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Macrophages are instrumental in the response to infectious and noninfectious diseases, however, their role in the bladder is poorly understood. Indeed, the bladder is a mucosal tissue frequently overlooked in research, despite the prevalence of illnesses such as urinary tract infection and bladder cancer. Notably, bladder tissue macrophages are among the most populous resident immune cells in this organ and recent studies support that resident macrophages and infiltrating monocytes play nonredundant roles in response to infection, immunotherapy, and inflammation. Advancing our understanding of macrophage behavior in the bladder is complicated by the difficulty in obtaining tissue-resident cells. Surmounting this challenge, however, for a greater understanding of macrophage ontology, impact on innate and adaptive immunity, and regulation of homeostasis, will ultimately contribute to better therapies for common afflictions of the bladder.

THE BLADDER

The bladder is an expandable hollow organ located in the pelvic area. It is part of the urinary tract system, which includes the kidneys, ureters, and urethra. Its main function is to store urine produced in the kidneys prior to voiding [START_REF] De Groat | Anatomy and physiology of the lower urinary tract[END_REF]. Despite its apparent simplicity, the bladder has a complex morphology with multiple cell types, including the most impenetrable epithelium of the body [START_REF] Negrete | Permeability properties of the intact mammalian bladder epithelium[END_REF]. This feature is vital to protect host tissues from toxins accumulated in the urine and to prevent invasion of microorganisms [START_REF] Sivick | Waging war against uropathogenic Escherichia coli: winning back the urinary tract[END_REF]. Structurally, a strong muscular wall, the lamina propria, and a layer of adipose tissue surround and support the epithelial layer in the bladder, the urothelium [START_REF] Hicks | The mammalian urinary bladder: an accommodating organ[END_REF]. The urothelium is composed of three to six layers of cells. The basal layer is most proximal to the lamina propria, followed by intermediate cells, which make up one or more layers of cells. Very large binucleated cells, called umbrella or facet cells, make up the superficial layer.

The urinary tract is particularly vulnerable to infection as the urethral opening is in close proximity to the terminus of the gastrointestinal tract. As such, the bladder has multiple mechanisms of host protection [START_REF] Ingersoll | From infection to immunotherapy: host immune responses to bacteria at the bladder mucosa[END_REF]. The immune cell compartment is well characterized in naïve mouse bladders [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. It is primarily composed of phagocytic antigen presenting cells, such as dendritic cells and macrophages [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. Additional resident immune cells include CD4 + and γδ + T cells, NK cells, monocytes, eosinophils, and mast cells [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. Innate lymphoid cells are also likely resident in the bladder, however additional studies are needed to address this possibility. Much less is known about the bladder-resident immune cell compartment in humans, although MHC II + cells are evident by histology [START_REF] Gardiner | Immunohistochemical analysis of the human bladder[END_REF]. Additional innate bladder defense mechanisms include i) micturition, which may act to impede bacterial ascension or colonization, but appears to facilitate adhesion for certain uropathogens; ii) a mucin layer that impedes bacterial adherence to the urothelium; and iii) soluble factors, such as complement and antimicrobial peptides, immunoglobulin A, Tamm-Horsfall protein, and iron sequestering lactoferrin and lipocalin [START_REF] Ingersoll | From infection to immunotherapy: host immune responses to bacteria at the bladder mucosa[END_REF][START_REF] Abraham | The nature of immune responses to urinary tract infections[END_REF][START_REF] Thomas | Bacterial adhesion to target cells enhanced by shear force[END_REF][START_REF] Miller | The mechanical properties of E. coli type 1 pili measured by atomic force microscopy techniques[END_REF][START_REF] Zakrisson | The shaft of the type 1 fimbriae regulates an external force to match the FimH catch bond[END_REF].

