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The past two decades have left behind the old conception of early fate-restricted neural progenitors. The new paradigm is that of a more plastic brain, in which the cellular potential of multi-fated progenitors is progressively restricted. This is observed in the switch from neurogenesis to gliogenesis, but also in the generation of different types of glial cells and neurons at later stages. The mechanisms that establish brain cell diversity or heterogeneity within a single population are starting to be elucidated. The role of cell cycle regulators and dynamics and the asymmetric distribution of cell cargoes during cell division are attracting more attention. Understanding these mechanisms could open the way for new treatments against brain pathologies such as brain tumors or neurodegenerative disorders.

Highlights

• CNS glial progenitors are multi-fated, not cell-type specific.

• Regulators of cell cycle progression and arrest are implicated in fate determination.

• Asymmetric inheritance of cellular components can control cell fate.

• Adult NSCs are transcriptionally heterogeneous, and range from quiescent to activated.

• Neurogenesis has been observed in the adult brain, but remains a subject of debate.

INTRODUCTION

During embryogenesis, Radial Glial Cells (RGCs) generate both neurons and glia [START_REF] Malatesta | Isolation of radial glial cells by fluorescent-activated cell sorting reveals a neural lineage[END_REF]. At the turn of the 21st century, separate neuron-and glia-restricted progenitors were thought to exist. Glial progenitors remained inactive during neurogenesis, becoming activated only when gliogenesis begins [START_REF] Costa | Late origin of glia-restricted progenitors in the developing mouse cerebral cortex[END_REF]. However, cell type-restricted progenitors are not the rule in the proliferating central nervous system (CNS). Instead, multi-fated progenitors progressively acquire more limited potentials until they differentiate into a specific cell type.

The paradigm claiming that the adult mammalian brain is devoid of neuronal regeneration [START_REF] Ramón | Degeneration & Regeneration of the Nervous System[END_REF], shifted in the 1960s, when a stream of cells migrating from the subventricular zone (SVZ) of the lateral ventricle to the olfactory bulb (OB) was observed in rodents [START_REF] Altman | Autoradiographic and histological studies of postnatal neurogenesis. IV. Cell proliferation and migration in the anterior forebrain, with special reference to persisting neurogenesis in the olfactory bulb[END_REF]. This was the first milestone in the discovery of adult neurogenesis: the formation of neurons de novo. However, it was not until the end of the 1990s that the adult neural stem cell (NSC) was identified. These cells, now called B1 cells, form an astroglial population that are the primary NSCs of the SVZ neurogenic niche in the adult [START_REF] Doetsch | Subventricular Zone Astrocytes Are Neural Stem Cells in the Adult Mammalian Brain[END_REF], [START_REF] Doetsch | Regeneration of a germinal layer in the adult mammalian brain[END_REF]. In 1998, the observation of proliferating cells in cancer patients that had received BrdU for diagnostic purposes suggested that neurogenesis might occur in adult humans, both in the SVZ and the subgranular zone (SGZ) of the dentate gyrus of the hippocampus, the other neurogenic niche in the adult brain [START_REF] Eriksson | Neurogenesis in the adult human hippocampus[END_REF].

The mammalian brain is thus now considered as able to regenerate more than it was a hundred years ago. We will focus here on the neural lineages during embryonic development, as well as the generation of neurons from a particular set of glia, adult NSCs, their heterogeneity and the controversies surrounding this process in the adult human brain.

For each lineage, we will discuss some of the mechanisms that specify them and regulate cell division patterns.

STUDY OF THE NEURONAL/GLIAL LINEAGE DURING DEVELOPMENT The common neuronal/glial lineage and regulatory mechanisms

During corticogenesis, groups of 8 to 9 neurons are formed from a single progenitor through asymmetric divisions, after which one in six of the RGCs generate glia [8••]. This study confirmed, using Mosaic Analysis with Double Markers (MADM), that the glia were contained in neurogenic clones, implying that they were born after a series of neurogenic divisions (Figure 1A) [8••]. The discovery that RGCs generate both neurons and glia shows that some forebrain progenitors are bi-fated rather than generating only neurons or glia. Glia-restricted RGCs, observed in later developmental stages, are produced by the asymmetric self-renewing cell divisions that previously generated neuron precursors [START_REF] Costa | Late origin of glia-restricted progenitors in the developing mouse cerebral cortex[END_REF].

