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The human body contains dozens of endocrine and exocrine glands, which regulate physiological processes by secreting hormones and other factors. Glands can be subdivided into contiguous tissue modules, each consisting of an interdependent network of cells that together perform particular tissue functions. Among those cells are macrophages, a diverse type of immune cells endowed with trophic functions. In this review, we discuss recent findings on how resident macrophages support tissue modules within glands via the creation of mutually beneficial cell-cell circuits. A better comprehension of gland macrophage function and local control within their niche is essential to achieve a refined understanding of gland physiology in homeostasis and disease.

Glands and their tissue modules

Glands are secretory tissues present throughout the human body that can be divided into endocrine and exocrine glands. Endocrine glands are mainly composed of specialized epithelium, which secretes hormones directly into the bloodstream. Exocrine glands are characterized by clusters of substance producing cells termed acini or alveoli (see Glossary) and a network of ducts via which secretion products are transported out of the gland [START_REF] Maynard | Anatomy and Histology of the Laboratory rat in Toxicology and Biomedical Research[END_REF]. Glands continuously integrate external signals and rapidly respond by secreting factors that contribute to numerous homeostatic functions (Box 1). Glands are also the center of many pathologies, such as adenocarcinomas, i.e. cancers originating from glandular epithelium, several autoimmune diseases such as type 1 diabetes, and other endocrine disorders such as Addison's disease [START_REF] Mitchell | Autoimmune Addison disease: pathophysiology and genetic complexity[END_REF][START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF]. An improved understanding of gland function and regulation in physiology and disease is essential for opening up new avenues for potential treatments.

Recently, our research group and collaborators proposed that every organ is subdivided into tissue modules [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF].

Each module consists of several distinct cell types closely interacting with each other to perform a particular module-specific function [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF]. Although distinct glands mainly consist of unique endocrine or exocrine tissue modules (Table 1), they also contain supporting tissue modules found throughout the body, such as blood vessel and nerve modules. All glands host an abundant population of tissue resident macrophages (Mφ), which are tightly integrated into the various gland tissue modules (Fig. 1A and1B) [START_REF] Pollard | Trophic macrophages in development and disease[END_REF][START_REF] Gordon | Tissue macrophages: heterogeneity and functions[END_REF]. Mφ represent immune sentinels endowed with a variety of functions including the capture of pathogens, dead cell removal, and cytokine production [START_REF] Gordon | Tissue macrophages: heterogeneity and functions[END_REF]. However, Mφ function goes beyond protective immunity; this has been exemplified in mice that are almost fully devoid of Mφ, such as colony stimulating factor 1 (CSF1)-deficient Csf1 op/op mice [START_REF] Jones | Macrophages and CSF-1: implications for development and beyond[END_REF]. Specifically, in addition to an impaired myeloid system, these mice display severe developmental defects including impaired fertility, stunted growth, as well as skeletal and neurological disorders [START_REF] Jones | Macrophages and CSF-1: implications for development and beyond[END_REF]. Mφ are also key regulators of tissue homeostasis in the adult organism as they are involved in gut motility, iron metabolism, cardiac conduction, and maintenance of arterial tone [START_REF] Hulsmans | Macrophages facilitate electrical conduction in the heart[END_REF][START_REF] Lim | Hyaluronan receptor LYVE-1-expressing macrophages maintain arterial tone through hyaluronanmediated regulation of smooth muscle cell collagen[END_REF][START_REF] De Schepper | Self-maintaining gut macrophages are essential for intestinal homeostasis[END_REF][START_REF] Soares | Macrophages and iron metabolism[END_REF]. Csf1 op/op mice fail to properly develop glands such as the gonads, pancreas and mammary gland, indicating that Mφ are crucial for gland physiology [START_REF] Pollard | Trophic macrophages in development and disease[END_REF][START_REF] Gordon | Tissue macrophages: heterogeneity and functions[END_REF].

Tissue-resident Mφ depend on environmental cues for their development, survival, and regulation [START_REF] Okabe | Tissue-specific signals control reversible program of localization and functional polarization of macrophages[END_REF][START_REF] T'jonck | Niche signals and transcription factors involved in tissue-resident macrophage development[END_REF]. These cues are derived from "Mφ niches" postulated to share 4 key characteristics across tissues: 1) Cells composing the niche form or produce a physical scaffold to which Mφ anchor. 2) Niche cells nurture Mφ via the provision of survival factors. 3) The niche imprints the Mφ to perform unique tissue-specific functions by inducing a defined set of transcription factors. 4) Mφ interact with their niche in a mutually beneficial manner contributing to tissue module function [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF]. According to this holistic model, each cell type within a tissue module might specialize in one function (anchoring, nurturing, imprinting), but all should synergize to constitute a Mφ niche. This has recently been demonstrated for murine Kupffer cells, the main Mφ subset in the liver: Hepatic endothelial cells, stellate cells and hepatocytes synergize to nurture and imprint Kupffer cells via the provision of CSF1, Bone morphogenetic proteins and Notch receptor ligands [START_REF] Bonnardel | Stellate cells, hepatocytes, and endothelial cells imprint the kupffer cell identity on monocytes colonizing the liver macrophage niche[END_REF][START_REF] Sakai | Liver-derived signals sequentially reprogram myeloid enhancers to initiate and maintain Kupffer cell identity[END_REF]. Due to the large variety of tissuespecific Mφ, it is likely that different Mφ niches exist in all tissues including glands (Fig. 2). Here, we apply the Mφ niche concept to gland Mφ and identify which cells may compose glandular niches. From this new angle, we review the factors that are released by niche cells and might maintain and shape gland Mφ to perform their tissue-specific functions. Lastly, we revisit past studies and summarize the latest research employing state-ofthe-art techniques to address the potential functions of glandular Mφ within their niches during homeostasis.

Mφ niches in endocrine and exocrine glands

Identification of Mφ niche candidates by anatomical proximity and production of Mφ survival factors

Due to the complexity of studying glandular Mφ and their niches, nearly all experimental work described in this review is performed in mice unless explicitly stated otherwise.

Niche cells offer a physical foundation to the Mφ and locally produce Mφ survival factors such as CSF1, CSF2 and Interleukin-34 (IL-34) [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF][START_REF] Bellomo | Reticular Fibroblasts Expressing the Transcription Factor WT1 Define a Stromal Niche that Maintains and Replenishes Splenic Red Pulp Macrophages[END_REF]. This local production of Mφ survival factors is probably required to complement the available circulating factors given that not all tissues are equally perfused [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF]. In addition, the local provision of growth factors might allow a precise control of Mφ numbers through the presence of a contact-dependent "bi-directional circuit" of interdependent cells, as has been demonstrated for Mφ-fibroblast interactions in vitro [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF][START_REF] Zhou | Circuit Design Features of a Stable Two-Cell System[END_REF]. Various subsets of epithelial, endothelial, and mesenchymal cells can produce CSF1, CSF2 and IL-34 within gland tissue modules (Table 2, Key Table) [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Ryan | Rescue of the colony-stimulating factor 1 (CSF-1)-nullizygous mouse (Csf1op/Csf1op) phenotype with a CSF-1 transgene and identification of sites of local CSF-1 synthesis[END_REF][START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF]. CSF1 is seemingly the most crucial Mφ survival factor in mammals as Csf1 op/op and Csf1r -/-mice lack almost all Mφ, including gland Mφ [START_REF] Banaei-Bouchareb | Insulin cell mass is altered in Csf1op/Csf1op macrophage-deficient mice[END_REF][START_REF] Cecchini | Role of colony stimulating factor-1 in the establishment and regulation of tissue macrophages during postnatal development of the mouse[END_REF][START_REF] Dai | Targeted disruption of the mouse colony-stimulating factor 1 receptor gene results in osteopetrosis, mononuclear phagocyte deficiency, increased primitive progenitor cell frequencies, and reproductive defects[END_REF]. As CSF1R is exclusively expressed by cells of the mononuclear phagocyte system, CSF1 production by a particular cell type is probably meant to feed nearby Mφ, thus identifying it as a likely niche candidate [START_REF] Grabert | A Transgenic Line That Reports CSF1R Protein Expression Provides a Definitive Marker for the Mouse Mononuclear Phagocyte System[END_REF].

