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Introduction

Worldwide incidence of obesity has increased exponentially in the last few years as well as the prevalence of low-grade inflammation associated disorders [START_REF] O'neill | Metabolic syndrome: a closer look at the growing epidemic and its associated pathologies[END_REF] such as non-alcoholic fatty liver disease (NAFLD) [START_REF] Loomba | The global NAFLD epidemic[END_REF], type 2 diabetes (T2D) and cardiovascular diseases (CVD) [START_REF] Després | Body Fat Distribution and Risk of Cardiovascular Disease[END_REF].

Aside from traditional biomarkers of metabolic risks, progress in analytical technologies in the last decades have facilitated the study of other molecules, especially bioactive lipids such as phospholipids and sphingolipids (SL). SL are known as ubiquitous molecules that are important components of cell membranes and lipoproteins [START_REF] Iqbal | Sphingolipids and Lipoproteins in Health and Metabolic Disorders[END_REF]. They are involved in many biological processes starting with cell growth, senescence and death as well as cell adhesion and migration, but also inflammation, immune responses and nutrient uptake, among others [START_REF] Hannun | Sphingolipids and their metabolism in physiology and disease[END_REF]. It is also starting to emerge that SL could be involved in the pathophysiology of obesity and cardiometabolic risk factors. Indeed, changes in plasma or serum SL concentrations are associated with metabolic disorders as well as accumulation of some SL species in insulinsensitive tissues, such as the liver [START_REF] Choi | Sphingolipids in High Fat Diet and Obesity-Related Diseases[END_REF]. SL could also be involved in the accumulation of an emerging cell organelle that is the lipid droplets (LD), especially in non-adipose tissue [START_REF] Deevska | The expanding role of sphingolipids in lipid droplet biogenesis[END_REF]. In addition to the endogenous SL metabolism, exogenous SL present in the diet also need to be considered, especially regarding their potential effect on the intestine and the gut microbiotaother important actors of metabolic homeostasis [START_REF] Fava | Gut microbiota and health: connecting actors across the metabolic system[END_REF]. Another non-negligible aspect is that the liver and the gut are organs that are largely involved in and impacted by metabolic abnormalities. Considering that they are the producers of lipoproteins that carry a great amount of both endogenous and exogenous SL, it is also highly relevant to study the possible effect of an altered SL metabolism on these particles. Indeed, lipoproteins are already known to be highly involved in various metabolic diseases from T2D to atherosclerosis and coronary heart disease but the impact of their SL composition remains largely unknown.

In this review, we will describe the involvement of SL in different pathophysiological mechanisms related to lipid metabolism that could be reflected on systemic SL concentrations and associated with the development of metabolic diseases.

Overview of sphingolipids metabolism

SL represent a class of bioactive lipids that was first identified in the 19 th century [START_REF] Thudichum | A treatise on the chemical constitution of the brain[END_REF]. Interest for these particular lipids has markedly increased with the study of genetic SL disorders and the identification of complex SL such as cerebrosides or gangliosides. Many elegant reviews have already detailed SL metabolism to which the interested reader can refer [START_REF] Iqbal | Sphingolipids and Lipoproteins in Health and Metabolic Disorders[END_REF][START_REF] Gault | An overview of sphingolipid metabolism: from synthesis to breakdown[END_REF][START_REF] Merrill | De novo sphingolipid biosynthesis: a necessary, but dangerous, pathway[END_REF][START_REF] Rao | Sphingolipid metabolic pathway: an overview of major roles played in human diseases[END_REF], therefore this section will provide a summary of the major pathways. Briefly, the biosynthesis of SL starts in the endoplasmic reticulum from the condensation of serine and palmitoyl-CoA, and leads to the production of ceramides (Cer) by the introduction of a double bond into its precursor dihydroceramide [START_REF] Siddique | Dihydroceramides: From Bit Players to Lead Actors[END_REF]. Cer represent the basic structure of SL with the presence of a sphingosine base and an acyl chain that can be of various lengths.

Each SL class present numerous molecular species according to the number of carbon of this acyl chain (C16, C18, C20, etc.). Sphingomyelin (SM) can be synthetized from Cer by condensation of phosphocholine to a Cer. Of note, SM is also classified as a phospholipid.

Finally, more complex molecules comprised in the glycosphingolipid family, such as GM3 ganglioside for example, are constituted of a Cer backbone and various type and number of sugar molecules (Figure 1).

In addition to de novo synthesis, the generation of Cer from hydrolysis of SM or breakdown of glycosphingolipids can also lead to its conversion into other SL classes or bioactive derivatives), which makes Cer a central molecule of the SL biosynthesis pathway. Cer can be converted back to sphingosine for this base to be recycled into SL synthesis again or phosphorylated to produce sphingosine-1-phosphate (S1P) [START_REF] Bartke | Bioactive sphingolipids: metabolism and function[END_REF]. SL metabolism is a highly regulated process that can lead to thousands of molecules for which the functions will vary according to their molecular composition and structure (see further details in [START_REF] Futerman | The complex life of simple sphingolipids[END_REF][START_REF] Hannun | Principles of bioactive lipid signalling: lessons from sphingolipids[END_REF][START_REF] Bartke | Bioactive sphingolipids: metabolism and function[END_REF][START_REF] Kolter | A view on sphingolipids and disease[END_REF].

Plasma alterations of SL metabolism in metabolic diseases

In the bloodstream, SL are present in the outer cell membranes, in lipoproteins and bound to albumin as well. In healthy individuals, plasma SL are mostly represented by SM (87% of total SL) [START_REF] Iqbal | Sphingolipids and Lipoproteins in Health and Metabolic Disorders[END_REF], whereas glycosphingolipids contribute to 9-10% and Cer to 3% of total plasma SL. With few exceptions, detected SL mainly belong to C16, C18 and C24 species in human plasma and tissues [START_REF] Hammad | Blood sphingolipidomics in healthy humans: impact of sample collection methodology[END_REF]. SM is co-localized with cholesterol in cell membranes and all classes of lipoproteins [START_REF] Slotte | The functional role of sphingomyelin in cell membranes[END_REF] while Cer are equally distributed between ApoB-containing lipoproteins and HDL [START_REF] Hammad | Blood sphingolipidomics in healthy humans: impact of sample collection methodology[END_REF] (Table 1). Glycosphingolipids, mostly glucosylceramides and lactosylceramides, are also present on VLDL, LDL and HDL. Another SL found in plasma and carried in part by lipoproteins is S1P, which is the most abundant SL in HDL [START_REF] Iqbal | Sphingolipids and Lipoproteins in Health and Metabolic Disorders[END_REF]. *An important part of total plasma S1P is carried by albumin (30-40%)

