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1. Introduction

The ageing of an organism is based on the mechanisms that mediate the ageing of its cells, that is, cell senescence.

Senescence is a programmed mechanism that protects cells, predominantly against DNA damage. Senescent cells stop

dividing in response to mitogenic stimuli, and this condition is irreversible. In addition, such cells acquire certain

morphological and functional changes that distinguish them from both the dividing and the resting (G0 phase) cells.

Senescent cells partly retain their tissue-specific functions and therefore are not completely lost from the body.

Senescence, from both a mechanical (signalling pathways) and a functional point of view, is parallel and complementary

to apoptosis in many parameters; apoptosis is another cellular response mechanism to damage. Both apoptosis and

senescence are involved in embryonic development and regeneration. Both these mechanisms control cell proliferation

and proliferative diseases, including cancer, and are associated with disturbances in these processes. From an

evolutionary point of view, these mechanisms are ancient and are present in all multicellular organisms .

The transition of a cell to a senescent state or to death through apoptosis may be induced by either internal factors (DNA

damage, oxidative stress, disturbances of metabolic systems) or external ‘commands’ that are transmitted mainly through

receptors and affect the internal balance of signalling pathways. External signals may be derived from the immediate

environment of cells, mainly through paracrine networks of signalling molecules, such as cytokines, chemokines, and

growth factors. These molecules are produced, for example, by immune cells as a part of their functions, or senescent

cells, as a part of the senescence-associated secretory phenotype (SASP). Such signals may force the surrounding cells

into senescence and, in turn, promote local inflammation and attract cells of the immune system .

Additionally, there are endocrine systems. It is known that the body is influenced by internal rhythms, diurnal and annual,

which are tied to periodic factors such as light and temperature changes, and also react systemically to stressors affecting

the body as a whole. All of these functions are mediated through internal hormonal systems, which undoubtedly affect the

cell cycle and, accordingly, the mechanisms underlying cell senescence and proliferation.

2. Causes of Cell Senescence

One of the basic causes of senescence is the finite number of divisions initially programmed in cells , called Hayflick’s

limit. After this number of divisions, the main population of cells in the human body enters an irreversible state of cell cycle

arrest called replicative senescence. The underlying mechanism for this is associated with the telomere, that is, the

repeating DNA sequence TTAGGG present at the ends of linear chromosomes, protecting the chromosomes from

degradation and recombination. Telomeres shorten with each cell cycle due to features of the DNA replication process,

such as RNA priming of the lagging strand and the unidirectional action of DNA polymerases. Thus, telomere length is a

factor that limits the number of cell divisions . In stem cells and many cancer cells, the enzyme telomerase is expressed;

it adds DNA repeats to telomeres, and consequently, cells acquire the ability to divide indefinitely. However, telomerase is

not expressed in most cells, and as soon as telomeres become too short, a DNA damage response (DDR) is initiated,

leading to the activation of cell cycle inhibitors and resulting in cell senescence . Thus, with age, the body gradually

accumulates an increasing number of senescent cells.

However, telomere shortening is not the only cause of senescence. Senescence can also be induced by proliferative

stressors such as the over-activation of oncogenes such as Ras  and BRAF  and the dysfunction of tumour

suppressors . Therefore, senescence is a natural defence mechanism against tumours.
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Moreover, many factors of an aggressive and stressful nature, particularly reactive oxygen species (ROS), X-rays,

ultraviolet radiation, and DNA-damaging agents used in cancer chemotherapy, are capable of initiating DDR and,

consequently, senescence. All these factors may lead to DNA damage and induction of senescence through DDR-

dependent mechanisms. Senescence may also be activated under conditions of inflammation associated with the

excessive release of aggressive compounds by immune cells, such as ROS.

Senescence induces noticeable morphological changes in cells, such as increased volume, smoother shape, and

increased intercellular spaces. Cells also demonstrate some features, such as senescence-associated beta-galactosidase

(SA-β-Gal) activity, that are usually not observed in normal cells and therefore are used as markers of senescence.

Additionally, DNA synthesis is blocked in senescent cells, the foci of DNA damage are visible, satellite DNA appears

bloated, and increased expression of some microRNAs is observed. In addition, senescent cells secrete many factors

such as cytokines, growth factors, matrix remodelling proteins, proteases, and chemokines, which are collectively referred

to as the senescence-associated secretory phenotype (SASP) .

The most prominent component of SASP is IL-6, a pleiotropic pro-inflammatory cytokine whose secretion is increased by

DDR-dependent and oncogene-induced senescence in a variety of cell types . In senescent cells, increased

expressions of IL-1 and IL-8 were observed, and the expressions of IL-6 and IL-8 were upregulated through IL-1 . Most

senescent cells also express chemokines, for instance, those belonging to the CCL family . Senescent epithelial cells,

endothelial cells, and fibroblasts express high levels of almost all proteins that bind insulin-like growth factors, including

IGFBP-2, -3, -4, -5, and -6 , and their regulators, IGFBP-rP1 and IGFBP-rP2 . SASP also includes a number

of matrix metalloproteases (MMPs), such as MMP-1, -3, and -10 , and serine proteases and their

endogenous inhibitors . In addition, senescent cells release nitric oxide and ROS due to changes in the levels of nitric

oxide synthase and superoxide dismutase activity . There is evidence that the generation of SASP in

senescent cells is associated with the activation of the NF-κB signalling pathway , a primary regulator of the

proinflammatory response in cells.

Cellular senescence is physiologically normal during embryonic development and in adult organisms. In embryonic

tissues, the SASP of senescent cells includes signalling molecules that stimulate morphogenesis. In adult tissues, SASP

plays an important role in wound healing, as it suppresses carcinogenesis and stimulates regeneration; however, the

underlying mechanisms are different from those in embryonic tissues .

Therefore, SASP has a protective function, because it attracts cells of the immune system designed to eliminate damaged

and senescent cells and also contributes to the normal processes of inflammation, wound healing, tissue remodelling, and

cellular plasticity . On the other hand, these factors can disrupt tissue homeostasis, contributing to the

senescence of surrounding cells (paracrine ageing) , and chronic inflammation may lead to pathological conditions

such as fibrosis and cancer . Long-term exposure to SASP factors may lead to the development of an inflammatory

disorder, since it includes a number of pro-inflammatory mediators. As noted above, inflammation is associated with the

recruitment of immune cells, the release of aggressive mediators, and stress exposure of the surrounding cells. Long-term

chronic exposure to inflammation factors formed during both ‘normal’ chronic inflammation and the accumulation of a

large number of senescent cells on the surrounding intact cells may result in stress activation of signalling pathways

associated with the arrest of the cell cycle and the initiation of senescence mechanisms.
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