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Introduction

The prevalence of metabolic disorders is increasing worldwide and appears as a major public health concern. Management of these pathologies is complicated as practitioners are facing a wide range of new co-morbidities. This is exemplified by the increase of non-alcoholic fatty liver diseases (NAFLD), a spectrum of chronic liver conditions including non-alcoholic fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH) [START_REF] Chalasani | The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver Diseases[END_REF]. NAFL is defined as a presence of ≥ 5% hepatic steatosis without any sign of hepatocyte injury while NASH is present with ≥ 5% hepatic steatosis with inflammation and hepatocyte injury (ballooning) with or without fibrosis [START_REF] Chalasani | The diagnosis and management of nonalcoholic fatty liver disease: Practice guidance from the American Association for the Study of Liver Diseases[END_REF]. For example, it has been underlined that 75 to 100 million people in the United States are suffering from NAFLD (131) and it is the most common liver abnormality in children aged 2 to 19 years (166). While it is well accepted that genetic factors play a significant role, poor quality of life in terms of physical activity and nutrition are also major risk factors in the aetiology of these pathologies [START_REF] Chen | The worldwide epidemiology of type 2 diabetes mellituspresent and future perspectives[END_REF]117). In most cases, changing these unhealthy habits is sufficient to significantly improve the physiological profile of patients with obesity, type 2 diabetes (T2D) or NAFLD [START_REF] Alamuddin | Behavioral Treatment of the Patient with Obesity[END_REF][START_REF] Lin | Reduction in the Incidence of Type 2 Diabetes With Lifestyle Intervention or Metformin[END_REF]161). Also, emerging hypothesis associate NAFLD and the pathogenesis of extrahepatic diseases such as T2D or cardiovascular diseases (CVD). Indeed, elegant reviews report that NAFLD represents an independent risk factor for the incidence of T2D or CVD [START_REF] Adams | Non-Alcoholic fatty liver disease and its relationship with cardiovascular disease and other extrahepatic diseases[END_REF]113,151). Moreover, it appears that ectopic fat in the liver represents a stronger risk factor of different stages of prediabetes, insulin resistance or CVD than total or visceral fat mass [START_REF] Fabbrini | Intrahepatic fat, not visceral fat, is linked with metabolic complications of obesity[END_REF][START_REF] Kantartzis | The impact of liver fat vs visceral fat in determining categories of prediabetes[END_REF]153). While hepatic inflammation represents a good candidate [START_REF] Alkhouri | The inflamed liver and atherosclerosis: A Link between histologic severity of nonalcoholic fatty liver disease and increased cardiovascular risk[END_REF], the underlying mechanisms linking NAFLD and extrahepatic diseases remain to be deciphered.

The beneficial effects of exercise at the whole-body level are numerous, with particular reference, here, to the adaptive responses occurring in many organs conferring protection against metabolic diseases, such as obesity and T2D [START_REF] Booth | Lack of exercise is a major cause of chronic diseases[END_REF]. In order to optimise the prescription of physical activity, investigators seek to better understand the underlying mechanisms involved in the beneficial effects of exercise. Recent studies suggest that myokines, released by the skeletal muscle at rest and/or during exercise, might be partially involved [START_REF] Eckardt | Myokines in insulin resistance and type 2 diabetes[END_REF]123,165). Exercise-induced myokines can act locally to regulate skeletal muscle energy metabolism by improving insulin sensitivity, mitochondrial function or inflammation.

Myokines also participate in the cross talk during and after exercise between skeletal muscles and other organs (ie: adipose tissues, liver, prancreas). Furthermore, studies show that the liver can also release proteins, referred to here as hepatokines, which may alter whole-body homeostasis at rest and during exercise. Hepatokines can be either beneficial or deleterious in the context of metabolic disease by regulating signalling pathways involved in energy metabolism (109, 149). Interestingly, recent evidence suggests that exercise can modulate the expression of some hepatokines, suggesting that the liver might also participate in tissue cross-talk during physical activity [START_REF] Hansen | Exercise Induces a Marked Increase in Plasma Follistatin: Evidence That Follistatin Is a Contraction-Induced Hepatokine[END_REF][START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF][START_REF] Ingerslev | Angiopoietin-like protein 4 is an exercise-induced hepatokine in humans, regulated by glucagon and cAMP[END_REF]. This review aims to summarise the current literature on hepatokines and their regulation by acute and chronic exercise in the context of metabolic disorders such as obesity, insulinresistance, T2D, NAFL and NASH.

Hepatokines and metabolic diseases

Liver is a major metabolic organ. It serves as a site of storage and supply of nutrients to ensure metabolic homeostasis. Also, evidence supports that hepatocytes can produce and secrete proteins named as hepatokines (109, 149). Early studies in the area reported that a liver-derived protein, alpha 2-HS Glycoprotein, also known as fetuin-A, can inhibit insulin tyrosine kinase activation and might play a role in the pathogenesis of metabolic disorders [START_REF] Auberger | Characterization of a natural inhibitor of the insulin receptor tyrosine kinase: cDNA cloning, purification, and anti-mitogenic activity[END_REF]145). However, it is only recently that the progression of NAFLD worldwide (131) has generated great interest in hepatokines. Recent study from Xiong and collaborators compared the liver transcriptome and proteome of control and mice with diet-induced NASH (170).

RNA-sequence and proteomic analyses revealed that a total of 156 targets were altered at both mRNA and protein levels. Moreover, the authors reported a profound reprogramming of the hepatic secretome and membrane receptor gene expression during diet-induced NASH. Thus, these results suggest that hepatokine production could remodel metabolic homeostasis. This is exemplified by a number of studies revealing that hepatokines play a pivotal role in metabolism and contribute to the development of obesity, insulin-resistance, T2D, NAFL and NASH (109, 149). So far, about twenty hepatokines have been described to be involved in the regulation of energy and nutrient metabolism by acting directly on the liver or on distal target tissues (Table 1). These proteins regulate glucose and lipid metabolism in the liver, but also in the skeletal muscle or the adipose tissue. Moreover, hepatokines participate in inflammation, beta cell function or mitochondrial function and could participate in the development of CVD.

For example, the hepatokine selenoprotein P has been reported to be increased in patients with NAFLD or visceral obesity [START_REF] Choi | Increased Selenoprotein P Levels in Subjects with Visceral Obesity and Nonalcoholic Fatty Liver Disease[END_REF] and to contribute to the development of insulin resistance (110). Selenoprotein P also inhibits vascular endothelial growth factor-stimulated cell proliferation, tubule formation, and migration in human umbilical vein endothelial cells [START_REF] Ishikura | Selenoprotein P as a diabetes-associated hepatokine that impairs angiogenesis by inducing VEGF resistance in vascular endothelial cells[END_REF].