Finally, similar to other anatomical sites, the bladder harbors a unique microflora, which is distinct from the gut and vagina microbiomes, and is not sterile, as previously thought [START_REF] Brubaker | The female urinary microbiota, urinary health and common urinary disorders[END_REF][START_REF] Brubaker | Microbiota in 2016: Associating infection and incontinence with the female urinary microbiota[END_REF][START_REF] Hilt | Urine is not sterile: use of enhanced urine culture techniques to detect resident bacterial flora in the adult female bladder[END_REF][START_REF] Lewis | The human urinary microbiome; bacterial DNA in voided urine of asymptomatic adults[END_REF][START_REF] Fouts | Integrated next-generation sequencing of 16S rDNA and metaproteomics differentiate the healthy urine microbiome from asymptomatic bacteriuria in neuropathic bladder associated with spinal cord injury[END_REF][START_REF] Lassek | A metaproteomics approach to elucidate host and pathogen protein expression during catheter-associated urinary tract infections (CAUTIs)[END_REF]. The urinary microbiome appears to differ between men and woman. Women may have a more diverse urinary microbiome than men, however, the very small number of individuals sampled in this study precludes making broad generalizations about microbial diversity [START_REF] Fouts | Integrated next-generation sequencing of 16S rDNA and metaproteomics differentiate the healthy urine microbiome from asymptomatic bacteriuria in neuropathic bladder associated with spinal cord injury[END_REF]. Urinary diseases, such as infection and catheterization can disrupt the healthy microbiome in men and women, leading to transient or longterm changes in its composition [START_REF] Fouts | Integrated next-generation sequencing of 16S rDNA and metaproteomics differentiate the healthy urine microbiome from asymptomatic bacteriuria in neuropathic bladder associated with spinal cord injury[END_REF][START_REF] Lassek | A metaproteomics approach to elucidate host and pathogen protein expression during catheter-associated urinary tract infections (CAUTIs)[END_REF]. While more studies are needed, the urinary microbiota may prevent colonization of the bladder by uropathogens through competition for resources or niches or may more generally support urinary tract health. Supporting this hypothesis, alterations in the microflora have been linked to non-infectious urological diseases, such as interstitial cystitis [START_REF] Whiteside | The microbiome of the urinary tract--a role beyond infection[END_REF][START_REF] Siddiqui | Alterations of microbiota in urine from women with interstitial cystitis[END_REF][START_REF] Abernethy | Urinary Microbiome and Cytokine Levels in Women With Interstitial Cystitis[END_REF].

DISEASES OF THE BLADDER

Urinary tract infection (UTI) is one of the most common infections in humans and is the most common hospital-acquired infection [START_REF] Foxman | Epidemiology of urinary tract infections: transmission and risk factors, incidence, and costs[END_REF][START_REF] Wilson | Laboratory diagnosis of urinary tract infections in adult patients[END_REF][START_REF] Esposito | Management and prevention of catheter-associated urinary tract infections: current opinions and clinical practice[END_REF]. Uropathogenic Escherichia coli (UPEC) is the causative agent in more than 80% of UTI [START_REF] Ulett | Uropathogenic Escherichia coli virulence and innate immune responses during urinary tract infection[END_REF]. Other uropathogens include, but are not limited to Klebsiella pneumoniae, Enterococcus faecalis, Staphylococcus saprophyticus, and Proteus mirabilis [START_REF] Farrell | A UK multicentre study of the antimicrobial susceptibility of bacterial pathogens causing urinary tract infection[END_REF][START_REF] Jordan | Urinary tract infection caused by Staphylococcus saprophyticus[END_REF][START_REF] Schaffer | Proteus mirabilis and Urinary Tract Infections[END_REF]. UTI exhibits a sex-bias, in which women are more susceptible to infection than men. Indeed, approximately 50% of all women will experience a UTI, and approximately one-fourth to one half of these woman will have a recurrent infection within 6-12 months [START_REF] Mobley | Development of a Vaccine against Escherichia coli Urinary Tract Infections[END_REF]. Susceptibility to UTI may be determined by genetic factors, functional abnormalities of the urinary tract, use of catheters, or composition of the urinary microbiota [START_REF] Godaly | Innate immunity and genetic determinants of urinary tract infection susceptibility[END_REF][START_REF] Nienhouse | Interplay between bladder microbiota and urinary antimicrobial peptides: mechanisms for human urinary tract infection risk and symptom severity[END_REF], although these factors cannot entirely explain the prevalence of infection. Genetic predisposition appears to be a major factor in UTI morbidity, as individuals with a family history of UTI are at increased risk of developing acute cystitis [START_REF] Esposito | Management and prevention of catheter-associated urinary tract infections: current opinions and clinical practice[END_REF][START_REF] Godaly | Innate immunity and genetic determinants of urinary tract infection susceptibility[END_REF][START_REF] Scholes | Family history and risk of recurrent cystitis and pyelonephritis in women[END_REF][START_REF] Scholes | Risk factors for recurrent urinary tract infection in young women[END_REF].

Bladder cancer is the ninth most common malignancy in the world and is much more common in men than in women [START_REF] Burger | Epidemiology and risk factors of urothelial bladder cancer[END_REF][START_REF] Dobruch | Gender and Bladder Cancer: A Collaborative Review of Etiology, Biology, and Outcomes[END_REF][START_REF] Antoni | Bladder Cancer Incidence and Mortality: A Global Overview and Recent Trends[END_REF]. Nonetheless, women are more likely to have locally advanced tumors and worse outcomes compared to male patients [START_REF] Dobruch | Gender and Bladder Cancer: A Collaborative Review of Etiology, Biology, and Outcomes[END_REF]. Exposure to carcinogens, including those in cigarette smoke, is a major risk factor for developing bladder cancer [START_REF] Zeegers | The impact of characteristics of cigarette smoking on urinary tract cancer risk: a meta-analysis of epidemiologic studies[END_REF]. Additional risk factors include exposure to arsenic and occupational exposure to chemicals, such as aromatic amines and 2chloroaniline [START_REF] Letasiova | Bladder cancer, a review of the environmental risk factors[END_REF]. Bladder cancer can be subdivided into nonmuscle and muscle invasive disease, with distinct treatments and outcomes associated with each [START_REF] Burger | Epidemiology and risk factors of urothelial bladder cancer[END_REF]. In addition, a distinct form of squamous cell carcinoma develops in the bladder following chronic bladder infection by Schistosoma haematobium [START_REF] Mostafa | Relationship between schistosomiasis and bladder cancer[END_REF]. Schistosoma haematobium is endemic in Egypt and other parts of Sub-Saharan Africa, making squamous cell carcinoma the predominant form of bladder cancer in this part of the world [START_REF] Ploeg | The present and future burden of urinary bladder cancer in the world[END_REF][START_REF] Felix | The changing patterns of bladder cancer in Egypt over the past 26 years[END_REF][START_REF] Van Der Werf | Quantification of clinical morbidity associated with schistosome infection in sub-Saharan Africa[END_REF].

