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Both physiological and pathological situations can result in biochemical changes of lowdensity lipoproteins (LDL). Because they can deliver signals to dendritic cells (DC), these modified lipoproteins now appear as regulators of the immune response. Among these modified lipoproteins, oxidized LDL (oxLDL) that accumulate during inflammatory conditions have been extensively studied. Numerous studies have shown that oxLDL induce the maturation of DC, enhancing their ability to activate IFNγ secretion by T cells. LDL treated by secreted phospholipase A 2 also promote DC maturation. Among the bioactive lipids generated by oxidation or phospholipase treatment of LDL, lysophosphatidylcholine (LPC) and some saturated fatty acids induce DC maturation whereas some unsaturated fatty acids or oxidized derivatives have opposite effects. Among other factors, the nuclear receptor peroxisome-proliferator activated receptor  (PPAR) plays a crucial role in this regulation.

Non-modified lipoproteins also contribute to the regulation of DC function, suggesting that the balance between native and modified lipoproteins, as well as the biochemical nature of the LDL modifications, can regulate the activation threshold of DC. Here we discuss two pathological situations in which the impact of LDL modifications on inflammation and immunity could play an important role. During atherosclerosis, modified LDL accumulating in the arterial intima may interfere with DC maturation and function, promoting a Th1 immune response and a local inflammation favoring the development of the pathology. In patients chronically infected, the hepatitis C virus (HCV) interferes with lipoprotein metabolism resulting in the production of infectious modified lipoproteins. These lipo-viralparticles (LVP) are modified low-density lipoproteins containing viral material that can alter DC maturation and affect specific toll-like receptor signaling. In conclusion, lipoprotein

modifications play an important role in the regulation of immunity by delivering signals of danger to DC and modulating their function.

Introduction

Lipoproteins are essential lipid carriers in the blood that are secreted by the liver and the intestine. Chylomicrons secreted by enterocytes after fat diet absorption, transport lipids from the gut to the liver. After rearrangement of endogenous and exogenous lipids, hepatocytes secrete very low-density lipoproteins (VLDL). The transformation of VLDL in the circulation gives rise to particles of smaller size, with intermediate to low density (intermediate-density lipoproteins, IDL and low-density lipoproteins, LDL). High-density lipoproteins (HDL) synthesis requires the secretion of apolipoprotein (Apo) A-I by intestine and liver cells and the gradual extracellular lipidation of nascent HDL by lipid transfer (mainly phospholipids and cholesterol) from the peripheral tissues and other lipoproteins. HDL play an important role in the reverse cholesterol transport from the peripheral tissues to the liver [START_REF] Lewis | New insights into the regulation of HDL metabolism and reverse cholesterol transport[END_REF].

Lipoproteins are constantly submitted to oxidative modifications and this process needs to be tightly regulated. During non-pathological conditions, the oxidative modifications of LDL are under the strict control of enzymes associated to native LDL and HDL. Paraoxonase (PON1) and platelet-activating factor acetylhydrolase (PAF-AH), especially, are two enzymes carried by lipoproteins that prevent the accumulation of oxidized low-density lipoproteins (oxLDL) [START_REF] Watson | Effect of platelet activating factor-acetylhydrolase on the formation and action of minimally oxidized low density lipoprotein[END_REF][START_REF] Watson | Protective effect of high density lipoprotein associated paraoxonase. Inhibition of the biological activity of minimally oxidized low density lipoprotein[END_REF][START_REF] Mackness | Paraoxonase prevents accumulation of lipoperoxides in low-density lipoprotein[END_REF]. PON1 can inhibit LDL oxidation and destroy various bio-active oxidized phospholipids as well as hydrogen peroxide. PAF-AH is a phospholipase A 2 that hydrolyzes short-chain acyl groups and longer chain aldehyde esterified at the sn-2 position of phospholipids. Both lines of control maintain the constant production of oxLDL below a critical threshold. During transient inflammatory conditions, such as the acute phase response, HDL exhibit a decrease in PON1 and PAF-AH and an increase in the copper-carrier ceruloplasmin. The acute phase response is characterized by transient wide changes in the concentration of a large number of plasma proteins, especially by dramatic increase in serum amyloid A (up to a thousand fold) and reduction of albumin concentration which is an important lipid carrier. These changes alter HDL ability to inhibit LDL oxidation and anti-inflammatory HDL become proinflammatory [START_REF] Van Lenten | Anti-inflammatory HDL becomes pro-inflammatory during the acute phase response. Loss of protective effect of HDL against LDL oxidation in aortic wall cell cocultures[END_REF], resulting in the accumulation of oxLDL.