Interestingly, zebrafish RGCs, unlike those in mammals, remain at the adult stage, and thus provide superior renewing neurogenic capacities. These RGCs are even capable of generating a neuron and a glial cell from a single cell division. These observations support the idea that bi-fated RGCs exist since early in evolution and make zebrafish an excellent model for regenerative research [START_REF] Rothenaigner | Clonal analysis by distinct viral vectors identifies bona fide neural stem cells in the adult zebrafish telencephalon and characterizes their division properties and fate[END_REF].

The "cell cycle length" hypothesis suggests that the length of the cell cycle, particularly the G1 phase, is determinant for neurogenesis, by allowing the accumulation of differentiation-driving factors. During mouse corticogenesis, differentiating neurogenic divisions and cell cycle deceleration due to G1 lengthening are correlated, whereas a short G1 is associated with proliferative divisions [START_REF] Hardwick | Cell cycle regulation of proliferation versus differentiation in the central nervous system[END_REF], [START_REF] Dehay | Cell-cycle control and cortical development[END_REF]. Furthermore, overexpression of CyclinD1-CDK4/6 by in utero electroporation decreased cell cycle length by shortening G1. This promoted self-renewing proliferative divisions [START_REF] Pilaz | Forced G1-phase reduction alters mode of division, neuron number, and laminar phenotype in the cerebral cortex[END_REF] or inhibition of neurogenesis [START_REF] Lange | Cdk4/CyclinD1 Overexpression in Neural Stem Cells Shortens G1, Delays Neurogenesis, and Promotes the Generation and Expansion of Basal Progenitors[END_REF].

Knock-down of CyclinD1-CDK4/6 had the opposite effect (Figure 1A) [START_REF] Lange | Cdk4/CyclinD1 Overexpression in Neural Stem Cells Shortens G1, Delays Neurogenesis, and Promotes the Generation and Expansion of Basal Progenitors[END_REF]. The relation between cell cycle length and gliogenesis has not been as extensively studied as in neurogenesis, but gliogenic divisions may also be affected by cell cycle dynamics (Figure 1A).

The relative proportions of symmetric and asymmetric cell divisions are crucial for the correct development of organs, including the brain. Microcephaly, a neurodevelopmental disorder characterized by a small CNS at birth and cognitive disability, can be due to the deregulation of the amount and type of cell divisions during embryogenesis, associated with mutations in genes involved in DNA damage and repair or centrosomal proteins [START_REF] Marjanović | CEP63 deficiency promotes p53dependent microcephaly and reveals a role for the centrosome in meiotic recombination[END_REF]. The asymmetric distribution of certain fate determinants in daughter cells is also important in invertebrates [START_REF] Shlyakhtina | Asymmetric inheritance of cell fate determinants: Focus on RNA[END_REF] and other vertebrates, like zebrafish, in which the inheritance of distinct subcellular membrane domains is key for cell division asymmetry during neurogenesis [START_REF] Alexandre | Neurons derive from the more apical daughter in asymmetric divisions in the zebrafish neural tube[END_REF].

The centrosome is a target of active research in the determination of cell division asymmetry and fate acquisition. In the semiconservative duplication of the centrosome, one cell inherits the older "mother" centriole, whereas the other receives the younger "daughter" centriole, each of which is paired with a newly-synthetized centriole [START_REF] Nigg | Once and only once: Mechanisms of centriole duplication and their deregulation in diseases[END_REF]. In the developing mouse cortex and chick neural tube, the cell bearing the mother centriole retains stem cell characteristics, whereas the cell that receives the daughter centriole becomes a prospective neuron and differentiates [START_REF] Saade | A centrosomal view of cns growth[END_REF], [START_REF] Wang | Asymmetric centrosome inheritance maintains neural progenitors in the neocortex[END_REF]. Interestingly, this can be regulated by the asymmetry of centriole-associated proteins in mother and daughter centrioles, which affect cell signaling, as well as microtubule and primary cilium assembly (Figure 1A) [START_REF] Paridaen | Asymmetric inheritance of centrosome-associated primary cilium membrane directs ciliogenesis after cell division[END_REF], [START_REF] Saade | Shh-mediated centrosomal recruitment of PKA promotes symmetric proliferative neuroepithelial cell division[END_REF]. Paradoxically, although the mother centriole-associated protein Ninein promotes VZ retention of the RGC daughter cells [START_REF] Wang | Asymmetric centrosome inheritance maintains neural progenitors in the neocortex[END_REF], another mother centriole-associated protein, AKNA, has recently been found to have the opposite effect: ventricular delamination of RGCs and their establishment as SVZ progenitors [22••]. However, AKNA-dependent delamination from the SVZ happens during interphase, so its transition to a type of basal (SVZ) progenitor is not incompatible with the inheritance of the mother centriole by the proliferative daughter cell [22••].