Lastly, the bladder can be affected by a relatively poorly understood disease called interstitial cystitis (IC). IC or painful bladder syndrome (PBS) is a sterile chronic inflammatory condition primarily occurring in women. IC/PBS symptoms include the frequency and urgency to urinate, and discomfort and pain in the bladder and pelvic region [START_REF] Patnaik | Etiology, pathophysiology and biomarkers of interstitial cystitis/painful bladder syndrome[END_REF]. IC/PBS is poorly defined and clinical symptoms are shared with other diseases, such as irritable bowel syndrome and fibromyalgia, which makes diagnosis and treatment challenging [START_REF] Hanno | What is new in bladder pain syndrome/interstitial cystitis?[END_REF]. The etiology of the disease is also unknown. However, one possibility is that symptoms arise following an inappropriate inflammatory response to an infection [START_REF] Offiah | The Expression of Inflammatory Mediators in Bladder Pain Syndrome[END_REF][START_REF] Grover | Role of inflammation in bladder function and interstitial cystitis[END_REF]. As the bladder tends to be overlooked and research in bladder diseases is severely underfunded [START_REF] Boormans | Limited Funds for Bladder Cancer Research and What Can We Do About It[END_REF], there is still a large gap in our knowledge of specific mucosal immune responses following inflammation, infection, and cancer. This translates to limited therapeutic options for these bladder diseases.

THE ROLE OF MACROPHAGES DURING URINARY TRACT INFECTION

Bacterial ascension into the urinary tract may lead to infection. Once invading bacteria reach the bladder mucosa, they can induce a strong inflammatory response arising from nonimmune and immune cells [START_REF] Abraham | The nature of immune responses to urinary tract infections[END_REF]. The presence of phagocytes and antigen presenting cells in the bladder suggests these cells play an important role in immune surveillance locally. Macrophages comprise nearly 40% of all CD45 + cells in the bladder immune cell compartment of mice [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. Consequently, they contribute to the host immune response to UTI in several ways.

Recognizing uropathogens

The host inflammatory response to infection is initiated upon innate bacterial sensing by pattern recognition receptors (PRR). Notably, many PRR, such as Toll-like receptors (TLR)2, TLR4, TLR5, TLR11 are expressed in the bladder [START_REF] Abraham | The nature of immune responses to urinary tract infections[END_REF]. Although these receptors are typically associated with macrophages, dendritic cells, or epithelial cells, their expression patterns in the bladder have not been mapped to specific cell types. Among the various PRR, TLR are the best characterized in the context of UTI. Components of UPEC, such as type I pili, activate TLR4, for example [START_REF] Kumar | Toll-like receptors and innate immunity[END_REF]. TLR4 signaling from both the hematopoietic and stromal compartments is critical to mount an effective immune response against UPEC [START_REF] Schilling | Toll-like receptor 4 on stromal and hematopoietic cells mediates innate resistance to uropathogenic Escherichia coli[END_REF]. Moreover, variation in the promoter of the TLR4 gene is associated with human UTI susceptibility [START_REF] Ragnarsdottir | Genetics of innate immunity and UTI susceptibility[END_REF], suggesting that TLR4 plays a protective role in UTI. In addition to TLR4, CD14, an LPS receptor, can be detected during UPEC infection, and its loss leads to a modest increase in bacterial burden and an aberrant transcriptional signature in the bladder in experimental UTI [START_REF] Carey | Uropathogenic Escherichia coli Engages CD14-Dependent Signaling to Enable Bladder-Macrophage-Dependent Control of Acute Urinary Tract Infection[END_REF]. Finally, mice lacking TLR5, which recognizes bacterial flagellin, have increased bacterial burden and inflammation 5 days post-infection compared to wild-type controls [START_REF] Andersen-Nissen | Cutting edge: Tlr5-/-mice are more susceptible to Escherichia coli urinary tract infection[END_REF].

