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Introduction

Due to its ability to synthesize and secrete several cytokines and chemokines, as well as a large group of polypeptide hormones, named adipokines [START_REF] Knebel | Novel Insights into the Adipokinome of Obese and Obese/Diabetic Mouse Models[END_REF], white adipose tissue (WAT) is nowadays considered an active endocrine organ. Notably, adipokines are involved in the regulation of many physiological functions, as inflammatory processes [START_REF] Singh | Inflammatory processes in obesity: focus on endothelial dysfunction and the role of adipokines as inflammatory mediators[END_REF], energy expenditure, glucose and lipid metabolism [START_REF] Chait | Adipose Tissue Distribution, Inflammation and Its Metabolic Consequences, Including Diabetes and Cardiovascular Disease[END_REF], and reproduction [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]. Their effects are mediated through different types of receptors, including G protein-coupled receptors (GPCRs) [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF][START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Here, we will review in detail the current knowledge about the role of chemerin and apelin GPCRs in both physiological and pathological metabolic and reproductive functions. Indeed, understanding of the functional and mechanistic role of these receptors is of high clinical importance, as it may significantly contribute to develop novel potential therapeutic strategies. Thus, in the last section, we will further discuss about their possible implication as innovative targets for pharmacological interventions.

Apelin and chemerin systems Apelin

Apelin is a peptide originally isolated from the bovine stomach tissue [START_REF] Tatemoto | Isolation and characterization of a novel endogenous peptide ligand for the human APJ receptor[END_REF]. In humans, it derives from the C-terminal processing of the 77 amino acids pre-proapelin, followed by several post-translational modifications that lead to the production of three main apelin fragments, apelin-36, apelin-17 and apelin-13 [START_REF] Huang | Apelin/APJ system: A novel potential therapy target for kidney disease[END_REF][START_REF] Luo | Apelin/APJ system: A critical regulator of vascular smooth muscle cell[END_REF] (Figure 1). The latter can further undergo cyclization of glutamine in its N-terminal to produce pyroglutamated-modified apelin-13 ((Pyr1)-apelin-13, Figure 1), characterised by increased stability and plasma halflife [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF].

Recently, Apelin Receptor Early Endogenous Ligand (APELA, also named ELABELA or Toddler) was identified as a new endogenous ligand for apelin receptor, APJ [START_REF] Chng | ELABELA: a hormone essential for heart development signals via the apelin receptor[END_REF]. Similarly to apelin, human ELABELA derives from a 54 amino acids precursor, processed into several isoforms named ELABELA-32, ELABELA-21 and ELABELA-11 [START_REF] Zhang | Elabela, a newly discovered APJ ligand: Similarities and differences with Apelin[END_REF]. All apelin and ELABELA isoforms are able to bind to APJ, but they present variable receptor affinities and determine different intracellular trafficking pathways [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Anyway, as ELABELA is not described as an adipokine, in the present review we will not further discuss about it.

APJ is a typical 380 amino acids GPCR [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. It was firstly identified in 1993 as a class A (rhodopsin-like) orphan GPCR that shares 54% sequence homology with the angiotensin II type 1 receptor [START_REF] O'dowd | A human gene that shows identity with the gene encoding the angiotensin receptor is located on chromosome 11[END_REF]. Apelin/APJ system is able to activate several signalling pathways through different types of G proteins (Figure 1). While apelin-36 induces stable βarrestin binding to APJ leading to its degradation, apelin-13 allows the dissociation of APJ from β-arrestin and its subsequent rapid recycling after internalisation [START_REF] Shin | Apelinergic System Structure and Function[END_REF]. Recent increasing evidence shows that APJ may form heterodimers with other GPCRs [START_REF] Cai | Apelin receptor homodimer-oligomers revealed by single-molecule imaging and novel G protein-dependent signaling[END_REF].