Within exocrine tissue modules such as the salivary gland, mammary glands and the testis, CSF1 is expressed by ductal epithelial cells forming the ducts or peritubular myoid cells wrapped around the seminiferous tubules [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF]. Indeed, a population of CD11C + CX3CR1 + MHC-II + Mφ (termed hereafter CX3CR1 + ) resides on these ducts and tubules (Table 3) [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF][START_REF] Mossadegh-Keller | Developmental origin and maintenance of distinct testicular macrophage populations[END_REF]. Another Mφ population observed in exocrine tissue modules expresses the mannose receptor, CD206. These CD206 + MHC-II -Mφ (termed hereafter CD206 + ), are enriched around pancreatic ducts, where pancreatic stellate cells are found [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF][START_REF] Apte | Periacinar stellate shaped cells in rat pancreas: identification, isolation, and culture[END_REF]. In the mammary gland, these CD206 + as well as the CX3CR1 + Mφ are in proximity of the stem cell enriched basal layer of the ducts, which expresses high amounts of Csf1 in mice [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Gyorki | Resident macrophages influence stem cell activity in the mammary gland[END_REF][START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF]. Both types of exocrine gland Mφ are likely nurtured by the aforementioned nearby cells, which they physically contact, although this remains to be further assessed.

Within endocrine glands, interstitial Mφ are tightly associated with hormone producing cells via cytoplasmic interdigitations or dendrites [START_REF] Pow | Microglia in the neurohypophysis associate with and endocytose terminal portions of neurosecretory neurons[END_REF][START_REF] González-Hernández | Macrophages within the human adrenal gland[END_REF][START_REF] Zinselmeyer | The resident macrophages in murine pancreatic islets are constantly probing their local environment, capturing beta cell granules and blood particles[END_REF][START_REF] Meinhardt | Microenvironmental signals govern the cellular identity of testicular macrophages[END_REF]. These hormone-producing cells such as testicular Leydig cells, adrenal glucocorticoid producing cells, and thyrocytes in the thyroid express CSF1 suggesting that they are an integral part of the interstitial Mφ niche in endocrine glands [START_REF] Ryan | Rescue of the colony-stimulating factor 1 (CSF-1)-nullizygous mouse (Csf1op/Csf1op) phenotype with a CSF-1 transgene and identification of sites of local CSF-1 synthesis[END_REF][START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF][START_REF] Kasai | Production of granulocyte/macrophage and macrophage colony-stimulating factors by human thyrocytes in culture[END_REF]. Interstitial Mφ are also observed on top of specialized fenestrated capillaries within endocrine glands (Box 2); as the endothelium and pericytes forming these glandular blood vessels express CSF1, they may thus represent niche cells for these perivascular Mφ [START_REF] Ryan | Rescue of the colony-stimulating factor 1 (CSF-1)-nullizygous mouse (Csf1op/Csf1op) phenotype with a CSF-1 transgene and identification of sites of local CSF-1 synthesis[END_REF][START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF][START_REF] He | Endothelial cells provide an instructive niche for the differentiation and functional polarization of M2-like macrophages[END_REF][START_REF] Banaei-Bouchareb | A transient microenvironment loaded mainly with macrophages in the early developing human pancreas[END_REF].

Two interstitial Mφ subsets recently reported to be present across tissues in both mice and humans based on confocal microscopy and flow cytometry, are likely present in all glands, and may partially overlap with the previously described populations due to a lack of distinct markers [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF]. These comprise LYVE1 + CD206 + (termed hereafter LYVE1 + ) perivascular Mφ, and CX3CR1 + nerve-associated Mφ, wrapped around blood vessels and nerves, respectively [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF]. Perivascular Mφ probably rely on endothelium-derived CSF1, while glandular nerveassociated Mφ might depend on neuron-derived CSF1, as demonstrated in the murine gut, although this warrants further investigation [START_REF] Ryan | Rescue of the colony-stimulating factor 1 (CSF-1)-nullizygous mouse (Csf1op/Csf1op) phenotype with a CSF-1 transgene and identification of sites of local CSF-1 synthesis[END_REF][START_REF] Banaei-Bouchareb | A transient microenvironment loaded mainly with macrophages in the early developing human pancreas[END_REF][START_REF] Muller | Crosstalk between muscularis macrophages and enteric neurons regulates gastrointestinal motility[END_REF].

Besides CSF1, expression of CSF2 and IL-34 has been reported for several glandular cells, but the impact of these factors on gland Mφ homeostasis remains to be investigated (Table 2). The ample local sources of survival factors suggest that gland Mφ mostly rely on their nearby niche cells. Their close proximity and potential for expressing survival factors make ductal epithelial cells, endothelial cells, and hormone-producing cells prime glandular Mφ niche candidates [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Ryan | Rescue of the colony-stimulating factor 1 (CSF-1)-nullizygous mouse (Csf1op/Csf1op) phenotype with a CSF-1 transgene and identification of sites of local CSF-1 synthesis[END_REF][START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF]. However, it is important to note that data regarding CSF1 production in glands is often derived from older studies, at a time when conditional mouse models, sophisticated imaging and sequencing techniques were not available. As the niche concept postulates that Mφ and their niches create virtuous cell circuits benefitting each partner, identifying Mφ niches and studying their alteration in mice devoid of Mφ might unravel key functions of glandular Mφ in homeostasis and disease (Box 3).

Mφ niche cells and their Mφ imprinting factors

A vital aspect of the Mφ niche resides in its ability to locally imprint Mφ identity via the induction of key transcription factors [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF]. There are some indications that local imprinting of Mφ occurs within glands. Bone marrow-derived Mφ injected into Mφ-depleted mammary glands during involution, i.e. shrinking of the mammary gland, become CD206 + Mφ, reminiscent of the predominating Mφ subset present during the involution process [START_REF] O'brien | Macrophages are crucial for epithelial cell death and adipocyte repopulation during mammary gland involution[END_REF]. Similarly, hematopoietic stem cells injected into the thyroid generate distinct Mφ suggesting the presence of Mφ niche factors [START_REF] Gaide Chevronnay | Hematopoietic stem cells transplantation can normalize thyroid function in a cystinosis mouse model[END_REF]. In the steady-state pancreas, transcriptional profiling of embryonic-and hematopoietic stem cell-derived Mφ, subdivided using Flt3-Cre reporter mice, revealed a highly similar transcriptional profile between them, suggesting that pancreatic Mφ might be shaped by their environment rather than their ontogeny [START_REF] Zhu | Tissue-resident macrophages in pancreatic ductal adenocarcinoma originate from embryonic hematopoiesis and promote tumor progression[END_REF]. In support of this notion, hematopoietic stem cell-derived Mφ that repopulated the pancreatic islets and exocrine tissue after lethal irradiation acquired similar characteristics than the original tissue-resident Mφ [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF]. In sum, glandular niches appear to shape the identity of nearby Mφ, regardless of their origin. By doing so, we believe that Mφ niches tailor nearby Mφ to their own benefit, allowing the establishment of a "bi-directional circuit" as proposed by R. Medzhitov [START_REF] Zhou | Circuit Design Features of a Stable Two-Cell System[END_REF].

The exact cells and factors controlling Mφ imprinting within glands are not well understood, but the current literature offers potential candidates (Table 2).

IL-4 and IL-13 signaling

IL-4 and IL-13 have been associated with induction of an alternatively-activated Mφ subset, likely corresponding to CD206 + Mφ, in mammary gland, pancreas, and testis [START_REF] Maresz | IL-13 induces the expression of the alternative activation marker Ym1 in a subset of testicular macrophages[END_REF][START_REF] O'brien | Alternatively activated macrophages and collagen remodeling characterize the postpartum involuting mammary gland across species[END_REF][START_REF] Xue | Alternatively activated macrophages promote pancreatic fibrosis in chronic pancreatitis[END_REF]. Both interleukins are known activators of the Signal transducer and activator of transcription 5 (STAT5) and STAT6 signaling pathway, which might allow them to shape the transcriptional profile of Mφ [START_REF] Lischke | The interleukin-4 receptor activates STAT5 by a mechanism that relies upon common γ-chain[END_REF][START_REF] Khaled | The IL-4/IL-13/Stat6 signalling pathway promotes luminal mammary epithelial cell development[END_REF]. Indeed, relative to wildtype (WT) mice, Il4 -/-/Il13 -/-double knockout as well as Stat6 -/-mice, showed impaired mammary gland development, which heavily relies on Mφ [START_REF] Khaled | The IL-4/IL-13/Stat6 signalling pathway promotes luminal mammary epithelial cell development[END_REF][START_REF] Gouon-Evans | Requirement of macrophages and eosinophils and their cytokines/chemokines for mammary gland development[END_REF]. In addition, conditional deletion of Stat5 in Mφ using Csf1r-iCre Stat5 fl/fl mice disrupts mammary gland development as indicated by reduced ductal elongation, elevated ductal branching and increased epithelial cell proliferation compared to littermate controls [START_REF] Brady | STAT5 deletion in macrophages alters ductal elongation and branching during mammary gland development[END_REF]. These data suggest an involvement of IL-4 and IL-13 in imprinting mammary gland Mφ, and perhaps other glandular Mφ identity through the STAT transcription factor family.

