerase-
negative cells. Therefore, repression of hTERT in
human cells must be promoted by histone
deacetylation(45) . Another paper reported that
hTERT showed the presence of multiple alternately
spliced transcripts(46) .

Thus, inhibition of telomerase may be of great
therapeutic potential in the treatment of malignant
tumours. Repression of telomerase activity may
represent an effective mechanism for ensuring
telomere shortening, and unexpected activation of
this enzyme may prevent telomere shortening,
leading to cellular immortalization and malignant
progression.

Diagnostic potential

TRAP (telomeric repeat amplification protocol)
assay, The highly-sensitive method based upon a
polymerase chain reaction (PCR) provides the
means to analyse telomerase in a wide variety of
tissues(16). It is available since 1994, and has
become standard method for detecting the
telomerase activity. This method makes it possible
to detect telomerase activity in a very small number
of cells, a major advantage for examining clinical
specimens. Evidence has accumulated that this
assay may be useful as a potential diagnostic tool
for cancer. For example, 80.1% of lung cancers(47),
85% of breast cancers(48) 85% of gastric
cancers(49), 87% of specimens of oesophageal
cancer(50), 85% of hepatocellular carcinomas(51),
81% of colorectal cancers(52) , 71% of renal cell
carcinomas(53), and 95% of pancreatic cancers
(54) possess telomerase activity.

Apart from TRAP assay recently
immunohistochemistry(IHC) were also used as an
alternative method to detect the telomerase activity
in cancers(55)

Therapeutic potential

218



J RAD Journal of Research and
Advancement in Dentistry

Almost all types of cancer express telomerase
activity, so the development of telomerase
inhibitors may contribute to improved anti-cancer
therapy. Treatment of subcutaneous tumours in
nude mice with an antisense oligonucleotide against
hTR significantly suppressed the tumour growth
through induction of apoptosis(56). A hammer-
head ribozyme directed against hTR could serve as
an inhibitor of telomerase(57)(58). Azidothymidine
and carbovir inhibited telomerase activity and
induced senescence-like processes in cultures of
immortal mouse  fibroblasts(59)(60). New
quinolones(61), an extracellular polysaccharide
from marine microalga(62), and Protein Kinase C
(PKC) inhibitors(63) also have an inhibitory effect
on the telomerase activity.

Gene therapy for cancer implies that ideally
selective tumour cell killing or inhibition of tumour
cell growth can be achieved(64).

Role of telomerase in oral cancer and pre cancer
7.1. Telomerase in OSCC

telomerase activity are positive in About 80+90% of
squamous cell carcinomas in the head and neck
including oral carcinoma (65)(66). This frequency is
similar to that of malignancy of other organs(2).
This evidence indicates that telomerase plays a
major role in telomere maintenance in OSCC.

telomerase activity shows stastically significant
difference for T1 and T2 cancers compared with
T4cancers(67).The proliferation marker, Ki-67
labeling index, is significantly higher in OSCC with
high telomerase activity than in those with low or
negative telomerase activity(68).

Telomerase in premalignant oral lesions

Several studies have suggested that some lesions of
leukoplakia possess telomerase activity(65)(66).
These results indicate that telomerase activity is a
useful marker of oral carcinogenesis and malignant
transformation from premalignant lesions and
conditions. In some cases, tissue adjacent to OSCC
also possessed telomerase activity(69). This activity
is considered to originate from not only infiltrating
lymphocytes, but also preneoplastic lesions or
infiltrating tumour cells. Therefore, telomerase may
be useful as a biomarker for assessing the risk of
cancer in patients with precancerous oral lesions
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and conditions. Similarly to the case of OSCC, Ki-67
was significantly higher in leukoplakia with high
telomerase activity than in that with negative or low
activity(68).  Accordingly, leukoplakia  with
telomerase activity is considered to have more
proliferative capacity than that without telomerase
activity.
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