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After extensive proliferation during development, the adult skeletal muscle cells remain outside the cell cycle, either as post-mitotic myofibers or as quiescent muscle stem cells (MuSCs). Despite its terminally differentiated state, adult skeletal muscle has a remarkable regeneration potential, driven by MuSCs. Upon injury, MuSC quiescence is reversed to support tissue growth and repair and it is re-established after the completion of muscle regeneration. The distinct cell cycle states and transitions observed in the different myogenic populations are orchestrated by elements of the cell cycle machinery. This consists of i) complexes of cyclins and Cyclin-Dependent Kinases (CDKs) that ensure cell cycle progression and ii) their negative regulators, the Cyclin-Dependent Kinase Inhibitors (CDKIs). In this review we discuss the roles of these factors in developmental and adult myogenesis, with a focus on CDKIs that have emerging roles in stem cell functions.

Cell cycle and myogenesis overview

Tight control of the cell cycle is imperative throughout the life of multicellular organisms.

Deregulation of the cell cycle has been associated with cancer [START_REF] Sherr | Ink4-Arf locus in cancer and aging: Ink4-Arf locus[END_REF][START_REF] Khabar | Hallmarks of cancer and AU-rich elements: Hallmarks of cancer and AU-rich elements[END_REF], age-related pathologiea [START_REF] Sherr | Ink4-Arf locus in cancer and aging: Ink4-Arf locus[END_REF][START_REF] Chandler | Stressing the cell cycle in senescence and aging[END_REF], developmental abnormalities [START_REF] Yan | Ablation of the CDK inhibitor p57Kip2 results in increased apoptosis and delayed differentiation during mouse development[END_REF][START_REF] Zhang | Altered cell differentiation and proliferation in mice lacking p57KIP2 indicates a role in Beckwith-Wiedemann syndrome[END_REF], defective stem cell self-renewal [START_REF] Sherr | Ink4-Arf locus in cancer and aging: Ink4-Arf locus[END_REF][START_REF] Matsumoto | p57 Is Required for Quiescence and Maintenance of Adult Hematopoietic Stem Cells[END_REF] and stem cell loss [START_REF] Kozar | Mouse Development and Cell Proliferation in the Absence of D-Cyclins[END_REF]. Appropriate embryonic growth and patterning depend on a balance between proliferation and differentiation, to ensure sufficient cell propagation but not at the expense of formation of differentiated structures [START_REF] Ciemerych | Cell cycle regulation during proliferation and differentiation of mammalian muscle precursor cells[END_REF]. Once growth or tissue repair are completed, cell division plays a minor role in the homeostasis of many tissues, including skeletal muscle.

The cell cycle includes the phases of DNA synthesis and mitosis, separated by the transition G1 and G2 phases. After division, cells return to G1 and will either proceed to a new division or exit the cell cycle. In the latter case they remain in a resting, non-proliferative phase either permanently (terminal differentiation, senescence) or reversibly (quiescence). Quiescence allows cells to start cycling given specific needs. In contrast, cells driven to terminal differentiation do not re-enter the cell cycle in physiological conditions [START_REF] Cheung | Molecular regulation of stem cell quiescence[END_REF]. Similarly, cells can irreversibly stop dividing and go into senescence in response to developmental or regenerative cues [START_REF] Muñoz-Espín | Programmed Cell Senescence during Mammalian Embryonic Development[END_REF][START_REF] Storer | Senescence Is a Developmental Mechanism that Contributes to Embryonic Growth and Patterning[END_REF][START_REF] Le Roux | Numb is required to prevent p53dependent senescence following skeletal muscle injury[END_REF] or to pathological damage/stress [START_REF] Muñoz-Espín | Cellular senescence: from physiology to pathology[END_REF]. When it comes to muscle, after extensive proliferation of muscle progenitors prenatally and early postnatally, the adult skeletal muscle is mainly comprised of multinucleated myofibers, which are post-mitotic syncytial cells [START_REF] Esteves De Lima | Specific pattern of cell cycle during limb fetal myogenesis[END_REF]. In addition, skeletal muscle always contains several mononucleated cell populations, with muscle stem cells (MuSCs) being central among them (see below). MuSCs exist in quiescence, a reversible state of cell cycle exit [START_REF] White | Dynamics of muscle fibre growth during postnatal mouse development[END_REF][START_REF] Gattazzo | Distinct Phases of Postnatal Skeletal Muscle Growth Govern the Progressive Establishment of Muscle Stem Cell Quiescence[END_REF]. Despite cell cycle arrest, adult skeletal muscle can efficiently regenerate, and this regenerative capacity is largely driven by MuSCs [START_REF] Lepper | An absolute requirement for Pax7-positive satellite cells in acute injury-induced skeletal muscle regeneration[END_REF][START_REF] Mccarthy | Effective fiber hypertrophy in satellite cell-depleted skeletal muscle[END_REF][START_REF] Murphy | Satellite cells, connective tissue fibroblasts and their interactions are crucial for muscle regeneration[END_REF][START_REF] Sambasivan | Pax7-expressing satellite cells are indispensable for adult skeletal muscle regeneration[END_REF]. Under both physiological (e.g. cellular turnover) and pathological (e.g. physical or chemical injuries, muscular dystrophies, etc) conditions, MuSCs play a pivotal role in the remodeling and regeneration processes of muscle tissue, to restore muscle mass, architecture, and function [START_REF] Baghdadi | Regulation and phylogeny of skeletal muscle regeneration[END_REF].

During myogenesis, activation of a complex repertoire of transcription factors is crucial for the acquisition of the myogenic fate and skeletal muscle differentiation. The myogenic lineage initially expresses the transcription factors PAX3 and PAX7, which are maintained in adult quiescent MuSCs (PAX7) or a subset of them (PAX3) [START_REF] Relaix | A Pax3/Pax7-dependent population of skeletal muscle progenitor cells[END_REF][START_REF] Relaix | Pax3 and Pax7 have distinct and overlapping functions in adult muscle progenitor cells[END_REF][START_REF] Calhabeu | Alveolar rhabdomyosarcomaassociated proteins PAX3/FOXO1A and PAX7/FOXO1A suppress the transcriptional activity of MyoD-target genes in muscle stem cells[END_REF]. Myogenic determination and differentiation largely rely on the Myogenic Regulatory Factors (MRFs), a family of basic helixloop-helix transcription factors that includes MYF5, MYOD, MRF4/MYF6, and MYOG (reviewed in [START_REF] Moncaut | Dial M(RF) for myogenesis[END_REF]). As shown in Fig. 1, most quiescent MuSCs express MYF5 [START_REF] Gayraud-Morel | Myf5 haploinsufficiency reveals distinct cell fate potentials for adult skeletal muscle stem cells[END_REF]; in addition, when muscle regeneration is required, MuSCs are rapidly activated, reenter the cell cycle, expand, and robustly express MRFs (MYF5 upregulation, followed by MYOD expression, followed by MYOG expression). The activated population initially co-expresses PAX7 and MYOD [START_REF] Relaix | Satellite cells are essential for skeletal muscle regeneration: the cell on the edge returns centre stage[END_REF]. Subsequently, most myoblasts downregulate PAX7 but maintain MYOD, express MYOG, and follow the myogenic program to supply differentiated progeny for muscle repair (Fig. 1) [START_REF] Relaix | Satellite cells are essential for skeletal muscle regeneration: the cell on the edge returns centre stage[END_REF]. It was recently shown that MYOG expression corresponds to limited further mitosis, as evidenced by live imaging [START_REF] Benavente-Diaz | Dynamics of myogenic differentiation using a novel Myogenin knock-in reporter mouse[END_REF]. Importantly, a subpopulation of activated satellite cells does not engage in terminal differentiation, maintains PAX7 (while losing MYOD) and returns to the quiescent state (Fig. 1) [START_REF] Relaix | Satellite cells are essential for skeletal muscle regeneration: the cell on the edge returns centre stage[END_REF].

Disruption of MuSC quiescence leads to their exhaustion, which compromises their regenerative potential [START_REF] Bachman | Insights into muscle stem cell dynamics during postnatal development[END_REF]. It is therefore essential to understand the mechanisms of cell cycle control and self-renewal of MuSCs through repeated cycles of growth and regeneration. These findings can lead to the development of more efficient methods to manipulate stem cells and maximize our ability to expand them in vitro for tissue regeneration, while avoiding malignant transformation.

Cell cycle progression and withdrawal are controlled by the same core molecular machinery across cell types, consisting of a network of Cyclin-Dependent Kinases (CDKs), Cyclins, Cyclin-Dependent Kinase Inhibitors (CDKIs), retinoblastoma protein (Rb) and E2F factors (Fig. 2). Briefly, cell cycle progression is achieved by an array of CDKs and their activating subunits named Cyclins [START_REF] Malumbres | Cyclin-dependent kinases[END_REF]. The regulation of these CDK-Cyclin complexes depends on the CDKIs, which are classified in two families based on their structural homology and specificity of action [START_REF] Borriello | p57 Kip2 and Cancer: Time for a Critical Appraisal[END_REF]: the INK4 family that includes p15 Ink4b (p15), p16 Ink4a (p16), p18 Inc4c (p18), and p19 Ink4d (p19) and the CIP/KIP family that includes p21 Cip1 (p21), p27 Kip1 (p27) and p57 Kip2 (p57). In case of CDKI-mediated inhibition, the CDK-Cyclin complexes lose the capacity to phosphorylate Rb [START_REF] Cobrinik | Pocket proteins and cell cycle control[END_REF]. In its hypophosphorylated form, Rb can target E2F family factors, negatively affecting E2F-responsive genes that promote cell cycle progression [START_REF] Van Den Heuvel | Conserved functions of the pRB and E2F families[END_REF]. Apart from their functions in cell proliferation, many other roles have been described for the majority of these factors, including regulation of transcription, control of translation, cell migration and apoptosis, reviewed elsewhere [START_REF] Besson | CDK Inhibitors: Cell Cycle Regulators and Beyond[END_REF][START_REF] Chen | Emerging roles of E2Fs in cancer: an exit from cell cycle control[END_REF][START_REF] Pateras | Kip"ing the cell under control[END_REF][START_REF] Arsic | A novel function for Cyclin A2: Control of cell invasion via RhoA signaling[END_REF][START_REF] Kanakkanthara | Cyclin A2 is an RNA binding protein that controls Mre11 mRNA translation[END_REF].

Substantial work has identified essential participants of in vitro cell cycle exit and differentiation of muscle cells, based on studies of the mouse myogenic cell line C2C12 or primary myoblast cultures. Nevertheless, information is generally lacking to confirm these interactions in vivo, notably to understand the mechanism of MuSC entry into quiescence. In the following sections, after a brief presentation of each group of factors, relevant discoveries in the muscle field are summarized.

