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Abstract

Telomeres are repetitive sequence of nucleotides present at the end of the chromosomes. The main 
function of telomeres is to protect the ends of chromosomes from degradation and fusion. In normal 
cells, the telomere length decreases after each mitosis cycle, reaching a threshold limit after which 
the cell undergoes apoptosis. Telomerase is over expressed in approximately 85-90% of the tumors 
and thus it has become a lucrative target as an anti-cancer therapeutic. In recent past, many therapies 
targeting telomerase have been pursued, including immunotherapeutic approaches, telomerase targeted 
gene therapy, and most recently microRNAs telomerase vaccines, making them an attractive target 
for cancer therapeutics. MicoRNAs (miRNAs) are 20-24 base pair non-coding RNAs that regulate gene 
expression at post-transcriptional level. miRNAs are important regulators of cancer and can be used to 
target telomerase, thus acting as a therapeutic for cancer.In this review, we summarize the possibility of 
broad-spectrum immunotherapy or even immunoprevention and discuss therapeutic approaches based 
on small molecules to inhibit telomerase activity. Also focusing on microRNA and how it controls the 
expression of telomerase to prevent tumor development.
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Abbreviations

CTL: Cytotoxic T-cell; APC: Antigen Presenting Cells; DC: 
Dendritic Cells; PTEN: Phosphatase and Tensin homolog; 
AGO2: Argonaute 2: RISC: Catalytic Component: TRF-1: 
Telomere Repeat Factor; POT1: Protection of Telomerase 1; 
RAP1: Repressor/Activator Orotein; TRP2: Telomere Repeat 
Factor 2; TIN2: TRF1 and TRF2: Interacting Nuclear Protein 
2; PI3K: Phosphoinositide 3-kinase; HNSCC: Head and Neck 
Squamous Cell Carcinoma cells; PITX1: Ducer and Activator 
of Transcription 3 (STAT3); ADAM9 (ADAM Metallopeptidase 
Domain 9); Non-small cell lung cancer (NSCLC)

Introduction

Telomere and telomerase biology

Telomere refers to the repetitive sequence of nucleotides 
present at the end of the chromosomes, having a structure 
which is different from the rest of the chromatin [1]. Telomeres 
consist of short and repeating sequence of d [TTAGGG] with a 
single stranded 3’ overhang that forms a loop like structure 
and invades back into the duplex of telomere [2]. The main 
function of telomeres is capping the end of the chromosomes to 
prevent them from degradation and fusion. Protective function 
of telomere is associated with a group of telomere associated 

proteins known as sheltrin complex. The complex comprises of 
protection of telomerase 1(POT1), repressor/activator protein 
1(RAP1), telomere repeat factor 1(TRF1), telomere repeat factor 
2(TRP2), TRF1 and TRF2 –interacting nuclear protein 2(TIN2) 
and TINT1/PTOP/PIP1 protein (TPP1) [3,4]. POT1 binds to the 
single stranded overhangs whereas TRF1 and TRF2 bind to the 
double stranded DNA [5-7]. TIN2 binds TRF1 and TRF2 through 
protein interactions with distinct domains.TPP1 interacts with 
TIN1 and POT1 and forms a complex [8-10]. RAP1, TRF1- 
interacting protein 2 (TIN2), and TPP1 associate with these 
DNA-binding proteins to form a functional complex telosome. 
TIN2 is a key component of the telosome, and associates with 
both TRF1 and TRF2 and is essential for bringing together the 
DNA-binding proteins within the telosome complex. TRF1, 
TRF2 and POT1 have a key role in telomere protection by 
suppressing the activation of the DNA damage signaling and 
repair pathways at chromosome ends [11-13].

Shortening of the telomere takes place due to a phenomenon 
known as end replication problem. Phenomenon characterized 
by the shortening of the 3’ end of DNA with each cell division 
as DNA polymerase cannot completely replicate the strand 
[14,15]. At a particular threshold of telomere attenuation 
the damage repair system activates the p53 or the p16INK4a 
signaling pathway which initiates apoptosis. A various other 
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environmental and genetic factors can cause telomere damage 
of increased shortening of telomere length. These include 
stress, infl ammation, ROS generation and smoking [16].

