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Calcium stones and calculi are observed in numerous human tissues. They are the result of deposition of calcium salts and are due to high local calcium concentrations. Prostatic calculi are usually classified as endogenous or extrinsic stones. Endogenous stones are commonly caused by obstruction of the prostatic ducts around an enlarged prostate resulting from benign prostatic hyperplasia or from chronic inflammation. The latter occurs mainly around the urethra and is generally caused by reflux of urine into the prostate. Calcium concentrations higher than in the plasma at sites of infection may induce the chemotactic response that eventually leads to recruitment of inflammatory cells. The calcium sensing receptor (CaSR) may be crucial for this recruitment as its expression and activity are increased by cytokines such as IL-6 and high extracellular calcium concentrations, respectively. The links between calcium calculi, inflammation, calcium supplementation, and CaSR functions in prostate cancer patients will be discussed in this review.

Introduction

The effects of intracellular free calcium as a second messenger not only in cytoplasm but also in endoplasmic reticulum, Golgi apparatus, mitochondria, nuclei, and lysosomes have been extensively characterized [START_REF] Filadi | Beyond Intracellular Signaling: The Ins and Outs of Second Messengers Microdomains[END_REF][START_REF] Pizzo | Ca(2+) signalling in the Golgi apparatus[END_REF][START_REF] Burdakov | Intraluminal calcium as a primary regulator of endoplasmic reticulum function[END_REF][START_REF] Krebs | Ca(2+) homeostasis and endoplasmic reticulum (ER) stress: An integrated view of calcium signaling[END_REF][START_REF] Medina | Lysosomal calcium signalling regulates autophagy through calcineurin and TFEB[END_REF][START_REF] Bootman | An update on nuclear calcium signalling[END_REF]. The calcium-sensing receptor (CaSR) was first described more than 25 years ago [START_REF] Brown | Cloning and characterization of an extracellular Ca(2+)-sensing receptor from bovine parathyroid[END_REF], and this discovery lead to the finding that the calcium cation is a key regulator of the physiology and pathophysiology in many diseases and tissues [START_REF] Berridge | Calcium signalling remodelling and disease[END_REF][START_REF] Hannan | The calcium-sensing receptor in physiology and in calcitropic and noncalcitropic diseases[END_REF].

CaSR, a G protein coupled receptor (GPCR), has been studied at the gene, transcript, and protein levels, and its functions in human tissues and its regulation have been the focus of numerous reviews by experts in the field. Due to intracellular and extracellular functions, calcium is a multipurpose messenger indispensable for life [START_REF] Brown | Extracellular calcium sensing and extracellular calcium signaling[END_REF].

The cytosolic free calcium concentration can jump from a few tens of nM at rest to several tens of µMs when a cell is stimulated [START_REF] Augustine | Calcium requirements for secretion in bovine chromaffin cells[END_REF][START_REF] Chad | Calcium domains associated with individual channels can account for anomalous voltage relations of CA-dependent responses[END_REF][START_REF] Neher | Calcium gradients and buffers in bovine chromaffin cells[END_REF]; however, the extracellular calcium concentration is tightly controlled [START_REF] Brown | Extracellular Ca2+ sensing, regulation of parathyroid cell function, and role of Ca2+ and other ions as extracellular (first) messengers[END_REF]. Extracellular calcium concentrations higher than those observed in plasma have been observed under certain conditions [START_REF] Gerbino | The Different Facets of Extracellular Calcium Sensors: Old and New Concepts in Calcium-Sensing Receptor Signalling and Pharmacology[END_REF], and the presence of calcium stones or calculi within human kidney [START_REF] Cheungpasitporn | The risk of kidney cancer in patients with kidney stones: a systematic review and meta-analysis[END_REF], breast [START_REF] O'grady | Microcalcifications in breast cancer: From pathophysiology to diagnosis and prognosis[END_REF], pancreas [START_REF] Verde | Calcified pancreatic and peripancreatic neoplasms: spectrum of pathologies[END_REF],

and prostate [START_REF] Hyun | Clinical Significance of Prostatic Calculi: A Review[END_REF][START_REF] Smolski | Prevalence of prostatic calcification subtypes and association with prostate cancer[END_REF] suggest that calcium concentrations in these organs can locally reach tens of mM. It remains unclear how these confined extracellular calcium hotspots influence activities of channels and GPCR activities within tissues. The relationship between the occurrence of these calculi and cancer is also interesting as calcium channel and CaSR expression are often increased as cancer progresses [START_REF] Prevarskaya | Ion Channels in Cancer: Are Cancer Hallmarks Oncochannelopathies?[END_REF][START_REF] Tennakoon | The calcium-sensing receptor and the hallmarks of cancer[END_REF]. Here we will review our current understanding of the links between calcium calculi, inflammation, calcium supplementation, and CaSR functions in prostate cancer patients and will discuss the putative sources of calcium calculi and the role of inflammation as either a cause or consequence of microcalcifications.