CDK-Cyclin complexes: cell cycle progression

General features in cell cycle regulation

The cell cycle is orchestrated by a cascade of CDKs and their associated Cyclin subunits. CDKs are serine/threonine kinases that acquire their catalytic activity via binding to a Cyclin molecule which results in conformational modifications [START_REF] Malumbres | Cyclin-dependent kinases[END_REF]. Cyclins are structurally defined by a 100residue domain termed the Cyclin box, which is required to bind and activate CDKs [START_REF] Nugent | Conserved structural motifs in cyclins identified by sequence analysis[END_REF][START_REF] Kobayashi | Identification of the domains in cyclin A required for binding to, and activation of, p34cdc2 and p32cdk2 protein kinase subunits[END_REF][START_REF] Lees | Sequences within the conserved cyclin box of human cyclin A are sufficient for binding to and activation of cdc2 kinase[END_REF] and their expression is subject to oscillations during the cell cycle [START_REF] Lowe | Cry2 Is Critical for Circadian Regulation of Myogenic Differentiation by Bclaf1-Mediated mRNA Stabilization of Cyclin D1 and Tmem176b[END_REF][START_REF] Hirayama | FTO Demethylates Cyclin D1 mRNA and Controls Cell-Cycle Progression[END_REF];. The mechanisms governing CDK activity involve i) activation by Cyclin binding and by CDK phosphorylation at a conserved threonine site and ii) repression by either CDKI binding (see next section), phosphorylation at inhibitory sites near the N terminus [START_REF] Baker | CDK4: A Key Player in the Cell Cycle, Development, and Cancer[END_REF] or through inhibition of phosphorylation at activating sites [START_REF] Lowe | Cry2 Is Critical for Circadian Regulation of Myogenic Differentiation by Bclaf1-Mediated mRNA Stabilization of Cyclin D1 and Tmem176b[END_REF]. To acquire full activation, the CDK-Cyclin complex is then phosphorylated by the CDK-Activating Kinase (CAK) [START_REF] Coller | Regulation of Cell Cycle Entry and Exit: A Single Cell Perspective[END_REF]. The importance of CDK-Cyclin complexes in promoting transitions through the cell cycle was established in the 1990s. Less than a decade later, the Nobel prize in Physiology or Medicine (LH Hartwell, T Hunt, PM Nurse; 2001) acknowledged these key cell cycle players of all eukaryotic organisms, from yeasts to plants and animals. Studies performed in single and double knock-out mouse models showed redundant roles among some CDKs and Cyclins, with the exceptions of CDK1 [START_REF] Santamaría | Cdk1 is sufficient to drive the mammalian cell cycle[END_REF], CyclinA2 [START_REF] Murphy | Delayed early embryonic lethality following disruption of the murine cyclin A2 gene[END_REF] and CyclinB1 [START_REF] Strauss | Cyclin B1 is essential for mitosis in mouse embryos, and its nuclear export sets the time for mitosis[END_REF], the loss of which results in lethality at very early stages of embryonic development.

Mitogen availability throughout the cell cycle is an important determinant of the quiescenceproliferation decision [START_REF] Min | Temporal integration of mitogen history in mother cells controls proliferation of daughter cells[END_REF]. Briefly, in the absence of signals that would impose return to quiescence, CDK4/6-CyclinD operate in G1 to bind the alpha-helix of Rb [START_REF] Quelle | Overexpression of mouse D-type cyclins accelerates G1 phase in rodent fibroblasts[END_REF][START_REF] Topacio | Cyclin D-Cdk4,6 Drives Cell-Cycle Progression via the Retinoblastoma Protein's C-Terminal Helix[END_REF][START_REF] Yang | Stress-mediated exit to quiescence restricted by increasing persistence in CDK4/6 activation[END_REF] and these complexes are followed in S-phase by CDK2-CyclinE complexes and then CDK2-CyclinA, while CyclinA further regulates important aspects of mitosis including splindle geometry (Fig. 2) [START_REF] Kanakkanthara | Cyclin A2 is an RNA binding protein that controls Mre11 mRNA translation[END_REF][START_REF] Yang | Stress-mediated exit to quiescence restricted by increasing persistence in CDK4/6 activation[END_REF][START_REF] Pagano | Cyclin A is required at two points in the human cell cycle[END_REF][START_REF] Resnitzky | Different roles for cyclins D1 and E in regulation of the G1-to-S transition[END_REF][START_REF] Beamish | Cyclin A/cdk2 Regulates Adenomatous Polyposis Coli-dependent Mitotic Spindle Anchoring[END_REF][START_REF] Kabeche | Cyclin A regulates kinetochore microtubules to promote faithful chromosome segregation[END_REF][START_REF] Spencer | The Proliferation-Quiescence Decision Is Controlled by a Bifurcation in CDK2 Activity at Mitotic Exit[END_REF][START_REF] Matson | Cell cycle proliferation decisions: the impact of single cell analyses[END_REF] An alternative non-canonical model suggests that Rb protein phosphorylation by CDK2 rather than CDK4/6 is the critical step for the G1/S transition [START_REF] Rubin | Integrating Old and New Paradigms of G1/S Control[END_REF]. Finally, CDK1 (CDC2) is involved in the S/G2 checkpoint and transition, where it forms complexes with CyclinB or CyclinA [START_REF] Pagano | Cyclin A is required at two points in the human cell cycle[END_REF][START_REF] Draetta | cdc2 protein kinase is complexed with both cyclin A and B: Evidence for proteolytic inactivation of MPF[END_REF][START_REF] Kishimoto | In vivo regulation of the entry into M-phase: initial activation and nuclear translocation of cyclin B/Cdc2[END_REF][START_REF] Saldivar | An intrinsic S/G 2 checkpoint enforced by ATR[END_REF].

Finally, non-canonical CyclinF is involved in the degradation of cell cycle proteins such as E2Fs [START_REF] Clijsters | Cyclin F Controls Cell-Cycle Transcriptional Outputs by Directing the Degradation of the Three Activator E2Fs[END_REF] and its proteolysis ensures timely mitotic progression [START_REF] Mavrommati | D'Angiolella, β-TrCP-and Casein Kinase II-Mediated Degradation of Cyclin F Controls Timely Mitotic Progression[END_REF].

Apart from their canonical roles, some CDK and cyclin families have been implicated in translation [START_REF] An | CDK Phosphorylation of Translation Initiation Factors Couples Protein Translation with Cell-Cycle Transition[END_REF][START_REF] Ryu | eIF4A3 Phosphorylation by CDKs Affects NMD during the Cell Cycle[END_REF], telomere protection [START_REF] Sarek | CDK phosphorylation of TRF2 controls t-loop dynamics during the cell cycle[END_REF], and transcription [START_REF] Parua | A Cdk9-PP1 switch regulates the elongation-termination transition of RNA polymerase II[END_REF][START_REF] Dubbury | CDK12 regulates DNA repair genes by suppressing intronic polyadenylation[END_REF]. Some family members may exceptionally play a role in the control of proliferation, such as the requirement of CyclinK for prereplicative-complex assembly [START_REF] Lei | Cyclin K regulates prereplicative complex assembly to promote mammalian cell proliferation[END_REF] or CDK9 involvement in cancer [START_REF] Zhang | Targeting CDK9 Reactivates Epigenetically Silenced Genes in Cancer[END_REF]. These CDK families are more conserved and their ablation results in embryonic lethality, suggesting non-redundant roles [START_REF] Bendris | Cell cycle, cytoskeleton dynamics and beyond: the many functions of cyclins and CDK inhibitors[END_REF].

Implications in skeletal muscle cell cycle regulation

Dividing and differentiating myoblasts have been extensively analyzed for the presence and activity of various CDK-Cyclin complexes. Among CDKs, CDK4 has been broadly studied (Table 1).

