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Normal cells possess a limited proliferative life span after which they enter a state of irreversible growth arrest called replicative senescence that acts as a potent barrier against transformation. Transformed cells have escaped the process of replicative senescence and could theoretically not re-enter senescence. However, recent observations have shown that transformed cells and particularly the melanoma cells can still undergo oncogene or stressinduced senescence. This senescence state is accompanied by many of the markers associated with replicative senescence such as flattened shape, increased acidic βgalactosidase activity (SA-β-gal), characteristic changes in gene expression and growth arrest. Interestingly, in some cancers, senescence induction following chemotherapy has been correlated to favorable patient outcome. Therefore, in this review, we wished to gather recent results describing senescence-like phenotype induction in melanoma cells and we discuss why senescence may also be exploited as a therapeutic strategy in melanoma.

1) Introduction

Normal cells possess a limited proliferative life span after which they enter a state of irreversible growth arrest. This process first observed by Hayflick and Moorhead and called replicative senescence is thought to result, in human cells, from telomere shortening as a consequence of cell division [START_REF] Hayflick | The serial cultivation of human diploid cell strains[END_REF][START_REF] Steinert | Transient expression of human telomerase extends the life span of normal human fibroblasts[END_REF]. Replicative senescence can be identified by morphologic, biochemical and typical chromatin changes. Cells become enlarged, flattened and enriched in cytoplasmic vacuoles. They display senescence-associated β-galactosidase (SA-β-gal) reactivity at pH 5.5-6 which appears as a blue perinuclear staining [START_REF] Kurz | Senescence-associated (beta)-galactosidase reflects an increase in lysosomal mass during replicative ageing of human endothelial cells[END_REF] and lack of BrdU incorporation. Senescent cells may show activation of two main signaling pathways p16 INK4A /Rb and p14 ARF /p53 [START_REF] Ben-Porath | The signals and pathways activating cellular senescence[END_REF] leading to the retinoblastoma protein (RB) held in an active hypophosphorylated state. They are characterized by senescence associated heterochromatic foci (SAHF) enriched in trimethylated histone H3 at lysine 9 (3MeK9H3) that recruit members of the heterochromatin-binding protein family (HP1) [START_REF] Narita | A novel role for high-mobility group a proteins in cellular senescence and heterochromatin formation[END_REF]. Heterochromatic foci are responsible for epigenetic silencing at genes such as E2F target genes implicated in cell proliferation, mediating thereby the sustained growth arrest that characterizes senescence [START_REF] Rastogi | Prohibitin facilitates cellular senescence by recruiting specific corepressors to inhibit E2F target genes[END_REF].

In addition, senescence-like phenotypes can also occur earlier, in the absence of telomere attrition, but in response to a variety of stimuli such as activation or inactivation of oncogene (or proteins that behave as oncogenes), oxidative stress, DNA damage, and drug-like inhibitors, and have been termed premature senescence, oncogene-induced senescence (OIS), oncogene-inactivation induced sennescence (OIIS), stress-andaberrant signaling-induced senescence (STASIS) or stress-induced premature senescence (SIPS). Although unlike replicative senescence, premature senescence cannot be bypassed by over-expression of telomerase, it is nevertheless morphologically indistinguishable and the same markers accepted for replicative senescence can be employed for its detection.

While senescence is mainly associated with a G1 arrest, the spatio-temporal roles of the direct or associated-cell cycle regulators such as p16 INK4A , p21 CIP1 , CDK4, p14 ARF , p53 and PML for commitment and maintenance of the senescent state are still not fully understood, and at least some of them work in a context-, cell type and species-dependent way [START_REF] Kamijo | Tumor suppression at the mouse INK4a locus mediated by the alternative reading frame product p19ARF[END_REF][START_REF] Sharpless | The differential impact of p16(INK4a) or p19(ARF) deficiency on cell growth and tumorigenesis[END_REF]. Although SA-β-Gal reactivity is the most widely-used marker of senescence, silencing of Glb1, that encodes the lysosomal beta-D-galactosidase gene, disrupts SA-β-Gal reactivity but does not impair cell entry into senescence [START_REF] Lee | Senescence-associated beta-galactosidase is lysosomal betagalactosidase[END_REF], indicating that SA-β-Gal is a marker, but not a contributor to the senescence phenotype. In fact, SA-β-Gal reactivity reflects a change in lysosomal number or activity associated with the senescence phenotype [START_REF] Kurz | Senescence-associated (beta)-galactosidase reflects an increase in lysosomal mass during replicative ageing of human endothelial cells[END_REF]. Moreover, SAHF can be hardly detectable in some senescent situations [START_REF] Vance | Tbx2 is overexpressed and plays an important role in maintaining proliferation and suppression of senescence in melanomas[END_REF], although this does not mean that extensive heterochromatinisation of proliferation-associated genes does not take place. Additionally, differentiated cells also undergo a G1 arrest that in most cases is irreversible but with a program of gene expression leading to a specialized cellular function. Taken together, only examining one marker will likely not reliably assign a cell as being senescent or not. On the other hand, the detection of several of these markers and a sustained cessation of proliferation will determine whether a cell is truly senescent.

Whatever replicative or premature, cellular senescence is characterized by a sustained growth arrest and it is commonly observed in pre-malignant lesions but rarely in the transformed state [START_REF] Braig | Oncogene-induced senescence as an initial barrier in lymphoma development[END_REF][START_REF] Chen | Crucial role of p53-dependent cellular senescence in suppression of Pten-deficient tumorigenesis[END_REF][START_REF] Collado | Tumour biology: senescence in premalignant tumours[END_REF], supporting the notion that senescence acts as a potent tumor suppressor mechanism restricting cell proliferation.

2) Senescence in melanocytes

As observed in other cell types, melanocytes display progressive natural erosion of telomere at each round of cell division, and as a consequence of DNA damage resulting from too short telomeres finally undergo replicative senescence [START_REF] Schwahn | Dynamic regulation of the human dopachrome tautomerase promoter by MITF, ER-alpha and chromatin remodelers during proliferation and senescence of human melanocytes[END_REF][START_REF] Sviderskaya | p16(Ink4a) in melanocyte senescence and differentiation[END_REF].

Replicative senescence of normal human melanocytes is in part p16-dependent as illustrated by the extended life-span of cultured p16-deficient relative to normal melanocytes [START_REF] Gray-Schopfer | Cellular senescence in naevi and immortalisation in melanoma: a role for p16?[END_REF][START_REF] Sviderskaya | p16(Ink4a) in melanocyte senescence and differentiation[END_REF]. However, p16 INK4Adeficient melanocytes are still able to respond to telomere attrition and to enter senescence suggesting that additional factors, such as p53, may impose a p16 INK4Aindependent checkpoint [START_REF] Sviderskaya | p16/cyclin-dependent kinase inhibitor 2A deficiency in human melanocyte senescence, apoptosis, and immortalization: possible implications for melanoma progression[END_REF][START_REF] Terzian | p53 prevents progression of nevi to melanoma predominantly through cell cycle regulation[END_REF]. Melanocyte senescence is also associated with down-regulation of CDK2 and CDK4 kinase activities [START_REF] Bandyopadhyay | Melanin accumulation accelerates melanocyte senescence by a mechanism involving p16INK4a/CDK4/pRB and E2F1[END_REF], the dephosphorylation of the retinoblastoma protein RB and subsequent repression of genes under the control of E2F1 [START_REF] Sage | Targeted disruption of the three Rb-related genes leads to loss of G(1) control and immortalization[END_REF]. In addition to p16 INK4A loss, some melanomas express p16-resistent CDKs [START_REF] Zuo | Germline mutations in the p16INK4a binding domain of CDK4 in familial melanoma[END_REF] or overexpress cyclin D1 [START_REF] Sauter | Cyclin D1 is a candidate oncogene in cutaneous melanoma[END_REF][START_REF] Smalley | Increased cyclin D1 expression can mediate BRAF inhibitor resistance in BRAF V600E-mutated melanomas[END_REF], enabling cells to bypass Rb-induced senescence by a different mechanism.