1. Ceramides and their precursors

In obesity and cardiometabolic diseases, many organs are affected and thus involved in the development of IR and low-grade inflammation, and this can be reflected in systemic circulation [START_REF] Summers | A role for sphingolipids in producing the common features of type 2 diabetes, metabolic syndrome X, and Cushing's syndrome[END_REF]. Among SL classes that could be potential biomarkers for metabolic diseases, Cer are the most studied. It is now well established that Cer metabolism is altered in the context of T2D. Many studies have shown an elevation of circulating Cer [START_REF] Chaurasia | Ceramides -Lipotoxic Inducers of Metabolic Disorders[END_REF][START_REF] Haus | Plasma ceramides are elevated in obese subjects with type 2 diabetes and correlate with the severity of insulin resistance[END_REF] and a positive association with insulin resistance [START_REF] Kuzmenko | Role of Ceramide in Apoptosis and Development of Insulin Resistance[END_REF] as well as a role of Cer in β-cell apoptosis [START_REF] Galadari | Role of ceramide in diabetes mellitus: evidence and mechanisms[END_REF]. Higher plasma concentrations of Cer, as compared to healthy individuals, have even been reported in obese female children and adolescents with T2D and it was correlated with a deleterious metabolic profile [START_REF] Lopez | Plasma ceramides are elevated in female children and adolescents with type 2 diabetes[END_REF]. Cer increased plasma levels have also been described in other metabolic diseases or cardiovascular risk factors, such as NAFLD [START_REF] Kasumov | Ceramide as a mediator of non-alcoholic Fatty liver disease and associated atherosclerosis[END_REF], visceral obesity [START_REF] Choromanska | Metabolic Syndrome is Associated with Ceramide Accumulation in Visceral Adipose Tissue of Women with Morbid Obesity[END_REF][START_REF] Raichur | The role of C16:0 ceramide in the development of obesity and type 2 diabetes: CerS6 inhibition as a novel therapeutic approach[END_REF], atherosclerosis [START_REF] Jiang | Plasma sphingomyelin level as a risk factor for coronary artery disease[END_REF], and are a predictor of cardiovascular mortality [START_REF] Meeusen | Plasma Ceramides[END_REF]. In addition, Peterson et al. [START_REF] Peterson | Ceramide Remodeling and Risk of Cardiovascular Events and Mortality[END_REF] recently demonstrated that a decreased Cer C24:0/C16:0 ratio could be a more potent predictive marker of coronary heart disease incidence and all-cause mortality, than alterations in specific Cer species.

There is also an increasing interest for other SL classes in the context of metabolic diseases, especially Cer precursors such as dihydroceramides. Indeed, very recent studies suggest that dihydroceramides are not inert molecules as it was first thought, but are also involved in metabolic disturbances [START_REF] Siddique | Dihydroceramides: From Bit Players to Lead Actors[END_REF]. Plasma level of dihydroceramides could even be considered as a potential predictive biomarkers for the development of T2D [START_REF] Wigger | Plasma Dihydroceramides Are Diabetes Susceptibility Biomarker Candidates in Mice and Humans[END_REF]. For instance, two different clinical studies corroborated results obtained in mouse models by showing a specific increase in plasma long-chain fatty acids (FA)-containing dihydroceramides in individuals who develop metabolic disorders related to obesity and T2D [START_REF] Wigger | Plasma Dihydroceramides Are Diabetes Susceptibility Biomarker Candidates in Mice and Humans[END_REF][START_REF] Mousa | Lipidomic profiling reveals early-stage metabolic dysfunction in overweight or obese humans[END_REF]. In vitro experiments also demonstrated that the accumulation of dihydroceramides inhibits autophagy-related pathways, which in turn could lead to fibrosis and thus plays a role in the progression of NAFLD [START_REF] Lee | Dihydroceramide is a key metabolite that regulates autophagy and promotes fibrosis in hepatic steatosis model[END_REF]. It was also revealed that levels of sphingosine and sphinganine are elevated in plasma of patients suffering from T2D, compared to healthy individuals [START_REF] Gorska | Concentrations of sphingosine and sphinganine in plasma of patients with type 2 diabetes[END_REF]. Regarding S1P, its involvement in cardiometabolic diseases is quite controversial; starting with the fact that a large part (50-70 %) of S1P in circulation is comprised in HDL, which are particles known to have anti-atherogenic effect. However, low S1P concentrations in HDL from T2D or coronary artery disease patients are associated with HDL dysfunctions [START_REF] Sattler | Defects of High-Density Lipoproteins in Coronary Artery Disease Caused by Low Sphingosine-1-Phosphate Content[END_REF][START_REF] Vaisar | Type 2 diabetes is associated with loss of HDL endothelium protective functions[END_REF]. In the development of atherosclerosis, it is not really defined yet if S1P has beneficial or deleterious effects [START_REF] Maceyka | Sphingosine-1-phosphate signaling and its role in disease[END_REF].

Indeed, a recent review from Kurano and Yatomi highlighted that S1P bound to HDL via apolipoprotein M displays atheroprotective properties, while when bound to albumin it exerts both beneficial and harmful effects [START_REF] Kurano | Sphingosine 1-Phosphate and Atherosclerosis[END_REF]. Same as for the involvement of S1P in T2D and obesity since it has been reported that S1P plasma levels are increased in these two populations compared to healthy individuals [START_REF] Ito | Increased plasma sphingosine-1-phosphate in obese individuals and its capacity to increase the expression of plasminogen activator inhibitor-1 in adipocytes[END_REF][START_REF] Randriamboavonjy | The S1P(2) receptor expressed in human platelets is linked to the RhoA-Rho kinase pathway and is down regulated in type 2 diabetes[END_REF] are associated with visceral fat accumulation in T2D patients [START_REF] Tanaka | Visceral fat accumulation is associated with increased plasma sphingosine-1-phosphate levels in type 2 diabetes mellitus[END_REF]. On the other hand, S1P is thought to have favorable effects in models of lipotoxicity and hyperlipemia as well as for β-cell survival, among others [START_REF] Chen | Sphingosine 1-phosphate in metabolic syndrome (Review)[END_REF].