CDK4 is expressed in both myoblasts and myotubes [START_REF] Skapek | Inhibition of Myogenic Differentiation in Proliferating Myoblasts by Cyclin D1-Dependent Kinase[END_REF][START_REF] Kobayashi | Cyclin-Dependent Kinase 1 Is Essential for Muscle Regeneration and Overload Muscle Fiber Hypertrophy[END_REF], but in myotubes it is associated with the cell cycle inhibitors p21 and p27 rather than with Cyclins [START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF]. Moreover, CDK4 subcellular localization depends on CyclinD1: nuclear in dividing myoblasts expressing CyclinD1, and cytoplasmic in myotubes, which lack CyclinD1 [START_REF] Zhang | Coupling of the cell cycle and myogenesis through the cyclin D1-dependent interaction of MyoD with cdk4[END_REF]. This subcellular pattern is opposite to that observed for the cell cycle inhibitor p57 [START_REF] Mademtzoglou | Cellular localization of the cell cycle inhibitor Cdkn1c controls growth arrest of adult skeletal muscle stem cells[END_REF]. Chemical inhibition of CDK4/6 activity by PD 0332991 promotes accumulation at G1 at the expense of S phase and it enhances muscle-specific gene expression [START_REF] Saab | Pharmacologic inhibition of cyclin-dependent kinase 4/6 activity arrests proliferation in myoblasts and rhabdomyosarcoma-derived cells[END_REF] (Table 2). Conversely, forced expression of CDK4 and CyclinD1 in C2C12 or primary myoblast cultures triggers DNA synthesis in myotubes, alters muscle-specific gene expression [START_REF] Latella | Reconstitution of Cyclin D1-Associated Kinase Activity Drives Terminally Differentiated Cells into the Cell Cycle[END_REF] and represses MEF2 activity [START_REF] Lazaro | Cyclin D-cdk4 activity modulates the subnuclear localization and interaction of MEF2 with SRC-family coactivators during skeletal muscle differentiation[END_REF] (Table 2). Zhang and colleagues showed that MYOD-CDK4 binding can block the DNA binding capacity of MYOD [START_REF] Zhang | Coupling of the cell cycle and myogenesis through the cyclin D1-dependent interaction of MyoD with cdk4[END_REF] and the ability of CDK4 to phosphorylate Rb [START_REF] Zhang | Direct inhibition of G1 cdk kinase activity by MyoD promotes myoblast cell cycle withdrawal and terminal differentiation[END_REF] (Table 2). These inhibitory interactions might depend on MYOD and/or CDK4 levels, involvement of other partners in the MYOD-CDK4 complexes or subcellular trafficking. It should be noted that MYOD-CDK4 complexes were observed in the nuclei of dividing myoblasts, but not in differentiated myogenic cultures [START_REF] Zhang | Coupling of the cell cycle and myogenesis through the cyclin D1-dependent interaction of MyoD with cdk4[END_REF]. Even though most CDK4/6 studies rely on the C2C12 cell line, the data are concordant with those coming from primary cells, when such cells were analyzed. Levels of both CDK4 and CDK6 are constant during myocyte differentiation [START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF], while their CyclinD partners show divergent patterns in myogenic cell line cultures: i) CyclinD1 is high in the proliferating population and low in the differentiating one, ii) CyclinD2 is not detectable in any of the populations, and iii) CyclinD3 surprisingly increases upon differentiation, although Cyclins are traditionally involved in proliferation rather than differentiation (Table 1) [START_REF] Skapek | Inhibition of Myogenic Differentiation in Proliferating Myoblasts by Cyclin D1-Dependent Kinase[END_REF][START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF][START_REF] Rao | Ectopic expression of cyclin D1 prevents activation of gene transcription by myogenic basic helix-loop-helix regulators[END_REF][START_REF] Kiess | Expression and activity of the retinoblastoma protein (pRB)-family proteins, p107 and p130, during L6 myoblast differentiation[END_REF][START_REF] Chu | Involvement of p27kip1 and cyclin D3 in the regulation of cdk2 activity during skeletal muscle differentiation[END_REF][START_REF] Hlaing | The Hypertrophic Response in C2C12 Myoblasts Recruits the G1 Cell Cycle Machinery[END_REF][START_REF] De Luca | Cyclin D3 critically regulates the balance between self-renewal and differentiation in skeletal muscle stem cells: Cyclin D3 Regulates Muscle Stem Cell Function[END_REF]. In line with these in vitro results, CyclinD1 protein levels are high prenatally and decline after birth, while CyclinD3 is high at fetal and early postnatal stages [START_REF] De Luca | Cyclin D3 critically regulates the balance between self-renewal and differentiation in skeletal muscle stem cells: Cyclin D3 Regulates Muscle Stem Cell Function[END_REF][START_REF] Bartkova | Cyclin D3: requirement for G1/S transition and high abundance in quiescent tissues suggest a dual role in proliferation and differentiation[END_REF]. Studies on CyclinD1 levels during aging have reached contradictory results depending on the cell activation status: the Brack lab showed through mouse MuSC single-cell RNAseq age-related (20-month-old vs. 3-month-old) upregulation of CyclinD1 in activated and activated+quiescent MuSCs [START_REF] Kimmel | Aging induces aberrant state transition kinetics in murine muscle stem cells[END_REF], while the Rando lab found decreased CyclinD1 in quiescent old MuSCs (18-22 months of age), which was restored by exercise [START_REF] Brett | Exercise rejuvenates quiescent skeletal muscle stem cells in old mice through restoration of Cyclin D1[END_REF]. Lack of CyclinD1 causes defects in other organs [START_REF] Fantl | Mice lacking cyclin D1 are small and show defects in eye and mammary gland development[END_REF][START_REF] Sicinski | Cyclin D1 provides a link between development and oncogenesis in the retina and breast[END_REF][START_REF] Choi | The Requirement for Cyclin D Function in Tumor Maintenance[END_REF], but not in skeletal muscle, which implies the presence of compensatory effects by other factors. However, MuSC-specific CyclinD1 deletion results in reduced MuSC activation post-injury (Table 2) [START_REF] Brett | Exercise rejuvenates quiescent skeletal muscle stem cells in old mice through restoration of Cyclin D1[END_REF]. As mentioned above, CyclinD3 is the only G1 Cyclin upregulated upon myogenic differentiation [START_REF] Skapek | Inhibition of Myogenic Differentiation in Proliferating Myoblasts by Cyclin D1-Dependent Kinase[END_REF][START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF][START_REF] Rao | Ectopic expression of cyclin D1 prevents activation of gene transcription by myogenic basic helix-loop-helix regulators[END_REF]. In fact, the myogenic regulatory factor MYOD activates CyclinD3 expression, assisted by the coactivator p300 [START_REF] Cenciarelli | Critical Role Played by Cyclin D3 in the MyoD-Mediated Arrest of Cell Cycle during Myoblast Differentiation[END_REF]. CyclinD3 is involved in the induction but not the maintenance of muscle differentiation. Consistent with this, CyclinD3 is highly expressed during development and perinatal growth, but is absent in adult skeletal muscles [START_REF] De Luca | Cyclin D3 critically regulates the balance between self-renewal and differentiation in skeletal muscle stem cells: Cyclin D3 Regulates Muscle Stem Cell Function[END_REF][START_REF] Bartkova | Cyclin D3: requirement for G1/S transition and high abundance in quiescent tissues suggest a dual role in proliferation and differentiation[END_REF][START_REF] Ciemerych | CDK4 activity in mouse embryos expressing a single D-type cyclin[END_REF]. Furthermore, when overexpressed, CyclinD3 primes C2C12 myoblasts for differentiation by enhancing the expression of myogenic differentiation and cell cycle exit factors [START_REF] Gurung | Cyclin D3 promotes myogenic differentiation and Pax7 transcription[END_REF]. Interestingly, ectopic expression of CyclinD3 rescues the differentiation phenotype of Myotonic Dystrophy type 1 myoblasts [START_REF] Salisbury | Ectopic expression of cyclin D3 corrects differentiation of DM1 myoblasts through activation of RNA CUG-binding protein, CUGBP1[END_REF].

Studying CyclinD3 knock-out mouse muscles showed smaller fibers and lower MuSC numbers under homeostatic conditions as well as reduced MuSC renewal after in vitro or in vivo activation [START_REF] De Luca | Cyclin D3 critically regulates the balance between self-renewal and differentiation in skeletal muscle stem cells: Cyclin D3 Regulates Muscle Stem Cell Function[END_REF]. Furthermore, CyclinD3 is involved in muscle metabolism and myofiber type identity (Table 2) [START_REF] Giannattasio | Lack of cyclin D3 induces skeletal muscle fiber-type shifting, increased endurance performance and hypermetabolism[END_REF].

Fewer studies focused on the other CDK-Cyclin complexes. The mitotic complex of CDK1-Cyclin B phosphorylates MYOD, leading to the repression of MYOD-dependent transactivation as well as to diminished MYOD protein levels during mitosis (Table 2) [START_REF] Tintignac | Mutant MyoD Lacking Cdc2 Phosphorylation Sites Delays M-Phase Entry[END_REF]. CyclinB1 expression is induced by muscle injury (Table 1) [START_REF] Chen | A Cdh1-FoxM1-Apc axis controls muscle development and regeneration[END_REF]. Muscle-specific expression of different CDKs and Cyclins in C.elegans activates the cell cycle transcriptional program, without loss of the differentiated state. Under these experimental conditions, cell cycle reentry and S-phase induction are not driven by CDK2-CyclinE but rather by CDK4-CyclinD [START_REF] Korzelius | Caenorhabditis elegans Cyclin D/CDK4 and Cyclin E/CDK2 Induce Distinct Cell Cycle Re-Entry Programs in Differentiated Muscle Cells[END_REF]. In line with this observation, ectopic CDK2-CyclinE does not reinforce cell cycle reentry in differentiated myotubes, as opposed to the G1 CDK4-CyclinD complex, in C2C12 and primary myoblasts [START_REF] Latella | Reconstitution of Cyclin D1-Associated Kinase Activity Drives Terminally Differentiated Cells into the Cell Cycle[END_REF]. CDK2-associated kinase activity was observed in lysates from proliferating C2C12 myoblasts, but not from differentiated myotubes (Table 1), while inactive CDK2-CyclinE complexes persist in the latter [START_REF] Kobayashi | Cyclin-Dependent Kinase 1 Is Essential for Muscle Regeneration and Overload Muscle Fiber Hypertrophy[END_REF][START_REF] Mal | P21 and Retinoblastoma Protein Control the Absence of DNA Replication in Terminally Differentiated Muscle Cells[END_REF]. CDK1 is found in dividing fractions of satellite cells/myoblasts rather than in their quiescent or differentiating counterparts [START_REF] Kobayashi | Cyclin-Dependent Kinase 1 Is Essential for Muscle Regeneration and Overload Muscle Fiber Hypertrophy[END_REF][START_REF] Oprescu | Temporal Dynamics and Heterogeneity of Cell Populations during Skeletal Muscle Regeneration[END_REF]. Accordingly, CDK2 and CDK1 exhibit high kinase activity towards MYOD in C2.7 myoblasts but not in myotubes, regulating MYOD turnover; specifically, by phosphorylating Ser200, CDK1/2 promote MYOD degradation (Table 2) [START_REF] Kitzmann | cdk1and cdk2-Mediated Phosphorylation of MyoD Ser200 in Growing C2 Myoblasts: Role in Modulating MyoD Half-Life and Myogenic Activity[END_REF]. CDK2 immunoprecipitates with CyclinA in proliferating C2C12 myoblasts [START_REF] Chu | Involvement of p27kip1 and cyclin D3 in the regulation of cdk2 activity during skeletal muscle differentiation[END_REF], in agreement with the role of this complex in Sphase (Fig. 2). However, upon differentiation there is evidence that CDK2 is sequestered away from CyclinA into inactive CDK2-CyclinD3-p27 complexes [START_REF] Chu | Involvement of p27kip1 and cyclin D3 in the regulation of cdk2 activity during skeletal muscle differentiation[END_REF]. In addition, CDK2 regulates satellite cell migration following injury-induced activation during muscle regeneration (Table 2) [START_REF] Konagaya | Intravital imaging reveals cell cycle-dependent myogenic cell migration during muscle regeneration[END_REF]. CDK1 also controls satellite cell-mediated muscle regeneration and hypertrophy following injury and overload, respectively (Table 2) [START_REF] Kobayashi | Cyclin-Dependent Kinase 1 Is Essential for Muscle Regeneration and Overload Muscle Fiber Hypertrophy[END_REF]. Finally, single-cell RNAseq analysis showed that CyclinA2, CyclinB1, and CyclinE2 are present in clusters of activated but not quiescent MuSCs [START_REF] Barruet | Functionally heterogeneous human satellite cells identified by single cell RNA sequencing[END_REF], while CyclinB and CyclinE are transiently upregulated at three days post-injury when MuSCs are generally activated (Table 1), possibly to allow myoblast expansion before differentiation to new muscle fibers [START_REF] Shcherbina | Dissecting Murine Muscle Stem Cell Aging through Regeneration Using Integrative Genomic Analysis[END_REF]. In aged regenerating muscles, the CyclinB/E upregulation window spreads from day 1 to day 3, implying extensive or premature proliferation and exhaustion of myoblasts before efficient regeneration of the injured muscle [START_REF] Shcherbina | Dissecting Murine Muscle Stem Cell Aging through Regeneration Using Integrative Genomic Analysis[END_REF].

Cyclin transcription is directly regulated at the epigenetic level by the PRC2 complex and more precisely by the EZH2 catalytic subunit of the complex. EZH2 represses the expression of several Cyclins and their associated CDKs in myogenic cells (C2C12 cell line and primary myoblasts) [START_REF] Adhikari | The PRC2 complex directly regulates the cell cycle and controls proliferation in skeletal muscle[END_REF].

Regarding the CDK families that are implicated in transcription rather than cell cycle progression, scarce data are available. In contrast to cell cycle-related CDK-Cyclin complexes, CDK9-CyclinT2 enhance MYOD function and promote differentiation [START_REF] Simone | Activation of MyoD-dependent transcription by cdk9/cyclin T2[END_REF][START_REF] Marchesi | Activation and function of murine Cyclin T2A and Cyclin T2B during skeletal muscle differentiation[END_REF]. In addition, CDK12 is linked to transcription of DM1 expanded repeats in Myotonic Dystrophy type 1, which is counteracted by CDK12 selective inhibition, thus providing a druggable target for this disease (Table 2) [START_REF] Ketley | CDK12 inhibition reduces abnormalities in cells from patients with myotonic dystrophy and in a mouse model[END_REF].