Calcemia and free extracellular calcium concentration

Most cells are faced with extracellular calcium concentrations close to those measured in plasma, which is called calcemia. Normal calcemia ranges from 9 to 10.5 mg/dl (2.2 to 2.6 mM) in human with upper and lower limits depending on age as adults over 40 years old are mostly between 9 and 10 mg/dl, whereas calcemia in teenagers is slightly above 10 mg/dl [START_REF] Lietman | Hypercalcemia in children and adolescents[END_REF]. Other factors can also influence calcemia including sex and the season of the year [START_REF] Goldstein | Serum Calcium[END_REF].

Calcemia refers to total calcium in the plasma but only the free ionized calcium is physiologically active. Calcium is present in serum in three main fractions: protein-bound (approximately 45% of the total), complexed calcium (approximately 10%) and the so-called ionized fraction (approximately 45%) [START_REF] Goldstein | Serum Calcium[END_REF][START_REF] Robertson | Calcium measurements in serum and plasma--total and ionized[END_REF]. These fractions are in equilibrium. Several parameters control the plasma calcium concentration including regulation by parathyroid hormone (PTH), 1,25-dihydroxy vitamin D (1,25(OH)2D), and kidney and skeleton factors, pH, serum phosphate and magnesium concentrations, calcium daily intake, and intestinal calcium absorption [START_REF] Goldstein | Serum Calcium[END_REF][START_REF] Brown | Role of the calcium-sensing receptor in extracellular calcium homeostasis[END_REF]. It is recommended that in humans normal extracellular free calcium concentration be maintained between 1.1. and 1.3 mM [START_REF] Brown | Extracellular Ca2+ sensing, regulation of parathyroid cell function, and role of Ca2+ and other ions as extracellular (first) messengers[END_REF].

Extracellular calcium concentration and calcium-sensing receptor

Extracellular calcium modulates cell physiology via plasma membrane calcium channels and the CaSR, which senses extracellular levels of calcium [START_REF] Capiod | Extracellular Calcium Has Multiple Targets to Control Cell Proliferation[END_REF][START_REF] Borowiec | Calcium channels, external calcium concentration and cell proliferation[END_REF]. Opening of a plasma membrane calcium or cationic channel leads to a rapid and massive increase in cytosolic free calcium due to the large gradient for this cation [START_REF] Parekh | Store-operated calcium channels[END_REF]. The physiological functions of these large and probably localized increases in cytosolic calcium concentration have discussed in many reviews over the last twenty years [START_REF] Berridge | Inositol trisphosphate and calcium signalling mechanisms[END_REF][START_REF] Berridge | Calcium signalling: dynamics, homeostasis and remodelling[END_REF][START_REF] Karlstad | Ca(2+) signaling: an outlook on the characterization of Ca(2+) channels and their importance in cellular functions[END_REF][START_REF] Laude | Compartmentalized signalling: Ca2+ compartments, microdomains and the many facets of Ca2+ signalling[END_REF][START_REF] Samanta | Spatial Ca(2+) profiling: decrypting the universal cytosolic Ca(2+) oscillation[END_REF]. Whereas the channels work at steady-state extracellular calcium concentration, an increase in extracellular calcium concentration is essential for CaSR activation.

CaSR is almost ubiquitously expressed in human tissues with a clear predominance in parathyroid, gut, bone, and kidney [START_REF] Hannan | The calcium-sensing receptor in physiology and in calcitropic and noncalcitropic diseases[END_REF][START_REF] Brown | Extracellular calcium sensing and extracellular calcium signaling[END_REF][START_REF] Diaz-Soto | The Calcium-Sensing Receptor in Health and Disease[END_REF]. The structure of CaSR, the normally observed and alternatively spliced transcripts, and transcriptional control of CaSR gene expression have all been extensively discussed recently [START_REF] Hendy | Calcium-Sensing Receptor Gene: Regulation of Expression[END_REF]. CaSR is a GPCR that influences calcium homeostasis by detecting variations in extracellular calcium [START_REF] Brown | Cloning and characterization of an extracellular Ca(2+)-sensing receptor from bovine parathyroid[END_REF][START_REF] Brown | Extracellular calcium sensing and extracellular calcium signaling[END_REF][START_REF] Brown | Role of the calcium-sensing receptor in extracellular calcium homeostasis[END_REF][START_REF] Colella | Recent advances in understanding the extracellular calcium-sensing receptor[END_REF], and it induces various intracellular signaling pathways depending on the coupling to a specific G protein subunit, Gq/11, Gi/o, G12/13, or Gs [START_REF] Tennakoon | The calcium-sensing receptor and the hallmarks of cancer[END_REF][START_REF] Leach | Engendering biased signalling from the calcium-sensing receptor for the pharmacotherapy of diverse disorders[END_REF][START_REF] Conigrave | Calcium-sensing receptor (CaSR): pharmacological properties and signaling pathways[END_REF]. Expression of these subunits also depends on the physiological state of the cells resulting in flexibility of the responses triggered by CaSR activation [START_REF] Dorsam | G-protein-coupled receptors and cancer[END_REF][START_REF] Mamillapalli | Switching of G-protein usage by the calcium-sensing receptor reverses its effect on parathyroid hormone-related protein secretion in normal versus malignant breast cells[END_REF]. CaSR is involved in several calcitropic and non-calcitropic diseases [START_REF] Hannan | The calcium-sensing receptor in physiology and in calcitropic and noncalcitropic diseases[END_REF], and CaSR expression levels are increased in several cancers including that of the prostate [START_REF] Tennakoon | The calcium-sensing receptor and the hallmarks of cancer[END_REF][START_REF] Bernichtein | Vitamin D3 Prevents Calcium-Induced Progression of Early-Stage Prostate Tumors by Counteracting TRPC6 and Calcium Sensing Receptor Upregulation[END_REF][START_REF] Brennan | Calcium sensing receptor signalling in physiology and cancer[END_REF]. It is worth mentioning that several other GPCRs and multiple channels are able to sense variations in extracellular calcium concentrations [START_REF] Gerbino | The Different Facets of Extracellular Calcium Sensors: Old and New Concepts in Calcium-Sensing Receptor Signalling and Pharmacology[END_REF][START_REF] Hofer | Extracellular calcium and cAMP: second messengers as "third messengers"?[END_REF]. Structural homologies, conservation of specific domains, and a common functional role as nutrient/salinity sensor clearly indicate that CaSR is part of a family that includes metabotropic glutamate and GABA receptors, taste receptors, GPRC6a, and seven orphan receptors [START_REF] Gerbino | The Different Facets of Extracellular Calcium Sensors: Old and New Concepts in Calcium-Sensing Receptor Signalling and Pharmacology[END_REF][START_REF] Wellendorph | Molecular pharmacology of promiscuous seven transmembrane receptors sensing organic nutrients[END_REF].

