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Introduction 1. Atherosclerosis: Challenges and Goals

Minimizing disease progression and alleviating patient suffering are two primary goals for treating patients with Atherosclerosis. The fact that some disease conditions including Hypertension, Diabetes, Obesity and many others, either lead to or result from Atherosclerosis (comorbidities) complicate the patient's health status, leaving him with a poor quality of life and poor prognosis. The poor compliance, physical disabilities and the ongoing stress and emotional worries, not only affect the patient but also the economy and human resources of the countries' health sector. The increase in prevalence is proportionally related to the financial burden world widely.

Atherosclerosis: Definition and Risk factors

Atherosclerosis is defined as a slow, chronic disease where lipids and fibrous elements accumulate in the intima (the inner most layer) of large and medium sized arteries leading to chronic inflammatory response accompanied by endothelial cell dysfunction and recruitment of inflammatory and immune cells [START_REF] Hansson | The Immune Response in Atherosclerosis: A Double-Edged Sword[END_REF]. Lesions begin in the intima and progressively affect the entire arterial wall including the media and the adventitia. Although the disease may start as early as childhood, it is mostly diagnosed at a late stage and becomes alarming later at the age between 50s or 60s. Moreover, the fact that it is a multifactorial disease that results from an interplay of multiple genes, signaling pathways, cells and tissues further increases its' complexness.

The predisposing risk factors of Atherosclerosis are divided into two categories: non-modifiable risk factors that include age, sex and Heredity. Older adults are more likely to develop Atherosclerosis, moreover, men tend to have the disease earlier in life than women where the disease occurrence augments significantly after menopause, still to a lesser extent compared to men. The hereditary factors (cardiomyopathies and hereditary dyslipidaemia) (Go, 2013) constitutes also an important risk factor for disease occurrence.

The modifiable risk factors, on the other hand, include High blood pressure, tobacco smoking, Diabetes mellitus, and elevated low density lipoprotein Cholesterol (LDL-C), in addition to low levels of high density lipoprotein Cholesterol (HDL-C) [START_REF] Altman | Risk Factors in Coronary Atherosclerosis Athero-Inflammation: The Meeting Point[END_REF]. Nowadays, the LDL-C/HDL-C ratio has been shown to be a strong risk factor for cardiovascular disease (CVD),

where the lower the ratio, the lower is the risk [START_REF] Fruchart | New Risk Factors for Atherosclerosis and Patient Risk Assessment[END_REF]). This type of dyslipidemia contribute fundamentally to Atherosclerosis occurrence and results from both genetic and life style (diet intake) participation. To our knowledge, a little percentage of cases have been well associated to genetics [START_REF] Zhang | Epigenetics in Atherosclerosis: A Clinical Perspective[END_REF] provoking the idea that many cases are strongly related to environment which can be either prevented or may be reversed by an environmental related influence.

1.2 Development of Atherosclerosis as a continuum of histologic changes in the arterial wall.

Our knowledge of the major characteristics of human Atherosclerosis is based largely on studies of coronary artery lesions with significant contributions from studies in the carotid arteries and the aorta. Studies of experimental Atherosclerosis, on the other hand, particularly in genetically manipulated mice have identified contributions from components of lipid metabolism, inflammatory response and various cell types within the lesion [START_REF] Insull | The Pathology of Atherosclerosis: Plaque Development and Plaque Responses to Medical Treatment[END_REF]. The disease usually begins as a result of vascular injury which is mainly due to shear stress, high levels of circulating Cholesterol and free radicals leading to endothelial dysfunction, altogether with the retained oxidized low density lipoprotein (ox-LDL) particles that trigger pro-inflammatory responses, which in turn are the first steps in the development of atherosclerotic plaques [START_REF] Hansson | The Immune Response in Atherosclerosis: A Double-Edged Sword[END_REF].

Early fatty streak development: In both humans and experimental animals, Hypercholesterolemia leads to the accumulation of excessive plasmatic LDL. These particles are then modified by enzymes and oxidized into pro-inflammatory particles which stimulate the reaction of the innate inflammatory system. Deposits of the oxidized lipoproteins are very abundant in early atherosclerotic lesions, named fatty streaks, which are rich in lipid droplets, apoptotic cells and tissue debris. The inflammation begins when the endothelial cells become activated and secrete adhesion molecules. The smooth muscle cells (SMCs) consequently secrete chemokines and chemo-attractants which draw monocytes, lymphocytes, mast cells and neutrophils to the arterial wall (Aluganti Narasimhulu et al. 2016). Upon entry, monocytes transform into macrophages, take up lipids as multiple small inclusions and become foam cells.

It should be emphasized that this transformation of macrophages into foam cells is a pathological hallmark and major key player of Atherosclerosis [START_REF] Pennings | Regulation of Cholesterol Homeostasis in Macrophages and Consequences for Atherosclerotic Lesion Development[END_REF].

Early fibroatheroma: Upon the accumulation of macrophage foam cells and other inflammatory cells, the inflammation becomes excessive. SMCs secrete extracellular proteoglycans that bind lipids and progressively increase their lipid binding capacity by extension of their disaccharide arms. The increase in the accumulation of extracellular lipids pools and leads to cell necrosis (K. J. [START_REF] Moore | Macrophages in the Pathogenesis of Atherosclerosis[END_REF]. This causes progressive disruption in the architecture of the intima. Fibrous tissue is added to form a fibrous cap over the lipid rich necrotic core under the endothelium at the blood interface. This forms the fibrous plaque lesions that develop to become the dominant lesion.

Advancing atheroma: In this stage of plaque development, a thin cap fibroatheroma develops which becomes weakened when proteolytic enzyme activity continues and dissolves the fibrous tissue. Moreover, it is susceptible to rupture which exposes the thrombogenic interior arterial wall and produces a thrombosis that extends into the arterial lumen [START_REF] Insull | The Pathology of Atherosclerosis: Plaque Development and Plaque Responses to Medical Treatment[END_REF][START_REF] Hansson | The Immune Response in Atherosclerosis: A Double-Edged Sword[END_REF]. These lesions are usually labelled vulnerable plaques (fig. 1) because of the risk of rupture and life threatening thrombosis. In addition, they appear at the age of 55-65 years, just before the peak incidences of myocardial infarction and stroke.