Telomerase is an enzyme which maintains the length of the 
telomeres. The human telomerase is a holoenzyme and consist 
of 2 subunits: hTERT (Human telomerase reverse transcriptase), 
responsible for synthesis of DNA from RNA template and hTR 
(RNA template), which acts as a template for the addition of 
nucleotide sequences [17]. hTERT utilizes the template region 
(3’-CAAUCCCAAUC-5’) of TERC to add TTAGGG DNA repeats 
and thereby extends single stranded 3’ telomeric strands [18]. 
Elongation of telomere by telomerase leads to stabilization of 
the chromosome and thus high telomerase activities observed 
in progenitor and stem cells [19]. However irregular induction 
of telomerase may cause cancer development. Moreover, 90% 
of the cancer cells express telomerase to elongate the lengths of 
the telomere. The activity of telomerase is highly up regulated 
in many tumors including, colon [20,21], breast [22,23], 
ovarian [24], oral [25,26], pancreas [27], melanoma[28] and 
soft tissue cancers [29].

MicroRNAs: Novel class of regulator for gene silencing

MicoRNA’s are 20-24 base pair non-coding RNA’s that 
regulate gene expression at post-transcriptional level. 
They infl uence a number of tumor related processes such as 
apoptosis, differentiation, proliferation and migration. The 
transcription of miRNAs is carried out by RNA Polymerase II 
forming a hairpin like primary transcript known as pri-miRNA. 
In nucleus, pri-miRNA is refi ned to a precursor miRNA called 
pre-miRNA by an RNase III enzyme called Drosha. Pre-miRNA 
is then subsequently exported to the cytoplasm by Exportin-5 
protein which is one of the Ran dependent nuclear transport 
receptor families [30]. TRBP and DICER cleavepre-miRNA to 
produce single stranded mature mi-RNA and incorporate into 
RNA induced silencing complex (RISC), containing GW182 and 
AGO2 proteins. As a part of RISC, mature mi-RNA interacts 
with complementary sequences in 3’ UTR’s causing mRNA 
degradation or translation inhibition thereby playing a role in 
gene regulation (Figure 1) [31].

Current therapeutics targeting telomerase

Due to the high complexity of human telomerase various 
therapeutics targeting telomerase have been developed. The 
inhibition of hTERT is a good option as it is up regulated in most 
of the cancer malignancies and is the rate-limiting subunit of 
the telomerase complex, is therefore an attractive target for 
cancer vaccination. Furthermore, since somatic cells exhibit no 
or low levels of telomerase, it can be targeted. The following 
are the therapeutics which target telomerase (Figure 2).

hTERT peptide based therapy: Active immunotherapy 
involves the use of tumor vaccines to elicit endogenous 
antitumor immune responses, hence “educating” immune 
cells to produce a long-lasting effect [32]. Immunotherapy 
targeting hTERT is mainly focused to elicit hTERT-specifi c T 
lymphocyte immune responses, especially CTL responses that 
can specifi cally kill hTERT+ tumor cells. Here DCs (dendritic 

cells) which act as APC (antigen presenting cells) are prepared 
ex vivo and transfected with hTERT/tumor RNA or transduced 
with viral vector expressing hTERT peptides [33]. After 
immunization, DCs migrate to draining lymph node where DCs 
induce hTERT-specifi c CD4+ TH cells and CD8+ CTLs to trigger 
T-cell immunity against tumor cells. Direct injection of hTERT 
peptides or viral vectors expressing hTERT peptides induce 
infl ammation and recruit immature DCs to capture expressed 
TAAs. The DCs mature and migrate to draining lymph node 
where they induce hTERT-specifi c CD4+ and CD8+ T cells to 
trigger T-cell immunity against hTERT+ tumor cells.