Acute increases in serum calcium into the borderline hypercalcemic range were observed about 4 hours following ingestion of 500-1,000 mg of calcium citrate or calcium carbonate as supplements [START_REF] Reid | Cardiovascular effects of calcium supplementation[END_REF]. However, the change in calcium concentration, which is likely detected by the parathyroid gland [START_REF] Chattopadhyay | The calcium-sensing receptor: a window into the physiology and pathophysiology of mineral ion metabolism[END_REF][START_REF] Ramirez | Direct in vivo comparison of calcium-regulated parathyroid hormone secretion in normal volunteers and patients with secondary hyperparathyroidism[END_REF][START_REF] Conigrave | The Calcium-Sensing Receptor and the Parathyroid: Past, Present, Future[END_REF], was not more than 100 µM but was larger than that recorded after ingestion of calcium-rich food [START_REF] Green | Postprandial metabolic responses to milk enriched with milk calcium are different from responses to milk enriched with calcium carbonate[END_REF]. This is a lower concentration than the reported extracellular calcium-evoked activation range for CaSR. When increases in cytosolic calcium concentration were monitored in fura2-loaded HEK293 cells expressing CaSR, increasing extracellular calcium concentration from an initial value of 0.5 mM showed a clear threshold effect at about 2 mM with an EC50 of about 3.5 mM [START_REF] Brown | Extracellular calcium sensing and extracellular calcium signaling[END_REF][START_REF] Breitwieser | Calcium-sensing receptor activation induces intracellular calcium oscillations[END_REF][START_REF] Brennan | Receptor expression modulates calcium-sensing receptor mediated intracellular Ca2+ mobilization[END_REF][START_REF] Quinn | The Ca2+-sensing receptor: a target for polyamines[END_REF]. However, CaSR activity per se can be modulated by numerous allosteric factors in the absence of increased calcium levels [START_REF] Brown | Extracellular calcium sensing and extracellular calcium signaling[END_REF][START_REF] Nemeth | Calcimimetic and calcilytic drugs: just for parathyroid cells?[END_REF]. These include aromatic L-amino acids such as Trp or Phe, which sensitize CaSR to calcium. The L-amino acid binding site recently identified [START_REF] Zhang | Identification of an L-phenylalanine binding site enhancing the cooperative responses of the calciumsensing receptor to calcium[END_REF] also involves magnesium ions and a tryptophan-derivative ligand [START_REF] Zhang | Structural basis for regulation of human calcium-sensing receptor by magnesium ions and an unexpected tryptophan derivative co-agonist[END_REF]. Both Trp and Phe concentrations are dramatically impacted by dietary amino acid and protein ingestion [START_REF] Conigrave | Broad-spectrum L-amino acid sensing by class 3 G-proteincoupled receptors[END_REF][START_REF] Conigrave | Aromatic L-amino acids activate the calcium-sensing receptor[END_REF], and the postprandial elevation peak brings their plasma concentration up to levels of about 100 µM, a concentration at which they likely increase CaSR affinity for extracellular calcium [START_REF] Conigrave | Aromatic L-amino acids activate the calcium-sensing receptor[END_REF].

Moreover, high levels of CaSR lower the threshold for calcium activation [START_REF] Brennan | Receptor expression modulates calcium-sensing receptor mediated intracellular Ca2+ mobilization[END_REF]. Therefore, in humans, CaSR is likely to detect variations in extracellular calcium concentration in the range of 100 µM allowing parathyroid and parathyroid hormone to compensate for changes in plasma calcium concentration.

