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Main text

Skin overexposure to ultraviolet (UV) light causes sunburn, characterized by epidermis destruction and inflammation of the underlying dermal papilla [START_REF] Merad | Langerhans cells renew in the skin throughout life under steady-state conditions[END_REF] . Such tissue damage induces a complex inflammatory response, requiring tight regulation to prevent persistent injury. Sunburn is also characterized by a transient phase of painful hypersensitivity, mediated by the activation of specialized skin-innervating sensory neurons [START_REF] Russa | Disruption of the Sensory System Affects Sterile Cutaneous Inflammation In Vivo[END_REF][START_REF] Lopes | Ultraviolet Radiation on the Skin: A Painful Experience?[END_REF] . Studies of other pathological cutaneous conditions have shown that the peripheral nervous system regulates cutaneous inflammatory processes [START_REF] Russa | Disruption of the Sensory System Affects Sterile Cutaneous Inflammation In Vivo[END_REF][START_REF] Chiu | Bacteria activate sensory neurons that modulate pain and inflammation[END_REF][START_REF] Riol-Blanco | Nociceptive sensory neurons drive interleukin-23-mediated psoriasiform skin inflammation[END_REF][START_REF] Kashem | Nociceptive Sensory Fibers Drive Interleukin-23 Production from CD301b+ Dermal Dendritic Cells and Drive Protective Cutaneous Immunity[END_REF][START_REF] Pinho-Ribeiro | Blocking Neuronal Signaling to Immune Cells Treats Streptococcal Invasive Infection[END_REF][START_REF] Cohen | Cutaneous TRPV1(+) Neurons Trigger Protective Innate Type 17 Anticipatory Immunity[END_REF] . Most studies have focused on the roles of TRPV1 + peptidergic primary sensory neurons and the neuropeptide CGRP [START_REF] Russa | Disruption of the Sensory System Affects Sterile Cutaneous Inflammation In Vivo[END_REF][START_REF] Chiu | Bacteria activate sensory neurons that modulate pain and inflammation[END_REF][START_REF] Riol-Blanco | Nociceptive sensory neurons drive interleukin-23-mediated psoriasiform skin inflammation[END_REF][START_REF] Kashem | Nociceptive Sensory Fibers Drive Interleukin-23 Production from CD301b+ Dermal Dendritic Cells and Drive Protective Cutaneous Immunity[END_REF][START_REF] Cohen | Cutaneous TRPV1(+) Neurons Trigger Protective Innate Type 17 Anticipatory Immunity[END_REF] (calcitonin gene-related peptide). However, the potential immunoregulatory role of non-peptidergic C-fibers expressing GINIP [START_REF] Gaillard | a Galphai-interacting protein, functions as a key modulator of peripheral GABAB receptor-mediated analgesia[END_REF] remains unknown.

GINIP + neurons prevent UV-induced skin fibrosis

We analyzed the role of somatosensory neurons in tissue repair in mouse ears exposed to UV-C radiation, an experimental model of sunburn (Fig. 1a). We assessed the expression of genes associated with tissue inflammation and repair in skin from wildtype (WT) mice, following UV overexposure. Genes encoding inflammatory molecules, such as Il-1 and Tnf were upregulated until day 7 post-UV irradiation (pi), whereas pro-repair genes, such as Col1a1 and Retlna, were upregulated from day 14 until day 35 pi, defining the resolution/repair phase of this model (Extended data Fig. 1a).

We analyzed the consequences for the somatosensory nervous system of skin overexposure to UV light. Most of the neurons responsible for detecting noxious stimuli and eliciting pain perception express the sodium channel Nav1.8 [START_REF] Basbaum | Cellular and molecular mechanisms of pain[END_REF][START_REF] Abraira | The sensory neurons of touch[END_REF][START_REF] Abrahamsen | The cell and molecular basis of mechanical, cold, and inflammatory pain[END_REF] , and have cell bodies in the dorsal root ganglia (DRGs) or trigeminal ganglion. We monitored the expression of ATF3 (Activating Transcription Factor 3), a transcription factor used as a proxy for neuronal injury and activation [START_REF] Braz | Differential ATF3 expression in dorsal root ganglion neurons reveals the profile of primary afferents engaged by diverse noxious chemical stimuli[END_REF] , in DRGs after skin exposure to UV. Atf3 expression significantly increased in C2/C3 DRGs, which specifically innervate ear skin (Fig. 1b, Extended data Fig. 1b-d).

We determined the phenotype of ATF3 + DRG neurons, by immunofluorescence staining. Very few of these neurons co-expressed CGRP pi, whereas up to 50% coexpressed GINIP (Fig. 1c,d, Extended data Figure 1e,f), suggesting that UV-induced skin inflammation essentially affects GINIP + somatosensory neurons.

We therefore investigated the role of these Nav1.8 + GINIP + neurons (GINIP + neurons) in tissue repair, by conditional depletion in the GINIP-DTR model [START_REF] Gaillard | a Galphai-interacting protein, functions as a key modulator of peripheral GABAB receptor-mediated analgesia[END_REF][START_REF] Urien | Genetic ablation of GINIP-expressing primary sensory neurons strongly impairs Formalin-evoked pain[END_REF] (Extended data Fig. 2a-c ). Between days 5 and 35 pi, ear skin was significantly thicker in GINIP-DTR mice than in control DTR ("control") littermates (Fig. 1e). Macroscopic analysis also revealed greater redness, tissue shrinkage and signs of necrosis leading to ear tissue loss in GINIP-DTR mice (Fig. 1f). These skin lesions were not associated with an increase in scratching in GINIP-DTR mice (Extended data Fig. 2d). Histological analysis showed similar steady-state skin structures in GINIP-DTR and control littermates. By contrast, 35 days pi, GINIP-DTR mice displayed marked pinna thickening, with an increase in horizontally oriented collagen fiber deposition, persistent leukocytic infiltration and focal auricular cartilage obliteration, whereas control mice presented signs of skin healing (Fig. 1g-j, Extended data Fig. 2e-j). Thus, GINIP + neurons prevent skin over-inflammation and fibrosis after UV irradiation.

Impaired macrophage response in GINIP-DTR mice

We investigated whether the profound tissue repair defect of GINIP-DTR mice was linked to dysregulation of the cutaneous immune response. The absolute numbers of dendritic cells (DC), Langerhans cells (LC), mast cells, lymphoid cells and granulocytes were similar in GINIP-DTR and control mice, at steady state and 14 days pi, whereas GINIP-DTR mice had fewer monocytes/macrophages (Mo/M ) than control mice pi (Extended data Fig. 3a-d). None of these immune cells expressed DTR in GINIP-DTR mice, and their numbers were unaffected by DT treatment in homeostatic conditions (Extended data Fig. 3b-d, f).

Macrophages regulate all stages of tissue repair [START_REF] Wynn | Macrophages in Tissue Repair, Regeneration, and Fibrosis[END_REF] , and dysregulation of their homeostasis can lead to chronic inflammation, excessive collagen deposition and hypertrophic/fibrotic scars [START_REF] Wynn | Macrophages in Tissue Repair, Regeneration, and Fibrosis[END_REF] . Dermal resident M expressing CD206 were observed near GINIP + nerve terminals, suggesting possible functional interaction (Fig. 2a-b, Extended data Fig. 3g). We analyzed the dermal Mo/M response upon UV overexposure. Tissue-resident M emerge either during embryonic development [START_REF] Gomez Perdiguero | Tissue-resident macrophages originate from yolk-sacderived erythro-myeloid progenitors[END_REF][START_REF] Hoeffel | C-Myb(+) erythro-myeloid progenitor-derived fetal monocytes give rise to adult tissue-resident macrophages[END_REF][START_REF] Hoeffel | Fetal monocytes and the origins of tissue-resident macrophages[END_REF] or differentiate postnatally from circulating monocytes [START_REF] Hoeffel | Fetal monocytes and the origins of tissue-resident macrophages[END_REF][START_REF] Ginhoux | Monocytes and macrophages: developmental pathways and tissue homeostasis[END_REF] . Upon inflammation, monocyte subsets [START_REF] Guilliams | Developmental and Functional Heterogeneity of Monocytes[END_REF] , including "classical" Ly6C + monocytes (Mo), "patrolling" Ly6C lo monocytes (PMo) and "intermediate" Ly6C + MHC-II + monocytes (Int. Mo), can generate short-lived MHC-II + monocyte-derived DC (MoDC) and monocyte-derived CD64 + CD206 -inflammatory macrophages (Inflam M ). We identified eight Mo/M subsets based on differential expression of CCR2, CD64, Ly6C, MHC-II, CD206 and Tim4 (Fig. 2c, Extended data Fig. 4a-c). Their steady-state distributions were similar in the skin of GINIP-DTR and control mice (Fig. 2e,f, Extended data Fig. 4d-h). By contrast, absolute numbers of Tim4 + dermal M were very low from days 3 to 14 pi in the skin of GINIP-DTR mice (Fig. 2c-e), whereas Ly6C + Mo recruitment increased on day 3 pi (Extended data Fig. 4d). This influx of Ly6C + Mo was associated with increases in Inflam M numbers in GINIP-DTR mice from days 3 to 14 pi (Fig. 2f), consistent with the stronger skin inflammation observed in these mice (Fig. 1e). By contrast, the expansion of DN and MHC-II + dermal M subsets was little affected by the absence of GINIP + neurons (Extended data Fig. 4e-h). Thus, signals from GINIP + sensory neurons promote Tim4 + dermal M maintenance and control Inflam M responses following UV-induced skin damage.