Lipoproteins are also submitted to modifications occurring during pathological conditions [START_REF] Van Lenten | Anti-inflammatory HDL becomes pro-inflammatory during the acute phase response. Loss of protective effect of HDL against LDL oxidation in aortic wall cell cocultures[END_REF][START_REF] Memon | Infection and inflammation induce LDL oxidation in vivo[END_REF]. OxLDL were first studied for their role in chronic inflammation during atherosclerosis [START_REF] Witztum | Role of oxidized low density lipoprotein in atherogenesis[END_REF].

Further work then indicated that infection as well as inflammation resulted in increased levels of oxLDL [START_REF] Memon | Infection and inflammation induce LDL oxidation in vivo[END_REF]. Moreover, lipoproteins can also carry molecules delivered by pathogens. This has been extensively studied for bacterial lipopolysaccharide (LPS) [START_REF] Barcia | Triglyceride-rich lipoproteins as agents of innate immunity, Clinical infectious diseases : an official publication of the[END_REF]. The hepatitis C virus (HCV) has also the unique property so far, to use the lipoprotein synthesis pathway for its secretion. The viral proteins synthesized in the endoplasmic reticulum interfere with lipoprotein synthesis, resulting in the secretion of modified lipoproteins carrying viral material, named lipo-viral-particles (LVP) [START_REF] Bartenschlager | Assembly of infectious hepatitis C virus particles[END_REF]. Dendritic cells (DC) are key regulators of the immune system [START_REF] Steinman | Dendritic cells: translating innate to adaptive immunity[END_REF]. They are specialized antigen presenting cells that need to be activated, in order to efficiently stimulate naive T cells and induce their differentiation into polarized effector cells [START_REF] Mazzoni | Controlling the Toll road to dendritic cell polarization[END_REF]. This polarization depends on Our team has previously shown that oxLDL induce the maturation of human monocytederived DC in vitro, a process that is inhibited by an excess of native LDL [START_REF] Perrin-Cocon | Oxidized lowdensity lipoprotein promotes mature dendritic cell transition from differentiating monocyte[END_REF][START_REF] Coutant | Mature dendritic cell generation promoted by lysophosphatidylcholine[END_REF]. Upon oxLDL stimulation, mature DC acquire the ability to stimulate T cells, inducing the secretion of IL-2 and IFN but not IL-4, IL-5 and IL-13 by T cells. OxLDL-stimulated DC thus exhibit a pro-Th1 function. The effect of oxLDL on DC maturation has been confirmed by others both for human [START_REF] Alderman | Effects of oxidised low density lipoprotein on dendritic cells: a possible immunoregulatory component of the atherogenic micro-environment?[END_REF][START_REF] Nickel | oxLDL uptake by dendritic cells induces upregulation of scavengerreceptors, maturation and differentiation[END_REF] and murine [START_REF] Luchtefeld | Chemokine receptor 7 knockout attenuates atherosclerotic plaque development[END_REF][START_REF] Ge | Changes in proteomics profile during maturation of marrow-derived dendritic cells treated with oxidized lowdensity lipoprotein[END_REF] DC. Some data also indicate that oxLDL induce the differentiation of murine macrophages into dendritic-like cells [START_REF] Shen | Oxidized low-density lipoprotein induces differentiation of RAW264.7 murine macrophage cell line into dendritic-like cells[END_REF][START_REF] Cho | Induction of dendritic cell-like phenotype in macrophages during foam cell formation[END_REF]. These observations imply that the production of oxLDL can be detected by DC and suggest that accumulation of oxLDL during pathological conditions may interfere with DC activation and function.