Inducing inflammation

Inflammation is critical to induce recruitment of immune cells that subsequently kill uropathogens, and while macrophages are likely an important source of pro-inflammatory cytokines during UTI [START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF]. In addition to PRR activation, production of pro-inflammatory cytokines follows bacterial recognition through intracellular receptors such as inflammasomes [START_REF] Song | Innate and adaptive immune responses in the urinary tract[END_REF][START_REF] Waldhuber | Uropathogenic Escherichia coli strain CFT073 disrupts NLRP3 inflammasome activation[END_REF]. For example, inflammasome activation leads to the release of proinflammatory mediators, such as IL-1β, and UPEC strains can induce the NLRP3 inflammasome in mouse models of UTI [START_REF] Waldhuber | Uropathogenic Escherichia coli strain CFT073 disrupts NLRP3 inflammasome activation[END_REF]. Furthermore, inflammasome activation is enhanced in ATG16L1 hypomorphic mouse bone marrow derived macrophages infected with UPEC, leading to increased IL-1β secretion [START_REF] Symington | ATG16L1 deficiency in macrophages drives clearance of uropathogenic E. coli in an IL-1beta-dependent manner[END_REF]. Accordingly, infected ATG16L1 hypomorphic mice have improved bacterial clearance compared to wildtype animals [START_REF] Symington | ATG16L1 deficiency in macrophages drives clearance of uropathogenic E. coli in an IL-1beta-dependent manner[END_REF]. A specific phylogenetic group of UPEC expresses a virulence factor, Toll/IL-1 receptor-containing (TIR-containing) protein C (TcpC), that, in mouse bone marrow derived macrophages, interacts with the NLRP3 inflammasome to reduce caspase-1 activation and IL-1β release compared to UPEC deficient in this protein [START_REF] Waldhuber | Uropathogenic Escherichia coli strain CFT073 disrupts NLRP3 inflammasome activation[END_REF]. In vivo, mice infected with TcpC deficient-UPEC have reduced levels of IL-1β in the urine compared to mice infected with wildtype bacteria [START_REF] Waldhuber | Uropathogenic Escherichia coli strain CFT073 disrupts NLRP3 inflammasome activation[END_REF]. A number of different UPEC strains associated with symptomatic UTI induce inflammasome activation, IL-1β release, and cell death to different degrees in human monocyte-derived macrophages and mouse bone marrow derived macrophages [START_REF] Schaale | Strainand host species-specific inflammasome activation, IL-1beta release, and cell death in macrophages infected with uropathogenic Escherichia coli[END_REF]. Inflammasome responses in mouse macrophages are largely dependent on the UPEC virulent factor αhemolysin, while cell death and IL-1β secretion in human macrophages occur independently from this toxin [START_REF] Schaale | Strainand host species-specific inflammasome activation, IL-1beta release, and cell death in macrophages infected with uropathogenic Escherichia coli[END_REF]. This divergence in response between human and mouse macrophages suggests that UPEC may be differently recognized, resulting in the activation of distinct pathways, depending on the host cell species. Alternatively, these differences may reflect studies performed in vitro in macrophages matured by different means.

Despite the cellular machinery fighting infection, bacteria may subvert the immune system to persist in the host. One study suggests that UPEC subverts macrophage killing and survives inside bone marrow derived macrophages up to 24 hours [START_REF] Bokil | Intramacrophage survival of uropathogenic Escherichia coli: differences between diverse clinical isolates and between mouse and human macrophages[END_REF]. However, as the number of bacteria recovered 24 hours post-infection in this study was much lower than the initial bacterial input, it is difficult to conclude that UPEC can survive inside macrophages, particularly with a single time point measurement [START_REF] Bokil | Intramacrophage survival of uropathogenic Escherichia coli: differences between diverse clinical isolates and between mouse and human macrophages[END_REF]. Alternatively, it may be that bacteria do not necessarily survive, but are not entirely killed at 24 hours post-infection. Additional time points, uptake and degradation studies, and in vivo experiments are needed to determine whether UPEC can truly persist inside macrophages. It is noteworthy that only one study has investigated UPEC infection using macrophages isolated from the bladder [START_REF] Owusu-Boaitey | Macrophagic control of the response to uropathogenic E. coli infection by regulation of iron retention in an IL-6-dependent manner[END_REF]. In this study, macrophages isolated from mouse bladders upregulate iron sequestering molecules, thereby likely limiting iron availability for UPEC and inhibiting growth in the bladder [START_REF] Owusu-Boaitey | Macrophagic control of the response to uropathogenic E. coli infection by regulation of iron retention in an IL-6-dependent manner[END_REF]. By contrast, the vast majority of in vitro studies investigating macrophage-UPEC interactions rely upon monocyte-derived or peritoneal macrophages. These macrophages are widely used to perform in vitro studies given the ease in obtaining high number of cells. However, they do not truly resemble tissue resident macrophages, which, in most tissues have an embryonic origin rather than bone marrow [START_REF] Yona | Fate mapping reveals origins and dynamics of monocytes and tissue macrophages under homeostasis[END_REF]. In addition, tissue microenvironment crosstalk mediates transcriptional changes in resident macrophages, and thus macrophage response would be expected to have at least some unique features in each tissue [START_REF] Lavin | Tissue-resident macrophage enhancer landscapes are shaped by the local microenvironment[END_REF]. Thus, while bone marrow or monocyte-derived cells provide a valuable in vitro model, it is clear that they cannot entirely reflect the biology of tissue resident macrophages and great care must be taken when extrapolating findings from these systems to tissue-specific macrophage behavior in vivo [START_REF] Helft | GM-CSF Mouse Bone Marrow Cultures Comprise a Heterogeneous Population of CD11c(+)MHCII(+) Macrophages and Dendritic Cells[END_REF][START_REF] Guilliams | A Matter of Perspective: Moving from a Pre-omic to a Systems-Biology Vantage of Monocyte-Derived Cell Function and Nomenclature[END_REF].