Interestingly, several studies also reported that serine-palmitoyl-CoA transferase (SPT), a rate-limiting enzyme involved in de novo SL synthesis which basically conjugates L-serine and palmitoyl-CoA, is also able to conjugates other amino acid substrates such as L-alanine producing 1-deoxysphingolipids [START_REF] Weiss | Human and murine serine-palmitoyl-CoA transferase--cloning, expression and characterization of the key enzyme in sphingolipid synthesis[END_REF][START_REF] Zitomer | Ceramide synthase inhibition by fumonisin B1 causes accumulation of[END_REF][START_REF] Lone | 1-Deoxysphingolipids[END_REF]. Recent papers demonstrated that this specific SL class could be used as potential predictor of metabolic disorders, such as T2D, since 1-deoxysphingolipids accumulate in systemic circulation and cells, exerting toxic and pathological effects [START_REF] Lone | 1-Deoxysphingolipids[END_REF][START_REF] Othman | Plasma deoxysphingolipids: a novel class of biomarkers for the metabolic syndrome?[END_REF][START_REF] Duan | 1-Deoxysphingolipids Encountered Exogenously and Made de Novo: Dangerous Mysteries inside an Enigma[END_REF].

2. Complex sphingolipids

In addition to Cer precursors, complex SL have been of interest when studying cardiometabolic diseases physiopathology. Altered SM plasma levels have also been observed in T2D as well as coronary artery disease and obesity [START_REF] Jiang | Plasma sphingomyelin level as a risk factor for coronary artery disease[END_REF][START_REF] Mitsutake | Dynamic modification of sphingomyelin in lipid microdomains controls development of obesity, fatty liver, and type 2 diabetes[END_REF][START_REF] Schlitt | Further evaluation of plasma sphingomyelin levels as a risk factor for coronary artery disease[END_REF][START_REF] Xu | Metabolic signature shift in type 2 diabetes mellitus revealed by mass spectrometry-based metabolomics[END_REF]. Indeed, SM level is considered as an independent risk factor for coronary heart disease [START_REF] Jiang | Plasma sphingomyelin level as a risk factor for coronary artery disease[END_REF][START_REF] Chen | Impact of sphingomyelin levels on coronary heart disease and left ventricular systolic function in humans[END_REF]. Regarding the development of insulin resistance, growing evidence suggests that GM3 is also involved. In fact, the first data about GM3 and insulin response were reported in the early 1990 and a negative correlation was established between GM3 concentrations and insulin responsiveness in leukemic cell lines [START_REF] Nojiri | A specific type of ganglioside as a modulator of insulindependent cell growth and insulin receptor tyrosine kinase activity. Possible association of ganglioside-induced inhibition of insulin receptor function and monocytic differentiation induction in HL-60 cells[END_REF]. Almost two decades later, Sato et al. analyzed GM3 concentrations in individuals with hyperlipemia, T2D patients with or without hyperlipemia and controls. They observed that serum GM3 levels were elevated in all groups compared to controls [START_REF] Sato | Circulating levels of ganglioside GM3 in metabolic syndrome: A pilot study[END_REF]. Lastly, a recent study confirmed a higher concentrations of some GM3 molecular species in subjects with visceral fat accumulation and metabolic disease and showed that hydroxylated GM3 species concentrations in human serum were also increased and correlated with risk factors of cardiometabolic diseases [START_REF] Veillon | Identification of Ganglioside GM3 Molecular Species in Human Serum Associated with Risk Factors of Metabolic Syndrome[END_REF].

When examining the relation between SL plasma levels and metabolic diseases, it is hard to draw a clear line in the associations between all the different SL classes and each metabolic disorder. Moreover, it is now necessary to have a better understanding of how SL metabolism is altered in tissues of interest and at the cellular level, notably in LD.

Modulation of cholesterol and lipid metabolism by sphingolipids in the gut-liver axis

Growing evidence supports that the gut-liver axis plays an essential role in nutrient absorption and NAFLD development [START_REF] Leung | The role of the gut microbiota in NAFLD[END_REF][START_REF] Machado | Obesity, and NAFLD: A Dangerous Quartet[END_REF]. Indeed, the development of metabolic disorders has been widely associated with impaired gut homeostasis, gut microbiota dysbiosis and increased intestinal permeability [START_REF] Miele | Gut-liver axis and microbiota in NAFLD: insight pathophysiology for novel therapeutic target[END_REF]. Recent reviews described how SL modulate metabolic and inflammatory pathways in the gastrointestinal tract [START_REF] Kurek | Metabolism, physiological role, and clinical implications of sphingolipids in gastrointestinal tract[END_REF][START_REF] Phillips-Farfan | Sphingolipids as Mediators in the Crosstalk between Microbiota and Intestinal Cells: Implications for Inflammatory Bowel Disease[END_REF]. However, once ingested, metabolites produced after digestion by enzymes from host and microbial cells present in the gut, reach the liver through the portal vein and could also exert some physiological or pathological effects.