TAFA4 promotes skin repair upon UV exposure

We investigated the mechanisms underlying the immunomodulatory and pro-repair role of GINIP + neurons. GINIP is expressed by two somatosensory neuron subsets: GINIP + /IB4 + neurons, which also express MRGPRD and selectively innervate the epidermis, and GINIP + /IB4 -neurons, which express TAFA4, TH and VGLUT3, markers of the C-low-threshold mechanoreceptors (C-LTMRs) selectively innervating hair follicles [START_REF] Gaillard | a Galphai-interacting protein, functions as a key modulator of peripheral GABAB receptor-mediated analgesia[END_REF][START_REF] Li | The functional organization of cutaneous low-threshold mechanosensory neurons[END_REF] (Extended data Fig. 5a-c). Binding to isolectin-B4 (IB4) and TAFA4 can be used to distinguish between these subsets in DRGs [START_REF] Gaillard | a Galphai-interacting protein, functions as a key modulator of peripheral GABAB receptor-mediated analgesia[END_REF][START_REF] Delfini | TAFA4, a chemokine-like protein, modulates injury-induced mechanical and chemical pain hypersensitivity in mice[END_REF][START_REF] Reynders | Transcriptional Profiling of Cutaneous MRGPRD Free Nerve Endings and C-LTMRs[END_REF] . We generated anti-TAFA4 monoclonal antibodies (Extended data Fig. 5d,g), for C-LTMR identification. As expected, TAFA4 + , TH + and IB4 + neurons were ablated in GINIP-DTR mice, whereas CGRP + neurons were spared (Extended data Fig. 2b). DRG staining showed that 10-20% of ATF3 + neurons were IB4 + and 20-50% were TAFA4 + (Fig. 3a,b, Extended data Fig. 5e,f), suggesting potential roles for these subsets of GINIP + neurons in regulating UV-induced skin inflammation.

C-LTMRs mediate two opposing aspects of touch sensation: pleasantness and injuryinduced mechanical pain [START_REF] Gaillard | a Galphai-interacting protein, functions as a key modulator of peripheral GABAB receptor-mediated analgesia[END_REF][START_REF] Delfini | TAFA4, a chemokine-like protein, modulates injury-induced mechanical and chemical pain hypersensitivity in mice[END_REF] . TAFA4 is a secreted protein [START_REF] Tang | TAFA: a novel secreted family with conserved cysteine residues and restricted expression in the brain[END_REF] that can modulate injuryinduced mechanical hypersensitivity and chemical pain in mice [START_REF] Delfini | TAFA4, a chemokine-like protein, modulates injury-induced mechanical and chemical pain hypersensitivity in mice[END_REF] . TAFA4 promotes human macrophage chemotaxis in vitro [START_REF] Wang | FAM19A4 is a novel cytokine ligand of formyl peptide receptor 1 (FPR1) and is able to promote the migration and phagocytosis of macrophages[END_REF] , but its impact on myeloid cell responses in vivo remains unknown.

We established an ELISA for TAFA4 detection in tissues. UV exposure induced increases in TAFA4 levels in WT mouse DRGs and skin (Fig. 3c, Extended data Fig. 5h). We investigated the cellular source of TAFA4 in skin. Consistent with publicly available database (http://www.immgen.org; http://biogps.org), Tafa4 (Fam19a4) transcription was observed in DRGs, but not in the blood, gut, lung or skin (Extended data Fig. 5i). Tafa4 transcription has been reported in human M following LPS stimulation [START_REF] Wang | FAM19A4 is a novel cytokine ligand of formyl peptide receptor 1 (FPR1) and is able to promote the migration and phagocytosis of macrophages[END_REF] . However, we detected no Tafa4 transcripts in BM-derived macrophages (BMDM) activated with LPS (+/-TAFA4) or in sorted CD206 + dermal M on days 0 and 7 pi (Extended data Fig. 5j). Tafa4 mRNA was undetectable in the skin, even after UV exposure, but abundant in DRGs pi (Extended data Fig. 1a,5k). These data strongly suggest that Tafa4 is transcribed only in DRG neuron cell bodies, with protein release into the skin via C-LTMR nerve endings.

We investigated the possible role of TAFA4 in regulating tissue regeneration pi, by studying Tafa4-KO mice [START_REF] Delfini | TAFA4, a chemokine-like protein, modulates injury-induced mechanical and chemical pain hypersensitivity in mice[END_REF] . From days 14 to 35 pi, Tafa-4-KO mice had thicker ear skin than control littermates, suggesting defective resolution of skin inflammation in the absence of TAFA4 (Extended data Fig. 6a). No histological change in the skin of Tafa4-KO mice was observed in homeostatic conditions. By contrast, 35 days pi, leukocyte infiltration score and epidermal thickness were higher in Tafa4-KO mice, which displayed more extensive, persistent dermal fibrosis (Extended data Fig. 6b,c).

Picro Sirius Red staining revealed characteristic excessive type 1 collagen deposition in unresolved fibrotic scars in the dermis of Tafa4-KO mice (Fig. 3d,e). Thus, like GINIP-DTR mice, Tafa4-KO mice presented pathological fibrosis, suggesting a requirement for the neuropeptide TAFA4, produced by C-LTMRs, for skin repair pi.

TAFA4 regulates dermal macrophage IL-10 production

We investigated the mechanisms by which TAFA4 regulates skin repair. We monitored inflammatory cytokine and chemokine concentrations in skin from Tafa4-KO mice and control littermates from days 0 to 35 pi. TNF IL-1 , IL-6, CCL2, CCL4 and CXCL1 (Fig. 3f, Extended data Fig. 6d) levels decreased between days 7 and 10 pi in control mice, but remained higher in Tafa4-KO mice. By contrast, expression levels of the antiinflammatory cytokine IL-10 were lower in the skin of Tafa4-KO mice pi (Fig. 3g, Extended data Fig. 6d). Resolution of the inflammatory phase was therefore impaired in the absence of TAFA4. IL-10 is a potent anti-inflammatory molecule. We hypothesized that impaired IL-10 production might underlie the observed dysregulation of skin repair in UV-exposed Tafa4-KO mice. Intracellular staining and analyses in IL-10-GFP reporter mice identified resident M and mast cells [START_REF] Grimbaldeston | Mast cellderived interleukin 10 limits skin pathology in contact dermatitis and chronic irradiation with ultraviolet B[END_REF] as the main producers of IL-10, with regulatory T cells (Tregs) producing only small amounts (Extended data Fig. 6e-i). Mast cell numbers and IL-10 production decreased strongly on day 3 pi (Extended data Fig. 6jm). TAFA4 deficiency was not associated with modulation of IL-10 production by Tregs and mast cells (Extended data Fig. 6i-m). By contrast, Il10 levels in sorted CD206 + dermal M were lower in Tafa4-KO mice than in controls on days 7 and 10 pi (Fig. 3h). Intracellular staining confirmed that TAFA4 was required for the upregulation of IL-10 production in all CD206 + M subsets after UV overexposure, with Tim4 + M producing more IL-10 than DN and MHC-II + M (Extended data Fig. 7a-c).