CDKIs: negative regulators of CDK-Cyclin activity

General features in cell cycle regulation

The control of CDK-Cyclin complex formation and activity is largely dependent on the CDKIs, which fall into two broad categories based on their structural and functional profile. Proteins of the INK4 family contain conserved ankyrin repeats [START_REF] Serrano | A new regulatory motif in cell-cycle control causing specific inhibition of cyclin D/CDK4[END_REF][START_REF] Hannon | Beach, pl5INK4B is a potentia| effector of TGF-β-induced cell cycle arrest[END_REF][START_REF] Hirai | Novel INK4 proteins, p19 and p18, are specific inhibitors of the cyclin D-dependent kinases CDK4 and CDK6[END_REF], a motif participating in protein recognition and interaction [START_REF] Michaely | The ANK repeat: a ubiquitous motif involved in macromolecular recognition[END_REF]. CIP/KIP family members show partial structural homology.

They share a kinase inhibitory domain in their N-terminal region and a nuclear localization signal in their C-terminal region [START_REF] Polyak | Cloning of p27Kip1, a cyclin-dependent kinase inhibitor and a potential mediator of extracellular antimitogenic signals[END_REF][START_REF] Lee | Cloning of p57KIP2, a cyclin-dependent kinase inhibitor with unique domain structure and tissue distribution[END_REF][START_REF] Matsuoka | p57KIP2, a structurally distinct member of the p21CIP1 Cdk inhibitor family, is a candidate tumor suppressor gene[END_REF]. In addition, p21 and p57 contain a C-terminal PCNA-binding domain that allows interaction with PCNA and prevents DNA replication [START_REF] Li | Differential effects by the p21 CDK inhibitor on PCNA-dependent DNA replication and repair[END_REF][START_REF] Waga | The p21 inhibitor of cyclin-dependent kinases controls DNA replication by interaction with PCNA[END_REF][START_REF] Watanabe | Suppression of cell transformation by the cyclin-dependent kinase inhibitor p57KIP2 requires binding to proliferating cell nuclear antigen[END_REF]. Moreover, p27 and p57 contain a C-terminal QT box with a consensus CDK phosphorylation site [START_REF] Polyak | Cloning of p27Kip1, a cyclin-dependent kinase inhibitor and a potential mediator of extracellular antimitogenic signals[END_REF][START_REF] Lee | Cloning of p57KIP2, a cyclin-dependent kinase inhibitor with unique domain structure and tissue distribution[END_REF][START_REF] Matsuoka | p57KIP2, a structurally distinct member of the p21CIP1 Cdk inhibitor family, is a candidate tumor suppressor gene[END_REF], involved in their SCF/Skp2-mediated degradation [START_REF] Lu | Ubiquitylation and proteasomal degradation of the p21 Cip1 , p27 Kip1 and p57 Kip2 CDK inhibitors[END_REF]. These structural differences underlie the divergent specificity of action between the two CDKI families at two levels:

1) the INK4 family members are selective inhibitors of CDK4 and CDK6, leaving the other CDKs unaffected [START_REF] Serrano | A new regulatory motif in cell-cycle control causing specific inhibition of cyclin D/CDK4[END_REF][START_REF] Hannon | Beach, pl5INK4B is a potentia| effector of TGF-β-induced cell cycle arrest[END_REF][START_REF] Hirai | Novel INK4 proteins, p19 and p18, are specific inhibitors of the cyclin D-dependent kinases CDK4 and CDK6[END_REF][START_REF] Guan | Growth suppression by p18, a p16INK4/MTS1-and p14INK4B/MTS2-related CDK6 inhibitor, correlates with wild-type pRb function[END_REF][START_REF] Chan | Identification of human and mouse p19, a novel CDK4 and CDK6 inhibitor with homology to p16ink4[END_REF]. In contrast, CIP/KIP proteins bind and inhibit all CDK-Cyclin complexes that are formed throughout the cell cycle [START_REF] Polyak | Cloning of p27Kip1, a cyclin-dependent kinase inhibitor and a potential mediator of extracellular antimitogenic signals[END_REF][START_REF] Lee | Cloning of p57KIP2, a cyclin-dependent kinase inhibitor with unique domain structure and tissue distribution[END_REF][START_REF] Matsuoka | p57KIP2, a structurally distinct member of the p21CIP1 Cdk inhibitor family, is a candidate tumor suppressor gene[END_REF][START_REF] Gu | Inhibition of CDK2 activity in vivo by an associated 20K regulatory subunit[END_REF][START_REF] Harper | The p21 Cdk-interacting protein Cip1 is a potent inhibitor of G1 cyclin-dependent kinases[END_REF][START_REF] Xiong | Beach, p21 is a universal inhibitor of cyclin kinases[END_REF][START_REF] Polyak | p27Kip1, a cyclin-Cdk inhibitor, links transforming growth factor-beta and contact inhibition to cell cycle arrest[END_REF], consistent with the fact that these complexes exhibit intrinsic flexibility and are largely disordered before binding to other proteins [START_REF] Galea | Regulation of Cell Division by Intrinsically Unstructured Proteins: Intrinsic Flexibility, Modularity, and Signaling Conduits[END_REF].

2) INK4 inhibitors can bind to untethered or Cyclin-associated CDK subunits, causing a strong inhibition of CDK catalytic activity and inducing G1 arrest [START_REF] Serrano | A new regulatory motif in cell-cycle control causing specific inhibition of cyclin D/CDK4[END_REF][START_REF] Hannon | Beach, pl5INK4B is a potentia| effector of TGF-β-induced cell cycle arrest[END_REF][START_REF] Hirai | Novel INK4 proteins, p19 and p18, are specific inhibitors of the cyclin D-dependent kinases CDK4 and CDK6[END_REF][START_REF] Guan | Growth suppression by p18, a p16INK4/MTS1-and p14INK4B/MTS2-related CDK6 inhibitor, correlates with wild-type pRb function[END_REF][START_REF] Chan | Identification of human and mouse p19, a novel CDK4 and CDK6 inhibitor with homology to p16ink4[END_REF]. In contrast, p21, p27, and p57 bind CDK-Cyclin heterodimers, with the affinity for CDKs increasing with Cyclin association [START_REF] Polyak | Cloning of p27Kip1, a cyclin-dependent kinase inhibitor and a potential mediator of extracellular antimitogenic signals[END_REF][START_REF] Matsuoka | p57KIP2, a structurally distinct member of the p21CIP1 Cdk inhibitor family, is a candidate tumor suppressor gene[END_REF][START_REF] Gu | Inhibition of CDK2 activity in vivo by an associated 20K regulatory subunit[END_REF][START_REF] Harper | The p21 Cdk-interacting protein Cip1 is a potent inhibitor of G1 cyclin-dependent kinases[END_REF][START_REF] Xiong | Beach, p21 is a universal inhibitor of cyclin kinases[END_REF][START_REF] Polyak | p27Kip1, a cyclin-Cdk inhibitor, links transforming growth factor-beta and contact inhibition to cell cycle arrest[END_REF][START_REF] Harper | Inhibition of cyclin-dependent kinases by p21[END_REF]. Some exceptions to the standard dogma of CDKIs inhibiting CDK-Cyclin activity have been described. Briefly, there are sporadic reports of p21, p27 or p57 binding to CDK-Cyclin complexes without stopping their kinase activity [START_REF] Soos | Formation of p27-CDK complexes during the human mitotic cell cycle[END_REF], stabilizing CDK-Cyclin complexes (p21: [START_REF] Harper | Inhibition of cyclin-dependent kinases by p21[END_REF][START_REF] Michieli | Induction of WAF1/CIP1 by a p53independent pathway[END_REF][START_REF] Zhang | Beach, p21-containing cyclin kinases exist in both active and inactive states[END_REF][START_REF] Labaer | New functional activities for the p21 family of CDK inhibitors[END_REF], p27: [START_REF] James | Differential Modification of p27 Kip1 Controls Its Cyclin D-cdk4 Inhibitory Activity[END_REF][START_REF] Larrea | Phosphorylation of p27 Kip1 Regulates Assembly and Activation of Cyclin D1-Cdk4[END_REF][START_REF] Guiley | p27 allosterically activates cyclindependent kinase 4 and antagonizes palbociclib inhibition[END_REF], p57: [START_REF] Cerqueira | Genetic Characterization of the Role of the Cip/Kip Family of Proteins as Cyclin-Dependent Kinase Inhibitors and Assembly Factors[END_REF]), or promoting their nuclear localization and thus substrate access [START_REF] Grant | The Temporal Regulation of S Phase Proteins During G1[END_REF]. Thus, CIP/KIP proteins might function as titratable buffers and repress CDKs in a concentration-dependent manner. It has also been proposed that sequestration of p21 and p27 in CDK4-CyclinD complexes early in G1 prevents these CDKIs from binding to CDK2-CyclinE complexes to allow cell cycle progression [START_REF] Baker | CDK4: A Key Player in the Cell Cycle, Development, and Cancer[END_REF][START_REF] Abbastabar | Multiple functions of p27 in cell cycle, apoptosis, epigenetic modification and transcriptional regulation for the control of cell growth: A double-edged sword protein[END_REF]. The above properties could explain the observations that p21 is among the most highly induced genes during early MuSC activation [START_REF] Machado | In Situ Fixation Redefines Quiescence and Early Activation of Skeletal Muscle Stem Cells[END_REF], even though MuSC activation signifies passing from quiescence to proliferation. Finally, contrary to its role in inhibiting the cell cycle, p57 was recently found to transactivate the protooncoprotein c-Jun and c-Jun-induced transcription [START_REF] Kullmann | Stimulation of c-Jun/AP-1-Activity by the Cell Cycle Inhibitor p57Kip2[END_REF].

Apart from their role in the cell cycle, CDKIs have been implicated in terminal differentiation of multiple lineages during organogenesis [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF][START_REF] Zindy | Expression of the p16INK4a tumor suppressor versus other INK4 family members during mouse development and aging[END_REF][START_REF] Westbury | Dynamic temporal and spatial regulation of the cdk inhibitor p57kip2 during embryo morphogenesis[END_REF][START_REF] Susaki | Common and specific roles of the related CDK inhibitors p27 and p57 revealed by a knock-in mouse model[END_REF], cellular senescence [START_REF] Sicinski | Cyclin D1 provides a link between development and oncogenesis in the retina and breast[END_REF][START_REF] Zhu | The transcription factor Slug represses p16Ink4a and regulates murine muscle stem cell aging[END_REF][START_REF] Tsugu | Expression of p57KIP2 Potently Blocks the Growth of Human Astrocytomas and Induces Cell Senescence[END_REF][START_REF] Alexander | Requirement for p27 KIP1 in Retinoblastoma Protein-Mediated Senescence[END_REF][START_REF] Gagrica | Contrasting Behavior of the p18 INK4c and p16 INK4a Tumor Suppressors in Both Replicative and Oncogene-Induced Senescence[END_REF][START_REF] Giovannini | CDKN1C/P57 is regulated by the Notch target gene Hes1 and induces senescence in human hepatocellular carcinoma[END_REF][151], apoptosis (reviewed in [START_REF] Besson | CDK Inhibitors: Cell Cycle Regulators and Beyond[END_REF]), transcription [START_REF] Kullmann | Stimulation of c-Jun/AP-1-Activity by the Cell Cycle Inhibitor p57Kip2[END_REF][START_REF] Pippa | p27Kip1 represses transcription by direct interaction with p130/E2F4 at the promoters of target genes[END_REF][START_REF] Orlando | p27 Kip1 and p21 Cip1 collaborate in the regulation of transcription by recruiting cyclin-Cdk complexes on the promoters of target genes[END_REF], and autophagy via an mTORC1-dependent mechanism [START_REF] Nowosad | p27 controls Ragulator and mTOR activity in amino acid-deprived cells to regulate the autophagy-lysosomal pathway and coordinate cell cycle and cell growth[END_REF]. Terminally differentiated adult muscles or C2C12-derived myotubes lack p15 (Table 1) [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF] and p15-null mice are not reported to display muscle defects (Table 2) [START_REF] Latres | Limited overlapping roles of P15INK4b and P18INK4c cell cycle inhibitors in proliferation and tumorigenesis[END_REF]. However, p15 is elevated in MuSCs from aged animals along with other CDKIs and this could contribute to the defective regeneration of old muscle [START_REF] Li | Age-Specific Functional Epigenetic Changes in p21 and p16 in Injury-Activated Satellite Cells: Age-Specific Epigenetic Changes in Satellite Cells[END_REF]. Similarly to p15, p16 is absent from proliferating C2C12 cells, myotubes or adult muscle samples (Table 1) [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF][START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF]. However, during muscle regeneration both p15 and p16 proteins increase to reach a peak at day 3 post-injury (Table 1) [START_REF] Yan | Highly Coordinated Gene Regulation in Mouse Skeletal Muscle Regeneration[END_REF], with p16 being upregulated in mesenchymal stromal cells at days 1 and 3 post-injury [START_REF] Chikenji | p16INK4A-expressing mesenchymal stromal cells restore the senescence-clearance-regeneration sequence that is impaired in chronic muscle inflammation[END_REF].

