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Introduction

The hypothalamus is an important structure of the forebrain that integrates and responds to a variety of hormonal and metabolic signals [START_REF] Williams | The hypothalamus and the regulation of energy homeostasis : lifting the lid on a black box[END_REF][START_REF] Coll | The hypothalamus and metabolism : integrating signals to control energy and glucose homeostasis[END_REF]. The recent discovery that production of new neurons persists in the postnatal hypothalamus has opened promising lines of research, promoting neurogenesis as potential modulator of adult hypothalamic plasticity and function. However, little is known about the extent and regulation of hypothalamic neurogenesis throughout lifespan, as well as on its possible impact on physiology later in life. Recently, proliferating glial-like cells have been detected lining the paraventricular zone of the adult hypothalamus in rodents [START_REF] Xu | Neurogenesis in the ependymal layer of the adult rat 3rd ventricle[END_REF]. Although the cell of origin of adult-born hypothalamic neurons is still a matter of -tanycytes are thought to represent the stem cell--tanycytes, which form a barrier between median eminence (ME) milieu and ventricular cerebrospinal fluid (CSF), show only limited self-renewal [START_REF] Rodríguez | 164 Rojczyk-. Hypothalamic subependymal niche: a novel site of the adult neurogenesis[END_REF][START_REF] Robins | Tanycytes of the adult hypothalamic third ventricle include distinct populations of FGF-responsive neural progenitors[END_REF]. In this study, we used conditional mutagenesis driven by a nestin-CreER T2 transgene [START_REF] Lagace | Dynamic contribution of nestin-expressing stem cells to adult neurogenesis[END_REF] to perform long-term tanycyte lineage tracing in vivo. We detected significant production of new neurons in the hypothalamus between 3 and 16 months of age, contributing to cell replacement in various hypothalamic nuclei. Interestingly, several studies suggest that the postnatal dynamics of hypothalamic neurogenesis impacts feeding regulation, but it remains unclear whether increased or decreased neurogenesis is beneficial for long-term energy balance [START_REF] Lee | Evidence that brain-derived neurotrophic factor is required for basal neurogenesis and mediates, in part, the enhancement of neurogenesis by dietary restriction in the hippocampus of adult mice[END_REF][START_REF] Kokoeva | Neurogenesis in the hypothalamus of adult mice: potential role in energy balance[END_REF][START_REF] Pierce | De novo neurogenesis in adult hypothalamus as a compensatory mechanism to regulate energy balance[END_REF]. Conversely, tanycytes are known to respond to a range of trophic factors and energy-sensing pathways [START_REF] Pérez-Martín | IGF-I stimulates neurogenesis in the hypothalamus of adult rats[END_REF], suggesting that environmental changes in diet or activity may influence neurogenesis. Circulating IGF-I is a major molecular integrator of nutrition and exercise acting on adult neurogenesis [START_REF] Llorens-Martín | Exercise modulates insulin-like growth factor 1-dependent and -independent effects on adult hippocampal neurogenesis and behaviour[END_REF]. Here, we also asked whether somatotropic signaling in adult HySC might be a molecular mechanism coordinating environmental changes and neurogenesis in the hypothalamic niche. To test this hypothesis, we induced conditional knockout of IGF-I receptor (IGF-1R) specifically in adult nestin + cells, an intervention that mimics food scarcity by genetically lowering cell sensitivity to IGF-I, and quantified short-and long-term effects of this mutation on hypothalamic neurogenesis.

M aterial and methods

Mouse models

Experimental protocols were approved by All analyses were performed on males. We backcrossed CAG-tdTomato Experimental groups of KO and control animals were analyzed 1, 6 and 13 months after induction of Cre recombination.

Tissue sampling

Mice were anesthetized and perfused transcardially with cold 4% PFA in 0.1 M PBS. Brains were post-fixed overnight at 4°C in 4% PFA, and then incubated in 0.1 M PBS with 30% sucrose until they sank. Brains were snap-frozen in isopentane at -45°C and sectioned into 30 µm slices on a freezing microtome in coronal plane from Bregma -1.22 to -2.54. Coordinates were determined using a mouse brain atlas [START_REF] Paxinos | The mouse brain in stereotaxic coordinates (2nd edition)[END_REF]. Sections were collected in 6 parallel sets of ten, with sections being 180 µm apart. All 6 sets represented comparable samples of the entire ARC and ME region, and each cell type-specific staining was performed on a given set.

