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Cellular senescence is a state of stable cell proliferation arrest accompanied by a distinct secretory program impacting the senescent cell microenvironment. This phenotype can be induced by many stresses, including telomere shortening, oncogene activation, oxidative or genotoxic stress. Cellular senescence plays a key role in the organism throughout life, with beneficial effects at a young age for instance in embryonic development and wound healing, and deleterious effects during aging and in aging-related diseases. In the last decade calcium and calcium signaling have been established as critical factors in the implementation and regulation of cellular senescence. In this review we will present and discuss the main discoveries in this field, from the observation of an increased intracellular calcium concentration in senescent cells to the identification of calcium-binding proteins, calcium channels (TRP, ITPR, …) and MERCs (mitochondria-endoplasmic reticulum contact sites) as key players in this context.

Calcium and senescence

reported that normal human fibroblasts in culture stop proliferating after serial passages [START_REF] Hayflick | The serial cultivation of human diploid cell strains[END_REF]. This cell cycle arrest is due to telomere shortening. It was later observed that a similar phenotype than this replicative senescence could be induced prematurely by many different stimuli, including stresses such as oncogene activation, oxidative stress and genotoxic stress. More recently, cellular senescence was also shown to be induced in a programmed manner during embryonic development, as well as by paracrine signaling of neighboring senescent cells (Fig. 1). Cellular senescence has been reported to occur in most human cell types and in a wide variety of species [START_REF] Gorgoulis | Cellular Senescence: Defining a Path Forward[END_REF].

Senescent cells are in a state of stable cell cycle arrest, which is implemented by a complex network of factors in which p53, inhibitors of cyclin-dependent kinases (CDKIs) and the retinoblastoma protein (RB) play a key role. Activation of p53 by senescence-inducing stimuli leads to the induction of the expression of the p53 target gene CDKN1A, which encodes CDKI p21. Expression of p15 and p16, two other CDKIs encoded by the INK4-ARF locus, is also activated in response to senescence-inducing stimuli. These three CDKIs inhibit cyclin/CDK complex formation, impeding, among others, the phosphorylation of RB. RB represses the expression of E2F target genes promoting cell cycle progression [START_REF] Gorgoulis | Cellular Senescence: Defining a Path Forward[END_REF].

Senescent cells also secrete multiple soluble factors, including pro-inflammatory cytokines and chemokines, growth factors and metalloproteases, which are collectively referred to as the senescence-associated secretory phenotype (SASP). This secretome, the composition of which is heterogeneous and dynamic, is regulated at multiple levels. Nuclear factor kappa-light-chainenhancer of activated B cells (NFκB) and CCAAT/enhancer-binding protein beta (CEBP-β) transcription factors critically induce the expression of SASP pro-inflammatory factors. NOTCH also regulates the expression of some SASP components. In addition, pathways such as the mammalian target of rapamycin (mTOR) pathway control the SASP at the translational level.

The inflammasome and the cyclic GMP-AMP synthase (cGAS)-stimulator of interferon genes (STING) signaling pathway are also key regulators of the SASP. The SASP can reinforce senescence in an autocrine manner and has many paracrine functions, being able to trigger senescent cell elimination by activating the immune system and to induce senescence in neighboring cells, as well as epithelial-mesenchymal transition, migration and invasion in cancer cells [START_REF] Birch | Senescence and the SASP: many therapeutic avenues[END_REF].

The stable cell cycle arrest and the SASP are two critical hallmarks of cellular senescence.

However, senescent cells also exhibit a number of other features (Fig. 1). Cell entry into senescence is accompanied by a profound change in cell morphology, adopting a flat and enlarged shape in vitro, and an increase in nuclear size. Senescent cells display lysosomal senescence-associated β-galactosidase activity, which is used as a biomarker to identify these cells. Significant modifications of cell physiology and metabolism can also be observed in senescent cells, especially resistance to apoptosis and altered mitochondrial activity that often leads to the production of reactive oxygen species (ROS). Finally, in the nucleus, senescent cells accumulate unrepaired DNA damage and display profound changes in chromatin, including epigenetic modifications and formation of senescence-associated heterochromatin foci (SAHFs), and in gene expression [START_REF] Gorgoulis | Cellular Senescence: Defining a Path Forward[END_REF].