Notch signaling

Notch signaling is implicated in Mφ differentiation [START_REF] Bonnardel | Stellate cells, hepatocytes, and endothelial cells imprint the kupffer cell identity on monocytes colonizing the liver macrophage niche[END_REF][START_REF] Krishnasamy | Blood vessel control of macrophage maturation promotes arteriogenesis in ischemia[END_REF]. Besides endothelium as a potential general source of the Notch-receptor ligands Delta-Like canonical Notch ligand 1 (DLL1) and DLL4, both mammary and pituitary gland stem cells express DLL1 [START_REF] Bonnardel | Stellate cells, hepatocytes, and endothelial cells imprint the kupffer cell identity on monocytes colonizing the liver macrophage niche[END_REF][START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF][START_REF] Krishnasamy | Blood vessel control of macrophage maturation promotes arteriogenesis in ischemia[END_REF][START_REF] Outtz | Notch1 controls macrophage recruitment and Notch signaling is activated at sites of endothelial cell anastomosis during retinal angiogenesis in mice[END_REF]. Notch signaling is indeed active within CX3CR1 + ductal Mφ in the mouse mammary gland and conditional deletion of either Dll1 in the mammary epithelium using K14-Cre Dll1 fl/fl mice or deletion of the Notch transcriptional regulator Recombining Binding Protein J-kappa (Rbpjk) within mammary Mφ employing Cd11c-Cre Rbpjk fl/fl mice, blocks Mφ maturation and affects branching of the mammary ductal network [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF]. Moreover, endothelial-derived DLL1 promotes the maturation and antiinflammatory phenotype of perivascular Mφ through Notch signaling, as evidenced by impaired expression of Mφ maturation (Mafb, Sra) and anti-inflammatory associated genes (Mrc1, Arg1 and Il10), but increased expression of pro-inflammatory Il6 and Il12 in isolated Mφ of Cdh5-CreERT2 Dll1 fl/fl and LysM-Cre Rbpjk fl/fl mice relative to littermate controls [START_REF] Krishnasamy | Blood vessel control of macrophage maturation promotes arteriogenesis in ischemia[END_REF]. Based on the aforementioned findings in the mammary gland and the recently uncovered role of Notch signaling in the acquisition of Kupffer cell identity in mice, we propose that Notch signaling is one of the most likely master regulators of glandular Mφ identity [START_REF] Bonnardel | Stellate cells, hepatocytes, and endothelial cells imprint the kupffer cell identity on monocytes colonizing the liver macrophage niche[END_REF], a possibility that certainly merits further investigation.

Hormones

Endocrine glands contain various hormones and hormone-like substances that alter Mφ phenotype. In the rat testis, the interstitial fluid contains prostaglandins, corticosterone, and testosterone, which give the interstitial Mφ their immunosuppressive properties through Nuclear Factor Kappa-light-chain-enhancer of activated B cells (NF-κB) inhibition and activation of STAT3 signaling [START_REF] Wang | Characterization of the micro-environment of the testis that shapes the phenotype and function of testicular macrophages[END_REF][START_REF] Heinrich | Essential roles of interstitial cells in testicular development and function[END_REF]. Catecholamines produced by the adrenal gland act on Mφ adrenergic receptors of mouse peritoneal Mφ, altering cytokine secretion in vitro [START_REF] Kanczkowski | Adrenal gland microenvironment and its involvement in the regulation of stress-induced hormone secretion during sepsis[END_REF]. Mφ also have receptors for estradiol and progesterone and differentially respond to these hormones with altered cytokine expression in vitro; while progesterone stimulates the secretion of pro-inflammatory cytokines, estradiol stimulation inhibits their expression in both mice and humans [START_REF] Chua | Dual roles for macrophages in ovarian cycle-associated development and remodelling of the mammary gland epithelium[END_REF]. These data suggest that Mφ phenotypes can be influenced by hormone concentrations, which are subject to dynamic changes, e.g. during the mammalian estrous cycle. Thus, hormonal control might tailor Mφ functions to specific stages or conditions, but solid in vivo evidence is still lacking [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Wu | Macrophage contributions to ovarian function[END_REF][START_REF] Turner | Conditional ablation of macrophages disrupts ovarian vasculature[END_REF].

Phagocytosis of glandular cells

Mφ identity can also be influenced by phagocytosis of parenchymal cells, as demonstrated by comparing the transcriptome of Mφ before and after uptake of apoptotic cells in situ [START_REF] A-Gonzalez | Phagocytosis imprints heterogeneity in tissue-resident macrophages[END_REF][START_REF] Cummings | Different tissue phagocytes sample apoptotic cells to direct distinct homeostasis programs[END_REF]. This was demonstrated for pancreatic Mφ by induction of either exocrine pancreas acinar cell death in Ela-CreERT2 R26 DTR mice or islet βcell death in Pdx-CreERT R26 DTR mice using the inducible diphtheria toxin receptor (iDTR) system [START_REF] Criscimanna | Activated macrophages create lineage-specific microenvironments for pancreatic acinarand β-cell regeneration in mice[END_REF]. Gene expression analyses of isolated pancreatic Mφ after specifically inducing acinar or β-cell death revealed a differential expression profile between the two types of pancreatic cell death based on the expression of growth factors (Hgf, Vegf) and WNT-ligands (Wnt3a, Wnt5a, Wnt7b) [START_REF] Criscimanna | Activated macrophages create lineage-specific microenvironments for pancreatic acinarand β-cell regeneration in mice[END_REF]. In the mammary gland, 3D intravital microscopy captured a specific CX3CR1 + Mφ subset surveying the ductal epithelium using their dendrites and taking up apoptotic cells, suggesting that phagocytosis might contribute to Mφ imprinting in various tissue modules, albeit this awaits further testing [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF].

In summary, we propose that the identity of glandular Mφ is tailored by direct and indirect niche signals. Direct imprinting is achieved by the provision of soluble and membrane bound factors such as interleukins, Notch ligands and -unique to glands-hormones, by nearby niche cells. Indirect imprinting is solely guided by the positioning of the niche cells that allow their anchored Mφ to receive unique signals from adjacent tissue cells through processes such as phagocytosis.

Endocrine gland Mφ: immune functions, gland maintenance, and regulation of hormone secretion

The concept of the Mφ niche postulates that Mφ and their niches form virtuous cell circuits benefiting each partner [START_REF] Guilliams | Establishment and maintenance of the macrophage niche[END_REF][START_REF] Zhou | Circuit Design Features of a Stable Two-Cell System[END_REF]. We now address how the glandular Mφ benefit their niche and contribute to the function of individual gland tissue modules.

Islets of Langerhans

MHC-II + CX3CR1 + pancreatic islet Mφ are in an activated state characterized by high IL-1β and Tumor necrosis factor-α (TNFα) expression, reminiscent of Mφ populating barrier surfaces [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF]. Islet Mφ are situated around the islets and on top of the intra-islet capillaries, which they probe using filopodia [START_REF] Ferris | The islet-resident macrophage is in an inflammatory state and senses microbial products in blood[END_REF]. Therefore, pancreatic islet Mφ might have a protective role against pathogens by taking up and responding to circulating microparticles including microbial products [START_REF] Zinselmeyer | The resident macrophages in murine pancreatic islets are constantly probing their local environment, capturing beta cell granules and blood particles[END_REF][START_REF] Ferris | The islet-resident macrophage is in an inflammatory state and senses microbial products in blood[END_REF].

Besides such immune functions, there is mounting evidence implicating islet Mφ in hormone secretion: Electron microscopy revealed an uptake of intact insulin granules by islet Mφ in mice, which was increased upon stimulation of insulin secretion with glucose, suggesting that pancreatic islet Mφ can sense and possibly regulate insulin secretion [START_REF] Zinselmeyer | The resident macrophages in murine pancreatic islets are constantly probing their local environment, capturing beta cell granules and blood particles[END_REF]. In agreement with this notion, culturing murine extracted intra-islet Mφ with the MIN6 pancreatic β-cell line reduced insulin secretion in a contact-dependent manner, although acute stimulation of islets with IL-1β in vivo increased insulin secretion, suggesting additional involvement of paracrine factors [START_REF] Weitz | Secretory Functions of Macrophages in the Human Pancreatic Islet are Regulated by Endogenous Purinergic Signaling[END_REF][START_REF] Ying | Expansion of islet-resident macrophages leads to inflammation affecting β cell proliferation and function in obesity[END_REF]. This regulation of β-cell secretion by Mφ seems to depend on purinergic signaling via Adenosine triphosphate and Adenosine diphosphate sensing, which are co-released with insulin from β-cells allowing Mφ to monitor β-cell function as demonstrated in living murine pancreatic tissue slices [START_REF] Weitz | Mouse pancreatic islet macrophages use locally released ATP to monitor beta cell activity[END_REF].

