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Abstract: The classical activity of telomerase is to synthesize telomeric repeats 
and thus maintain telomere length, which in turn ensures chromosome stability 
and cellular proliferation. However, there is growing evidence that implicates 
telomerase in many other functions that are independent of TERC being used as 
its template. Telomerase has an RNA-dependent RNA polymerase (RdRP) 
activity in the mitochondria. Other than viral RdRPs, it is the only RNA-
dependent RNA polymerase that has been identified in mammals. It also plays  
a role in the Wnt signaling pathway by acting as a transcriptional modulator. 
Telomerase acts as a reverse transcriptase independent of its core subunit, 
TERC. Studies indicate that telomerase is also involved in apoptosis and DNA 
repair. 
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INTRODUCTION 
 

In evolutionary terms, the multiple linear chromosomes in eukaryotes are at  
a great selective advantage, because they permit a high rate of recombination 
involving random reciprocal translocation of chromosomal DNA during sexual 
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reproduction. The presence of linear chromosomes has two negative aspects: the 
difficulty with replication of the extreme ends; and the need to protect the ends 
from degradation and fusion with other chromosomes. DNA-dependent DNA 
polymerase is unable to copy the 3’ end of the template, which means that the 
copy strand shortens with each cycle of DNA replication, while the 3’ end of 
leading strand is continuously synthesized by conventional DNA-dependent 
DNA polymerase until the end of the template. This means that the terminal 
DNA gets shorter through successive cycles of replication, which eventually 
leads to crisis and loss of cell viability [1, 2]. 
The ends of linear chromosomes are made up of multiple repeats of a short 
sequence known as the telomere, which is usually G/T-rich and heterochromatic 
and thus transcriptionally inactive. Telomeres are DNA-protein complexes with 
repeats that vary widely between species: ciliate Oxytricha nova has 4.5 repeats of 
G4T4, while Saccharomyces cerevisiae has around 500 bp of telomeric repeats [3].  
Human telomeres are made up of 5’-TTAGGG-3’ repeat sequences that are 
bound by a protein complex known as the shelterin complex [3]. Together with 
telomeric DNA, this protein complex forms a cap-like structure consisting of six 
proteins: (i) telomeric repeat-binding factor 1 (TRF1 or TERF1); (ii) telomeric 
repeat-binding factor 2 (TRF2 or TERF2); (iii) TRF1-interacting nuclear protein 
2 (TIN2 or TINF2); (iv) TPP1 (also referred to as TINT1, PTOP or PIP1; 
nomenclature provided by 3 independent research groups that each reported the 
protein under a different name [4-6]); (v) protection of telomerase 1 (POT1); and 
(vi) repressor and activator protein 1 (RAP1), which caps the end of the 
chromosome, protecting it from degradation and chromosomal fusion [7]. 
Humans have approximately 10-15 kb of telomeric DNA, while mice have  
20-50 kb of telomeric repeats. Most of this telomeric DNA is double stranded 
but also contains a single-stranded region of several hundred base pairs which is 
always G-rich [8-11]. This single-stranded region basically plays two very 
important roles: it facilitates extension of the telomere by providing primers to 
telomerase, and it binds with different components of the shelterin complex to 
form a cap at the end of the chromosome. 
 
TELOMERASE STRUCTURE AND FUNCTIONS 
 

Cells have evolved a specialized reverse transcriptase called telomerase, which 
solves the end replication problem by adding telomeric repeats onto the ends of 
newly replicated chromosomes. Greider and Blackburn were awared the Nobel 
Prize in Physiology and Medicine in 2009 for their discovery of telomerase in 
Tetrahymena thermophila [12]. Almost 90% of cancerous cells have telomerase 
activity, while most normal differentiated somatic cells do not [13].  
Telomerase is a ribonucleoprotein complex consisting of at least six subunits: 
human telomerase RNA component (hTERC); heat shock protein 90 (hsp90); 
human telomerase reverse transcriptase (hTERT); telomerase-associated protein 
1 (TEP1); p23; and dyskerin [14]. hTERC and hTERT are the core subunits and 
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their in vitro reconstitution leads to telomerase activity. hTERT is a rate-limiting 
component of telomerase. During up- or downregulation of telomerase, only 
hTERT expression changes proportionately with the level of telomerase activity, 
while the levels of the rest of the components remain unchanged and high 
throughout the modulation [14]. 
 