We investigated whether TAFA4 regulated M activation directly. BMDM or purified peritoneal M (ThioM ) were activated with LPS in the presence or absence of TAFA4.

Tnf , Il1 and Il6 transcripts were significantly downregulated, whereas Il10 transcripts were upregulated by TAFA4 (Fig. 3i, Extended data Fig. 7e). Together, these data suggest that the TAFA4-mediated regulation of IL-10 production in the skin upon UV-exposure is mediated essentially through the regulation of dermal M functions.

Formyl peptide receptor 1 (FPR1) has been described as a TAFA4 receptor inducing the chemotaxis of human M and transfected cell lines in vitro [START_REF] Wang | FAM19A4 is a novel cytokine ligand of formyl peptide receptor 1 (FPR1) and is able to promote the migration and phagocytosis of macrophages[END_REF] . We observed no chemotactic effect of TAFA4 on mouse BMDM or isolated peritoneal M in vitro (Extended data Fig. 7d and data not shown). Consistently in vivo, monocyte-derived cell recruitment pi was not reduced in GINIP-DTR mice (Extended data Figure 4d).

Moreover, TAFA4 had a similar immunoregulatory effect on BMDM from FPR1-KO and WT mice showing that at least one other unknown receptor drives the functional effect of TAFA4 on M (Extended data Fig. 7f). Thus, TAFA4 can regulate the inflammatory profile of M directly, in an FPR1-independent manner. It will be important to determine whether macrophage regulation by TAFA4 differs between mice and humans.

A TAFA4-IL10-Tim4 + macrophage axis promotes tissue repair

We then investigated whether TAFA4 affected the dynamics between dermal resident M and newly recruited monocyte-derived cells during repair. We first performed a lineage-tracing analysis, tracking the fate of CX3CR1 + embryonic M precursors using the tamoxifen-dependent CX3CR1 CreERT2 :R26-YFP mouse model [START_REF] Yona | Fate mapping reveals origins and dynamics of monocytes and tissue macrophages under homeostasis[END_REF] . YFP expression was selectively induced in CX3CR1 + cells on day 16.5 of embryonic development. In adult mice under homeostatic conditions, the MHC-II + and DN dermal M subsets only weakly expressed YFP (Extended data Fig. 8a,b). By contrast, 20% of Tim4 + M were YFP + , like LCs 28 , suggesting that Tim4 + M are mostly bona fide embryo-derived cells.

We then assessed the contribution of monocytes to the various dermal Mo/M subsets, by generating shield-irradiated BM chimeras (Extended data Fig. 8c). As expected, two months after CD45.1 BM reconstitution in CD45.2 recipients, 90% of blood monocytes were CD45.1 + , whereas microglia were entirely of recipient (CD45.2 + ) origin. Under homeostatic conditions, dermal Ly6C + Mo, Int Mo, PMo, MoDC and Inflam M were mostly CD45.1 + , confirming their BM origin, whereas Tim4 + M were CD45.2 + , demonstrating their self-maintenance over time independently of circulating monocytes (Extended data Fig. 8d). However, 120 days pi, the CD45.1 chimerism of DN and Tim4 M increased (Extended data Fig. 8e), showing that monocytes recruited pi acquired a resident-like M phenotype with self-renewing capacity.

We then generated shield-irradiated BM chimeras, using WT or Tafa4-KO (both CD45.2) recipient mice (Fig. 4a-f, Extended data Fig. 8f-h). Intracellular staining on day 7 pi revealed that IL-1 expression was mostly associated with monocyte-derived cells, whereas TNF expression was restricted essentially to Inflam M (Fig. 4c). The number of Inflam M cells in Tafa4-KO chimeric mice was higher than that in control chimeras, suggesting that TAFA4 reduces the number of newly derived Inflam M (Fig. 4d) Tim4 + M were the predominant CD45.2 + population in both chimeras (Fig. 4b,c), consistent with our previous analysis. Tim4 + M produced large amounts of IL-10, but no IL-1 or TNF (Fig. 4c), highlighting their anti-inflammatory function.

TAFA4 deficiency had little effect on DN and MHC-II + M homeostasis pi (Extended data Fig. 8h). By contrast, the absolute number of CD45.2 + Tim4 + M which was similar in both chimeras under homeostatic conditions, strongly decreased in Tafa4-KO recipient mice pi (Fig. 4e left). Overall CD45.1 chimerism levels in Tim4 + M revealed that CD45.2 + Tim4 + M were replaced by CD45.1 + monocyte differentiation to a greater extent in Tafa4-KO than in WT recipients (Fig. 4e right). However, the overall Tim4 + M pool expanded to a lesser extent in the absence of TAFA4 (Fig. 4f), suggesting that both embryo-derived, and monocyte-derived Tim4 + M require TAFA4 for survival pi. Consistently, the frequency of apoptotic Annexin + Tim4 + cells in UVexposed skin was higher for GINIP-DTR and TAFA4-KO mice than for control littermates, whereas DN and MHC-II + subsets were unaffected (Extended data Fig. 8i-l). Thus, following exposure to UV, GINIP-DTR and TAFA4-KO mice present an imbalanced M response, with impaired survival of IL-10-producing Tim4 + M and larger numbers of Inflam M . TAFA4 deficiency therefore affects both the maintenance of dermal Tim4 + M and their IL-10 production capacity.

Intradermal injections of IL-10-blocking antibodies before UV irradiation in WT mice induced a phenotype similar to that of Tafa4-KO mice (Extended data Fig. 9a-c), suggesting that IL-10 upregulation is essential for Tim4 + M maintenance. Similarly, IL-10-deficient mice (Il-10 gfp/gfp mice) exposed to UV had smaller numbers of Tim4 + M larger numbers of Inflam M and greater skin damage (Extended data Fig. 9df). IL-10 defects are, therefore, sufficient to mimic the phenotype of GINIP-DTR and Tafa4-KO mice, suggesting that IL-10 acts downstream from TAFA4 signaling.

Consistent with the crucial role of IL-10-producing M in this model, we found that resident M depletion by CSF-1R-blocking antibody (AFS98) [START_REF] Hoeffel | C-Myb(+) erythro-myeloid progenitor-derived fetal monocytes give rise to adult tissue-resident macrophages[END_REF] treatment before UV exposure decreased total skin IL-10 content (Extended data Fig. 9g-j). Monocyte infiltration after resident M depletion led to the rapid reconstitution of MHC-II + and DN M subsets, whereas Tim4 + M generation took up to six days (Extended data Fig. 9k). M -depleted mice presented increases in the number of Inflam M and skin damage pi (Extended data Fig. 9l-n), demonstrating the requirement of a TAFA4/dermal resident M axis for regulating Inflam M responses. Furthermore, adoptive transfer of sorted dermal Tim4 + M in the skin of GINIP-DTR mice pi was sufficient to limit tissue damage (Extended data Fig. 10a-d). Thus, the early loss of dermal resident Tim4 + M determines the tissue damage and repair defect rates in GINIP-DTR and TAFA4-KO mice.

Finally, the phenotype of TAFA4-KO mice was rescued by intradermal injections of recombinant TAFA4 pi (Fig. 4g,h). TAFA4 administration was also sufficient to upregulate Tim4 + M IL-10 production in TAFA4-KO mice (Extended data Fig. 10ef). These data suggest that TAFA4 production by C-LTMR nerve endings after UV exposure is necessary and sufficient to downregulate inflammatory processes by modulating dermal M homeostasis and IL-10 production.

Discussion

This study reveals a crucial immunoregulatory role of non-peptidergic GINIP + cutaneous sensory neurons in tissue repair, through TAFA4 production, promoting early and persistent IL-10 production by dermal macrophages. TAFA4 ensures the survival of embryo-derived Tim4 + M and sustains their production of large amounts of IL-10. This neuro-immune pathway downregulates Inflam M expansion, thereby reducing inflammatory cytokine levels, and promoting skin repair (Extended data Fig. 10g). These data are consistent with the metabolic reprograming capacity of IL-10 [START_REF] Ip | Antiinflammatory effect of IL-10 mediated by metabolic reprogramming of macrophages[END_REF] and with previous reports of IL-10 deficiency leading to excessive collagen deposition during wound healing [START_REF] Eming | Accelerated wound closure in mice deficient for interleukin-10[END_REF] . The regulatory role of TAFA4 is not limited to Tim4 + M . TAFA4 can also modulate the inflammatory profile of other macrophage subsets in vitro and in vivo, including other CD206 + dermal M subsets and peritoneal M .