Implications in skeletal muscle cell cycle regulation

Furthermore, ectopic p16 is associated with increased muscle-specific gene expression (Table 2) [START_REF] Skapek | Inhibition of Myogenic Differentiation in Proliferating Myoblasts by Cyclin D1-Dependent Kinase[END_REF] as well as protection of differentiating C2C12 from apoptosis [START_REF] Wang | Resistance to Apoptosis Conferred by Cdk Inhibitors During Myocyte Differentiation[END_REF], the latter occurring only in the presence of Rb [START_REF] Wang | Rb functions to inhibit apoptosis during myocyte differentiation[END_REF]. p16 transcript and protein levels increase with aging in experimental models and human samples (Table 1), with its promoter exhibiting higher chromatin accessibility following injury-induced MuSC activation [START_REF] Li | Age-Specific Functional Epigenetic Changes in p21 and p16 in Injury-Activated Satellite Cells: Age-Specific Epigenetic Changes in Satellite Cells[END_REF][START_REF] Kondo | Blockade of senescenceassociated micro RNA -195 in aged skeletal muscle cells facilitates reprogramming to produce induced pluripotent stem cells[END_REF][START_REF] Balan | No effect of the endurance training status on senescence despite reduced inflammation in skeletal muscle of older individuals[END_REF]. In addition, aging-associated p16 derepression ignites a switch of resting geriatric MuSCs from reversible quiescence to an irreversible pre-senescence state, compromising muscle regeneration [START_REF] Sousa-Victor | Geriatric muscle stem cells switch reversible quiescence into senescence[END_REF]. p16 levels depend on the transcription factor Slug that represses p16 in MuSCs, inhibiting their entry into senescence, while Slug overexpression enhances muscle regeneration during aging [START_REF] Zhu | The transcription factor Slug represses p16Ink4a and regulates murine muscle stem cell aging[END_REF]. The extent of p16/senescence in human MuSCs remains to be properly characterized, due to technical challenges [START_REF] Dungan | In vivo analysis of γH2AX+ cells in skeletal muscle from aged and obese humans[END_REF][START_REF] Idda | Survey of senescent cell markers with age in human tissues[END_REF], even though preliminary analyses show that p16/p21/p14 mRNA is present in some Duchenne muscular dystrophy samples as opposed to controls [START_REF] Sugihara | Cellular senescence-mediated exacerbation of Duchenne muscular dystrophy[END_REF].

However, proper controls and quantifications are lacking in that study. In the context of muscle cancer rhabdomyosarcoma, p16 inactivation was found to not be important for pathogenesis [START_REF] Glumac | Immunohistochemical expression of cyclin-dependent kinase inhibitors p16 and p57 in rhabdomyosarcoma[END_REF]. Apart from MuSCs, p16 has also been found in endothelial progenitors (CD34+ intramuscular cells) and in cells infiltrating necrotic myofibers after exercise [START_REF] Wu | Aerobic exercise induces tumor suppressor p16 INK4a expression of endothelial progenitor cells in human skeletal muscle[END_REF]. p18 shows a remarkable increase upon C2C12 differentiation, that is regulated transcriptionally (promoter switch to produce a different transcript) and translationally (Table 1) [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF][START_REF] Phelps | Coupled Transcriptional and Translational Control of Cyclin-Dependent Kinase Inhibitor p18 INK4c Expression during Myogenesis[END_REF]. Furthermore, there is a continuing increase of p18-associated CDK4 and CDK6 [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF]. In adult muscle tissue, p18 is abundant in mouse and human (Table 1) [START_REF] Guan | Growth suppression by p18, a p16INK4/MTS1-and p14INK4B/MTS2-related CDK6 inhibitor, correlates with wild-type pRb function[END_REF][START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF] and it is associated with all CDK6 molecules and half of the CDK4 ones (shared with p27) [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF]. However, p18 deficiency is not reported to cause a muscle phenotype [START_REF] Latres | Limited overlapping roles of P15INK4b and P18INK4c cell cycle inhibitors in proliferation and tumorigenesis[END_REF][START_REF] Franklin | CDK inhibitors p18INK4c and p27Kip1 mediate two separate pathways to collaboratively suppress pituitary tumorigenesis[END_REF]. In vivo regeneration studies show an early transient increase in p18 levels (Table 1), although this effect was not further evaluated [START_REF] Yan | Highly Coordinated Gene Regulation in Mouse Skeletal Muscle Regeneration[END_REF]. p19 is the only CDKI expressed at high levels in proliferating C2C12 myoblasts and declining following differentiation [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF]. The reciprocal p19 decrease and p18 increase (Table 1) suggests either that p19 loss is compensated by p18 expression to induce cell cycle exit during differentiation or that p19 and p18 play distinct functions during myogenic cell cycle progression and exit. Finally, p19 (as well as p16 and other senescence markers) were found upregulated in the context of a muscular dystrophy [START_REF] Sugihara | Cellular senescence-mediated exacerbation of Duchenne muscular dystrophy[END_REF].

Members of the CIP/KIP family have been more extensively explored in the myogenic lineage.

Historically, most studies focused on p21, the first family member to be identified that showed early and robust skeletal muscle-specific expression (Tables 12). When C2C12 myoblasts are maintained in proliferation conditions, p21 is generally low [START_REF] Mal | P21 and Retinoblastoma Protein Control the Absence of DNA Replication in Terminally Differentiated Muscle Cells[END_REF]. p21 protein reaches detectable levels close to G1, but at mitosis entry it rapidly decreases [START_REF] Tintignac | Mutant MyoD Lacking Cdc2 Phosphorylation Sites Delays M-Phase Entry[END_REF]. After switching to differentiation conditions, p21 sharply increases [START_REF] Mal | P21 and Retinoblastoma Protein Control the Absence of DNA Replication in Terminally Differentiated Muscle Cells[END_REF][START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF][START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF][START_REF] Halevy | Correlation of Terminal Cell Cycle Arrest of Skeletal Muscle with Induction of p21 by MyoD[END_REF][START_REF] Messina | p27 Kip1 Acts Downstream of N-Cadherin-mediated Cell Adhesion to Promote Myogenesis beyond Cell Cycle Regulation[END_REF], appearing in myocytes and myotubes [START_REF] Yoshida | Cell heterogeneity upon myogenic differentiation: down-regulation of MyoD and Myf-5 generates "reserve cells[END_REF][START_REF] Cao | Role of Metalloprotease Disintegrin ADAM12 in Determination of Quiescent Reserve Cells during Myogenic Differentiation In Vitro[END_REF]. Consistent with a role in differentiation-associated growth arrest, myotube p21 (a) immunoprecipitates with CDK2 and CDK4, (b) shows increased interaction with CDK2, CDK4, and CDK6 compared to myoblasts, and (c) exceeds the quantity of active CDK4-Cyclin [START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF][START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF][START_REF] Wang | Rb functions to inhibit apoptosis during myocyte differentiation[END_REF][START_REF] Figliola | MyoD induces the expression of p57Kip2 in cells lacking p21Cip1/Waf1: Overlapping and distinct functions of the two cdk inhibitors[END_REF]. In fact, p21 overexpression in C2C12 cells is sufficient for cell cycle withdrawal under growth conditions [START_REF] Guo | MyoD-induced expression of p21 inhibits cyclindependent kinase activity upon myocyte terminal differentiation[END_REF], while p21-deficient primary myoblasts show increased proliferation [START_REF] Hawke | p21 is essential for normal myogenic progenitor cell function in regenerating skeletal muscle[END_REF] and siRNA-mediated p21 suppresion stimulates S phase entry in myotubes [START_REF] Pajalunga | Critical requirement for cell cycle inhibitors in sustaining nonproliferative states[END_REF]. p21 maintains CDK4/6-CyclinD3 inactive in differentiating C2C12 myogenic cells [START_REF] Pajalunga | Critical requirement for cell cycle inhibitors in sustaining nonproliferative states[END_REF], while CyclinD3 regulates p21 expression at the post-transcriptional level in C2.7 myoblasts [START_REF] De Luca | Cyclin D3 critically regulates the balance between self-renewal and differentiation in skeletal muscle stem cells: Cyclin D3 Regulates Muscle Stem Cell Function[END_REF].

It has been suggested that the interaction of p21 and CDK4 in differentiating C2C12 cells is inhibitory, whereas p21 stabilizes CDK4-CyclinD1 activity when myogenic cells undergo hypertrophy [START_REF] Hlaing | The Hypertrophic Response in C2C12 Myoblasts Recruits the G1 Cell Cycle Machinery[END_REF].

Apart from the effects on muscle cell proliferation, p21 has also been studied in the context of myogenic differentiation (Tables 12). In vivo, it was shown that when myogenic nuclei fuse with myofibers, they present terminal differentiation characteristics and p21 protein expression once they are in the myofiber [START_REF] Marti | Mcad-mediated intercellular interactions activate satellite cell division[END_REF]. Forced p21 expression promotes muscle-specific gene expression, rescues CyclinD1-mediated MyoD repression and exerts protection against apoptosis in myogenic cell lines [START_REF] Skapek | Inhibition of Myogenic Differentiation in Proliferating Myoblasts by Cyclin D1-Dependent Kinase[END_REF][START_REF] Wang | Resistance to Apoptosis Conferred by Cdk Inhibitors During Myocyte Differentiation[END_REF]. It would be interesting to verify if these results are reproducible in vivo with the newly generated mice that allow Cre/Dre-inducible p21 overexpression [START_REF] Pu | A genetic system for tissue-specific inhibition of cell proliferation[END_REF].