TELOMERASE RNA COMPONENT (TERC) 
 

TERC acts as a template for telomeric DNA synthesis [15], and its size varies 
between species. T. thermophila has short TERC (159 nucleotides), while 
mammals have TERCs of intermediate length (murine TERC has 397 nucleotides 
and human TERC has 451 nucleotides) [16]. Human TERC is encoded by  
a single copy gene located on the long arm of chromosome 3 (3q26.3) [17]. 
TERC is one of the factors influencing the processivity of telomerase. It 
facilitates several rounds of addition of DNA after only one primer binding step 
[18, 19]. Telomerase RNA shows divergence of the primary sequences between 
species, but it also has a remarkably conserved secondary structure in a variety 
of vertebrate species, which indicates that RNA structure plays a very important 
role in telomerase activity [20].  
The 3’ end of TERC in vertebrates differs from that in single-cell eukaryotes – 
certain sequence motifs are absent in the latter [21]. This region of human TERC 
contains an H/ACA sequence motif that forms a specific class of non-coding 
RNA [22, 23] that facilitates the modification of other cellular RNA. On the 
basis of localization, H/ACA RNA can be divided into two groups. The H/ACA 
RNA that accumulates in the nucleolus is known as H/ACA small nucleolar 
RNA (snoRNA) [24]. It takes part in the modification of ribosomal RNA. The 
H/ACA RNA that accumulates in the Cajal bodies and takes part in the 
modification of splicing RNA is known as small Cajal body-specific RNA 
(scaRNA) [25]. Another sequence motif, known as the Cajal body box or CAB 
box, is responsible for the difference in cellular localization of H/ACA snoRNA 
and H/ACA scaRNA.  
The conserved domain in the hTERC molecule is the binding site for many 
hTERC-binding proteins that recognize TERC specifically. There are many 
RNA-binding proteins that interact with hTERC, such as La, hnRNP C1/C1, 
dyskerin, hStau, L22, hGAR, hNOP10, hTERT and hNHP2 [26, 27]. These 
RNA protein interactions are involved in hTERC accumulation, stability and 
maturation, and assembly of the telomerase in a functional form. Accumulation 
of TERC has been seen in human cancer cells, mainly within the Cajal bodies 
via RNA fluorescence in situ hybridization [28, 29].  
Of the TERC-binding proteins, dyskerin is an enzyme – a pseudouridine 
synthetase. It is required for H/ACA RNA stability, which it achieves by 
interacting with three small associated proteins: GAR1, NHP2 and NOP10. This 
enzyme complex is directed to its complementary RNA, i.e., ribosomal RNA 
and splicing RNA, by H/ACA snoRNA and H/ACA scaRNA, respectively. The 
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isomerization of uridine to pseudouridine is mediated by the dyskerin complex. 
These modifications are required for the proper function of these target RNA. 
The template region is included in the pseudoknot and together makes up the 
core domain. The core domain and the CR4/CR5 domain independently bind to 
hTERT. The H/ACA scaRNA domain (including the CR7 domain) binds to the 
RNP proteins (dyskerin, Gar1, Nop10, and Nhp2) as well as to telomerase Cajal 
body protein (TCAB1)/WD Repeat domain 79 [30]. 
 