1. Interplay between intestinal absorption of cholesterol and sphingomyelin

In metabolic diseases, lipid metabolism is altered at several levels from intestinal absorption to endogenous biosynthesis and lipid species distribution, and could participate to the worsening of cardiometabolic disorders. In obese patients with T2D, intestinal absorption of cholesterol is lower than in healthy subjects [START_REF] Simonen | Introducing a new component of the metabolic syndrome: low cholesterol absorption[END_REF], whereas in normal metabolic conditions, there is already an inter-individual variation of 30 to 80% [START_REF] Bosner | Percent cholesterol absorption in normal women and men quantified with dual stable isotopic tracers and negative ion mass spectrometry[END_REF]. Moreover, in metabolic diseases, an altered bile acid profile was associated with hypercholesterolemia and defects in pathways related to lipid metabolism [START_REF] Ryan | Bile acids at the cross-roads of gut microbiome-host cardiometabolic interactions[END_REF]. SL are complex molecules that cannot passively diffuse into enterocytes. Consequently, they need to be hydrolyzed by bile acids and enzymes at the surface of epithelial cells and in the lumen [START_REF] Heaver | Sphingolipids in host-microbial interactions[END_REF]. Once absorbed, SL influence the enterocyte lipid flux: SM is hydrolyzed to sphingosine which is incorporated into triglycerides (TG) after conversion and acetylation, and then reach the lymphatic circulation in chylomicrons [START_REF] Nilsson | Absorption and lipoprotein transport of sphingomyelin[END_REF]. Agren et al. demonstrated that postprandial lipid profiles and lipoprotein composition depend on the efficiency of cholesterol absorption, which was determined according to a higher baseline serum cholestenol/cholesterol ratio [START_REF] Agren | Postprandial lipemic response and lipoprotein composition in subjects with low or high cholesterol absorption efficiency[END_REF]. In fact, compared to low cholesterol absorbers, high cholesterol absorption efficiency results in a higher concentration of triglycerides, cholesterol and SM in VLDL during the postprandial phase, and a higher free cholesterol/PC ratio in chylomicrons [START_REF] Agren | Postprandial lipemic response and lipoprotein composition in subjects with low or high cholesterol absorption efficiency[END_REF]. In rats, dietary supplementation of a mixture of SM and cholesterol demonstrated a mutual inhibitory effect on their absorption, inducing an increased presence of Cer in the colon [START_REF] Nyberg | A mutual inhibitory effect on absorption of sphingomyelin and cholesterol[END_REF]. In Caco-2 cells, the incorporation of SM in apical bile salt-cholesterol micelles inhibits cholesterol absorption, which could be explained by the decrease of ABC-A1 and -G1 gene expression [START_REF] Van Erpecum | Relevance of interactions between sphingomyelin and cholesterol in biliary and intestinal tract[END_REF].

2. Ceramide metabolism in liver and its relation with metabolic diseases

In metabolic diseases, excess of lipids (e.g. saturated FA) is reflected in the systemic circulation but also in tissues such as liver, which in turn leads to de novo Cer synthesis [START_REF] Chaurasia | Ceramides -Lipotoxic Inducers of Metabolic Disorders[END_REF].

Liver plays a critical role in the organism homeostasis since it directly participates to detoxification as well as metabolism, biosynthesis and storage. In addition, this important organ has the capacity to repair itself and regenerate. A recent review by Nojima et al.

focused on the role of SL in both liver injury and regeneration [START_REF] Nojima | Sphingolipids in liver injury, repair and regeneration[END_REF]. Moreover, several in vivo and clinical studies reported that the impact of SL on the liver could be linked to their acylchain length and composition [START_REF] Grammatikos | Serum Sphingolipid Variations Associate with Hepatic Decompensation and Survival in Patients with Cirrhosis[END_REF][START_REF] Park | Hepatic fatty acid uptake is regulated by the sphingolipid acyl chain length[END_REF][START_REF] Montgomery | Regulation of glucose homeostasis and insulin action by ceramide acyl-chain length: A beneficial role for very long-chain sphingolipid species[END_REF]. Indeed, Montgomery et al. compared the hepatic profile of Cer and SM in 5 different strains of mice submitted to a high-fat diet. In the 4 mice strains that developed glucose intolerance, the results revealed a marked decrease of very long chain Cer and SM species (C>22) and a significant increase of C16-C22 Cer and SM species in the liver [START_REF] Montgomery | Regulation of glucose homeostasis and insulin action by ceramide acyl-chain length: A beneficial role for very long-chain sphingolipid species[END_REF]. Interestingly, it was correlated with the specific decrease of Cer synthase 2 (CerS2) expression and activity. Park et al. demonstrated that in CerS2 null mice, unable to synthetize Cer C22-C24, the activity of key proteins involved in FA uptake was dysregulated in favor of an increase of CD36 [START_REF] Park | Hepatic fatty acid uptake is regulated by the sphingolipid acyl chain length[END_REF]. In clinical studies, a similar pattern was reported with a significant decrease of serum Cer C24 in patients suffering from cirrhosis [START_REF] Grammatikos | Serum Sphingolipid Variations Associate with Hepatic Decompensation and Survival in Patients with Cirrhosis[END_REF]. In addition, As mentioned above, when evaluating the role of the gut-liver axis, it is also important to consider the gut microbiota as an additional metabolically active "organ", whose composition and functions are altered in metabolic diseases [START_REF] Backhed | The gut microbiota as an environmental factor that regulates fat storage[END_REF][START_REF] Compare | Gutliver axis: The impact of gut microbiota on non alcoholic fatty liver disease[END_REF][START_REF] Frazier | Gut microbiota, intestinal permeability, obesityinduced inflammation, and liver injury[END_REF]. Thus, the composition of the human gut microbiota may also have an impact on circulating SL, since it has been shown that it contains SL-producing bacteria. Same as for mammalian SL, bacterial SL may be detected and used by intestinal endothelial cells and then potentially modulate lipid metabolism [START_REF] Heaver | Sphingolipids in host-microbial interactions[END_REF].

Grammatikos

Involvement of sphingolipids in lipoprotein metabolism and cell lipid droplets

Another major aspect to consider when addressing the question of SL systemic alterations in metabolic diseases is their important role in lipid and lipoprotein synthesis and regulation.

Among many others, Meikle and Summers recently published a state of the art about the involvement of dyslipidemia, particularly related to SL metabolism disruptions, in metabolic disorders associated with obesity [START_REF] Meikle | Sphingolipids and phospholipids in insulin resistance and related metabolic disorders[END_REF]. Indeed, SL can modulate genes involved in lipid biosynthesis in mice [START_REF] Park | Modulation of lipoprotein metabolism by inhibition of sphingomyelin synthesis in ApoE knockout mice[END_REF] and their involvement in cholesterol transport has also been demonstrated [START_REF] Worgall | Ceramide synthesis correlates with the posttranscriptional regulation of the sterol-regulatory element-binding protein[END_REF]. In addition, there is a growing interest for the lipoprotein composition in SL that can be modified in metabolic diseases. The development of mass spectrometry-based lipidomics also allowed to identify and quantify many lipid molecular species in lipoproteins [START_REF] Scherer | Sphingolipid profiling of human plasma and FPLC-separated lipoprotein fractions by hydrophilic interaction chromatography tandem mass spectrometry[END_REF][START_REF] Dashti | A phospholipidomic analysis of all defined human plasma lipoproteins[END_REF][START_REF] Stubiger | Targeted profiling of atherogenic phospholipids in human plasma and lipoproteins of hyperlipidemic patients using MALDI-QIT-TOF-MS/MS[END_REF][START_REF] Murphy | Investigation of human low-density lipoprotein by (1)H nuclear magnetic resonance spectroscopy: mobility of phosphatidylcholine and sphingomyelin headgroups characterizes the surface layer[END_REF][START_REF] Kostara | NMR-Based Lipid Profiling of High Density Lipoprotein Particles in Healthy Subjects with Low, Normal, and Elevated HDL-Cholesterol[END_REF]. These particles have an important role in the transport of endogenous and dietary lipids including SL. They are a complex of lipids and proteins all assembled following the same pattern with a central hydrophobic core of TG and cholesterol esters that is surrounded by apolipoproteins phospholipids, SL and unesterified cholesterol forming a membrane and contributing to maintaining the shape of the particles [START_REF] Jonas | Lipoprotein struture[END_REF][START_REF] Feingold | Introduction to lipids and lipoproteins[END_REF] (Table 1).