Immunohistochemistry

Cell type-specific antibody staining was performed on free-floating sections, and combined with Tom + newborn cell lineage tracing. Antibodies used were: rabbit polyclonal anti-IGFsubunit antibody (sc-713, 1:200, Santa-Cruz Biotechnology), rabbit polyclonal anti-glial fibrillary acidic protein antibody (GFAP, 1:2,000; Dako), anti-nuclear Ki67 antibody (1:250; Millipore), mouse monoclonal anti-neuronal marker antibody (NeuN 1:500; Millipore), rabbit polyclonal anti-P-STAT3 antibody (1:200; Abcam), rabbit polyclonal anti-Neuropeptide Y antibody (1:500; Abcam), mouse monoclonal anti-GABA-B receptor 1 antibody (1:1,000;

Abcam), rabbit polyclonal anti-GHRH antibody (1:200; Abcam), and rabbit polyclonal antiglutamate receptor 1 antibody (AMPA subtype) (1:200; Abcam).

Cell quantification

All tissues used for quantification were imaged using a spinning disc microscope (Yokogawa spinning head, Roper/Leica). Cell densities and absolute number of neurons were measured on Z-stacks composed of 2 to 4 µm optical slices. Cells were manually counted using Z-stack treatment options of FIJI software (http://fiji.sc/F iji). Tanycytes were identified by their highly specific morphology, and based on their anatomical position with respect to the 3 rd ventricle [START_REF] Robins | Tanycytes of the adult hypothalamic third ventricle include distinct populations of FGF-responsive neural progenitors[END_REF]. To assess neuronal morphology, about 20 cells per group were analyzed by acquisition of Z-stacks of 15 to 20 optical sections per neuron at 0.5 µm intervals. 3D-reconstructions of glial cells and neurons were performed using the 3D Project FIJI plug-in.

Statistical analyses

All data are reported as mean ± SEM. The threshold of statistical significance was defined as 

P < 0.

Results

Neuro-and gliogenesis occur beyond postnatal periods in the aging hypothalamic niche

To perform long-term tanycyte lineage tracing, we combine the nestin-CreER T2 transgene [START_REF] Lagace | Dynamic contribution of nestin-expressing stem cells to adult neurogenesis[END_REF] with Cre-inducible tdTomato knock-in reporter [START_REF] Madisen | A robust and high-throughput Cre reporting and characterization system for the whole mouse brain[END_REF].

We injected nestin-CreER T2 ;CAG-tdTomato +/0 mice with tamoxifen (Tam) at 3 months of age to exclude all developmental neurogenesis (Fig. 1A). Red fluorescence was efficiently induced in ependymocytes (Fig. 1B), and in --tanycytes (Fig. 1D). This new mouse model allowed cumulative recording of neurogenesis at different time points during adult life and aging. We observed that ependymal cell density increased significantly between 4 and 16 months of age (Fig. 1C; 1,565 ± 387 versus 3,676 ± 476, p < 0.05), indicating ongoing proliferation of these support cells in the aging brain. We also demonstrated for the first time a significant age-related attrition -tanycyte compartment (Fig. 1E; -34%, p = 0.02). In -tanycytes were substantially less abundant -tanycytes, and their number remained unchanged with age (Fig. 1F), corroborating the hypothesis that this cell compartment was rather transitory in the adult neurogenic process. Interestingly, the number of Tom + NeuN + cells (Fig. 1G) increased dramatically between 4 and 9 months, reaching a plateau between 9 and 16 months of age (Fig. 1H; 57 ± 3, 237 ± 39 and 196 ± 35 cells, respectively, p 4mo-9mo = 0.04). This result clearly demonstrates that production of new neurons continues in the adult hypothalamus. As some postnatal gliogenesis has been reported in this region [START_REF] Migaud | Emerging new sites for adult neurogenesis in the mammalian brain: a comparative study between the hypothalamus and the classical neurogenic zones[END_REF], we quantitatively compared neurogenic and gliogenic fate over age. At 9 and 16 months, we found few newborn cells presenting glial morphology (oligodendrocytes, microglia and astrocytes) in the ventromedial and dorsomedial hypothalamus, as compared to the number of newborn neurons (Fig. 1I-J). Importantly, we could not detect any gliogenic activity at 4 months, suggesting that limited gliogenesis developed predominantly during late adult life.

