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Telomere shortening leads to cell death
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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
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Telomerase allows telomere length equilibrium 
maintenance
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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 



Different inputs to telomere maintenance have disease-specific consequences.

Elizabeth H. Blackburn et al. Science 2015;350:1193-1198
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Relationship of telomere attrition to human aging-related diseases.

Elizabeth H. Blackburn et al. Science 2015;350:1193-1198
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Fig 1. Mortality by decile of 5-year change in telomere length (p for trend &lt;0.001).

Goglin SE, Farzaneh-Far R, Epel ES, Lin J, Blackburn EH, et al. (2016) Change in Leukocyte Telomere Length Predicts Mortality in
Patients with Stable Coronary Heart Disease from the Heart and Soul Study. PLoS ONE 11(10): e0160748. 
doi:10.1371/journal.pone.0160748
http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.0160748
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Distribution of telomere length by exclusive breastfeeding status at 4–6 wk of age

Janet M Wojcicki et al. Am J Clin Nutr 2016;104:397-405
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MUTAZIONII nei geni dei complessi dei TELOMERI
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• 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





Mutations in TERT and TR cause familial pulmonary fibrosis

smokers with chronic obstructive pulmonary disease (COPD). 



Mutations in TERT and TR cause familial pulmonary fibrosis

smokers with chronic obstructive pulmonary disease (COPD). 



Lymphocyte telomere length by 
flow cytometry and FISH



DNA helicase 

telomerase trafficking 
to the Cajal body



MUTATIONS IN TELOMERIC PROTEINS AND CANCER



MUTATIONS IN TELOMERIC PROTEINS AND CANCER

TERC

TERT



The TERT core promoter

Susanne Horn et al. Science 2013;339:959-961
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twofold increase in transcription!!

Mutations creating Ets/TCF binding motifs were found in familial and in 
sporadic metastatic melanoma next to the transcription start site



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