The evolutionary mechanism that implicates the expansion of the progenitor pool and, consequently, the cortex, in gyrificated animals like ferrets and primates, also seems to relate centrosomal proteins and delamination from the ventricular surface. For instance, loss of the most common microcephaly-related gene, the centrosomal protein ASPM, leads to premature displacement of progenitors from the VZ to the SVZ in gyrificated animals [START_REF] Johnson | Aspm knockout ferret reveals an evolutionary mechanism governing cerebral cortical size letter[END_REF].

Interestingly, loss of this protein also causes a premature glial differentiation [START_REF] Johnson | Aspm knockout ferret reveals an evolutionary mechanism governing cerebral cortical size letter[END_REF], so it is possible that the mechanisms that determine the proportions of proliferation and differentiation, as well as the mode of cell division (symmetric versus asymmetric), and thus a brain with the right numbers of cells, are conserved in gliogenesis.

The common B1/ependymal lineage and regulatory mechanisms

Retroviral bar-coding has revealed that B1 cell precursors diverge from the other forebrain cell lineages during mid-gestation (embryonic day 13 to 15, E13-E15 in mice), then remain largely quiescent until their reactivation in adults [24•]. This is also the period when most ependymal embryonic progenitors divide for the last time [START_REF] Spassky | Adult ependymal cells are postmitotic and are derived from radial glial cells during embryogenesis[END_REF]. State-of-the art clonal analysis techniques, such as Brainbow, MADM and StarTrack, have shown that adult NSCs and multiciliated ependymal cells belong to the same lineage, and can arise from either symmetrical or asymmetrical divisions yielding an ependymal cell and a B1 sister cell (Figure 1A) [26••], [START_REF] Redmond | Development of Ependymal and Postnatal Neural Stem Cells and Their Origin from a Common Embryonic Progenitor[END_REF].

The choice between B1 and ependymal glial cells is controlled by Geminin and GemC1

(Figure 1A) [26••]. The former favors a B1 fate and its loss has been linked to the presence of supernumerary centrioles and polyploidy [START_REF] Tachibana | Depletion of licensing inhibitor geminin causes centrosome overduplication and mitotic defects[END_REF]. The later induces an ependymal fate [26••], characterized by massive centriole amplification implicating that uses a dampened mitotic machinery [START_REF] Al Jord | Calibrated mitotic oscillator drives motile ciliogenesis[END_REF]. GemC1 knockout mice suffer from hydrocephalus due to the complete lack of multiciliated ependymal cells, and die prematurely [START_REF] Arbi | GemC1 controls multiciliogenesis in the airway epithelium[END_REF], [START_REF] Terré | GEMC 1 is a critical regulator of multiciliated cell differentiation[END_REF]. The mechanisms by which Geminin and GemC1 favor one fate or the other have not been elucidated, but both have well-defined roles in DNA replication licensing. Whereas Geminin halts replication firing to avoid endoreplication [START_REF] Wohlschlegel | Inhibition of eukaryotic DNA replication by geminin binding to Cdt1[END_REF], GemC1 is needed to initiate DNA replication [START_REF] Balestrini | GEMC1 is a TopBP1-interacting protein required for chromosomal DNA replication[END_REF]. It is intriguing that DNA replication regulators play a role in cell fate decisions. It is possible, however, that both functions are related, since cell cycle progression markers have been implicated in multiciliated cell differentiation [START_REF] Al Jord | Calibrated mitotic oscillator drives motile ciliogenesis[END_REF], [START_REF] Vladar | Cyclin-dependent kinase control of motile ciliogenesis[END_REF] and neuronal differentiation [START_REF] Hardwick | Cell cycle regulation of proliferation versus differentiation in the central nervous system[END_REF].