High local extracellular calcium concentrations

In certain tissues and in the luminal contents of glands, calcium concentrations can be much higher than that observed in plasma. An obvious tissue where high local calcium concentrations are found is the bone [START_REF] Marie | The calcium-sensing receptor in bone cells: a potential therapeutic target in osteoporosis[END_REF]. Osteoclasts that sense extracellular calcium may be exposed to calcium concentrations of up to 40 mM in erosion sites [START_REF] Silver | Microelectrode studies on the acid microenvironment beneath adherent macrophages and osteoclasts[END_REF]. Hence, elevated calcium released during bone resorption may activate CaSR in these cells, which in turn will allow completion of bone remodeling. Another important point related to extracellular calcium concentrations and CaSR activation is the volume of interstitial fluid surrounding cells within an organized tissue [START_REF] Gerbino | The Different Facets of Extracellular Calcium Sensors: Old and New Concepts in Calcium-Sensing Receptor Signalling and Pharmacology[END_REF][START_REF] Hofer | Another dimension to calcium signaling: a look at extracellular calcium[END_REF]. This remarkably small volume probably contributes to the local fluctuations in extracellular calcium concentrations [START_REF] Caroppo | Asymmetrical, agonist-induced fluctuations in local extracellular [Ca(2+)] in intact polarized epithelia[END_REF][START_REF] Perez-Armendariz | Glucose-evoked changes in [K+] and [Ca2+] in the intercellular spaces of the mouse islet of Langerhans[END_REF]. Several factors underlie these fluctuations. Calcium export from the cells via plasma membrane calcium ATPase (PMCA) and sodium-calcium exchangers, secretory vesicles, and calcium influx can generate fluctuations in these thin interspaces between cells. Localization and kinetics of activation of these different actors are probably another source of changes that are much larger than those recorded in the plasma where calcemia is tightly controlled.

Although calcium inflow and outflow are ultimately balanced as cellular calcium concentrations return to resting levels upon signal termination, transient gradients of extracellular calcium can be generated wherever there is temporal and/or spatial segregation of calcium influx and efflux [START_REF] Ashby | Polarized calcium and calmodulin signaling in secretory epithelia[END_REF][START_REF] Petersen | Localization and regulation of Ca2+ entry and exit pathways in exocrine gland cells[END_REF][START_REF] Breitwieser | Extracellular calcium as an integrator of tissue function[END_REF]. In another example, direct measurement of extracellular calcium concentration using calcium-sensitive microelectrodes impaled into the interstitial spaces between gastric epithelial cells and in the lumen of the gastric gland in an intact stomach revealed transient increases in extracellular calcium of up to 500 µM [START_REF] Caroppo | Extracellular calcium acts as a "third messenger" to regulate enzyme and alkaline secretion[END_REF].

Large reductions in extracellular calcium concentration of the same magnitude were observed in the intercellular spaces of pancreatic islets following stimulation of islet cells with glucose [START_REF] Perez-Armendariz | Glucose-evoked changes in [K+] and [Ca2+] in the intercellular spaces of the mouse islet of Langerhans[END_REF]. Last but not least, calcium contents of secretory vesicles can be very high [START_REF] Andersson | Amounts and distribution of intracellular magnesium and calcium in pancreatic beta-cells[END_REF][START_REF] Nicaise | The calcium loading of secretory granules. A possible key event in stimulus-secretion coupling[END_REF][START_REF] Gillot | The calcium content of cortical granules and the loss of calcium from sea urchin eggs at fertilization[END_REF] ranging from 40 to 120 mM in insulin granules of rat insulinoma [START_REF] Hutton | Low-molecular-weight constituents of isolated insulinsecretory granules. Bivalent cations, adenine nucleotides and inorganic phosphate[END_REF] and in chromaffin vesicles [START_REF] Mahapatra | A dynamic pool of calcium in catecholamine storage vesicles. Exploration in living cells by a novel vesicle-targeted chromogranin A-aequorin chimeric photoprotein[END_REF].

Investigation of the co-localization of these actors with CaSR could provide important information on how CaSR modulates cell signaling even when calcemia remains unchanged.

For instance, PMCA and CaSR are co-localized on the apical membrane of polarized gastric acid-secreting cells [START_REF] Caroppo | Asymmetrical, agonist-induced fluctuations in local extracellular [Ca(2+)] in intact polarized epithelia[END_REF]. CaSR (through Gq/11) is also able to modulate the expression and activity of transient receptor potential channels TRPC1 [START_REF] Hiani | Calciumsensing receptor stimulation induces nonselective cation channel activation in breast cancer cells[END_REF][START_REF] Rey | Requirement of the TRPC1 cation channel in the generation of transient Ca2+ oscillations by the calcium-sensing receptor[END_REF], TRPC3 [START_REF] Meng | Calcium sensing receptor modulates extracellular calcium entry and proliferation via TRPC3/6 channels in cultured human mesangial cells[END_REF], and TRPC6 [START_REF] Bernichtein | Vitamin D3 Prevents Calcium-Induced Progression of Early-Stage Prostate Tumors by Counteracting TRPC6 and Calcium Sensing Receptor Upregulation[END_REF].