Recent studies of genetic or chemical ablations of sensory neuron subsets have revealed a regulatory role of the somatosensory nervous system in cutaneous immune responses [START_REF] Russa | Disruption of the Sensory System Affects Sterile Cutaneous Inflammation In Vivo[END_REF][START_REF] Chiu | Bacteria activate sensory neurons that modulate pain and inflammation[END_REF][START_REF] Riol-Blanco | Nociceptive sensory neurons drive interleukin-23-mediated psoriasiform skin inflammation[END_REF][START_REF] Kashem | Nociceptive Sensory Fibers Drive Interleukin-23 Production from CD301b+ Dermal Dendritic Cells and Drive Protective Cutaneous Immunity[END_REF][START_REF] Pinho-Ribeiro | Blocking Neuronal Signaling to Immune Cells Treats Streptococcal Invasive Infection[END_REF][START_REF] Cohen | Cutaneous TRPV1(+) Neurons Trigger Protective Innate Type 17 Anticipatory Immunity[END_REF] , which may be pro-or anti-inflammatory. The considerable functional and phenotypic heterogeneity of somatosensory neurons [START_REF] Cavanaugh | Distinct subsets of unmyelinated primary sensory fibers mediate behavioral responses to noxious thermal and mechanical stimuli[END_REF][START_REF] Usoskin | Unbiased classification of sensory neuron types by large-scale singlecell RNA sequencing[END_REF][START_REF] Sharma | The emergence of transcriptional identity in somatosensory neurons[END_REF] , and their selective or combinatorial stimulation, may account for immunoregulatory differences between pathological contexts. Previous studies have identified an important role of TRPV1 + neurons and the neuropeptide CGRP in bacterial and fungal infections and models of sterile and imiquimod-induced cutaneous inflammation [START_REF] Russa | Disruption of the Sensory System Affects Sterile Cutaneous Inflammation In Vivo[END_REF][START_REF] Chiu | Bacteria activate sensory neurons that modulate pain and inflammation[END_REF][START_REF] Riol-Blanco | Nociceptive sensory neurons drive interleukin-23-mediated psoriasiform skin inflammation[END_REF][START_REF] Kashem | Nociceptive Sensory Fibers Drive Interleukin-23 Production from CD301b+ Dermal Dendritic Cells and Drive Protective Cutaneous Immunity[END_REF][START_REF] Cohen | Cutaneous TRPV1(+) Neurons Trigger Protective Innate Type 17 Anticipatory Immunity[END_REF] . Our study reveals a crucial immunomodulatory role of TAFA4 production by C-LTMRs in a sunburn-like model of skin damage. By contrast, no such effect was observed in a model of imiquimod-induced skin inflammation (Extended data Fig. 10h). It will therefore be important to determine whether this novel neuroimmune regulatory pathway also plays a role in the skin in other pathological contexts. The properties of TAFA4 could be exploited therapeutically to modulate inflammation in other inflammatory diseases or in patients with wound healing defects. Monocyte-related subsets (CCR2 + ) clustered as Ly6C + Mo (Ly6C + , orange), Int. Mo (Ly6C int , MHCII int , light green), PMo (Ly6C -, MHCII -, CD64 -, dark green) and their derivatives MoDC (Ly6C -, MHCII + , blue) and Inflam Mϕ (Ly6C -, MHCII -, CD64 + , CD206 -, pink). Dermal resident Mϕ (CD64 + CD206 + ) subsets were identified as MHCII + Mϕ (MHCII + , Tim4 -, red), DN Mϕ (MHCII -, Tim4 -, purple) and Tim4 + Mϕ (MHCII -, Tim4 + , cyan). (See also Extended data Fig. 3a, and4a-c GINIP-DTR mice were obtained by crossing GINIP flx/+ line 10 with mice expressing the CRE recombinase from Nav1.8 locus (Nav1.8 Cre/Cre mice) [START_REF] Abrahamsen | The cell and molecular basis of mechanical, cold, and inflammatory pain[END_REF] . One single diphtheria toxin (DT; 10 g/kg) injection in Nav1.8 Cre/+ GINIP flx/+ (hereafter called GINIP-DTR mice) allowed the specific ablation of GINIP + sensory neurons [START_REF] Urien | Genetic ablation of GINIP-expressing primary sensory neurons strongly impairs Formalin-evoked pain[END_REF] .

Nav1.8 +/+ GINIP flx/+ littermates (hereafter called DTR mice) treated with DT were used as controls throughout. Nav1.8 rfp were obtained by crossing Nav1.8 Cre/+ with flxR26-RFP mice. Homozygotes IL-10 gpf/gfp mice, described previously 34,35 were used with their heterozygotes IL-10 gfp/wt control littermates. Tafa4-KO mice were generated in Aziz Moqrich's lab (IBDM, AMU, France) and described previously [START_REF] Delfini | TAFA4, a chemokine-like protein, modulates injury-induced mechanical and chemical pain hypersensitivity in mice[END_REF] .

CX3CR1 CreERT2 :R26-YFP mice were described previously [START_REF] Yona | Fate mapping reveals origins and dynamics of monocytes and tissue macrophages under homeostasis[END_REF] . All the mice used were 

Bone marrow chimera generation

Age and sex matched WT or Tafa4-KO mice (CD45.2 + ) were anaesthetized with ketamine/xylazine (10μl/g, 2% Imalgene500/ 5% Rompun). Mice were then irradiated with 6,5Gy from an -ray irradiator. A lead shield was used to protect the ear's skin from -irradiation. Six hours after irradiation, 30mg/kg Busulfan (Sigma) [START_REF] Misharin | Monocyte-derived alveolar macrophages drive lung fibrosis and persist in the lung over the life span[END_REF] was injected (i.p.) to deplete remaining myeloid progenitors in recipient mice. Twelve hours later the mice were reconstituted with 5 million CD45.1 + bone marrow (BM) cells. Mice were treated with Bactrim (in drinking water) for two weeks for a total recovery time of 6 weeks before analyzing the blood CD45.1 chimerism and were then used for experiments.

Lineage tracing study

CX3CR1 Creert2:R26R-EYFP+/+ were used as described [START_REF] Yona | Fate mapping reveals origins and dynamics of monocytes and tissue macrophages under homeostasis[END_REF] . Tamoxifen (2mg Tam/mice; 40mg/ml in corn oil; Sigma) was injected i.p. to pregnant mice at E16.5 days postconception (dpc). Day of embryonic development (E) was estimated by taking the day of vaginal plug observation as E0.5 dpc. Caesarian sections were carried out at term and neonates were fostered by lactating females. In this model, Taminduced recombination leads to irreversible expression of the enhanced yellow fluorescent protein (EYFP) in CX3CR1 + embryonic precursors and their progeny (i.e. fetal monocytes and differentiated M at the time of Tam injection; for review see [START_REF] Hoeffel | Ontogeny of Tissue-Resident Macrophages[END_REF] ).

UV-induced skin injury

Mice were anaesthetized with ketamine/xylazine, shaved and depilated (Veet Cream) and then left untreated or exposed to UV ( 254nm; voltage: 8W; source: 30cm from the target) for 25 min. The protocol described previously [START_REF] Merad | Langerhans cells renew in the skin throughout life under steady-state conditions[END_REF] was adapted so that the ear skin of WT mice can recover in 35 days after UV exposure. Ear thickness was measured every other day with a caliper (under isoflurane anesthesia) and compared to the ear thickness of control untreated mice. 

Histology and histopathological analysis

Dorsal Root Ganglia (DRG) tissue sections

After lethal anesthesia and perfusion with 5 ml of PBS and 25 ml of 4% paraformaldehyde (PFA), C2/C3 DRG were carefully dissected from the spinal cord under a binocular lens, fixed for 1 hour with 4% PFA and then cryoprotected with 30% (w/v) sucrose overnight before being included in OCT (Tissue-Tek, Sakura) and stored at -80°C. DRG samples were sectioned at 10μm using a standard cryostat (Leica).