Chemerin

Chemerin, also known as Retinoic Acid Receptor Responder protein 2 (RARRES2), Tazarotene-Induced Gene 2 protein (TIG2), or RAR-responsive protein TIG2, is a small chemotactic protein derived from an initial precursor named pre-prochemerin [START_REF] Zabel | Chemerin activation by serine proteases of the coagulation, fibrinolytic, and inflammatory cascades[END_REF]. This requires the N-terminal cleavage of a 19 amino acids signalling domain to be secreted into the extracellular media as an inactive precursor of 163 amino acids, known as prochemerin or chemerin-S163 [START_REF] Henau | Signaling Properties of Chemerin Receptors CMKLR1, GPR1 and CCRL2[END_REF][START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF]. In humans, the subsequent extracellular proteolytic C-terminal processing by serine and cysteine proteases generates different active isoforms of chemerin, chemerin-F156, -S157 and -K158, all of which have been detected in biological fluids including plasma (Figure 1). Extracellular proteolytic events may further convert chemerin active isoforms to shorter deactivated proteins, like chemerin-F154 [START_REF] Gao | Resolvin E1 and chemokine-like receptor 1 mediate bone preservation[END_REF].

The biological effects of chemerin are mainly mediated by two GPCRs, chemokinelike receptor 1 (CMKLR1) and G protein-coupled receptor 1 (GPR1) [START_REF] Goralski | More Than an Adipokine: The Complex Roles of Chemerin Signaling in Cancer[END_REF][START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF][START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF]. Chemerin binds and activates both receptors, each triggering different intracellular signalling pathways (Figure 1). CMKLR1 is widely expressed in several organs, such as haematopoietic tissues, adipocytes, endothelial cells, osteoclasts and ovarian cells [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF], while GPR1 expression, absent in immune cells, has been predominantly reported in central nervous system cells, murine brown adipose tissue, vascular cells of WAT, gonads and skeletal muscle [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF]. The third receptor of chemerin, C-C motif chemokine receptor like 2 (CCRL2), shows limited homology with CMKLR1 and GPR1 and probably it does not mediate chemerin signalling. Indeed, it is thought to function rather as a membrane anchoring protein that increases local chemerin concentration and presents its ligand to cells expressing CMKLR1 and GPR1 [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF][START_REF] Yoshimura | Chemokine-like receptor 1 (CMKLR1) and chemokine (C-C motif) receptor-like 2 (CCRL2); Two multifunctional receptors with unusual properties[END_REF]. Supporting this hypothesis, CCRL2 expression was detected in macrophages, mast cells, lung epithelial cells and the ovary.

Role of APJ and chemerin receptors in metabolism and reproduction

All isoforms of chemerin and apelin have been detected in many biological fluids, including serum, cerebrospinal fluid, colostrum and mature milk [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF][START_REF] Huang | Apelin/APJ system: A novel potential therapy target for kidney disease[END_REF][START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF][START_REF] Kurowska | Apelin in Reproductive Physiology and Pathology of Different Species: A Critical Review[END_REF][START_REF] Luo | Apelin/APJ system: A critical regulator of vascular smooth muscle cell[END_REF][START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF][START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF].

Notably, apelin/APJ and chemerin systems are expressed in several regions of nervous and metabolic tissues implicated in regulating physiological processes as food and water intake, insulin secretion, glucose and lipid metabolism and adipogenesis, and their involvement in some metabolic disorders, including obesity, type 2 diabetes mellitus (T2DM) and hepatic cirrhosis, is supported by a growing body of evidence (Figure 2). Although less studied within the reproductive tract, apelin and chemerin expression has also been reported in male and female gonads, uterus and placenta, where these adipokines have been suggested to contribute to the development of some frequent diseases, like polycystic ovary syndrome (PCOS), endometriosis, preeclampsia (PE) and varicocele (Figure 3).

Metabolic effects of APJ and chemerin receptors in physiological and pathological conditions