Melanocytes can undergo premature senescence in response to oxidative stress [START_REF] Leikam | Oncogene activation in melanocytes links reactive oxygen to multinucleated phenotype and senescence[END_REF] and expression of various oncogenes such as BRAF V600E [START_REF] Michaloglou | BRAF(E600) in benign and malignant human tumours[END_REF], NRAS Q61R [START_REF] Zhuang | C-MYC overexpression is required for continuous suppression of oncogene-induced senescence in melanoma cells[END_REF] and HRAS G12V [START_REF] Denoyelle | Anti-oncogenic role of the endoplasmic reticulum differentially activated by mutations in the MAPK pathway[END_REF].

One of the best examples of in vivo senescence in melanocytes is nevi formation. Nevi, are benign melanocytic lesions, composed of senescent melanocytes and have been thought to occur from telomere attrition [START_REF] Bastian | Understanding the progression of melanocytic neoplasia using genomic analysis: from fields to cancer[END_REF]. However, more recently, no apparent telomere loss was detected in nevi samples and together with the presence of BRAF V600E mutation in a large proportion of nevi samples, the hypothesis of premature senescence was suggested for these lesions [START_REF] Gray-Schopfer | Cellular senescence in naevi and immortalisation in melanoma: a role for p16?[END_REF]Michaloglou et al., 2008). However, as a single eroded telomere can trigger senescence [START_REF] Abdallah | A two-step model for senescence triggered by a single critically short telomere[END_REF], it cannot be excluded that this process is involved in nevi formation.

The serine/threonine kinase BRAF, which is mutated in approximately 50-60% of melanoma cells, is a downstream effector of NRAS in which mutations are also observed in about 15-20% of melanoma cells [START_REF] Bennett | How to make a melanoma: what do we know of the primary clonal events?[END_REF]. Forced expression of these oncogenic proteins in normal human melanocytes elicits OIS, that seems to be independent of telomere attrition [START_REF] Michaloglou | BRAFE600associated senescence-like cell cycle arrest of human naevi[END_REF], but might result from replicational stress as described in other cell systems [START_REF] Bartek | DNA damage response as an anti-cancer barrier: damage threshold and the concept of 'conditional haploinsufficiency[END_REF][START_REF] Di Micco | Oncogene-induced senescence is a DNA damage response triggered by DNA hyper-replication[END_REF][START_REF] Mallette | The DNA damage signaling pathway is a critical mediator of oncogene-induced senescence[END_REF]. Additionally, BRAF V600E and NRAS Q61R -induced senescence in normal melanocytes proceeds independently of p16 INK4A and p53 [START_REF] Zhuang | C-MYC overexpression is required for continuous suppression of oncogene-induced senescence in melanoma cells[END_REF].

Amplified or mutated H-RAS (HRAS G12V ) may also lead to OIS in a restricted subset of small melanocytic neoplasms, the Spitz nevi. Indeed, cells in which HRAS G12V is overexpressed undergo senescence [START_REF] Denoyelle | Anti-oncogenic role of the endoplasmic reticulum differentially activated by mutations in the MAPK pathway[END_REF]. In that case, OIS is p16 INK4A and p53-independent, but involves activation of the endoplasmic reticulum stress pathway.

The activation of the MAPK/ERK pathway can also be achieved through hyperactivation of upstream-acting receptor tyrosine kinases such as the epidermal growth factor receptor (EGFR) orthologue Xiphophorus melanoma receptor kinase (Xmrk) [START_REF] Wellbrock | Multiple binding sites in the growth factor receptor Xmrk mediate binding to p59fyn, GRB2 and Shc[END_REF]. Accordingly, melanocytes harboring high expression level of Xmrk undergo senescence, through reactive oxygen species production and mitotic defect induction [START_REF] Leikam | Oncogene activation in melanocytes links reactive oxygen to multinucleated phenotype and senescence[END_REF]. In contrast, low or moderate Xmrk expression level favors cell proliferation. This is reminiscent of previous data reporting gene dosage-dependent senescence [START_REF] Chen | Crucial role of p53-dependent cellular senescence in suppression of Pten-deficient tumorigenesis[END_REF][START_REF] Sarkisian | Dose-dependent oncogene-induced senescence in vivo and its evasion during mammary tumorigenesis[END_REF]. Support of these data also comes from observations that HRAS G12V -driven melanoma is associated with transcriptional induction of EGFR ligand, providing an autocrine EGFR-stimulating loop [START_REF] Bardeesy | Role of epidermal growth factor receptor signaling in RAS-driven melanoma[END_REF]. Despite the oncogenic nature of these mutations, benign or spitz nevi typically remain in a growth-arrested state for decades and only rarely progress into melanoma, indicating that oncogene-induced melanocyte senescence acts as an effective cellular brake against melanoma development.

Mutation of senescence checkpoints allows continued proliferation and sustained DNA damage leading to genetic instability and cancer progression. One of the most important genetic and epigenetic changes in melanoma is associated with the CDKN2A locus encoding p16 INK4A and p14 ARF . Germline mutations affecting this locus have been linked to melanoma incidence [START_REF] Goldstein | High-risk melanoma susceptibility genes and pancreatic cancer, neural system tumors, and uveal melanoma across GenoMEL[END_REF][START_REF] Kannengiesser | Functional, structural, and genetic evaluation of 20 CDKN2A germ line mutations identified in melanoma-prone families or patients[END_REF]. Intriguingly, while inactivation of the p53 pathway represents another common feature observed in human cancer, in melanoma, mutation or deletion of p53 is relatively rare [START_REF] Hussein | p53-related pathways and the molecular pathogenesis of melanoma[END_REF]. However, the p53 signaling cascade is often disrupted ensuing the loss of its positive regulator ARF [START_REF] Freedberg | Frequent p16-independent inactivation of p14ARF in human melanoma[END_REF][START_REF] Pomerantz | The Ink4a tumor suppressor gene product, p19Arf, interacts with MDM2 and neutralizes MDM2's inhibition of p53[END_REF][START_REF] Zhang | ARF promotes MDM2 degradation and stabilizes p53: ARF-INK4a locus deletion impairs both the Rb and p53 tumor suppression pathways[END_REF] or deregulation of some of its downstream target genes such as APAF1 [START_REF] Soengas | Inactivation of the apoptosis effector Apaf-1 in malignant melanoma[END_REF]. Animal models have revealed the importance of p16 INK4A and p53 in constraining cancer progression through senescence induction. Indeed, in zebrafish and mouse, BRAF V600E or oncogenic Ras (HRAS G12V and NRAS Q61R ) expression promote benign melanocytic hyperplasias that resemble nevi while melanomas develop when these mutations are introduced in p16 INK4A /p14 ARF -or p53-deficient backgrounds [START_REF] Ackermann | Metastasizing melanoma formation caused by expression of activated N-RasQ61K on an INK4a-deficient background[END_REF][START_REF] Bardeesy | Dual inactivation of RB and p53 pathways in RAS-induced melanomas[END_REF][START_REF] Chin | Cooperative effects of INK4a and ras in melanoma susceptibility in vivo[END_REF][START_REF] Goel | Melanocytic nevus-like hyperplasia and melanoma in transgenic BRAFV600E mice[END_REF][START_REF] Ha | ARF functions as a melanoma tumor suppressor by inducing p53-independent senescence[END_REF][START_REF] Patton | BRAF mutations are sufficient promote nevi formation and cooperate with p53 in the genesis of melanoma[END_REF] or when p16 INK4A expression is silenced via activation of βcatenin [START_REF] Delmas | Beta-catenin induces immortalization of melanocytes by suppressing p16INK4a expression and cooperates with N-Ras in melanoma development[END_REF]. Noteworthy, melanoma can develop in oncogenic BRAF V600E mouse model, without p16 INK4A inactivation, although it can not be ruled out that p16 INK4A is non functional [START_REF] Dhomen | Oncogenic Braf induces melanocyte senescence and melanoma in mice[END_REF]. Thus, results in vivo reveal the requirement of p16 INK4A and p53 in restraining OIS. PTEN also restrains melanomagenesis [START_REF] Dankort | Braf(V600E) cooperates with Pten loss to induce metastatic melanoma[END_REF][START_REF] Nogueira | Cooperative interactions of PTEN deficiency and RAS activation in melanoma metastasis[END_REF][START_REF] You | Genetic analysis of Pten and Ink4a/Arf interactions in the suppression of tumorigenesis in mice[END_REF] and its inactivation, leading to activation of PI3K and of some of its downstream targets such as β-catenin, Ral or C-MYC, can be involved in melanocyte senescence suppression [START_REF] Dankort | Braf(V600E) cooperates with Pten loss to induce metastatic melanoma[END_REF][START_REF] Mishra | Dissection of RAS downstream pathways in melanomagenesis: a role for Ral in transformation[END_REF][START_REF] Zhuang | C-MYC overexpression is required for continuous suppression of oncogene-induced senescence in melanoma cells[END_REF].