The mechanisms upstream of GemC1 in the brain remain partially unknown. It has been shown that Notch can impede the GemC1-dependent multiciliation program [START_REF] Kyrousi | Mcidas and gemc1 are key regulators for the generation of multiciliated ependymal cells in the adult neurogenic niche[END_REF] and neuronal differentiation [START_REF] Gaiano | Radial glial identity is promoted by Notch1 signaling in the murine forebrain[END_REF], helping to maintain the RGCs. The family of micro-RNAs miR-34/449 is involved in Notch inhibition and, consequently, multiciliation promotion, as shown in human airway mucociliary epithelial cell cultures or Xenopus embryonic epidermis (Figure 1A) [START_REF] Marcet | Control of vertebrate multiciliogenesis by miR-449 through direct repression of the Delta/Notch pathway[END_REF]. Although it has not yet been implicated in embryonic B1 precursor cell specification, Notch signaling is necessary for both maintenance and proliferation of adult NSCs, from zebrafish to mice (Figure 1B) [START_REF] Kawai | Areaspecific regulation of quiescent neural stem cells by Notch3 in the adult mouse subependymal zone[END_REF]- [START_REF] Alunni | Notch3 signaling gates cell cycle entry and limits neural stem cell amplification in the adult pallium[END_REF]. Furthermore, Notch determines the fates of adjacent cells that adopt different morphologies depending on a cell-cell crosstalksignaling pathway, in which one cell expresses the ligand and the other the Notch receptor [START_REF] Chitnis | The Notch meeting: An Odyssey from structure to function[END_REF]. Since B1 and ependymal cells are in contact in the neuroepithelium, Notch could well participate in the choice between the B1 or the ependymal fate (Figure 1A). Understanding how the respective proportions of these cells are determined could shed light on the mechanisms underlying neurodegenerative disorders or aggressive tumors in the CNS.

Ependymal cells seem to be the proliferative endpoint of a subset of RGCs, since the majority of ependymal cells are born after the majority of B1 cells, and symmetric B1generating divisions precede those generating ependymal cells [26••]. Supporting this hypothesis, ependymal cells appear only in the aged zebrafish [START_REF] Ogino | Characterization of multiciliated ependymal cells that emerge in the neurogenic niche of the aged zebrafish brain[END_REF], a species in which RGCs remain well beyond embryonic development [START_REF] Rothenaigner | Clonal analysis by distinct viral vectors identifies bona fide neural stem cells in the adult zebrafish telencephalon and characterizes their division properties and fate[END_REF]. Hence, it is plausible that ependymal cells arise when RGCs have exhausted their proliferative capacity. In mammals, the choice between a postmitotic and a proliferative fate might be related to a difference in telomere maintenance or damage in the sister cells (Figure 1A); the former has been related to the decrease in adult NSC proliferation observed with age and, the latter, with the proliferation of glioblastomas [START_REF] Ferrón | Telomere shortening and chromosomal instability abrogates proliferation of adult but not embryonic neural stem cells[END_REF], [START_REF] Bejarano | Inhibition of TRF1 Telomere Protein Impairs Tumor Initiation and Progression in Glioblastoma Mouse Models and Patient-Derived Xenografts[END_REF].

Finally, cyclin-dependent kinase inhibitors (CKI), such as p27 or p57 play a pivotal role in development, notably, in corticogenesis [START_REF] Clément | Rp58 and p27kip1 coordinate cell cycle exit and neuronal migration within the embryonic mouse cerebral cortex[END_REF], [START_REF] Tury | The cyclin-dependent kinase inhibitor p57Kip2 regulates cell cycle exit, differentiation, and migration of embryonic cerebral cortical precursors[END_REF], but also, in the specification of B1 cells [START_REF] Furutachi | Slowly dividing neural progenitors are an embryonic origin of adult neural stem cells[END_REF] •]. In the embryo, B1 cell progenitors retard their cell cycle via upregulation of p57 and enter quiescence (Figure 1A) [START_REF] Furutachi | Slowly dividing neural progenitors are an embryonic origin of adult neural stem cells[END_REF] •]. A specific combination of CKIs could, therefore, drive glial specification in the neurogenic niche or other regions of the brain (Figure 1A).