Brain and food/water intake

The activation of chemerin signalling pathway in neuroendocrine axis seems to play a crucial role in appetite regulation, as suggested by a study conducted on photoperiodicsensitive F344 rats, where continuous intracerebral infusion of chemerin promoted food intake, whereas chemokine-like receptor 1 deficiency resulted in reduced food intake and body weight [START_REF] Helfer | A neuroendocrine role for chemerin in hypothalamic remodelling and photoperiodic control of energy balance[END_REF]. Although several studies have suggested a possible involvement of apelin system in feeding behaviour, to date, in mammals, results about its physiological effect on food intake are not consistent [START_REF] Yang | Role of apelin/APJ system in hypothalamic-pituitary axis[END_REF]. At the opposite, apelin seems to play a prominent role in the regulation of body fluid homeostasis in humans and rodents [START_REF] Flahault | Role of the vasopressin/Apelin Balance and Potential Use of Metabolically Stable Apelin Analogs in water Metabolism Disorders[END_REF]. Indeed, plasma apelin concentration is lower in patients with polyuria-polydipsia syndrome and intracerebroventricular injection of apelin into lactating rats inhibits the phasic electrical activity of arginine vasopressin (AVP) neurons, resulting in reduced plasma AVP levels and increased diuresis [START_REF] Flahault | Role of the vasopressin/Apelin Balance and Potential Use of Metabolically Stable Apelin Analogs in water Metabolism Disorders[END_REF]. Thus, as regards their effect on neuroendocrine axis, apelin appears to be mainly involved in fluid homeostasis, while chemerin would rather act as a potential regulator of food intake.

Liver and glucose metabolism

The association of chemerin and apelin with obesity and metabolic syndrome, as well as their involvement in insulin and glucose metabolism have been repeatedly reported [START_REF] Buechler | Chemerin Isoforms and Activity in Obesity[END_REF][START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF].

However, although hepatocytes are the main cell type producing chemerin, the effects of this adipokine in liver, particularly on gluconeogenesis, are still unclear [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF]. Concerning apelin system, APJ expression has been shown in primary hepatocytes, HepG2 cells, murine hepatic tissue, rat liver [START_REF] O'carroll | Distribution of mRNA encoding B78/apj, the rat homologue of the human APJ receptor, and its endogenous ligand apelin in brain and peripheral tissues[END_REF] and human hepatic stellate cells [START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF]. This latter cell type expresses also apelin peptide, but apelin hepatic expression appears lower than that of APJ [START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF]. Confirming the relevant role of apelin in glucose homeostasis, in mice, intraventricular injection of this adipokine stimulates liver glycogenolysis and gluconeogenesis via the activation of sympathetic nervous system, resulting in peripheral hyperglycemia [START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF]. However, apelin effects on liver seems to be indirect since some studies demonstrated that insulin resistant mice treated by apelin decreased steatosis without directly targeting hepatocytes but by enhancing global sensitivity to insulin [START_REF] Bertrand | Chronic apelin treatment improves hepatic lipid metabolism in obese and insulin-resistant mice by an indirect mechanism[END_REF]. Some studies also suggest the involvement of chemerin and apelin in human hepatic pathology. Indeed, circulating chemerin has been shown to be increased in non-alcoholic fatty liver disease (NAFLD) [START_REF] Boutari | Association of Adipokines with Development and Progression of Nonalcoholic Fatty Liver Disease[END_REF], and plasma/liver expression of apelin would be higher in patients with hepatic fibrosis and cirrhosis [START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF][START_REF] Wang | Apelin promotes hepatic fibrosis through ERK signaling in LX-2 cells[END_REF]. Interestingly, in a mouse model of liver tumour, mimicking fibrosis associated to hepatocellular carcinoma, chemerin seems to present a tumour inhibitory potential, delaying early carcinogenesis [START_REF] Haberl | Overexpression of Hepatocyte Chemerin-156 Lowers Tumor Burden in a Murine Model of Diethylnitrosamine-Induced Hepatocellular Carcinoma[END_REF].

Pancreas and insulin secretion

Both apelin and chemerin, as well as their receptors, are expressed in pancreatic islets, notably in β-cells, strongly supporting their role in insulin sensitivity and glucose uptake regulation. Notably, in mice intravenous injection of apelin resulted in insulin secretion inhibition, decreased glucose levels and reduced insulin-resistance (IR) [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Conversely, apelin deficient mice developed a state of IR, that was reversed by exogenous apelin administration. In humans, circulating apelin seems to be increased in T2DM and obesity [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF], and to play a protective role in the diabetes related complications, suggesting this adipokine as a potential metabolic biomarker [START_REF] Wysocka | The Role of Apelin in Cardiovascular Diseases, Obesity and Cancer[END_REF]. However, to date, the relationship between apelin, glucose metabolism and IR is still unclear and requires further investigations [START_REF] Wysocka | The Role of Apelin in Cardiovascular Diseases, Obesity and Cancer[END_REF].

