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Few other proteins are known to be required for human telomerase 

function, significantly limiting our understanding of both 

telomerase regulation and mechanisms of telomerase action. 

The  ATPases pontin and reptin are telomerase components as 

indicated by Affinity purification of TERT from human cells. 

Pontin interacts with both TERT and dyskerin, 





Depletion of pontin and reptin markedly impairs telomerase  activity  

Depletion of pontin and reptin markedly impairs accumulation of the telomerase RNP, 

indicating an essential role in telomerase assembly. 



the amount of TERT bound to pontin and reptin peaks in S phase, 

evidence for cell cycle-dependent regulation of TERT.

Co-immunoprecipitation 
of reptin with TERT and 
pontin over a ten hour 
timecourse



the amount of TERT bound to pontin and reptin

peaks in S phase,

evidence for cell cycle-dependent regulation of 

TERT 

These findings reveal a requirement for 

additional enzymes in telomerase RNP 

biogenesis and suggest new approaches for 

inhibiting telomerase in human cancer.





Within the protective complex shelterin, TRF2 plays a 
crucial role in end-protection as it is required to suppress ATM 
activation and the formation of end-to-end chromosome 
fusions.

TRF2-mediated end protection:
1) the dimerization domain of TRF2 is required to inhibit ATM 
activation, the key initial step involved in activation of a DNA 
damage response. 
. 



mechanism for TRF2-mediated chromosome end protection

Suppression of the kinasi ATM activation



mechanism for TRF2-mediated chromosome end protection

ubiquitin ligase
E3 ubiquitin
ligase

Inhibition of RNF168 at telomeres is sufficient 
to suppress chromosome end-to-end fusions. 



2)  This novel modulation of the DNA damage response at 
telomeres occurs at the level of the E3 ubiquitin ligase 
RNF168 
Inhibition of RNF168 at telomeres involves the ubiquitin ligase 
UBR5 and is sufficient to suppress chromosome end-to-end 
fusions. 



Figure 4. TRF2 (telomere repeat-binding factor 2) inhibits end-processing pathways by regulating the chromatin environment at telomeres...

TERRA-mediated recruitment of SUV39H1 
to TRF2-devoid telomeres leads to 
telomere fusions

TRF2 inhibits the recruitment to or activation at telomeres of ATM, RNF168 (E3 
ubiquitin protein ligase) as well as the transcription of telomeric transcripts, 
TERRA (telomeric repeat-containing RNA). 



Alternative lengthening of telomeres
(ALT) 





ALT telomeres are distinct in that they contain 
variant C-type TCAGGG repeats and sumoylated
TRF2.

These features of ALT telomeres may lead to 
displacement of TRF2 

A small but significant number of cancers do so via 
the exchange of telomeric DNA between 
chromosomes by alternative lengthening of 
telomeres - ALT



Alternative lengthening of telomeres (ALT) telomeres are considerably 
longer (4–50 kb)

These provide a platform for the binding of proteins such as the 
nucleosome remodeling complex.
ALT telomeres display reduced levels of H3K9me3. 
As a result, they may contain elevated levels of histone acetylation as 
suggested by the reduced compaction of nucleosomal arrays.

Sub-telomeric chromatin also displays reduced heterochromatic marks 
and altered DNA methylation patterns.
The more open chromatin configuration of ALT telomeres may 
promote homologous recombination directed telomere elongation 
and greater transcription of the telomeric non-coding RNA (TERRA).
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Telomere shortening leads to cell death
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Telomerase allows telomere length equilibrium 
maintenance
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Vaziri et al. AJHG (1995)

Telomeres shorten with age

Telomerase is 

limiting in cells



Nature May 1990

Telomere shortening in cellular 
senescence



• EMBO Mol Med. 2012 

• Telomerase gene therapy in adult and old mice delays aging
and increases longevity without increasing cancer.

• Bernardes de Jesus B, Vera E, Schneeberger K, Tejera AM, Ayuso E, Bosch F, Blasco MA.

• A major goal in aging research is to improve health during
aging. In the case of mice, genetic manipulations that shorten
or lengthen telomeres result, respectively, in decreased or 
increased longevity. Based on this, we have tested the effects
of a telomerase gene therapy in adult (1 year of age) and old
(2 years of age) mice. 



. 

Telomerase gene therapy in adult and old mice delays aging and 

increases longevity without increasing cancer.

• Treatment of 1- and 2-year old mice with an adeno associated
virus (AAV) expressing mouse TERT had remarkable beneficial
effects on health and fitness, including insulin sensitivity, 
osteoporosis, neuromuscular coordination and several
molecular biomarkers of aging.

• Importantly, telomerase-treated mice did not develop more 
cancer than their control littermates, suggesting that the 
known tumorigenic activity of telomerase is severely
decreased when expressed in adult or old organisms using
AAV vectors. 