Thus, hepatokines can participate in inter-tissue crosstalk and play an influential role in hepatic and extra hepatic diseases.

Hepatokines and exercise

The beneficial effects of exercise in the context of metabolic disorders are numerous. A recent meta-analysis revealed that exercise, independently of weight loss, improves hepatic steatosis (154). Researches are hence focusing on understanding the molecular mechanism mediating the health promoting effect of regular exercise. One plausible explanation resides in exercise secreted factors. Firstly, due to its role in locomotion, research has focused on skeletal muscle. The most well-characterized myokine is Interleukin-6 (IL-6) (118, 148). Initial work reported that IL-6 is released and secreted by the contracting skeletal muscle during exercise and stimulates hepatic glucose production to ensure the energy demands of the contracting muscle are adequately met [START_REF] Febbraio | Interleukin-6 is a novel factor mediating glucose homeostasis during skeletal muscle contraction[END_REF]. Thus, muscle-derived IL-6 works as an energy sensor to increase release of energy substrates from liver and adipose tissues (124). Secondly, due to its central role in obesity-associated disorders, adipose tissue and adipokines have been investigated. While the effects of a single bout of exercise are modest, exercise training can remodel adipokine expression and secretion. In patients with type 2 diabetes, a recent metaanalysis showed that an aerobic exercise program was associated with a significant change in leptin but did not alter adiponectin levels [START_REF] Hayashino | Effects of exercise on C-reactive protein, inflammatory cytokine and adipokine in patients with type 2 diabetes: A meta-analysis of randomized controlled trials[END_REF]. Finally, studies reported that exercise can trigger the secretion of liver-derived proteins in response to exercise. Using hepatic arterialto-venous difference, it has been shown that a 1-h single bout of cycling increases HSP72 release from the liver [START_REF] Febbraio | Exercise induces hepatosplanchnic release of heat shock protein 72 in humans[END_REF]. Also, transcriptomic analyses in the liver revealed that exercise induces changes in the mRNA of secreted proteins suggesting that exercise can impact liver secretome [START_REF] Hoene | Activation of the mitogen-activated protein kinase (MAPK) signalling pathway in the liver of mice is related to plasma glucose levels after acute exercise[END_REF]. It is now clear that a single session of exercise is accompanied by the production of liver-secreted proteins. Hepatokines can also mediate the beneficial effects of chronic exercise or, at least, represent biomarkers of training-induced metabolic improvements (table 1). Interestingly, it has also been reported that selenoprotein-P deficiency increases responsiveness to exercise in mice through upregulation of reactive oxygen species and AMP-activated protein kinase in muscle (111), suggesting that liver-secreted proteins can influence exercise capacity.

Here, we review the current literature on exercise-induced hepatokines implicated in the regulation of metabolism and metabolic diseases. Hepatokines with i) proven release from the liver using arterial-to-venous difference over the splanchnic bed and increased hepatic mRNA expression (FGF21, Follistatin ANGPTL4) and/or ii) a clear role in the beneficial adaptation to chronic exercise (Fetuin-A) were specifically studied in this review.

Fibroblast growth factor 21 (FGF21)

FGF21 is a 24kDa protein that signals through a cell-surface receptor complex composed of a classic FGF receptor, FGFR1c, and the FGF coreceptor, β-klotho [START_REF] Kurosu | Tissue-specific expression of betaKlotho and fibroblast growth factor (FGF) receptor isoforms determines metabolic activity of FGF19 and FGF21[END_REF]115). It appears that FGF21 is highly expressed in the liver in both rodent and human (115, 126). Also, while a broad range of tissues are expressing FGF21 [START_REF] Tacer | Research Resource: Comprehensive Expression Atlas of the Fibroblast Growth Factor System in Adult Mouse[END_REF], it should be specified that, under physiological conditions, FGF21 gene expression is increased in the liver and to a lesser extent the brain (156) and the pancreas [START_REF] Kharitonenkov | Inventing new medicines: The FGF21 story[END_REF].

A/ FGF21 in metabolic diseases Since circulating FGF-21 concentrations increase with obesity (14, 179), T2D [START_REF] Chavez | Circulating Fibroblast Growth Factor-21 Is Elevated in Impaired Glucose Tolerance and Type 2 Diabetes and Correlates With Muscle and Hepatic Insulin Resistance[END_REF]103)and NAFLD (91), FGF21 levels have been reported as a marker of metabolic disorders (122). Also, it is important to notice that, independently of BMI, hepatic triglyceride content is the strongest determinant of hepatic FGF21 production and circulating FGF21 [START_REF] Li | Fibroblast growth factor 21 levels are increased in nonalcoholic fatty liver disease patients and are correlated with hepatic triglyceride[END_REF]173).