3.2. Adult neurogenesis produces specific neuronal cell-types in functionally different regions of the hypothalamus Adult neurogenesis in the hypothalamic niche was widespread and concerned multiple nuclei located in the posterior (PH), dorsomedial (DMH), ventromedial (VMH), mediobasal and lateral (LH) hypothalamus (Fig. 2A). At 9 months of age, the vast majority of newborn neurons integrated into dorso-medial hypothalamus (PH, DMH and VMH), while the arcuate nucleus (ARC) and median eminence (ME) also received some Tom + neurons (Fig. 2A; 49% in PH versus 3% in ARC). The long-term integration pattern that we observed differed substantially from the neurogenesis reported from early postnatal periods, confined predominantly to ARC and ME [START_REF] Lee | Tanycytes of the hypothalamic median eminence form a diet-responsive neurogenic niche[END_REF]. Because of this intriguing discrepancy, we aimed at characterizing which types of neuron are born in the aging hypothalamus. We checked whether neurons contributing to the regulation of food satiety were replaced in ARC and VMH, but did not find tangible evidence for colocalization of Tom + cells with neuropeptide Y (Fig. 2B; n = 6 animals, > 250 Tom + cells screened). Similarly, newborn hypothalamic cells were all negative for P-STAT3, indicating that none of them pertained to the populations of leptin-sensitive, orexigenic neuropeptide Y (NPY/AgRP) or to anorexigenic (proopiomelanocortin, POMC) neurons (Fig. 2C; n = 6, > 250 cells screened).

Interestingly, we found that the majority of Tom + adult-born cells in the aging ARC-ME were GHRH producing neurons (Fig. 2D; 68% ± 16, n = 6 animals, 25 cells screened in total). In contrast to the situation in the most ventral hypothalamus, DMH and PH contained a substantial proportion of total newborn neurons. These cells were expressing receptors for either glutamate or GABA, the two most abundant neurotransmitters in the hypothalamus (Fig. 2E-F; 59% were glutamate receptor-positive and 23% GABA receptor-positive, n = 6, > 250 Tom + cells screened). This result suggested that adult-born neurons were able to functionally integrate into pre-existing neurocircuitry, possibly as relay interneurons.

Although the cell of origin and the differentiation steps of newborn hypothalamic neurons are still a matter of debate, the anatomical disposition of Tom + NeuN + cells around the 3 rd ventricle suggested that they were potentially stemming from -tanycytes and progressively migrated into the hypothalamic parenchyma (Fig. 2G).

Suppression of IG F-I signaling in adult HySCs delays age-related decline of hypothalamic neurogenesis

To study the role of IGF-I signaling in hypothalamic neurogenesis, we used conditional gene targeting of IGF-1R. Nestin-CreER T2 ;CAG-tdTomato +/0 ;IGF-1R flox/flox mutants and nestin-CreER T2 ;CAG-tdTomato +/0 control mice were injected with Tam at 3 months of age to induce HySC-specific IGF-1R knockout. This provoked both red fluorescent label and loss of IGF-1R in all tanycytes and tanycyte progeny in mutants, and red fluorescence in the corresponding cells in control mice, allowing quantitative comparison of IGF-1R -/-and IGF-1R wt/wt newborn cell lineages. We confirmed that tanycytes, ependymocytes, and neurons all express high levels of IGF-1R in wild type animals (Fig. 3A-B). In contrast, adult-born Tom + neurons in mutants were completely devoid of IGF-1R (Fig. 3B, right panel).