In situ Hybridization on DRG

In situ hybridization was carried out following the protocol described in [START_REF] Urien | Genetic ablation of GINIP-expressing primary sensory neurons strongly impairs Formalin-evoked pain[END_REF] . Briefly, RNA probes were synthesized using gene-specific PCR primers and cDNA templates from mouse DRG. The following oligonucleotides were used for the nested PCRs for probe synthesis: Tafa4-F1: TGCTCAGAAGTTCATAGCCAAA Tafa4-R1: TAAAGGAACATTTGCAAGCTCA Tafa4-F2: ATATGTGCAGTGTGG Tafa4-R2 + T7: TAATACGACTCACTATAGGGCAGCCAAGTTCAAAC DRG sections were treated with proteinase K, triethanolamine and acetic anhydride solutions. Digoxigenin labeled probes were hybridized overnight at 55°C after 2h of prehybridization. The slides were treated with 0.2X SSC baths then blocked at room temperature with 10% Goat serum and incubated with antidigoxigenin antibodies (Roche). Final detection was achieved using Cyanine 3 TSA plus kit (Perkin Elmer).

Immunofluorescent and confocal analysis of DRG neuron activation

We used the expression of ATF3 (Activating Transcription Factor 3) as a proxy for neuronal injury and activation [START_REF] Renthal | Transcriptional Reprogramming of Distinct Peripheral Sensory Neuron Subtypes after Axonal Injury[END_REF] . DRG sections were saturated and permeabilized with a PBS 1X, 3% BSA, 0,3% Triton 100X and 10% Donkey serum (Sigma; #D9663-10ML) solution for 1 hour at room temperature (RT) before adding the primary anti-mouse TAFA4 antibody (rat clone 1D8, 1:1000), the anti-mouse GINIP (rat, 1:1000, Aziz Moqrich's lab, IBDM) or the anti-mouse GINIP (rabbit, 1:1000, Invitrogen #PA5-71131), the anti-mouse ATF3 (rabbit, 1:200, Santa Cruz #SC-188 or Abcam #ab207434), the anti-TH (1:300, Merck Millipore, #AB152) and anti-mouse CGRP (goat, 1:1000, Abcam #ab36001) for 24 hours at 4°C. After several washes, donkey secondary antibodies (anti-mouse, #715-585-151; antirat, #712-545-153; anti-rabbit, #711-585-152; and anti-goat, #705-605-147; from Jackson ImmunoResearch, 1:500) were added for 45 minutes at room temperature. The staining with the lectin isolectin B4 (IB4) coupled to AlexaFluor 647 (AF647; 1:200, Invitrogen) was performed in TNT buffer (Tris HCl 100 nM, NaCl 150 nM, Tween-20 0,1% pH 7,5) for 45 minutes at room temperature. Images were acquired using a confocal microscope LSM780 (Zeiss) and analyzed using ZEN 2.3 and ImageJ Software.

Skin cell isolation

After lethal anesthesia and intracardiac perfusion with 5 ml of PBS, ears were collected and dorsal and ventral layer separated, finely minced with scissor in complete medium (RPMI+L-Glutamine, 10% FCS) and incubated 1h at 37°C with 1mg/ml DNase (Roche) 0.2mg/ml Dispase (GIBCO) and 0.2mg/ml collagenase type IV (Sigma; #C5138-500MG). Tissues were then dissociated using 2.5 ml syringes and 18G needles and filtered on cell strainer (100 m, BD), washed in FACS buffer (PBS-2mM EDTA, FCS 2%) to obtain a homogeneous cell suspension ready for staining.

DRG neurons isolation

After lethal anesthesia and intracardiac perfusion with 5 ml of HBSS 10X (Mg -Ca 2- ), HEPES 5 mM, D-Glucose 12.5 mM, and penicillin/streptomycin (P/S) 1% solution, DRGs were carefully extracted and digested twice with a 0.2 mg/ml collagenase type II (Gibco), and 0.5 mg/ml dispase (Gibco) solution for 30 minutes at 37°C. After several wash with Neurobasal complete medium (B-27 2%, Lglutamine 20 mM, P/S 1%), DRGs were mechanically dissociated using 3 needles of decreasing diameter (18G, 22G, 26G). After a filtration on a cell strainer (70 m, Miltenyi Biotec), a Percoll gradient was used with 12.8% and 28% density in Leibovitz-15 complete medium (FCS 5% and P/S 1%) to eliminate cell debris.

After centrifugation and several washes, the cell suspension was ready for staining.

Antibodies for flow cytometry

We adapted our FACS gating strategy from previous studies [START_REF] Tamoutounour | Origins and functional specialization of macrophages and of conventional and monocyte-derived dendritic cells in mouse skin[END_REF] , adding EpCAM, Langerin (CD207) or CD206 and Tim4 to decipher the Mo/M compartment of the skin. Antibodies were purchased from BioLegend or BD Biosciences: CD45-BV785 1:500 (30F11), CD45.1-BV605 1:200 (A20), CD11b-BV510 1:1000 (M1/70), CD64-BV711 1:300 (X54-5/7.1), Ly6C-421 1:300 (AL-21), F4/80-PECF594 1:400 (T45-2342), CD11c-BUV395 1:200 (N418), EpCAM-AF594 1:500 (G8.8), CD207-APC (929F3.01; Dendritics, #DDX0362), CD206-APC 1:300 (C068C2), Tim4-PeCy7 (RMT4-54) Ly6G-APC-Cy7 1:300 (1A8), IA-IE A700 1:500 (M5/114.15.2), CD24-BUV737 1:500 (M1/69). Mast cells were characterized as previously described [START_REF] Gentek | Hemogenic Endothelial Fate Mapping Reveals Dual Developmental Origin of Mast Cells[END_REF][START_REF] Serhan | House dust mites activate nociceptor-mast cell clusters to drive type 2 skin inflammation[END_REF] , CD117-BV605 (c-kit; 2B8; 1:300), CD103-PerCP-Cy5.5 (2E7; 

Flow cytometry

Cell suspensions were plated in 96 well U bottom plates and stained at 4°C. Cells were incubated 40min at 4°C in FACS buffer with antibodies and anti-Fc receptor blocking antibody (clone: 2.4 G2). Cells were then washed and fixed (fixation buffer, from FoxP3 kit; eBioscience; #00-5521-00) until analysis. For intra-cellular cytokine staining, cell suspensions were permeabilized (Fix/perm, from FoxP3 kit; eBioscience) and stained with anti-cytokine antibodies during 1h for IL-1 and TNF or overnight for IL-10. For IL-10 expression analysis in FoxP3 + Treg cells, total skin homogenates were incubated during 6h in complete medium supplemented with PMA (200ng/ml; Sigma) and ionomycin (1mg/ml; Sigma).

During the last 4h, Golgi Plug (1:1000; BD Biosciences; #554724) was added. Cell suspensions were then washed extensively at 4 o C, surface stained, fixed and then processed for intracellular staining. Dead cells were excluded from the analysis by counter-gating using the live/dead fixable blue Dead Cell Stain kit UV (L23105; Invitrogen). Multiparameter FACS analysis was performed using an LSR X20 system (BD). Absolute numbers for each population were obtained using Quanti Beads (BD Biosciences, #556296). Data analysis was performed using Flowjo software (Tree Star, Inc.).

t-distributed Stochastic Neighbor Embedding (t-SNE)

t-SNE analyses were performed with FlowJo TM version 10 software (FlowJo LLC).

We used an equal number of mice for each genotype or experimental condition considered. In each group, the same number of cells was used to allow an equivalent contribution of each individual mice in the analysis. This equal cell number was selected using the DownSample plugin. Then, cells from each mouse were merged using the concatenate tool and barcoded to track and distinguish them. Finally, t-SNE analyses were performed using different markers, indicated in the figure legends. The color code representing the expression level of each marker in the heatmaps (depicted in extended data figures), is normalized on the median intensity value for a given marker. Data are represented using a four-color scale with blue, green-yellow and red indicating respectively low intermediate and high expression levels.

Immunofluorescent staining and confocal microscopy analysis of ear skin

After lethal anesthesia and perfusion with 10ml PBS, ears from DT-treated GINIP-DTR and -DTR control mice were collected and ear dorsal and ventral layers were separated, fixed for 1 hour with 4% PFA, washed, permeabilized and saturated with a PBS, 3% BSA, 0,2% Triton 100X and 10% donkey serum and then stained with the primary anti-mouse GINIP antibody (rat, 1:1000, Aziz Moqrich's lab, IBDM) , the anti-TH antibody (rabbit,1:300; Merck Millipore, #AB152) overnight at 4°C. After several washes, a donkey secondary anti-rat-488 and anti-rabbit-AF594 antibody (Jackson Immunoresearch, 1:500) were added 1h at 4°C, washed, and then the anti-Beta III Tubulin-AF647 antibody (1:300 TUJI; Biolegend, #BLE801210) or the anti-CD206-APC 1:300 (rat, 1:300; clone C068C2, Biolegend, #BLE141708), were added for additional 45 minutes at room temperature. After several washes slices were then mounted on coverslips with mounting medium and image acquisition was performed on Confocal LSM780 (Zeiss) and analyzed with ZEN and ImageJ software.