Likewise, chemerin, CMKLR1 and GPR1 are expressed in human and rodent pancreatic β-cells [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF] and systemic and local chemerin levels seem to be upregulated in T2DM patients and to represent a significant factor for metabolic syndrome [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF].

Nevertheless, contrarily to apelin, chemerin would rather promote insulin secretion, as suggested by studies in knockout and overexpressing transgenic mice for chemerin and CMKLR1 [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF].

Adipose tissue and adipogenesis/lipid metabolism

Although literature is still poor and data are often conflicting, increasing evidence highlights an important role of apelin in obesity and its related metabolic disorders [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Apelin/APJ system is expressed in white and brown preadipocytes and adipocytes [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF], where it promotes insulin sensitivity and glucose utilisation [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Furthermore, apelin seems to be involved in angiogenesis of WAT and to inhibit white adipocytes differentiation, lipolysis and reactive oxygen species release [START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Moreover, apelin, by blocking the increase in vascular permeability to fatty acids, would prevent their accumulation in WAT. Consequently, apelin could have an anti-obesogenic effect [START_REF] Sawane | Apelin inhibits dietinduced obesity by enhancing lymphatic and blood vessel integrity[END_REF]. It has also a dilatator effect on blood vessels in an endothelium-dependent manner [START_REF] Liu | Apelin/Elabela-APJ: a novel therapeutic target in the cardiovascular system[END_REF].

Visceral white AT appears as the fat major contributor of systemic chemerin, while brown AT participation would be significantly lower. The activation of chemerin-CMKLR1 pathway stimulates adipocytes differentiation and lipolysis in 3T3-L1 cells and bovine mature adipocytes [START_REF] Ferland | Chemerin contributes to in vivo adipogenesis in a location-specific manner[END_REF][START_REF] Fu | Chemerin induces lipolysis through ERK1/2 pathway in intramuscular mature adipocytes of dairy bull calves[END_REF], and in chemerin/CMKLR-1 knockout in 3T3-L1 cells adipogenesis was impaired [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF]. In rats, a recent study showed that chemerin contributes significantly to adipocyte development, but in a location-specific manner, as its effect was limited to mesenteric AT [START_REF] Ferland | Chemerin contributes to in vivo adipogenesis in a location-specific manner[END_REF]. In humans and mice, plasma chemerin levels and its mRNA expression in subcutaneous and omental AT are clearly increased in obesity, decreased upon weight loss and positively correlated with BMI, waist-hip ratio and visceral adipose mass, confirming a strong relationship between chemerin and obesity (reviewed by [START_REF] Buechler | Chemerin Isoforms and Activity in Obesity[END_REF]).

Interestingly, apelin seems to be able to increase thermogenic brown-like characteristics of white adipocytes [START_REF] Than | Apelin Enhances Brown Adipogenesis and Browning of White Adipocytes[END_REF] and CMKLR1 deficiency results in suppression of thermogenesis-related genes expression in both white and brown AT, suggesting that chemerin and apelin could represent a novel potential target for therapeutic strategy in obesity [START_REF] Buechler | Chemerin Isoforms and Activity in Obesity[END_REF].

Skeletal and smooth muscle tissues

Apelin/APJ expression has been detected in skeletal and vascular smooth muscle cells, endothelial cells and cardiomyocytes [START_REF] Huang | Apelin/APJ system: A novel potential therapy target for kidney disease[END_REF]. Most of the studies investigating apelin effects on skeletal muscle have been performed in obesity and T2DM conditions. Concerning glucose metabolism, it have been also shown that apelin intravenous injections in mice lead to a powerful glucose-lowering effect associated with enhanced glucose uptake and utilization in skeletal muscle through AMPK signaling pathway [START_REF] Dray | Apelin stimulates glucose utilization in normal and obese insulin-resistant mice[END_REF]. A similar effect on AMPK by apelin has also been described in cultured C2C12 myotubes [START_REF] Yue | Apelin is necessary for the maintenance of insulin sensitivity[END_REF]. In skeletal muscle, apelin improves muscle function by triggering mitochondriogenesis, autophagy and anti-inflammatory pathways in myofibers, as well as enhancing muscle regenerative capacity by targeting stem cells [START_REF] Vinel | The exerkine apelin reverses age-associated sarcopenia[END_REF]. Indeed, deficient mice for apelin or APJ present dramatic alterations in muscle function with increasing age. In the light of these data, apelin was proposed as a promising therapeutic target to treat sarcopenia [START_REF] Vinel | The exerkine apelin reverses age-associated sarcopenia[END_REF].