Oxidative modifications of LDL are complex processes generating numerous modified lipids such as oxysterols, oxidized phospholipids and fatty acids, and their cleavage products (malondialdehyde, 4-hydroxynonenal, etc…). Lysophosphatidylcholine (LPC), which can reach 40-50% of the total phosphatidylcholine (PC) content in oxLDL [START_REF] Parthasarathy | Phospholipase A2 activity of low density lipoprotein: evidence for an intrinsic phospholipase A2 activity of apoprotein B-100[END_REF], can be generated by oxidation and fragmentation of the polyunsaturated fatty-acid in sn-2 position, followed by hydrolysis of the shortened fatty acyl residue by LDL-associated enzymes, such as PAF-AH [START_REF] Steinbrecher | Hydrolysis of phosphatidylcholine during LDL oxidation is mediated by platelet-activating factor acetylhydrolase[END_REF]. Moreover, the lecithin-cholesterol acyltransferase (LCAT) enzyme associated to HDL converts PC into LPC by catalyzing the transfer of a fatty acid from PC to the free hydroxyl group of cholesterol [START_REF] Kunnen | Lecithin-cholesterol acyltransferase: old friend or foe in atherosclerosis?[END_REF]. Oxidized phospholipids with long chain in the sn-2 position can be hydrolyzed by the LCAT enzyme [START_REF] Subramanian | Role of lecithin-cholesterol acyltransferase in the metabolism of oxidized phospholipids in plasma: studies with platelet-activating factor-acetyl hydrolase-deficient plasma[END_REF][START_REF] Itabe | Metabolism of oxidized phosphatidylcholines formed in oxidized low density lipoprotein by lecithincholesterol acyltransferase[END_REF]. Some of the LPC molecules can be transferred to albumin that provides lipids to surrounding cells. Moreover, LPC can also be produced by the hydrolysis of PC by secreted phospholipases A 2 (sPLA 2 ) whose secretion is strongly increased during inflammatory conditions. Among the sPLA 2 s, the human group X (hGX-sPLA 2 ) has unique enzymatic properties and binds with high affinity to PC, the major phospholipid of cell membranes and lipoproteins [START_REF] Pruzanski | Differential hydrolysis of molecular species of lipoprotein phosphatidylcholine by groups IIA, V and X secretory phospholipases A(2)[END_REF]. The treatment of LDL by hGX-sPLA 2 results in the production of high amounts of LPC and free fatty acids, preferentially arachidonic or oleic acid [START_REF] Yamamoto | Secreted phospholipase A2, lipoprotein hydrolysis, and atherosclerosis: integration with lipidomics[END_REF]. We have shown that hGX-sPLA 2 -treated LDL induce human monocyte-derived DC maturation, resulting in a characteristic mature DC phenotype and enhanced DC ability to activate IFNγ secretion by T cells [START_REF] Atout | Human group X secreted phospholipase A(2) induces dendritic cell maturation through lipoprotein-dependent and -independent mechanisms[END_REF].