Therefore, oncogene activation in combination with genetic or epigenetic inactivation of gatekeepers of tumor suppression allows cells to bypass senescence checkpoints and to favor cell transformation. In agreement, senescent cells can re-enter the cell cycle if DNAdamage checkpoints are inactivated [START_REF] Di Micco | Oncogene-induced senescence is a DNA damage response triggered by DNA hyper-replication[END_REF]. Contrastingly, tumor cells theoretically could not re-enter the senescence process. However, recent observations show that cellular senescence remains latently functional in tumors cells including melanoma cells [START_REF] Giuliano | Microphthalmia-associated transcription factor controls the DNA damage response and a lineage-specific senescence program in melanomas[END_REF][START_REF] Khodadoust | Melanoma proliferation and chemoresistance controlled by the DEK oncogene[END_REF][START_REF] Vance | Tbx2 is overexpressed and plays an important role in maintaining proliferation and suppression of senescence in melanomas[END_REF].

The process of replicative and premature senescence in melanocytes has been reviewed elsewhere [START_REF] Bennett | Human melanocyte senescence and melanoma susceptibility genes[END_REF][START_REF] Bennett | Molecular regulation of melanocyte senescence[END_REF][START_REF] Ha | Melanomagenesis: overcoming the barrier of melanocyte senescence[END_REF]Michaloglou et al., 2008) and will not be more detailed in this review. Contrastingly, there was a relative dearth of information regarding the ability of melanoma cells to enter a senescence program. Since advances have been made, this review will mostly focus on recent findings reporting induction of cellular senescence in melanoma cells and the potential therapeutic use of this process in the management of melanoma.

3) Senescence in melanoma cells

Cancers are the consequence of multiple epigenetic and genetic changes, therefore, the inactivation of only one factor, even critically required for tumor cell proliferation may not be sufficient to cause sustained tumor regression. Moreover, cancers display strong genomically instability that may readily overcome or compensate for the inactivation of a single oncogene. However, several reports demonstrate that the inactivation of a single oncogene, the restoration of one tumor suppressor or chemotherapeutic drugs may surprisingly induce cellular senescence. In this review, we will focus our attention on recent reports indicating that senescence remains latently functional in tumor cells from melanoma and can be reactivated upon gain or loss of function of tumor suppressor genes (or considered as tumor suppressors) or oncogenes (or behaving like oncogenes) respectively, that have been deregulated during the process of transformation. Hence, the inactivation of C-MYC, MITF, TBX2 or DEK can commit melanoma cells to senesce as well as forced expression of p16 INK4A or SYK that are generally absent in melanoma cells.

Since melanoma cells are highly resistant to apoptotic processes, these observations have important implications, rendering cellular senescence an attractive therapeutic strategy to limit melanoma cell proliferation.

a) Oncogene Inactivation Induced Senescence (OIIS) MITF

The microphthalmia-associated transcription factor, MITF, is a member of the basic helixloop-helix-leucine zipper (bHLH-LZ) family. The MITF M-isoform, specifically expressed in melanocytes, plays a key role in melanocyte homeostasis and in the pathogenesis of melanoma where it has been described as a lineage-addiction oncogene. Indeed, MITF controls the transcription of genes involved in cell cycle progression, cell survival, migration and angiogenesis [START_REF] Cheli | Fifteen-year quest for microphthalmia-associated transcription factor target genes[END_REF] and point mutations, that affect its ability to regulate transcription, have been found in melanoma cells [START_REF] Cronin | Frequent mutations in the MITF pathway in melanoma[END_REF].

Additionally, MITF lies downstream from a number of oncogenic pathways, such as ERK pathway [START_REF] Widlund | An oncogenic role for ETV1 in melanoma[END_REF][START_REF] Wellbrock | Oncogenic BRAF regulates melanoma proliferation through the lineage specific factor MITF[END_REF][START_REF] Zhu | A genomic screen identifies TYRO3 as a MITF regulator in melanoma[END_REF] and is amplified in some melanoma cases [START_REF] Garraway | Integrative genomic analyses identify MITF as a lineage survival oncogene amplified in malignant melanoma[END_REF]. Consequently, targeting MITF is a potential new avenue for the management of melanoma. In this context, our group has shown that MITF acts as an anti-senescence factor and hence MITF-silencing by siRNA triggers senescence of melanoma cells [START_REF] Giuliano | Microphthalmia-associated transcription factor controls the DNA damage response and a lineage-specific senescence program in melanomas[END_REF]. Nicely in line with our findings are the data from the group of E. Medrano, which shows an absence of MITF expression in senescent cultured melanocytes [START_REF] Schwahn | Dynamic regulation of the human dopachrome tautomerase promoter by MITF, ER-alpha and chromatin remodelers during proliferation and senescence of human melanocytes[END_REF] and that of C. Goding showing, in a more physiological context, a reduced MITF expression in nevi compared to melanoma specimens [START_REF] Carreira | Mitf regulation of Dia1 controls melanoma proliferation and invasiveness[END_REF]. However other studies showed that MITF expression is conserved in nevi, although an accurate quantification of the number of MITF positive and negative cells in nevi relative to melanoma as well as a correlation between the level of MITF expression and cellular senescence has not been investigated [START_REF] King | Microphthalmia transcription factor expression in cutaneous benign, malignant melanocytic, and nonmelanocytic tumors[END_REF][START_REF] Nazarian | Melanoma biomarker expression in melanocytic tumor progression: a tissue microarray study[END_REF]. MITF-suppression triggers senescence-like phenotypes in several human and mouse melanoma cell lines from different genetic backgrounds, thereby demonstrating that this process is not restricted to a specific species or to a unique melanoma cell line. Importantly, MITF-silencing also induces senescence in melanoma cells harboring BRAF V600E , the most frequently mutated oncogene in this disease. It should also be noted that MITF-silencing, induces SA-β-Gal reactivity in freshly isolated melanoma cells, although to a lesser extent than in cell lines. Culture-established cell lines may enter the senescence state more easily than primary tumors due to the genetic defects that the cells may accumulate during cell culture and expansion. The observation that MITF controls a senescence program in the melanocyte lineage adds a new step in the rheostat model (Figure 1) proposed by the group of C. Goding several years ago [START_REF] Carreira | Mitf regulation of Dia1 controls melanoma proliferation and invasiveness[END_REF].

Senescence triggered by MITF-invalidation is p16 INK4A -independent but p53dependent [START_REF] Giuliano | Microphthalmia-associated transcription factor controls the DNA damage response and a lineage-specific senescence program in melanomas[END_REF]. The increase in p53 is the consequence of activation of the DNA-Damage Response cascade that was suspected to result from mitotic defects. In line with this view, ChIP-seq and RNA-seq analysis allowed the repertoire of direct MITF direct target genes to be identified, among which several are involved in mitotic progression and DNA damage/repair processes [START_REF] Strub | Essential role of Microphthalmia transcription factor for DNA replication, mitosis and genomic stability in melanoma[END_REF]. Severe mitotic defects usually end into cell death through mitotic catastrophe or apoptosis.