In addition, Mφ can contribute to the development and growth of pancreatic islets, possibly by the release of growth factors such as Insulin growth factor-1 (IGF1) and -2 (IGF2), TGFβ, Platelet-derived growth factor-α (PDGFα) and vascular endothelial growth factor-A (VEGF-A) [START_REF] Banaei-Bouchareb | Insulin cell mass is altered in Csf1op/Csf1op macrophage-deficient mice[END_REF][START_REF] Mussar | A CCR2+ myeloid cell niche required for pancreatic β cell growth[END_REF][START_REF] Brissova | Islet microenvironment, modulated by vascular endothelial growth factor-A signaling, promotes β cell regeneration[END_REF][START_REF] Xiao | M2 macrophages promote beta-cell proliferation by up-regulation of SMAD7[END_REF][START_REF] Nackiewicz | Islet macrophages shift to a reparative state following pancreatic beta-cell death and are a major source of islet insulin-like growth factor-1[END_REF]. Mφ can also stimulate epithelial cell proliferation throughout life, as expansion of pancreatic islets during pregnancy in Csf1 op/op and islet regeneration after β-cell death is impaired in Cd11c DTR and Ccr2 DTR mice compared to controls [START_REF] Banaei-Bouchareb | Insulin cell mass is altered in Csf1op/Csf1op macrophage-deficient mice[END_REF][START_REF] Brissova | Islet microenvironment, modulated by vascular endothelial growth factor-A signaling, promotes β cell regeneration[END_REF][START_REF] Xiao | M2 macrophages promote beta-cell proliferation by up-regulation of SMAD7[END_REF][START_REF] Nackiewicz | Islet macrophages shift to a reparative state following pancreatic beta-cell death and are a major source of islet insulin-like growth factor-1[END_REF].

Moreover, ex-vivo co-culturing of isolated mouse islets with obese mice-derived islet Mφ increased β-cell proliferation based on EdU labeling, and this was inhibited by the addition of a small molecule inhibitor of PDGFR signaling (CP-673451), demonstrating that elevated β-cell proliferation during obesity is likely mediated by Mφderived PDGFα, similar to developmental β-cell proliferation [START_REF] Ying | Expansion of islet-resident macrophages leads to inflammation affecting β cell proliferation and function in obesity[END_REF][START_REF] Chen | PDGF signalling controls age-dependent proliferation in pancreatic β-cells[END_REF]. Mφ stimulation of β-cell proliferation might therefore be responsible for the enhanced insulin release observed in obesity (compensatory hyperinsulinemia). Accordingly, diabetic mice depleted of Mφ using the iDTR method (Cd169 DTR ) or a CSF1R blocking antibody (AFS98) had lower β-cell mass and reduced glucose-stimulated plasma insulin levels compared to their controls suggesting compensatory hyperinsulinemia was impaired [START_REF] Chittezhath | Islet macrophages are associated with islet vascular remodeling and compensatory hyperinsulinemia during diabetes[END_REF]. Islet Mφ might thus regulate not only secretion, but also insulin production and consequently glucose metabolism by affecting βcell proliferation, a hypothesis that merits further attention.

Gonads

Testicular Mφ clear apoptotic cells in mice and support the immune-privileged testicular environment by induction of regulatory T-cell (Treg) expansion in rats [START_REF] Wang | Characterization of the micro-environment of the testis that shapes the phenotype and function of testicular macrophages[END_REF][START_REF] Defalco | Yolk-sac-derived macrophages regulate fetal testis vascularization and morphogenesis[END_REF][START_REF] Tung | Cancer testis autoantigens as germ cell autoantigens continuously egress from normal testes and maintain Treg-dependent tolerance[END_REF]. Interstitial rat testicular Mφ are also tightly intertwined with testosterone-producing Leydig cells via unique interdigitations [START_REF] Hutson | Development of cytoplasmic digitations between Leydig cells and testicular macrophages of the rat[END_REF]. These Mφ are thought to contribute to murine Leydig cell proliferation and maturation [START_REF] Gaytan | Requirement for testicular macrophages in Leydig cell proliferation and differentiation during prepubertal development in rats[END_REF][START_REF] Cohen | Absence of colony-stimulating factor-1 in osteopetrotic (csfmop/csfmop) mice results in male fertility defects[END_REF]. Indeed, Mφ-deficient Csf1 op/op mice have lower serum testosterone concentrations than WT mice, while short term Mφ depletion using the iDTR system or by administration of clodronate liposomes reduced intratesticular testosterone concentrations and secretion, respectively [START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF][START_REF] Hutson | Development of cytoplasmic digitations between Leydig cells and testicular macrophages of the rat[END_REF][START_REF] Bergh | Liposome-mediated macrophage depletion: an experimental approach to study the role of testicular macrophages in the rat[END_REF]. In line, isolated rat testicular Mφ produce 25-hydroxycholesterol, a cholesterol precursor that facilitates testosterone biosynthesis as an intratesticular injection of 25-hydroxycholesterol rapidly increased testosterone production in rats [START_REF] Nes | Identification of the lipophilic factor produced by macrophages that stimulates steroidogenesis[END_REF].

From another angle, ovarian Mφ might regulate progesterone production, given that the ovaries of Csf2 -/-mice harbor Mφ with reduced expression of MHC-II and produce less progesterone than WT mice during pregnancy [START_REF] Jasper | Characterization of ovarian function in granulocyte-macrophage colony-stimulating factordeficient mice[END_REF]. Moreover, the specific depletion of ovarian Cd11c + Mφ using the iDTR system also resulted in impaired folliculogenesis relative to controls, suggesting that Mφ might influence ovulation [START_REF] Ono | CD11c+ M1-like macrophages (MΦs) but not CD206+ M2-like MΦ are involved in folliculogenesis in mice ovary[END_REF]. Indeed, Mφ produce many factors that may be involved in ovulation -at least in mice-such as TNFα, IL-1β, proteases and prostaglandins, although their exact contribution requires further investigation [START_REF] Wu | Macrophage contributions to ovarian function[END_REF].

Adrenal, pituitary and thyroid gland

In the human and murine adrenal gland, cortical Mφ are interdigitated with hormone-producing cells, while medullary Mφ are closely associated with the catecholamine-producing chromaffin cells [START_REF] González-Hernández | Macrophages within the human adrenal gland[END_REF][START_REF] Hume | The mononuclear phagocyte system of the mouse defined by immunohistochemical localization of antigen F4/80: macrophages of endocrine organs[END_REF]. Functions for these adrenal Mφ are unknown, but their close association with hormone-producing cells suggest that they might be involved in hormone secretion. Moreover, cytokines such as IL-1, IL-6 and TNFα influence adrenal hormone production [START_REF] Kanczkowski | Adrenal gland microenvironment and its involvement in the regulation of stress-induced hormone secretion during sepsis[END_REF]. As adrenal Mφ produce IL-1, IL-6 and TNFα, they might be likely candidates in their ability to regulate hormone secretion in a paracrine manner, although this remains to be further tested [START_REF] Ehrhart-Bornstein | Intraadrenal interactions in the regulation of adrenocortical steroidogenesis[END_REF]. However, in line with this, Mx1-Cre MyD88 fl/fl mice with an impairment of Toll-like receptor signaling in immune cells respond to lipopolysaccharide challenge with reduced adrenal Il1β and Il6 expression and lowered hypothalamic-pituitary-adrenal (HPA)-axis activation as assessed by ACTH and corticosterone plasma levels compared to Mx1-Cre negative controls [START_REF] Kanczkowski | Hypothalamo-pituitary and immune-dependent adrenal regulation during systemic inflammation[END_REF].

The pituitary gland is a key component of the HPA-axis and electron microscopy imaging has revealed that pituitary Mφ wrap around both axons and pituicytes and degrade ostensibly viable nerve terminals as well as neurosecretory granules, potentially facilitating tissue remodeling and thereby contributing to pituitary gland function [START_REF] Pow | Microglia in the neurohypophysis associate with and endocytose terminal portions of neurosecretory neurons[END_REF]. In addition, the main defect impacting fertility in both male and female Csf1 op/op mice appears to be a dysregulation of the HPA-axis despite Mφ affecting fertility by modulating steroidogenesis and ovulation [START_REF] Cohen | Colony-stimulating factor 1 regulation of neuroendocrine pathways that control gonadal function in mice[END_REF]. However, the exact role of pituitary Mφ in regulating the HPA-axis is currently unknown. Interestingly, luteinizing hormone, a pituitary hormone important for ovulation in females is bound by CD206 [START_REF] Simpson | Multiple interactions between pituitary hormones and the mannose receptor[END_REF], a receptor expressed by various subsets of Mφ such as the aforementioned perivascular and ductal Mφ [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF][START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF]; however, it remains to be demonstrated if pituitary Mφ express this receptor and take up this hormone. Another ligand for the Mφ receptor CD206 is thyroglobulin, a key thyroid hormone [START_REF] Linehan | Endogenous ligands of carbohydrate recognition domains of the mannose receptor in murine macrophages, endothelial cells and secretory cells; potential relevance to inflammation and immunity[END_REF]. CD206 is expressed by a subset of thyroid Mφ, suggesting they might be capable of hormonal uptake; however, this has not yet been demonstrated [START_REF] Linehan | Endogenous ligands of carbohydrate recognition domains of the mannose receptor in murine macrophages, endothelial cells and secretory cells; potential relevance to inflammation and immunity[END_REF].