1. Sphingolipids in lipoprotein composition and function

Modifications in the lipidome of some lipoprotein classes were observed in cardiovascular diseases and T2D [START_REF] Denimal | Major changes in the sphingophospholipidome of HDL in non-diabetic patients with metabolic syndrome[END_REF][START_REF] Kontush | Unraveling the complexities of the HDL lipidome[END_REF]. This modified lipid composition could affect lipoprotein clearance from plasma and certain enzymes related to lipoprotein metabolism. A study by Redgrave et al. where rats were injected with chylomicron-like TG emulsions showed that when the emulsion was stabilized with 100% SM or 50% SM combined with egg yolk phosphatidylcholine, the clearance of CM emulsions from plasma was negligible and very slow, respectively [START_REF] Redgrave | Effects of sphingomyelin and phosphatidylcholine acyl chains on the clearance of triacylglycerol-rich lipoproteins from plasma. Studies with lipid emulsions in rats[END_REF]. In comparison, when the emulsion was stabilized with egg yolk phosphatidylcholine alone, clearance was much more important. This study also showed that the liver uptake of triolein and cholesteryl oleate was significantly reduced when the emulsion contained 50% and 100% SM compared to dioleoyl phosphatidylcholine-enriched emulsions [START_REF] Redgrave | Effects of sphingomyelin and phosphatidylcholine acyl chains on the clearance of triacylglycerol-rich lipoproteins from plasma. Studies with lipid emulsions in rats[END_REF]. These results were supported by Arimoto et al. who also showed delayed clearance of triolein-SM (2:1 molar ratio) lipid emulsion injected in rats. In addition, the incorporation of SM to the emulsion reduced the binding of ApoE, ApoC-II and ApoC-III to the surface lipids of the emulsion [START_REF] Arimoto | Surface composition regulates clearance from plasma and triolein lipolysis of lipid emulsions[END_REF], which can have functional consequences that would deserve to be investigated.

Modifications in the lipid composition of lipoproteins are of interest since they could potentially affect the functionality of the particles, especially in the context of metabolic diseases. Most studies have focused on LDL and HDL particles, since it is well established that the first have atherogenic properties and the second are cardioprotective. Ståhlman et al.

found that major classes of surface lipids including SM and Cer were diminished in HDL from dyslipidemic insulin resistant and T2D women [START_REF] Stahlman | Dyslipidemia, but not hyperglycemia and insulin resistance, is associated with marked alterations in the HDL lipidome in type 2 diabetic subjects in the DIWA cohort: impact on small HDL particles[END_REF]. Interestingly, Denimal et al.

observed reductions in SM and d18:1 S1P, but not Cer concentrations in HDL2 and HDL3 of patients with metabolic syndrome without insulin resistance [START_REF] Denimal | Major changes in the sphingophospholipidome of HDL in non-diabetic patients with metabolic syndrome[END_REF]. This suggest that HDL composition is already altered in the presence of metabolic syndrome, but insulin resistance and T2D could alter other specific classes of SL in these particles. Boon et al. observed an elevation in Cer content of LDL from T2D individuals compared to lean non-diabetic subjects that was reversed with weight loss [START_REF] Boon | Ceramides contained in LDL are elevated in type 2 diabetes and promote inflammation and skeletal muscle insulin resistance[END_REF]. The lipid composition of LDL particles can also affect their aggregability, which is an important aspect in the development of atherosclerosis and cardiovascular complications. A recent study showed that there is a strong association between the surface lipid LDL composition and their susceptibility to aggregate. LDL prone to aggregation are enriched in SM and Cer and contained less lysoPC and PC [START_REF] Ruuth | Susceptibility of low-density lipoprotein particles to aggregate depends on particle lipidome, is modifiable, and associates with future cardiovascular deaths[END_REF]. On a general point of view, changes of SL composition in lipoproteins are mostly observed in the representation of each SL class rather than in the variation of particular molecular species and this particular question has to be explored.

2. Sphingolipids in cell lipid droplets

In addition to lipoproteins, it is now important to consider the role of LD in cells which are recognized as dynamic organelles also involved in lipid metabolism as well as many cellular mechanisms [START_REF] Walther | Lipid droplets and cellular lipid metabolism[END_REF]. LD are present in almost all type of cells and tissues and their excessive accumulation in various non-adipose tissues has been associated with many metabolic alterations and diseases. Interestingly, Deevska et al. have recently described the importance of SL in LD biogenesis and metabolism in a very elegant review [START_REF] Deevska | The expanding role of sphingolipids in lipid droplet biogenesis[END_REF]. In addition to cell membranes, SL also are found in very low concentrations in LD with cholesterol and TG. In fact, it is now well-admitted that under obesogenic conditions, ectopic fat accumulation in metabolic tissues such as liver or skeletal muscle causes lipotoxicity and is associated with the development of insulin resistance [START_REF] Chaurasia | Ceramides -Lipotoxic Inducers of Metabolic Disorders[END_REF][START_REF] Boren | Ectopic lipid storage and insulin resistance: a harmful relationship[END_REF], meaning that SL in LD could also play a role in lipid metabolism at the tissue level. Recently, Senkal et al. elegantly demonstrated the generation of acylceramide from ceramide in LD of HCT116 cell lines and showed that in the liver of mice fed an oleate-enriched high fat diet, acylceramides were generated from Cer and specifically accumulated in LD and this was accompanied by steatosis development [START_REF] Senkal | Ceramide Is Metabolized to Acylceramide and Stored in Lipid Droplets[END_REF].

Nevertheless, in the current literature, there is very few data about SL and LD, since SL profiles and related metabolic pathways are mostly studied at the whole tissue level and not specifically in LD or cell membranes.