The common oligodendroglial/astrocytic lineage and regulatory mechanisms

Oligodendrocytes and astrocytes other than B1 cells are also generated by a bi-fated group of progenitors. There are two groups of astrocytes. Protoplasmic astrocytes with highly branched, bushy processes and low or absent expression of glial fibrillary acidic protein (GFAP) are located in the grey matter,, whereas fibrous astrocytes have long straight processes, are mainly located in the white matter and express higher levels of GFAP [START_REF] Tabata | Diverse subtypes of astrocytes and their development during corticogenesis[END_REF].

Interestingly, the neonatal birth of both types of astrocytes has been associated with Olig2expressing precursors (Figure 1A) [49•], [START_REF] Cai | A crucial role for Olig2 in white matter astrocyte development[END_REF]. Olig2, a transcription factor expressed in glial progenitors, is expressed in differentiated oligodendrocytes but downregulated in mature astrocytes. It suggests that oligodendrocytes and both kinds of astrocytes share a common lineage in the neonatal brain [START_REF] Tabata | Diverse subtypes of astrocytes and their development during corticogenesis[END_REF]. However, an apparently contradictory study showed that fibrous astrocytes arise from distinct progenitors than Olig2+ protoplasmic astrocyte progenitors. In this study, GFAP + and Olig2 + -derived astrocytes colonize mutually exclusive brain territories from the eleventh postnatal week [START_REF] Tatsumi | Olig2-Lineage astrocytes: A distinct subtype of astrocytes that differs from GFAP astrocytes[END_REF]. Thus, protoplasmic and fibrous astrocytes seem to share a common lineage with oligodendrocytes during neonatal stages, whereas a fibrous astrocyte precursor lineage diverges from a protoplasmic astrocyte/oligodendrocyte lineage in the adult. Brainbow labeling of RGCs in utero also revealed that most GFAP + pial astrocytes derive from the same progenitor as protoplasmic astrocytes (Figure 1A) [49•], further supporting the hypothesis that bi-fated glial precursors exist. Finally, single-cell transcriptomics and fate mapping have demonstrated that striatal parenchymal astrocytes act as a reservoir of neuroblasts upon stroke-mimicking Notch inhibition and mitogen activation, following a program of neurogenesis activation that closely resembles that of adult NSCs in the SVZ [START_REF] Magnusson | Activation of a neural stem cell transcriptional program in parenchymal astrocytes[END_REF].

STUDY OF THE NEURONAL/GLIAL LINEAGE DURING ADULTHOOD Proliferation in the mammalian neurogenic niche: adult neurogenesis and its mechanisms

Ependymal and B1 cells, along with neuronal-committed transit-amplifying cells (C cells) and migrating neuroblasts (A cells) of the same lineage, form one of the two neurogenic niches of the adult mammalian brain, the SVZ. Ependymal cells project several dozens of motile cilia, each nucleated by a single basal body, a modified centriole. B1 cells develop small apical contacts from which they project a single primary cilium [START_REF] Mirzadeh | Neural stem cells confer unique pinwheel architecture to the ventricular surface in neurogenic regions of the adult brain[END_REF], necessary for adult neurogenesis in the SVZ and in the SGZ for cognitive functions [START_REF] Guemez-Gamboa | Primary Cilia in the Developing and Mature Brain[END_REF]. In the SVZ, these two very different cell types are closely associated physically [START_REF] Mirzadeh | Neural stem cells confer unique pinwheel architecture to the ventricular surface in neurogenic regions of the adult brain[END_REF] and functionally [START_REF] Sawamoto | New neurons follow the flow of cerebrospinal fluid in the adult brain[END_REF], [START_REF] Petrik | Epithelial Sodium Channel Regulates Adult Neural Stem Cell Proliferation in a Flow-Dependent Manner[END_REF]. Ependymal cell ciliary beating contributes directly to adult neurogenesis either by increasing the circulation of the cerebrospinal fluid, which enhances B1 cell proliferation by opening sodium channels expressed on their epithelium [START_REF] Petrik | Epithelial Sodium Channel Regulates Adult Neural Stem Cell Proliferation in a Flow-Dependent Manner[END_REF][21], or by guiding newborn neurons to the OB [START_REF] Sawamoto | New neurons follow the flow of cerebrospinal fluid in the adult brain[END_REF].