Chemerin and its receptors are also expressed in skeletal and smooth muscle tissues [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF]. However, in skeletal muscle cells, chemerin impairs insulin signalling and glucose uptake [START_REF] Helfer | Chemerin: a multifaceted adipokine involved in metabolic disorders[END_REF]. In addition, in rats, chemerin stimulates smooth muscle cells proliferation and migration via autophagy, that may contribute to vascular structural remodelling at the origin of blood hypertension [START_REF] Wen | Chemerin stimulates aortic smooth muscle cell proliferation and migration via activation of autophagy in VSMCs of metabolic hypertension rats[END_REF].

Thus, as regards muscle function, apelin and chemerin would exert opposite effects.

While apelin would have a protective role, improving insulin sensitivity and muscle function via mitochondriogenesis, chemerin seems impair muscle glucose uptake and participate to the development of obesity-related cardiovascular complications.

APJ and chemerin receptors effects on reproduction in physiological and pathological conditions

Ovary

Apelin, APJ, chemerin, CMKLR1, GPR1 and CCRL2 expression are found in human ovarian follicles, granulosa and theca cells, and oocytes and in vitro studies suggest a potential role of apelin and chemerin system in the control of several aspects of ovarian functions [START_REF] Bongrani | Ovarian Expression of Adipokines in Polycystic Ovary Syndrome: A Role for Chemerin, Omentin, and Apelin in Follicular Growth Arrest and Ovulatory Dysfunction[END_REF][START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]. Indeed, apelin enhances progesterone and estradiol secretion in primary human granulosa cells whereas chemerin inhibits it [START_REF] Kurowska | Apelin in Reproductive Physiology and Pathology of Different Species: A Critical Review[END_REF]. Apelin improves rat, bovine, and porcine in vitro granulosa cell proliferation whereas chemerin inhibits IGF-1-induced thymidine incorporation in human granulosa cells [START_REF] Kurowska | Apelin in Reproductive Physiology and Pathology of Different Species: A Critical Review[END_REF]. Both chemerin and apelin decrease in vitro bovine oocyte maturation [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]. In corpus luteum, apelin and chemerin regulate the luteolysis process. The apelinergic axis plays a role in the transient luteal stage after ovulation. Chemerin through GPR1 signaling may suppress progesterone secretion and promote PGF2α-induced luteolysis in mice [START_REF] Yang | The role of GPR1 signaling in mice corpus luteum[END_REF]. In human, the concentrations of apelin and APJ are significantly increased in PCOS patients with a positive correlation between follicle count and APLN levels [START_REF] Bongrani | Ovarian Expression of Adipokines in Polycystic Ovary Syndrome: A Role for Chemerin, Omentin, and Apelin in Follicular Growth Arrest and Ovulatory Dysfunction[END_REF]. Chemerin follicular fluid concentration and chemerin and CMKLR1 mRNA levels in granulosa cells are also predominant in women with PCOS [START_REF] Bongrani | Ovarian Expression of Adipokines in Polycystic Ovary Syndrome: A Role for Chemerin, Omentin, and Apelin in Follicular Growth Arrest and Ovulatory Dysfunction[END_REF].

PCOS is is a common gynecological endocrinopathy disorder characterized by over-expressed LH triggered hyperandrogenism, chronic oligo/anovulation and polycystic ovaries morphology, with clinical manifestations described as "hirsutism, acne, irregular menstruation and subfertility". In mice, CMKLR1 gene deletion protects against the damage caused by chronic dihydrostestosterone treatment on ovarian function suggesting that androgen-induced polycystic ovary syndrome might be prevented through therapeutic targeting of CMKLR1 (reviewed in [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]). In addition, Li et al., 2019 recently showed that elevated chemerin induces insulin resistance in human granulosa-lutein cells from PCOS patients suggesting that chemerin and its receptor could be further implicated as potential therapeutic targets in the future treatment of PCOS [START_REF] Li | Elevated chemerin induces insulin resistance in human granulosa-lutein cells from polycystic ovary syndrome patients[END_REF].