The signal transduction of CaSR is also involved in the regulation of PMCA and SERCA calcium pumps expression and activity [START_REF] Ranieri | Excessive signal transduction of gain-of-function variants of the calcium-sensing receptor (CaSR) are associated with increased ER to cytosol calcium gradient[END_REF]. Moreover, CaSR is likely to change the driving force for calcium ions through the activation of plasma membrane potassium channels [START_REF] Vysotskaya | Modulation of BK channel activities by calcium-sensing receptor in rat bronchopulmonary sensory neurons[END_REF].

Regulation via plasma membrane pumps, exchangers, and channels are likely to trigger only transient changes in extracellular calcium. Long-term increases in this cation concentration such as those observed in bone may result from different mechanisms.

Prostatic calcification: stones and calculi

Calcium stones and calculi are the result of deposition of calcium salts and are caused by high local calcium concentrations. Although also found in pancreas [START_REF] Verde | Calcified pancreatic and peripancreatic neoplasms: spectrum of pathologies[END_REF], kidney [START_REF] Cheungpasitporn | The risk of kidney cancer in patients with kidney stones: a systematic review and meta-analysis[END_REF], and breast [START_REF] O'grady | Microcalcifications in breast cancer: From pathophysiology to diagnosis and prognosis[END_REF], we shall focus here on their involvement in benign prostatic hyperplasia (BPH) and prostate cancer. We propose that there is a link between inflammation and CaSR expression and activity.

Prostatic calculi are usually classified as endogenous (also known as primary) stones or extrinsic (also referred to as secondary) stones. Endogenous stones are commonly caused by obstruction of the prostatic ducts around the enlarged prostate resulting from BPH or chronic inflammation [START_REF] Mc | Treatment of prostatic calculi[END_REF]. Several hypothesis have been proposed regarding the etiology of prostatic calculi but none are supported by definitive evidence [START_REF] Moore | Morphoplogy of prostatic corpora amylacea and calculi[END_REF][START_REF] Kirby | Intra-prostatic urinary reflux: an aetiological factor in abacterial prostatitis[END_REF]. Reflux of urine into the ejaculatory ducts upon voiding is not an uncommon phenomenon and is more likely to occur if there is a degree of urine flow obstruction. Hence, intraprostatic urinary reflux and the constituents of refluxing urine may contribute to the formation of prostatic stones [START_REF] Kirby | Intra-prostatic urinary reflux: an aetiological factor in abacterial prostatitis[END_REF].

Inflammation associated with prostatic lithiasis, the deposition of hydroxyapatite crystals in the corpora amylacea and the mineralization of these with calcium, and intraprostatic reflux have also been proposed to lead to formation of prostate calculi [START_REF] Klimas | Prostatic calculi: a review[END_REF].

Extrinsic stones occur mainly around the urethra and are caused by reflux of urine into the prostate [START_REF] Mc | Treatment of prostatic calculi[END_REF]. The exact prevalence of prostatic calculi is not known, and it has been reported to vary widely, from 7% to 70%. Many patients have several small stones ranging from 0.5 to 5.0 mm in size. Most cases of prostatic calculi are not accompanied by symptoms. Therefore, most cases are found incidentally during the diagnosis of BPH using transrectal ultrasonography [START_REF] Hyun | Clinical Significance of Prostatic Calculi: A Review[END_REF]. Magnetic resonance imaging can also detect prostatic calculi as well as intra-vascular stones [START_REF] Kitzing | Benign Conditions That Mimic Prostate Carcinoma: MR Imaging Features with Histopathologic Correlation[END_REF]. Intra-vascular stone formation is mediated by inflammation as indicated by analysis of cytokine expression [START_REF] Parra-Izquierdo | Calcification Induced by Type I Interferon in Human Aortic Valve Interstitial Cells Is Larger in Males and Blunted by a Janus Kinase Inhibitor[END_REF]. Intra-vascular stones are systemic and generally occur in large vessels [START_REF] Rajamannan | Calcific aortic valve disease: not simply a degenerative process: A review and agenda for research from the National Heart and Lung and Blood Institute Aortic Stenosis Working Group. Executive summary: Calcific aortic valve disease-2011 update[END_REF]; they are not included in our discussion.