Impairment of apoptotic processes found in melanoma cells may tip the balance towards senescence instead of cell death in these cells.

Oxidative stress has also been shown to cause DNA damage and cellular senescence through the p53 pathway [START_REF] Lewis | UVB-induced senescence in human keratinocytes requires a functional insulin-like growth factor-1 receptor and p53[END_REF]. To prevent ROS accumulation, cells have developed detoxifying enzymes (superoxide dismutase, catalase, glutathione peroxidase) which transform ROS to H2O2 and also use redoxsensitive molecules such as apurinic/apyrimidic endonuclease1/redox factor-1 (APE1/Ref1) that decreases the ROS by inhibiting Rac-1-regulated NAD(P)H oxidase [START_REF] Angkeow | Redox factor-1: an extra-nuclear role in the regulation of endothelial oxidative stress and apoptosis[END_REF][START_REF] Veal | Hydrogen peroxide sensing and signaling[END_REF]. In this context, MITF has been shown to control the expression of APE1/Ref1 [START_REF] Liu | MiTF regulates cellular response to reactive oxygen species through transcriptional regulation of APE-1/Ref-1[END_REF] and down-regulation of APE1/Ref1 triggers cellular senescence of mesenchymal stem cells [START_REF] Heo | Downregulation of APE1/Ref-1 is involved in the senescence of mesenchymal stem cells[END_REF]. As mentioned above, MITF-silencing promotes p53 up-regulation and p53 is a negative-regulator of APE1/Ref1 by interfering with Sp1 binding to the APE1/Ref1 promoter [START_REF] Zaky | Regulation of the human AP-endonuclease (APE1/Ref-1) expression by the tumor suppressor p53 in response to DNA damage[END_REF]. Thus, ROS production might account for MITF-silencing induced senescence.

Accordingly, ROS levels are enhanced upon MITF suppression (C. Bertolotto, personal communication) but this increase is observed at a time where senescence is already established. Hence, ROS accumulation is unlikely to represent the initiator event, but it may act to reinforce the MITF-silencing-induced senescence program in melanoma cells.

In agreement with these hypotheses, a DNA damage-ROS signaling cascade has been reported to play a critical role in the maintenance of the senescence state (d'Adda di Fagagna, 2008;[START_REF] Passos | Feedback between p21 and reactive oxygen production is necessary for cell senescence[END_REF].

MYC

The proto-oncogene C-MYC, another transcription factor of the b-HLH-LZ family, acts as a heterodimer with MAX in various biological processes such as cell proliferation, growth, metabolism and angiogenesis [START_REF] Pelengaris | c-MYC: more than just a matter of life and death[END_REF]. Over-expression of C-MYC is associated with tumorigenesis in a wide range of cancers [START_REF] Adhikary | The ubiquitin ligase HectH9 regulates transcriptional activation by Myc and is essential for tumor cell proliferation[END_REF].

Conversely, its inactivation can reverse the process of transformation and induces tumor regression via apoptosis or differentiation. C-MYC-inactivation by RNA interference has been shown to trigger cellular senescence in diverse tumor types including melanoma cells [START_REF] Biroccio | Inhibition of c-Myc oncoprotein limits the growth of human melanoma cells by inducing cellular crisis[END_REF][START_REF] Guney | Reduced c-Myc signaling triggers telomereindependent senescence by regulating Bmi-1 and p16(INK4a)[END_REF][START_REF] Wu | Cellular senescence is an important mechanism of tumor regression upon c-Myc inactivation[END_REF][START_REF] Zhuang | C-MYC overexpression is required for continuous suppression of oncogene-induced senescence in melanoma cells[END_REF]. This process has been termed oncogene-inactivation induced senescence (OIIS) [START_REF] Wu | Cellular senescence is an important mechanism of tumor regression upon c-Myc inactivation[END_REF]. C-MYC inactivation in these different cell types does not engage the same cell [START_REF] Ho | p53-Dependent transcriptional repression of c-myc is required for G1 cell cycle arrest[END_REF]. MITF-silencing, which increases p53 and promotes G1 arrest, does not affect the level of c-MYC, indicating that MITF-silencing induced senescence is not mediated through c-MYC down-regulation (personal communication).

Several cell cycle inhibitors, such as p21 CIP1 or p27 KIP1 , are known to be transcriptionally repressed by C-MYC [START_REF] Gartel | Mechanisms of c-myc-mediated transcriptional repression of growth arrest genes[END_REF]. In melanoma cells, p21 CIP1 and p27 KIP1 level increase following C-MYC suppression and may favor the cell cycle arrest. p21 CIP1 and p27 KIP1 are also the targets of the PI3K pathway [START_REF] Liang | Multiple roles of the PI3K/PKB (Akt) pathway in cell cycle progression[END_REF] which positively controls C-MYC and which acts as an anti-senescence factor [START_REF] Zhang | PI(3)king apart PTEN's role in cancer[END_REF]. Finally, ROS production has also been shown to play an important role for the senescence program mediated by C-MYC inhibition [START_REF] Biroccio | Inhibition of c-Myc oncoprotein limits the growth of human melanoma cells by inducing cellular crisis[END_REF].

TBX2

TBX2 is one of the T-box family of genes encoding key developmental transcription factors that govern cell fate decisions, and deregulation of some members of this family, namely the highly-related transcriptional repressors TBX2 and TBX3, has been observed in cancers [START_REF] Papaioannou | T-box genes in development: from hydra to humans[END_REF][START_REF] Tada | T-targets: clues to understanding the functions of T-box proteins[END_REF]. TBX2 and TBX3 are overexpressed in melanoma cell lines [START_REF] Hoek | Expression profiling reveals novel pathways in the transformation of melanocytes to melanomas[END_REF][START_REF] Vance | Tbx2 is overexpressed and plays an important role in maintaining proliferation and suppression of senescence in melanomas[END_REF] andTBX2 overexpression in normal cells favors senescence bypass and tumor progression by repressing the expression of the cyclin-dependent kinase (CDK) inhibitor p21 and the tumor suppressor ARF [START_REF] Brummelkamp | TBX-3, the gene mutated in Ulnar-Mammary Syndrome, is a negative regulator of p19ARF and inhibits senescence[END_REF][START_REF] Jacobs | Senescence bypass screen identifies TBX2, which represses Cdkn2a (p19(ARF)) and is amplified in a subset of human breast cancers[END_REF][START_REF] Prince | Tbx2 directly represses the expression of the p21(WAF1) cyclin-dependent kinase inhibitor[END_REF][START_REF] Yarosh | TBX3 is overexpressed in breast cancer and represses p14 ARF by interacting with histone deacetylases[END_REF]. Conversely, TBX2-inhibition by forced expression of an inducible dominant-negative mutant, which maintains the ability to bind DNA but lacks the carboxyl-terminal repressor domain promotes senescence entry [START_REF] Vance | Tbx2 is overexpressed and plays an important role in maintaining proliferation and suppression of senescence in melanomas[END_REF].