Thus, apelin and chemerin could be involved in the PCOS disorder that is is a common gynecological endocrinopathy affecting 6% to 13% of women of reproductive age and one of the leading causes of female poor fertility.

Uterus

In rat, plasma apelin levels are increased at the end of pregnancy, and the hormone induced the uterus contractions [START_REF] Kacar | The effects of apelin on myometrium contractions in pregnant rats[END_REF]. An in vitro study showed a vasodilator role of apelin in suppressing both spontaneous and oxytocin-induced contraction in human myometrial fibers.

Similar expression patterns of apelin was seen in both eutopic and ectopic endometrium during the menstrual cycle indicated that the ectopic endometrial lesion could share some characteristics with eutopic cellular processes in endometrium regeneration. Additionally, the angiogenesis and vasodilation effects of apelin could potentially be one of the causes in triggering the symptoms of endometriosis [START_REF] Kurowska | Apelin in Reproductive Physiology and Pathology of Different Species: A Critical Review[END_REF].

In the uterus, chemerin is up-regulated during decidualization, and it could play a crucial role in vascular remodelling during early pregnancy of women. Injection of CMKLR1

receptor antagonist (α-NETA) in the uterus of mice induces an increase in embryo resorption rate suggesting that chemerin/CMKLR1 system plays an important role in the maintenance of early pregnancy [START_REF] Yang | Role of chemerin/CMKLR1 in the maintenance of early pregnancy[END_REF]. Chemerin concentrations are higher in peritoneal fluid from women with endometriosis than that in that from controls [START_REF] Jin | Chemerin Expression in the Peritoneal Fluid, Serum, and Ovarian Endometrioma of Women with Endometriosis[END_REF]. In addition, mRNA and protein of chemerin and its receptor are significantly increased in the ovarian endometrioma tissue compared with eutopic endometrium of controls suggesting that chemerin plays a role in endometriosis-related pelvic inflammation [START_REF] Jin | Chemerin Expression in the Peritoneal Fluid, Serum, and Ovarian Endometrioma of Women with Endometriosis[END_REF]. Thus, both apelin and chemerin could be involved in the endometriosis that affects 10-15% of all women of reproductive age.

Placenta

Apelin and APJ is detected in numerous placental cells [START_REF] Mlyczynska | Apelin and apelin receptor in human placenta: Expression, signalling pathway and regulation of trophoblast JEG3 and BeWo cells proliferation and cell cycle[END_REF]. A drop in circulating apelin level observed in newborns rapidly after birth, suggests that the placenta could be a source of blood apelin for the fetus [START_REF] Mlyczynska | Apelin and apelin receptor in human placenta: Expression, signalling pathway and regulation of trophoblast JEG3 and BeWo cells proliferation and cell cycle[END_REF]. Apelin is strongly expressed in the cytoplasm of human cytotrophoblasts during the first two trimester of pregnancy, and then decreased at the third trimester. Based on this broad distribution and its known vasodilatory function in the periphery, apelin could be implicated in placental vascular tone and influences subsequent maternal-fetal exchange of oxygen and nutrients [START_REF] Mlyczynska | Apelin and apelin receptor in human placenta: Expression, signalling pathway and regulation of trophoblast JEG3 and BeWo cells proliferation and cell cycle[END_REF]. Preeclampsia (PE) is a serious disorder of pregnancy characterized by hypertension beginning after 20 weeks of pregnancy, often accompanied by proteinuria and multi-organ dysfunctions. Apelin sub-cutaneous administration in a rat model of PE (reduced uterine perfusion) reduces maternal hypertension and proteinuria, and ameliorates fetal growth suggesting that apelin could be a potential drug target for PE treatment [START_REF] Wang | Apelin as a novel drug for treating preeclampsia[END_REF].