Telomerase-directed gene therapy: The telomerase gene 
promoters can be used to target therapeutic genes in cancer 
cells as a consequence of tumor-specifi c gene expression of 
telomerase. Telomerase gene therapy is a versatile, powerful, 
and useful strategy which has the advantage of causing 

Figure 1: Schematic diagram representing miRNA biogenesis: RNA polymerase II 
generates primary miRNA transcripts which are trimmed to pre- miRNA’s in the 
nucleus by the enzyme drosha. Expotin-5 exports this pre-miRNA to cytoplasm 
where it is further trimmed by DICER and TRP to form single stranded mature 
miRNA. This mature miRNA thus incorporates into RISC.

Figure 2: Schematic representation of the therapeutics available in market 
targeting telomerase thus acting as therapeutic for cancer.
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immediate cancer cell death. The promoters of telomerase in 
cancer cells are targets for a tumor specifi c gene therapy that 
selectively kills cancer cells and leaves normal cells unharmed 
by expressing high concentrations of a therapeutic protein [34].

Oligonucleotide inhibitors: Antisense oligonucleotides 
and chemically-modifi ed nucleic acids have been shown to be 
associated with onset of senescence and/or apoptosis [35-38]. 
Targets include the RNA template, hTERT protein, and associated 
proteins. As an example imetelstat (GRN163L) targets the RNA 
template for hTERT by binding to the catalytic site of telomerase 
[39]. Imetelstat is a 13-mer (5’-TAGGGTTAGACAA-3’) that is 
complementary to nine nucleotides in the template region and 
four nucleotides 5’ of the template region of TERC [40].

siRNA(Small interfering RNA):In this response, RNAs of 
21-23 nucleotides in length called siRNA, are snipped from 
longer dsRNA, by an enzyme called dicer. The antisense strand 
is used by a RNA inducing silencing complex (RISC) and guide 
mRNA cleavage of target gene. siRNA mediated silencing of 
telomerase have been witnessed in literature as a therapy 
against many cancers. SiRNA mediated inhibition of telomerase 
is reported to enhance the anticancerorous potential of drugs 
(doxorubicin and others) in various cancerous models [41].

Alternative splicing: The hTERT gene of 42 kb on human 
chromosome at 5p15.33 contains 16 exons and can be spliced 
into multiple isoforms [42]. Alternatively spliced 22 isoforms 
including minus alpha, minus beta, or both (minus alpha beta) 
do not contain reverse transcriptase activity and hence they 
cannot elongate telomeres [43, 44].The minus alpha splicing 
isoform uses an alternative 3’ splice acceptor site 36 bp into 
exon 6, resulting in an in frame transcript that is translated 
into a dominant-negative protein without reverse transcriptase 
activity [45,46]. Whereas minus beta splicing isoform skips 
exons 7 and 8, creating a frame-shift that further leads to a 
premature stop codon in exon 10.

Suicide gene therapy: In this strategy, an adenoviral 
system constructed by engineering the bacterial nitroreductase 
(NTR) through highly active TERT/TERC promoter in tumor 
cells is exploited to produce cytotoxic end products [47]. 
NTR produced by TERT/TERC active cancer cells further 
converts the pro-drug CB1954 into active cytotoxic 2- and4-
hydroxylamino derivatives that form DNA crosslinks via an 
N-acetoxy intermediate. This approach induced signifi cant 
tumor reduction in xenograft models and cell death in various 
cancer cell lines [48].