The mechanism occurs in CDKN2a-deficient cells and involves de-repression of p21 CIP1 expression, most likely through displacement of the TBX2-HDAC1 complex at the p21 CIP1 promoter [START_REF] Prince | Tbx2 directly represses the expression of the p21(WAF1) cyclin-dependent kinase inhibitor[END_REF][START_REF] Vance | Tbx2 is overexpressed and plays an important role in maintaining proliferation and suppression of senescence in melanomas[END_REF]. Histone deacetylase 1 (HDAC1) belongs to the large HDAC family of enzymes, which play important roles in chromatin remodeling and signal regulation [START_REF] Witt | HDAC family: What are the cancer relevant targets?[END_REF]. Increased expression of HDAC1 in melanocytes undergoing senescence has been observed [START_REF] Bandyopadhyay | Down-regulation of p300/CBP histone acetyltransferase activates a senescence checkpoint in human melanocytes[END_REF] and HDAC1 immunoreactivity is found in nevi [START_REF] Bandyopadhyay | Dynamic assembly of chromatin complexes during cellular senescence: implications for the growth arrest of human melanocytic nevi[END_REF], one of the best examples of in vivo senescence. Consistent with this, HDAC1 forced expression using a tet-on system commits melanoma cells to senescence [START_REF] Bandyopadhyay | Dynamic assembly of chromatin complexes during cellular senescence: implications for the growth arrest of human melanocytic nevi[END_REF]. This process involves the cooperative activity of HDAC1 with other chromatin remodeling effectors, such as the SWI/SNF member Brahma (BRM1), which, by triggering a stable association of RB protein with chromatin, will allow a sustained DNA heterochromatization and the ultimately irreversible cell cycle arrest and senescence phenotype. These observations indicate that HDAC1 plays an essential role in cellular senescence. Thus, one might also hypothesize that TBX2-HDAC1 dissociation from DNA will not only engage p21 CIP1 derepression but will favor HDAC1 release from this complex. In turn, free HDAC1 will lead to histone lysine deacetylation, an event required for histone H3 trimethylation at lysine 9 and associated with the senescent state [START_REF] Willis-Martinez | Role of HDAC1 in senescence, aging, and cancer[END_REF]. Whether this process also implicates the activity of TBX3 or other T-box factors, that can potentially be inhibited by the dnTBX2, remains unknown, though Tbx3 can target the p21 CIP1 promoter [START_REF] Hoogaars | TBX3 and its splice variant TBX3 + exon 2a are functionally similar[END_REF] and has been described as an anti-senescence factor in other systems [START_REF] Brummelkamp | TBX-3, the gene mutated in Ulnar-Mammary Syndrome, is a negative regulator of p19ARF and inhibits senescence[END_REF]. The role of TBX2 as an anti-senescence factor is strengthened by at least two other observations. First, TBX2 is up-regulated in a PI3K-dependent manner [START_REF] Ismail | Expression of TBX2 promotes anchorage-independent growth and survival in the p53-negative SW13 adrenocortical carcinoma[END_REF] a signaling pathway involved in senescence bypass and in tumor development. Second, TBX2 is a downstream target gene of MITF [START_REF] Carreira | The gene encoding the T-box factor Tbx2 is a target for the microphthalmia-associated transcription factor in melanocytes[END_REF], for which inactivation also triggers senescence [START_REF] Giuliano | Microphthalmia-associated transcription factor controls the DNA damage response and a lineage-specific senescence program in melanomas[END_REF].

DEK

DEK is a nuclear factor that acts as a regulator of chromatin architecture being involved in DNA replication, splice site recognition, and gene transcription [START_REF] Alexiadis | The protein encoded by the proto-oncogene DEK changes the topology of chromatin and reduces the efficiency of DNA replication in a chromatin-specific manner[END_REF][START_REF] Soares | Intron removal requires proofreading of U2AF/3' splice site recognition by DEK[END_REF][START_REF] Waldmann | The DEK protein--an abundant and ubiquitous constituent of mammalian chromatin[END_REF]. DEK has been initially discovered as the target of a chromosomal translocation in acute myelogenous leukemia [START_REF] Von Lindern | Can, a putative oncogene associated with myeloid leukemogenesis, may be activated by fusion of its 3' half to different genes: characterization of the set gene[END_REF]) and now has been found frequently up-regulated in several neoplasms [START_REF] Carro | DEK Expression is controlled by E2F and deregulated in diverse tumor types[END_REF][START_REF] Wu | DEK overexpression in uterine cervical cancers[END_REF]. In melanoma cells, DEK level is higher than in normal melanocytes or benign nevi [START_REF] Khodadoust | Melanoma proliferation and chemoresistance controlled by the DEK oncogene[END_REF]. DEK expression is regulated either by genomic amplification, or by post-transcriptional and transcriptional modifications, and has been associated with an extended cellular lifespan [START_REF] Wise-Draper | The human DEK proto-oncogene is a senescence inhibitor and an upregulated target of high-risk human papillomavirus E7[END_REF]. At the transcriptional level, DEK increase depends on pRB loss and E2F1 activity [START_REF] Carro | DEK Expression is controlled by E2F and deregulated in diverse tumor types[END_REF]. Therefore, one can expect that DEK will be decreased in cells undergoing senescence as a consequence of RB activation and E2F1 repression.

Additionally, DEK-DNA interactions can be modulated by a series of chromatinassociated factors such as histone deacetylases and methyltransferases (Riveiro-Falkenbach and Soengas, 2010) that play an active role in the control of cellular senescence.

In line with these observations, in papilloma-positive cervical cancer cells, downregulation of the viral E7 oncogene, a classical RB inactivator, results in cellular senescence that is associated with DEK repression [START_REF] Wise-Draper | The human DEK proto-oncogene is a senescence inhibitor and an upregulated target of high-risk human papillomavirus E7[END_REF]. Furthermore, long-term DEK suppression by shRNA triggers premature senescence of melanoma cells in absence of p16 INK4A regulation and in p53 proficient or deficient cell lines [START_REF] Khodadoust | Melanoma proliferation and chemoresistance controlled by the DEK oncogene[END_REF], indicating that both p16 INK4A and p53 are not essential for DEK depletion induced senescence in melanoma cells. Noteworthy, short-term depletion of DEK increased response of melanoma cells to apoptotic drugs [START_REF] Khodadoust | Melanoma proliferation and chemoresistance controlled by the DEK oncogene[END_REF]. This is in agreement with the anti-apoptotic function of DEK previously reported in HeLa cells [START_REF] Wise-Draper | Apoptosis inhibition by the human DEK oncoprotein involves interference with p53 functions[END_REF] and with the notion that senescence renders cells resistant to apoptosis, indicating that apoptotic stimuli may exert their effects before senescence establishment [START_REF] Ryu | Role of Src-specific phosphorylation site on focal adhesion kinase for senescence-associated apoptosis resistance[END_REF][START_REF] Ryu | Failure of stress-induced downregulation of Bcl-2 contributes to apoptosis resistance in senescent human diploid fibroblasts[END_REF][START_REF] Yeo | Reduction of UVinduced cell death in the human senescent fibroblasts[END_REF]. The molecular mechanisms, by which DEK inhibition mediates senescence of melanoma cells, have yet to be determined. DEK can enhance resistance to DNA-damaging agents by mediating DNA repair [START_REF] Gamble | SET and PARP1 remove DEK from chromatin to permit access by the transcription machinery[END_REF][START_REF] Kappes | DEK is a poly(ADP-ribose) acceptor in apoptosis and mediates resistance to genotoxic stress[END_REF], suggesting a role for DEK in genomic integrity. The inhibition of DEK might elicit DNA damages that could end into apoptotic or senescence responses. It appears that DEK or MITF suppression elicits similar defects, suggesting that they may function in a same pathway, although, until now the link between DEK and MITF remains to identify.