TELOMERASE REVERSE TRANSCRIPTASE (TERT) 
 

The TERT subunit of telomerase was initially isolated biochemically as p123 from 
Euplotes aediculatus [31]. TERT, an RNA-dependent DNA polymerase, is also  
a core subunit of telomerase, and it uses its own RNA template for DNA synthesis 
(Table 1). The gene that codes TERT is located on chromosome 5 (5p15.33). The 
cDNA and genomic sequence of hTERT (human telomerase reverse transcriptase) 
revealed that the hTERT gene spans more than 37 kb and contains 15 introns and 
16 exons that code for 1132 amino acid residues [32]. The TERT subunit of 
 
Table 1. Classical and extracurricular activities of telomerase 
 

Functions Description 
Dependence on 
catalytic activity 

of TERT 
Reference 

 

Nucleus 
 

   

Regulation of gene 
expression  

Acts as a transcriptional modulator - [61] 

Chromatin 
organization  

Regulates the DNA damage response pathway 
through its action on chromatin structure 

- [47] 

Maintenance of 
telomere  

Acts as a reverse transcriptase by using TERC 
as a template 

+ [80] 

Enhancement of 
cell growth 

Affects the expression of growth-promoting 
genes 

- [81] 

DNA repair 
 

Associated with primase, a protein 
involved in DNA repair; increases the 
expression level of genes involved in DNA 
damage response and also physically 
associated with many DNA repair proteins 

+ [77-79] 

 

Mitochondria 
 

   

In apoptosis  Sensitizes cells to oxidative stress which can 
cause apoptotis  

- [69] 

RNA-dependent 
RNA polymerase 
activity 

Gene silencing + [65] 



Vol. 18. No. 4. 2013         CELL. MOL. BIOL. LETT.         
 

 

542 

 

telomerase is conserved in humans (hTERT), Schizosaccharomyces pombe (Trt1), 
Saccharomyces cerevisiae (Est2) and protozoans [33, 34].  
The 3D structure of the TERT protein from Tribolium castaneum was solved in 
2008 by Emmanuel Skordelakes et al. at the Wistar institute in Philadelphia [35, 36]. 
The protein consists of four conserved domains – the RNA-binding domain 
(TRBD) and the palm, finger and thumb – which organize in a closed-ring 
tertiary structure with a larger cavity at the center. It is large enough to bind with 
the primer-template duplex [35].  
Structurally and functionally, the TERT protein can be subdivided into three 
major domains: the reverse transcriptase domain, which contains the finger, 
palm and thumb subdomains, which may play a role in nucleotide addition and 
processivity; the telomerase essential N-terminal domain, consisting of 400 
amino acid residues; and the TERT RNA-binding domain, which has high 
affinity for hTERC. The TERT subunit shows significant conservation with the 
reverse transcriptase enzyme from retroviruses. Inactivation of this catalytic 
subunit causes loss of telomerase activity.  
The expression level of hTERC depends on the telomerase activity in cells and is 
detectable in all tissues. Cancer cells generally have five times more expression 
than normal cells, even though only 1 to 5 copies of TERT (mRNA) are found 
per cancer cell. The level of expression of TERT is low in normal cells and high 
in immortal cells, showing that TERT rather than TERC characterizes the 
immortalized cells. 
 