Complex lesion development:

The thin fibrous caps (fig. 2) are clinically silent in that they heal by forming fibrous tissue matrices of cells, collagen fibers, and extracellular space but may rupture as well and cause thrombus formation. Calcium deposits may also precipitate initially as small aggregates and later as large nodules [START_REF] Insull | The Pathology of Atherosclerosis: Plaque Development and Plaque Responses to Medical Treatment[END_REF]. The increasing mass of plaques alone may become sufficient to form significant stenosis that may cause lethal ischemia simply through flow restriction.

In this project, we target the two pivotal key players in Atherogenesis which are priorily the regulation of blood Cholesterol and the recruitment of Macrophages. 

Macrophages: Key regulators of atherosclerotic plaques

Macrophages are important sentinel cells in our body and are involved in maintenance of tissue development and homeostasis, immune responses and inflammation-associated diseases including Atherosclerosis. Compelling evidence from studies of recent years demonstrates that macrophages are heterogeneous and undergo heterogeneous phenotypic changes in response to microenvironmental stimuli [START_REF] Davies | Tissue-Resident Macrophages: Then and Now[END_REF].

In general, most macrophages develop from bone marrow precursor cells that develop into monocytes and circulate throughout the body. After crossing the walls of capillaries into connective tissue, monocytes turn into macrophages where the differentiation involves changes in number and complexity as well as phagocytic capacity. These monocyte derived inflammatory macrophages are immediate effector cells and do not persist in tissues, they function to engulf the foreign agents in addition to the elimination of apoptotic cells and recycling nutrients by digesting waste products from tissues. Indeed, they die locally at the resolution phase leading to their clearance from the inflammatory site and resolution of inflammation (K. J. Moore and Tabas 2011). Normally, these cells are at rest but can be activated by a variety of stimuli during the immune response.

It is now evident that Atherogenesis not only requires but is also highly influenced by the interaction between lipoproteins and macrophages. Most of the focus to date has been on the ability of LDL to promote and of HDL to prevent the development of the cholesterylesterenriched macrophage-derived foam cell emphasizing that these macrophages are particularly of fundamental interest in understanding atherosclerotic lesion development and thrombogenecity [START_REF] Dickhout | Macrophage Function and Its Impact on Atherosclerotic Lesion Composition, Progression, and Stability The Good, the Bad, and the Ugly[END_REF]. Controversial roles of macrophages in the lesion development has been also illustrated. In consistency with the idea that macrophages augment lesion progression, [START_REF] Smith | Decreased Atherosclerosis in Mice Deficient in Both Macrophage Colony-Stimulating Factor (Op) and Apolipoprotein E[END_REF] More interestingly, the M1-M2 paradigm for the classification of macrophages proved to be restrictive and does not realize the diversity of tissue macrophages. In the tissues there are both resident and recruited macrophages. The resident macrophages are indeed present in most of the tissues at steady state including liver, microglia, peritoneum, lungs, red pulp, bone marrow and intestines which for the vast majority, develop very early in life and are maintained in adult tissues independently from the circulating monocyte pool [START_REF] Gautier | Understanding Macrophage Diversity at the Ontogenic and Transcriptomic Levels[END_REF].

The recruited macrophages, on the other hand, will be present only in pathological conditions and rather originate from the inflammatory monocytes.

The initiation phase: Monocyte recruitment to the artery wall

Macrophages recruited to the atherosclerotic plaque usually differentiate from blood peripheral monocytes. The majority of monocytes in early atherosclerotic lesions become cells with macrophage and/or dendritic cell like features (fig. 3). Monocytes circulate in the blood and represent approximately 5-10% of circulating leukocytes in humans and this percentage is decreased to reach 2% in the mice. Monocytes migrate to tissues in response to inflammatory conditions and by means of their surface receptors, respond to the different chemokines and adhesion molecules. They can also secrete cytokines and capture cellular debris [START_REF] Hansson | The Immune Response in Atherosclerosis: A Double-Edged Sword[END_REF].

In mice, monocytes are classified based on their expression of Ly-6C, an epitope of GR1, into two major subsets: Ly6C high , the main monocyte subpopulation infiltrating early atherosclerotic plaques and Ly6C low [START_REF] Ley | Monocyte and Macrophage Dynamics during Atherogenesis[END_REF]. Recruitment of monocytes depends principally on Chemokines CCL2 and CX3CL1 [START_REF] Pello | A Glimpse on the Phenomenon of Macrophage Polarization during Atherosclerosis[END_REF]. This recruitment involves the activation of endothelial cells expressing chemokines such as monocyte chemotactic protein 1 that will direct monocyte migration.

Ly6C high monocytes are termed 'inflammatory' as they accumulate preferentially in the peritoneal cavity in response to an inflammatory stimulus (i.e. intraperitoneal injection of Thioglycolate). On the other hand, Ly6C low monocytes are present in the blood and peripheral tissues in the absence of inflammation [START_REF] Jakubzick | Minimal Differentiation of Classical Monocytes as They Survey Steady-State Tissues and Transport Antigen to Lymph Nodes[END_REF]. At steady state conditions, the proportion of circulating Ly6C high and Ly6C low monocytes is equivalent. However, it was demonstrated that inducing inflammation through injection or a high Fat/high Cholesterol diet positively increases the number of monocytes, especially Ly6C high [START_REF] Swirski | Ly-6Chi Monocytes Dominate Hypercholesterolemia-Associated Monocytosis and Give Rise to Macrophages in Atheromata[END_REF].