Owing to their two important characteristics (stable cell cycle arrest and SASP), senescent cells play a key role in many different pathophysiological contexts throughout life (Fig. 1). Cellular senescence has a pleiotropic effect on the organism [4]. Senescence is associated with beneficial Calcium and senescence 7 effects early in life, contributing to normal morphogenesis during embryonic development.

Moreover, when induced in a timely-and spatially-controlled manner, senescence promotes wound healing, cell reprogramming and stemness, and acts as a critical tumor suppressive barrier in the first steps of tumorigenesis. However, exposure to chronic stresses, persistent damage and decay of immune function and clearance during life leads to the accumulation of senescent cells in the organism, which is detrimental as it impacts cell proliferation, disrupts tissue architecture and function and establishes a pro-inflammatory and pro-fibrotic microenvironment [4;5]. In the last decade, genetic mouse models engineered to allow senescent cell elimination showed that accumulation of senescent cells promotes aging and many aging-associated disorders such as type II diabetes, osteoporosis, atherosclerosis, lung degenerative diseases, neurodegenerative disorders, as well as cancer relapse and progression [START_REF] Di Micco | Cellular senescence in ageing: from mechanisms to therapeutic opportunities[END_REF]. Huge efforts have been made since to discover senomorphic or senolytic drugs, able to modulate senescence (especially the SASP) or kill senescent cells, respectively. Several of these compounds have proven their efficiency to improve age-related alterations in mouse pre-clinical models and some are currently tested in clinical trials [START_REF] Raffaele | The costs and benefits of senotherapeutics for human health[END_REF].

Understanding how senescence is controlled at the molecular and cellular level is critical to identify potential druggable targets to modulate it. In the last decade accumulating evidence has established calcium (Ca 2+ ) and calcium signaling as key regulators of cellular senescence.

Calcium is a pivotal second messenger controlling a broad range of molecular processes and cellular functions, including cell proliferation, secretion, migration and death. Its effects are achieved through a fine-tuned regulation of its intracellular concentration and fluxes, in which many proteins, including channels, transporters, pumps and calcium-binding proteins, are involved. In this review we will present the current knowledge on the role of calcium and calcium Calcium and senescence signaling in cellular senescence and discuss potential ways to target senescence by modulating them.

Evolution and impact of intracellular calcium concentration in cellular senescence

Intracellular Ca 2+ concentration increases in senescent cells. This has been observed in the cytosol and mitochondria. Accumulated calcium in the cytosol may come from the extracellular space through plasma membrane channels, from ER calcium release but might also be a consequence of mitochondrial calcium accumulation and mitochondrial dysfunction [START_REF] Luo | Compromised mitochondrial function leads to increased cytosolic calcium and to activation of MAP kinases[END_REF].

Increased intracellular calcium accumulation was documented in several cell types and in response to many different senescence-inducing stimuli (Table 1) [START_REF] Yu | Isradipine prevents rotenone-induced intracellular calcium rise that accelerates senescence in human neuroblastoma SH-SY5Y cells[END_REF][START_REF] Triana-Martinez | Identification and characterization of Cardiac Glycosides as senolytic compounds[END_REF][START_REF] Raynard | Expression of the Calcium-Binding Protein CALB1 Is Induced and Controls Intracellular Ca(2+) Levels in Senescent Cells[END_REF][START_REF] Warnier | The SCN9A channel and plasma membrane depolarization promote cellular senescence through Rb pathway[END_REF][START_REF] Borodkina | Calcium alterations signal either to senescence or to autophagy induction in stem cells upon oxidative stress[END_REF][START_REF] Chandrasekaran | redox and mtor-dependent regulation of plasma lamellar calcium influx controls the senescence-associated secretory phenotype[END_REF][START_REF] Guerrero | Cardiac glycosides are broad-spectrum senolytics[END_REF][START_REF] Mccarthy | Redox control of the senescence regulator interleukin-1alpha and the secretory phenotype[END_REF][START_REF] Ren | High expression of Piezo1 induces senescence in chondrocytes through calcium ions accumulation[END_REF][START_REF] Mijares | Senescence Is Associated With Elevated Intracellular Resting [Ca(2 +)] in Mice Skeletal Muscle Fibers. An in vivo Study[END_REF][START_REF] Farfariello | TRPC3 shapes the ER-mitochondria Ca(2+) transfer characterizing tumour-promoting senescence[END_REF]. Calcium chelation with BAPTA was shown to prevent senescence in several contexts [12;13], by attenuating DNA damage response and p53/p21/RB pathway activation [START_REF] Borodkina | Calcium alterations signal either to senescence or to autophagy induction in stem cells upon oxidative stress[END_REF] and abolishing RB-dependent mitotic gene repression [START_REF] Warnier | The SCN9A channel and plasma membrane depolarization promote cellular senescence through Rb pathway[END_REF], indicating that elevation of intracellular calcium concentration triggers cellular senescence.