Mediating innate immune responses

A hallmark feature of infection is the recruitment of inflammatory cells, such as neutrophils and monocytes [START_REF] Engel | Tumor necrosis factor alpha-and inducible nitric oxide synthase-producing dendritic cells are rapidly recruited to the bladder in urinary tract infection but are dispensable for bacterial clearance[END_REF][START_REF] Kolaczkowska | Neutrophil recruitment and function in health and inflammation[END_REF]. Neutrophils are potent phagocytes and are recruited in high numbers to the bladder during UTI, where they take up bacteria and contribute to clearance [START_REF] Haraoka | Neutrophil recruitment and resistance to urinary tract infection[END_REF]. Depletion of G-CSF, a key factor for neutrophil survival and differentiation, results in decreased numbers of neutrophils in circulation and reduced infiltration into the bladder during UTI [START_REF] Ingersoll | G-CSF induction early in uropathogenic Escherichia coli infection of the urinary tract modulates host immunity[END_REF]. Surprisingly, however, reduced neutrophil infiltration results in a lower bacteria burden in infected bladders. This result suggests that other cell types, such as monocytes or macrophages, are also critical for UPEC clearance [START_REF] Ingersoll | G-CSF induction early in uropathogenic Escherichia coli infection of the urinary tract modulates host immunity[END_REF]. This conclusion is supported by the finding that depletion of both neutrophils and classical monocytes, by targeting Ly6C and Ly6G with the Gr-1 antibody [START_REF] Daley | Use of Ly6G-specific monoclonal antibody to deplete neutrophils in mice[END_REF], results in a much higher bacterial burden compared to control-treated mice [START_REF] Haraoka | Neutrophil recruitment and resistance to urinary tract infection[END_REF]. Indeed, upon infection, monocytes robustly infiltrate the bladder early during infection [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF][START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF][START_REF] Engel | Tumor necrosis factor alpha-and inducible nitric oxide synthase-producing dendritic cells are rapidly recruited to the bladder in urinary tract infection but are dispensable for bacterial clearance[END_REF][START_REF] Ingersoll | G-CSF induction early in uropathogenic Escherichia coli infection of the urinary tract modulates host immunity[END_REF]. Monocytes are likely attracted to the bladder by the expression of several chemokines, such as CCL2. Supporting this, the abundance of Ly6C + CD115 + cells in the bladder is reduced by approximately 50% following anti-CCL2 antibody treatment [START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF].

Tracing the fate of infiltrating bead-labeled monocytes revealed that a vast majority of these cells differentiate into cells resembling tissue resident macrophages, whereas a small subset (~10%) differentiates into dendritic cells [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. It has been suggested that during UTI, resident macrophages, defined as lacking the protein Ly6C, produce chemokines, such as CXCL1 and CCL2, to attract neutrophils and Ly6C + classical monocytes, respectively, from circulation [START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF]. Once in the tissue, these monocyte-derived macrophages produce TNF-α, which induces release of CXCL2 from Ly6C - resident macrophages. Subsequently, CXCL2 expression leads to the release of matrix metalloproteinase 9 by neutrophils, allowing them to penetrate infected tissue and phagocytize bacteria [START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF]. These findings suggest that monocytes may infiltrate infected bladder tissue before neutrophils. As it has also been reported that neutrophils enter the bladder prior to monocytes [START_REF] Ingersoll | G-CSF induction early in uropathogenic Escherichia coli infection of the urinary tract modulates host immunity[END_REF], additional kinetic studies may be justified. In addition, in at least one study, bladder macrophage depletion does not lead to a reduction in chemokine expression, including CCL2 or CXCL1, during infection [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. Therefore, this is likely not the only mechanism to recruit neutrophils and monocytes, especially considering that urothelial-derived chemokines also mediate neutrophil infiltration [START_REF] Godaly | Role of epithelial interleukin-8 (IL-8) and neutrophil IL-8 receptor A in Escherichia coli-induced transuroepithelial neutrophil migration[END_REF][START_REF] Godaly | Transepithelial neutrophil migration is CXCR1 dependent in vitro and is defective in IL-8 receptor knockout mice[END_REF].