Foamy macrophages: Uptake and metabolism of Cholesterol

The role of such lipid-loaded cells begins upon the ingestion and processing of apoBlipoproteins via mechanisms that are widely studied and debated. Early work suggested that uptake of oxidized LDL occurs via scavenger receptors, notably the type A scavenger receptor (SRA) and a member of the type B family, CD36. However, recent studies in Apoe -/-mouse model deficient in SRA and CD36 showed that additional mechanisms of foam cell formation are also operational in Atherosclerosis [START_REF] Manning-Tobin | Loss of SR-A and CD36 Activity Reduces Atherosclerotic Lesion Complexity without Abrogating Foam Cell Formation in Hyperlipidemic Mice[END_REF]; K. J. [START_REF] Moore | Loss of Receptor-Mediated Lipid Uptake via Scavenger Receptor A or CD36 Pathways Does Not Ameliorate Atherosclerosis in Hyperlipidemic Mice[END_REF].

Modified LDL-derived cholesteryl esters are hydrolyzed into free Cholesterol and fatty acids in the lysosomes of macrophages. The free Cholesterol, on the other hand, is initially transported to the plasma membrane where it integrates the cell membrane to be evacuated, this process is controlled by a network of proteins namely the Niemann Pick type C (NPC) 1. In case of an excess of free Cholesterol, it is transported back to the endoplasmic reticulum. The uptake of free Cholesterol by the endoplasmic reticulum inhibits the endogenous synthesis of Cholesterol by inhibiting the transcription of Sterol Regulatory Element Binding Pathway (SREB) [START_REF] Tall | Regulation and Mechanisms of Macrophage Cholesterol Efflux[END_REF]. The free Cholesterol is then re-esterified by acylcoenzyme A acetyltransferase 1 (ACAT1) and stored as lipid droplets. Both the esterified Cholesterol and the free Cholesterol (in plasma membrane) are then available for efflux via ATP-binding cassette (ABC) transporters (ABCA1, ABCG1, and transferred to apolipoprotein A1 (ApoA1). The process of Cholesterol metabolism in the macrophages can be disrupted due to the uptake of excessive amounts of Cholesterol or defects in efflux pathway [START_REF] Shibata | Regulation of Macrophage Function in Inflammation and Atherosclerosis[END_REF].

Macrophage polarization

Driven by M-CSF, monocytes differentiate in order to carry out their diverse functions.

Macrophages are capable of acquiring specialized phenotypes in response to signals from the local microenvironment (plasticity) that polarize them towards a specific activation state, the classically activated 'M1' and alternatively activated 'M2'. It has been proven over the years that these two states are the extremes of a diversity of macrophage phenotypes as other subpopulations have been also described [START_REF] Ley | Monocyte and Macrophage Dynamics during Atherogenesis[END_REF].

The 

Macrophages in advanced Atherosclerosis and Apoptosis

Macrophages are also considered as key players in originating and developing the atherosclerotic plaques, as well as possessing an important role among all the pathological stages. Moreover, the density of macrophages present in the plaque is a useful indicator of the stage of lesion development. The accumulation of macrophages in lesions is either due to the infiltration of circulating monocytes or to the proliferation of local macrophages followed by cellular death and regression. Despite the fact that the implication of apoptosis in

Atherosclerosis is well established and mainly depends on cell type, lesion stage and location, still its' role in lesion progression remains debatable [START_REF] Gautier | Macrophage Apoptosis Exerts Divergent Effects on Atherogenesis as a Function of Lesion Stage[END_REF]). It may be protective by limiting the production of cytokines and growth factors and thus reduce the lesion progression but on the other hand, loss of macrophages could have a deleterious effect via defects in the elimination of inflammatory mediators and toxic substances, mainly ox-LDL.

Advanced atherosclerotic lesions are known to be composed of several apoptotic cells like endothelial cells, SMCs and inflammatory cells (macrophages and T-lymphocytes). Still the majority of apoptosis in atherosclerotic lesion is represented by macrophages which contribute to size independent changes in plaque morphology, notably, formation of the necrotic core and the thinning of the fibrous cap [START_REF] Insull | The Pathology of Atherosclerosis: Plaque Development and Plaque Responses to Medical Treatment[END_REF]).

Cholesterol Homeostasis

Although Cholesterol is best known as a risk factor for cardiovascular disease, it is a vital component of all mammalian cells. Besides its key essential roles as maintaining cell membranes, manufacturing vitamin D on surface of the skin, producing hormones and possibly helping cell connections in the brain, it is also an essential biochemical precursor for numerous biologically important compounds including oxysterols and bile acids. A variety of sophisticated mechanisms interact to coordinate the overall level of Cholesterol in an organism [START_REF] Trapani | Regulation and Deregulation of Cholesterol Homeostasis: The Liver as a Metabolic "power Station[END_REF][START_REF] Meaney | Epigenetic Regulation of Cholesterol Homeostasis[END_REF]. Cholesterol synthesis occurs in all nucleated cells, so under normal circumstances there is no requirement to ingest Cholesterol.

However, a typical western diet contains approximately 300-500 mg of Cholesterol per day and so Cholesterol originates from either de novo synthesis or dietary intake. This Cholesterol is absorbed in the small intestine and is distributed throughout the body via lipoproteins to most, but not all tissues. The brain is a notable exception as plasmatic lipoproteins are unable to pass the Blood Brain Barrier and Cholesterol in the brain is exclusively due to local synthesis. In general, Cholesterol in excess of requirements may either be stored as cholesteryl esters or eliminated via oxidation and/or conversion into bile acids [START_REF] Daniels | Lipoproteins, Cholesterol Homeostasis and Cardiac Health[END_REF]. As an estimated loss of 1 to 1.5 g of Cholesterol occurs daily through desquamation and faecal loss, this amount must be replaced either by dietary sources, or synthesis in multiple cells in the body.

Triglycerides (TGs) are also obtained from the diet as well as synthesized in the liver.

Lipoproteins

Due to its insoluble nature, Cholesterol cannot be solubilized in the plasma and is transported as cargo in proteolipid complexes known as Lipoprotein particles.

Lipoproteins are spherical macromolecular complexes of lipids and specific proteins (fig. 5). ApoE, the latter being essential for hepatic uptake. In the liver, the VLDL is assembled with ApoB-100, which provides structural integrity to VLDL and serves as a ligand for cellular uptake. ApoE is another ligand for reuptake and as with CMs, the addition of Apo C-|| and C-||| may be required to regulate TG metabolism. IDL, smaller particle resulting from VLDL lipolysis retain ApoB100 and ApoE for receptor uptake. The even smaller LDL (IDL remnant) retain only ApoB100 [START_REF] Feingold | Introduction to Lipids and Lipoproteins[END_REF].