In conclusion, there is ample evidence that Mφ regulate the endocrine functions of several glands but the underlying cellular and molecular pathways remain elusive. Based on the Mφ niche concept, we propose that the trophic functions of Mφ in endocrine glands are mediated via the regulation of their niche cells.

Identification of these niches and the complex molecular dialog they establish with their Mφ appears mandatory to better understand the functions of Mφ in endocrine glands.

Mφ in exocrine glands

Exocrine tissue modules consist mainly of substance-producing exocrine cells, i.e. acinar or alveolar cells, and ductal cells forming the tubular network required for excretion (Fig. 1B). Mφ are present around the ducts and between the exocrine cells of the mammary gland, salivary gland, exocrine pancreas and testis (Table 3) [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF][START_REF] Mossadegh-Keller | Developmental origin and maintenance of distinct testicular macrophage populations[END_REF][START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF].

Ductal CX3CR1 + Mφ populate the murine mammary gland

There are at least two types of Mφ enriched around the ducts of various exocrine glands. CX3CR1 + Mφ are squeezed tightly between the myoepithelium and luminal cell layers of the mammary gland and are regularly spaced; this is a typical organization for epithelial-associated Mφ, which is hypothesized to be orchestrated via a mutual repulsion mechanism [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Hume | The mononuclear phagocyte system: the relationship between monocytes and macrophages[END_REF]. The regular spacing permits these mammary gland Mφ to constantly monitor the entire ductal epithelium. Upon damage to the epithelium by a multiphoton laser pulse, these Mφ cloak the injured tissue and engulf apoptotic cells as elegantly visualized using 3D intravital microscopy in mice [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF]. This might prevent infiltration of inflammatory neutrophils as previously reported in the peritoneum [START_REF] Uderhardt | Resident macrophages cloak tissue microlesions to prevent neutrophil-driven inflammatory damage[END_REF].

A regularly spaced lining of CX3CR1 + Mφ is also observed on the gut villi vasculature [START_REF] Honda | Perivascular localization of macrophages in the intestinal mucosa is regulated by Nr4a1 and the microbiome[END_REF]; these Mφ can act as a barrier to prevent bacterial infiltration and a similar function might be ascribed to ductal Mφ, given that ductal networks are connected to bacteria-rich environments such as the mouth and gut [START_REF] Honda | Perivascular localization of macrophages in the intestinal mucosa is regulated by Nr4a1 and the microbiome[END_REF]. Besides apoptotic cell clearance and immunosurveillance, CX3CR1 + ductal Mφ in the mammary gland express matrix metalloproteinase genes [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF]; consequently, it is reasonable to speculate that such exocrine gland Mφ might be involved in tissue remodeling as well. This was further evidenced by a combination of confocal and 3D intravital microscopy demonstrating uptake of GFP-labelled mammary epithelial cells by CX3CR1 + ductal Mφ and a reduction in the breakdown of the mammary epithelium during involution in Cd11c DTR mice compared to nondiphtheria toxin treated controls [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF]. These ductal Mφ also perform other stage-specific functions in the mammary gland including facilitation of the ductal network growth required during post-natal development, ovulation, and pregnancy [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF][START_REF] Chua | Dual roles for macrophages in ovarian cycle-associated development and remodelling of the mammary gland epithelium[END_REF]. This ductal network growth is regulated through WNT-ligand mediated interaction of ductal Mφ with stem cells as evidenced by the inability of mammary gland stem cells to repopulate cleared mammary gland fat pads when Mφ are depleted via an intraperitoneal injection of CSF1R blocking antibody (RG7155) or when WNT-ligand expression is reduced in Mφ due to impaired Notch signaling [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF].

In addition, RNA-seq analysis of sorted ductal Mφ isolated from lactating mice suggests that these Mφ can promote an immunosuppressive mucosal environment needed for lactation based on their expression of antiinflammatory genes such as Il10 [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF]. These recent data reveal transient stage-specific functions of a particular Mφ, which suggests a high degree of plasticity of gland Mφ within their niche, allowing them to adapt to their altered niche and thereby enabling them to perform their specific functions within glands.

Exocrine testis Mφ

In the testes, the equivalent of the ducts are the seminiferous tubules that generate and transport immature spermatozoa to the epididymis. The peritubular CX3CR1 + Mφ are wrapped around the seminiferous tubules of the testis and have been reported to be involved in spermatogenesis in mice [START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF]. These Mφ reside in close proximity of spermatogonia precursors within the seminiferous tubule; testicular Mφ depletion using an iDTR strategy impaired spermatogonia precursor proliferation and differentiation in mice [START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF]. In addition, given that testicular Mφ express retinoic acid synthesis enzymes, these cells might promote spermatogonia differentiation via the release of retinoic acid, but this remains to be further tested [START_REF] Defalco | Macrophages contribute to the spermatogonial niche in the adult testis[END_REF]. However, a recent study employing a CSF1R blocking antibody (clone AFS98) injected intraperitoneallly reported that, despite lacking nearly all peritubular Mφ after antibody treatment, there was no defect in spermatogenesis in young adult mice [START_REF] Lokka | Generation, localization and functions of macrophages during the development of testis[END_REF]. This discrepancy emphasizes the need for Mφ depletion models in which subsets of Mφ (as opposed to pan-Mφ models) can be conditionally manipulated in vivo to assess Mφ function in glands.

Ductal CD206 + Mφ within the murine mammary gland and pancreas

Mφ expressing CD206 are found throughout the mammary gland and pancreas, but they are enriched around ducts [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF][START_REF] Jäppinen | Fetal-derived macrophages dominate in adult mammary glands[END_REF]. In the mammary gland, CD206 + Mφ induce epithelial cell death through an unknown mechanism, dispose of apoptotic cells, and support adipocyte repopulation during involution; indeed, these processes were shown to be impaired in Mafia mice, which allowed conditional depletion of all Csf1r expressing cells prior to the involution process [START_REF] O'brien | Macrophages are crucial for epithelial cell death and adipocyte repopulation during mammary gland involution[END_REF][START_REF] O'brien | Alternatively activated macrophages and collagen remodeling characterize the postpartum involuting mammary gland across species[END_REF]. Steady state functions have not yet been ascribed to periductal CD206 + Mφ in the pancreas. However, the pancreatic duct epithelium might harbor acinar cell progenitors based on the observation that labelled ductal cells in CaII-CreERT Rosa26 LacZ mice give rise to labelled acinar cell clusters upon acinar cell death [START_REF] Inada | Carbonic anhydrase II-positive pancreatic cells are progenitors for both endocrine and exocrine pancreas after birth[END_REF]. Therefore, as pancreatic Mφ are involved in pancreas regeneration after acinar cell death via the production of WNT-ligands, which can act on progenitor or stem cells in mice, it could be envisaged that pancreatic CD206 + Mφ also regulate acinar cell proliferation or differentiation at homeostasis, reminiscent of Mφ-stem cell interactions in the mammary gland -a possibility that remains to be assessed [START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF][START_REF] Criscimanna | Activated macrophages create lineage-specific microenvironments for pancreatic acinarand β-cell regeneration in mice[END_REF]. However, the immunophenotype of these pancreatic Mφ is most similar to the CD206 + Mφ found in various organs, including the mammary gland, which have been implicated in apoptotic cell scavenging and extracellular matrix (ECM) remodeling [START_REF] A-Gonzalez | Phagocytosis imprints heterogeneity in tissue-resident macrophages[END_REF][START_REF] Wang | Tissue-resident macrophages promote extracellular matrix homeostasis in the mammary gland stroma of nulliparous mice[END_REF].

The lack of certainty regarding the potential functions of these CD206 + ductal Mφ underlines the need to thoroughly investigate the effects of specific Mφ depletion on the ductal niche cells using advanced techniques such as single-cell RNA sequencing.

Acini-and alveoli-associated Mφ

Mφ are found throughout exocrine glands; LYVE1 + Mφ are present on blood vessels in several tissues including the mammary gland where they extend cytoplasmic projections into the blood vessel lumen potentially allowing efficient scavenging of blood-borne ligands, as evidenced from the uptake of intravenously injected fluorescent dextran in mice [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF][START_REF] Jäppinen | Fetal-derived macrophages dominate in adult mammary glands[END_REF]. Another Mφ characterized by the expression of LYVE1 and CD206 (stressing the need for more distinct markers) is present within the adipose stroma and fibrous capsule of the mammary gland [START_REF] Wang | Tissue-resident macrophages promote extracellular matrix homeostasis in the mammary gland stroma of nulliparous mice[END_REF].