TELOMERE-INDEPENDENT FUNCTION OF TELOMERASE 
 

Telomerase is a well-known enzyme that maintains the length of the telomere 
and the physical ends of the eukaryotic chromosome in embryonic stem cells 
and cancer cells. Telomerase activation extends the lifespan of cells in culture by 
maintaining the length of the telomere. It has now become clear that the role of 
telomerase is much more complex than just telomere lengthening. Telomerase 
influences normal cellular physiology, even in cells that contain long telomeres. 
Due to its key role in telomere lengthening, alteration in telomerase expression is 
associated with many degenerative diseases, aging and cancer-related functions.  
The role of telomerase in cellular immortalization and that of telomere 
shortening in cellular senescence has been demonstrated by cloning and 
expression of the TERT gene [37]. Indeed, increased incidence of spontaneous 
tumors has been found in many independent TERT-transgenic mouse models 
with constitutive expression of telomerase [38, 39]. With oncogenic stress, the 
proliferative rate of the cells is increased many fold, and the length of the 
telomere is a factor which limits cell division capacity. The telomere is shorter in 
cancer cells than it is in normal cells [40].  
Replicative senescence (also known as the Hayflick limit or mortality stage I) is 
the first cellular response to occur at the time of telomere attrition, and its 
induction needs the proper action of p53 and RB tumor suppressor pathways [41]. 
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Inactivation of these two tumor suppressor pathways extends the replicative 
potential of the cell, ultimately leading to continuous telomere erosion and loss 
of telomere capping. Uncapped telomeres are highly recombinogenic, which 
leads to the formation of dicentric chromosomes and breakage at the time of cell 
division. They are also prone to a high degree of genomic instability and loss of 
cell viability during this period of crisis [42].  
Of all the cells that undergo crisis, only the 10-7 to 10-5 fraction emerges from 
crisis [43], perhaps accompanying enforced expression of hTERT and activation 
of telomerase, which helps to avoid both senescence and crisis in primary 
cultured cells. It also causes transformation of primary human cells by its 
coexpression with SV40 early genes and H-RAS [44, 45]. Thus, activating 
telomerase averts the crisis by capping the telomere and reducing the frequency 
of dicentric and abnormal chromosomes [44]. Without performing telomere 
lengthening, stabilization of the telomere can also occur in a TERT-mediated, 
telomere capping-dependent manner, which increases cellular lifespan [44, 46].  
Telomerase can play a role in modulation of chromatin structure and response to 
DNA damage [47]. TERT is also known to induce the expression of pro-
proliferative genes and inhibit that of anti-proliferative genes. This promotes cell 
growth and proliferation independent of telomere elongation [48, 49]. 
 
REGULATION OF GENE EXPRESSION BY TELOMERASE 
 

TERT depletion in mouse skin results in a genome-wide transcriptional response 
in genes involved in signal transduction, epithelial development, the 
cytoskeleton and adhesion [50 and our unpublished results]. This resembles the 
transcriptional program regulated by Wnt, a well known player in stem cell 
maintenance, cellular transformation and proliferation [51-55]. TERT acts as  
a transcription factor in β-catenin complexes. It is only directly involved in the 
modulation of the canonical Wnt pathway; non-canonical Wnt patways that do 
not involve the β-catenin complex are not regulated by TERT. Wnt ligands bind 
with Wnt receptor(s) (the Frizzled family of transmembrane receptors) [55] and 
the LRP5/6 coreceptor (a low-density lipoprotein receptor-related protein) (Fig. 1) 
[56]. The coreceptor facilitates the interaction between the Wnt receptor and its 
ligand. The interaction leads to activation of a cytoplasmic phosphoprotein, 
Dishevelled (Dvl), which inhibits the activity of glycogen synthase kinase-3β 
(GSK-3β), which degrades the β-catenin. Wnt signaling allows accumulation of 
β-catenin, which then translocates into the nucleus and forms a complex with 
TERT-BRG1 (Fig. 1). The BRG1 is also known as SMARCA4, a SWI/SNF-
related chromatin-remodeling protein that binds to the β-catenin and takes part in 
Wnt signaling [57]. The β-catenin complex binds at the TCF/LEF site in the 
promoter/enhancer regions of target genes like Axin2, LEF1, WNT4 and 
WNT11, and enhances their expression in the canonical pathway (Fig. 1) [58-60]. 
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Fig. 1. Multiple functions of telomerase. TERT is directly involved in the modulation of 
the canonical Wnt pathway, in which it acts as a transcription factor in β-catenin 
complexes. Stimulation of Wnt receptor(s) after binding with Wnt on the plasma 
membrane causes binding of TERT with Wnt transcription factor BRG1 and forms  
a complex, which then binds to the promoters of Wnt-target genes and regulates their 
expression. TERT also associates with the RNA component of mitochondrial RNA 
processed into endoribonuclease RMRP. This complex has RdRP activity, which produces 
a double-stranded RMRP molecule that is further processed in to 22 nucleotide siRNA by 
dicer and RISC (RNA-induced silencing complex). These siRNA suppress the expression 
of RMRP. As a result, TERT-RMRP-RDRP regulates the level of RMRP by a negative-
feedback control mechanism. These siRNA-mediated suppression pathways mediate 
control of gene expression by TERT. With oxidative stress, TERT translocates from the 
nucleus to the mitochondria. Recent results also show that TERT also regulates apoptosis 
in the mitochondria. 
 