• Finally, telomerase-treated mice, both at 1-year and at 2-year 
of age, had an increase in median lifespan of 24 and 13%, 
respectively. 

EMBO Mol Med. 2012;4(8):691-704



• These beneficial effects were not observed with a catalytically
inactive TERT, demonstrating that they require telomerase
activity.

• Together, these results constitute a proof-of-principle of a 
role of TERT in delaying physiological aging and extending
longevity in normal mice through a telomerase-based
treatment, and demonstrate the feasibility of anti-aging gene 
therapy. 



Strategie anti tumorali basate sulla inibizione della telomerasi



GRN163(L), DN-TERT, and BIBR1532 directly inhibit telomerase

Dominant Negative

Inhibits catalytic activity

13-mer modified oligonucleotide, binds terC



BRACO19, RHPS4, and telomestatin promote G-quadruplex formation

T-oligo mimics dysfunctional telomeres

Dominant Negative

Inhibits catalytic activity

13-mer modified oligonucleotide, binds terC



GRN163(L), DN-TERT, and BIBR1532 directly inhibit telomerase

BRACO19, RHPS4, and telomestatin promote G-quadruplex formation

T-oligo mimics dysfunctional telomeres

Dominant Negative

Inhibits catalytic activity

13-mer modified oligonucleotide, binds terC



MUTAZIONI e TELOMERI



In somatic cells, telomeres shorten with each division (a 
phenomenon termed the end-replication problem) to a 
minimal threshold of telomere length known as the Hayflick
Limit. 
Once this threshold is breached, telomeres lose their 
protective capacity resulting in two critical outcomes [1]. 
Either the cell detects the threat posed by such shortened 
telomeres, resulting in the initiation of a p53 dependent 
signaling cascade that induces replicative senescence, a 
state of permanent cell growth arrest

If the cell continues to proliferate, telomere shortening will 
eventually kill the cell at crisis 





Nature 2001



• Skin and nail problems
– Skin hyperpigmentation
– Rashes
– Abnormal nail growth 

Dyskeratosis congentia causes bone 
marrow failure

• Mortality
–Bone marrow failure
–Cancer
–other?





NEJM 357 p1317 
(2007)

Short telomeres in lung disease



Glossary 
Chromatin remodeler: ATP driven molecular machines that alter chromatin 
structure by sliding, ejecting, or restructuring nucleosomes. For example, 
ATRX associates with histone H3 to maintain higher order chromatin 
structure. 
DNA methyltransferase: A class of enzymes that catalyze the transfer of a 
methyl group to cytosine or guanine residues, altering gene expression and 
recruiting heterochromatin related proteins to the region.
G-quadruplex: A G-quadruplex forms when guanine residues are donors 
and acceptors in C–G base pairing, forming a square, planar 4 guanine 
tetrad. These tetrads can stack to form a four-stranded quadruplex that 
obstructs a moving replication fork. 
Histone deacetylase (HDAC): A class of enzymes that removes acetyl 
groups from lysine histone lysine residues, allowing for a tighter interaction 
between DNA and nucleosome. Histone H3: Histone H3 is one of four main 
histone proteins in the globular nucleosome, around which DNA winds to 
form higher order chromatin structures. H3’s N-terminal tail is subject to 
extensive post-translational epigenetic modifications. Homology directed 
repair:. 



Glossary 2
Homology directed repair: Homology directed repair is a mechanism of double-
strand DNA break repair occurring during G2 and S phase in which a homologous 
recombination event between sister chromatids serves as a template for repair. 
Lysine methyltransferase: A histone modifying enzyme that can add up to three 
methyl groups to a histone lysine residue, promoting chromatin condensation, 
heterochromatin formation and facilitating gene expression. 
Non-homologous end joining (NHEJ): NHEJ is a mechanism of double-strand DNA 
break repair occurring mainly during G1 phase of the cell cycle in which strand 
overhangs serve as a template and breaks are directly ligated together.
Shelterin: A telomere specific nucleoprotein complex consisting of 6 proteins: TRF1, 
TRF2, RAP1, TIN2, TPP1, and POT1. It maintains telomere structure and regulates 
telomere function. Of the six proteins, TRF2 binds the double stranded TTAGGG 
repeat DNA, whereas POT1 binds both double-stranded TTAGGG repeat DNA and 
the 30 overhang of single-stranded TTAGGG repeats. 
Telomeric DNA: Consists of the hexameric sequence TTAGGG that is repeated in 
contiguous tracts at the ends of chromosomes. 
Telomerase reverse transcriptase (hTERT): hTERT is the human form of the 
telomerase reverse transcriptase. It catalyzes the synthesis and addition of 
TTAGGG repeats to telomeres. 