Using the neuronal marker NeuN, we quantified Tom + newborn mature neurons in the hypothalamic niche over age, and observed significantly increased neuronal production in mutants compared to controls at 4 months (Fig. 3C; 158 ± 23 versus 57 ± 3, p 4mo = 0.04), and at 9 months (Fig. 3C; 468 ± 60 versus 237 ± 39, p 9mo = 0.008). Despite noticeable age-related decline of neurogenesis in both groups between 9 and 16 months (-29% in KO versus -17% in controls), mutants tended to preserve more adult-born neurons at long-term (Fig. 3C; 331 ± 93 versus 196 ± 35 cells, p 16mo = 0.24). Of critical note, complete suppression of IGF-I signaling in adult tanycytes did not affect gliogenesis in the aging hypothalamus (9 mo: 48 ± 11 versus 57 ± 27, and 16 mo: 28 ± 12 versus 31 ± 10, NS). Interestingly, the cumulative integration in mutants (Fig. 3D) was similar in proportion to controls (Fig. 2A), confirming that the absolute number of newborn neurons was significantly increased in KO animals in all hypothalamic nuclei, and also along the antero-posterior axis (Fig. 3E). Of important note, most newborn neurons originating from the 3 rd ventricle seemed to have migrated long distances before integrating into hypothalamic nuclei in KO and control animals (Fig. 3E). These data clearly demonstrate that deletion of IGF-1R in adult HySC dramatically enhance hypothalamic neurogenesis, both at short and at long-term.

In addition to the impact on neurogenesis, IGF-I signaling also affected the morphology of newborn neuron selectively in the ARC-ME region (Fig. 3F-G nerve cells in the ARC-ME region appeared to be conspicuously more tortuous than in controls at 9 and 16 months of age (Fig. 3G). To quantify tortuosity, we defined dendritic linearity index as curvilinear length divided by the straight line connecting the ends of the measured segment [START_REF] Irintchev | Structural and functional aberrations in the cerebral cortex of tenascin-C deficient mice[END_REF]. We found that dendrites of IGF-1R -/-neurons were significantly more tortuous than controls (Fig. 3H; KO: 1.09 ± 0.01 and controls: 1.04 ± 0.01, n = 4-5, p = 0.04). Moreover, IGF-1R null neurons also displayed significantly more dendrites sprouting from the soma (Fig. 3G; 4.6 ± 0.5 versus 2.0 ± 0.2 dendrites per cell, n = 4-5, p = 0.012). These results suggest that outgrowth is strongly dependent on IGF-I signaling also in the adult brain, and that these effects might be specific to neuroendocrine neurons in arcuate nucleus and median eminence.

3.4. IG F-I signaling controls -tanycyte maintenance by modulating their division pattern over age

We next asked whether enhanced neurogenesis was accompanied by stem/progenitor cell depletion with age. To address this point, we determined --tanycyte density in vicinity of the 3 rd ventricle. Importantly, at 4 months, KO and controls started with the same number of -tanycytes (Fig. 4A). In control animals, we observed a marked attrition of this cell compartment in control animals between 4 and 16 months (-48%). In contrast, mutants maintained and even increased -tanycytes with age (+33%). These differences resulted in twice as many -tanycytes in mutants compared to controls, both at 9 and 16 months of age (Fig. 4A-B; +132% at 9 months, p 9mo = 0.02, and +108% at 16 months, p 16mo < 0.0001). However, we did not observe such age-dependent differences in -tanycyte density comparing KO and controls (Fig. 4C). Starting with the same number of cells at 4 months, mutants tended to have higher -tanycyte density at 9 months of age (+78%, p = 0.24), but this trend disappeared at age 16 months. Similarly, non-neurogenic ependymal cells seemed unaffected by lifelong suppression of IGF-I signaling (Fig. 4D). Thus, inhibition of IGF signaling in adult HySC prevented age-related depletion selectively in -tanycytes.

Intriguingly, mutants maintained the pool of -tanycytes between 9 and 16 months, but produced substantially less neurons at 16 months compared to 9 months. In fact,tanycyte density (Fig. 4A) and number of newborn neurons (Fig. 3C) were no longer correlated in the 16-month-old mutants. To explain this discrepancy, we checked whether proliferation propensity decreased in IGF-1R -/--tanycytes between 9 and 16 months of age.