The lineage of all these particles have ApoB in common, whereas HDL, the smallest lipoprotein involved in reverse Cholesterol transport (RCT) (Fig. 6) retain ApoA1 as its primary structure apolipoprotein [START_REF] Kontush | Small, Dense HDL Particles Exert Potent Protection of Atherogenic LDL Against Oxidative Stress[END_REF]. In addition, it also participates in carrying Apo A-||, ApoE, Apo C-|| and C-|||, which are exchangeable apolipoproteins as they transfer back and forth between HDL and ApoB particles. 

Cholesterol absorption

Absorption of dietary Cholesterol from the intestine is an important part of Cholesterol Homeostasis and represents the first step that allows dietary cholesterol to exert its metabolic effects. It occurs primarily in the duodenum and proximal jejunum of the small intestine and is majorly dependent on the presence of bile salts through the formation of emulsions [START_REF] Lu | Dietary Cholesterol Absorption; More than Just Bile[END_REF].. Various proteins have been associated with the inward flux of Cholesterol into the enterocytes, most notably the Niemann Pick Disease Type C1 Like-1 (NPC1L1) protein [START_REF] Altman | Risk Factors in Coronary Atherosclerosis Athero-Inflammation: The Meeting Point[END_REF]. There are two main phases of Cholesterol absorption. The first takes place in the lumen and involves digestion and hydrolysis of dietary lipids followed by solubilization of Cholesterol in mixed micelles containing bile acid and phospholipids which facilitates the movement of Cholesterol from the bulk phase of the lumen to the surface of the enterocyte. In the second phase, Cholesterol crosses the mucosal cell membrane, where in the cell it is either re-esterified and incorporated into ApoB48 containing CM that are secreted in the lymph [START_REF] Iqbal | Intestinal Lipid Absorption[END_REF] or excreted back into intestinal lumen through ABCG5 and ABCG8.

The intestine does not only regulate the amount of dietary cholesterol (~0.5gm/d) that enters the body but is also selective with regard to the sterols that are allowed in. Only negligible amounts of plant sterols are retained in the body [START_REF] Lu | Dietary Cholesterol Absorption; More than Just Bile[END_REF]. Other factors including, the bile acid pool size and composition as well as the amount and species of phospholipid in the lumen could affect the amount of chylomicron Cholesterol that ultimately enters the lymph.

Cholesterol transport: exogenous and endogenous pathways

The lipid transport system in plasma has been basically described as involving three pathways:

These pathways include the exogenous pathway, the endogenous pathway, and the pathway of CMs, whose interaction with LPL liberates free fatty acids which reach the adipocytes and skeletal muscle cells for storage or oxidation, respectively [START_REF] Cox | Cholesterol, Triglycerides, and Associated Lipoproteins[END_REF].

Remnant chylomicron particles are then cleared by binding of their apoE to its receptor that is present only on the surface of hepatic cells. Subsequently, the bound remnants are taken to the inside of hepatic cells by endocytosis and then catabolized by lysosomes. This process liberates Cholesterol which is then either converted into bile acids, excreted in bile, or incorporated into lipoproteins originated in the liver (VLDL) [START_REF] Cooper | Hepatic Uptake of Chylomicron Remnants[END_REF]. Under normal physiologic conditions, chylomicrons are present in plasma for 1 to 5 hours after a meal and may give it a milky appearance.

The endogenous pathway involves the liver synthesizing lipoproteins. TG and Cholesterol esters are generated by the liver, packaged into VLDL particles and then released into the circulation. VLDL is then processed by LPL in blood to release fatty acids and glycerol. The fatty acids are taken up by muscle cells for energy or by the adipose cells for storage. Around half of these remnants or IDL particles are taken by the liver via the LDL receptor (LDLR) and the rest is modified into LDL particles. In fact, LDL particles contain around three-fourths of the total Cholesterol in human plasma and function mainly to supply Cholesterol to cells with LDL receptors. Excess of circulating LDL in the plasma drives them to be infiltrated in the intima of the blood vessels, where after, they may undergo oxidation, lipolysis or proteolysis and aggregate in the intima [START_REF] Daniels | Lipoproteins, Cholesterol Homeostasis and Cardiac Health[END_REF]). Reverse Cholesterol transport (fig. 6) refers to the process by which Cholesterol is removed from the tissues and returned to the liver. HDL is a key mediator to transport Cholesterol back to the liver and is formed through a maturation process whereby precursor particles (nascent HDL) secreted by the liver and intestine proceed through a series of conversions to attract Cholesterol from cell membranes [START_REF] Wasan | Impact of Lipoproteins on the Biological Activity and Disposition of Hydrophobic Drugs: Implications for Drug Discovery[END_REF]. The active mechanism of Cholesterol efflux from peripheral tissues depends on the presence of ABCA1, ABCG1 and SR-B1 on the cellular membrane. The ABCA1 permits the transfer of excess free Cholesterol in the peripheral tissues to the ApoA1 or pre-βHDL thereby developing the nascent HDL particle which then interacts with ABCG1 and SRB1 to develop into a mature HDL particle. Within HDL,

Cholesterol is esterified by lecithin-Cholesterol acyltransferase (LCAT) thereby clearing space on the HDL surface for the uptake of additional free Cholesterol. Via the plasma compartment, the effluxed Cholesterol is transported in a reverse pathway back to the liver. Mature HDL delivers Cholesterol to the liver principally via a direct pathway, where HDL interacts with SRB1 on the liver and allow Cholesterol delivery to the liver [START_REF] Guerin | Reverse Cholesterol Transport in Familial Hypercholesterolemia[END_REF]. The resulting lipid ApoA1 rich particle can then be recirculated and repeat the process of RCT. Another pathway, on the other hand, is mediated by Cholesteryl ester transfer protein CETP, which primarily exists in humans and not mice. CETP facilitates the exchange of Cholesterol in HDL for TGs, in the TG-rich particles namely, VLDL and LDL. The end result is a system that allows the transfer of Cholesterol through LDL to peripheral cells and its return to the liver through HDL.