The production of LPC is involved in many aspects of the inflammatory response. It is a potent chemoattractant for monocytes [START_REF] Quinn | Lysophosphatidylcholine: a chemotactic factor for human monocytes and its potential role in atherogenesis[END_REF], phagocytes [START_REF] Lauber | Clearance of apoptotic cells: getting rid of the corpses[END_REF] and T lymphocytes [START_REF] Mcmurray | Oxidatively modified low density lipoprotein is a chemoattractant for human T lymphocytes[END_REF][START_REF] Radu | T cell chemotaxis to lysophosphatidylcholine through the G2A receptor[END_REF]. LPC can activate monocytes and macrophages [START_REF] Jing | Lysophosphatidylcholine activates p38 and p42/44 mitogen-activated protein kinases in monocytic THP-1 cells, but only p38 activation is involved in its stimulated chemotaxis[END_REF][START_REF] Ousman | Lysophosphatidylcholine induces rapid recruitment and activation of macrophages in the adult mouse spinal cord[END_REF][START_REF] Ogita | Lysophosphatidylcholine transduces Ca2+ signaling via the platelet-activating factor receptor in macrophages[END_REF][START_REF] Oestvang | Role of secretory and cytosolic phospholipase A(2) enzymes in lysophosphatidylcholine-stimulated monocyte arachidonic acid release[END_REF][START_REF] Ngwenya | Activation of peritoneal macrophages by lysophosphatidylcholine[END_REF]. After intracutaneous injection in humans, it induces local inflammation and leukocyte accumulation at the site of injection [START_REF] Ryborg | Intracutaneous injection of lysophosphatidylcholine induces skin inflammation and accumulation of leukocytes[END_REF]. LPC also displays immunoregulatory activities. We reported that LPC is one of the active lipids in oxLDL that induces DC phenotypic and functional maturation resulting in pro-Th1 mature DC stimulating IFN secretion by T lymphocytes [START_REF] Coutant | Mature dendritic cell generation promoted by lysophosphatidylcholine[END_REF]. In mice, LPC has adjuvant properties, increasing the humoral response to sheep erythrocytes [START_REF] Ngwenya | Enhancement of antibody production by lysophosphatidylcholine and alkylglycerol[END_REF]. It also initiates both humoral and cellular antigen-specific adaptive responses upon vaccination of mice against several protein antigens [START_REF] Perrin-Cocon | Lysophosphatidylcholine is a natural adjuvant that initiates cellular immune responses[END_REF][START_REF] Bach | Single lysophosphatidylcholine components exhibit adjuvant activities in vitro and in vivo[END_REF]. The alkyl-lysophospholipids that are synthetic analogues of LPC, displayed adjuvant-like properties in delayed-type hypersensitivity [START_REF] Arnold | Lysolecithin analogs as adjuvants in delayed-type hypersensitivity in mice. II. Studies on the mode of action[END_REF][START_REF] Arnold | Lysolecithin analogs as adjuvants in delayed-type hypersensitivity in mice. I. Characterization of the adjuvant effect[END_REF].

In contrast, some oxidized fatty acids generated during LDL oxidation such as 9/11-HODE and 11/15-HETE, can inhibit DC maturation triggered by oxLDL [START_REF] Coutant | Sensing environmental lipids by dendritic cell modulates its function[END_REF]. Moreover oxidized phospholipids and especially oxidized 1-palmitoyl-2-arachidonoyl-sn-glycero-3phosphorylcholine (oxPAPC) inhibit toll-like receptor (TLR) 2 and 4 signaling, inhibiting DC maturation triggered by Pam3CSK4 and LPS, respectively [START_REF] Bluml | Oxidized phospholipids negatively regulate dendritic cell maturation induced by TLRs and CD40[END_REF]. This inhibition results mainly from competitive binding to the accessory molecules CD14 and MD2 [START_REF] Erridge | Toll-like receptor 4 signalling is neither sufficient nor required for oxidised phospholipid mediated induction of interleukin-8 expression[END_REF][START_REF] Erridge | Oxidized phospholipid inhibition of tolllike receptor (TLR) signaling is restricted to TLR2 and TLR4: roles for CD14, LPS-binding protein, and MD2 as targets for specificity of inhibition[END_REF].

Therefore, the relative level of activating versus inhibitory lipid mediators in oxLDL probably determines the functional properties of oxLDL. Various species of modified lipids can be detected by DC that have the ability to integrate these signals since they express a wide range of cell membrane receptors binding modified lipoproteins (SR-BI, CD36…) or lipids such as LPC (GPR4…) as well as nuclear receptors such as peroxisome-proliferator activated receptors (PPAR) that bind lipids having penetrated the cells. the action of LPC on the nuclear receptor is direct or not [START_REF] Coutant | Sensing environmental lipids by dendritic cell modulates its function[END_REF].