Regulation of telomerase by miRNA

miRNAs bind to the 3’ UTR of the target mRNA and interfere 
with the protein production by destabilizing the target mRNA. 
For example, miR-138 is reported to directly bind to the target 
site in hTERT 3’ UTR and repress the expression of protein 
[49]. A study also demonstrates that miRNA’s- let-7g*, miR-
133a, miR-342-5p, miR-491-5p, and miR-541-3p also regulate 
hTERT directly [50]. Though, the exact mechanism of all of 
the miRNA’s is still unknown. The following miRNAs have 

known to regulate telomerase, and can be examined for future 
microRNA based therapeutics: 

miR-135b: Reported to promote tumor transformation and 
progression in colon cancer prostate cancer, pancreatic ductal 
adenocarcinoma, anaplastic large-cell lymphomas [51]. The 
expression level of miR-135b is tightly regulated by tissue- 
specifi c micro-environment niches during the MSC fate-
determination. These observations support the oncogenic role 
of miR-135b on cancer progression such that it may serve as a 
biomarker for cancer.

miR-21: PTEN(phosphatase and tensin homolog deleted 
on chromosome 10)function as a tumor suppressor and its 
decreased expression results in activation of PI3K/AKT which 
enhances tumor progression. Various studies have showed 
that mir-21 down regulates PTEN. Mir-21 expression inhibited 
apoptosis and induced proliferation accompanied by the negative 
regulation of s hTERT expression via the phosphoinositide 
3-kinase (PI3K) signaling pathway by binding to 3’ UTR of 
PTEN leading to inhibition of its translation .moreover the 
genes pAKT and PI3K, downstream of Htert were upregulated 
by mir-21in Hypertrophic Scar Fibroblasts [52].

miR-19b: PITX1(Paired Like Homeodomain 1) mRNA is a 
direct target of miR-19b and the down regulation of PITX1 by 
miR-19b ultimately induces enhancement of hTERT mRNA 
expression [53]. PITX1 (paired like homeodomain 1) is a tumor 
suppressor gene as it binds directly to the promoter and 
directly inhibits hTERT gene transcription thereby resulting 
in the inhibition of telomerase activity and cell -proliferation 
[54]. It promotes PI3K pathway signaling through inhibition of 
PTEN (Phosphatase and tensin homolog) expression [55, 56].
miR-19b is included in the miR-17-92 and the miR-106-363 
clusters. These clusters carry out pleiotropic functions during 
both normal development and malignant transformation, 
as they act to promote proliferation and sustain cell survival 
[57,58].

miR- 346: this mediates the upregulation of hTERT gene 
expression in human cervical cancers. The middle sequence 
motif (nt 8–13, CCGCAU) of miR-346is responsible for binding 
to G rich sequence binding factor 1(GRSF-1) and forms a 
bulge loop .This binding recruits hTERT mRNA to ribosomes 
for translation in an AGO2-independent manner.mir-346 
enhanced proliferation of cervical tissue cells by specifi cally 
targeting the 3’ UTR f hTERT transcript [59].

miR-138: This mediates the suppression of hTERT 
expression in cervical cancers in an AGO2(Argonaute 2) 
dependent manner by binding to 3’ UTR of cancer cell lines. 
miR 138 and miR 346 binding sites (nt 20 to 34) are in a 
common region of the hTERT 3’UTR for GRSF1(G- rich RNA 
sequence binding factor 1) overlap by 9 bases and hence they 
competes for binding to sites within the hTERT 3’ UTRmRNA 
expression correlate with the ratio of miR-346 to miR-138. 
GRSF1 serve as universal mediator to regulate gene expression 
which facilitates the recruitment of the target gene mRNA to 
ribosomes for translation [59].
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miR-512-5p: The study by s Jun Li et al. showed that over 
expression of this miRNA in HNSCC(Head and Neck Squamous 
Cell Carcinoma cells),suppressed tumor growth in vivo and 
cell proliferation through elevated apoptosis, inhibition of 
telomerase activity, decrease of telomere binding proteins 
and shortening of telomere length by targeting hTERT down 
regulation in vitro. Mir512-5p serve as a tumor suppressor 
and a direct target of hTERT. This might serve as a therapeutic 
agent in miRNA based HNSCC therapy [60].

miR-155: act as key regulator in breast cancer cell 
expression. It is effi ciently upregulated with reduced TRF1 
protein levels. Mediate telomere elongation, increased 
telomere fragility and chromosome instability by reducing 
the expression of TRF1 (telomere repeat factor 1) i.e. a part of 
shelterin complex. In contrast reducing the expression of mir-
155 ensures genomic stability with improved telomere function 
it directly controls TRF1 expression by binding to its 3’ UTR 
leading to translational repression [61-64].