Depletion of these stroma Mφ using the CSF1R inhibitor pexidartinib resulted in increased hyaluronan amounts within the mammary gland stroma; this suggests that these stroma Mφ might be able to clear ECM via LYVE1hyaluronan interactions, although this will require further validation [START_REF] Wang | Tissue-resident macrophages promote extracellular matrix homeostasis in the mammary gland stroma of nulliparous mice[END_REF]. In addition, epithelium-associated CD11C + Mφ that facilitate the migration of memory T-cells in a unique way were recently described in the mouse salivary gland [START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF]. Specifically, utilizing intravital microscopy, these salivary gland Mφ were shown to extend their processes through the epithelium basement membrane, thus allowing CD8 + memory T-cells to transit into and out of epithelial structures such as ducts and acini. Depletion of the CD11C + Mφ using Cd11c DTR mice strongly reduced the number of CD8 + memory T-cells transiting within the salivary gland epithelium during homeostasis and reduced CD8 + memory T-cell clustering during inflammation compared to non-DTR controls [START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF]. However, these phenomena might not be limited to T-cells and presumably, might enable cell migration within other exocrine glands characterized by tight epithelial junctions, which should be investigated further.

Lastly, a CX3CR1 + MHC-II + Mφ population is present throughout the mouse exocrine pancreas, but a function has yet to be attributed to these Mφ. However, based on their MHC-II expression and their antigen presentation capability as assessed ex-vivo using a CD4 T-cell proliferation assay, these Mφ might play a role in immunosurveillance as they are capable of presenting antigens and eliciting an adaptive immune response [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF].

Of note, this CX3CR1 + MHC-II + Mφ population in the pancreas and other glands might partially overlap with the interstitial nerve-associated Mφ recently described in mice and humans [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF].

All exocrine glands are complex tissues containing distinct epithelial structures densely populated by various Mφ. Recent studies have revealed fascinating functions for some of these exocrine gland Mφ, e.g. mammary and salivary gland Mφ, but other exocrine gland Mφ urgently require more attention if we wish to fully understand exocrine gland function and regulation.

Concluding Remarks

Glands are of crucial importance to human physiology and Mφ are essential within all gland tissue modules.

Despite their integral roles in gland development, homeostasis, and pathology, gland Mφ are often overlooked, and their functional roles are only beginning to be understood. As such, there are many Mφ subsets present within glands to which no tissue-specific functions have been attributed, and many questions are yet to be explored (see Outstanding Questions). Therefore, an in-depth characterization of Mφ niches within glands and a clear definition of the cellular interactions within tissue modules will be instrumental. To this aim, we need to revisit the study of glands by employing state-of-the-art techniques, such as single-cell RNA sequencing, spatial transcriptomics, and mass spectrometry imaging. In addition, highly specific and inducible models are required to investigate the nurturing and imprinting properties of individual niches. Fortunately, the Mφ niche field is rapidly expanding and new niche-centered tools applicable to glands should become available soon.

Manipulation of a well-characterized murine Mφ niche will then allow us to investigate and ultimately even alter the function of specific Mφ subsets at steady state and during disease, which might have significant clinical implications in humans.

Box 1: Physiology of endocrine and exocrine glands

Glands are often overlooked by immunologists despite being crucial tissues for maintaining body homeostasis and the center of many pathologies [START_REF] Mitchell | Autoimmune Addison disease: pathophysiology and genetic complexity[END_REF][START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF][START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF]. Endocrine glands produce numerous hormones, signaling molecules that allow rapid communication between distant tissues by entering the blood circulation. Hormones are the main regulators of many key physiological processes ranging from glucose metabolism and blood pressure to body temperature and reproduction [START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF]. Notable examples of endocrine tissues are the Islets of Langerhans, the endocrine testis, the thyroid, pituitary and adrenal glands.

The Islets of Langerhans regulate glucose and lipid metabolism by production of distinct hormones, e.g. glucagon and insulin, whereas the main function of the endocrine testis is the production of a single hormone, testosterone [START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF]. This hormone is required for the development of the male reproductive system as well as secondary sexual characteristics. Thyroid hormones control metabolic rate, body temperature, calcium concentrations and are essential for proper growth and development [START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF]. The adrenal cortex regulates metabolism, controls blood pressure via mineralocorticoids, the immune system via glucocorticoids and releases sex hormone pre-cursors, i.e. androgens, while the adrenal medulla controls the flight or fight response by regulating blood pressure, cardiac and skeletal muscle contractility and energy metabolism via catecholamines [START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF]. The pituitary gland is another highly multifunctional endocrine gland as it regulates blood pressure, body temperature, reproduction and water balance amongst other processes [START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF].

Exocrine glands secrete substances into ducts for transportation out of the gland and thus exert remote functions [START_REF] Maynard | Anatomy and Histology of the Laboratory rat in Toxicology and Biomedical Research[END_REF]. Key exocrine glands are the salivary gland, pancreas, testis and mammary gland. The salivary gland excretes saliva into the oral cavity, while the exocrine pancreas releases enzymes into the gut that aid further digestion of sugars and proteins [START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF][START_REF] Leung | The Gastrointestinal System[END_REF]. The exocrine function of the testis is the production and excretion of sperm cells, whereas the mammary gland alveoli produce milk [START_REF] Mossadegh-Keller | Developmental origin and maintenance of distinct testicular macrophage populations[END_REF][START_REF] O'brien | Alternatively activated macrophages and collagen remodeling characterize the postpartum involuting mammary gland across species[END_REF]. Glands evidently contribute to nearly all bodily functions and their dysregulation thus results in severe pathologies [START_REF] Mitchell | Autoimmune Addison disease: pathophysiology and genetic complexity[END_REF][START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF]. However, how glands are regulated and in particular, if and how resident immune cells such as Mφ contribute to their physiological functions and dysregulation has remained largely unknown. In addition, glands have an extraordinary capacity to regenerate and Mφ have been implicated in this regenerative process [START_REF] Criscimanna | Activated macrophages create lineage-specific microenvironments for pancreatic acinarand β-cell regeneration in mice[END_REF][START_REF] Xiao | M2 macrophages promote beta-cell proliferation by up-regulation of SMAD7[END_REF]. Future exploitation for therapeutic purposes, such as regeneration of damaged glands, e.g. pancreatic islets in autoimmune diabetes, will require an in-depth understanding of Mφ biology within glands.

Box 2: Functions of perivascular Mφ in glands

Endocrine glands secrete hormones directly into the bloodstream through dedicated fenestrated capillaries. We posit that Mφ present on these capillaries might not only protect against blood borne threats -as seen in the pancreatic islets and mammary gland-but might also influence hormone release [START_REF] Zinselmeyer | The resident macrophages in murine pancreatic islets are constantly probing their local environment, capturing beta cell granules and blood particles[END_REF][START_REF] Ferris | The islet-resident macrophage is in an inflammatory state and senses microbial products in blood[END_REF][START_REF] Jäppinen | Fetal-derived macrophages dominate in adult mammary glands[END_REF].

A precise control of vessel permeability is required to maintain a barrier against pathogens, while also allowing adequate hormone secretion. Depletion of the aforementioned interstitial LYVE1 + perivascular Mφ using iDTR mice reduced blood vessel permeability as evidenced from the increased amounts of injected dye in lung tissue relative to WT controls [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF]. In support of this notion, depletion of perivascular Mφ in ear skin by intradermal clodronate liposome injection increased vascular permeability as evidenced by enhanced spread of injected dextran compared to non-Mφ depleted ear skin [START_REF] He | Perivascular macrophages limit permeability[END_REF]. It is therefore possible that perivascular Mφ might finetune hormonal release within endocrine glands by altering vessel permeability -a possibility that requires further testing.