We found that the proportion of proliferating -tanycytes was similar at both ages in mutants (Fig. 4E), indicating that IGF-1R -/--tanycytes at 16 months were preferentially self-renewing and less differentiating. This result strongly points to a late-life shift in cell fate choice induced by lifelong suppression of IGF-I signaling in HySC. Collectively, these data demonstrate that deletion of IGF-1R from nestin + cells in the adult hypothalamus allows -tanycytes specifically with age, possibly through lifelong control of cell division pattern.

Discussion

Neurogenesis in aging versus early-postnatal hypothalamus

Using a conditional genetic marker, we performed long-term lineage tracing of nestin + neuronal progenitors in the hypothalamus. This allowed recording neurogenesis over extended periods of adult life and revealed for the first time quantitative aspects of neuronal replacement in this adult stem cell niche. Published data on SC-dependent maintenance of other adult tissues shows that these processes generally decline with increasing age.

Therefore, it is very likely that our findings comprise most if not all of adult neurogenesis after 3 months, and that the bulk of this neurogenesis occurred between 3 and 9 months of age. We demonstrated that hypothalamic neurogenesis generated several types of neurons.

Interestingly, identity as well as integration sites of these neurons differed markedly from what has been described for hypothalamic neurons born during postnatal periods. Adult-born neurons mostly integrated into PH, DMH and VMH nuclei, and a smaller proportion was found in the arcuate nucleus and median eminence. Moreover, most of these new neurons were either interneurons receiving GABA and glutamate afferences in posterior hypothalamus, or GHRH neurons in the most ventral regions. We did not find any anorexigenic or orexigenic leptin-sensitive newborn neurons during aging, contrasting with what has been documented for early postnatal hypothalamic neurogenesis [START_REF] Kokoeva | Neurogenesis in the hypothalamus of adult mice: potential role in energy balance[END_REF]Rojczyk-ska et al., 2014). This intriguing observation suggests that early and late adult neurogenesis of the hypothalamus might contribute to different physiological functions. Several reports show that postnatal neurogenesis in the hypothalamus is controlling energy homeostasis during the first two months of adulthood [START_REF] Sousa-Ferreira | Role of hypothalamic neurogenesis in feeding regulation[END_REF], and accordingly concerns NPY, POMC and P-STAT3 neurons. We propose that the here observed late-life hypothalamic neurogenesis is mainly targeting relay interneurons that might be important for tuning the activity of specific neuronal circuits in selected nuclei of the hypothalamus.

Adult-born G HRH-producing neurons

Another surprising observation was that GHRH neurons continued to be produced in the brain throughout adult life. These neurons are important elements in the forward and retroregulation of the somatotropic neuroendocrine axis. Their nerve endings extend to the median eminence, and GHRH secretion eventually induces growth hormone release from the pituitary into the peripheral blood. It is well-documented that GHRH neurons decrease in number with age [START_REF] Kuwahara | Age-related changes in growth hormone (GH) cells in the pituitary gland of male mice are mediated by GH-releasing hormone but not by somatostatin in the hypothalamus[END_REF]. Thus, de novo neurogenesis of specialized neuroendocrine neurons as we demonstrated here may open promising avenues of research for regenerative medicine and novel therapeutic strategies targeting replacement of neuropeptide and hormone-producing cells in the CNS.