The current consensus is that adult ependymal cells are postmitotic [START_REF] Spassky | Adult ependymal cells are postmitotic and are derived from radial glial cells during embryogenesis[END_REF], although it was claimed that they can generate neuroblasts after a stroke, or by inhibition of their constitutive Notch expression [START_REF] Carlén | Forebrain ependymal cells are Notch-dependent and generate neuroblasts and astrocytes after stroke[END_REF]. A more recent report has assessed different models of stroke induction, and found, by fate mapping, a very small number of ependymal-derived neurons in the OB. They thus suggest that the ependymal-derived neurons found in other studies are mainly due to ectopic expression from the Cre-driving regulatory sequence [START_REF] Muthusamy | Foxj1 expressing ependymal cells do not contribute new cells to sites of injury or stroke in the mouse forebrain[END_REF].

It was also observed that ependymal cells do not proliferate in vitro or in vivo, after induction of a hemorrhagic stroke. Furthermore, single-cell RNA-sequencing showed that ependymal cell clusters have a very distinct transcriptome that distinguishes them from the adult NSC lineage [START_REF] Shah | Single-Cell Transcriptomics and Fate Mapping of Ependymal Cells Reveals an Absence of Neural Stem Cell Function[END_REF]. Thus, the plasticity of ependymal cells upon brain injury remains debated.

Adult neurogenesis seems, then, to depend mostly on B1 cells (reviewed in [START_REF] Lim | The adult ventricular-subventricular zone (V-SVZ) and olfactory bulb (OB) neurogenesis[END_REF]). It was recently shown that 80% of B1 cells in the SVZ generate two C cells by symmetric consumptive divisions, whereas the other cells undergo symmetric proliferative divisions to maintain the stem cell pool (Figure 1B) [START_REF] Basak | Troy+ brain stem cells cycle through quiescence and regulate their number by sensing niche occupancy[END_REF] [62 The exact mechanisms that exhaust the capacity to proliferate are not yet fully understood, but may implicate telomerase expression that declines with age; the telomere shortening that ensues impairs B1 cell proliferation in the murine SVZ and leads to faulty neuronal differentiation [START_REF] Ferrón | Telomere shortening and chromosomal instability abrogates proliferation of adult but not embryonic neural stem cells[END_REF], [START_REF] Ferrón | Telomere shortening in neural stem cells disrupts neuronal differentiation and neuritogenesis[END_REF].

As in B1 cell specification and corticogenesis during embryonic development [START_REF] Clément | Rp58 and p27kip1 coordinate cell cycle exit and neuronal migration within the embryonic mouse cerebral cortex[END_REF]- [START_REF] Furutachi | Slowly dividing neural progenitors are an embryonic origin of adult neural stem cells[END_REF] (see above), CKIs, such as p21, have also been implicated in the regulation of neuronal progenitor cell cycle exit, during adult neurogenesis in the hippocampal SGZ [START_REF] Pechnick | p21Cip1 restricts neuronal proliferation in the subgranular zone of the dentate gyrus of the hippocampus[END_REF]. The mechanisms and consequences of CKI expression are of great interest: they determine fate during development, as just stated; but also, proteins like p16 or p21, cause cell cycle dysregulation in response to DNA damage in the early stages of a CNS disease such as amyotrophic lateral sclerosis [START_REF] Vazquez-Villaseñor | Expression of p16 and p21 in the frontal association cortex of ALS/MND brains suggests neuronal cell cycle dysregulation and astrocyte senescence in early stages of the disease[END_REF].