Interestingly, expression of calbindin 1 (CALB1), a calcium-binding protein known to buffer cytosolic calcium, was found to be upregulated in response to many senescence-inducing stresses in hMECs. The calcium-dependent calmodulin/calcineurin/NFAT pathway participates in CALB1 induction in this context [START_REF] Raynard | Expression of the Calcium-Binding Protein CALB1 Is Induced and Controls Intracellular Ca(2+) Levels in Senescent Cells[END_REF]. The calcium sensor protein calmodulin is activated by an increase in cytosolic calcium. Calcium-bound calmodulin then activates calcineurin phosphatase, which catalyzes the dephosphorylation of the NFAT (nuclear factor of activated T-cells) transcription factor and thus induces its translocation to the nucleus where it regulates the expression of its target genes. Overexpression of CALB1 was reported to buffer the rise in intracellular calcium concentration in senescent hMECs [START_REF] Raynard | Expression of the Calcium-Binding Protein CALB1 Is Induced and Controls Intracellular Ca(2+) Levels in Senescent Cells[END_REF], and its overexpression could inhibit Calcium and senescence 9 senescence in cancer cells, albeit it remains unknown whether Ca 2+ buffering is involved in this process [START_REF] Cao | CALB1 enhances the interaction between p53 and MDM2, and inhibits the senescence of ovarian cancer cells[END_REF]. Furthermore, upregulated expression of calbindin 2 (CALB2) was observed upon senescence in other cell types [START_REF] Raynard | Expression of the Calcium-Binding Protein CALB1 Is Induced and Controls Intracellular Ca(2+) Levels in Senescent Cells[END_REF], suggesting that the calcium buffering system may play a general role in modulating intracellular Ca 2+ levels in senescence, which will need to be further investigated.

Depending on the context, the rise in intracellular Ca 2+ concentration observed in senescent cells can be triggered either by calcium influx through plasma membrane calcium channels or/and by calcium release from the intracellular Ca 2+ stock, for instance from the endoplasmic reticulum (ER) which is one of the main intracellular calcium stores. These two events will be further described below.

Role of plasma membrane calcium channels in cellular senescence

Growing evidence advocates for a key role for plasma membrane calcium channels in cellular senescence. Isradipine, a L-type Ca 2+ channel blocker, was shown to impair the rise in intracellular calcium concentration and the subsequent PI3K/Akt-and p53/p21-dependent senescence induced by rotenone in human neuroblastoma SH-SY5Y cells [START_REF] Yu | Isradipine prevents rotenone-induced intracellular calcium rise that accelerates senescence in human neuroblastoma SH-SY5Y cells[END_REF]. Expression of Piezo1, a plasma membrane mechanosensitive ion channel with calcium affinity, was reported to be induced in senescent chondrocytes as well as in aged cartilage tissue. Piezo1 activation is responsible for intracellular calcium accumulation in senescent chondrocytes and triggers senescence through this activity [START_REF] Ren | High expression of Piezo1 induces senescence in chondrocytes through calcium ions accumulation[END_REF].