Regulation of DC function by native lipoproteins

As indicated above, native LDL can dose-dependently prevent DC maturation induced by oxLDL or LPC, suggesting that the balance between native and oxidized LDL regulates the activation threshold of DC [START_REF] Perrin-Cocon | Oxidized lowdensity lipoprotein promotes mature dendritic cell transition from differentiating monocyte[END_REF][START_REF] Coutant | Mature dendritic cell generation promoted by lysophosphatidylcholine[END_REF]. Both LDL and HDL strongly inhibit the pro-Th1 function of mature DC, characterized by their ability to induce IFN secretion by T cells [START_REF] Perrin-Cocon | High-density lipoprotein phospholipids interfere with dendritic cell Th1 functional maturation[END_REF]. HDL, especially, can strongly inhibit the functional maturation of DC stimulated by TLR1/2, TLR2/6 and TLR4 ligands, leading to mature cells devoid of Th1 function. This inhibitory activity of HDL was retained by its phospholipid fraction and the 1-palmitoyl-2-linoleyl-snglycero-3-phosphatidylcholine (PLPC) whereas the dipalmitoyl-sn-glycero-3phosphatidylcholine had no significant effect on DC function [START_REF] Perrin-Cocon | High-density lipoprotein phospholipids interfere with dendritic cell Th1 functional maturation[END_REF]. Numerous studies have described the major role of HDL into the control of LDL oxidation, therefore playing an indirect role in the regulation of the immune response. The recent findings described above indicate that HDL also have a direct immunoregulatory function, through some of its phospholipids that can modulate the ability of DC to activate a Th1 response.

Modulation of DC maturation and atherosclerosis

Atherosclerosis is a chronic inflammatory disease in which modified LDL play an important role, not only because their ingestion by macrophages convert them into foam cells but also because they can interfere with the immune response. Several studies have described the contribution of the immune response in the development of the atherosclerotic plaque (for review see [START_REF] Hansson | The immune system in atherosclerosis[END_REF][START_REF] Niessner | Dendritic cells in atherosclerotic disease[END_REF]). Importantly, immune cells such as dendritic and T cells are found in the arterial intima in close vicinity of accumulating modified-lipoproteins, especially oxLDL.

Numerous data indicate that the Th1 immune response, characterized by the secretion of IFN by T cells, favors the development of the disease [START_REF] Gupta | IFN-gamma potentiates atherosclerosis in ApoE knock-out mice[END_REF][START_REF] Frostegard | Cytokine expression in advanced human atherosclerotic plaques: dominance of proinflammatory (Th1) and macrophage-stimulating cytokines[END_REF][START_REF] Schulte | Genetically programmed biases in Th1 and Th2 immune responses modulate atherogenesis[END_REF] whereas the downregulation of Th1 responses reduces atherogenesis [START_REF] Laurat | In vivo downregulation of T helper cell 1 immune responses reduces atherogenesis in apolipoprotein Eknockout mice[END_REF]. The Th1 immune response may support inflammation through the secretion of inflammatory cytokines such as IFN and increase the recruitment of inflammatory cells. Accordingly, in the experimental model of atherosclerosis ApoE -/-mice, the injection of regulatory T cells type 1 (Tr1) reduces the production of IFN and the development of atherosclerosis [START_REF] Mallat | Induction of a regulatory T cell type 1 response reduces the development of atherosclerosis in apolipoprotein E-knockout mice[END_REF].

Although, the early events of atherogenesis remain poorly understood, the mechanisms involved in plaque progression are better defined. In the inflamed vascular wall (figure 1), LDL that enter the subendothelial space are modified by pro-oxidant molecules such as reactive oxygen species and/or by sPLA 2 s, resulting in the accumulation of oxidized and hydrolyzed LDL containing various species of modified lipids (oxidized PC and fatty acids, malondialdehyde, 4-hydroxynonenal, LPC and FFA). Among the sPLA 2 s, group IIA, III, V and X enzymes have been detected in human and/or mouse atherosclerotic lesions [START_REF] Karabina | Atherogenic properties of LDL particles modified by human group X secreted phospholipase A2 on human endothelial cell function[END_REF][START_REF] Kimura-Matsumoto | Expression of secretory phospholipase A2s in human atherosclerosis development[END_REF][START_REF] Hanasaki | Potent modification of low density lipoprotein by group X secretory phospholipase A2 is linked to macrophage foam cell formation[END_REF][START_REF] Karabina | Extracellular phospholipases in atherosclerosis[END_REF].