Conversely, primary myoblast cultures from p21-null animals show differentiation defects and increased apoptosis [START_REF] Hawke | p21 is essential for normal myogenic progenitor cell function in regenerating skeletal muscle[END_REF]. MYOD transcriptionally activates p21 [START_REF] Tintignac | Mutant MyoD Lacking Cdc2 Phosphorylation Sites Delays M-Phase Entry[END_REF][START_REF] Halevy | Correlation of Terminal Cell Cycle Arrest of Skeletal Muscle with Induction of p21 by MyoD[END_REF] and p21 is able to inhibit MYOD phosphorylation, stabilizing it [START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF]. A MYOD version that cannot be phosphorylated sustains p21 expression, which interferes with M-phase entry [START_REF] Tintignac | Mutant MyoD Lacking Cdc2 Phosphorylation Sites Delays M-Phase Entry[END_REF]. However, in the absence of MYOD, p21 expression is delayed during muscle development [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF]. MYODmediated p21 induction and p21 expression in the developing muscle are p53-independent [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF][START_REF] Halevy | Correlation of Terminal Cell Cycle Arrest of Skeletal Muscle with Induction of p21 by MyoD[END_REF], although p21 is transcriptionally regulated by p53 in other cell types [START_REF] El-Deiry | WAF1, a potential mediator of p53 tumor suppression[END_REF].

Overexpression and silencing approaches established CyclinD3 as another factor that enhances p21 expression [START_REF] De Luca | Cyclin D3 critically regulates the balance between self-renewal and differentiation in skeletal muscle stem cells: Cyclin D3 Regulates Muscle Stem Cell Function[END_REF][START_REF] Gurung | Cyclin D3 promotes myogenic differentiation and Pax7 transcription[END_REF]. This is in agreement with the notion that CyclinD3 is the only G1 Cyclin that promotes myogenic differentiation rather than proliferation. p21 has been postulated to be a direct target of MYOG because (a) MYOG binding sites are detected in the p21 promoter [START_REF] Singh | Differential modulation of cell cycle progression distinguishes members of the myogenic regulatory factor family of transcription factors[END_REF] and (b) on a protein level, p21 expression follows MYOG upon differentiation [START_REF] Andrés | Myogenin expression, cell cycle withdrawal, and phenotypic differentiation are temporally separable events that precede cell fusion upon myogenesis[END_REF]. However, when myoblasts are induced to differentiate, p21 transcripts appear before Myog, while MYOG knock-out embryos provided unequivocal evidence that MYOG is not required for p21 induction [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF]. p21 has also been identified as a target gene of the histone deacetylase HDAC4, which represses p21 to allow MuSC amplification [START_REF] Marroncelli | HDAC4 regulates satellite cell proliferation and differentiation by targeting P21 and Sharp1 genes[END_REF]. Finally, it was shown that the protein arginine methyltransferases PRMT5 and PRMT7 participate in the epigenetic silencing of p21 in MuSCs [START_REF] Zhang | Prmt5 is a regulator of muscle stem cell expansion in adult mice[END_REF][START_REF] Blanc | PRMT7 Preserves Satellite Cell Regenerative Capacity[END_REF]. The effect of PRMT7 is mediated by the methyltransferase DNMT3b [START_REF] Blanc | PRMT7 Preserves Satellite Cell Regenerative Capacity[END_REF]. In addition, DNMT3a has been implicated in the epigenetic control of p57 in MuSCs [START_REF] Naito | Dnmt3a Regulates Proliferation of Muscle Satellite Cells via p57Kip2[END_REF].

The in vivo profiling of p21 expression in muscle reveals age-related differences. During development and the establishment of the muscle lineage, p21 mRNA first appears in the forming myotome of E8.5 embryo somites [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF]. From E10 it follows the Myog expression pattern [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF].

In the adult, p21 protein is not detected in skeletal muscles [START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF]; our unpublished observation], while mRNA expression is unclear. Very high [START_REF] Parker | p53-Independent Expression of p21 Cip1 in Muscle and Other Terminally Differentiating Cells[END_REF][START_REF] Park | Age-dependent changes of p57Kip2 and p21Cip1/Waf1 expression in skeletal muscle and lung of mice[END_REF] or undetectable [START_REF] Macleod | Jacks, p53dependent and independent expression of p21 during cell growth, differentiation, and DNA damage[END_REF] transcripts were reported in adult skeletal muscles; differences in analyzed muscles, mouse background, age window, or probes could partially explain these differences. In the mdx mouse model of Duchenne Muscular Dystrophy, elevated p21 transcripts have been reported [START_REF] Endesfelder | Elevated p21 mRNA level in skeletal muscle of DMD patients and mdx mice indicates either an exhausted satellite cell pool or a higher p21 expression in dystrophin-deficient cells per se[END_REF], while transdifferentiating fibroblasts from a rare human congenital myopathy also show upregulated p21 [START_REF] Weise | Myogenin (Myf4) upregulation in trans-differentiating fibroblasts from a congenital myopathy with arrest of myogenesis and defects of myotube formation[END_REF]. MuSC-focused analysis revealed p21 increases with aging along with increased chromatin accessibility at the p21 locus and high p21 protein expression post-injury [START_REF] Li | Age-Specific Functional Epigenetic Changes in p21 and p16 in Injury-Activated Satellite Cells: Age-Specific Epigenetic Changes in Satellite Cells[END_REF][START_REF] Kondo | Blockade of senescenceassociated micro RNA -195 in aged skeletal muscle cells facilitates reprogramming to produce induced pluripotent stem cells[END_REF][START_REF] Balan | No effect of the endurance training status on senescence despite reduced inflammation in skeletal muscle of older individuals[END_REF][START_REF] Borok | Progressive and Coordinated Mobilization of the Skeletal Muscle Niche throughout Tissue Repair Revealed by Single-Cell Proteomic Analysis[END_REF]. The interplay of TGFβ and Notch seems to ensure low p21 (and also p15, p16, p27) in young muscles as opposed to their upregulation upon aging [START_REF] Carlson | Imbalance between pSmad3 and Notch induces CDK inhibitors in old muscle stem cells[END_REF]. However, a more recent study reported a striking 90% reduction in p21 protein levels in aged human muscles, with the reduction being unaffected by exercise training [START_REF] Dethlefsen | Regulation of apoptosis and autophagy in mouse and human skeletal muscle with aging and lifelong exercise training[END_REF]. Rat primary myoblasts from aged animals also show a delay in expressing p21 when cultured [START_REF] Zwetsloot | Non-passaged muscle precursor cells from 32month old rat skeletal muscle have delayed proliferation and differentiation[END_REF].

Although p21 has been shown to play important roles in the regulation of the muscle lineage cell cycle in vitro, ablation of p21 in mice does not affect skeletal muscle development, proliferation or differentiation nor the establishment of the MuSC compartment [START_REF] Hawke | p21 is essential for normal myogenic progenitor cell function in regenerating skeletal muscle[END_REF][START_REF] Deng | Mice Lacking p21CIP1/WAF1 undergo normal development, but are defective in G1 checkpoint control[END_REF][START_REF] Chakkalakal | Early forming label-retaining muscle stem cells require p27kip1 for maintenance of the primitive state[END_REF][START_REF] Chinzei | P21 Deficiency Delays Regeneration of Skeletal Muscular Tissue[END_REF], our unpublished observation]. In addition, AAV-mediated transient suppression of p21 does not affect the differentiation capacity of myoblasts nor does it induce genotoxic effects [START_REF] Biferi | Proliferation of Multiple Cell Types in the Skeletal Muscle Tissue Elicited by Acute p21 Suppression[END_REF]. In injury-induced activation of MuSCs, p21 seems to exert its function during the early period of the regeneration process. Specifically, during the first few days post-injury, p21-deficient mice display increased proliferation, cell numbers, and inflammation, accompanied by decreased expression of myogenic differentiation markers. However, one month post-injury p21-null muscles are comparable to controls [START_REF] Yan | Highly Coordinated Gene Regulation in Mouse Skeletal Muscle Regeneration[END_REF][START_REF] Hawke | p21 is essential for normal myogenic progenitor cell function in regenerating skeletal muscle[END_REF][START_REF] Chakkalakal | Early forming label-retaining muscle stem cells require p27kip1 for maintenance of the primitive state[END_REF][START_REF] Chinzei | P21 Deficiency Delays Regeneration of Skeletal Muscular Tissue[END_REF], our unpublished observation]. It was recently shown that p21 is part of the transient stress response core [START_REF] Machado | Tissue damage induces a conserved stress response that initiates quiescent muscle stem cell activation[END_REF], which suggests that it may play an early function in promoting assembly of the CDK-Cyclin complexes to drive entry into proliferation, as previously proposed for p57 (see below).