Besides altering vessel permeability, Mφ can contribute to angiogenesis during both the development and regeneration of glands [START_REF] Brissova | Islet microenvironment, modulated by vascular endothelial growth factor-A signaling, promotes β cell regeneration[END_REF][START_REF] Defalco | Yolk-sac-derived macrophages regulate fetal testis vascularization and morphogenesis[END_REF]. In some glands, including mammary gland and ovaries, angiogenesis also takes place in the adult organism; for example, when tissue remodeling occurs during the ovarian cycle, pregnancy, or lactation [START_REF] Turner | Conditional ablation of macrophages disrupts ovarian vasculature[END_REF][START_REF] Djonov | Vascular remodelling during the normal and malignant life cycle of the mammary gland[END_REF]. Mφ depletion can result in rupture of blood vessels and damage to the ovaries in mice due to the lack of endothelial cells present; Mφ might therefore also facilitate appropriate post-natal angiogenesis -in a similar way as during development-which will require further testing [START_REF] Turner | Conditional ablation of macrophages disrupts ovarian vasculature[END_REF]. In another study, ablation of CD11C + Mφ using an iDTR mouse model decreased PDGFβ concentrations in the ovary relative to WT mice, suggesting that the aforementioned reduction in endothelial cells and consequent rupture of blood vessels, ultimately leading to impaired folliculogenesis, is due to the dependence of pericytes on Mφ-derived PDGFβ [START_REF] Ono | CD11c+ M1-like macrophages (MΦs) but not CD206+ M2-like MΦ are involved in folliculogenesis in mice ovary[END_REF].

As most gland-derived hormones are secreted directly into the circulation, controlling the integrity and permeability of the glandular vasculature appears of vital importance. Emerging evidence support the key role of perivascular Mφ in that process, either directly or indirectly, via the regulation of pericytes. Deciphering the molecular dialog established between Mφ, pericytes and endothelial cells in the glandular vasculature module might identify new therapeutic targets in gland diseases, but also in pathologies involving other dysregulated vasculatures.

Box 3: Macrophage niches in gland pathology

Exocrine and endocrine glands are both prone to the development of a wide variety of diseases. Mφ play a central role in exocrine gland pathologies, such as adenocarcinomas, as well as in endocrine disorders, such as Type 1 diabetes in both mice and humans [START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF][START_REF] Carrero | Resident macrophages of pancreatic islets have a seminal role in the initiation of autoimmune diabetes of NOD mice[END_REF]. In adenocarcinomas, tumor-associated Mφ (TAMs) can promote tumor progression and enhance metastasis through suppression of the immune system and the production of angiogenic and growth factors such as VEGF and Epidermal Growth Factor (EGF) [START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF]. Sequencing analyses have revealed that TAMs and their healthy counterparts display distinct transcriptional profiles, suggesting a strong imprinting of TAM by tumor cells and tumor-specific stromal cells, such as cancer-associated fibroblasts [START_REF] Zhu | Tissue-resident macrophages in pancreatic ductal adenocarcinoma originate from embryonic hematopoiesis and promote tumor progression[END_REF][START_REF] Franklin | The cellular and molecular origin of tumor-associated macrophages[END_REF][START_REF] Ireland | Macrophages and Fibroblasts, Key Players in Cancer Chemoresistance[END_REF]. Indeed, a reciprocal exchange of growth factors in mammary gland tumors has been described with TAMs providing EGF to tumor cells in exchange for tumor-cell derived CSF1 [100]. A high expression of CSF1 is associated with poor prognosis for many cancers (e.g. breast, ovarian and prostate) and blocking CSF1 can reduce tumor burden in a murine model of pancreatic cancer [START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF][START_REF] Zhu | Tissue-resident macrophages in pancreatic ductal adenocarcinoma originate from embryonic hematopoiesis and promote tumor progression[END_REF]. Polarization of TAMs towards a tumor promoting immunosuppressive state in established tumors can be induced by IL-4 and lactic acid, which are derived from CD4 + T-cells and tumor cells within the tumor microenvironment, respectively [START_REF] Qian | Macrophage diversity enhances tumor progression and metastasis[END_REF][START_REF] Ireland | Macrophages and Fibroblasts, Key Players in Cancer Chemoresistance[END_REF]. Characterizing the TAM niches and understanding how TAMs are shaped by their niche cells certainly has the potential to generate new therapeutic strategies. Type 1 diabetes is a highly prevalent autoimmune disease that affects the pancreatic islet resulting in islet inflammation and extensive β-cell death. Upon β-cell death, Mφ infiltrate the islet and stimulate β-cell proliferation [START_REF] Brissova | Islet microenvironment, modulated by vascular endothelial growth factor-A signaling, promotes β cell regeneration[END_REF][START_REF] Xiao | M2 macrophages promote beta-cell proliferation by up-regulation of SMAD7[END_REF][START_REF] Nackiewicz | Islet macrophages shift to a reparative state following pancreatic beta-cell death and are a major source of islet insulin-like growth factor-1[END_REF]. These recruited CD206 + Mφ have an alternatively activated phenotype with a higher expression of various growth factors such as EGF and TGFβ and lower expression of inflammatory cytokines relative to classically activated CD206 -Mφ [START_REF] Xiao | M2 macrophages promote beta-cell proliferation by up-regulation of SMAD7[END_REF]. This differs from the usual islet Mφ, which is in an activated state and expresses inflammatory cytokines [START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF][START_REF] Ferris | The islet-resident macrophage is in an inflammatory state and senses microbial products in blood[END_REF]. It is not yet clear which factors within the islet regulate this shift in Mφ phenotype. However, phagocytosis of apoptotic β-cells might be an important factor as the genetic signature of pancreatic Mφ is influenced by the type of cell they phagocytose [START_REF] Criscimanna | Activated macrophages create lineage-specific microenvironments for pancreatic acinarand β-cell regeneration in mice[END_REF]. The formation of a "bi-directional circuit" between β-cells and the recruited Mφ with an exchange of growth factors and alternatively activated Mφ promoting cytokines as described for the aforementioned TAMs might be a possibility as well [START_REF] Zhou | Circuit Design Features of a Stable Two-Cell System[END_REF]100]. Cytokines such as IL-4 and IL-13 are indeed capable of promoting the alternatively activated Mφ phenotype in the murine pancreas [START_REF] Xue | Alternatively activated macrophages promote pancreatic fibrosis in chronic pancreatitis[END_REF], but their involvement in regulating islet Mφ phenotype is unknown. Clearly, there is much to be gained by studying the Mφ niche of glandular Mφ, not only in physiological, but in pathological conditions as well. [START_REF] Hiller-Sturmhofel | The endocrine system: an overview[END_REF]. These cells secrete hormones directly into the circulation via capillaries. These capillaries are covered by supporting stromal cells such as pericytes, which control blood flow and thus hormonal release [START_REF] He | Perivascular macrophages limit permeability[END_REF]101]. Hormonal release is also regulated by tissue-innervating nerves found throughout the endocrine tissue [101]. (B) The exocrine module is predominantly composed of clusters of epithelial cells termed acini or alveoli, which secrete their exocrine substances into a tubular structure, i.e. duct, formed by ductal cells [START_REF] Maynard | Anatomy and Histology of the Laboratory rat in Toxicology and Biomedical Research[END_REF]. These ductal cells also add secretions to the final excretion product of the gland [START_REF] Maynard | Anatomy and Histology of the Laboratory rat in Toxicology and Biomedical Research[END_REF].

The acini and especially the ducts are covered with contractile supporting cells such as myoepithelial cells or stellate cells together forming a ductal bilayer [START_REF] Maynard | Anatomy and Histology of the Laboratory rat in Toxicology and Biomedical Research[END_REF]. Exocrine secretion is regulated by circulating factors or neuronal innervation making nerves and blood vessels key supporting modules within exocrine glands [102]. Some glands have an additional supporting module containing progenitor or stem cells allowing post-natal development and tissue remodeling or regeneration of the gland after injury [START_REF] Gyorki | Resident macrophages influence stem cell activity in the mammary gland[END_REF][START_REF] Criscimanna | Activated macrophages create lineage-specific microenvironments for pancreatic acinarand β-cell regeneration in mice[END_REF]. These stem cells are often embedded into the ductal structure of exocrine glands [START_REF] Gyorki | Resident macrophages influence stem cell activity in the mammary gland[END_REF]103]. In both endocrine and exocrine tissue modules, distinct macrophages (Mφ) are found at various locations, i.e. intertwined with endocrine cells, within the bilayer of ducts, stretched out on acinar cells and in close proximity of stem cells as well as on top of blood vessels and neurons [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF][START_REF] Mossadegh-Keller | Developmental origin and maintenance of distinct testicular macrophage populations[END_REF][START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF][START_REF] Hume | The mononuclear phagocyte system of the mouse defined by immunohistochemical localization of antigen F4/80: macrophages of endocrine organs[END_REF]. [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF][START_REF] Mossadegh-Keller | Developmental origin and maintenance of distinct testicular macrophage populations[END_REF][START_REF] Calderon | The pancreas anatomy conditions the origin and properties of resident macrophages[END_REF]. These different glandular Mφ presumably all have their own Mφ niche. (A) Duct Mφ are present within the duct bilayer and thus squeezed between ductal epithelium and supporting cells such as myoepithelium or stellate cells [START_REF] Dawson | Tissue-resident ductal macrophages survey the mammary epithelium and facilitate tissue remodelling[END_REF]. (B) Mφ are also found on top of acini or alveoli as well as in between them where they are in close contact with acinar and supporting cells [START_REF] Stolp | Salivary gland macrophages and tissue-resident CD8+ T cells cooperate for homeostatic organ surveillance[END_REF].