These enzymes have different substrate specificities, lipolytic activities and binding properties therefore exerting various effects on lipoproteins and cells [START_REF] Bezzine | Exogenously added human group X secreted phospholipase A(2) but not the group IB, IIA, and V enzymes efficiently release arachidonic acid from adherent mammalian cells[END_REF][START_REF] Singer | Interfacial kinetic and binding properties of the complete set of human and mouse groups I, II, V, X, and XII secreted phospholipases A2[END_REF][START_REF] Valentin | Increasing molecular diversity of secreted phospholipases A(2) and their receptors and binding proteins[END_REF]. Increased expression of these sPLA 2 s was correlated to progression of atherosclerosis. Moreover, several studies have shown that human group III, V and X sPLA 2 s directly induce DC maturation [START_REF] Atout | Human group X secreted phospholipase A(2) induces dendritic cell maturation through lipoprotein-dependent and -independent mechanisms[END_REF][START_REF] Perrin-Cocon | Secretory phospholipase A2 induces dendritic cell maturation[END_REF][START_REF] Giannattasio | Group V secretory phospholipase A2 reveals its role in house dust mite-induced allergic pulmonary inflammation by regulation of dendritic cell function[END_REF].

The modified lipoproteins and lipids act on smooth muscle cells and endothelial cells, contributing to the secretion of chemokines and the increased expression of adhesion molecules that favor monocyte recruitment [START_REF] Karabina | Atherogenic properties of LDL particles modified by human group X secreted phospholipase A2 on human endothelial cell function[END_REF][START_REF] Kume | Lysophosphatidylcholine, a component of atherogenic lipoproteins, induces mononuclear leukocyte adhesion molecules in cultured human and rabbit arterial endothelial cells[END_REF][START_REF] Gora | Phospholipolyzed LDL induces an inflammatory response in endothelial cells through endoplasmic reticulum stress signaling[END_REF]. Monocytes entering the tissue can differentiate into macrophages or DC depending on environmental conditions [START_REF] Randolph | Differentiation of monocytes into dendritic cells in a model of transendothelial trafficking[END_REF].

Internalization of oxLDL or phospholipase-treated LDL by macrophages converts them into foam cells that are a hallmark of atherosclerosis [START_REF] Nagy | Oxidized LDL regulates macrophage gene expression through ligand activation of PPARgamma[END_REF][START_REF] Karabina | Atherogenic properties of LDL particles modified by human group X secreted phospholipase A2 on human endothelial cell function[END_REF][START_REF] Hanasaki | Potent modification of low density lipoprotein by group X secretory phospholipase A2 is linked to macrophage foam cell formation[END_REF]. Both oxLDL and phospholipasetreated LDL can deliver instructive molecules such as LPC [START_REF] Perrin-Cocon | Oxidized lowdensity lipoprotein promotes mature dendritic cell transition from differentiating monocyte[END_REF][START_REF] Coutant | Mature dendritic cell generation promoted by lysophosphatidylcholine[END_REF][START_REF] Atout | Human group X secreted phospholipase A(2) induces dendritic cell maturation through lipoprotein-dependent and -independent mechanisms[END_REF][START_REF] Coutant | Sensing environmental lipids by dendritic cell modulates its function[END_REF], resulting in pro-Th1 mature DCs that could contribute to the development of the atherosclerotic plaque in vivo.

During atherogenesis, the accumulation of modified LDL in the arterial wall may trigger an immune response that can participate in the Th1-oriented profile of cytokines observed in the atherosclerotic lesion and contribute to the pathology. Further work is needed to understand how DC integrate the lipid signals provided by lipoproteins and to better determine the molecular pathways involved in the modulation of their functional maturation.

