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Short Communication

Impact of Telomere Shortening on Aging and Cellular Lifespan
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DESCRIPTION

Aging is a complex biological process influenced by various
genetic, environmental and molecular factors. One of the most
significant mechanisms driving the aging process is telomere
shortening, which plays a central role in regulating cellular
lifespan. Telomeres, the protective caps at the ends of
chromosomes, gradually erode over time with each cell division.
This shortening is closely linked to the onset of cellular aging,
known as cellular senescence and has far-reaching implications
for tissue function, age-related diseases and overall longevity.

What are telomeres?

Telomeres are repetitive DNA sequences (TTAGGG in humans)
located at the ends of linear chromosomes. They serve two key
functions: protecting the chromosome ends from degradation or
fusion with other chromosomes and preserving the genetic
material during cell division. During DNA replication, the
replication machinery is unable to fully copy the extreme ends of
linear chromosomes, leading to the progressive loss of small
amounts of telomeric DNA with each cell division. This
phenomenon is known as the end-replication problem [1].

Cellular senescence and aging

As cells divide and their telomeres shorten, they eventually reach
a threshold at which they stop dividing, a process known as
replicative senescence. Senescent cells remain metabolically
but exhibit distinct changes in gene expression,
morphology and function. These cells secrete a variety of
inflammatory  cytokines, growth factors and proteases,
collectively referred to as the Senescence-Associated Secretory
Phenotype (SASP). While the SASP plays a role in tissue repair
and remodelling, its chronic presence can lead to tissue damage,
inflammation and the progression of age-related diseases [2,3].
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Telomere shortening and age-related diseases

Telomere shortening has been implicated in the development of
a wide range of agerelated diseases, including cardiovascular

disease, neurodegenerative disorders and certain cancers. For
example, individuals with shorter telomeres are at a higher risk
of developing atherosclerosis, a condition characterized by the
buildup of plaque in the arteries. This increased risk is thought
to be due, in part, to the fact that shortened telomeres in
vascular endothelial cells lead to senescence, reducing the cells'
ability to repair damaged blood vessels [4,5].

Telomere shortening is also linked to immune system aging, or
immunosenescence. Immune cells, such as T cells, undergo
frequent cell division during immune responses. As telomeres
shorten in these cells, their ability to proliferate and set up
effective immune responses diminishes, leading to increased
susceptibility to infections, reduced vaccine efficacy and a higher
incidence of autoimmune diseases in older individuals [6,7].

Telomerase: The enzyme that replenishes telomeres

Telomerase is a specialized enzyme that counteracts telomere
shortening by adding repetitive nucleotide sequences to the ends
of chromosomes, thereby extending telomeres. Telomerase is
highly active in germ cells (which give rise to eggs and sperm),
stem cells and certain immune cells, allowing these cells to
maintain their telomere length and divide indefinitely. This is
for such as reproduction, tissue
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regeneration and immune responses [7,8].

Lifestyle factors influencing telomere shortening

While telomere shortening is a natural part of aging, several
environmental and lifestyle factors can accelerate or slow this
process. Chronic stress, poor diet, smoking, sedentary behaviour
and exposure to environmental toxins have all been shown to
contribute to accelerated telomere shortening. For example,
individuals with chronic psychological stress have shorter
telomeres, potentially due to increased oxidative stress and
inflammation, which can damage DNA and accelerate telomere
erosion [9].
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Potential interventions to preserve telomere length

Given the role of telomere shortening in aging and disease,
there is growing interest in developing interventions that can
preserve or restore telomere length. One approach is the
development of telomerase activators, which aim to enhance the
activity of telomerase in somatic cells, potentially extending their
lifespan. However, this approach carries risks, as increasing
telomerase activity could also promote the growth of cancer cells

[10].

CONCLUSION

Telomere shortening is a fundamental mechanism that limits
cellular lifespan and contributes to the aging process. While it
serves as a protective measure against cancer, it also leads to the
gradual decline in tissue function and increases the risk of age-
Understanding the complex relationship
between telomere biology, cellular aging and lifestyle factors
opens the door to potential interventions aimed at extending
health span and promoting longevity. By targeting the
underlying mechanisms of telomere attrition, researchers hope
to develop new strategies for delaying the onset of agerelated
diseases and enhancing the quality of life in older individuals.

related diseases.

J Aging Sci Vol.11 Iss.4 No:1000386

OPEN 8 ACCESS Freely available online

REFERENCES

1.

2.

10.

Henriques CM, Ferreira MG. Consequences of telomere shortening
during lifespan. Curr Opin Cell Biol. 2012;24(6):804-808.

Lin ], Epel E. Stress and telomere shortening: Insights from cellular
mechanisms. Ageing Res Rev. 2022;73:101507.

Zhu Y, Liu X, Ding X, Wang F, Geng X. Telomere and its role in the
aging pathways: Telomere shortening, cell senescence and
mitochondria dysfunction. Biogerontology. 2019;20:1-6.

Jiang H. Telomere shortening and ageing. Z Gerontol Geriatr.
2007;40(5).

Shalev I, Entringer S, Wadhwa PD, Wolkowitz OM, Puterman E,
Lin J, et al. Stress and telomere biology: A lifespan perspective.
Psychoneuroendocrinology. 2013;38(9):1835-1842.

Heidinger BJ, Blount JD, Boner W, Griffiths K, Metcalfe NB,
Monaghan P. Telomere length in early life predicts lifespan. Proc
Natl Acad Sci U S A. 2012;109(5):1743-1748.

Blasco MA. Telomere length, stem cells and aging. Nat Chem Biol.
2007;3(10):640-649.

Epel ES, Blackburn EH, Lin ], Dhabhar FS, Adler NE, Morrow
JD, et al. Accelerated telomere shortening in response to life stress.
Proc Natl Acad Sci U S A. 2004;101(49):17312-17315.

Ahmed A, Tollefsbol T. Telomeres and telomerase: Basic science
implications for aging. ] Am Geriatr Soc. 2001;49(8):1105-1109.
Barrett EL, Richardson DS. Sex differences in telomeres and
lifespan. Aging cell. 2011;10(6):913-921.


https://www.sciencedirect.com/science/article/abs/pii/S095506741200155X
https://www.sciencedirect.com/science/article/abs/pii/S095506741200155X
https://www.sciencedirect.com/science/article/pii/S1568163721002543
https://www.sciencedirect.com/science/article/pii/S1568163721002543
https://link.springer.com/article/10.1007/s10522-018-9769-1
https://link.springer.com/article/10.1007/s10522-018-9769-1
https://link.springer.com/article/10.1007/s10522-018-9769-1
https://openurl.ebsco.com/EPDB%3Agcd%3A6%3A30074966/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A27304045&crl=c
https://www.sciencedirect.com/science/article/abs/pii/S0306453013001054
https://www.pnas.org/doi/abs/10.1073/pnas.1113306109
https://www.nature.com/articles/nchembio.2007.38
https://www.pnas.org/doi/abs/10.1073/pnas.0407162101
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1046/j.1532-5415.2001.49217.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1046/j.1532-5415.2001.49217.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1474-9726.2011.00741.x
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1474-9726.2011.00741.x

	Contents
	Impact of Telomere Shortening on Aging and Cellular Lifespan
	DESCRIPTION
	What are telomeres?
	Cellular senescence and aging
	Telomere shortening and age-related diseases
	Telomerase: The enzyme that replenishes telomeres
	Lifestyle factors influencing telomere shortening
	Potential interventions to preserve telomere length

	CONCLUSION
	REFERENCES