The LDL particles may then go to circulation or deposit their Cholesterol ester content at the LDL receptor [START_REF] Tall | HDL, ABC Transporters, and Cholesterol Efflux: Implications for the Treatment of Atherosclerosis[END_REF].

Regulation of Cholesterol synthesis and metabolism

Cholesterol is not only obtained through diet but also synthesized de novo. In mammals, the liver remains the major site of synthesis. The process of Cholesterol biosynthesis is considerably complex and conceptually divided into two stages, including the condensation of isoprenoid units to yield a 30-carbon molecule squalene followed by the cyclization of squalene to produce Lanosterol, which is converted to Cholesterol. The beginning is with the formation of the 3-hydroxy -3-methylglutaryl-coenzyme A (HMG-CoA) from one molecule of acetyl-CoA (2C) and one of acetoacetyl-CoA. The reaction is catalyzed by 3-hydroxy-3methylglutaryl-Co-enzymeAsynthase (HMGCS). HMG-CoA is then converted to mevalonate by the action of the membrane bound enzyme3-hydroxy-3-methylglutaryl-Co-enzymeA reductase (HMGCR) in a reaction considered to be the primary flux governing step in the Cholesterol biosynthesis pathway and the target of the class of Cholesterol lowering drugs specifically statins [START_REF] Berg | The Complex Regulation of Cholesterol Biosynthesis Takes Place at Several Levels[END_REF]. Regulation of Cholesterol biosynthesis is achieved via a system of feedback inhibition that senses intracellular levels of Cholesterol and subsequently modulates the expression of the key proteins involved in Cholesterol homeostasis, Sterol Regulatory Element-Binding Proteins (SREBPs) are the key regulators for the rate of synthesis of HMGCoA-R messenger RNA (mRNA). SREBP proteolytic cleavage frees it to move through the cytoplasm to the nucleus, where it can bind to specific DNA sequences, the sterol regulatory elements that are found in the control regions of the genes that encode enzymes needed to make lipids. The binding to DNA leads to the increased transcription of the target genes [START_REF] Desvergne | Transcriptional Regulation of Metabolism[END_REF].

Such that, when there are sufficient amounts of Cholesterol, membrane-bound SREBP-2 (fig. 8)

is not processed to its mature form and Cholesterol synthesis is not stimulated. In addition, if the Cholesterol supply is high, the liver X receptor (LXR) is activated by the high levels of oxysterols that are the intermediate compounds in the process of Cholesterol degradation (fig. 9). In peripheral cells, LXR activity enhances Cholesterol efflux, while in the liver, it increases the formation of bile acids to avoid an accumulation of Cholesterol in excess [START_REF] Horton | SREBPs: Activators of the Complete Program of Cholesterol and Fatty Acid Synthesis in the Liver[END_REF]. In turn, Farnesoid X receptor (FXR) that senses high levels of bile acids inhibit their synthesis thereby limiting the elevation of bile acid levels and their deleterious effects on liver cell functions. Low Cholesterol levels, on the other hand, are also sensed by the cells which respond by increasing the processing and activity of SREBP-2, thereby stimulating Cholesterol de novo synthesis. The coordinated action of FXR, LXR, and SREBP-2 in the cholesterol metabolism pathway. If cholesterol is in excess, its efflux from the cells and its conversion into bile acids for excretion in the feces are favored by the activation of liver X receptor (LXR). High bile acid production in turn activates farnesol X receptor (FXR), which limits the toxic accumulation of these metabolites in the liver, by increasing their cell efflux and limiting their production. The plain blue arrows correspond to the action of these transcription factors on the genes acting in the cholesterol metabolic pathway. The gray arrows correspond to the action of these gene products. Some bile acid and cholesterol metabolites are ligands for FXR and LXR, respectively (blue dotted line), while high cholesterol levels directly inhibit SREBP-2 [START_REF] Desvergne | Transcriptional Regulation of Metabolism[END_REF].

The cell surface receptor LDLr (fig. 9), which is expressed primarily in the liver, but is also found on many cells, is a major determinant of plasma Cholesterol levels. It functions as a pick up machinery for circulating LDL particles to finally transport them into the peripheral tissues and in the liver by receptor-mediated endocytosis in response to SREBP2 levels [START_REF] Goldstein | The LDL Receptor[END_REF] Limiting Cholesterol synthesis leads to a homeostatic response in which cells increase the density of LDL receptors on their surfaces. Once the complex of LDL particle and LDLr is taken within the cell, the LDL particle is then dissociated from its receptor and Cholesterol is then used by the cell. The receptor can then be either recycled to the surface of the cell or degraded. The ability of hepatic LDLr to be recycled is an important determinant of hepatic efficacy in lowering plasma LDL levels. LDLr and limited clearance of LDL from the blood. This summarizes how the liver handles both its' own Cholesterol and that within our blood.

Cholesterol Elimination

The sterol rings of Cholesterol are unbreakable by the body's metabolic processes, so

Cholesterol should be either catabolized to other products, which can be excreted in the urine or faeces, or directly excreted in the bile. In humans, the major route of excretion is as biliary Cholesterol.

The enterohepatic circulation that refers to the circulation of biliary acids, drugs and other substances from the liver to the bile followed by entry into the small intestine, where it is absorbed by the enterocyte and transport back to the liver, is responsible for the catabolism of Cholesterol to bile acids and bile acid excretion and is considered as the second most important route of the daily turnover [START_REF] Roberts | Enterohepatic Circulation: Physiological, Pharmacokinetic and Clinical Implications[END_REF]. It is important not only for recycling bile acids and absorption of nutrients but also for regulation of whole body lipid metabolism. Cholesterol Interestingly, another route of Cholesterol elimination, is the Transintestinal Cholesterol Excretion (TICE) which was approved in 2007 (van der [START_REF] Van Der Velde | Direct Intestinal Cholesterol Secretion Contributes Significantly to Total Fecal Neutral Sterol Excretion in Mice[END_REF]). This route permits the elimination of blood Cholesterol directly via intestines without passing by the bile and played a significant role in Cholesterol removal from the body as it permits the excretion of two times more Cholesterol in mice faeces than in the biliary route. It was also established that the TICE is maximal at the proximal part of the intestine and follows a gradient along the intestines.