The first step in the formation of prostatic calcification is accumulation of desquamated acinar cells to form corpora amylacea [START_REF] Sfanos | Acute inflammatory proteins constitute the organic matrix of prostatic corpora amylacea and calculi in men with prostate cancer[END_REF]. Corpora amylacea are luminal secretions commonly present in benign prostatic acini [START_REF] Klimas | Prostatic calculi: a review[END_REF][START_REF] Prather | Prostatic corpora amylacea[END_REF] that have also been noted in other organs including lung and uterus [START_REF] Christian | Corpora amylacea in adenocarcinoma of the prostate: incidence and histology within needle core biopsies[END_REF]. Corpora amylacea are present in the benign acini of prostates of approximately 25% of men aged 20-40 years, and they are common among men with prostate cancer [START_REF] Dupre | Transdisciplinary Prostate Cancer, Corpora amylacea in prostatectomy tissue and associations with molecular, histological, and lifestyle factors[END_REF]. The intraluminal contents of prostatic acini also include mucin, crystalloids, and proteinaceous debris. A variation in density of the matrix of the corpora produces a laminated structure. Formation of corporal calculi results from the deposition of hydroxyapatite crystallites in corpora amylacea and is linked to further growth and mineralization that can lead to the development of prostatic calculi, which are more readily identifiable upon clinical examination [START_REF] Sfanos | Acute inflammatory proteins constitute the organic matrix of prostatic corpora amylacea and calculi in men with prostate cancer[END_REF][START_REF] Sutor | The crystalline composition of prostatic calculi[END_REF].

The exact mechanism underlying the formation of prostatic calcification is still unclear. Urine reflux into prostatic ducts, the penetration of spermatozoa into prostatic tissue, and desquamation of prostate epithelium due to chronic inflammation are believed to favor the formation of prostatic corpora amylacea [START_REF] Engelhardt | Association between asymptomatic inflammatory prostatitis NIH category IV and prostatic calcification in patients with obstructive benign prostatic hyperplasia[END_REF]. Subsequent chronic inflammation of the prostate epithelium may promote the formation of calculi due to calcification of the corpora amylacea [START_REF] Sfanos | Acute inflammatory proteins constitute the organic matrix of prostatic corpora amylacea and calculi in men with prostate cancer[END_REF]. It is widely accepted that prostatic calculi are uncommon in children, rare in men below 40 years old, and common in men over the age of 50 [START_REF] Klimas | Prostatic calculi: a review[END_REF]. Prostatic calcifications are frequently observed in men who are being tested for prostate cancer and in those with symptomatic BPH, although an association between prostatic calcification and these two diseases has not yet been established [START_REF] Engelhardt | Association between asymptomatic inflammatory prostatitis NIH category IV and prostatic calcification in patients with obstructive benign prostatic hyperplasia[END_REF]. Further, no direct association between stone type and the severity of prostate inflammation was detected in more than 200 patients with BPH who were evaluated by transurethral electroresection of the prostate gland [START_REF] Engelhardt | Association between asymptomatic inflammatory prostatitis NIH category IV and prostatic calcification in patients with obstructive benign prostatic hyperplasia[END_REF][START_REF] Kim | Lower urinary tract symptoms in benign prostatic hyperplasia patients: orchestrated by chronic prostatic inflammation and prostatic calculi?[END_REF].

One important point should be emphasized: Prostatic calcification could result in an obstruction of the intraprostatic ducts stimulating the inflammatory response of the prostate with cytokine activation or the opposite could be the case. Chronic inflammation of the prostate tissue, triggered by any of a wide variety of factors such as diet, autoimmune response, urine reflux, or infections of the prostate epithelium could promote prostatic calcification. Age-related prostatic calcification in patients aged over 50 years may induce a cascade of events including obstruction of the intraprostatic ducts stimulating an inflammatory response in the prostatic tissue and damage of the epithelial and stromal cells.

Subsequent wound healing may result in excessive extracellular matrix and stromal proliferation [START_REF] Ficarra | Is chronic prostatic inflammation a new target in the medical therapy of lower urinary tract symptoms (LUTS) due to benign prostate hyperplasia (BPH)?[END_REF].

Calcium phosphate or calcium oxalate with carbonate-apatite and hydroxyapatite are the main components of prostate calculi [START_REF] Hyun | Clinical Significance of Prostatic Calculi: A Review[END_REF][START_REF] Sutor | The crystalline composition of prostatic calculi[END_REF][START_REF] Park | Are prostatic calculi independent predictive factors of lower urinary tract symptoms?[END_REF]. Prostatic calculi, often observed in patients with acute or chronic prostatitis, may lead to chronic prostatitis [START_REF] Lee | Prostatic calculi do not influence the level of serum prostate specific antigen in men without clinically detectable prostate cancer or prostatitis[END_REF]. Hypercalciuria can be one of the underlying causes of prostate calculi as evidenced by the fact that stone formers (whose urine is more likely to be supersaturated with stone-forming salts) are more likely to form prostatic calculi than non-stone formers [START_REF] Sutor | The crystalline composition of prostatic calculi[END_REF]. Hence, patients with calcifications often suffer from inflammation, and there is a casual association between inflammation and cancer development [START_REF] Coussens | Inflammation and cancer[END_REF].