Mechanistically, it appears that high fructose consumption leads to an increase of FGF21 in mice and humans through the activation of ChREBP in the liver [START_REF] Fisher Ffolliott | A critical role for ChREBP-mediated FGF21 secretion in hepatic fructose metabolism[END_REF]. Lessons from transgenic mice have contributed considerably to our understanding of the role of FGF21 in energy metabolism regulation. Whole body FGF21 KO mice present with an impairment of glucose metabolism and an excessively abnormal body weight [START_REF] Badman | Fibroblast growth factor 21-deficient mice demonstrate impaired adaptation to ketosis[END_REF]. Moreover, in diet-induced obese (DIO) mice, insulin and glucose tolerance is more impaired when mice are conditionally lacking FGF21 in the liver compared with their age-and sex-matched control littermates (101). Also, FGF21 KO mice exhibit severe hepatic insulin resistance when fed with a ketogenic diet compared with WT controls, when assessed by the gold-standard technique, the hyperinsulinemic-euglycemic clamp. This was associated with an increase in hepatic diacylglycerol content, leading to protein kinase C ε activation, a well-known kinase involved in insulin signalling impairments [START_REF] Camporez | Hepatic insulin resistance and increased hepatic glucose production in mice lacking Fgf21[END_REF]136). Moreover, FGF21 KO mice exhibited increased hepatic steatosis and VLDLR protein content through the activation of the eIF2a-ATF4 pathway (178). Conversely, some studies have investigated the potential role for FGF21 as a therapeutic target to prevent and treat metabolic disorders. A first study revealed that 3 to 7 days of subcutaneous administration of FGF-21 to diabetic rodents led to a significant lowering of circulating glucose and triglycerides, as well as a reduction in fasted insulin levels and improved glucose clearance during an oral glucose tolerance test [START_REF] Kharitonenkov | FGF-21 as a novel metabolic regulator[END_REF]. Moreover, treatment for 12 weeks with escalating doses of FGF21 decreased body weight, improved glucose tolerance and reduced concentrations of plasma triglycerides in high fat-fed, obese monkeys (4). Amongst the effects of FGF21 upon the liver, continuous, two week infusion of FGF21 with a miniosmotic pump to diabetic rodents led to a significant decrease in hepatosteatosis [START_REF] Coskun | Fibroblast growth factor 21 corrects obesity in mice[END_REF]. It appears that FGF21 treatment abolished de novo lipogenesis through the reduction of SREBP-1 and fatty acid synthase in DIO mice (172). Also, in vivo hyperinsulinemic-euglycemic clamps in obese, leptin deficient (ob/ob) mice, revealed that 8 days of FGF21 injections improved hepatic insulin sensitivity and decreased hepatic glucose output [START_REF] Berglund | Fibroblast growth factor 21 controls glycemia via regulation of hepatic glucose flux and insulin sensitivity[END_REF]. In a mice model of NASH, Lee and colleagues reported that 3 weeks of injections with the FGF21 analog LY2405319 prevented oxidative stress in the liver, a key component in the development of insulin resistance [START_REF] Crescenzo | A possible link between hepatic mitochondrial dysfunction and diet-induced insulin resistance[END_REF][START_REF] Koliaki | Adaptation of Hepatic Mitochondrial Function in Humans with Non-Alcoholic Fatty Liver Is Lost in Steatohepatitis[END_REF][START_REF] Lee | An engineered FGF21 variant, LY2405319, can prevent non-alcoholic steatohepatitis by enhancing hepatic mitochondrial function[END_REF]. Finally, clinical trials in patients with T2D revealed that 28 days of treatment with the FGF21 analog LY2405319 decreases low-density lipoprotein cholesterol and triglycerides, increases high-density lipoprotein cholesterol and improves fasting insulin [START_REF] Gaich | The effects of LY2405319, an FGF21 Analog, in obese human subjects with type 2 diabetes[END_REF]. These data provide a scenario whereby metabolic health might be improved via the manipulation of systemic FGF21.

B/ Effect of exercise on FGF21

Given the aforementioned possible role of FGF21 in mediating metabolic health, it is of interest to identify ways in which FGF21 secretion can be altered. Exercise alters the expression of FGF21 with initial investigations suggesting that FGF21 is a myokine [START_REF] Izumiya | FGF21 is an Akt-regulated myokine[END_REF][START_REF] Izumiya | Fast/Glycolytic Muscle Fiber Growth Reduces Fat Mass and Improves Metabolic Parameters in Obese Mice[END_REF]. Indeed, transgenic mice (overexpressing Akt) characterized with increased muscle mass and strength exhibited a significant increase in systemic FGF21 compared with littermate controls.

Moreover, in cultured skeletal muscle cells, FGF21 expression and secretion was regulated by

Akt transduction supporting the idea that FGF21 is a myokine [START_REF] Izumiya | FGF21 is an Akt-regulated myokine[END_REF]. However, recent studies have questioned this. Hansen et al. analysed the direct production of FGF21 using hepatic and femoral vein and artery catherization [START_REF] Hansen | Glucagon-to-insulin ratio is pivotal for splanchnic regulation of FGF-21 in humans[END_REF]. They demonstrated, in healthy men, that FGF21 was secreted from the hepatosplanchnic bed but not in the leg during and after a prolonged bout of endurance exercise. In line with these results, investigations involving rodents support the contention that FGF21 is produced by liver. A single bout of endurance exercise significantly increases hepatic FGF21 mRNA expression, while the results are divergent in skeletal muscle [START_REF] Hansen | Glucagon-to-insulin ratio is pivotal for splanchnic regulation of FGF-21 in humans[END_REF][START_REF] Kim | Acute Exercise Induces FGF21 Expression in Mice and in Healthy Humans[END_REF][START_REF] Loyd | Fibroblast growth factor 21 is required for beneficial effects of exercise during chronic high-fat feeding[END_REF]159). Interestingly, when healthy male subjects were infused with glucagon and somatostatin to mimic exercise (6 ng.kg-1.min-1 and 100 ng.kg -1 .min -1 respectively) splanchnic FGF21 levels were significantly increased compared to saline infusion [START_REF] Hansen | Glucagon-to-insulin ratio is pivotal for splanchnic regulation of FGF-21 in humans[END_REF]. Conversely, exercise with a pancreatic clamp (somatostatin, 100 ng.kg -1 .min -1 ) completely blunted the exercise-induced increase in plasma FGF21, suggesting a role for pancreatic hormones in the regulation of hepatic FGF21 [START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF]. In line with these results, glucagon receptor knockout mice have a blunted induction of FGF21 mRNA in the liver in response to exercise [START_REF] Berglund | Glucagon and lipid interactions in the regulation of hepatic AMPK signaling and expression of PPARalpha and FGF21 transcripts in vivo[END_REF]. Also, resistance exercise, which elicits an increase in plasma insulin, does not induce FGF21 release in the bloodstream (114). Moreover, circulating FGF21 is also under the control of free fatty acids (FFA) levels during exercise in healthy men [START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF][START_REF] Kim | Acute Exercise Induces FGF21 Expression in Mice and in Healthy Humans[END_REF]. Mechanistically, incubation of the FaO cell line with palmitic acid triggered FGF21 transcription through the concomitant action of the activating transcription factor 4 (ATF4) and peroxisome proliferator-activated receptor alpha (PPARα). It could be hypothesized that exercise-induced lipolysis favours FGF21 production by the liver through an ATF4/PPARα pathway. Thus, FGF21 production by the liver during exercise appears to be regulated by a synergetic action of glucagon to insulin ratio and FFA levels. A caveat is that all these experiments were mainly performed in healthy subjects. A recent study revealed that exercise-induced plasma FGF21 elevation was abolished in patients with T2D [START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF] suggesting that FGF21 production in response to acute exercise is altered in patients with metabolic disruption. While basal FGF21 was higher in T2D patients compared with healthy subjects (60), it appears that hyperinsulinemia or hepatic insulin-resistance would rather impair exercise-induced FGF21 secretion. Indeed, it has been reported that FGF21 secretion is lower in obese patients with hyperinsulinemia compared with healthy subjects (143). Interestingly, there was no difference in basal FGF21 concentrations between both groups, but the clear mechanism affecting FGF21 secretion during exercise in the context of metabolic disease remain to be elucidated.