Furthermore, TERT was found to bind with promoters responsive to Wnt 
signaling and to promoter elements recognized by BRG1 and β-catenin [54, 61].  
Studies also indicate a role for TERT in Wnt signaling in collapsing 
glomerulopathies (characterized by the proliferation of glomerular differentiated 
epithelial cells, the podocytes) [54, 62]. Further analysis has shown that this 
effect of TERT on kidney cells is independent of its catalytic activity: it is 
coupled to its Wnt signaling stimulation, with increased expression and nuclear 
localization of β-catenin.  
However, increasing evidence implies a bidirectional connection between the 
Wnt pathway and TERT in both embryonic stem cells and cancer [63, 64]. It has 
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been experimentally shown that embryonic stem cells expressing an activated  
β-catenin show high telomerase activity and have longer telomeres, while in 
mice lacking β-catenin, the length of the telomere is short and telomerase 
activity is also low. Zhang et al. found the same results in human cancer cell 
lines by inducing or repressing β-catenin expression [64]. In fact, in embryonic 
stem cells, β-catenin binds with Klf4, a transcription factor expressed by 
pluripotent cells, and regulates the TERT expression, whereas in human cancer 
cells TERT appears as a direct target of β-catenin/TCF4-mediated transcription. 
Therefore, during transformation, the Wnt pathway also participates in some 
carcinogenic processes via the stabilization of the telomere and stimulation of 
telomerase activity. 
 
RNA-DEPENDENT RNA POLYMERSASE ACTIVITY OF TELOMERASE 
 

TERT is known for its RNA-dependent DNA polymerase activity in association 
with TERC. Studies also indicate the role of RNA-dependent RNA polymerase 
activity of TERT in post-transcriptional gene silencing, which is independent of 
TERC (Table 1). TERT is the only RdRP identified in mammals [65]. This 
function of TERT depends on a mitochondrial non-coding RNA: mitochondrial 
RNA-processing endoribonuclease (RMRP). Further analysis shows that TERT 
is associated with two types of RNA in HeLa cells (which overexpress TERT): 
TERC and RMRP [66].  
RMRP is a non-coding RNA, the mutations of which lead to cartilage-hair 
hypoplasia, an inherited pleiotropic syndrome that is characterized by premature 
multi-organ failure, mainly in highly proliferative organs, and that involves stem 
cell dysfunction [67]. The TERT-RMRP complex has RdRP activity, which 
produces a double-stranded RMRP molecule [54] that is processed into  
21 nucleotide siRNA by dicer and RISC (Fig. 1). These siRNA suppress the 
expression of RMRP. As a result, TERT-RMRP-RDRP regulates the level of 
RMRP by a negative-feedback control mechanism. The siRNA-mediated 
suppression pathway demonstrates control of gene expression by TERT. In the 
same way, the TERT-RMRP complex may amplify other small non-coding RNA 
and thereby regulate the expression of other genes by producing specific siRNA.  
It has been experimentally shown that TERT has a role in the control of cellular 
proliferation. TERT is known to increase cellular proliferation by increasing cell 
division and decreasing apoptosis in TERT-transductant human mammary 
epithelial cells (HMECs) [68]. Further analysis shows that the effect of TERT on 
proliferation of cells is connected with alterations in cyclin D1, A2, E2F and 
pRB, which are all cell cycle regulatory proteins, and requires the catalytic 
activity of telomerase rather than activation of Wnt signaling by TERT [68]. 
Mukherjee et al. found a reduction in RMRP levels in TERT-transduced 
HMECs because dicer and RISC process the double-stranded RMRP molecules 
into 22 nt siRNA that control the level of RMRP. They also showed a connection 
between the enhancement of cellular proliferation and a decrease in RMRP 
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levels [68]. Knockdown of RMRP using shRNA (short hairpin RNA) results in 
proliferation of HMECs, which means that both results are comparable in 
enhancing cellular proliferation and lowering the RMRP levels. Together, these 
data indicate that TERT has an RNA-dependent RNA polymerase activity that 
enhances cellular proliferation via small interfering RNA. 
 