Bone marrow-derived macrophage (BMDM) generation

Femora bones were isolated from WT or FPR1-KO mice (We thank Pr Monica Lucattelli and Pr Laurence Zitvogel for providing BM cells from FPR1-KO mice), cut in half and placed in 0.5ml Eppendorf tubes pre-perforated on their bottom part. The small tubes with two ½ bone were placed within 1.5ml Eppendorf tubes.

The tubes were then centrifuged 10sec at 10000rpm and BM cell pellets were resuspended in red blood cell lysis buffer for 3 minutes and washed in PBS. BM cells were then resuspended at 10 6 /ml in complete DMEM (DMEM, SVF 10%, P/S, 1% L-Glu) supplemented with 20% conditioned L929 media during 5 days to generate bone marrow derived-macrophages (BMDM) and used as ThioM for in vitro experiments.

Thioglycollate-elicited macrophage (ThioM ) generation and in vitro treatment

Peritoneal macrophages were isolated from WT mice by peritoneal wash three days after 3% Thioglycollate (Sigma) i.p. injection. Peritoneal washes were then stained with biotin-associated lineage cocktail antibodies (CD3, CD19, NK1.1, Ly6G and Siglec F), counterstained with anti-biotin microbeads (Miltenyi Biotec) and then purified using magnetic LS columns. Peritoneal macrophage preparations were then cultured in complete DMEM (DMEM, SVF 10%, P/S, 1% L-Glu) at 10 6 ThioM /ml in a 12-well plates (BD) with or without LPS (100ng.ml, Sigma) in the presence of not of 100nM TAFA4. After 16 hours, macrophages were lysed using RLT medium (Qiagen) then pass through a QIAShredder column (Qiagen) and store at -80°C.

Migration assay

BMDM from WT or FPR1-KO mice were incubated on the top chambers of transwell plates (Costar) in complete DMEM, while the bottom chambers of the transwell plates were filled with complete DMEM for negative control, or complete DMEM containing CCL2 (MCP-1; 10nM) for positive control of migration, or increasing concentrations of TAFA4 (1 to 1000nM), during 8h at 37 o C. The bottom chambers were then analyzed by FACS for macrophages content.

Dermal resident macrophage depletion.

WT or Tafa4-KO mice were injected two consecutive days with 500 g of the CSF-1R blocking antibody (clone AFS98; InVivoMAb, BioXcell #BE0213) or the isotype control (IgG2a; clone 2A3; InVivoMAb, BioXcell #BE0089). One day after the last injection, mice tissues were collected and analyzed for Macrophage depletion by flow cytometry.

Dermal resident macrophage isolation

Ears skin from WT or Tafa4-KO mice were dissociated and stained as previously described, and CD206 + dermal resident macrophages were cell sorted on a FACS Aria III following the Figure 2 gating strategy as livedead neg , CD45 + DC neg CD11b + CD24 -Ly6G -CCR2 -Ly6C -CD64 + CD206 + , then lysed using RLT medium (Qiagen) then pass through a QIAShredder column (Qiagen) and store at -80°C.

Alternatively, Tim4 + M or Inflam M (CD64 + CD206 -) were sorted as presented in Extended data Figure 10b.

Intradermal adoptive transfer of Inflam and Tim4 + macrophages.

DTR and GINIP-DTR mice were exposed to UV and then intradermally injected at D1 pi with 2000 M /10 l PBS per ears.

Imiquimod-induced cutaneous damage.

Mice (WT or Tafa4-KO mice) were daily treated with 5mg of 5% imiquimod cream (IMQ) applied topically to dorsal and ventral aspects of ear skin as describe [START_REF] Riol-Blanco | Nociceptive sensory neurons drive interleukin-23-mediated psoriasiform skin inflammation[END_REF] , during six days and evolution of the ear thickness ( m) was followed every day with a caliper.

TAFA4 rescue and in vivo blocking of IL-10

For TAFA4 rescue experiments, 20 l of recombinant TAFA4 (25 g/ml) or saline solution only, were intradermally injected every other day following the UVtreatment until day 8 pi in each ear of Tafa4-KO or control mice as indicated in figures.

For IL-10 blocking experiments, 20 l of anti-IL-10 blocking antibody (0.5 mg/ml; R&D, #MAB417) or the isotype control (rat IgG1; clone JES052A5) were intradermally injected every other day following the UV-treatment until day 8 pi in each ear of Tafa4-KO or control mice as indicated in figures.

Gene expression analysis

Total RNA was isolated from mouse ears, exposed or not to UV irradiation or from BMDM or ThioM activated with or without LPS and TAFA4. Ears were dilacerated by FastPrep-24 (MpBio) in lysis matrix A tubes (MpBio). RNA was isolated using a fibrous RNeasy minikit (QIAGEN). Reverse transcription was performed using Superscript RTII (Invitrogen). Preamplification was performed using specific Taqman probes (Applied Biosystems) for each targeted gene using the pre-amplification master mix (Fluidigm). Pre-amplified products (18 cycles) were diluted (1:5) 

Generation of anti-TAFA4 monoclonal antibodies

Anti-TAFA4 monoclonal antibodies (mAbs) were generated by MImAbs (https://www.mimabs.org). Briefly, three Wistar rats were immunized with the recombinant mouse TAFA4 protein (100 g, 3 IP injections followed by a final boost). After immunization, spleen cells were harvested and fused to the myeloma cell line X63-Ag8-656. Hybridoma were seeded in methylcellulose semi-solid medium with CloneDetect agent (Molecular Devices #K8240) and secreting monoclonal IgG hybridomas were picked by ClonePix2 (Molecular Devices) to liquid medium 96 wells plates. Hybridoma clones producing anti-TAFA4 antibodies were selected using an ELISA screen. The specificity of the antibodies for the native TAFA4 protein was assessed by immunofluorescent staining on mouse DRG from WT (positive control) or Tafa4-KO (negative control) mice.

Sandwich ELISA for TAFA4 quantification

To quantify TAFA4 protein, sandwich enzyme-linked immunosorbent assay (ELISA) has been developed by MImAbs (https://www.mimabs.org). Briefly, anti-TAFA4 antibodies (clone 33F8, 50 l, 2 g/ml) diluted in a Na2CO3/NaHCO3 buffer (Sigma, #C3041-100CAP, pH = 9.6) were coated on 96 well MAXISORP plates (Sigma #M5785-1CS) and incubated overnight at 4°C. Plates were then washed 3 times in a washing buffer (PBS/0.1% Tween-20) and blocked with in 300 l of StartingBlock blocking buffer (Thermofisher, #37542). Samples and serial dilutions of mTAFA4 (to establish the standard curve) were incubated 1.30 h at room temperature (RT). After 3 wash, anti-TAFA4 biotinylated antibodies (clone 1D8, 50 l, 2 g/ml) were incubated for 1.30 h at RT. After 3 wash, HRP-Conjugated Streptavidin (Thermofisher, #N100) was added, washed 3 times before adding the substrate solution TMB (Interchim, #UP664781). After 10 additional minutes, the reaction was stopped with a solution of HCl (1M) and the absorbances (at 450 nm and 620 nm) of each well were measured. The specific signal obtained for WT ear skin samples was determined by subtracting the background signal obtained with skin samples from Tafa4-KO mice.

Cytokine and chemokine quantification in skin samples

Ear skin samples were homogenized and proteins extraction was performed as described above. Cytometric Bead Array (CBA) Flex Set kit (BD Bioscience) was used to quantify chemokine ligand 1 (CXCL1), tumor necrosis factor-alpha (TNF ), interleukin 6 (IL-6), interleukin 1 beta (IL-1 ), monocyte chemoattractant protein 1 (CCL2/MCP1) and the chemokine (C-C motif) ligands 4 (CCL4). For IL-10, an enhanced sensitivity Cytometric Bead Array (CBA) Flex Set kit (BD Bioscience) was used. Samples were analyzed on a Canto II flow cytometer with FCAP Array TM Software (BD Bioscience) following manufacturer's instructions.