Several recent reports also indicate a key role for TRPC (Transient Receptor Potential Cation

Channel Subfamily C) channels in cellular senescence. TRPC plasma membrane cation channels constitute a family of seven members (TRPC1-7) that play important roles in physiology as well Calcium and senescence 10 as in pathologies, including cancer and age-associated diseases. TRPC7 was shown to contribute to UVB-induced Ca 2+ influx and increased ROS, likely leading to increased cellular senescence, skin aging and skin tumorigenesis [START_REF] Hsu | Nociceptive transient receptor potential canonical 7 (TRPC7) mediates aging-associated tumorigenesis induced by ultraviolet B[END_REF].

TRPC3 expression is downregulated in many senescence contexts [14;19] and its re-expression allows cells to escape oncogene-induced senescence [START_REF] Farfariello | TRPC3 shapes the ER-mitochondria Ca(2+) transfer characterizing tumour-promoting senescence[END_REF]. Moreover, senescence induced by TRPC3 knockdown was shown to lead to a pro-inflammatory and pro-tumorigenic secretome, which promotes cancer cell proliferation and tumor growth in vivo [START_REF] Farfariello | TRPC3 shapes the ER-mitochondria Ca(2+) transfer characterizing tumour-promoting senescence[END_REF]. Surprisingly senescence induced by TRPC3 knockdown was correlated with increased cytosolic and mitochondrial Ca 2+ levels. TRPC3 acts by inhibiting Inositol 1,4,5-Trisphosphate Receptors 3 (ITPR3)-based ER calcium release via direct protein-protein interaction [START_REF] Farfariello | TRPC3 shapes the ER-mitochondria Ca(2+) transfer characterizing tumour-promoting senescence[END_REF] (see below -chapter 4 for detailed action of ITPRs on senescence). Although TRPC channels have been mainly described in the plasma membrane, TRPC3 was shown to localize both in the plasma membrane and in the ER.

As ITPR3 can also be detected in these two sites, where the TRPC3-ITPR3 interaction takes place remains to be determined.

Role of ITPR ER calcium release channels in cellular senescence

Having discussed above the rise in intracellular calcium concentration from the extracellular space through plasma membrane calcium channels, we will now focus on its release from the ER intracellular stock. The three ITPRs (ITPR1-3) are ER calcium release channels that play a critical role in cellular senescence. Oncogene activation in hMECs and telomere shortening in normal human fibroblasts, which both induce senescence, were shown to trigger Ca 2+ release from the ER through the phospholipase C (PLC)-inositol triphosphate (IP3) pathway and subsequent activation of ITPRs. Knockdown of ITPRs allows escape from oncogene-induced senescence in HMECs and a delay in replicative senescence in fibroblasts [START_REF] Wiel | Endoplasmic reticulum calcium release through ITPR2 channels leads to mitochondrial calcium accumulation and senescence[END_REF]. The PLC-IP3-ITPR pathway and ER calcium release were also shown to induce the prompt rise in cytosolic calcium concentration observed in response to H2O2 treatment in hMESCs [START_REF] Borodkina | Calcium alterations signal either to senescence or to autophagy induction in stem cells upon oxidative stress[END_REF]. As mentioned in the previous paragraph, ITPR3 activity can also be increased in senescent fibroblasts and contribute to the senescent phenotype. This increased activity could result from decreased expression of TRPC3, releasing ITPR3 from its interaction with TRPC3 and promoting ER Ca 2+ release and senescence [START_REF] Farfariello | TRPC3 shapes the ER-mitochondria Ca(2+) transfer characterizing tumour-promoting senescence[END_REF].

Recent evidence demonstrated a key role for ITPR2 in cellular senescence in vivo. Indeed, Itpr2 knockout (KO) mice had an extended lifespan and less age-associated alterations, such as less immunosenescence, a better response to metabolic stress and lower liver steatosis and fibrosis.

These mice, as well as mouse embryonic fibroblasts derived from them, displayed less cellular senescence, which is well-known to promote these alterations [START_REF] Ziegler | Calcium channel ITPR2 and mitochondria-ER contacts promote cellular senescence and aging[END_REF].