b) Oncogene-Induced Senescence (OIS) a ) BRAF/RAS

BRAF mutation mostly at codon 600, and NRAS mostly at codon 61, are mutated with high frequency in melanoma lesions (50% and 15-20% respectively), where they bring important proliferative and survival properties [START_REF] Inamdar | Targeting the MAPK pathway in melanoma: why some approaches succeed and other fail[END_REF]. Contrastingly, each of these mutations triggers senescence of normal melanocytes [START_REF] Denoyelle | Anti-oncogenic role of the endoplasmic reticulum differentially activated by mutations in the MAPK pathway[END_REF][START_REF] Michaloglou | BRAF(E600) in benign and malignant human tumours[END_REF]. It seems worth noting that although at high frequency, mutations of these two oncogenes are mutually exclusive in melanoma cells, suggesting that they functionally overlap or are incompatible with cell survival. To explain the mutually exclusive mutation profile, the group of Sensi has evaluated the effect of coexpressing BRAF V600E and NRAS Q61R in same melanoma cells [START_REF] Petti | Coexpression of NRASQ61R and BRAFV600E in human melanoma cells activates senescence and increases susceptibility to cell-mediated cytotoxicity[END_REF]. They show that co-expression of both oncogenic proteins activates a p16 INK4A -and p53independent senescence program characterized by G0/G1 growth arrest and SA-β-Gal reactivity. This data may provide some explanation as to why BRAF V600E and NRAS Q61R co-expression are rarely found in the same melanoma. The authors also find an increase in p21 CIP1 , while p53 level does not change when activated oncogenes are expressed both in the same cell, suggesting a p53-independent induction of p21 CIP1 as previously reported [START_REF] Lodygin | Induction of the Cdk inhibitor p21 by LY83583 inhibits tumor cell proliferation in a p53-independent manner[END_REF]. One mechanism by which ERK over-activation upon BRAF or NRAS mutation might cause senescence is through an increase in BRN2 that acts as a repressor of MITF [START_REF] Goodall | Brn-2 represses microphthalmia-associated transcription factor expression and marks a distinct subpopulation of microphthalmia-associated transcription factor-negative melanoma cells[END_REF][START_REF] Goodall | The Brn-2 transcription factor links activated BRAF to melanoma proliferation[END_REF]. However, no change in MITF expression was observed in cells co-expressing BRAF V600E and NRAS Q61R co-expression [START_REF] Petti | Coexpression of NRASQ61R and BRAFV600E in human melanoma cells activates senescence and increases susceptibility to cell-mediated cytotoxicity[END_REF], although a change in MITF transcriptional activity can not be ruled out. This hypothesis has yet to be investigated. It is interesting to note that senescence entry is not the only mechanism leading to selection against "double mutant" cells as BRAF V600E and NRAS Q61R co-expressing cells display increased lysability by cytotoxic-T cells [START_REF] Petti | Coexpression of NRASQ61R and BRAFV600E in human melanoma cells activates senescence and increases susceptibility to cell-mediated cytotoxicity[END_REF], showing that senescent melanoma cells may be actively eliminated by the immune system.

c) Restoration of tumor suppressor-induced senescence

SYK

The non-receptor tyrosine kinase SYK (Spleen Tyrosine kinase) that was initially thought to be restricted to the hematopoietic system where it exerts essential functions in immunoreceptor signalling, natural killer cell-mediated cytotoxicity and maturation of lymphocytes, has been recently detected in non-hematopoietic tissues such as breast epithelium and melanocytes, where its physiological function remains to be clearly defined [START_REF] Coopman | The Syk tyrosine kinase suppresses malignant growth of human breast cancer cells[END_REF][START_REF] Hoeller | The non-receptor-associated tyrosine kinase Syk is a regulator of metastatic behavior in human melanoma cells[END_REF][START_REF] Mocsai | The SYK tyrosine kinase: a crucial player in diverse biological functions[END_REF]. SYK is expressed in normal human mammary gland tissue and in melanocytes but is found downregulated in breast carcinoma cell lines and melanoma cells. The loss of SYK expression in these tumors is associated with a CpG island hypermethylation in the SYK promoter region [START_REF] Bailet | Spleen tyrosine kinase functions as a tumor suppressor in melanoma cells by inducing senescence-like growth arrest[END_REF][START_REF] Coopman | The Syk tyrosine kinase suppresses malignant growth of human breast cancer cells[END_REF][START_REF] Wang | Hypermethylation of Syk gene in promoter region associated with oncogenesis and metastasis of gastric carcinoma[END_REF].

Reexpression of SYK in melanoma reduces their invasive properties and tumor formation in vivo [START_REF] Hoeller | The non-receptor-associated tyrosine kinase Syk is a regulator of metastatic behavior in human melanoma cells[END_REF][START_REF] Muthusamy | Epigenetic silencing of novel tumor suppressors in malignant melanoma[END_REF], indicating that SYK functions as a tumor suppressor. Recently, a senescence-like phenotype has been observed upon SYK reintroduction into melanoma cells [START_REF] Bailet | Spleen tyrosine kinase functions as a tumor suppressor in melanoma cells by inducing senescence-like growth arrest[END_REF]. SYK-repleted melanoma cells become flattened, enlarged, vacuolized and are positive for the SA-β-Gal staining. SYKinduced senescent cells also show an up-regulation of p53 and p21 CIP1 and further additional p53 target genes are witnesses of senescence entry. A fraction of SYK has been found at the centrosomes, that control mitotic progression and consequently, sustained expression of a transfected SYK engendered abnormal cell division and nonapoptotic cell death resembling mitotic catastrophe [START_REF] Zyss | The Syk tyrosine kinase localizes to the centrosomes and negatively affects mitotic progression[END_REF]. Hence, SYK may act in a tissue-specific manner inducing cell death by mitotic catastrophe or senescence.

The mechanisms by which SYK induces a senescence program remain undetermined. As mentioned above, genomic instability in highly apoptotic resistant melanoma cells may be one of these processes. Furthermore, SYK negatively controls phosphatidylinositol (PI) 3'kinase activity [START_REF] Mahabeleshwar | Syk, a protein-tyrosine kinase, suppresses the cell motility and nuclear factor kappa B-mediated secretion of urokinase type plasminogen activator by inhibiting the phosphatidylinositol 3'-kinase activity in breast cancer cells[END_REF], that functions upstream of TBX2 or C-MYC [START_REF] Ismail | Expression of TBX2 promotes anchorage-independent growth and survival in the p53-negative SW13 adrenocortical carcinoma[END_REF][START_REF] Zhu | Activation of PI3K/Akt and MAPK pathways regulates Myc-mediated transcription by phosphorylating and promoting the degradation of Mad1[END_REF]. Therefore, one can envision that SYK may act through deregulation of TBX2 or C-MYC to mediate its pro-senescence effects. Indeed, qRT-PCR experiments show that C-MYC mRNA level decreases upon forced expression of SYK [START_REF] Bailet | Spleen tyrosine kinase functions as a tumor suppressor in melanoma cells by inducing senescence-like growth arrest[END_REF], suggesting that C-MYC might play a role in SYKinduced senescence in melanoma cells.

p16 INK4A

One of the most important genetic and epigenetic changes in melanoma is associated to the CDKN2A locus. Germline mutations affecting the INK4a/ARF locus have been linked to melanoma incidence [START_REF] Goldstein | High-risk melanoma susceptibility genes and pancreatic cancer, neural system tumors, and uveal melanoma across GenoMEL[END_REF]. This locus encodes two tumor suppressor proteins namely p16 INK4A and the p53 activator p14 ARF . Melanocytes isolated from melanoma-prone individuals harboring biallelic p16 INK4A inactivating mutations undergo delayed senescence [START_REF] Jones | A CDKN2A mutation in familial melanoma that abrogates binding of p16INK4a to CDK4 but not CDK6[END_REF][START_REF] Sviderskaya | p16/cyclin-dependent kinase inhibitor 2A deficiency in human melanocyte senescence, apoptosis, and immortalization: possible implications for melanoma progression[END_REF] and can easily be immortalized by telomerase reverse transcriptase expression, strengthening the key role of p16 INK4A as a potent barrier against neoplastic transformation. The reintroduction of wild type p16 INK4A triggers growth arrest and cellular senescence phenotypes in INK4a/ARFdeficient murine melanocytes [START_REF] Sviderskaya | p16(Ink4a) in melanocyte senescence and differentiation[END_REF] and in human melanoma cell lines [START_REF] Haferkamp | p16INK4ainduced senescence is disabled by melanoma-associated mutations[END_REF]. The senescence program mediated by p16 INK4A in melanoma cells does not involve p53, p21 CIP1 , the endoplasmic reticulum stress or the DNA-damage response pathways, but does require RB. Furthermore, ectopic expression of CDK4 and its homologue CDK6, but not CDK2, overcomes p16 INK4A -induced senescence. To further substantiate these observations, the establishment of senescence in melanoma cells failed when reintroducing mutants of p16 INK4a that do not bind CDK4 [START_REF] Haferkamp | p16INK4ainduced senescence is disabled by melanoma-associated mutations[END_REF]. In support of a role of p16 INK4a in restraining tumorigenesis, CDK4 mutations, rendering this kinase insensitive to p16 INK4a have also been identified in melanoma-prone families [START_REF] Soufir | Prevalence of p16 and CDK4 germline mutations in 48 melanoma-prone families in France. The French Familial Melanoma Study Group[END_REF][START_REF] Zuo | Germline mutations in the p16INK4a binding domain of CDK4 in familial melanoma[END_REF] and mice carrying the corresponding oncogenic CDK4 are highly susceptible to melanoma development [START_REF] Sotillo | Wide spectrum of tumors in knock-in mice carrying a Cdk4 protein insensitive to INK4 inhibitors[END_REF].