As for the mechanisms implicated in cell division patterns, the asymmetric inheritance of cellular components such as the genome, mitochondria or damaged or misfolded proteins has been proposed. The immortal strand hypothesis suggests that sister chromatids are not segregated randomly. The older (immortal) strand is preferentially found in the self-renewing daughter cell. This avoids the inheritance of replication errors in a cell that will continue to divide, thus circumventing genomic instability. However, this might not be true for all stem cells and remains controversial [START_REF] Moore | Creating Age Asymmetry: Consequences of Inheriting Damaged Goods in Mammalian Cells[END_REF], [START_REF] Venkei | Emerging mechanisms of asymmetric stem cell division[END_REF]. Finally, segregation of misfolded or damaged proteins in the differentiating daughter cell has been suggested to improve fitness of the self-renewing cell. Interestingly, ubiquitinated proteins, which are damaged peptides targeted for degradation, are distributed asymmetrically upon cell division in adult rat hippocampal NSCs, due to the presence of a diffusion barrier also found in RGCs (Figure 1B 

Molecular heterogeneity of adult NSCs

Interestingly, B1 cells do not form a homogeneous population [START_REF] Obernier | Neural stem cells: Origin, heterogeneity and regulation in the adult mammalian brain[END_REF], [START_REF] Merkle | Adult neural stem cells in distinct microdomains generate previously unknown interneuron types[END_REF]. RNA sequencing has shown the presence of both active (aNSCs) and quiescent (qNSCs) cells in the SVZ. These cells form a continuum of four subtypes that differ by their transcriptome: a dormant quiescent type; a primed quiescent type; two aNSCs, which differ primarily in the expression of mitotic genes [START_REF] Basak | Troy+ brain stem cells cycle through quiescence and regulate their number by sensing niche occupancy[END_REF], [71••]. The transition from dormancy to differentiation is characterized by a shift in cell metabolism; B1 cells are enriched in lipid synthesis, compared to neuroblasts, glycolysis genes are more highly expressed in qNSCs than aNSCs and neuroblasts and protein anabolism is more active in aNSCs than qNSCs (Figure 1B) [71••].

The latter, which play a key role in exit from dormancy and the transition from aNSCs to a neuroblasts is regulated at the level of protein translation rather than transcription.

Consequently, neuroblasts and mature neurons display high levels of post-transcriptional repression of "stemness" by factors such as Sox2. The expression of this transcription factor is similar at the RNA level, in NSCs and neuroblasts, but the Sox2 protein is absent in the latter. mTORC1 signaling plays a crucial role in this post-transcriptional regulation, and is necessary for entry into the primed qNSC state and differentiation [72•].

Adult neurogenesis in humans

Migrating immature neurons have recently been identified with cell markers such as doublecortin (DCX), and the proliferation marker Ki67 was observed in the SVZ and SGZ of infants but not in older children [START_REF] Sanai | Corridors of migrating neurons in the human brain and their decline during infancy[END_REF], [74•], [START_REF] Dennis | Human adult neurogenesis across the ages: An immunohistochemical study[END_REF]. However, in other studies, neurogenesis was observed in the SGZ until the tenth decade of life, using the same marker DCX, among others [START_REF] Boldrini | Human Hippocampal Neurogenesis Persists throughout Aging[END_REF], [77••].

These controversies are probably due to the difficulty of performing studies in adult human tissues, because optimal brain tissue is rarely available, the handling of post-mortem samples delicate and noninvasive research methods are lacking [START_REF] Kumar | ADULT NEUROGENESIS IN HUMANS: A Review of Basic Concepts, History, Current Research, and Clinical Implications[END_REF]. The impacts of fixation and pre-immunostaining treatments, differences in antibody sensitivity, tissue handling or postmortem delay have been evaluated [START_REF] Flor-García | Unraveling human adult hippocampal neurogenesis[END_REF].

Conclusion

Multi-fated progenitors in embryonic and adult brain are potentially interesting for the development of regenerative therapeutic approaches to brain diseases characterized by the degeneration of specific cell types. Recent studies showing physiological and sustained adult neurogenesis give hope for future treatments against neurodegenerative diseases.