(C) Mφ interact with progenitor or stem cells, which can be embedded in the ductal bilayer or be found throughout the gland [START_REF] Chakrabarti | Notch ligand Dll1 mediates cross-talk between mammary stem cells and the macrophageal niche[END_REF]. (D) The same applies to neurons, which might form their own niche for nerveassociated Mφ [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF]. (E) Endocrine gland Mφ are in close contact with hormone-producing cells as well as specialized fenestrated endothelial cells that make up capillaries and the pericytes that cover these vessels [START_REF] Zinselmeyer | The resident macrophages in murine pancreatic islets are constantly probing their local environment, capturing beta cell granules and blood particles[END_REF].

All aforementioned cell types are potential components of glandular Mφ niches. In addition, perivascular and nerve-associated Mφ may have their own respective niches that are not specific to glands, but instead, are found across tissues for these Mφ types [START_REF] Chakarov | Two distinct interstitial macrophage populations coexist across tissues in specific subtissular niches[END_REF]. 

Outstanding questions

 What are the functions of gland Mφ beyond protective immunity? What are ductal Mφ doing in the exocrine pancreas and salivary gland? Understanding Mφ function during homeostasis will allow us to better comprehend how these glands are regulated and perform their particular functions in humans.  Can we study gland Mφ by interfering with their niches in mice? As many Mφ share genes currently used to target them, e.g. CX3CR1, designing truly unique mouse models is highly complex. Long-term Mφ depletion is also virtually impossible with monocytes rapidly replacing depleted Mφ. Manipulation of the niche by conditional deletion of Mφ survival factors in specific niche cells may circumvent these limitations by rendering the niche "uninhabitable" for their Mφ.  Does every gland Mφ have a specific niche and are these niches similar in comparable glands? Gland modules share the same basic layout and have various stromal cells as well as Mφ in common, e.g. duct Mφ found in pancreas, salivary and mammary glands of mice. If we determine the function of specific Mφ subsets in a given exocrine gland, can we extrapolate to similar modules in other glands?  Does the Mφ niche change during pathology of the gland? Increased survival factors are needed to support immune cell influx, but does the niche also produce different factors to modulate Mφ to deal with the situation at hand? A better comprehension of the niche and niche factors might allow us to alter the course of disease by targeting nichederived molecules in humans.  Do other immune cells within glands have their own distinct niches? Many other tissueresident immune cells are present within glands. These cells may also rely on stromalcell derived factors for their survival and functions. Deciphering the dynamic cellular crosstalk of resident immune cells within their glandular niches will be an exciting avenue for future research.

Figure 1 .

 1 Figure 1. General layout of endocrine and exocrine tissue modules. (A) The endocrine tissue module contains

Figure 2 .

 2 Figure 2. Potential glandular macrophage niches. Within glands, several distinct macrophages (Mφ) have been

Table 1 .

 1 Composition of tissue modules per gland.

	Exocrine
	glands

Table 2 ,

 2 Key table. Factors released by the niche cells capable of influencing glandular macrophages.
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		Stromal cell		Niche factors and potential functions	Species Refs
	Mammary	Basal myoepithelium	CSF1 for Mφ survival, recruitment and proliferation.	M	[18]
	gland	and/or	luminal	TGFβ might contribute to differentiation of CX3CR1 + ductal	M	[104]
		ductal epithelium	Mφ.		
				IL-6, IL-8 and TNFα		H	[48]
				CX3CL1			M	[18]
		Luminal epithelium	IL-4 and IL-13 polarize towards alternatively activated Mφ.	M, R	[44, 47]
		Stem cells (within	CSF1 for Mφ survival, recruitment and proliferation.	M	[29]
		basal layer)		DLL1 activates NOTCH signaling in Mφ enhancing their WNT	M	[30]
				ligand expression and maintaining Mφ numbers.
		Endothelium		CSF1 for Mφ survival, recruitment and proliferation.	M	[19]
	Pancreas	Islet β-cells		ADP/ATP induces filopodia movement of Mφ and allows	M, H	[62, 64]
				sensing of β-cell secretion activity.
		Endothelium		CSF1 for Mφ survival, recruitment and proliferation.	H	[37]
				TGFβ1 and TGFβ2 can be produced by intra-islet	M	[66]
				endothelium.	
		Ductal cells		CSF1 for Mφ survival, recruitment and proliferation.	H	[37]
		Stellate cell		IL-4 and IL-13 promote alternatively activated CD206 + Mφ.	M, H	[45]
	Testis	Leydig, sertoli and	CSF1 for Mφ survival, recruitment and proliferation	M	[20]
		peritubular myoid	Prostaglandins polarize Mφ towards alternatively activated	R	[52]
		cells		Mφ by affecting NF-kβ and STAT3 signaling.
		Leydig cells		CXCL12 promotes co-localization of Mφ and spermatogonia.	H	[105]
				Testosterone reduces Mφ production of cytokines and 25-	R, M	[106,
				hydroxycholesterol, a testosterone precursor.	107]
		Germ cells		IL-34 for Mφ survival.		M	[108]
		Smooth muscle cells CSF1 for Mφ survival, recruitment and proliferation.	M	[20]
	Salivary	Ductal epithelium	IL-34 for Mφ survival.		H	[109]
	gland	Serous acinar cells	CSF1 for Mφ survival, recruitment and proliferation.	M	[19]
	Thyroid	Thyrocytes		CSF1 for Mφ survival, recruitment and proliferation.	H	[35]
	gland			IL-34 for Mφ survival.		H	[110]
				CSF2 for maintenance of Mφ.	H	[111]
	Pituitary	Hormone-producing	Growth hormone drives alternatively activated Mφ	M	[112]
	gland	cells		polarization.		
	Adrenal	Glucocorticoid-	CSF1 for Mφ survival, recruitment and proliferation.	M	[19]
	gland	producing cells	Glucocorticoids act on glucorticoid receptors present on Mφ	M	[54, 81]
				and can inhibit cytokine secretion.
		Chromaffin cells	Catecholamines are anti-inflammatory via β-adrenergic, but	M	[54]
				pro-inflammatory via α-adrenergic receptors on Mφ.
				IL-1β might affect Mφ phenotype.	H	[113]
	Various	Endothelium		CSF1 for Mφ survival, recruitment and proliferation as well as	M	[36, 50]
	glands			generation of mature perivascular Mφ.
				DLL4 contributes to Mφ differentiation and is required for	M	[51]
				interaction with the endothelium during angiogenesis.
				DLL1 promotes maturation of perivascular Mφ via NOTCH	M	[50]
				signaling	promoting	alternatively	activated	Mφ
				differentiation.	
				Angiopoietin 2 stimulates the immunosuppressive functions	M	[114]
				of perivascular Mφ.	
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Glossary

Acini or alveoli: The smallest secreting portion of a gland consisting of a cluster of acinar or alveoli cells. Use of acini or alveoli is tissue-dependent.

Addison's disease: An endocrine disorder in which the adrenal gland is unable to produce an adequate amount of the steroid hormones cortisol and aldosterone.

Chromaffin cells: Neuroendocrine cells located in the medulla of the adrenal gland.

Compensatory hyperinsulinemia: A higher production and release of insulin into the blood to compensate for the inability of cells to respond to insulin, i.e. insulin resistance.

Flt3-Cre reporter mice:

A mouse strain that labels hematopoietic stem cell-derived cells and not yolk-sac derived cells based on expression of Flt3 in progenitor cells.

Folliculogenesis: Maturation of the ovarian follicle required for ovulation.

Imprinting: Conferring a tissue-specific identity to macrophages via the induction of a set of transcription factors.

Inducible diphtheria toxin receptor system: Cre-inducible expression of the diphtheria toxin receptor specifically sensitizes Cre-expressing cells to diphtheria toxin mediated cell death upon injection of the toxin.

Involution: Shrinking of the mammary gland when lactation is no longer needed.

Macrophage niche: Network of cells that together nurture and imprint a macrophage.

Mafia mice: Macrophage Fas-induced apoptosis (MaFIA) mice in which apoptosis and thus depletion of macrophages can be induced by administration of a drug.

Mononuclear phagocyte system: Class of cells within the connective tissue characterized by the ability to phagocytose.

Peritubular myoid cells: Contractile smooth muscle cells around the seminiferous tubules that facilitate contraction of the tubules.

Seminiferous tubules: Tubules within the testis in which spermatogenesis takes place.

Tissue module: Distinct cell types closely interacting within a tissue to perform a particular function.

Toll-like receptors:

A family of receptors present on leukocytes that recognizes molecules present on pathogens such as LPS and triggers an innate immune response.