Other studies have assessed the impact of chronic exercise on circulating levels of FGF21 in the context of metabolic disorders. In humans, the results seem controversial. Some studies support the idea that chronic exercise, combined or not with diet intervention, can significantly decrease circulating FGF21 in obese or elderly people (157, 158, 174) while others did not observe any effect in obese or diabetic patients [START_REF] Andersen | A preliminary study: effects of football training on glucose control, body composition, and performance in men with type 2 diabetes[END_REF][START_REF] Besse-Patin | Effect of endurance training on skeletal muscle myokine expression in obese men: identification of apelin as a novel myokine[END_REF][START_REF] Kong | Short-Term High-Intensity Interval Training on Body Composition and Blood Glucose in Overweight and Obese Young Women[END_REF]. It is important to note that some methodological issues might explain these discrepancies. Firstly, these studies were performed in heterogeneous populations with respect to metabolic disruption. Also, FGF21 systemic levels are affected by various stimuli such as nutrient intake [START_REF] Lundsgaard | Circulating FGF21 in humans is potently induced by short term overfeeding of carbohydrates[END_REF], fasting status [START_REF] Fazeli | FGF21 and the late adaptive response to starvation in humans[END_REF] or circadian rhythm (177) that were not specified in these studies. Finally, not all these studies examined changes in systemic levels of insulin or FFA, hepatic fat content, or cardiorespiratory fitness which are seemingly important factors affecting FGF21 levels [START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF]157).

In a rodent model of T2D (OLETF), Fletcher et al. have investigated the effect of voluntary wheel running on FGF21 expression [START_REF] Fletcher | Modulating fibroblast growth factor 21 in hyperphagic OLETF rats with daily exercise and caloric restriction[END_REF]. The authors observed that active rats had a preserved hepatic mRNA and circulating FGF21 response compared to their sedentary littermates. Additionally, some studies in transgenic mice investigated whether FGF21 is necessary to mediate the effects of chronic exercise on improved energy metabolism.

However, voluntary wheel running reduced adiposity, adipose tissue inflammation, hyperinsulinemia, and hepatic fatty acid content and oxidation in both FGF21 KO mice and their control littermates [START_REF] Fletcher | Fibroblast growth factor 21 and exercise-induced hepatic mitochondrial adaptations[END_REF]129). On the contrary, in mice fed with a high fat diet (HFD), voluntary wheel running did not improve hepatic triglyceride content and glucose tolerance but prevented weight and fat mass gain independently of genotype [START_REF] Loyd | Fibroblast growth factor 21 is required for beneficial effects of exercise during chronic high-fat feeding[END_REF]. The authors concluded that FGF21 KO mice exhibited an impaired adaptation to exercise training, including reduced AMP-activated protein kinase activity in skeletal muscle. Based on these findings, FGF21 may be necessary for the health-benefits associated with regular exercise under high fat, but not normal, dietary conditions. As the liver is the main source of FGF21 (101), further examinations in liver specific deletion models of FGF21 would help to better understand the cellular adaptations to physical activity.

To sum up, FGF21 plays a pleiotropic role in lipid and glucose metabolism and can improve metabolic-related disorders. It is now well accepted that exercise contributes to the prevention of chronic diseases, but the underlying mechanisms are not well understood. Interestingly, the metabolic actions of FGF21 share those observed in response to exercise. Thus, the exerciseinduced production of FGF21 by the liver might represent one of the cellular mechanisms involved in the metabolic adaptations to exercise. Also, FGF21 interacts with many tissues and its production during exercise might facilitate inter-organ crosstalk.

Fetuin-A

Fetuin-A is a 64 kDa glycoprotein known as an endogenous ligand for Toll-like receptor 4 (TLR4) and encoded by the AHSG gene (121). This receptor is expressed in several organs and more specifically in tissues involved in substrate metabolism such as the liver (54), adipose tissue (127) and skeletal muscle [START_REF] Frisard | Toll-like receptor 4 modulates skeletal muscle substrate metabolism[END_REF]. Fetuin-A has also been shown to bind the β subunit of the insulin receptor [START_REF] Goustin | Ahsg-fetuin blocks the metabolic arm of insulin action through its interaction with the 95-kD β-subunit of the insulin receptor[END_REF].

A/ Fetuin A in metabolic disease Much like FGF21, Fetuin-A has been proposed as a biomarker for metabolic diseases (122).

For example, in a large cohort of 3170 community-living elderly individuals, a ten year follow up revealed that higher plasma Fetuin-A was associated with an increased incidence of T2D [START_REF] Ix | Association of fetuin-a with incident diabetes mellitus in community-living older adults: the cardiovascular health study[END_REF]. More generally, it has been reported that circulating levels of Fetuin-A are positively correlated with impaired glucose tolerance, insulin resistance, T2D and liver fibrosis (119, 120, 152, 175), while an association with hepatic fat accumulation remains unclear [START_REF] Aroner | Fetuin-A and risk of diabetes independent of liver fat content: The multi-ethnic study of atherosclerosis[END_REF]. Significantly, several works assert that Fetuin-A might play a pivotal role in the pathogenesis of metabolic disorders. Firstly, data from transgenic mice demonstrate that Fetuin-A participates in the onset of metabolic dysfunction (106, 107). Indeed, Fetuin-A KO mice were protected from the deleterious effects of high fat diet with improved glucose clearance rate. This was associated with a higher insulin-stimulated phosphorylation of insulin receptor and the downstream signalling molecules MAPK and Akt in both liver and skeletal muscle (107). Secondly, it has been reported that a single injection of fetuin-A inhibits insulin-stimulated insulin receptor autophosphorylation and IRS-1 phosphorylation in the liver and skeletal muscle of rats suggesting that fetuin-A may participate in the development of insulin resistance. Finally, in vivo and in vitro models of insulin resistance reinforce the idea that Fetuin-A is upregulated and released in the context of metabolic disruption. In vivo, it was observed that the expression of Fetuin-A mRNA in liver was increased by a high fat diet in rats [START_REF] Lin | Differential expression of insulin receptor tyrosine kinase inhibitor (fetuin) gene in a model of diet-induced obesity[END_REF]. Also, F-box and WD repeat domain-containing 7 (FBXW7), an E3 ubiquitin protein ligase involved in Fetuin-A ubiquitination and degradation, is markedly downregulated in the liver of obese patients (181). In vitro, Takata and colleagues reported that glucose infusion increased Fetuin-A protein expression and AHSG transcription through the activation of ERK1/2 signalling in HepG2 cells (155). Also, palmitate incubation increased Fetuin-A protein expression and secretion through activation of NF-κB in HepG2 cells and rat hepatocytes [START_REF] Dasgupta | NF-κB mediates lipid-induced fetuin-A expression in hepatocytes that impairs adipocyte function effecting insulin resistance[END_REF]. When secreted, Fetuin-A represents an endogenous ligand for TLR4 through which FFA induces insulin resistance, macrophage infiltration and inflammation in adipocytes (121, 150). It is important to note that TLR4 KO mice have been shown to be protected from insulin resistance induced by lipid infusion or by HFD (139).