RNA-DEPENDENT DNA POLYMERSAE ACTIVITY OF TELOMERASE 
 

TERT also has RNA-dependent DNA polymerase activity independent of TERC 
(Table1). TERT is present in the mitochondria and the nucleus (Fig. 2). TERT 
has an N-terminal mitochondrial targeting signal [69] that helps it to migrate into 
the mitochondria, probably through the protein complexes known as 
translocases, which are present on the outer and inner mitochondrial membranes. 
Translocation of TERT from the nucleus to mitochondria occurs following 
oxidative stress [54, 69-71] and involves the improvement of mitochondrial 
function and stress resistance, independent of its telomeric function, which 
finally leads to the survival of tumor cells. It has been experimentally shown that 
TERC is not present in the mitochondria, which also supports the idea that 
TERT reverse transcriptase activity is independent of TERC [72].  
 

 
 

Fig. 2. A schematic representation of the classical and extracurricular activities of 
telomerase. Telomerase is found to be active in the mitochondria and the nucleus. In the 
mitochondria, telomerase shows RNA-dependent DNA polymerase activity independently 
of TERC and uses tRNA as a template. It also shows RNA-dependent RNA polymerase 
activity, and is the only RNA-dependent RNA polymerase known in mammals. It has been 
experimentally shown that telomerase plays a role in the regulation of apoptosis. 
Telomerase sensitizes the DNA of mitochondria to H2O2, which causes oxidative damage 
to mt-DNA perhaps through the modulation of metal homeostasis [69]. In the nucleus, 
telomerase maintains telomere length. Telomerase is found to be directly involved in the 
modulation of the canonical Wnt pathway, in which it acts as a transcription factor in  
β-catenin complexes. Telomerase is also found to be involved in chromatin organization. 
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In the mitochondria, TERT uses tRNA as a template to synthesize cDNA [72]. 
Human VA13 cells that do not have TERC and use a recombination-based 
method of telomere lengthening known as alternative lengthening of telomeres 
(ALT) were transfected with wild-type TERT. This showed that TERT performs 
its mitochondrial function. Furthermore, in the same cells, a dominant negative 
form of the enzyme is inactive [72]. RNA-dependent DNA polymerase activity 
of TERT based on the TRAP assay has also been shown in rabbit reticulocyte 
lysates (RRLs), in which translation of TERT in the presence of added TERC 
results in telomeric-DNA synthesis in vitro [72]. Addition of total cellular RNA 
from TERC-negative VA13 cells or from TERC-positive HeLa cells in the 
reaction mixture, along with random hexamers to prime the reactions followed 
by PCR with primers for different mt-tRNA genes demonstrated the synthesis of 
cDNA in the absence of TERC. It can be concluded that mt-TERT uses tRNA 
rather than TERC for cDNA synthesis [72]. In the absence of TERT, no products 
were observed, clearly demonstrating that mt-TERT can act as a reverse 
transcriptase by using mt-tRNA rather than TERC as a template. 
 