Towards the prevention of metabolic diseases by the modulation of sphingolipid metabolism

Despite the reported deleterious role of some SL, particularly Cer, it is important to keep in mind that it is not the presence of SL itself that could be harmful for metabolism, but rather the modulation of the quantity and length of the acyl chain of the represented species [START_REF] Rodriguez-Cuenca | Dihydroceramide desaturase 1, the gatekeeper of ceramide induced lipotoxicity[END_REF]. In this context, several approaches have been developed in order to positively modify the SL metabolism, with the aim of reducing metabolic disorders.

1. Modulation of enzymes of the sphingolipid metabolic pathway

Many studies reported that modulating the activity of key enzymes involved in SL metabolismsuch as ceramidase or CerS activityvia pharmacological or dietary approaches, could have beneficial impacts on SL metabolism and thus improve metabolic disorders induced in a context of obesity or T2D [START_REF] Park | Ceramide synthases as potential targets for therapeutic intervention in human diseases[END_REF][START_REF] Lee | Adipocyte-Specific Deficiency of De Novo Sphingolipid Biosynthesis Leads to Lipodystrophy and Insulin Resistance[END_REF]. For instance, the specific knockdown of CerS6 in an obese insulin resistant mice model induced an efficient reduction of Cer C16:0 concentration in plasma and hepatic tissue which was associated with an improvement of glucose tolerance and insulin sensitivity [START_REF] Raichur | The role of C16:0 ceramide in the development of obesity and type 2 diabetes: CerS6 inhibition as a novel therapeutic approach[END_REF]. Xia et al. developed a transgenic model of mice able to inducibly overexpress acid ceramidase in the liver and demonstrated that activating this pathway prevented hepatic steatosis and insulin sensitivity, associated with a lower hepatic Cer concentration [START_REF] Xia | Targeted Induction of Ceramide Degradation Leads to Improved Systemic Metabolism and Reduced Hepatic Steatosis[END_REF]. In ApoE-KO mice, it has been demonstrated that the oral administration of myriocin, a specific inhibitor of SPT, induced a significant decrease of plasma total cholesterol, SM concentrations and atherosclerotic lesions, combined with an increase in plasma HDL cholesterol [START_REF] Park | Inhibition of sphingomyelin synthesis reduces atherogenesis in apolipoprotein[END_REF][START_REF] Park | Serine palmitoyltransferase inhibitor myriocin induces the regression of atherosclerotic plaques in hyperlipidemic ApoE-deficient mice[END_REF]. Another possible pathway involves adiponectin which acts as a regulator of insulin sensitivity and induces ceramidase activity through its receptors AdipoR1/R2, both depending on AMPK, an important kinase involved in energy metabolism and activated by the increase of S1P [START_REF] Holland | Inducible overexpression of adiponectin receptors highlight the roles of adiponectin-induced ceramidase signaling in lipid and glucose homeostasis[END_REF]. The authors demonstrated that the decrease of Cer via the activation of AdipoR1/R2 in hepatocytes or adipocytes (especially Cer C16:0 but also the other Cer species according to the activated receptor isoform) was associated with the improvement of hepatic steatosis, glucose tolerance and insulin sensitivity in mice fed with a high-fat diet [START_REF] Holland | Inducible overexpression of adiponectin receptors highlight the roles of adiponectin-induced ceramidase signaling in lipid and glucose homeostasis[END_REF]. Another potential mechanism concerns the suppression of the intestinal FXR signaling, which in turn induced a decrease of plasma Cer by reducing the expression of genes of Cer synthesis, thus leading to a decrease of hepatic gluconeogenesis [START_REF] Xie | An Intestinal Farnesoid X Receptor-Ceramide Signaling Axis Modulates Hepatic Gluconeogenesis in Mice[END_REF].

However, in the literature, both in vivo and clinical studies do not reflect the complexity of the SL metabolism since the authors selected and analyzed specific classes of SL or pathways without considering the impact of their intervention on the overall metabolism. In fact, since SL classes and species are differentially distributed among cells, tissues and systemic circulation, it is quite reductive to only describe the modulation of few SL species in one or two compartments of the individual without keeping in mind that the intervention could have an effect in SL profile in other metabolic tissues, specific classes of lipoproteins or in LD at the cellular level. Indeed, further in vitro studies are needed to demonstrate potential mechanisms or to suggest an integrative model.

2. Beneficial effects of dietary sphingolipid supplementation in metabolic diseases

SL are ubiquitous in many plant and animal organisms, explaining that they are found in nonnegligible amounts in our diet. Therefore, the consumption of dietary SL may modulate plasma and tissue levels of SL and thus could impact the endogenous SL metabolism. Indeed, Norris and Blesso recently published a state of the art concerning the potential beneficial effects of dietary SL in (i) the regulation of inflammatory signaling pathways, (ii) the decrease of dyslipidemia focusing on hepatic lipid accumulation and also (iii) the positive modulation of the gut microbiota associated to a decrease of metabolic endotoxemia in mice [START_REF] Norris | Dietary sphingolipids: potential for management of dyslipidemia and nonalcoholic fatty liver disease[END_REF][START_REF] Norris | Dietary sphingomyelin attenuates hepatic steatosis and adipose tissue inflammation in high-fat-diet-induced obese mice[END_REF].

The major dietary sources of SL studied are chicken eggs, meat and dairy products [START_REF] Vesper | Sphingolipids in food and the emerging importance of sphingolipids to nutrition[END_REF]. The particularity of milk and dairy products is that the milk fat presents a specific profile of bioactive lipids, rich in SM and Cer, and organized in milk fat globule membrane (MFGM) [START_REF] Bourlieu | Structure-function relationship of the milk fat globule[END_REF][START_REF] Michalski | Specific molecular and colloidal structures of milk fat affecting lipolysis, absorption and postprandial lipemia[END_REF][START_REF] Bourlieu-Lacanal | Polar lipid composition of bioactive dairy co-products buttermilk and butterserums: emphasis on sphingolipid and ceramide isoforms[END_REF]. In addition, the consumption of dairy products has been associated with a decrease of metabolic syndrome prevalence or improvements of metabolic disorders related to obesity and CVD [START_REF] Chen | Dairy consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated meta-analysis[END_REF][START_REF] Fumeron | Dairy products and the metabolic syndrome in a prospective study, DESIR[END_REF][START_REF] Thorning | Whole dairy matrix or single nutrients in assessment of health effects: current evidence and knowledge gaps[END_REF]. Buttermilk is a dairy product particularly rich in milk polar lipids and our group recently revealed its SL composition [START_REF] Bourlieu | Polar lipid composition of bioactive dairy co-products buttermilk and butterserum: Emphasis on sphingolipid and ceramide isoforms[END_REF]. In fact, previous in vivo studies demonstrated that the consumption of milk polar lipid-rich extract (derived from buttermilk) prevented hepatic TG and cholesterol accumulation normally induced by a high-fat diet [START_REF] Wat | Dietary phospholipid-rich dairy milk extract reduces hepatomegaly, hepatic steatosis and hyperlipidemia in mice fed a high-fat diet[END_REF],