Similarly, TLR4 activation in adipocytes resulted in insulin resistance (144). An effect of Fetuin-A has also been shown in the pancreas. While Fetuin-A promotes lipotoxicity of βcells through a TLR4-signaling pathway (138), it also impairs glucose-induced insulin secretion in a TLR-4-independent manner [START_REF] Gerst | Metabolic crosstalk between fatty pancreas and fatty liver: effects on local inflammation and insulin secretion[END_REF]. Finally, Fetuin-A may also promote insulin resistance by direct binding to the β subunit of insulin receptors, leading to decreased tyrosine kinase activity of the receptor [START_REF] Goustin | Ahsg-fetuin blocks the metabolic arm of insulin action through its interaction with the 95-kD β-subunit of the insulin receptor[END_REF]105). Together, these results support that Fetuin-A affects insulin secretion and resistance, adipose tissue inflammation and thus may participate in the pathogenesis of metabolic disorders.

B/ Effect of exercise on Fetuin-A

There are only two published articles that have investigated the effect of a single bout of exercise on Fetuin-A. The results show that a 60min session of cycling/treadmill exercise (60% of VO 2max ) does not modify circulating levels of Fetuin-A in both healthy and obese subjects (137). In obese individuals, serum phosphofetuin-A (Ser312) levels were immediately increased after a single bout of exercise (60-70% VO 2max expending 500 kcals) which decreased to baseline in 24 hours (104). Interestingly, glucose and insulin during OGTT were significantly decreased 24 hours after the session of exercise suggesting that exercise-induced lowering of Fetuin-A might participate in this acute health-benefit of exercise.

All other studies assessed the effect of chronic exercise on Fetuin-A. In rodents, Sakr et al.

(2014) have shown that 16 weeks of swimming exercise in male Sprague Dawley rats suffering from metabolic syndrome significantly decreases Fetuin-A serum levels and improves HOMA-IR index (135). Similar findings were reported in human by [START_REF] Malin | Fetuin-A is linked to improved glucose tolerance after short-term exercise training in non-alcoholic fatty liver disease[END_REF] who studied the effect of 7 days of endurance training (60min at 85%HR max ) on plasma Fetuin-A concentrations in obese patients with NAFLD (99). The authors observed a significant decrease in circulating Fetuin-A which was positively correlated with a reduced insulin resistance index and improved glucose tolerance. Later, the same team revealed that 12 weeks of endurance training induced a significant decrease of plasma Fetuin-A, which correlated with a decrease in hepatic, but not skeletal muscle or adipose insulin resistance (100). Interestingly, the effect of exercise on the decrease of Fetuin-A levels was not associated with a change in hepatic triglyceride content [START_REF] Malin | Fetuin-A is linked to improved glucose tolerance after short-term exercise training in non-alcoholic fatty liver disease[END_REF]. One plausible explanation would be that exercise-induced changes in fetuin-A may relate to changes in blood lipids rather than liver fat content. Indeed, Lee and colleagues reported that the decrease in plasma fetuin-A and FFA interacted to improve glucose infusion rate in sedentary and overweight disglycemic men in response to 12 weeks of concurrent training [START_REF] Lee | Interaction between plasma fetuin-A and free fatty acids predicts changes in insulin sensitivity in response to long-term exercise[END_REF]. Importantly, the decrease in plasma concentration of fetuin-A predicted changes in gene expression related to inflammatory TLRsignalling in macrophages in adipose tissue.

It is now well established that chronic exercise is beneficial for diseases associated with lowgrade inflammation such as obesity, T2D, NAFLD or NASH [START_REF] Bruun | Diet and exercise reduce low-grade inflammation and macrophage infiltration in adipose tissue but not in skeletal muscle in severely obese subjects[END_REF][START_REF] Kawanishi | Exercise training attenuates hepatic inflammation, fibrosis and macrophage infiltration during diet inducedobesity in mice[END_REF][START_REF] Kawanishi | Exercise training inhibits inflammation in adipose tissue via both suppression of macrophage infiltration and acceleration of phenotypic switching from M1 to M2 macrophages in high-fat-diet-induced obese mice[END_REF]. Altogether, we could hypothesize that exercise-induced lowering of fetuin-A through the downregulation of TLR4 pathway is one mechanism that participates in this anti-inflammatory process. Also, these studies suggest that regular exercise improves whole body and liver insulin sensitivity in patients with metabolic disease by decreasing circulating Fetuin-A levels. Thus, if exercise regulates Fetuin A expression, this might thus be one mechanism by which physical activity can influence the development of metabolic disease. One major limitation is that we are lacking studies examining the effect of a single bout of exercise on hepato-splanchnic production of fetuin-A. Also, it would be interesting to investigate the cellular modifications of the Fetuin-A signalling pathway in the liver in response to exercise.

Angiopoietin-like protein 4 (ANGPTL4)

Angiopoietin like protein 4 (ANGPTL4) a 45-65 kDa glycosylated and secreted protein which belongs to the angiopoietin-like gene family. ANGPTL4 mRNA is expressed in liver but also in adipose tissue and to a lesser extent in skeletal muscle [START_REF] Kersten | Caloric restriction and exercise increase plasma ANGPTL4 levels in humans via elevated free fatty acids[END_REF].