Le [START_REF] May | Transintestinal Cholesterol Excretion Is an Active Metabolic Process Modulated by PCSK9 and Statin Involving ABCB1[END_REF] have demonstrated that TICE is also present in humans by analyzing intestinal biopsies obtained through obesity related surgeries. Furthermore, it was also highlighted that LDL-and HDL can deliver Cholesterol to TICE in Humans and mice.

Cholesterol metabolism in mice models.

There is a favorable interest in mice in the medical research due to the possibility of acquiring the targeted genetic background as well as persisting homogeneity in the same line. The murine model represents some limitations in the study of Atherosclerosis, mainly because the profile of the plasmatic lipoproteins in mice is different than in humans. In mice, the circulating Cholesterol is principally conveyed in the HDL particles, where it is transported in LDL in humans. This is a principal reason that the wild type mice do not develop Atherosclerosis and this difference in the lipoprotein profile could be partly attributed to the absence of CETP in the mice. Moreover, the absorption of the alimentary Cholesterol in the mice is not significant [START_REF] Kapourchali | Animal Models of Atherosclerosis[END_REF]) while, about 50% of the alimentary Cholesterol is absorbed by the enterocytes in human.

Hence after, a remodeling in the lipoprotein profile characteristics is necessary to induce the development of atherosclerotic lesions in mice. In fact, the technique of gene inactivation or Knock out has offered the possibility to model or imitate some important aspects of human lipid metabolism in the mouse model. Two basic mice models came into reality including LDL-R deficient mice (LDLr -/-) created in 1993, and the ApoE deficient mice (Apoe -/-) created in 1992.

LDLR permits the recognition of ApoB and ApoE on the surface of LDL and IDL. These mice represent a Cholesterol plasma level that is less elevated than Apoe -/-but still more elevated than normal level following a high Cholesterol or western diet in order to develop Hypercholesterolemia and Atherosclerosis, consequently.

Inflammation and Lipid metabolism

As far, Dyslipidemia and inflammation are causal factors for the development of

Atherosclerosis and the interplay between lipid metabolism and inflammation may exacerbate disease development. Unlike acute inflammation, Atherosclerosis is hallmarked by a state of unresolved low-grade chronic inflammation [START_REF] Van Diepen | Interactions between Inflammation and Lipid Metabolism: Relevance for Efficacy of Anti-Inflammatory Drugs in the Treatment of Atherosclerosis[END_REF]. Importantly, low grade inflammation is also a feature of several diseases known to increase the risk of CVD.

Cholesterol and modified lipids can directly activate inflammatory pathways. Mechanistic studies in mice showed that diets high in Fats and Cholesterol are accompanied by inflammatory processes in adipose tissue, liver and vasculature ( Kleemann et al. 2007). [START_REF] Wouters | Dietary Cholesterol, rather than Liver Steatosis, Leads to Hepatic Inflammation in Hyperlipidemic Mouse Models of Nonalcoholic Steatohepatitis[END_REF] reported an induction in hepatic inflammation reflected by the increase content of CD68 positive macrophages and expression of pro-inflammatory cytokines, following a high Cholesterol diet. In humans, it was demonstrated that cholesterol feeding elevates circulating inflammatory markers such as C-reactive protein (CRP) and Serum amyloid A (SAA) in lean subjects (Tannock et al. 2005). Moreover, obese people showed to have increased circulating CRP and cytokine levels [START_REF] Hotamisligil | Increased Adipose Tissue Expression of Tumor Necrosis Factor-Alpha in Human Obesity and Insulin Resistance[END_REF][START_REF] Visser | Elevated C-Reactive Protein Levels in Overweight and Obese Adults[END_REF]. Although the exact mechanisms leading to the development of this metabolic inflammation needs to be further not elucidated, still partially involvement of LPS translocation from gut to circulation have been proposed [START_REF] Van Diepen | Interactions between Inflammation and Lipid Metabolism: Relevance for Efficacy of Anti-Inflammatory Drugs in the Treatment of Atherosclerosis[END_REF]).

On the other hand, few studies focused on the effects of metabolic inflammation on lipid metabolism. They sum up that that temporary changes in circulating lipoproteins during acute inflammation plays a role in host defense, however, prolonged changes in lipoproteins during chronic inflammation likely contribute to the development of Atherosclerosis (van Diepen et al. 2013). These studies were conducted on rodents as well as in vitro to rule out the effect of infection and acute inflammation on lipids. Similarly, it was cited that pro-inflammatory signaling (i.e. cytokines) were proved to directly affect lipid metabolism in preclinical models.

Although Inflammation increased plasma TG levels in humans and animal models, the effects on plasma Cholesterol levels are less clear and differ between species. In humans, LPS injection reduced plasma Cholesterol levels due to a decrease in LDL and mainly HDL [START_REF] Hudgins | A Single Intravenous Dose of Endotoxin Rapidly Alters Serum Lipoproteins and Lipid Transfer Proteins in Normal Volunteers[END_REF], however, in Apoe -/-mice, LPS injection was shown to increase plasma TC [START_REF] Westerterp | Apolipoprotein C-I Is Crucially Involved in Lipopolysaccharide-Induced Atherosclerosis Development in Apolipoprotein E-Knockout Mice[END_REF]) of LDL and HDL and marginally increased TG levels [START_REF] Van Diepen | Interactions between Inflammation and Lipid Metabolism: Relevance for Efficacy of Anti-Inflammatory Drugs in the Treatment of Atherosclerosis[END_REF]) and to induce ox-LDL [START_REF] Memon | Infection and Inflammation Induce LDL Oxidation In Vivo[END_REF].