Chemerin and its receptors are expressed in placenta trophoblastic cells. In rat, serum chemerin levels significantly decrease as gestation progresses (cited by [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]). Chemerin plays a role in placentation by regulating NK cell accumulation and endothelial cell morphogenesis during early pregnancy (cited by [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]). In mice and human, the chemerin/GPR1 could regulate the carbohydrate balance during pregnancy (reviewed by [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF][START_REF] Kurowska | Apelin in Reproductive Physiology and Pathology of Different Species: A Critical Review[END_REF]) . In women, PE is linked to increased plasma levels of chemerin [START_REF] Daskalakis | The role of serum adipokine levels in preeclampsia: A systematic review[END_REF]. In rat, a recent study shows that vitamin D supplementation would protect against development of preeclampsia through plasma chemerin reduction [START_REF] Nassar | Protective effect of vitamin D supplementation in a rat modal of preeclampsia: a possible implication of chemerin[END_REF].

Thus, the apelin and chemerin system might play an important role in the PE pathogenesis that is one of the main contributor to foetal, neonatal and maternal morbidity and mortality.

Testis

Apelin, APJ, chemerin and its three receptors CMKLR1, GPR1 and CCRL2 are expressed in rat and human male reproductive tracts (cited by [START_REF] Estienne | Involvement of Novel Adipokines, Chemerin, Visfatin, Resistin and Apelin in Reproductive Functions in Normal and Pathological Conditions in Humans and Animal Models[END_REF]). Intracerebroventricular infusion of Apelin-13 has been shown to reduce serum testosterone levels and the number of Leydig cells in testicular tissue suggesting that apelin may play a role in the central regulation of testosterone release by suppressing LH secretion (cited by [START_REF] Kurowska | Apelin in Reproductive Physiology and Pathology of Different Species: A Critical Review[END_REF]). An increase of apelin expression in varicocele-induced testicular tissue suggests that apelin may have a role in the varicocele etiopathogenesis [START_REF] Akkan | The effect of experimental varicocele on the apelin and APJ expressions in rat testis tissue[END_REF]. Chemerin, CMKLR1 and GPR1 proteins are specifically localised in Leydig cells of the human and rat testis. In rat primary Leydig cell cultures, chemerin suppressed the testosterone production induced by human chorionic gonadotropin (hGC, Figure 3). CMKLR1 deficiency significantly reduced serum testosterone levels and the mRNA levels for some steroidogenic enzymes and transcriptional regulator genes in mouse Leydig cells and testis tissue in vivo [START_REF] Zhao | Chemokine-like receptor 1 deficiency leads to lower bone mass in male mice[END_REF].

Thus, apelin and chemerin systems are expressed in testis and may be target proteins that should be more investigated in male reproductive pathologies.

Pharmacological potential of APJ and chemerin receptors as novel therapeutic targets

Given their broad effects in metabolic and reproductive functions, apelin and chemerin, as well as their receptors, appear as promising candidates for the development of novel therapeutic strategies. At present, several agonists and antagonists of APJ and chemerin receptors have been discovered and synthesized and showed some effectiveness in both in vitro and in vivo animal and human studies [START_REF] Fischer | A patent review of apelin receptor (APJR) modulators (2014-2019)[END_REF][START_REF] Huang | Targeting drugs to APJ receptor: From signaling to pathophysiological effects[END_REF][START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF]. Concerning APJ, three recent reviews have already detailed its several modulators and their potential therapeutic implications [START_REF] Fischer | A patent review of apelin receptor (APJR) modulators (2014-2019)[END_REF][START_REF] Huang | Targeting drugs to APJ receptor: From signaling to pathophysiological effects[END_REF][START_REF] Read | International Union of Basic and Clinical Pharmacology. CVII. Structure and Pharmacology of the Apelin Receptor with a Recommendation that Elabela/Toddler Is a Second Endogenous Peptide Ligand[END_REF], reason why, here, we will present only agonists and antagonists of chemerin receptors (Table 1). To date, at least four antagonists have been reported for CMKLR1 [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF], while no one has been still developed for GPR1. As shown in Table 1, several agonists for both CMKLR1 and GPR1 have been described. Most of these modulators have been tested in metabolic diseases, but only very few in reproductive disorders.