IG F-I signaling, neurogenesis and metabolism

In this study, we demonstrated that hypothalamic neurogenesis continues in the adult and aging brain, which implies that it is controlled by specific molecular pathways throughout lifespan. Previous studies have shown that cell replacement in this new niche is tightly regulated by nutrient-sensing factors, such as brain-derived neurotrophic factor (BDNF), ciliary neurotrophic factor (CNTF) and fibroblast growth factors FGF-2, -10 and -18 [START_REF] Kokoeva | Neurogenesis in the hypothalamus of adult mice: potential role in energy balance[END_REF][START_REF] Robins | Tanycytes of the adult hypothalamic third ventricle include distinct populations of FGF-responsive neural progenitors[END_REF]. Moreover, hypothalamic neurogenesis is known to be highly sensitive to nutritional conditions and metabolic status of the animal. For instance, rodent obesity models display a significant decrease of postnatal neurogenesis in the arcuate nucleus and median eminence [START_REF] Mcnay | Remodeling of the arcuate nucleus energy-balance circuit is inhibited in obese mice[END_REF]. Inversely, inhibiting hypothalamic neurogenesis is sufficient to alter weight and metabolic balance at short-term [START_REF] Lee | Tanycytes of the hypothalamic median eminence form a diet-responsive neurogenic niche[END_REF]. Here, we propose that IGF-I signaling, a potent energy-sensing pathway, could serve as a molecular bridge connecting nutrition and cell replacement during adult life and aging. Down-regulation of IGF-I signaling, which is a genetic intervention mimicking conditions of low environmental energy resources, prolongs individual lifespan and preserves regenerative potential of stem cells [START_REF] Ratajczak | Higher number of stem cells in bone marrow of circulating Igf-1 level low Laron dwarf mice -novel view on Igf-1, stem cells and aging[END_REF]. Intriguingly, mutant mice used for the present study also develop a metabolic phenotype at 16 months of age, becoming leaner and more insulin-sensitive with age (Chaker et al., in press). While mostly explained by important changes in olfactory bulb neurogenesis and olfactory sensory function, this phenotype might also be affected by the increased hypothalamic neurogenesis observed at 4 and 9 months of age in mutants. Collectively, our work suggests that the dynamics of neurogenesis in the hypothalamic niche adapts itself to changes in environmental resources and sensory signals. This plasticity seems to be controlled lifelong by IGF signals, and might in turn exert a feed-forward effect on regulation of individual metabolic homeostasis.

Interestingly, in mutants and controls, the number of tanycytes far exceeded neurons, raising the issue of whether only a subset of tanycytes has the capacity to generate new neurons.

Similarly, as the number of tanycytes was the same in mutants and controls at 4 months, it will be important to parse whether the increase in lineage-traced neurons at all ages in mutant mice stems from increased proliferation rates alone or depends also on increased survival of adult-born neurons.

-tanycyte self-renewal during aging Deletion of IGF--tanycyte division pattern towards more self-renewal at long--tanycyte or ependymal cell number. This selective tanycyte subset is concordant with IGF-I having more dramatic effects on neurogenesis occurring in the medial periventricular region of the niche, as demonstrated at short-term in 8-week-old rats [START_REF] Pérez-Martín | IGF-I stimulates neurogenesis in the hypothalamus of adult rats[END_REF]. One pending question is whether the cellular mechanism by which IGF-I signaling controls neurogenesis in the hypothalamus is cell autonomous or not. Indeed, ependymocytes, which are an important component of the hypothalamic niche, are also knockout for IGF-1R. This could be sufficient to modify neurogenesis independently of direct effects on stem/progenitor cells, as demonstrated for other genes in subependymal cells of the SVZ [START_REF] Lim | Noggin antagonizes BMP signaling to create a niche for adult neurogenesis[END_REF].