Modulation of DC function by LVP of HCV chronically-infected patients

HCV infection leads to chronicity in 80% of the patients, resulting in a specific pathophysiology characterized by glucose and lipid metabolism dysfunctions (i.e. insulinresistance, reduced serum levels of apoB, triglyceride accumulation in hepatocytes) [START_REF] Basaranoglu | Pathophysiology of insulin resistance and steatosis in patients with chronic viral hepatitis[END_REF]. In infected hepatocytes, HCV proteins are synthetized in the endoplasmic reticulum and the virus takes advantage of lipoprotein biosynthesis for its assembly and secretion [START_REF] Bartenschlager | Assembly of infectious hepatitis C virus particles[END_REF][START_REF] Icard | Secretion of hepatitis C virus envelope glycoproteins depends on assembly of apolipoprotein B positive lipoproteins[END_REF]. The interference between viral and lipoprotein assembly results in the secretion of hybrid particles composed of lipoprotein and viral material and forming a heterogeneous population of lipoviral-particles (LVP) (figure 2A). This offers to HCV the possibility to enter the cells via the widely expressed receptors of lipoproteins [START_REF] Monazahian | Low density lipoprotein receptor as a candidate receptor for hepatitis C virus[END_REF][START_REF] Andre | Characterization of low-and very-low-density hepatitis C virus RNA-containing particles[END_REF]. LVP have been assessed in all HCVchronically infected patients tested [START_REF] Andre | Characterization of low-and very-low-density hepatitis C virus RNA-containing particles[END_REF][START_REF] Bradley | Hepatitis C virus: buoyant density of the factor VIII-derived isolate in sucrose[END_REF][START_REF] Nielsen | Association between hepatitis C virus and very-low-density lipoprotein (VLDL)/LDL analyzed in iodixanol density gradients[END_REF][START_REF] Nielsen | Characterization of hepatitis C RNA-containing particles from human liver by density and size[END_REF][START_REF] Thomssen | Density heterogeneities of hepatitis C virus in human sera due to the binding of beta-lipoproteins and immunoglobulins[END_REF]. The very large majority of LVP are subviral particles, harboring a triglyceride-rich lipoprotein content and viral envelopes glycoproteins that outnumber the infectious particles containing both viral capsids and envelopes [START_REF] Diaz | Preferential association of Hepatitis C virus with apolipoprotein B48-containing lipoproteins[END_REF][START_REF] Scholtes | High plasma level of nucleocapsid-free envelope glycoprotein-positive lipoproteins in hepatitis C patients[END_REF].

Therefore these particles are peculiar modified lipoproteins formed during viral infection.

LVP are detected by the immune system since the particles isolated from the blood of the patients are covered with natural anti-envelop antibodies. However, these are not neutralizing antibodies since LVP can be internalized by the LDL receptor [START_REF] Andre | Characterization of low-and very-low-density hepatitis C virus RNA-containing particles[END_REF]. Moreover, LVP interfere with the maturation of DC induced by TLR4 stimulation. Although LVP-treated DC display a normal mature phenotype upon TLR4 stimulation, they produce less inflammatory cytokines and have disabled capacities to stimulate IFNγ secretion by T lymphocytes, whereas they induce the production of Th2-type cytokines, IL-5 and IL-13 [START_REF] Agaugue | Hepatitis C lipo-Viro-particle from chronically infected patients interferes with TLR4 signaling in dendritic cell[END_REF]. The analysis of the signaling pathways involved in this Th2 shift of DC function has highlighted the implication of the MAP-Kinases ERK and p38 [START_REF] Agaugue | 1-Methyl-tryptophan can interfere with TLR signaling in dendritic cells independently of IDO activity[END_REF]. LVP treatment results in an increased and sustained phosphorylation of ERK in mature DC and the inhibition of the MEK/ERK pathway restores the ability of DC to induce IFN secretion by T cells [START_REF] Agaugue | Hepatitis C lipo-Viro-particle from chronically infected patients interferes with TLR4 signaling in dendritic cell[END_REF] (fig. 2B).

Interestingly, DC derived from monocytes of HCV chronically-infected patients also present a deficient Th1 function, specifically after stimulation by TLR4 ligand, and not after stimulation by TLR1/2, TLR2/6 or TLR3 ligands [START_REF] Perrin-Cocon | Th1 disabled function in response to TLR4 stimulation of monocyte-derived DC from patients chronically-infected by hepatitis C virus[END_REF]. The Th1 function of these DC can be restored by the treatment of cells with an inhibitor of the MEK/ERK pathway prior to TLR4 stimulation [START_REF] Perrin-Cocon | Th1 disabled function in response to TLR4 stimulation of monocyte-derived DC from patients chronically-infected by hepatitis C virus[END_REF]. Our results also indicate that monocytes isolated from HCV-chronically infected patients have an elevated state of activation, secreting more cytokines compared to control monocytes [START_REF] Perrin-Cocon | Th1 disabled function in response to TLR4 stimulation of monocyte-derived DC from patients chronically-infected by hepatitis C virus[END_REF]. This monocyte activation may be induced in patients either by circulating LVP or other circulating factors such as inflammatory cytokines (fig. 2B). This alteration of monocytes blocks the acquisition of a normal Th1 function upon DC differentiation, by interfering specifically with the TLR4 pathway. This selective defect of DC derived from HCV chronically-infected patients is in agreement with the absence of reported immunodeficiency of the patients. An interesting possibility is that this host-pathogen interference may play a role in the chronicity of HCV infection. 