The role of chronic inflammation or low grade systemic inflammation on lipid metabolism needs to be further elucidated in experimental models [START_REF] Van Diepen | Interactions between Inflammation and Lipid Metabolism: Relevance for Efficacy of Anti-Inflammatory Drugs in the Treatment of Atherosclerosis[END_REF]. In humans, the metabolic pathologies like Diabetes and obesity are responsible for a chronic inflammation generally identified by an elevated level of CRP and pro-inflammatory cytokines [START_REF] Visser | Elevated C-Reactive Protein Levels in Overweight and Obese Adults[END_REF][START_REF] Dullaart | High Plasma C-Reactive Protein (CRP) Is Related to Low Paraoxonase-I (PON-I) Activity Independently of High Leptin and Low Adiponectin in Type 2 Diabetes Mellitus[END_REF]). Pro-inflammatory cytokines like TNF alpha and IL-b have been known to reduce apoA and accelerate its' catabolism resulting in decreasing the circulating levels of HDL-C and therefore TC levels [START_REF] Haas | Suppression of Apolipoprotein AI Gene Expression in HepG2 Cells by TNF Alpha and IL-1beta[END_REF].

Investigating lipid levels in patients with chronic inflammatory conditions including autoimmune diseases like Rheumatoid arthritis and Systemic Lupus Erythmatous or even viral infections like AIDS, are also associated with a decreased plasmatic level of HDL-C [START_REF] Haas | Regulation of High-Density Lipoprotein by Inflammatory Cytokines: Establishing Links between Immune Dysfunction and Cardiovascular Disease[END_REF], in addition, to the increase in plasma ox-LDL levels, predictable for Atherosclerosis development [START_REF] Charles-Schoeman | Cholesterol Efflux by High Density Lipoproteins Is Impaired in Patients with Active Rheumatoid Arthritis[END_REF][START_REF] Mcmahon | Proinflammatory High-Density Lipoprotein as a Biomarker for Atherosclerosis in Patients with Systemic Lupus Erythematosus and Rheumatoid Arthritis[END_REF]). Thus, it is totally accepted that inflammatory stimuli can induce pro-atherogenic changes in lipoprotein metabolism and vice versa. This could at least partly explain the exponential relation between cholesterol levels and atherosclerosis severity in mouse models as well as the off-target effects of lipid lowering drugs by directly reducing inflammation.

Epigenetics: the link between disease and environment

Concept of Epigenetics

The term Epigenetics was first coined by Conrad H. Waddington (1905Waddington ( -1975) ) as "the branch of biology which studies the causal interactions between genes and their products, that bring the phenotype into being" (Waddington, 1942). It refers to the study of the functionally relevant changes in gene expression that result from mechanisms other than from changes in the underlying DNA nucleotide sequence [START_REF] Jaenisch | Epigenetic Regulation of Gene Expression: How the Genome Integrates Intrinsic and Environmental Signals[END_REF] . These epigenetic changes may last through cell divisions for the duration of the cell's life and may also last for multiple generations even though they do not involve changes in the underlying DNA sequence and so may be heritable during cellular division [START_REF] Saleem | Review-Epigenetic Therapy for Cancer[END_REF]. Moreover, it studies cellular and physiological phenotypic trait variations resulting from external or environmental factors and that switch genes on and off affecting the way the genes are expressed [START_REF] Groom | Epigenetics and Child Health: Basic Principles[END_REF]). The alteration in gene expression via epigenetic patterns itself can have many downstream effects including changes in disease risk (D. Liu et al. 1997;[START_REF] Mcgowan | Epigenetic Regulation of the Glucocorticoid Receptor in Human Brain Associates with Childhood Abuse[END_REF].

DNA sequence of an individual's genome contains heritable information and variations in this sequence among individuals lead to heritable phenotypic variation. Successful approaches are used to identify heritable genetic variation, still there is also evidence for a substantial amount of "missing heritability" that is not captured by these approaches. It has been hypothesized that epigenetic variations may contribute to this missing heritability and may be important for more accurate predictions of phenotype. Epigenetic variations are suggested to act in tandem with genetic and environmental factors to contribute to the resulting phenotype of an individual [START_REF] Bird | Perceptions of Epigenetics[END_REF]. In a large study that looked at more than 30000 people for genetic variants associated with height differences, [START_REF] Maher | Personal Genomes: The Case of the Missing Heritability[END_REF] reported that around 40 genetic polymorphisms among the 30000 genes turned up explaining a little more than 5% of the adult's height heritability and suggesting that a considerable percentage of height heritability may be explained by environmental factors or even other rare genetic variants that are not put in evidence up to date.

The control of gene expression at the chromatin level via Epigenetics determines when and where a particular gene will be expressed during development and is essential for all eukaryotic organisms to orchestrate key biological processes such as differentiation, imprinting, Xchromosome inactivation. Epigenetic changes are best exemplified by cellular differentiation saying that all multicellular organisms including humans originate from a single cell after fertilization. Therefore, all cells in a given organism will have the same genome. However, during fetal development each cell will gain a specific set of epigenetic marks called epigenome. The epigenome defines the identity of each cell during differentiation [START_REF] Tammen | Epigenetics: The Link between Nature and Nurture[END_REF][START_REF] Bell | The Epigenomic Interface between Genome and Environment in Common Complex Diseases[END_REF].

Chromatin structure and Epigenetic markers

At 

The environment affects our epigenome

In spite of the paucity of data from animal studies, still epigenetics has caught the general imagination because in principle it is stable but potentially affected by the environment and throughout the life span saying that these epigenetic marks change during aging when cellular functions are demolished while the cellular genome is still intact.

Examining monozygotic twins, taking into consideration that a 'concordance' of a particular characteristic in monozygotic and dizygotic twins is one of the most reliable ways of assessing its genetic basis, it was interesting to figure out that monozygotic twins do not always show the same disease susceptibility raising the possibility that epigenetic differences that arise during ageing are at work [START_REF] Wong | Phenotypic Differences in Genetically Identical Organisms: The Epigenetic Perspective[END_REF].