and addition of SM in the diet decreased cholesterol absorption in mice [START_REF] Eckhardt | Dietary sphingomyelin suppresses intestinal cholesterol absorption by decreasing thermodynamic activity of cholesterol monomers[END_REF]. More recently, our group confirmed that milk polar lipids significantly enhance in vitro digestive lipolysis and improve postprandial lipid metabolism in mice, compared to soy polar lipids [START_REF] Lecomte | Milk Polar Lipids Affect In Vitro Digestive Lipolysis and Postprandial Lipid Metabolism in Mice[END_REF]. In a crossover study, Conway et al. demonstrated that buttermilk drink consumption during 8

weeks improved fasting lipid metabolism with a decrease of plasma total-and LDLcholesterol, as well as TG [START_REF] Conway | Impact of buttermilk consumption on plasma lipids and surrogate markers of cholesterol homeostasis in men and women[END_REF]. A recent clinical study performed in our laboratory by Vors 

3. Modulations of the gut microbiota composition and cholesterol absorption by sphingolipids

In addition, since the gut microbiota is involved in the development of low-grade inflammation and metabolic disorders [START_REF] Cani | Involvement of gut microbiota in the development of low-grade inflammation and type 2 diabetes associated with obesity[END_REF][START_REF] Sommer | The gut microbiota -masters of host development and physiology[END_REF], the use of pharmacological or dietary molecules in order to positively modulate its composition or function has gained more attention. For example, in a rat model of fructose-induced metabolic disorders, Crescenzo et al. [START_REF] Crescenzo | Dietary fructose causes defective insulin signalling and ceramide accumulation in the liver that can be reversed by gut microbiota modulation[END_REF] demonstrated that an antibiotic treatment reversed gut microbiota dysbiosis in fructose-fed rats by positively modulating its composition, and decreases hepatic Cer content and insulin resistance in both liver and visceral adipose tissues. Norris et al. reported that milk SL supplementation induced an increase of Bifidobacterium in the colon of high fat-fed mice and lowered serum total cholesterol and lipopolysaccharide [START_REF] Norris | Milk sphingomyelin improves lipid metabolism and alters gut microbiota in high fat diet-fed mice[END_REF]. In a recent in vivo study performed in our laboratory, Milard et al. demonstrated that dietary supplementation with milk polar lipids (1.1-1.6% of diet corresponding to 0.25-0.36% of SM) prevented the development of obesity without impacting caloric intake, but was associated with changes in gut microbiota populations [START_REF] Milard | Milk Polar Lipids in a High-Fat Diet Can Prevent Body Weight Gain: Modulated Abundance of Gut Bacteria in Relation with Fecal Loss of Specific Fatty Acids[END_REF]. Under a more mechanistical approach realized both in vitro and in vivo, our results demonstrated that SM could induce beneficial effects at the intestinal barrier level through the increase of plasma IL-8, an interleukin involved in immunity, leading to an improvement of gut integrity [START_REF] Milard | Acute effects of milk polar lipids on intestinal tight junction expression: towards an impact of sphingomyelin through the regulation of IL-8 secretion?[END_REF]. These results from Milard et al. also suggested that some effects could be mediated by sphingosine, which is liberated during the digestion of SM from both egg and milk [START_REF] Milard | Acute effects of milk polar lipids on intestinal tight junction expression: towards an impact of sphingomyelin through the regulation of IL-8 secretion?[END_REF]. In fact, since SM co-localize with cholesterol, it could explain that dietary SM is associated with a decrease in cholesterol absorption in animal models [START_REF] Eckhardt | Dietary sphingomyelin suppresses intestinal cholesterol absorption by decreasing thermodynamic activity of cholesterol monomers[END_REF]. However, in vitro experiments realized by Garmy et al. also demonstrated that sphingosine forms lipid complexes with cholesterol and this specific interaction inhibits the intestinal transport of micellar cholesterol [START_REF] Garmy | Interaction of cholesterol with sphingosine: physicochemical characterization and impact on intestinal absorption[END_REF].

4. Sphingolipid metabolism in specific bacterial species

In the previous section, we demonstrated that SL and the gut microbiota could be interconnected since specific dietary SL may modulate the gut microbiota composition.

However, it has also been reported that specific bacterial species are able to produce or metabolize SL. In fact, it was previously established that SL were exclusively found in eukaryote cells until their discovery in prokaryotes [START_REF] Olsen | Sphingolipids in Bacteria and Fungi[END_REF]. For example, whereas most bacterial membranes only contain glycerol-based PL, few of them possess both PL and SL [START_REF] An | Membrane sphingolipids as essential molecular signals for Bacteroides survival in the intestine[END_REF]. Among the SL-containing bacteria, the genus Bacteroides has been mainly studied because of its specific PL membrane, which is composed of 40-70% of SL [START_REF] Wieland Brown | Production of alphagalactosylceramide by a prominent member of the human gut microbiota[END_REF]. demonstrated that the supplementation with the probiotic cocktail VSL#3 induced a significant increase of alkaline SMase levels in the intestinal sections of both IL-10 deficient mice and humans with colitis, resulting in a decrease of intestinal inflammation [START_REF] Soo | VSL#3 probiotic upregulates intestinal mucosal alkaline sphingomyelinase and reduces inflammation[END_REF].