The prostate can be divided into three main zones: central, transitional, and peripheral (Figure 1). The peripheral zone accounts for almost 70% of the tissue of the prostate gland in the posterior and lateral regions, and 70% of cases of prostate cancer occur in this area. The peripheral zone is also the site where chronic prostatitis occurs. Therefore zonal calcification could be important in the development of cancer, and it has been proposed that prostatic calculi detected in the peripheral zone of the gland represent a significant risk factor for prostate cancer and therefore could be used as predictors of high cancer risk [START_REF] Hyun | Clinical Significance of Prostatic Calculi: A Review[END_REF][START_REF] Smolski | Prevalence of prostatic calcification subtypes and association with prostate cancer[END_REF][START_REF] Dell'atti | Prostatic calculi detected in peripheral zone of the gland during a transrectal ultrasound biopsy can be significant predictors of prostate cancer[END_REF].

Inflammation and high calcium concentrations

Inflammation, prostatic calculi, and prostate cancer progression are clearly related [START_REF] Hyun | Clinical Significance of Prostatic Calculi: A Review[END_REF][START_REF] De Marzo | Inflammation in prostate carcinogenesis[END_REF].

An important question remains, however: What is the connection between these processes and CaSR activity in the prostate? The relationship between extracellular calcium and inflammation works both ways (Figure 2). First, inflammation can up-regulate CaSR expression. Several inflammatory cytokines can induce CaSR expression [START_REF] Canaff | Calcium-sensing receptor gene transcription is up-regulated by the proinflammatory cytokine, interleukin-1beta. Role of the NF-kappaB PATHWAY and kappaB elements[END_REF][START_REF] Canaff | The proinflammatory cytokine, interleukin-6, up-regulates calcium-sensing receptor gene transcription via Stat1/3 and Sp1/3[END_REF], and immune cells such monocytes, eosinophils, and macrophages express CaSR [START_REF] Hendy | Calcium-sensing receptor, proinflammatory cytokines and calcium homeostasis[END_REF][START_REF] Canton | Calcium-sensing receptors signal constitutive macropinocytosis and facilitate the uptake of NOD2 ligands in macrophages[END_REF][START_REF] Yamaguchi | Extracellular calcium (Ca2+o)sensing receptor in a mouse monocyte-macrophage cell line (J774): potential mediator of the actions of Ca2+o on the function of J774 cells[END_REF][START_REF] Yamaguchi | Expression of extracellular calcium (Ca2+o)-sensing receptor in human peripheral blood monocytes[END_REF][START_REF] Yarova | Calcium-sensing receptor antagonists abrogate airway hyperresponsiveness and inflammation in allergic asthma[END_REF].

Second, inflammatory lesions often contain dead cells due to necrosis resulting in the release of cellular constituents after membrane rupture [START_REF] Wallach | Programmed necrosis in inflammation: Toward identification of the effector molecules[END_REF]. High levels of calcium are observed at sites of infections and calcifications are detected at sites of chronic inflammation [START_REF] Kaslick | Quantitative analysis of sodium, potassium and calcium in gingival fluid from gingiva in varying degrees of inflammation[END_REF] and ischemic necrosis [START_REF] Tzimas | Correlation of cell necrosis and tissue calcification with ischemia/reperfusion injury after liver transplantation[END_REF] and are related to activation of NLRP3 inflammasome [START_REF] Rossol | Extracellular Ca2+ is a danger signal activating the NLRP3 inflammasome through G protein-coupled calcium sensing receptors[END_REF]. It is now thought that necrotic cell death can be induced by biomolecules known to initiate inflammation such as the cytokine TNFα and the pathogen component lipopolysaccharide.

The role of the CaSR in the inflammation was investigated by Zeng et al. in a model of acute myocardial infarction [START_REF] Zeng | Calciumsensing receptors in human peripheral T lymphocytes and AMI: Cause and effect[END_REF]. In this recent work, the authors showed that expression of CaSR by T lymphocytes enhanced expression of inflammatory cytokines. CaSR also activates pulmonary inflammation as shown in a mouse model of pulmonary inflammation using the CaSR inhibitor NPS2143 [START_REF] Lee | NPS 2143, a selective calcium-sensing receptor antagonist inhibits lipopolysaccharide-induced pulmonary inflammation[END_REF]. Immune responses are facilitated via the accumulation of immune cells attracted by chemokines that are produced by almost all cell types in human [START_REF] Luster | Chemokines--chemotactic cytokines that mediate inflammation[END_REF]. Localization of monocytes and macrophages to sites of injury or inflammation is crucial for initiation of their role in host defense and elevated extracellular calcium concentrations measured at sites of inflammation [START_REF] Lee | Prostatic calculi do not influence the level of serum prostate specific antigen in men without clinically detectable prostate cancer or prostatitis[END_REF] are known to induce monocyte chemotaxis [START_REF] Olszak | Extracellular calcium elicits a chemokinetic response from monocytes in vitro and in vivo[END_REF][START_REF] Sugimoto | Effects of high calcium concentration on the functions and interactions of osteoblastic cells and monocytes and on the formation of osteoclast-like cells[END_REF][START_REF] Wu | Extracellular calcium increases CXCR4 expression on bone marrow-derived cells and enhances pro-angiogenesis therapy[END_REF].