Calcium release activity of ITPRs is directly regulated through interaction with several oncogenes and tumor suppressors that are involved in cellular senescence [START_REF] Akl | Altered Ca(2+) signaling in cancer cells: proto-oncogenes and tumor suppressors targeting IP3 receptors[END_REF]. For example, by phosphorylating ITPR3 [START_REF] Khan | Akt kinase phosphorylation of inositol 1,4,5-trisphosphate receptors[END_REF], the PKB/AKT pro-survival serine/threonine kinase inhibits its ER calcium release activity [START_REF] Szado | Phosphorylation of inositol 1,4,5trisphosphate receptors by protein kinase B/Akt inhibits Ca2+ release and apoptosis[END_REF]. The promyelocytic leukemia protein PML, a tumor suppressor known to induce cellular senescence [START_REF] Ferbeyre | PML is induced by oncogenic ras and promotes premature senescence[END_REF], interacts with ITPR3 and PKB/AKT, recruits PP2A phosphatase to counteract ITPR3 inhibition by PKB/AKT and thus promotes ER calcium release [START_REF] Giorgi | PML regulates apoptosis at endoplasmic reticulum by modulating calcium release[END_REF]. Whether this impact on calcium signaling contributes to the effect of these oncogenes and tumor suppressors on cellular senescence remains to be determined.

ITPRs are also regulated at the transcriptional level, and modulation of ITPR gene expression was shown to be involved in the regulation of cellular senescence. Indeed, the retinoid X receptor alpha (RXRα), a transcription factor from the nuclear receptor family, was reported to counteract senescence by directly repressing ITPR2 expression [START_REF] Ma | The nuclear receptor RXRA controls cellular senescence by regulating calcium signaling[END_REF]. RXRα also inhibits ITPR1 expression [START_REF] Martin | Regulation of cellular senescence by retinoid X receptors and their partners[END_REF]. This ability to regulate ITPR expression and cellular senescence is shared by a close relative of RXRα, namely RXRβ, and several type II nuclear receptors, including PPARγ (Peroxisome Proliferator Activated Receptor Gamma) and TRα (Thyroid Hormone Receptor Alpha), which heterodimerize with RXR receptors [START_REF] Martin | Regulation of cellular senescence by retinoid X receptors and their partners[END_REF].

Role of ER-mitochondria contacts and of mitochondrial calcium in cellular senescence

ER calcium release often leads to calcium uptake in mitochondria. Mitochondrial calcium is necessary to maintain proper mitochondrial respiration and cell bioenergetics and is thus required for cell viability [START_REF] Cardenas | Essential regulation of cell bioenergetics by constitutive InsP3 receptor Ca2+ transfer to mitochondria[END_REF]. However, calcium accumulation in mitochondria is a key driver of senescence, as previously documented [19;22;29]. Knockdown of the mitochondrial calcium uniporter MCU was shown to allow senescence escape [22;29]. The rise in mitochondrial calcium concentration causes a drop in mitochondrial membrane potential and triggers ROS production, which induce cellular senescence [22;29]. Of note, massive calcium release from the ER and uptake in the mitochondria trigger cell death. How the same phenomena lead to different outcomes still need to be understood. The cell fate triggered might depend on the dynamics of the calcium flux (calcium concentration, timing, …), which regulation is thus crucial.

ER and mitochondria can be in close vicinity and physically and functionally linked through contact sites called mitochondria-ER contacts (MERCs) or mitochondria-associated ER membranes (MAMs). The distance between the ER and mitochondria is between 10 nm and 50 nm within these contacts [START_REF] Giacomello | The coming of age of the mitochondria-ER contact: a matter of thickness[END_REF]. MERCs encompass hundreds of proteins, among which tethering proteins, ion channels, transport binding proteins and enzymes, that form hotspots for calcium and lipid transfer and important signaling platforms. A critical role for MERCs in the regulation Calcium and senescence 13 of cellular senescence was recently discovered, as forcing contacts between ER and mitochondria through the use of a synthetic linker was shown to trigger cellular senescence in human embryonic lung fibroblasts [START_REF] Ziegler | Calcium channel ITPR2 and mitochondria-ER contacts promote cellular senescence and aging[END_REF]. Inside MERCs, ITPR2 could have 2 complementary roles: a more classical role as Ca 2+ channel to increase the release of Ca 2+ from the ER, and a structural role to maintain MERCs, thus orienting the transfer of released Ca 2+ to the mitochondria [22;33].