ROLE OF TELOMERASE IN APOPTOSIS 
 

It has been experimentally shown that telomerase plays a role in the regulation 
of apoptosis (Fig. 2). This role is independent of its conventional function of 
telomere lengthening. Further analysis has shown that telomerase sensitizes the 
DNA of mitochondria to H2O2, which causes oxidative damage to mt-DNA, 
perhaps through the modulation of metal homeostasis [69]. The N-terminal 
leader sequence of TERT contains a mitochondrial localization signal that 
targets TERT to the mitochondria. Mutation in this region of TERT causes loss 
of mitochondrial targeting, and cells with mutated hTERT show decreased levels 
of mt-DNA damage [71]. These observations suggest proapoptotic activity of 
hTERT in the mitochondria and the roles of TERT in the mitochondria are 
consistent with reports showing that oxidative stress triggers nuclear export of 
hTERT [73].  
By contrast, it has been shown that hTERT overexpression renders cells resistant 
to apoptosis. This anti-apoptotic effect of TERT occurs at a pre-mitochondrial 
step before the release of cytochrome c and apoptosis-inducing factor [74]. The 
siRNA-mediated downregulation of hTERT triggers the apoptotic pathway 
devoid of obvious involvement of telomere erosion, but by post-translational 
activation of BAX, which induces a CD90-independent mitochondrial pathway 
of apoptosis [75]. In addition, a recent report indicated that TERT enhances 
cellular and organism viability independently of its telomerase activity. Cultured 
cells and a transgenic mouse model expressing wild-type TERT were treated 
with staurosporin and N-methyl-D-aspartic acid, which both promote apoptosis. 
Increased resistance against apoptosis was observed in both the cultured cells 
and the transgenic mice, and this effect of TERT is again independent of 
telomerase activity [76]. Even though the exact mechanism as to how TERT 



Vol. 18. No. 4. 2013         CELL. MOL. BIOL. LETT.         
 

 

548 

regulates apoptosis in mitochondria is unknown, TERT may exhibit discrete 
functions in apoptosis regulation by promoting apoptosis via alteration of the 
mitochondrial membrane potential or metal homeostasis in mitochondria. 
 
ROLE OF TELOMERASE IN DNA REPAIR 
 

Telomerase may also play a role in DNA repair independently of its telomere-
lengthening function (Fig. 2). It has been experimentally shown that hTERT is 
also associated with primase [77], a well known protein involved in replication 
and DNA repair, which indicates a role for telomerase in DNA repair. In 
addition, studies indicate that ectopic expression of hTERT causes an increase in 
the expression level of genes involved in the DNA damage response, and this is 
thought to be associated with a decrease in spontaneous chromosome damage in 
G1 cells and improvement in the DNA repair kinetics [78]. Moreover, hTERT is 
also found to be associated physically with many DNA repair proteins and the 
telomere, thus enhancing the stability of the genome and DNA repair functions [79].  
However, increasing evidence is emerging to indicate that the role of telomerase 
in the DNA damage response is not limited to DNA double-strand break repair 
but also associated with many other types of DNA repair, including via 
nucleotide excision [80]. These studies predict a role of telomerase in the DNA 
damage response independent of its classical activity of telomere length 
maintenance. 
 
CONCLUSIONS 
 

Accumulating evidence indicates that the telomerase complex performs several 
functions that do not depend on its classical function of telomere maintenance. 
All of these telomere-independent roles affect normal cell physiology and 
promote the proliferation of cancer cells. The exact pathways by which 
telomerase interferes with or enhances tumorigenesis point towards possible new 
targets for cancer treatment. Further research is needed to clarify the role of 
TERT as a mitochondrial RNA-dependent DNA polymerase. It is very necessary 
to develop the tools that would help to study functions of TERT in cellular 
physiological conditions to provide clear results. There is no direct molecular 
evidence to explain the role of telomerase in DNA repair, so a testable 
experimental model is needed to explain the telomere-independent role of 
telomerase in DNA repair.  
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