Contrasting roles for macrophages in UPEC uptake have also been observed. One study, from Schiwon and colleagues, reported that while macrophages play a role in recruiting immune cells, they themselves do not take up UPEC [START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF]. By contrast, another study, from Mora-Bau and colleagues, observed that macrophages are the principal antigen-presenting cell to acquire bacteria early during infection [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. The discrepancy between these two reports can best be explained by the use of different fluorescent-expressing UPEC. While the Schiwon study used a green fluorescent protein (GFP)expressing bacterial strain, the Mora-Bau study used a red fluorescent protein (RFP)-expressing UPEC strain [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF][START_REF] Schiwon | Crosstalk between sentinel and helper macrophages permits neutrophil migration into infected uroepithelium[END_REF]. Mora-Bau and colleagues reported that CD45 + MHC II + cells containing GFPexpressing UPEC were masked by abundant autofluorescence in the bladder, arising from the urothelium and uninfected bladder resident macrophages [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. Using an RFP UPEC strain, Mora-Bau and colleagues identified infected cells, including tissue resident macrophages and monocytes among the naturally autofluorescent cell populations [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF].

Shaping adaptive immunity

Macrophages do not only play a role in the innate response, but also impact development of adaptive immunity. Depletion of resident macrophages, prior to primary UTI, significantly improves bacterial clearance after a challenge infection with an isogenic UPEC strain [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. Improved bacterial clearance following macrophage depletion is lost when lymphocytes are absent or when T cells are depleted, demonstrating that the phenotype is dependent upon components of the adaptive immune system [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. In the absence of macrophages, dendritic cells take up significantly more bacteria, which suggests that resident macrophages negatively impact development of adaptive immunity in the bladder by sequestering bacteria from dendritic cells, or potentially by other means [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. It remains to be demonstrated whether increased antigen uptake by dendritic cells leads to enhanced antigen presentation in the absence of macrophages.

Resident macrophage depletion does not appear to impact bacterial clearance during the primary infection following resident macrophage depletion [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. However, a second study reported that macrophage depletion leads to a modestly higher bacterial burden 24 hours post-infection [START_REF] Carey | Uropathogenic Escherichia coli Engages CD14-Dependent Signaling to Enable Bladder-Macrophage-Dependent Control of Acute Urinary Tract Infection[END_REF]. These conflicting results can likely be explained by the different methods used to deplete macrophages. Mora-Bau and colleagues used an anti-CD115 antibody to deplete resident macrophages, as previously established [START_REF] Hashimoto | Tissue-resident macrophages selfmaintain locally throughout adult life with minimal contribution from circulating monocytes[END_REF], and confirmed that macrophages are depleted in the bladder by flow cytometry. By contrast, Carey and colleagues used clodronate liposomes [START_REF] Carey | Uropathogenic Escherichia coli Engages CD14-Dependent Signaling to Enable Bladder-Macrophage-Dependent Control of Acute Urinary Tract Infection[END_REF], which deplete monocytes from circulation but do not impact the number of tissue-resident macrophages in the bladder [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. The decrease in macrophage number, reported by Carey and colleagues after infection, likely reflects a decrease in monocyte infiltration due to clodronate depletion of these cells in circulation [START_REF] Carey | Uropathogenic Escherichia coli Engages CD14-Dependent Signaling to Enable Bladder-Macrophage-Dependent Control of Acute Urinary Tract Infection[END_REF]. Timing of depletion and route of injection may also underlie the differing findings, as Mora-Bau et al. reported that a reduction in circulating monocytes, by clodronate treatment or in the CCR2 -/-mouse, did not lead to increased bacterial CFU following infection [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. While Mora-Bau and colleagues administered clodronate 15-18 hours prior to infection via intravenous injection [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF], Carey et al. injected clodronate intraperitoneally 24 hours and 2 hours before infection [START_REF] Carey | Uropathogenic Escherichia coli Engages CD14-Dependent Signaling to Enable Bladder-Macrophage-Dependent Control of Acute Urinary Tract Infection[END_REF]. Importantly, these divergent findings stress the importance of analyzing the target organ, additional tissues such as blood circulation, and non-targeted cells, prior to or at the time of infection to have a complete understanding of the environment during infection.