At sites of infection, immune cells secrete numerous cytokines that are implicated in tumorigenesis. For example, interleukins 6 and 1β, TNFα, TGFβ, and CXCL12 (also known as SDF-1) play important roles in prostate cancer progression [START_REF] Liu | Interleukin-1beta promotes skeletal colonization and progression of metastatic prostate cancer cells with neuroendocrine features[END_REF][116][START_REF] Royuela | TNF-alpha/IL-1/NF-kappaB transduction pathway in human cancer prostate[END_REF][START_REF] Saha | Proinflammatory CXCL12-CXCR4/CXCR7 Signaling Axis Drives Myc-Induced Prostate Cancer in Obese Mice[END_REF][START_REF] Pencik | IL-6/STAT3/ARF: the guardians of senescence, cancer progression and metastasis in prostate cancer[END_REF]. IL6, IL1β, and TNFα all rapidly induce large increases in CaSR expression [START_REF] Canaff | Calcium-sensing receptor gene transcription is up-regulated by the proinflammatory cytokine, interleukin-1beta. Role of the NF-kappaB PATHWAY and kappaB elements[END_REF][START_REF] Canaff | The proinflammatory cytokine, interleukin-6, up-regulates calcium-sensing receptor gene transcription via Stat1/3 and Sp1/3[END_REF][START_REF] Hendy | Calcium-sensing receptor, proinflammatory cytokines and calcium homeostasis[END_REF], and it is likely that CXCL12activated CXCR4 trigger similar activation through STAT1, STAT3, and NFκB activation [START_REF] Saha | Proinflammatory CXCL12-CXCR4/CXCR7 Signaling Axis Drives Myc-Induced Prostate Cancer in Obese Mice[END_REF] as these three transcription factors bind to the CaSR promoter region [START_REF] Fetahu | Regulation of the calcium-sensing receptor expression by 1,25-dihydroxyvitamin D3, interleukin-6, and tumor necrosis factor alpha in colon cancer cells[END_REF][START_REF] Hendy | The CASR gene: alternative splicing and transcriptional control, and calcium-sensing receptor (CaSR) protein: structure and ligand binding sites[END_REF]. Thus, activation of CaSR by high concentrations of calcium leads to inflammation, which in turn further up-regulates CaSR expression. Hence, the chronic inflammation induced may enhance rick of prostate cancer.

There is evidence, however, that CaSR can moderate inflammation. CaSR has been shown to protect against colon cancer development [START_REF] Aggarwal | The calcium-sensing receptor: A promising target for prevention of colorectal cancer[END_REF], and evidence has been accumulating that this receptor might also prevent colonic inflammation [START_REF] Iamartino | Calcium-sensing receptor in colorectal inflammation and cancer: Current insights and future perspectives[END_REF]. However, due to the complexity of the gut homeostasis in large part due to the microbiota, the exact role of CaSR in the intestine inflammation remains unclear [START_REF] Owen | The role of the calcium-sensing receptor in gastrointestinal inflammation[END_REF]. Thus, CaSR may promote or moderate inflammation, depending on the situation [START_REF] Hendy | Calcium-sensing receptor, proinflammatory cytokines and calcium homeostasis[END_REF].

Conclusion -Calcium supplements and cancer

The currently available data indicate that calcium has a deleterious effect on prostate cancer progression [START_REF] Bernichtein | Vitamin D3 Prevents Calcium-Induced Progression of Early-Stage Prostate Tumors by Counteracting TRPC6 and Calcium Sensing Receptor Upregulation[END_REF][START_REF] Capiod | Do dietary calcium and vitamin D matter in men with prostate cancer?[END_REF], probably resulting from a combination of factors. As described in this review, high levels of calcium increase inflammation and urinary calcium and can cause calcium stones to be disseminated in different prostate zones. Furthermore, low bone mineral density is common in men with prostate cancer, even in those not treated with androgen-deprivation therapy (ADT) [START_REF] Lassemillante | Prevalence of osteoporosis in prostate cancer survivors II: a meta-analysis of men not on androgen deprivation therapy[END_REF]. The prevalence of low bone mineral density is higher in men on ADT than untreated controls [START_REF] Lassemillante | Prevalence of osteoporosis in prostate cancer survivors: a meta-analysis[END_REF], and ADT is correlated with an increased risk of fracture [START_REF] Wang | Risk of fracture in men with prostate cancer on androgen deprivation therapy: a population-based cohort study in New Zealand[END_REF]. Calcium supplementation provided to overcome this risk is likely to further increase urinary calcium concentration, the formation of calcium stones, immune cell chemotaxis, and increased secretion of pro-inflammatory cytokines able to increase CaSR expression and eventually tumorigenesis. Thus, as we argued previously [START_REF] Capiod | Do dietary calcium and vitamin D matter in men with prostate cancer?[END_REF], men at risk of or diagnosed with prostate cancer should avoid excessive calcium dietary intake. 

Legends to figures

Figure 1 :

 1 Figure 1: Schematic representation of the different prostate zones and putative localization

Figure 2 :

 2 Figure 2: Monocytes and macrophages are attracted to sites of inflammation by high local
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