Statistical analysis

All the results are expressed as mean +/-SEM. Statistical analysis were performed using the GraphPad Prism for Windows software. Statistical analysis was performed using a one-way ANOVA with Tukey's multiple comparisons test throughout the study. A two-way ANOVA test was used to compare two or more than two groups in kinetic experiments after UV exposure, involving repeated measures on the same animals over time. Difference were considered significant as following: *p<0.05; **p<0.01; ***p<0.001; and ****p<0.0001. 
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 234567 Madan, R. et al. Nonredundant roles for B cell-derived IL-10 in immune counterregulation. J Immunol 183, 2312-2320, doi:10.4049/jimmunol.0900185 (2009).images (related to main figure 1c) of C2 DRGs labeled for GINIP (red), CGRP (blue) and ATF3 (green), from unexposed (left) and UV-exposed mice at D3 pi (right). f, Quantification of total GINIP + and CGRP + neurons per DRGs (left) and total CGRP + ATF3 + and GINIP + ATF3 + (right) from unexposed (blue) and UV-exposed mice at D3 pi (red), (n=8 mice per group). All data are representative for at least two independent experiments and presented as means ± SEM. One-way ANOVA with Tukey's multiple comparisons test (ns: non-significant; *p < 0.05; **p < 0.01; ***p < 0.001). Conditional ablation of GINIP + neurons in GINIP-DTR mice and skin histopathological analysis after UV exposure. a, Representative confocal images for DAPI (blue) and GINIP (green) staining of C3 DRGs from control DTR-control (upper panels) and GINIP-DTR (lower panels) mice, 10 weeks post-DT treatment. b, Absolute number of GINIP + , CGRP + , TAFA4 + , TH + and IB4 + DRG neurons were quantified in DTR-control (blue) and GINIP-DTR mice (red), (n=4-6 independent DRG per group). c, Representative confocal images for Beta3-tubulin (blue) and GINIP (green) staining, of mouse ear skin sections as in a. d, scratching episodes were monitored during 30 min at each time point pi indicated (n=6-10 mice per group). e, Representative H&E staining of ears from DTR (left) and GINIP-DTR (right) mice at D35 pi. Histopathological analysis for leukocyte infiltration (f), epidermal thickness (g), fibrosis (h) and fibrosis extension (i) (n=5 mice per group) related to the main Fig. 1g-j. Criteria used for the histopathological scoring are described in the Article Methods. j, Representative Masson trichrome (upper panel) and H&E staining (lower panel) of back skin from DTR-control (left) and GINIP-DTR (right) mice at D35 pi. All data are representative for at least two independent experiments and presented as mean ± SEM. One-way ANOVA with Tukey's multiple comparisons test (ns: non-significant; *p < 0.05; **p < 0.01; ***p < 0.001). Immune cell subsets in the skin before and after UV exposure. a, Flow cytometry gating strategy using CD11b, CD11c, CD64, MHC-II, CD103, ckit, Ly6G and CD24 marker expression. Dendritic cells (DC; CD11c + MHCII + ), mast cells (MC; CD11b -c-kit + ), lymphoid cells (Lym CD11b -CD103 -/+ ), granulocytes (CD11b + CD24 + , Ly6G + ) and the monocyte/macrophage compartment (Mo/M CD11c -MHCII -CD11b + CD24 -Ly6G -CD64 int/+ ) are shown. b, Absolute numbers per mg of skin for DC, MC, Lym , Gr and Mo/M populations at D14 pi in DTR-control (blue) or GINIP-DTR (red) mice, (n=8 mice per group). c, Gating strategy for skin dendritic cell subsets (CD11c + MHCII + ) and monitoring of Langerhans cells (LC; EpCAM + Langerin + ), (n=5-8 mice per group). d, FACS plot for LC (left) and quantification (right) in DTR-control and GINIP-DTR mice, unexposed (No UV) or at D14 pi (UV), (n=5-10 mice per group). e, Percentage of LC among DC over time post-UV exposure in WT and Tafa4 KO mice. f, Representative flow cytometry analysis of skin immune cells and DRG neurons for the expression of DTR in GINIP-DTR mice. g, Confocal analysis of whole mount ear skin from Nav1.8-RFP mice stained for GINIP + neurons and CD206 + dermal resident Mϕ. Hair follicles (HF) are highlighted within white dashed squares. In the skin, Nav1.8 expression (RFP) is restricted to sensory neuron axonal extensions. In DRG (f), DTR expression is restricted to neuronal cellular bodies in DRGs. These markers were not detected in immune cells. All data are representative for at least two independent experiments and presented as mean ± SEM. One-way ANOVA with Tukey's multiple comparisons test (ns: non-significant; *p < 0.05; **p < 0.01; ***p < 0.001). Flow cytometry and t-SNE analysis of skin Monocyte/Macrophage subsets in GINIP-DTR mice. a, Classical flow cytometry gating strategy for Monocyte and Macrophage (Mo/M ) subsets in the skin. b, t-SNE analysis including CCR2, Ly6C, MHC-II, CD64, CD206 and Tim4 markers was performed to cluster Mo/M populations at day 14 pi in the skin of GINIP-DTR and DTR-control mice (See also Article methods for t-SNE analysis). c, Representative plots for CCR2 -/+ CD206 -monocyte subsets on D3, D7 and D14 pi in the skin of control (DTR) or GINIP-DTR mice. d, Absolute numbers of Ly6C + Mo, Int. Mo, PMo and MoDC subsets per mg of ear skin (n=9-13 mice per group) as in c. e, Representative FACS plots for CD206 + dermal resident Mϕ as in c. f, Absolute numbers of DN and MHC II + Mϕ subsets per mg of ear skin (n=9-13 mice per group) as in c. g, Representative FACS plots for CD206 + dermal resident Mϕ subsets at D14 pi in back skin from control (DTR) or GINIP-DTR mice. h, Absolute numbers of Mϕ subsets per mg of back skin (n=12 mice per group) from DTR-control (gray) or GINIP-DTR (colored) mice, at D14 pi. All data are representative for at least two independent experiments and presented as mean ± SEM. One-way ANOVA with Tukey's multiple comparisons test (ns: non-significant; *p < 0.05; **p < 0.01; ***p < 0.001). GINIP + sensory neurons innervate hair follicles and release TAFA4 in the skin. a, Representative confocal images of whole mount ear skin from WT mice stained with an anti-Beta3-tubulin (blue) and anti-GINIP (green) antibodies. GINIP + lanceolate barrel structures innervating hair follicles (HF) are highlighted within dashed squares. b, Confocal analysis as in a with an additional anti-TH antibody staining (red) shows GINIP + TH + C-LTMR axon terminals reaching hair follicle. c, Schematically, GINIP + neurons consist of two subsets of sensory neurons projecting in the inter-follicular regions of the epidermis as free nerve endings (IB4 + ) and hair follicles as C-LTMRs (TAFA4 + ). d, Confocal images of DRG sections from control WT (left) or Tafa4-KO (right) mice after immunofluorescent (IF) staining with an anti-GINIP (green) an anti-TAFA4 antibody (1D8; red) and DAPI (blue). e, Additional confocal images of C3 DRGs (IF) stained with the isolectin B4 (blue), anti-TAFA4 (1D8, red), and ATF3 (green) antibodies, in WT mice (related to main Figure 3), unexposed (left) or at D3 pi (right). f, Absolute number of TAFA4 + and IB4 + neurons (left; n=6-12 mice per group) and absolute number of TAFA4 + ATF3 + and IB4 + ATF3 + neurons per DRG (right) from unexposed (blue) and exposed D3 pi (red) WT mice, (n=8 mice per group). g, DAPI staining (blue) in situ hybridization (ISH) for Tafa4 mRNA (red) in DRG as in d. h, Quantification of TAFA4 levels (ELISA) in DRGs from WT mice unexposed (D0) to D14 pi. i, Tafa4 mRNA expression (RT-qPCR) in peripheral tissues and DRGs (n=3 mice per time point; n.d: not determined). j, Quantification of Tafa4 mRNA expression in PBMC, BM, BMDM and sorted CD206 + dermal M compared to DRGs (n=3 independent samples). k, Tafa4 mRNA expression in C3 DRGs from D0 to D35 pi (n=3 mice per time point). All data are representative for at least two independent experiments and presented as mean ± SEM. One-way ANOVA with Tukey's multiple Tafa4 regulates skin inflammation after UV exposure but does not affect Treg and Mast cell IL-10 production. a, Changes in ear skin thickness over time pi in WT control (blue) and Tafa4-KO (red) mice (n=9 mice per group). b, Representative H&E images of ears from WT (left) or Tafa4-KO (right) mice at D35 pi and histopathological scoring for leukocyte infiltration, epidermal thickness, fibrosis, fibrosis extension and then c, cumulative fibrosis score and total pathological scores (n=12 mice per group). See detailed scoring in Article methods. d, IL-6, IL-1 , and chemokines CCL2, CXCL1 and CCL4 protein levels (measured by CBA) and Il10 mRNA level, in ear skin from WT (blue) or Tafa4-KO (red) mice from D0 to D35 pi (n=3-11 mice per group and time point). e, FACS analysis and detection of IL-10 + immune cells from control (WT; gray) and IL-10-GFP (red) mice using an anti-GFP antibody and f, using an anti-IL-10 antibody, in skin DC subsets, Lym cells, monocytes, mast cells (MC) and M subsets in control (IL-10 gfp/gfp mice, gray) and WT (blue) mice. g, Gating strategy for Tregs (CD4 + TCR + FoxP3 + ) and h, absolute number per mg of ear skin before (D0) or pi, in DTR-control (blue) or GINIP-DTR (red) mice (n=9-18 mice per group and per time point). i, Representative FACS plots for IL-10 in Tregs from WT (left) or Tafa4-KO (right) mice before (blue) or pi (red). j, Gating strategy (left) and absolute number (right) of mast cells (MC) per mg of skin from DTR-control (blue) or GINIP-DTR (red) mice, showing MC depletion (D3) and repopulation (D7) after UV exposure; (n=8-9 mice per group and time point). k, Representative FACS plots for IL-10 in Tim4 + M (blue) and MC (yellow) before (No UV, top) and at D10 pi (bottom) in WT mice. l, Representative FACS plot for IL-10 in MC in WT (blue) or Tafa4-KO (red) mice at D10 pi and m, median IL-10 MFI analysis (n=6-10 mice per group). All data are representative for at least two independent experiments and presented as mean ± SEM. One-way ANOVA with Tukey's multiple comparisons test (ns: non-significant; *p < 0.05; **p < 0.01; ***p < 0.001). TAFA4 promotes IL-10 production by dermal resident M subsets in vivo and directly up-regulates Il10 in M in vitro. Representative FACS plots (upper panels) for intracellular IL-10 expression in DN M (a), MHC-II + M (b) and Tim4 + M (c) subsets from WT (blue) and Tafa4-KO (red) mice at D10 pi, and (lower panels) median IL-10 MFI quantifications in the respective M subsets at D3, 7 and 10 pi (n=6-9 mice per group and time point). d, BMDM, derived from WT or FPR1-KO bone marrow, were challenged in a migration assay (transwell) using medium alone (CTL -), MCP-1 (CTL + ) or increasing concentrations of TAFA4. Absolute number of M in the bottom wells were analyzed by FACS (n=3 independent samples per group). e, IL6 mRNA level in ThioM in the presence (green) or absence (blue) of TAFA4 See main Fig.4i), (n=6-8 independent sample per group).f, BMDM as in (d), were activated in vitro by LPS alone (blue) or in the presence of TAFA4 (green). Gene expression was analyzed by RT-qPCR for Tnfa, Il6 and Il10 and compared to non-activated BMDM (CTL), (n=4-5 independent sample
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	SEM. One-way ANOVA with Tukey's multiple comparisons test (ns: non-significant; to 15 days, (n=5 mice per group). All data are representative for at least two
	*p < 0.05; **p < 0.01; ***p < 0.001). independent experiments and presented as mean ± SEM. One-way ANOVA with
	Tukey's multiple comparisons test (ns: non-significant; *p < 0.05; **p < 0.01; ***p <
	0.001).
	One-way ANOVA with Tukey's multiple comparisons test (*p < 0.05; **p < 0.01; ***p
	< 0.001).
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(Mm00656724_m1); Epas (Mm01236112_m1); Fam19a4 (Tafa4, Mm00623620_m1); Flt3 (Mm00439016_m1); Gf1r (Mm00616224_m1); Ifnb1 (Mm00439552_s1); Il1b (Mm00434228_m1); Il1r1 (Mm00434237_m1); Il4 (Mm00445259_m1); Il12a (Mm00434169_m1); Il13 (Mm00434204_m1); Il15 (Mm00434210_m1); Il17a (Mm00439618_m1); Il22 (Mm01226722_g1); Il23a (Mm00518984_m1); Irf3 (Mm01203177_m1); Irf7 (Mm00516791_g1); Irf8 (Mm00492567_m1); Klf2 (Mm00500486_g1); Klf4 (Mm00516104_m1); Klf5 (Mm00456521_m1); Mmp2 (Mm00439498_m1); Mmp9 (Mm00442991_m1); Mmp10 (Mm01168399_m1); Mmp12 (Mm00500554_m1); Mpo (Mm00447885_m1); Mtor ( Mm00444968_m); Nos2 (Mm00440502_m1); Nr4a1 (Mm01300401_m1); Nr4a3 (Mm00450071_g1); Pdgfra (Mm00440701_m1); Pdgfrb (Mm01262485_m1); Piezo1 (Mm01241544_g1); Piezo2 (Mm01262422_g1); Plod2 (Mm00478767_m1); Pparg (Mm00440940_m1); Retlna (Mm00445109_m1); Ripk1 (Mm00436360_m1); Serpinb9 (Mm00777163_m1); Tac1 (Mm01166994_g1); Tgfrb2 (Mm03024091_m1); Tlr3 (Mm01207402_m1); Tlr4 (Mm00445273_m1); Tlr7 (Mm04933178_g1); Tlr9 (Mm07299609_m1); Tp53 (Rn00755717_m1); Gapdh (Mm99999915_g1); Hprt (Mm03024075_m1).