MACROPHAGES IN THE CONTEXT OF BLADDER CANCER AND THERAPY

The standard of care treatment for high-risk nonmuscle invasive bladder cancer is intravesical instillation of an attenuated form of Mycobacterium bovis, Bacillus Calmette-Guérin (BCG), following transurethral resection [START_REF] Saluja | Intravesical bacillus Calmette-Guerin instillation in non-muscle-invasive bladder cancer: A review[END_REF]. BCG immunotherapy reduces disease recurrence and progression in at least 50% of cases [START_REF] Saluja | Intravesical bacillus Calmette-Guerin instillation in non-muscle-invasive bladder cancer: A review[END_REF][START_REF] Babjuk | European Association of, EAU guidelines on non-muscle-invasive urothelial carcinoma of the bladder, the 2011 update[END_REF]. Following instillation of BCG directly into the bladder, an array of cytokines can be detected in the urine of patients [START_REF] Jackson | Changes in urinary cytokines and soluble intercellular adhesion molecule-1 (ICAM-1) in bladder cancer patients after bacillus Calmette-Guerin (BCG) immunotherapy[END_REF][START_REF] Bisiaux | Molecular analyte profiling of the early events and tissue conditioning following intravesical bacillus calmette-guerin therapy in patients with superficial bladder cancer[END_REF][START_REF] Saban | Discriminators of mouse bladder response to intravesical Bacillus Calmette-Guerin (BCG)[END_REF]. BCG intravesical therapy also induces a significant infiltration of inflammatory cells, indispensable for the success of this immunotherapy, such as neutrophils, monocytes, and lymphocytes [START_REF] Redelman-Sidi | The mechanism of action of BCG therapy for bladder cancer--a current perspective[END_REF][START_REF] Suttmann | Neutrophil granulocytes are required for effective Bacillus Calmette-Guerin immunotherapy of bladder cancer and orchestrate local immune responses[END_REF][START_REF] Ratliff | T-cell subsets required for intravesical BCG immunotherapy for bladder cancer[END_REF][START_REF] Biot | Preexisting BCG-specific T cells improve intravesical immunotherapy for bladder cancer[END_REF]. Although the mechanisms underlying BCG treatment are not completely understood, it is well accepted that the anti-tumor effect of BCG treatment is through the activation of the immune system and induction of an inflammatory response leading to lasting immune-mediated protection [START_REF] Redelman-Sidi | The mechanism of action of BCG therapy for bladder cancer--a current perspective[END_REF].

Macrophages accumulate in tumors with differing consequences [START_REF] Ratliff | T-cell subsets required for intravesical BCG immunotherapy for bladder cancer[END_REF]. However, little attention has been paid to macrophages in the context of bladder cancer and immunotherapy. Whether and how macrophages contribute to tumor eradication or increased vascularization, tumor growth, and metastasis is not entirely clear. Macrophages can be found in the urine and bladder wall of patients treated with BCG intravesically [START_REF] Yamada | Enhancing effect of an inhibitor of nitric oxide synthesis on bacillus Calmette-Guerin-induced macrophage cytotoxicity against murine bladder cancer cell line MBT-2 in vitro[END_REF]. In vitro, peritoneal macrophages can kill the bladder cancer cell line, MBT-2, and enhanced cytotoxicity is correlated with increased TNF-α, IFN-γ, and IL-12 release by macrophages when stimulated with BCG [START_REF] Yamada | Enhancing effect of an inhibitor of nitric oxide synthesis on bacillus Calmette-Guerin-induced macrophage cytotoxicity against murine bladder cancer cell line MBT-2 in vitro[END_REF][START_REF] Luo | Role of Th1-stimulating cytokines in bacillus Calmette-Guerin (BCG)-induced macrophage cytotoxicity against mouse bladder cancer MBT-2 cells[END_REF]. Macrophages from C57Bl/6 mice are less cytotoxic to bladder cancer cells than macrophages derived from C3H/HeN mice, and this reduced cytotoxicity is correlated with production of high levels of IL-10 by C57Bl/6 macrophages [START_REF] Luo | Interleukin-10 inhibits Mycobacterium bovis bacillus Calmette-Guerin (BCG)-induced macrophage cytotoxicity against bladder cancer cells[END_REF]. Additionally, macrophages from IL-10 knockout mice are more cytotoxic against MB49 cells as compared to wildtype macrophages [START_REF] Luo | Interleukin-10 inhibits Mycobacterium bovis bacillus Calmette-Guerin (BCG)-induced macrophage cytotoxicity against bladder cancer cells[END_REF]. Importantly, these in vitro studies relied upon peritoneal exudate as a source for macrophages, again limiting translation to bladder-resident macrophages or tumor macrophages.