d) Chemotherapy induced senescence

Standard chemotherapy regimens are now recognized to exert their therapeutic potential via forcing cancer cells to die and/or to enter a senescence-growth arrest phenotype. The observation that cancer cells have maintained the ability to senesce in vivo has opened a new window of opportunity for cytostatic drugs in chemotherapy, and more particularly with the demonstration of senescence induction in melanoma by compounds that target specific pathways.

The DNA-alkylating agent temozolomide (TMZ), one of the first-line chemotherapeutic drugs for the treatment of metastatic melanoma, triggers G2/M arrest and senescence-like properties in some melanoma cells [START_REF] Mhaidat | Temozolomide induces senescence but not apoptosis in human melanoma cells[END_REF]. Cells adopt an enlarged and flattened morphology and display a SA-β-Gal reactivity. Blocking p21 CIP1 induction by siRNA prevents melanoma cell growth arrest, in agreement with findings in glioblastoma cells where TMZ mediates senescence through p21 CIP1 upregulation and inhibition of CDK2 [START_REF] Hirose | p53 effects both the duration of G2/M arrest and the fate of temozolomide-treated human glioblastoma cells[END_REF]. TMZ has also been reported to induce apoptosis [START_REF] Naumann | Temozolomide-and fotemustine-induced apoptosis in human malignant melanoma cells: response related to MGMT, MMR, DSBs, and p53[END_REF]. Noteworthy, in patients with melanoma, the response rates to TMZ remain low and do not exceed 10-20%. p53 mutation in some cases or high level of O(6)-methylguanine-DNA methyltransferase (MGMT) might explain the resistance of melanoma cells to TMZ-induced senescence [START_REF] Mhaidat | Temozolomide induces senescence but not apoptosis in human melanoma cells[END_REF], supporting the notion that the genetic make-up can determine outcome. Moreover, it is possible that not all the senescent competent cells will execute the arrest program due to heterogeneity in drug supply within the tumor. It will be interesting to determine the level of senescence or apoptosis in tumor from patients who showed an objective response to TMZ and to determine whether TMZ affects MITF level.

A subset of human melanoma cell lines with BRAF or NRAS activating mutations can also adopt senescence-like phenotypes in response to the diterpene ester PEP005, a novel anticancer agent [START_REF] Cozzi | Induction of senescence in diterpene ester-treated melanoma cells via protein kinase C-dependent hyperactivation of the mitogen-activated protein kinase pathway[END_REF]. Treatment with PEP005 induces SA-β-Gal reactivity, RB activation, p21 CIP1 up-regulation and induction of an irreversible G2-M cell cycle arrest. By contrast, MEK inhibitors prevent senescence commitment by PEP005. In this context, cDNA microarrays identified the HRAS-like suppressor 3 (HRASLS3) as part of a molecular signature for sensitivity or resistance to diterpene ester treatment [START_REF] Cozzi | Induction of senescence in diterpene ester-treated melanoma cells via protein kinase C-dependent hyperactivation of the mitogen-activated protein kinase pathway[END_REF]. This is reminiscent of Nikiforov and coworkers' observations demonstrating that C-MYC silencing-induced melanoma senescence involves the MAPK/ERK pathway [START_REF] Zhuang | C-MYC overexpression is required for continuous suppression of oncogene-induced senescence in melanoma cells[END_REF], presumably with the ERK-pathway promoting hyperproliferationrelated stress.

In conclusion, several independent reports demonstrate that melanoma cells retain the capacity to senesce. One cannot rule out that cultured cancer cell lines may be more sensitive to senescence commitment in vitro than that will be observed in vivo due to either the lack of the micro-environment effects or the genetic defects acquired during cell culture maintenance. Nevertheless, the observation by Wu et al. that MYC invalidation also induces senescence in transplanted liver tumors in vivo argues against this hypothesis [START_REF] Wu | Cellular senescence is an important mechanism of tumor regression upon c-Myc inactivation[END_REF]. Moreover, in all these studies, the senescence arrest has been investigated over a one or two-week period. Whether this arrest is really equivalent to the irreversible growth arrest observed in truly senescent cells, like in nevi, remains to be fully determined. Furthermore, a combination of different markers has been used to determine the senescence phenotypes (Table 1), but the causal role and requirement of most of these biomarkers in senescence induction remains to be elucidated in greater details. The data, collected in this review, highlight the existence of a complex and overlapping regulatory network of senescence-inducing stimuli (Figure 2). Further, MYC, MITF, TBX2, DEK and SYK have been associated with the control of genomic stability [START_REF] Davis | Ectopic Tbx2 expression results in polyploidy and cisplatin resistance[END_REF][START_REF] Felsher | Transient excess of MYC activity can elicit genomic instability and tumorigenesis[END_REF][START_REF] Giuliano | Microphthalmia-associated transcription factor controls the DNA damage response and a lineage-specific senescence program in melanomas[END_REF][START_REF] Zyss | The Syk tyrosine kinase localizes to the centrosomes and negatively affects mitotic progression[END_REF], suggesting additional levels of senescence control that are not mentioned in Figure 2. Thus, it remains to be clearly elucidated how the senescence programs, induced by modulation of these factors, are connected. Future insights gained from the molecular events of senescence in melanoma cells will likely lead to the identification of potential targets for pro-senescence drugs.

4) Potential side-effects of senescence a) Senescence-associated secretory phenotype (SASP)

Senescence has been considered, for decades, as a potent barrier against tumor progression. However, recent observations have demonstrated that, although growth stopped, senescent cells display secretory capacity known as the Senescence-Associated Secretory Phenotype (SASP). The SASP comprises metalloprotease (MMP1, MMP3 or MMP10), pro-inflammatory chemokines (CXCL2, IL6, IL8 and TGF-β) and growth factors (GROα, HGF, VEGF) with auto-and paracrine effects [START_REF] Coppe | The senescence-associated secretory phenotype: the dark side of tumor suppression[END_REF][START_REF] Freund | Inflammatory networks during cellular senescence: causes and consequences[END_REF]. Some of these secreted molecules may have autocrine effects that enforce senescence [START_REF] Acosta | Chemokine signaling via the CXCR2 receptor reinforces senescence[END_REF][START_REF] Kuilman | Oncogene-induced senescence relayed by an interleukin-dependent inflammatory network[END_REF], whereas SASP may also exert non-cell-autonomous effects favoring tumorigenesis in nearby non-senescent cells [START_REF] Olumi | Carcinoma-associated fibroblasts direct tumor progression of initiated human prostatic epithelium[END_REF]. Thus, it will be important to identify the SASP's full repertoire and to determine the pro-and anti-senescent factors. Whether senescent melanoma cells developed a SASP is still unknown.