Conclusions

Apelin and chemerin receptors are GPCRs involved in both metabolic and reproductive functions in physiological and pathological conditions. The development of potent and selective drugs that target these signalling pathways remains a current need and an innovative perspective, not only as potential therapeutic agents, but also as pharmacological tools to better understand the role of chemerin and apelin systems. The canonical apelin signalling pathway involves the activation of inhibitory G proteins, Gi/o, leading to a dramatic decrease in intracytoplasmic cyclic adenosine monophosphate (cAMP) levels. However, in some cellular types, particularly in cardiomyocytes, APJ may also couple to Gq. Additionally, in Chinese hamster ovary cells stably expressing mouse APJ, apelin-13 and apelin-36 isoforms have been shown to activate the phosphorylation of ERK1/2 and in human umbilical vein endothelial cells (HUVECs), apelin seems to promote cell proliferation via ERK1/2-, mammalian target of rapamycin (mTOR)-, and Akt-dependent intracellular cascades, confirming that several downstream effectors can be triggered by APJ. Apelin binding to its receptor can also result in cytoplasmic β-arrestin recruitment, leading to its desensitization and internalization [START_REF] Luo | Apelin/APJ system: A critical regulator of vascular smooth muscle cell[END_REF][START_REF] Lv | Apelin/APJ system: A key therapeutic target for liver disease[END_REF] 

Legends to figures

Table 1: List of some agonists and antagonist of CMKLR1 and GPR1 receptors

Most of the data are compiled from [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF] Agonists Antagonists CMKLR1

Resolvin E1 through CMKLR1 mediates bone preservation [START_REF] Gao | Resolvin E1 and chemokine-like receptor 1 mediate bone preservation[END_REF], stimulates β arrestin recruitment and adenosine diphosphate activation of human platelets (reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF] ). C9 [chemerin(149-157)] prevents atherogenesis in vitro in human THP1 1 monocytes, HUVECs 2 , and HASMCs 3 and in vivo in aortic lesions in Apoe -/-mice [START_REF] Sato | Chemerin-9, a potent agonist of chemerin receptor (ChemR23), prevents atherogenesis[END_REF]. It causes concentration-dependent contraction in a rat conduit vessel (aorta) reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF].

CCX832 : it blocked C9-mediated β-arrestin recruitment at CMKLR1 in mesenchymal stromal cells , it also blocked chemerin induced cell. It blocks chemerin-induced vasoconstriction in rat aorta and human vessels in vitro (reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF]). α-NETA (2-(anaphthoyl) ethyltrimethylammonium iodide), it delays the onset of the autoimmune encephalomyelitis. Application in demyelinating disease [START_REF] Kumar | Novel CMKLR1 Inhibitors for Application in Demyelinating Disease[END_REF]. In reproduction, α-NETA intrauterinely injection into normal pregnant mice leads to the abortion of mouse embryos [START_REF] Yang | Role of chemerin/CMKLR1 in the maintenance of early pregnancy[END_REF]. C13 [chemerin(145-157)] reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF] CA4910 and CA5183 inhibit chemerin-induced intracellular Ca2+ release and antagonize chemotaxis of human monocute-derived dendritic cells. (reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF]). C15 [chemerin(141-155)] and C19 [chemerin(139-157)] terminal peptides stimulate glucose uptake in the presence of insulin by rat and mouse wild-type epididymal adipocytes [START_REF] Wargent | Evidence from studies in rodents and in isolated adipocytes that agonists of the chemerin receptor CMKLR1 may be beneficial in the treatment of type 2 diabetes[END_REF]. C20 [chemerin(138-157)] suppresses in vitro gonadal steroidogenesis in rat [START_REF] Li | Chemerin-Derived Peptide C-20 Suppressed Gonadal Steroidogenesis[END_REF] .

GPR1

C9 [chemerin(149-157)] through GPR1 is involved in β arrestin recruitment (reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF] ).

It doesn't yet exist antagonist for GPR1

C13 [chemerin(145-157)] through GPR1 is involved in β arrestin recruitment (reviewed in [START_REF] Kennedy | International Union of Basic and Clinical Pharmacology CIII: Chemerin Receptors CMKLR1 (Chemerin(1)) and GPR1 (Chemerin(2)) Nomenclature, Pharmacology, and Function[END_REF] ). C20 [chemerin(138-157)] suppresses in vitro gonadal steroidogenesis in rat [START_REF] Li | Chemerin-Derived Peptide C-20 Suppressed Gonadal Steroidogenesis[END_REF] . 
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