Those studies that have addressed the impact of tumor-associated macrophages on bladder cancer prognosis have concluded that macrophage presence in tumors, prior to BCG therapy, correlates with an increased risk for recurrence [START_REF] Hanada | Prognostic value of tumor-associated macrophage count in human bladder cancer[END_REF][START_REF] Takayama | Increased infiltration of tumor associated macrophages is associated with poor prognosis of bladder carcinoma in situ after intravesical bacillus Calmette-Guerin instillation[END_REF][START_REF] Ayari | Bladder tumor infiltrating mature dendritic cells and macrophages as predictors of response to bacillus Calmette-Guerin immunotherapy[END_REF]. Furthermore, a predominance of M2 activated macrophages, which support development of T h 2-skewed immunity, is associated with BCG therapy failure [START_REF] Lima | The predominance of M2-polarized macrophages in the stroma of low-hypoxic bladder tumors is associated with BCG immunotherapy failure[END_REF]. These observations support the conclusion that BCG therapy requires a T h 1 biased immune response for effective tumor immunity and are in line with in vitro results demonstrating that the T h 1cytokines TNF-α, IFN-γ, and IL-12 are associated with increased macrophage cytotoxicity [87] [80, 81]. These interpretations, however, are complicated by the methods used to identify macrophages and the "increased risk" cutoff values, which vary widely for each study. In addition, although these studies suggest that macrophages play a negative role in the tumor immune response to BCG therapy, only a subset of M2-like activated macrophages were considered [START_REF] Lima | The predominance of M2-polarized macrophages in the stroma of low-hypoxic bladder tumors is associated with BCG immunotherapy failure[END_REF]. Whether other subpopulations of tumor associated macrophages, deriving from resident macrophages or infiltrating monocytes, may be beneficial or play competing roles during BCG therapy remains to be investigated. Finally, little is known about the role of macrophages in bladder cancer induced by chronic infection with Schistosoma haematobium. Histopathologic analysis in the bladder of mice with urinary tract infection induced by S. haematobium reveals the presence of macrophages in granulomas in the bladder wall [START_REF] Fu | A novel mouse model of Schistosoma haematobium egg-induced immunopathology[END_REF]. Chi-Ling Fu and colleagues suggest that clodronate-mediated monocyte depletion in experimental urogenital schistosomiasis leads to increased mortality, highlighting the importance of these cells in host protection in S. haematobium-induced urogenital infection [START_REF] Fu | Macrophages are required for host survival in experimental urogenital schistosomiasis[END_REF]. Importantly, however, no studies have yet demonstrated a clear role for macrophages in bladder cancer progression resulting from urogenital S. haematobium infection. Indeed, very little is known about the role of macrophages in this particular bladder malignancy and further investigation is needed.

WHAT REMAINS TO BE DISCOVERED

One of the biggest challenges in working with bladder macrophages in preclinical animal models, such as mice, is the relatively small size of this organ and the minute number of macrophages that can be recovered [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. This challenge certainly contributes to the reliance on bone marrow derived or peritoneal macrophages. However, it is critical to take into consideration the biological differences among different tissue-resident macrophages and how these differences impact macrophage response in various diseases [START_REF] Lavin | Tissue-resident macrophage enhancer landscapes are shaped by the local microenvironment[END_REF].

As an example, in UTI and bladder cancer, specific macrophages subsets (e.g., monocyte derived or resident) may be supportive or detrimental to bladder immunity, impacting the strength of the adaptive response [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. We can speculate that tissue-resident macrophages may negatively impact bladder immunity through polarization to M2-like immune suppressive cells and targeting these antiinflammatory macrophages or boosting the inflammatory response to bacteria or tumors with cytokines or recombinant bacteria, such as UPEC or BCG, may help to overcome this issue.

We ask whether macrophages in the bladder are a necessary evil. This is because we have evidence that they may negatively impact immunity in disease states [START_REF] Mora-Bau | Macrophages Subvert Adaptive Immunity to Urinary Tract Infection[END_REF]. The mechanisms, however, by which macrophages impact bladder immunity and tissue integrity are not well understood and more studies are required to elucidate the role of bladder macrophages in both homeostasis and disease. In other tissues, macrophages contribute to organ development, homeostasis, and repair [START_REF] Wynn | Macrophage biology in development, homeostasis and disease[END_REF]. Across diverse tissues, repair after injury occurs in overlapping phases of inflammation, proliferation, and remodeling. Macrophages, in particular, are essential for regeneration, repair, and remodeling in numerous tissues [START_REF] Duffield | Selective depletion of macrophages reveals distinct, opposing roles during liver injury and repair[END_REF][START_REF] Goren | A transgenic mouse model of inducible macrophage depletion: effects of diphtheria toxin-driven lysozyme M-specific cell lineage ablation on wound inflammatory, angiogenic, and contractive processes[END_REF][START_REF] Summan | Macrophages and skeletal muscle regeneration: a clodronate-containing liposome depletion study[END_REF][START_REF] Van Amerongen | Macrophage depletion impairs wound healing and increases left ventricular remodeling after myocardial injury in mice[END_REF]. Critically, almost nothing is known about how macrophages are maintained or replaced in the bladder after injury or the role of macrophages in facilitating the return to tissue homeostasis in the bladder. The bladder urothelium undergoes constant membrane recycling [START_REF] Truschel | Stretch-regulated exocytosis/endocytosis in bladder umbrella cells[END_REF] and may require the support of macrophages in maintaining its tight barrier function. Finally, to truly understand these cells, we must discern the origin of resident macrophages and how inflammation and/or infection impacts macrophage populations, their renewal, and their function in the bladder over time. Spatial localization, activation status, and cytokine expression profiles will elucidate the relationship of this cell with other immune and stromal cells in homeostasis, infection, and cancer. Future studies along these lines will contribute to the development of new, targeted immunotherapies for infectious and noninfectious diseases of the bladder.
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