A/ ANGPTL4 in metabolic disease

Little is known about the determinants of plasma ANGPTL4 and its clinical relevancy in metabolic disorders. So far, a clear, positive relationship with plasma FFA has been shown [START_REF] Kersten | Caloric restriction and exercise increase plasma ANGPTL4 levels in humans via elevated free fatty acids[END_REF][START_REF] Van Der Kolk | Angiopoietin-Like Protein 4 and Postprandial Skeletal Muscle Lipid Metabolism in Overweight and Obese Prediabetics[END_REF]132). Furthermore, obese subjects generally have higher levels of plasma ANGPTL4 while an association with OGTT-and hyperinsulinemic-euglycemic clamp-derived indexes of insulin sensitivity are not clear (146). It is well established that ANGPTL4 participates in the regulation of lipid metabolism via the stimulation of lipolysis in adipocytes in a fasting state [START_REF] Gray | Angiopoietin-like 4 (Angptl4) Protein Is a Physiological Mediator of Intracellular Lipolysis in Murine Adipocytes[END_REF] and the inhibition of lipoprotein lipase (LPL) activity [START_REF] Lafferty | Angiopoietin-like protein 4 inhibition of lipoprotein lipase: evidence for reversible complex formation[END_REF]. LPL is an enzyme responsible for the hydrolysis of the triglyceride (TG) core of circulating TG-rich lipoproteins resulting in FFA which can be either stored or oxidized. Thus, overexpression of ANGPTL4 in mice resulted in a dramatic increase in circulating triglycerides and cholesterol, associated with a decrease in LPL activity, compared with wild-type littermates [START_REF] Köster | Transgenic angiopoietin-like (angptl)4 overexpression and targeted disruption of angptl4 and angptl3: regulation of triglyceride metabolism[END_REF]. Concerning glucose metabolism, the role of ANGPTL4 is unclear. Overexpression of Angptl4 by adenovirus improved glucose tolerance in mice compared with control, and reduced hepatic glucose production in rat hepatocytes (171). On the contrary, hyperinsulinemic-euglycemic clamp analyses revealed that whole-body transgenic overexpression of ANGPTL4 causes impaired glucose utilisation and insulin resistance, and higher insulin-mediated suppression of glucose production in the liver [START_REF] Lichtenstein | Angptl4 upregulates cholesterol synthesis in liver via inhibition of LPL-and HL-dependent hepatic cholesterol uptake[END_REF]. Recently, Janssen and colleagues investigated the effect of wholebody deletion of ANGPTL4 on glucose homeostasis and metabolic function using a dietinduced obesity model [START_REF] Janssen | Loss of angiopoietin-like 4 (ANGPTL4) in mice with diet-induced obesity uncouples visceral obesity from glucose intolerance partly via the gut microbiota[END_REF]. The authors observed that ANGPTL4 -/-mice exhibited elevated fat mass, visceral fat mass and inflammation but, interestingly, improved glucose tolerance compared with wild type controls. Specific adipose tissue deletion of ANGPTL4 also resulted in improved glucose metabolism, associated with decreased ectopic lipid deposition in the liver and skeletal muscle [START_REF] Aryal | Absence of ANGPTL4 in adipose tissue improves glucose tolerance and attenuates atherogenesis[END_REF]. Overall, ANGPTL4 seems to display a dichotomous effect on lipid and glucose metabolism.

B/ Effect of exercise on ANGPTL4 Kersten and colleagues (2009) first reported that endurance cycling exercise (50% VO 2max for 2 h) increased ANGPTL4 circulating levels in fasted but not fed young healthy males [START_REF] Kersten | Caloric restriction and exercise increase plasma ANGPTL4 levels in humans via elevated free fatty acids[END_REF].

Lately, micro-array analysis of vastus lateralis samples following a single bout of one-legged cycle exercise (60min at 50% of maximum workload (Wmax)) revealed a significant increase in ANGPLT4 mRNA, interestingly in both legs with a more pronounced elevation in the nonexercising limb [START_REF] Catoire | Pronounced Effects of Acute Endurance Exercise on Gene Expression in Resting and Exercising Human Skeletal Muscle[END_REF]. To better understand this difference and the role of ANGPTL4 in exercise-induced metabolic adaptations, Catoire and colleagues repeated this one leg exercise protocol to bring to light the regulatory mechanism [START_REF] Catoire | Fatty acid-inducible ANGPTL4 governs lipid metabolic response to exercise[END_REF]. The authors revealed that induction of ANGPTL4 in non-exercising muscle is mediated by elevated plasma free fatty acids via PPARδ, presumably leading to prevent fat overload and provide fatty acids to the active skeletal muscle. However, it is unclear whether the increase in circulating ANGPTL4 levels is triggered by an increased mRNA and production of ANGPTL4 from skeletal muscle or whether other tissues contribute as well. Recently, an elegant investigation from Ingerslev and colleagues depicted the mechanism of ANGPTL4 production in response to exercise [START_REF] Ingerslev | Angiopoietin-like protein 4 is an exercise-induced hepatokine in humans, regulated by glucagon and cAMP[END_REF]. By assessing arterial-to-venous differences over the leg and the hepato-splanchnic bed, the authors revealed that the increase in plasma ANGPTL4 in exercising humans is liver-derived with no contribution of the exercising muscles. Moreover, when exercise was performed under pancreatic clamp to inhibit the increase in glucagon-to-insulin ratio and FFA, ANGPTL4 production was blunted. This suggests that glucagon-to-insulin ratio and FFA plays a pivotal role in ANGPTL4 production. In vitro, hormonal infusions revealed that the glucagon-to-insulin ratio through the activation of the cAMP-PKA pathway triggered ANGPTL4 mRNA production in hepatocytes [START_REF] Ingerslev | Angiopoietin-like protein 4 is an exercise-induced hepatokine in humans, regulated by glucagon and cAMP[END_REF]. Together, these data suggest that ANGPTL4 is an exercise-induced hepatokine and that the skeletal muscle is not involved in the increase of the plasma concentration. Notwithstanding, ANGPTL4 production by the skeletal muscle during exercise may have an autocrine function [START_REF] Catoire | Fatty acid-inducible ANGPTL4 governs lipid metabolic response to exercise[END_REF]146). Furthermore, while a single bout of endurance exercise (60min at 14m.min-1 and 14° inclination) increased mRNA expression of ANGPLT4 in liver of mice [START_REF] Hoene | Acute regulation of metabolic genes and insulin receptor substrates in the liver of mice by one single bout of treadmill exercise[END_REF], it is unclear whether hepatocytes are responsible for the increase of the serum protein level in response to exercise in this rodent model. Also, Norheim and colleagues observed a significant increase in serum concentration of ANGPTL4 in response to 60min of cycling (70% of VO2max) which was even more pronounced in dysglycemic subjects compared to controls (116).