Searching for alternative cell cycle regulators in cells undergoing G1 arrest and myogenic differentiation, the groups of Maione, Lanfranchi, and Leibovitch independently identified p57 [START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF][START_REF] Figliola | MyoD induces the expression of p57Kip2 in cells lacking p21Cip1/Waf1: Overlapping and distinct functions of the two cdk inhibitors[END_REF][START_REF] Bean | The Ankrd2, Cdkn1c and Calcyclin Genes are Under the Control of MyoD During Myogenic Differentiation[END_REF]. p57 increases when C2C12 cells are stimulated to differentiate (Table 1) [START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF][START_REF] Messina | p27 Kip1 Acts Downstream of N-Cadherin-mediated Cell Adhesion to Promote Myogenesis beyond Cell Cycle Regulation[END_REF] and when embryonic muscle progenitors proceed to myogenic determination and differentiation [START_REF] Zalc | Antagonistic regulation of p57kip2 by Hes/Hey downstream of Notch signaling and muscle regulatory factors regulates skeletal muscle growth arrest[END_REF]. p57 also translocates from the cytoplasm to the nucleus during differentiation of adult satellite cells [START_REF] Mademtzoglou | Cellular localization of the cell cycle inhibitor Cdkn1c controls growth arrest of adult skeletal muscle stem cells[END_REF]. During development, p57 is present in most nuclei of limb and abdominal wall muscles [START_REF] Zhang | Altered cell differentiation and proliferation in mice lacking p57KIP2 indicates a role in Beckwith-Wiedemann syndrome[END_REF][START_REF] Zalc | Antagonistic regulation of p57kip2 by Hes/Hey downstream of Notch signaling and muscle regulatory factors regulates skeletal muscle growth arrest[END_REF][START_REF] Mademtzoglou | A p57 conditional mutant allele that allows tracking of p57-expressing cells[END_REF], but p57 knock-out mice do not manifest a severe muscle phenotype [START_REF] Yan | Ablation of the CDK inhibitor p57Kip2 results in increased apoptosis and delayed differentiation during mouse development[END_REF][START_REF] Zhang | Altered cell differentiation and proliferation in mice lacking p57KIP2 indicates a role in Beckwith-Wiedemann syndrome[END_REF][START_REF] Mademtzoglou | A p57 conditional mutant allele that allows tracking of p57-expressing cells[END_REF], implying the presence of compensatory mechanisms (see below). In the adult muscle, p57 progressively decreases as mice age based on whole-muscle analyses [START_REF] Park | Age-dependent changes of p57Kip2 and p21Cip1/Waf1 expression in skeletal muscle and lung of mice[END_REF]. Furthermore, p57 is barely detectable in adult mouse MuSCs at the protein level [START_REF] Mademtzoglou | Cellular localization of the cell cycle inhibitor Cdkn1c controls growth arrest of adult skeletal muscle stem cells[END_REF][START_REF] Naito | Dnmt3a Regulates Proliferation of Muscle Satellite Cells via p57Kip2[END_REF][START_REF] Chakkalakal | Early forming label-retaining muscle stem cells require p27kip1 for maintenance of the primitive state[END_REF] with the exception of one study of FACS-isolated MuSCs [START_REF] Fukada | Molecular signature of quiescent satellite cells in adult skeletal muscle[END_REF]. A recent single-cell RNAseq screen found p57 transcripts in clusters of quiescent human MuSCs [START_REF] Barruet | Functionally heterogeneous human satellite cells identified by single cell RNA sequencing[END_REF]. It remains to be established whether this reflects specific flow cytometry gating, a difference in human versus mouse samples, and/or activation artifacts that are commonly induced by sample preparation [START_REF] Machado | In Situ Fixation Redefines Quiescence and Early Activation of Skeletal Muscle Stem Cells[END_REF][START_REF] Pietrosemoli | Comparison of multiple transcriptomes exposes unified and divergent features of quiescent and activated skeletal muscle stem cells[END_REF][START_REF] Van Velthoven | Transcriptional Profiling of Quiescent Muscle Stem Cells In Vivo[END_REF]. In contrast to resting quiescent mouse MuSCs, p57 peaks soon after muscle regeneration is initiated and is maintained at higher than homeostasis levels throughout regeneration (Table 1) [START_REF] Yan | Highly Coordinated Gene Regulation in Mouse Skeletal Muscle Regeneration[END_REF][START_REF] Borok | Progressive and Coordinated Mobilization of the Skeletal Muscle Niche throughout Tissue Repair Revealed by Single-Cell Proteomic Analysis[END_REF], our unpublished observation]. p57 deletion in the MuSC lineage severely impairs muscle regeneration post-injury (Table 2) [START_REF] Mademtzoglou | Cellular localization of the cell cycle inhibitor Cdkn1c controls growth arrest of adult skeletal muscle stem cells[END_REF], while low expression of p57 is a marker of aggressive phenotype and poor prognosis in the context of the skeletal muscle cancer rhabdomyosarcoma [START_REF] Glumac | Immunohistochemical expression of cyclin-dependent kinase inhibitors p16 and p57 in rhabdomyosarcoma[END_REF]. p57 and MYOD have been implicated in a positive feedback loop in vitro and in vivo, whereby MYOD induces p57 which then enhances MYOD activity and stability (Table 2). Although three putative MYOD binding sites proximal and downstream from the transcription start site of p57 are not functional [START_REF] Bean | The Ankrd2, Cdkn1c and Calcyclin Genes are Under the Control of MyoD During Myogenic Differentiation[END_REF], MYOD-responsive regions upstream of the transcription start site of p57 were identified by us and others [START_REF] Bean | The Ankrd2, Cdkn1c and Calcyclin Genes are Under the Control of MyoD During Myogenic Differentiation[END_REF][START_REF] Zalc | Antagonistic regulation of p57kip2 by Hes/Hey downstream of Notch signaling and muscle regulatory factors regulates skeletal muscle growth arrest[END_REF]. We found a muscle-specific p57 regulatory element which contains MYOD-bound E-boxes that show transactivation in myogenic cells in vivo [START_REF] Zalc | Antagonistic regulation of p57kip2 by Hes/Hey downstream of Notch signaling and muscle regulatory factors regulates skeletal muscle growth arrest[END_REF].

In addition, general (not muscle-specific) MYOD-regulated p57 regulatory elements have been identified in vitro i) within the imprinting control region KvDMR1 [START_REF] Andresini | A cross-talk between DNA methylation and H3 lysine 9 dimethylation at the KvDMR1 region controls the induction of Cdkn1c in muscle cells[END_REF] and ii) in a new intragenic region [START_REF] Andresini | The long non-coding RNA Kcnq1ot1 controls maternal p57 expression in muscle cells by promoting H3K27me3 accumulation to an intragenic MyoD-binding region[END_REF]. In vitro studies, based mostly on fibroblasts converted to the myogenic lineage, suggested that MYOD plays a dual function in inducing p57. First, it counteracts cis-acting repression, by sequentially interacting with CTCF, disrupting the CTCF-mediated chromatin loop, and releasing the p57 promoter. Second, it assists upregulation by the intermediate factors p73, SP1, and EGR1 [START_REF] Vaccarello | p57Kip2 is Induced by MyoD Through a p73-dependent Pathway[END_REF][START_REF] Figliola | Regulation of p57KIP2 during Muscle Differentiation: Role of Egr1, Sp1 and DNA Hypomethylation[END_REF][START_REF] Busanello | MyoD regulates p57 kip2 expression by interacting with a distant cis -element and modifying a higher order chromatin structure[END_REF][START_REF] Battistelli | Functional interplay between MyoD and CTCF in regulating long-range chromatin interactions during differentiation[END_REF]. MyoD knock-down in zebrafish embryos reduces p57 expression, while MYOD overexpression promotes ectopic p57 in somatic and head mesoderm of zebrafish [START_REF] Osborn | Cdkn1c drives muscle differentiation through a positive feedback loop with Myod[END_REF].

Notably, MYOD-induced myogenic conversion of fibroblasts upregulates p57 only in the absence of p21 [START_REF] Zhang | Direct inhibition of G1 cdk kinase activity by MyoD promotes myoblast cell cycle withdrawal and terminal differentiation[END_REF][START_REF] Figliola | MyoD induces the expression of p57Kip2 in cells lacking p21Cip1/Waf1: Overlapping and distinct functions of the two cdk inhibitors[END_REF], implying intrinsic differences between fibroblasts and myogenic cells. In the opposite direction, p57 was found to promote MYOD accumulation in the myogenic progenitors (adaxial cells) of zebrafish embryos [START_REF] Osborn | Cdkn1c drives muscle differentiation through a positive feedback loop with Myod[END_REF]. Co-immunoprecipitation assays showed that p57 directly binds to MYOD, through the basic region of MYOD and the amino-terminal domain of p57 [START_REF] Reynaud | Stabilization of MyoD by Direct Binding to p57Kip2[END_REF]. Remarkably, the same p57 helix domain that is indispensable for CDK-Cyclin inhibition is also important for MYOD binding [START_REF] Reynaud | Stabilization of MyoD by Direct Binding to p57Kip2[END_REF][START_REF] Hashimoto | Critical Role for the 310 Helix Region of p57Kip2 in Cyclin-dependent Kinase 2 Inhibition and Growth Suppression[END_REF]. In vitro dissection of the underlying mechanism revealed that p57 increases MYOD stability by inhibiting its phosphorylation by CDK2-CyclinE complexes [START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF], while p57-MYOD binding is competed by CDK4-CyclinD1 complexes [START_REF] Reynaud | Stabilization of MyoD by Direct Binding to p57Kip2[END_REF].

Based on the profile similarities of p21 and p57 during myogenesis, their colocalization in differentiating myotubes in vitro, and the normal muscle development of single p21 or p57 knock-out embryos, their possible redundancy during development was evaluated by concomitantly ablating both factors [START_REF] Zhang | p21(CIP1) and p57(KIP2) control muscle differentiation at the myogenin step[END_REF]. Simultaneous abrogation of p21 and p57 increases Rb phosphorylation by CDK2, increases myoblast proliferation and apoptosis, and induces endoreplication of residual myotubes at the fetal stage. Multiple muscle groups (head, trunk, limb) are severely diminished in double knock-out embryos, with the overall phenotype resembling that of Myogenin-deficient embryos. Molecular genetic experiments placed p21 and p57 in parallel to MYOG rather than upstream or downstream of this MRF. Whether the redundant functions of p21 and p57 are at play during adult myogenesis remains to be shown. p27 was found to participate both in the differentiation program and in maintaining a subpopulation of MuSCs. During C2C12 myogenic differentiation, p27 protein levels increase (Table 1), even though the mRNA amount remains constant, implying posttranslational regulation [START_REF] Chu | Involvement of p27kip1 and cyclin D3 in the regulation of cdk2 activity during skeletal muscle differentiation[END_REF][START_REF] Franklin | Induction of p18INK4c and its predominant association with CDK4 and CDK6 during myogenic differentiation[END_REF][START_REF] Reynaud | p57Kip2 stabilizes the MyoD protein by inhibiting cyclin E-Cdk2 kinase activity in growing myoblasts[END_REF][START_REF] Halevy | Correlation of Terminal Cell Cycle Arrest of Skeletal Muscle with Induction of p21 by MyoD[END_REF][START_REF] Messina | p27 Kip1 Acts Downstream of N-Cadherin-mediated Cell Adhesion to Promote Myogenesis beyond Cell Cycle Regulation[END_REF][START_REF] Chen | Clenbuterol Induces Cell Cycle Arrest in C2C12 Myoblasts by Delaying p27 Degradation through βarrestin 2 Signaling[END_REF]. Ectopic p27 inhibits proliferation and promotes differentiation, while p27 repression leads to opposite effects in C2C12 and primary myoblasts (Table 2) [START_REF] Messina | p27 Kip1 Acts Downstream of N-Cadherin-mediated Cell Adhesion to Promote Myogenesis beyond Cell Cycle Regulation[END_REF][START_REF] Chakravarthy | Insulin-like Growth Factor-I Extends in VitroReplicative Life Span of Skeletal Muscle Satellite Cells by Enhancing G1/S Cell Cycle Progression via the Activation of Phosphatidylinositol 3′-Kinase/Akt Signaling Pathway[END_REF]. The β2-adrenoceptor agonist clenbuterol that was tested in rodent models of dystrophy, denervation and aging for its anabolic effects, was shown to induce cell cycle arrest by increasing the levels and nuclear accumulation of p27 [START_REF] Chen | Clenbuterol Induces Cell Cycle Arrest in C2C12 Myoblasts by Delaying p27 Degradation through βarrestin 2 Signaling[END_REF]. Co-IP experiments showed that p27 can associate with MYOD (Table 2), possibly regulating transcription [START_REF] Biçer | ChIP-Seq analysis identifies p27(Kip1)-target genes involved in cell adhesion and cell signalling in mouse embryonic fibroblasts[END_REF]. During hypertrophy of myogenic cells in vitro, p27 was proposed to function primarily as a CDK2 inhibitor at the G1/S transition [START_REF] Hlaing | The Hypertrophic Response in C2C12 Myoblasts Recruits the G1 Cell Cycle Machinery[END_REF]. p27 deficiency leads to general hyperplasia and increased body size and muscle mass (Table 2), with the latter being partially mediated by decreased Myostatin [START_REF] Lin | P27 knockout mice: reduced myostatin in muscle and altered adipogenesis[END_REF], a protein inhibiting muscle growth. An in-depth in vivo analysis of MuSC subpopulations was performed using the retention of a H2B-GFP label as a reporter of proliferative history. This study revealed that p27 is required to maintain the primitive fate of a subpopulation with labelretaining dormant behavior (Table 1) [START_REF] Chakkalakal | Early forming label-retaining muscle stem cells require p27kip1 for maintenance of the primitive state[END_REF]. The same team showed that p21 is acting in the nonlabel-retaining MuSCs to promote lineage commitment [START_REF] Kimmel | Aging induces aberrant state transition kinetics in murine muscle stem cells[END_REF][START_REF] Chakkalakal | Early forming label-retaining muscle stem cells require p27kip1 for maintenance of the primitive state[END_REF]. These in vivo findings are in agreement with early in vitro observations, whereby p21 is enriched in differentiated myotubes and p27 in self-renewing reserve cells [START_REF] Cao | Role of Metalloprotease Disintegrin ADAM12 in Determination of Quiescent Reserve Cells during Myogenic Differentiation In Vitro[END_REF]. Further supporting this model, p27 is only transiently expressed in the developing muscle masses between E10.5 and E11.5 and all p27+ cells coexpressed MYOD, while only a subset had MYOG [START_REF] Zabludoff | p27Kip1 is expressed transiently in developing myotomes and enhances myogenesis[END_REF]. During aging, hypophosphorylation of AMPK and its downstream target p27 were recently found to be associated with reduced autophagy and increased apoptosis that characterizes aged MuSCs [START_REF] White | The AMPK/p27Kip1 Axis Regulates Autophagy/Apoptosis Decisions in Aged Skeletal Muscle Stem Cells[END_REF]. Restoration of phosphorylated p27 is sufficient to suppress the apoptosis and cell cycle defects, leading to improved in vivo grafting capacity of aged MuSCs [START_REF] White | The AMPK/p27Kip1 Axis Regulates Autophagy/Apoptosis Decisions in Aged Skeletal Muscle Stem Cells[END_REF].