  the signals they receive from DC by cell to cell contact and by secreted mediators such as cytokines and chemokines. DC activation can be triggered by various signals, including pathogen-associated molecular patterns and endogenous alarm signals associated with tissue damage or inflammation.
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 2 Modulation of DC maturation by modified LDL 2.1. oxLDL and phospholipase-treated LDL provide lipid signals regulating DC maturation
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 2 Regulation of DC function by PPARNumerous nuclear receptors are involved in the control of DC maturation. The lipid-binding nuclear receptor PPAR has emerged as an important regulator of inflammation and immunity in general and of DC function in particular[START_REF] Daynes | Emerging roles of PPARs in inflammation and immunity[END_REF]. Several groups have demonstrated that PPAR agonists reduce the ability of mature DC to secrete IL-12 and to stimulate a Th1 response of T cells[START_REF] Coutant | Sensing environmental lipids by dendritic cell modulates its function[END_REF][START_REF] Nencioni | Dendritic cell immunogenicity is regulated by peroxisome proliferator-activated receptor gamma[END_REF][START_REF] Faveeuw | Peroxisome proliferator-activated receptor gamma activators inhibit interleukin-12 production in murine dendritic cells[END_REF][START_REF] Gosset | Peroxisome proliferator-activated receptor gamma activators affect the maturation of human monocyte-derived dendritic cells[END_REF]. Nagy et al. have identified two of the major oxidized fatty acids of oxLDL, 9-HODE and 13-HODE, as endogenous activators of PPAR[START_REF] Nagy | Oxidized LDL regulates macrophage gene expression through ligand activation of PPARgamma[END_REF]. In human monocytes, it was shown that oxLDL and oxidized alkyl-phospholipids of oxLDL induced PPAR-dependent gene transcription[START_REF] Davies | Oxidized alkyl phospholipids are specific, high affinity peroxisome proliferator-activated receptor gamma ligands and agonists[END_REF]. In human DC, synthetic or natural agonists of PPAR such as 9/13-HODE and 11/15-HETE inhibit the functional maturation of DC induced by oxLDL, preventing the acquisition of a pro-Th1 function[START_REF] Coutant | Sensing environmental lipids by dendritic cell modulates its function[END_REF]. In contrast, DC maturation induced by LPC is associated with an important inhibition of PPAR activity. Thus PPAR is involved in the control of LPC-induced DC maturation, although it is not yet clear whether

  Lipoproteins are important regulators of DC maturation. During non-pathological situations, native LDL and HDL present in high amount may prevent DC activation. In contrast, during pathological situations, the increase in modified lipoproteins and the concomitant decrease in native lipoproteins could favor DC maturation. In inflamed tissues such as the vascular wall during atherosclerosis, the accumulation of lipoproteins modified by oxidation and/or hydrolysis by sPLA 2 favors DC maturation and the acquisition of a pro-Th1 function that could participate in the development of the atheroma. Among the lipid mediators generated under these conditions, LPC revealed as a major inducer of a pro-Th1 maturation of DC and fatty acids could modulate positively or negatively DC functional maturation according to their nature. During chronic infection by HCV, LVP are produced in the form of hybrid lipoproteins carrying viral components interfering with DC maturation and function. DC differentiated from monocytes of HCV-infected patients present a disabled Th1 response upon TLR4 stimulation that could be induced by circulating LVP. These virus-modified lipoproteins are likely to play a role in viral escape to the immune system.
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 2 Fig. 2. LVP circulating into the blood of HCV-infected patients interfere with DC maturation.
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