b) Neosis

Another side-effect of senescence has been the observation that some tumoral cells engaged in a senescence program seem to be able to escape senescence by a process called neosis [START_REF] Rajaraman | Stem cells, senescence, neosis and self-renewal in cancer[END_REF]. Neosis applies to polyploid senescent cells that can generate small mononucleated active cells, called Raju cells, by a mechanism of nuclear budding. It has been proposed that Raju cells initially expand through asymmetric division and next through classic mitosis. Given that Raju cells are produced by nuclear budding, the control of the mitotic spindle is absent, resulting in strong aneuploidy and genomic instability at the origin of highly heterogeneous tumoral cells. It is not known however, whether Raju cells emerge from fully senescent or pre-senescent cells and whether senescent melanoma cells are capable of neosis.

c) Reversibility of the senescence phenotype

It is worth noting that senescence reversibility has been observed in vitro in response to the inactivation of tumor-suppressors in senescent cells [START_REF] Beausejour | Reversal of human cellular senescence: roles of the p53 and p16 pathways[END_REF]. However, whether in vivo senescent cells are able to acquire genetic or epigenetic defects in the absence of DNA synthesis to truly revert towards proliferative cells remains to be clearly demonstrated. In favor of this idea is the emergence of melanoma within or contiguous to nevi [START_REF] Bevona | Cutaneous melanomas associated with nevi[END_REF][START_REF] Gruber | Nevomelanocytic proliferations in association with cutaneous malignant melanoma: a multivariate analysis[END_REF]. Tumors with BRAF mutations were also significantly more likely to occur in association with a contiguous nevus [START_REF] Poynter | BRAF and NRAS mutations in melanoma and melanocytic nevi[END_REF]. Therefore, these observations are in support of a nevus-tomelanoma progression model where bypass of OIS of nevus cells due to oncogenic BRAF or NRAS favor progression towards melanoma.

5) Exploiting senescence induction as a therapeutic strategy against melanoma

Apoptosis and senescence are cellular failsafe programs that counteract excessive mitogenic signaling observed in cancer cells. Chemotherapy-induced reduction in tumor load mainly functions through apoptotic cell death, orchestrated by intracellular caspases.

However, the effectiveness of these therapies is compromised by mutations affecting specific genes, controlling and/or regulating apoptotic signaling. This is especially true for melanoma, which is known for its notorious resistance to apoptotic processes [START_REF] Soengas | Apoptosis and melanoma chemoresistance[END_REF]. Therefore, it is desirable to identify novel anti-proliferative pathways, which could function in tandem with or in the absence of efficient apoptotic machinery.

Senescence may be one of these processes, although no pro-senescence drugs have been described so far to provide an effective and durable inhibition of established melanomas.

First of all, cellular senescence can act as a potent tumor-suppressor mechanism firmly halting tumor progression, as illustrated for nevi that usually remain unchanged for decades. Furthermore, results from animal models show that senescent tumor cells can elicit an immune response in vivo leading to their clearance [START_REF] Wu | Cellular senescence is an important mechanism of tumor regression upon c-Myc inactivation[END_REF][START_REF] Xue | Senescence and tumour clearance is triggered by p53 restoration in murine liver carcinomas[END_REF]. Anti-natural killer-neutralizing antibody impairs natural killer cell function and prevents the elimination of senescent cells [START_REF] Krizhanovsky | Senescence of activated stellate cells limits liver fibrosis[END_REF], demonstrating the requirement of an efficient immune system to eradicate senescent cells. In agreement, senescent melanoma cells display an increased lysability relative to their non-senescent counterpart [START_REF] Petti | Coexpression of NRASQ61R and BRAFV600E in human melanoma cells activates senescence and increases susceptibility to cell-mediated cytotoxicity[END_REF]. Thus, in vivo, the negative effect of the SASP, produced by senescent cells and previously reported in this review, may be overcome by the presence of an effective immune system. Conversely, a defective immune system may favor SASP accumulation and may reveal detrimental effects of cellular senescence.

These observations suggest nevertheless that, in vivo, chemotherapy-induced senescence may exert objective anti-tumor effects. Consistent with this, in humans, senescence-induction in human breast cancer and lung carcinoma following chemotherapy is correlated to favorable outcome [START_REF] Schmitt | A senescence program controlled by p53 and p16INK4a contributes to the outcome of cancer therapy[END_REF][START_REF] Te Poele | DNA damage is able to induce senescence in tumor cells in vitro and in vivo[END_REF].

It is interesting to note that melanoma cells already have a powerful pro-senescence signal via activation of BRAF or NRAS that distinguishes the cancer cells from their normal counterparts. In support of this notion is the work from the group of Nikiforov showing that BRAF V600E or NRAS Q61R dependent senescence exists in dormancy in advanced melanoma cells and could be reactivated by depletion of C-MYC [START_REF] Zhuang | C-MYC overexpression is required for continuous suppression of oncogene-induced senescence in melanoma cells[END_REF]. As such pro-senescence therapy already has a built-in specificity for cancer cells. Importantly, it is postulated that chemotherapeutic drugs trigger senescence when they are used at low doses and promote apoptosis when they are used at higher doses.

From a clinical viewpoint, chemotherapeutic drug cytotoxicity is a major problem and therefore whether cure may be achieved with lower drug concentrations may represent a clinical advantage for the well-being and management of the patient.

suggesting that the detection of senescence markers-acidic SA-β-Gal reactivity, the expression of cell cycle inhibitor (p14 ARF , p16 INK4A , p21 CIP1 and p27 KIP1 for the most studied), the tumor suppressor p53, the active form of RB and the formation of SAHFmay be used as prognostic indicator of the tumor stage [START_REF] Collado | Tumour biology: senescence in premalignant tumours[END_REF][START_REF] Lazzerini Denchi | Deregulated E2F activity induces hyperplasia and senescence-like features in the mouse pituitary gland[END_REF][START_REF] Michaloglou | BRAF(E600) in benign and malignant human tumours[END_REF]. Induction of cellular senescence appears to be a promising therapeutic strategy but the molecular mechanisms of senescence, and in particular here of melanoma cell senescence, remain to be explored in greater details in order to determine whether pro-senescence drugs will truly have beneficial effects. 

RAS/BRAF

  cycle regulators and checkpoint proteins, indicating that OIIS, caused by C-MYC suppression, operates in a context-dependent manner. Senescence growth arrest in osteosarcomas is p53-, p16 INK4A -and Rb-dependent. It does not involve DNA-damage response, ERK or p38 MAPK pathways. Senescence mediated by C-MYC suppression in melanoma cells, is p53-and p16 INK4A -independent but relies on the ERK or PI3K signaling pathway activation according to whether c-MYC inactivation operates in a BRAF V600E or NRAS Q61R background (Zhuang et al., 2008). BRAF V600E and to a lesser extent NRAS Q61R -induced melanocyte senescence is associated with C-MYC downregulation and enforced C-MYC expression prevents this senescence program suggesting that MYC may function to overcome senescence. Furthermore, pharmacological inhibition of the ERK or PI3K pathways impairs some of the C-MYCinduced senescence phenotypes in melanoma cells harboring BRAF V600E or NRAS Q61R respectively. It is unknown how C-MYC-silencing promotes the growth arrest in melanoma cells. In most cell lines used in the study of Nikiforov and co-workers, C-MYC suppression mainly triggered G1 cell cycle arrest, although G2/M arrest is observed for some cell lines. Noteworthy, G1 cell cycle arrest was associated with p53-dependent transcriptional repression of C-MYC in various mouse and human cell lines and mouse tissues
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 12 Figure 1: The MITF rheostat model (adapted from Carreira et al, Genes &Dev 2006). High MITF level is associated with differentiation and lower level to proliferation. Transient MITF silencing has been associated with quiescence and stem cell phenotype while sustained MITF silencing has been shown to trigger cellular senescence. Change in post-translational modifications and in associated co-factors are likely be involved in these different biological programs.
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