Conclusion

In this review, we realized a focused state of the art about the possible alterations of the SL metabolism in the context of obesity and associated metabolic diseases. In fact, all the data discussed suggest that SL metabolism is highly involved in the regulation of lipid homeostasis. In addition, changes in both the quantity and profile of represented SL species and classes at the molecular, cellular and tissue levels could also be reflected in circulation (Figure 2). As described above, the most studied pathway mainly concerns the metabolism of Cer whereas few papers now also included the analysis of SM, dihydroceramide, ganglioside and other glucosylceramide species. In clinical studies, the difficult access to biopsies may also be a limitation in the study of the SL metabolism in obese and T2D patients for example, partly explaining why lipidomic analysis are most of the time only realized in systemic circulation. In this review, we discussed about how plasma SL alterations can reflect the accumulation of perturbations in tissue, lipoprotein and LD metabolism. In addition, the last part of this review demonstrated that more and more studies now describe the beneficial impact of metabolic disorder treatments on SL profile and metabolism. These preventive or curative treatments concern pharmacological drugs but also dietary bioactive molecules or extracts. In addition, such as highlighted by Bellini et al. [START_REF] Bellini | Targeting sphingolipid metabolism in the treatment of obesity/type 2 diabetes[END_REF], it is unthinkable to nonspecifically inhibit key enzymes involved in the production of specific Cer species to improve T2D-related metabolic disorders because all SL are part of a plethora of physiological pathways. There is also growing evidence in vivo that the dietary supplementation with specific SL could exert beneficial effects on both metabolic disorders and SL metabolism.

Therefore, it confers an advantage to prevent or attenuate metabolic disorders development, and to improve overall SL metabolism homeostasis. 
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 1 Figure 1. Summarized partial pathway of sphingolipid biosynthesis In this partial metabolic pathway of SL synthesis, general structures of the classes discussed in this review are represented, taking into account that each SL class contains numerous molecular species according to the length of their acyl chain. This Figure contains molecular structures created using the Lipid Structure Drawing Tools from LIPID MAPS online tools for lipid research. Fahy E, Sud M, Cotter D and Subramaniam S. Nucleic Acids Research 35, W606-12 (2007).

  et al. also reported an upregulation of serum acid sphingomyelinase in NAFLD patients, which was also associated with an increase of circulating sphingosine and dihydroceramides species, correlated to elevated cholesterol levels[START_REF] Grammatikos | Serum acid sphingomyelinase is upregulated in chronic hepatitis C infection and non alcoholic fatty liver disease[END_REF]. Another possible pathway involves bile acids which plays an important role in the enterohepatic pathway of cholesterol and thus in lipid metabolism. It has been demonstrated that some toxic bile acids (e.g. chenodeoxycholic acid, deoxycholic acid, lithocholic acid) are endogenous activators of farnesoid X receptors (FXR) involved in glucose intolerance and insulin resistance through hepatic de novo Cer production[START_REF] De Aguiar | Pleiotropic roles of bile acids in metabolism[END_REF][START_REF] Xie | An Intestinal Farnesoid X Receptor-Ceramide Signaling Axis Modulates Hepatic Gluconeogenesis in Mice[END_REF]. Besides, elevated plasma concentration of GM3 has been associated with metabolic diseases[START_REF] Sato | Circulating levels of ganglioside GM3 in metabolic syndrome: A pilot study[END_REF][START_REF] Veillon | Identification of Ganglioside GM3 Molecular Species in Human Serum Associated with Risk Factors of Metabolic Syndrome[END_REF], however Choi et al. reported that plasma membrane associated GM3 inhibits the secretion of TG-enriched ApoB containing lipoproteins (i.e. VLDL and LDL) and could contribute to lower the development of atherosclerosis[START_REF] Choi | Monosialyl Ganglioside GM3 Decreases Apolipoprotein B-100 Secretion in Liver Cells[END_REF].

  et al.[START_REF] Vors | Milk polar lipids reduce lipid cardiovascular risk factors in overweight postmenopausal women: towards a gut sphingomyelin-cholesterol interplay[END_REF] corroborated these results by revealing that the 4-week consumption of milk polar lipids concentrated from buttermilk, which are rich in SM, decreased hypercholesterolemia and hyperlipemia both at fasting state and during the postprandial phase, in overweight postmenopausal women at cardiovascular risk. In addition, in overweight individuals, Demmer et al. reported that the supplementation of MFGM to a palm oil-rich meal induced a lower plasma cholesterol and LDL concentrations during the 6-hours postprandial phase, compared to the palm oil-rich meal alone[START_REF] Demmer | Addition of a dairy fraction rich in milk fat globule membrane to a high-saturated fat meal reduces the postprandial insulinaemic and inflammatory response in overweight and obese adults[END_REF]. Another promising dietary SL, -glucosylCer, a natural glycosphingolipid, has been studied in humans. Lalazar et al.demonstrated that the daily uptake of -glucosylceramide during 40 weeks decreased steatosis and improve glucose tolerance in NASH patients, as compared with placebo-receiving individuals[START_REF] Lalazar | Oral Administration of beta-Glucosylceramide for the Treatment of Insulin Resistance and Nonalcoholic Steatohepatitis: Results of a Double-Blind, Placebo-Controlled Trial[END_REF].

Figure 2 .

 2 Figure 2. Schematic representation of potential sphingolipid metabolism alterations in cardiometabolic diseases. In obesity and cardiometabolic diseases, many tissues are affected and undergo profound metabolic dysfunction. Among them, the metabolism of major lipids like triglycerides can be altered, but the involvement of minor bioactive lipids like SL in these processes is starting to emerge. SL are involved in lipid metabolism regulation in organs such
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Table 1 . General classification of lipoproteins and distribution of major circulating lipid species.

 1 

		VLDL	LDL	HDL	Total	Ref.
	Density (g/ml)	0.93-1.006	1.019-1.063	1.063-1.210		[21]

Distribution of major lipid content (% of total content carried by circulating lipoproteins)

  

	TG	66	26	7	100	[22]
	Cholesterol esters	20	57	23	100	[22]
	Unesterified cholesterol	7	69	24	100	[22]
	Phospholipids	7	31	62	100	[23]

Distribution of minor lipid content (% of total content carried by circulating lipoproteins)

  

	Phosphatidylcholine	5-8	30-39	56-62	100	[22,23]
	Sphingomyelin	3-7	33-50	43-64	100	[19,23]
	Ceramides	9-16	40-60	24-51	100	[19,23]
	S1P*	1-2	4-6	90-95	100	[19,24]
	Glycosphingolipids	6-9	42-50	42-52	100	[24]
	Protein composition					
		Apo B-100,		Apo A-I,		
	Apolipoproteins	Apo E,	Apo B-100	A-II, Apo C,		[21]
		Apo C		Apo E		
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