The possible levels of interplay between MERCs and cellular senescence have been thoroughly

reviewed in [START_REF] Ziegler | Cellular senescence links mitochondria-ER contacts and aging[END_REF].

Role of cytosolic calcium-regulated pathways in cellular senescence

Aside from the ER-mitochondria axis described above, pathways regulated by calcium in the cytosol are functionally involved in cellular senescence. For instance, as mentioned above, the calcium-dependent NFAT transcription factor is a critical player in cellular senescence as it regulates CALB1 expression. NFATc1 is also known to activate ITPR2 expression [START_REF] Sankar | Calcineurin-NFATc regulates type 2 inositol 1,4,5-trisphosphate receptor (InsP3R2) expression during cardiac remodeling[END_REF] and modulation of ER calcium release could thus be one of the ways for the NFAT pathway to regulate senescence. Seemingly opposite effects of this factor on senescence have been reported

depending on the context. The calcium/calmodulin/calcineurin/NFAT pathway, through its repression of the NFATc1 target gene ATF3, a negative regulator of p53, was shown to be required for p53-dependent cancer cell senescence and protection against skin squamous cancer development [START_REF] Wu | Opposing roles for calcineurin and ATF3 in squamous skin cancer[END_REF]. However, NFATc1 activation was reported to be pro-oncogenic in the context of prostate tumorigenesis, promoting prostate adenocarcinoma and overcoming PTEN lossinduced cellular senescence by inhibiting p21 activation [START_REF] Manda | NFATc1 promotes prostate tumorigenesis and overcomes PTEN loss-induced senescence[END_REF]. Besides this effect of the calmodulin/calcineurin/NFAT pathway, p53 can be regulated by calcium through its interaction with calcium-binding proteins. p53 binds to S100 calcium-binding proteins in a calcium-Calcium and senescence 14 dependent manner. In melanoma, p53 interaction with S100B leads to a decrease in p53 protein level and activity [START_REF] Lin | The calcium-binding protein S100B down-regulates p53 and apoptosis in malignant melanoma[END_REF]. RB, another key inducer of senescence-associated cell cycle arrest, can also be regulated by calcium, as calmodulin increases the activity of CDK1 and CDK2 which phosphorylate and thus inhibit RB [39;40]. However, how calcium regulates p53 and RB has not been much explored yet in senescent cells.

Calcium can also regulate the SASP. Calcium controls the processing of interleukin 1 alpha (IL1α), a pro-inflammatory cytokine with a known critical role in the induction of other SASP cytokines, such as IL6 and IL8. In response to senescence-inducing stimuli, the rise in intracellular calcium concentration activates calcium-dependent calpain protease, promotes proteolytic cleavage of IL1α precursor by this enzyme and thus upregulates the expression of downstream SASP cytokines [START_REF] Mccarthy | Redox control of the senescence regulator interleukin-1alpha and the secretory phenotype[END_REF]. In addition, SASP components and regulators may be modulated by calmodulin, although this still needs to be demonstrated in the context of senescence. Calcium-mediated interaction of calmodulin with IL1β precursors promotes IL1β processing and secretion [START_REF] Ainscough | Interleukin-1beta Processing Is Dependent on a Calcium-mediated Interaction with Calmodulin[END_REF]. Calcium-activated calmodulin can regulate the NFκB pathway, inhibiting c-REL and triggering RELA translocation to the nucleus [START_REF] Kim | Role of Ca2+/calmodulin-dependent kinase II-IRAK1 interaction in LMP1-induced NF-kappaB activation[END_REF][START_REF] Ling | Ca2+/Calmodulin-dependent protein kinase II delta mediates myocardial ischemia/reperfusion injury through nuclear factor-kappaB[END_REF][START_REF] Maubach | Ca2+/calmodulindependent kinase II contributes to inhibitor of nuclear factor-kappa B kinase complex activation in Helicobacter pylori infection[END_REF]. Calmodulin is also able to associate with mTORC1, one of the complexes of the mTOR pathway, and stimulate its kinase activity [START_REF] Li | Regulation of mTORC1 by lysosomal calcium and calmodulin, Elife 5 (2016) e19360[END_REF].