Concluding remarks

Skeletal muscle develops and repairs itself under fine molecular regulation, in which cell cycle control is central. The precise regulation of proliferation and cell cycle arrest (quiescence, differentiation) have been explored by many groups over the last 30 years, elucidating the complex interactions between factors that sustain (e.g. CDK-Cyclin complexes) or inhibit (e.g. CDKIs) proliferation of muscle cells. Few exceptions to this dogma have been noted and are summarized here. First, analysis of cell cycle factor expression during the first week post-injury has shown concomitant increase of proliferation-promoting and proliferation-inhibiting molecules. As this was based on bulk cell analysis at each day post-injury, single cell analysis or a finer time-course could elucidate whether proliferation-promoting and proliferation-inhibiting factors are restricted to activated/proliferating and differentiating cells, respectively. Second, CDK4 and p57 are found in differentiating and proliferating cells, respectively, but this unexpected finding is accompanied with cytoplasmic rather than nuclear presence. In contrast, both factors are nuclear when they are shown to promote (CDK4) or inhibit (p57) proliferation.

Third, CyclinD3 is the only Cyclin that is expressed in differentiation conditions, and it was shown to actively block proliferation by sequestering CDK2 in inactive complexes. On a similar note, CDK2-CyclinE complexes were reported in differentiating myoblasts, but they were inactive.

Lastly, the cell cycle inhibitor p19 is high in proliferating and low in differentiating C2C12 cells but its role has not been further investigated.

Historically, most studies of cell cycle factor effects on the muscle lineage have been initiated on the C2C12 myogenic cell line or on MYOD-converted fibroblasts, with results not being validated on primary myoblasts, freshly isolated MuSCs or in vivo. More recently, in vivo high-throughput transcriptomic analyses identified cell cycle regulators among differentially expressed genes, but validation of these findings is lacking. Furthermore, whereas many early studies focused on development, detailing expression patterns and knock-out phenotypes of cell cycle factors, less work has been published on their postnatal role in muscle homeostasis, regeneration, and aging, including MuSC quiescence (Table 1). Elucidating the gatekeepers of MuSC quiescence could have a major impact on the delivery of functional cells when cell therapies are considered as treatment for myopathies. Moreover, it would be interesting to develop a mathematical model describing the cell cycle dynamics of myogenic cells, as was recently done for the muscle regeneration process [START_REF] Kojouharov | A simple model of immune and muscle cell crosstalk during muscle regeneration[END_REF]. Finally, the field would benefit from confirmation of findings in human samples (normal or dystrophic muscle) which have been less studied than rodent models (Table 1). Overall, there has been substantial research on the cell cycle regulation of myogenesis, but many aspects remain to be characterized especially in postnatal and human muscle biology. Most of these activated cells will proceed to myogenic differentiation to form new myofibers, while a small subpopulation will self-renew to maintain the quiescent pool for future needs. CDK2 VR [START_REF] Kobayashi | Cyclin-Dependent Kinase 1 Is Essential for Muscle Regeneration and Overload Muscle Fiber Hypertrophy[END_REF][START_REF] Latella | Reconstitution of Cyclin D1-Associated Kinase Activity Drives Terminally Differentiated Cells into the Cell Cycle[END_REF][START_REF] Chu | Involvement of p27kip1 and cyclin D3 in the regulation of cdk2 activity during skeletal muscle differentiation[END_REF][START_REF] Mal | P21 and Retinoblastoma Protein Control the Absence of DNA Replication in Terminally Differentiated Muscle Cells[END_REF] CDK4 N C [START_REF] Skapek | Inhibition of Myogenic Differentiation in Proliferating Myoblasts by Cyclin D1-Dependent Kinase[END_REF][START_REF] Kobayashi | Cyclin-Dependent Kinase 1 Is Essential for Muscle Regeneration and Overload Muscle Fiber Hypertrophy[END_REF][START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF][START_REF] Zhang | Coupling of the cell cycle and myogenesis through the cyclin D1-dependent interaction of MyoD with cdk4[END_REF][START_REF] Latella | Reconstitution of Cyclin D1-Associated Kinase Activity Drives Terminally Differentiated Cells into the Cell Cycle[END_REF] CDK6 [START_REF] Wang | Inhibition of retinoblastoma protein phosphorylation by myogenesis-induced changes in the subunit composition of the cyclin-dependent kinase 4 complex[END_REF] CyclinA [START_REF] Latella | Reconstitution of Cyclin D1-Associated Kinase Activity Drives Terminally Differentiated Cells into the Cell Cycle[END_REF][START_REF] Chu | Involvement of p27kip1 and cyclin D3 in the regulation of cdk2 activity during skeletal muscle differentiation[END_REF] CyclinA2 [START_REF] Barruet | Functionally heterogeneous human satellite cells identified by single cell RNA sequencing[END_REF] CyclinB [START_REF] Shcherbina | Dissecting Murine Muscle Stem Cell Aging through Regeneration Using Integrative Genomic Analysis[END_REF] CyclinB1 [START_REF] Chen | A Cdh1-FoxM1-Apc axis controls muscle development and regeneration[END_REF][START_REF] Barruet | Functionally heterogeneous human satellite cells identified by single cell RNA sequencing[END_REF] CyclinD1 VR **NI: non-injured, resting healthy adult muscle; AI/R: acute muscular injury and regeneration in adult muscle; CP: clinically pathological muscle; Ag: aging muscle. Refer to the main text for details on the cell type(s) expressing each factor, in case data are not emanating from bulk analysis of the entire muscle tissue. $ exercise-induced 

Figures and

  Expression of CDKIs is generally increased during myogenesis, as shown in mouse embryos and myogenic cells. When the equilibrium is shifted to or against one of these factors, the differentiation and proliferation capacities are rapidly affected in vitro. More recently, in vivo data started to support the unique and redundant roles of CDKIs for muscle development, homeostasis, and regeneration. Further studies are expected to elucidate the currently poorly understood role of CDKIs in the entry (early postnatally) or re-entry (post-regeneration) of MuSC into quiescence. A limited number of studies have evaluated the impact of the INK4 family on the muscle lineage.

Figure 1 .

 1 Figure 1. Cellular and molecular aspects of myogenic differentiation during development (top) or during postnatal skeletal muscle regeneration (bottom). Top: embryonic and fetal progenitors are mitotically active and have not engaged in the myogenic program. The transcription factors MYF5, MYOD, and MYOG are sequentially expressed in progenitors that commit to the differentiated lineage and form the multinucleated myotubes that mature into myofibers. Bottom: Myofibers of adult muscle are postmitotic and they are accompanied by muscle stem cells, termed satellite cells because of their anatomical position in the periphery of myofibers. Satellite cells are quiescent in resting muscle but enter the cell cycle to repair damaged muscle.

  Markers of muscle stem/progenitor cells are shown in green. Myogenic regulatory factors involved in myogenic progression during differentiation are shown in red. Cellular changes are shown in blue.

Figure 2 .

 2 Figure 2. Cell cycle progression and arrest. Non-cycling cells are maintained at the resting, non-proliferating phase called G0, while cycling cells undergo S-phase (Synthesis; DNA replication step) and M-phase (Mitosis; division step), which are separated by two "gap phases" (G1, G2). Cell cycle progression depends on the activity of various complexes of Cyclin-Dependent Kinases (CDKs) and Cyclins, acting on different cell cycle transitions. When active, these complexes phosphorylate the retinoblastoma protein (Rb), blocking its inhibitory activity on proliferation. Two families of Cyclin-Dependent Kinase Inhibitors (CDKIs) counteract the activity of CDK-Cyclin complexes at early G1 phase (family INK4, encompassing p15, p16, p18, p19) or throughout the cell cycle (family CIP/KIP, including p21, p27, p57).

Table 1 . Expression pattern of cell cycle factors in different cell or tissue states of myogenesis

 1 white: no data; /: not expressed; grey: low expression; black: high expression VR: variable results have been reported by different groups, please refer to text for details. In grey and black, subcellular expression is indicated when known: N (nuclear)/C (cytoplasmic)

	Cell cycle factor	Q	Cell level* AP	D	NI	Tissue level** AI/R	CP	Ag	References
	CDK1							[74,79,102]	
	Cyclins								
	and								
	CDKs								

Table 2 . Deletion and overexpression phenotypes of cell cycle factors elucidating their function on myogenic cells or the skeletal muscle tissue Cell cycle factor Deletion (@MuSC: MuSC- specific genetic deletion) or inhibition Ectopic expression Interaction with myogenic factors References CDKs and Cyclins

 2 

	CDK1	suppresses MuSC migration		CDK1 phosphorylates MYOD	[74,98,103]
		@MuSC: impairs regeneration		regulating its turnover	
		post-injury and hypertrophy			
		post-overload			
	CDK2			CDK2 phosphorylates MYOD	[103]
				regulating its turnover	
	CDK4	induces G1 accumulation &	induces DNA synthesis in	CDK4 binds MYOD and blocks its	[76,78-81,100]
		muscle-specific gene expression	myotubes,	DNA binding capacity,	
			represses MEF2 activity,	MYOD binds CDK4 and inhibits its	
			impairs muscle-specific gene	ability to phosphorylate Rb	
			expression		
	CDK9-			the complex enhances MYOD	[108,109]
	CyclinZ2*			function & promotes differentiation	
	CDK12*	counteracts transcription of the			[110]
		DM1 expanded repeats in			
		Myotonic Dystrophy type 1			
	CyclinD1	knock-out: no muscle			[89-92,100]
		phenotypes			
		@MuSC: reduced MuSC			
		activation post-injury			
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