Protein extraction from tissue

Mice were euthanized and their ears were snap-frozen in liquid nitrogen and then transferred into mechanical dissociation tubes (Lysis Matrix A, MPbio) containing a commercial lysis buffer (T-Per Tissue Protein Extraction Reagent, Thermofisher) with protease inhibitor cocktail (Halt Protease Inhibitor 100X, Thermofisher). Proteins extraction was performed by incubating each gram of tissue with 20 ml of lysis buffer. Tissues were dissociated using a 3 cycles program of FastPrep-24 5G (MPbio). After two centrifugations at 16 000 g for 30 minutes, the supernatants were filtered (on 70 m cell strainers, Startedt) and stored at -80°C until use.

Generation of recombinant mouse TAFA4

Mouse TAFA4 recombinant protein was produced in E. coli by Pure Biologics (https://purebiologics.pl). The endotoxin levels of the purified protein, measured by the LAL (Limulus Amoebocyte Lysate) method, was <0.0005 EU/ g. The H. designed the study, supervised experiments and co-wrote the manuscript. All authors reviewed and provided input on the manuscript.
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All data supporting the findings of this study are found within the manuscript and its Supplementary Information. Source data are provided with this paper.

Extended data legends

Extended data figure 1 TAFA4 promotes the production of IL-10 by embryonic-derived dermal resident Tim4 + M . The production of IL-10 is essential for their survival and protect the skin from over-inflammation. Tissue lesions also induce the recruitment of monocytes in the skin, where they differentiate into TNF + Inflam M . In the absence of TAFA4 production, the number of Tim4 + M and IL-10 levels are reduced, promoting the expansion of Inflam M . 2) Role of TAFA4 during the resolution phase. The TAFA4/IL-10 axis is still active, promoting the maintenance of both embryonic-and monocyte-derived IL-10 + Tim4 + M , which are required for tissue repair. In the absence of TAFA4 production, IL-10 production by the three subsets of CD206 + dermal M is compromised, leading to persistent inflammation and fibrotic scars. h, Repeated measure over time of ear thickness changes ( m) of WT (blue) and Tafa4-KO (red) mice treated daily with Imiquimod (IMQ) during six consecutive days and followed up