In summary, calcium and its downstream signaling act at multiple levels to regulate cellular senescence (Fig. 2). We mainly focused here on evidence demonstrating their direct role in senescence, but there are many other ways in which they can control senescence-associated features, as reviewed in [START_REF] Farfariello | Calcium homeostasis in cancer: A focus on senescence[END_REF] and [START_REF] Martin | Calcium signaling and cellular senescence[END_REF].

Concluding remarks

Cellular senescence is a key cellular response to a broad spectrum of stimuli, with profound impacts on health and longevity. Understanding how senescence is implemented and controlled is the essential first step towards possible strategies to target it. Based on the discoveries made over the past decade, calcium is now established as a key effector and regulator of cellular senescence.

Several players of calcium signaling have been shown to be involved in it, including calcium channels, calcium-binding proteins and calcium-regulated enzymes and transcription factors.

Furthermore, the observation that ER-mitochondria contacts and calcium transfer play a key role in cellular senescence has shed light on the importance of calcium fluxes between different subcellular compartments. However, a thorough assessment of the functional contribution and regulation of each of the factors involved in calcium signaling is still needed to fully understand its role in cellular senescence.

The observed impact of NFAT and ITPR2 on cellular senescence in mouse models provided proof-of-concept that calcium is a critical regulator of senescence in vivo [23;36;37]. Studying the effect of other members of calcium signaling on cellular senescence and associated pathophysiological contexts in vivo may reinforce and broaden this idea. Calcium is already known to play a key role in several processes in which senescence is involved, such as wound healing, cell migration and invasion as well as insulin sensitivity (as reviewed in [START_REF] Martin | Calcium signaling and cellular senescence[END_REF]). This suggests that calcium and senescence may be functionally linked in many contexts.

Senotherapeutic approaches hold great promise for medical applications [START_REF] Raffaele | The costs and benefits of senotherapeutics for human health[END_REF]. Exploiting calcium could be considered as a potential novel avenue to design innovative therapeutic strategies targeting senescence. Spatio-temporal regulation of calcium concentration may determine cell fate, cells being driven towards proliferation, senescence or death depending on changes in calcium homeostasis. For instance, it is known that an acute massive rise in mitochondrial Calcium and senescence 16 calcium level precedes and induces apoptosis [START_REF] Orrenius | Regulation of cell death: the calcium-apoptosis link[END_REF]. CALB1 was shown to protect cells from death by buffering calcium [START_REF] Guo | Calbindin D28k blocks the proapoptotic actions of mutant presenilin 1: reduced oxidative stress and preserved mitochondrial function[END_REF] but also by interacting with caspase 3, a key apoptotic effector, in a calcium-dependent manner and inhibiting it [50;51]. One hypothesis could be that the expression of calbindins is induced in cellular senescence to buffer the rise in intracellular calcium concentration and prevent the cytotoxic effects of excessive calcium levels. This regulatory loop is achieved by the calmodulin/calcineurin/NFAT pathway which acts as a calcium sensor. In this context it will be interesting to explore if inhibiting calbindins has a senolytic effect. Apart from calcium-binding proteins, calcium channels and druggable candidates of calcium signaling pathways could be good targets to impact senescence by manipulating calcium levels. 
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TABLE CELL

 CELL 

	TYPE	SENESCENCE INDUCER		REF
	human neuroblastoma SH-SY5Y cells	rotenone			9
	human lung adenocarcinoma A549 cells	bleomycin			11
	human mammary epithelial cells (hMECs)	MEK and RAF oncogenes		11
		bleomycin			11
		nutlin			11
		KCl-induced	plasma	membrane	11
		depolarization			12
	human endometrium-derived mesenchymal	H 2 O 2			13
	stem cells (hMESCs)			
	human lung embryonic fibroblasts	telomere shortening due to serial passages	14, 16
		oxidative stress			16
		RAS oncogene			15, 19
	human prostate fibroblasts	docetaxel			19
	rat chondrocytes	telomere shortening due to serial passages	17
	mice skeletal muscle fibers	aging			18

Table 1 . Senescence contexts where an increase in intracellular calcium concentration has been documented.
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