Regarding chronic exercise, little is known about the impact of endurance training on circulating ANGPTL4. In healthy humans, Catoire et al. (2014) observed that 2 weeks (a session of 45 min, 3-min intervals at 70% and 35% Wmax alternated with a session of 120 min at 50% Wmax) or 12 weeks of endurance training (three times per week for 47.5 ± 2.5 min at 40% VO 2max ) did not alter circulating ANGPTL4 [START_REF] Catoire | Fatty acid-inducible ANGPTL4 governs lipid metabolic response to exercise[END_REF]. In obese patients, it has been shown that 6 months of endurance training (3 times per week for 60-75 min at 70% of heart rate (HR) reserve) resulted in a significant weight loss and an increase of serum ANGPTL4 [START_REF] Cullberg | Effect of weight loss and exercise on angiogenic factors in the circulation and in adipose tissue in obese subjects[END_REF].

Physical activity triggers short-and long-term adaptations to supply the energetic demands of the body. Lipid metabolism is one of the key components and multiple mechanisms underpin the adaptive responses to acute and chronic exercise. We describe here work suggesting that ANGPTL4 regulates LPL activity and thus, plays a pivotal role in lipid metabolism. As ANGPTL4 is an exercise-induced hepatokine, this mechanism could participate in the adaptation of lipid metabolism to physical activity. However, it is now necessary to decipher whether production of ANGPTL4 during exercise participates in the health-benefits of physical activity to prevent and treat metabolic disease. Finally, as ANGPTL4 appears to play an important role in skeletal muscle lipid metabolism [START_REF] Catoire | Fatty acid-inducible ANGPTL4 governs lipid metabolic response to exercise[END_REF], this hepatokine might participate in exercise-induced inter-organ crosstalk between the liver and the skeletal muscle.

Follistatin (Fst)

Fst is a glycosylated plasma protein, which is a member of the TGFβ superfamily. Fst was first described for its role in reproduction [START_REF] De Kretser | Inhibins, activins and follistatin in reproduction[END_REF], but is also implicated in the regulation of the skeletal muscle mass (134). Recently, it was reported that Fst is highly expressed in the liver but also in skeletal muscle and white and brown adipose tissues [START_REF] Braga | Follistatin promotes adipocyte differentiation, browning, and energy metabolism[END_REF][START_REF] Hansen | Exercise Induces a Marked Increase in Plasma Follistatin: Evidence That Follistatin Is a Contraction-Induced Hepatokine[END_REF]. There are two Fst isoforms: Fst 288 and Fst 315 (140).

A/ Fst in metabolic disease

It is thought that Fst levels are increased in patients with T2D, NAFLD and NASH compared with control subjects and that they correlate positively with HbA1c, fasting blood glucose, and impaired glucose tolerance [START_REF] Hansen | Plasma follistatin is elevated in patients with type 2 diabetes: relationship to hyperglycemia, hyperinsulinemia, and systemic low-grade inflammation[END_REF][START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF]176). Also, Polyzos and colleagues assessed the circulating levels of Fst in lean and obese subjects and patients with NAFLD or NASH (128).

There was no difference between subjects but Fst levels were associated with NASH within NAFLD patients. The authors suggested that Fst may underlie the progression from NAFLD to NASH (128). Finally, recent findings reported that bariatric surgery significantly decreased Fst and this correlates with improved Hba1c in obese patients with diabetes (160). In line with these observations, in vivo and in vitro investigations support the idea that Fst plays a pivotal role in glucose metabolism. It has been shown that Fst participates in systemic metabolic dysregulation by hepatic FoxO1 activity (160). Also, during HFD, overexpression of Fst315 by adenovirus in mice impaired the glycaemic response to OGTT compared with control mice (160). Interestingly, Fst315-KO mice exhibit steatosis while hepatic insulin signalling, as assessed by phospho-Akt in response to insulin injection, was improved (163). Recently, an elegant study from Tao and colleagues suggested that Fst targets hepatic glucose production (160). In a mouse model of insulin resistance (LDKO), silencing the hepatic Fst allele restored glucose tolerance and insulin levels compared with control LDKO. Also, hyperinsulinemic-euglycemic clamps revealed an improvement in insulin sensitivity, through an increase in Akt signalling in white adipose tissue and a decrease in hepatic glucose production. Thus, it appears that Fst is a hepatokine which participates in the development of metabolic disorders. However, further clinical studies are needed to clearly establish the role of Fst in metabolic disorders. Also, it is important to note that Fst seems to have opposite functions depending on the tissues. For example, overexpression of Fst in pancreatic β-cells improved fasting blood glucose in db/db mice (180) suggesting a complex role of Fst in metabolism.

B/ Effect of exercise on Fst

Fst was studied in the area of exercise because of its role in regulating skeletal muscle hypertrophy by antagonizing myostatin [START_REF] Dalbo | Acute Loading and Aging Effects on Myostatin Pathway Biomarkers in Human Skeletal Muscle After Three Sequential Bouts of Resistance Exercise[END_REF][START_REF] Dieli-Conwright | Influence of hormone replacement therapy on eccentric exercise induced myogenic gene expression in postmenopausal women[END_REF][START_REF] Gilson | Follistatin induces muscle hypertrophy through satellite cell proliferation and inhibition of both myostatin and activin[END_REF]. Recent findings reported that Fst is released in the bloodstream in response to an acute bout of exercise. A first study performed by Hansen and colleagues revealed that 3h of cycling at 50% of VO 2max increased circulating levels of Fst but not Fst mRNA content in the vastus lateralis of healthy subjects [START_REF] Hansen | Exercise Induces a Marked Increase in Plasma Follistatin: Evidence That Follistatin Is a Contraction-Induced Hepatokine[END_REF]. When the authors assessed the response of 1h of swimming in mice in several tissues, they observed a marked increase of mRNA content and protein level of Fst in the liver but not in skeletal muscle. This prompted the authors to determine the source of Fst during exercise in humans using liver vein catheterization [START_REF] Hansen | Circulating Follistatin Is Liver-Derived and Regulated by the Glucagon-to-Insulin Ratio[END_REF]. A significant increase in Fst in both hepatic vein and artery in response to 2h of cycling at 60% of VO 2max was observed. More importantly, arterial-to-venous differences was negative during the exercise session demonstrating a constant hepatic secretion of Fst from the splanchnic bed. This secretion can partly be explained by an increase in glucagon to insulin ratio during exercise [START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF]. Indeed, combined somatostatin-glucagon infusion increased plasma Fst while its secretion in response to exercise during a pancreatic clamp was partially blunted in humans [START_REF] Hansen | Exercise-Induced Secretion of FGF21 and Follistatin Are Blocked by Pancreatic Clamp and Impaired in Type 2 Diabetes[END_REF][START_REF] Hansen | Circulating Follistatin Is Liver-Derived and Regulated by the Glucagon-to-Insulin Ratio[END_REF]. This hypothesis was reinforced by in vitro investigations that revealed that glucagon increases, and insulin inhibits Fst production through the secondary messenger cAMP in hepatocytes [START_REF] Hansen | Circulating Follistatin Is Liver-Derived and Regulated by the Glucagon-to-Insulin Ratio[END_REF]. It is important to note that Fst secretion during exercise is impaired in patients with T2D (60) but not in obese subjects (137). Together, these studies suggest that an acute bout of exercise leads to Fst liver secretion.