Research into the mechanisms leading to the specification of the different cell lineages is crucial. The mechanisms of neurogenesis have been amply investigated, but glia, which are more numerous than neurons [START_REF] Bartheld | The search for true numbers of neurons and glial cells in the human brain: A review of 150 years of cell counting[END_REF], are responsible for key brain functions. Thus, their replacement in diseased brains is a matter of great importance, and would benefit from the elucidation of the mechanisms underlying their lineage and specification. However, plasticity in the brain is also compatible with the spatial restriction of progenitors. During adult neurogenesis, distinct progenitors distributed along the SVZ generate specific OB neurons [START_REF] Merkle | Adult neural stem cells in distinct microdomains generate previously unknown interneuron types[END_REF]. During corticogenesis, functionally different neurons are generated in anatomically distinct areas [START_REF] Marín | Lineage origins of GABAergic versus glutamatergic neurons in the neocortex[END_REF]. These observations will also have to be taken into consideration when developing therapeutic strategies to replace certain CNS populations. 

(A)

During cortical neurogenesis (E10-E18 in mice), RGCs divide asymmetrically to self-renew and generate neurons or neuron-committed intermediate progenitors. From the onset of neurogenesis, a single RGC asymmetrically divides to produce around 8 neurons. Among the mechanisms that drive cell fate decisions and division patterns are the asymmetric segregation of centriolar proteins and cell cycle length. In the first case, proteins associated with the mother centriole promote self-renewal of the daughter cell. Thus, the daughter centriole-inheriting cell is committed to the neural lineage. In the second case, cell cycle lengthening is linked to symmetric consumptive divisions and neurogenesis. Consequently, G1 phase lengthening (via cyclin D1-CDK4/6 expression knock-down) promotes neurogenesis, whereas G1 shortening enhances self-renewal. At the end of neurogenesis, 1 in 6 RGCs become gliogenic.

During perinatal gliogenesis (E14-P7), multi-fated progenitors emerge. Ependymal and B1-committed RGCs, which belong to the same lineage, are the first to finish their divisions. P57 and Geminin promote B1 cell generation, whereas arrested mitosis and GemC1, which can be inhibited by Notch, favors the ependymal fate. Notch has been described in other systems, but not in the brain, to be inhibited by the miR-34/449 family of microRNAs enhancing multiciliation. It would be interesting to determine whether postmitotic ependymal cells differ from their sister B1 cells because of the asymmetric inheritance of damaged proteins or DNA as shown in adult dividing B1 cells (see below). It is unknown whether ependymal cells, B1 astrocytes, oligodendrocytes and parenchymal astrocytes have a common progenitor. However, in neonatal stages, Olig2 + progenitors can give rise to oligodendrocytes, protoplasmic astrocytes and GFAP + pial astrocytes.

(B)

During adult neurogenesis, which begins in young adults at P20, B1 cells divide symmetrically; 80% generate transit-amplifying progenitors (C cells), 20% self-renew. Ependymal-generated cerebrospinal fluid (CSF) flow promotes B1 cell division and guides neuroblast migration. A diffusion barrier, described in adult B1 miotic cells, promotes the asymmetric inheritance of damaged proteins, which usually segregate into the more committed line (prospective neurons). B1 cell quiescence is maintained via mechanisms such as Notch3 or p21 expression, whereas Notch 1 maintains B1 cell activation. The transition from quiescence to differentiation entails a change in cellular metabolism that affects lipid synthesis, protein generation or glycolysis and posttranscriptional regulation.

Adult

gliogenesis presents two different lineages: a common oligodendroglial/protoplasmic (GFAP -) astrocyte lineage and a GFAP + astrocyte lineage, which colonize mutually exclusive territories. Striatal astrocytes can also initiate the neurogenic program, via Notch inhibition, and, in the adult, become transit-amplifying progenitors, which, upon stimulation by mitogens, continue to divide and generate neuroblasts.

VZ: Ventricular Zone, SVZ: Subventricular Zone, Str: Striatum, CP: Cortical Plate, MZ: Marginal Zone, RGCs: Radial Glial Cells.

  ) [68••]. Although asymmetric cell divisions are very common in the developing CNS, B1 cells divide symmetrically by consumptive or proliferative divisions [62••]. It would be of great interest to determine whether segregation of damaged proteins during B1 cell-generating symmetric divisions induces cells containing damaged cargoes to perform successive consumptive divisions.
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  ••]. Consequently, B1 cell density and adult neurogenesis decrease significantly with age [62••].
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