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            Abstract
Cellular senescence, first described in vitro in 1961, has become a focus for biotech companies that target it to ameliorate a variety of human conditions. Eminently characterized by a permanent proliferation arrest, cellular senescence occurs in response to endogenous and exogenous stresses, including telomere dysfunction, oncogene activation and persistent DNA damage. Cellular senescence can also be a controlled programme occurring in diverse biological processes, including embryonic development. Senescent cell extrinsic activities, broadly related to the activation of a senescence-associated secretory phenotype, amplify the impact of cell-intrinsic proliferative arrest and contribute to impaired tissue regeneration, chronic age-associated diseases and organismal ageing. This Review discusses the mechanisms and modulators of cellular senescence establishment and induction of a senescence-associated secretory phenotype, and provides an overview of cellular senescence as an emerging opportunity to intervene through senolytic and senomorphic therapies in ageing and ageing-associated diseases.
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                    Fig. 1: Senescence drivers and phenotypes.[image: ]


Fig. 2: SASP regulation.[image: ]


Fig. 3: Biological consequences of cell senescence.[image: ]


Fig. 4: Senolytic therapeutic interventions.[image: ]


Fig. 5: Senomorphic therapeutic interventions.[image: ]
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Glossary
	INK-ATTAC
	
                  Transgenic mouse model with drug-inducible caspase 8 under the control of a minimal p16 promoter element active in senescent cells to allow selective elimination of p16-expressing senescent cells.

                
	p16-3MR
	
                  Transgenic mouse model expressing a trimodal reporter of red fluorescent protein, luciferase and herpes simplex virus thymidine kinase under the control of the p16 promoter to allow tracking and elimination of p16-expressing senescent cells.

                
	Sirtuins
	
                  Nicotinamide dinucleotide (NAD+)-dependent deacylases that regulate diverse cellular processes, including DNA repair, inflammation, metabolism and ageing.

                
	Mitochondrial dysfunction-associated senescence
	
                  (MiDAS). Mitochondrial damage triggers senescence with a distinct secretory phenotype that lacks IL-1-dependent inflammation.

                
	Exosomes
	
                  Extracellular vesicles produced by the endosomal compartment involved in intercellular communication.

                
	HMGB proteins
	
                  Non-histone molecules that bind DNA and affect chromatin compaction.

                
	Myeloid skewing
	
                  An age-related proportional increase in myeloid cells at the expense of other lineages as observed in the bone marrow and blood.

                
	tau
	
                  A protein found in neurons that is important for maintaining microtubule structure in axons. Mutants and hyperphosphorylated forms are found in a variety of neurodegenerative diseases, including Alzheimer disease.

                
	Fibrosis
	
                  Pathological accumulation of extracellular matrix in diseases tissue that limits normal tissue function and leads to long-term tissue scaring.

                
	LDL receptor
	
                  Mediates entry of LDL into cells. Mutations in the gene encoding this receptor predispose to the development of atherosclerosis.

                
	Cataracts
	
                  Clouding of the lens in the eye leading to inability to have clear vision. Surgical intervention to replace diseased lenses is a common medical procedure in aged humans.

                
	Lordokyphosis
	
                  Abnormal rearward curvature of the spine, observed both in laboratory mice and in humans.

                
	Lipodystrophy
	
                  Abnormal distribution of adipose tissue in the body, can refer to both excessive or insufficient deposition.

                
	HSP90
	
                  A molecular chaperone that promotes proper protein folding and degradation, which also contributes to heat stress resilience.

                
	Prodrugs
	
                  Compounds that are metabolized into an active drug to modify drug bioavailability and activity.

                
	Perforin
	
                  A pore forming protein expressed in cytotoxic T cells and natural killer cells. When these cells execute cytotoxicity, they secrete granules containing perforin, which binds to the target cell’s membrane and forms pores on the target cell in order to allow cytotoxicity.

                
	Chimeric antigen receptor T (CAR T) cells
	
                  T cells that have been genetically engineered to express T cell receptor developed to bind a defined target in order to eliminate the cells that have the target on their membrane.

                
	PD1
	
                  A protein expressed on the cell surface that inhibits the ability of the immune system to target the cells that express the protein. Inhibition of interaction of PD1 with its ligand is a potent immunotherapy approach.
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