miR- 29: Acts as a tumor suppressor in lung tumors where 
it targets both DNMT (DNA methyltransferase) 3A and 3B and 
restores its normal dna methylation patterns, as well as it also 
induces re expression of tumor suppressor genes such as FHIT 
and WWOX and inhibit tumorigenicity [65]. In breast cancer, 
overexpression of mir-29a suppressed the expression of TTP 
(tristetraprolin), a protein responsible for the degradation of 
m-RNA in cooperation with oncogenic Rassignaling [66].

miRNAs in cancer diagnosis and therapy

Various therapeutics strategies have been developed 
involving re-introduction of miRNAs lost in cancer or inhibition 
of oncogenic miRNAs. For the inhibition of pro-oncogenic 
miRNA therapeutic treatments involve intravenous injections 
with cholesterol-conjugated 2’O-methyl which are inhibitors 
ofmiR-10b, over expressed in metastatic breast cancer [67-68]. 
Similarly the therapeutic potential of reintroducing miR-26a 

in mouse model for hepatocellular carcinoma, where systemic 
delivery of miR-26a expressed from an adeno-associated viral 
vector resulted in inhibited cancer cell proliferation [69].

Current perspectives

miRNA is believed to regulate the expression of multiple 
targets and many miRNAs have been linked to tumorgenesis, 
differentiation, immune system and cell death. It was found 
that high level of telomerase activity is expressed in immortal 
cells and in 85-90% of human cancers. Dysregulation 
of microRNAs (miRNAs) plays a critical role in tumor growth 
and progression and thus a focus of attention against cancer 
treatment. Transfection with miR-539 mimic signifi cantly 
coupled with reduced expression of anti-apoptotic proteins 
Bcl-2 and Bcl-xL and decreased phosphorylation of Stat3 [70]. 
Other than this delivery of miR-590 mimic was found to 
decrease endogenous ADAM9 expression in Non-small-cell 
lung carcinoma (NSCLC) cells. Enforced expression of a miRNA-
resistant form of ADAM9 signifi cantly restored the aggressive 
behaviors in miR-590-overexpressing NSCLC cells. Restoration 
of miR-590 may provide a promising therapeutic strategy for 
NSCLC [71]. Telomerase regulation can also be target of cancer 
treatment as the restoration of miR-29a may be a rational 
therapeutic strategy for the treatment of hTERT-mediated 
gastric cancer metastasis [72]. The repression of telomerase and 
shorter telomeres in humans act as an anticancer protection 
mechanism. Although there is still much to understand about 
the regulation of telomerase, it remains a very attractive and 
novel target for cancer therapeutics. 

Conclusion

In this review, we have summarized the current 
therapeutics targeting telomerase, especially focusing on 
microRNA. Telomerase serves as a lucrative target as it is up-
regulated in approximately 90% of the tumors. In addition, the 
current treatments of cancer available in the fi eld of medicine 
have a lot of side effects thus promoting the development of 
alternative ways to ameliorate cancer. Future research needs 
to be done to unveil the pathways involved in the regulation of 
telomerase-miRNA expression and to link telomerase-miRNA 
to key biological processes related to cancer. Unlike other 
small-RNAs, miRNAs do not require perfect base pairing, and 
thus, can regulate a network of broad, yet specifi c, genes and 
can be targeted as therapeutic gent against various disease. 
Future research must be into the design and application of 
effi cient synthetic systems for miRNA delivery. Overall, a 
better understanding of the rational design of miRNA delivery 
systems will promote their translation into effective clinical 
treatments. Evidence suggests that miRNA-based therapies, 
either restoring or repressing expression and activity, hold 
great promise. However, Critical hurdles often involving 
delivery of miRNA-targeting agents remain to be overcome 
before transition to clinical applications. 
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