Conclusions

This work constitutes first proof that highly specific neurogenesis exists in the aging hypothalamus, and that its dynamics depend on the IGF-I pathway. The discovery of lifelong cellular plasticity provides novel insights and perspectives for neuroendocrinology and for the development of hormone replacement therapies. 3. The data contained in this manuscript have not been previously published, have not been submitted elsewhere and will not be submitted elsewhere while under consideration at Neurobiology of Aging.
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  ). Whether KO or control, adult-born neurons newly integrated into the ARC-ME had significantly smaller soma than those integrated into VMH, DMH and PH (at 16 months of age, KO: 178 for ARC-ME and n = 18 cells for posterior regions; p < 0.001). Interestingly, extensions of IGF-1R -/-
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  igure L egends F ig. 1. Dynamics of neurogenesis in the aging hypothalamic niche. (A) Schematics of inducible transgenic approach used for in vivo lineage tracing. Administration of Tam activated Cre recombinase in all nestin + cells, inducing intense red label in these cells and their progeny. All mice were injected at 3 months of age and analyzed 1, 6 and 13 months after Tam-induced labeling. (B) Representative micrograph of recombined ependymal cells (red). Sections were counterstained with DAPI (blue). (C) Age-dependent dynamics of ependymocyte population; p = 0.05. (D) Representative micrograph of --tanyctes (red) lining the 3 rd ventricle (3V). Section were counterstained with DAPI (blue). (E and F) Age-dep -tanycytes (E; p tanycytes (F). (G) Sections of dorso-medial hypothalamus stained with neuronal marker NeuN. Arrows indicate adult-born neurons. Scale bars: inset. (H) Age-dependent evolution of neuronal population; p = 0.04. (I) Absolute number of Tom + glial cells detected in the hypothalamic niche at 9 and 16 months. Quantifications were performed on 10 sections per animal and n 4mo = 2, n 9mo = 6, n 16mo = 5 animals per group. (J) 3D Z-projection image representing newborn glial cells (astrocytes co-labeled with GFAP). F ig. 2. Identity of newborn hypothalamic neurons. (A) Left panel: Schematic representation of hypothalamic nuclei showing neurogenesis, namely posterior (PH), dorsomedial (DMH), ventromedial (VMH), lateral (LH) and arcuate nucleus (ARC). Right panel: quantification of the proportion of newborn neurons (% of total Tom + neurons) having integrated into the respective nucleus. (B-F) Double labeling of Tom + neurons in (B) the ARC-ME region with functional marker NPY and (C) VMH-DMH with P-STAT3 marker, showing no colocalization with Tom + cells. (D) GHRH staining colocalizing with a subset of Tom + cells in ARC-ME. Scale bars: 50 , 200 in GHRH inset in merge inset. (E and F) Tissue sections representing DMH nuclei stained using anti-glutamate receptor (E) and anti-GABA receptor (F) antibodies. Scale bars: 1 (G) Representative micrographs of adult-born Tom + NeuN + neurons (arrows) located close to the 3 rd ventricle (3V; delimited with dashed lines). Arrangement of these new neurons relative to Tom + tanycytes is compatible with the supposed neurogenic role of tanycytes. Depicted events could represent successive stages of adult hypothalamic neurogenesis, with new neurons migrating away from the ventricle walls into the brain parenchyma. All analyses were performed on 9-month-old animals. F ig. 3. I G F-I signaling and lifelong regulation of hypothalamic neurogenesis. (A) IGF-1R expression in tanycytes (left) and ependymal cells (right) in the hypothalamic niche. 3 rd ventricle (3V) walls are delimited with dashed lines. Arrows indicate Tom + IGF-1R + . (B) Tom + newborn neurons express IGF-1R in controls (left), while in mutants they do not ; in insets. (C) Number of newborn neurons in the adult hypothalamus over age. n 4mo = 2-3 and n 9mo-16mo = 5-6, p = 0.04 at 4 months, and p = 0.008 at 16 months. (D) Proportion of newborn neurons integrated in each hypothalamic nucleus (% of total Tom + neurons in the niche). (E) Neuronal integration map in controls versus mutants reported on representative coronal sections of the brain, from Bregma -1.22 to -2.54. The map was built by compiling all Tom + cells from 5 animals for each group, using the same number of sections per genotype. (F and G) Representative micrographs of newborn neurons integrated into DMH-VMH-PH (F) and ARC-ME (G) regions of 16-month-old animals (H) Dendrite morphology of ARC-ME neurons at 16 months of age. Scale F ig. 4. I G F--tanycytes throughout lifespan. (A-D) Tanycyte and ependymal cell densities in mutant and control mice over age. (A)tanycyte density; n = 5-6, p 9mo = 0.017, p 16mo < 0.0001. (B) tanycyte abundance in KO versus control animals. Scale bars: 50 (C) -tanycyte density. (D) Ependymal cell density. (E) -tanycytes at 9 and 16 months of age in mutants and controls. VERIFICATION 1. The authors declare they have no conflict of interests. 2. This work was funded by INSERM, UPMC and LECMA. Fellowships were provided by AXA Research Fund and FRM.
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