While the acute regulation of Fst by exercise is partially characterised, the relationship between chronic exercise and Fst has not been extensively studied. It has been reported that resistance training is associated with an increase in circulating Fst in elderly overweight women [START_REF] Hofmann | Effects of elastic band resistance training and nutritional supplementation on muscle quality and circulating muscle growth and degradation factors of institutionalized elderly women: the Vienna Active Ageing Study (VAAS)[END_REF]. Also, high-intensity interval training (HIIT) increase Fst levels in sedentary but not life-long active elderly subjects [START_REF] Elliott | Lifelong exercise, but not short-term high-intensity interval training, increases GDF11, a marker of successful aging: a preliminary investigation[END_REF]. Regarding hepatic Fst, one study observed that 4 weeks of swimming training decreased similarly mRNA content of Fst in both lean and obese rats when compared with controls (141).

Regular physical activity is well known to promote glucose control and insulin sensitivity. We summarize here that Fst may participate in the regulation of these processes and in the development of metabolic disorders. Evidence suggests that Fst is an exercise-induced hepatokine, but little is known about its long-term adaptation to regular exercise. However, due to its biological properties mentioned above, it could be speculated that Fst participates in the cellular adaptation to exercise and to metabolic disease prevention. Also, Fst is involved in skeletal muscle mass hypertrophy and in β-cell function, and could mediate exerciseinduced inter-organ crosstalk.

Methodological limitations and future directions.

In this review, we aimed to summarize the current literature regarding some proposed hepatokines involved in metabolic functions that are secreted in response to an acute session of exercise and their regulation in response to training. While results are promising to better understand the cellular and molecular adaptations to exercise, several challenges need to be overcome. From a methodological point of view, key points need to be addressed before considering a protein as an exercise-induced hepatokine that participates in the healthpromoting benefits of exercise. Firstly, clearly demonstrating a protein is secreted by the liver is technically challenging and we have mentioned how researchers have used arterial-venous difference analyses to overcome this [START_REF] Hansen | Glucagon-to-insulin ratio is pivotal for splanchnic regulation of FGF-21 in humans[END_REF][START_REF] Hansen | Circulating Follistatin Is Liver-Derived and Regulated by the Glucagon-to-Insulin Ratio[END_REF][START_REF] Ingerslev | Angiopoietin-like protein 4 is an exercise-induced hepatokine in humans, regulated by glucagon and cAMP[END_REF]. Secondly, determining the key function of a protein released from the liver is difficult. However, the generation of hepatocyte-specific gene knockout mouse models is a useful approach. For example, employing the Cre/Lox system, Markan and colleagues generated a model of mice lacking FGF21 specifically in the liver (101) which could be used to assess if FGF21 is necessary for the beneficial metabolic adaptions to exercise. Similarly, liver specific adenoviral overexpression of FGF21 (93) could help clarify the role of FGF21 in training.

Another challenge is to discover new exercise-responsive hepatokines that are released from the liver to influence whole-body glucose or lipid homeostasis. To do so, deep proteomic analyses associated with mass spectrometry may allow identification of new hepatokine candidates. Recently, Meex and colleagues suggested that purified hepatocytes can secrete more than 500 proteins with 114 differentially expressed under steatotic conditions (108). A similar approach could be envisaged to test the effect of exercise upon the liver secretome.

When identified, specific attention should be paid on the cellular mechanisms involved in hepatokine expression, secretion and action. For instance, there are two proposed mechanisms that trigger hepatokine release in response to exercise: glucagon to insulin ratio and FFA levels (Fig. 1). The hormonal changes during exercise generally occur to ensure cardiovascular adjustments, energy substrate disposal and/or hydration [START_REF] Hackney | Exercise and the Regulation of Endocrine Hormones[END_REF]. Thus, it could be hypothesized that hepatokine secretion acts as a conduit for the adaptation to exercise.

Regarding their actions, we reported here that hepatokines are secreted in to the bloodstream in response to a single bout of endurance exercise. As hepatokines can interact with other tissues, we can speculate that exercise-induced secreted protein from the liver participates in inter-tissue crosstalk.

It is well accepted that whole body homeostasis is influenced differently by exercise depending on its modality and the conditions in which it is performed. There exists a broad range of resistance or aerobic exercises such as classical moderate intensity continuous training (MICT), as well as the more recently proposed HIIT programs or sprint interval training (SIT) [START_REF] Keating | A systematic review and meta-analysis of interval training versus moderate-intensity continuous training on body adiposity[END_REF]. Interestingly, it appears that short period HIIT training is well tolerated by patients and has a pronounced impact on glycemic control in patients with T2D [START_REF] Francois | Effectiveness and safety of high-intensity interval training in patients with type 2 diabetes[END_REF]. Thus, further studies are warranted to determine the optimal modalities of exercise that trigger hepatokine secretion to help the clinician to prescribe physical activity. In addition, nutritional status (fed vs fasted) or strategies (ie post exercise carbohydrate consumption) should be investigated in the context of hepatokine secretion. For example, exercise-induced plasma ANGPTL4 increases were blunted in the fed compared with the fasted state [START_REF] Kersten | Caloric restriction and exercise increase plasma ANGPTL4 levels in humans via elevated free fatty acids[END_REF].

Finally, the aforementioned studies regarding exercise and hepatokines were performed in a broad range of subjects with respect to sex, age and metabolic disruptions. Thus, clinical studies are warranted in large cohort of patients with a long term follow up to decipher the contribution of hepatokines in metabolic adaptations to physical activity and, ultimately, improve the management of obesity, insulin-resistance, T2D, NAFLD and NASH through adapted training programs.
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