Based on the idea that epigenetic profiles may represent the link between an environmental factor and phenotypic differences in MZ twins, Fraga et al., (2005) demonstrated that young monozygotic twins have similar amounts of DNA methylation whereas older twins differ considerably in the amounts and patterns of this methylation. This indicates that the environment affects the epigenome and that cumulative changes in copying epigenetic information during cell division accumulates over one's life span. Similarly, the diet which is an essential environmental influence was shown to possess an important impact on the individual's epigenetic changes. [START_REF] Dashwood | Dietary Histone Deacetylase Inhibitors: From Cells to Mice to Man[END_REF] demonstrated a significant inhibition of HDAC activity in the peripheral blood mononuclear cells (PBMC) of all subjects, 3 hours after broccoli sprouts intake which was the first evidence that dietary intake of sulforaphane rich food influences HDAC activity in normal circulating blood cells of humans. Subsequent studies illustrated the effect of diet on epigenetic modifications. [START_REF] Milagro | High Fat Diet-Induced Obesity Modifies the Methylation Pattern of Leptin Promoter in Rats[END_REF] demonstrated that HF diet fed for 11 weeks in experimental male Wistar rats is directly correlated with augmentation in the methylation of the promoter of Leptin, which was correlated with its gene expression.

Moreover, the possibility that a mother's behavior can affect the chemistry of DNA in her offspring has been also raised. The claim that the quality of early maternal care is acknowledged to have long-term reflections during the lifetime of an individual has been deducted from a study reporting that maternal nurturing and grooming in rats alters the offspring's epigenome via DNA methylation at the gene encoding the glucocorticoid receptor [START_REF] Weaver | Epigenetic Programming by Maternal Behavior[END_REF]).

The evidence of the effect of diet during pregnancy on epigenome was also demonstrated in a work by [START_REF] Waterland | Transposable Elements: Targets for Early Nutritional Effects on Epigenetic Gene Regulation[END_REF] who showed that diet supplementation in folic acid, vitamin B12 and betaine (methyl donors) during pregnancy and lactation, leads to a shift in the offspring color indicating that methylation variation causes phenotypic variations in yellow agouti (A vy ) mice offspring. [START_REF] Heijmans | Persistent Epigenetic Differences Associated with Prenatal Exposure to Famine in Humans[END_REF] have also observed that the exposure to the Dutch famine in the preconception period is correlated with Igf2 gene methylation compared to non-exposed brothers and sisters. Nowadays, there is evidence that the paternal nutrition also impacts the predisposition of the offspring to disease (Canon et al., cell, 2010).

DNA methylation: Form and function of genomic methylation patterns

DNA methylation is the most common and best understood epigenetic marker [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF][START_REF] Bestor | The DNA Methyltransferases of Mammals[END_REF][START_REF] Goll | Eukaryotic Cytosine Methyltransferases[END_REF]Feingold and[START_REF] Feingold | Introduction to Lipids and Lipoproteins[END_REF]. Although DNA methylation was discovered in mammals as early as DNA was identified as the genetic material, it was not until the 1980s that several studies demonstrated its involvement in gene regulation and cell differentiation (L. D. Moore, Le, and Fan 2013).

DNA methylation involves the covalent modification of cytosine residues in a heritable and reversible process that takes part in the regulation of a diverse range of biological processes in vertebral animals, plants and fungi [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF]. DNA methylation occurs via DNA methyltransferase (DNMT) enzymes and involves the transfer of the methyl group from a cofactor molecule S-adenyl methionine (SAM), the universal donor, to the 5' position of cytosine rings within the context of CpG dinucleotides resulting in alterations in the appearance of the DNA [START_REF] Dong | DNA Methylation and Atherosclerosis[END_REF] and is highly active after the Sphase of the cell cycle in dividing cells

CpG sites are regions in the DNA where a cytosine nucleotide is followed by a guanine in the linear sequence of bases along its 5'→ 3' direction and are spread out across the genome where they are heavily methylated with the exception of CpG islands. These islands represent short stretches of DNA with a high frequency of GC content and play important roles in gene silencing. CpG sequences in inactive genes are usually methylated to suppress their expression.

The majority of gene promoters have CpG islands and the fact that they are highly conserved between mice and humans points out that these regions possess a functional importance (L. D.

Moore, Le, and Fan 2013).

In early development, certain chromosomal regions become methylated controlling the expression of genes which regulate cell differentiation [START_REF] Hiltunen | DNA Hypomethylation and Methyltransferase Expression in Atherosclerotic Lesions[END_REF]. Moreover, other cellular functions have been tightly correlated to this stable epigenetic mark including X chromosome inactivation, imprinting, and silencing of repetitive DNA elements [START_REF] Gopalakrishnan | DNA Methylation in Development and Human Disease[END_REF]. On the other hand, the loss of normal DNA methylation patterns at specific loci during human development also contribute to a number of human genetic diseases, such as Prader-Willi, Angelman and Fragile X syndrome [START_REF] Robertson | DNA Methylation and Human Disease[END_REF]. In somatic cells, the loss of normal DNA methylation patterns results in impaired cell growth control and is a major and early contributor to tumorigenesis by mediating silencing of critical tumor suppressor genes. The essential role of DNMTs for mammalian embryonic development was evidenced by early lethality in mice lacking these enzymes [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF]. It is of great importance to point out that disruption of the Dnmt1gene in mice results in extensive demethylation of the genome and embryonic lethality shortly after gastrulation indicating its essential role in early development [START_REF] Jurkowska | Structure and Function of Mammalian DNA Methyltransferases[END_REF]. Of equal importance, it has been shown that mice lacking Dnmt3a developed to term but died at four weeks of age whereas Dnmt3b null mice died (embryonic lethality at E14.5-18.5) and showed multiple developmental defects [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF]E. Li 2002). Moreover, mice deficient in Dnmt3l displayed genome wide demethylation and developmental arrest at E8.5 and the lack of this enzyme leads to a failure to establish maternal DNA methylation imprints in oocyte and male sterility due to defects in spermatogenesis [START_REF] Goll | Eukaryotic Cytosine Methyltransferases[END_REF]. .

DNMT3A and DNMT3B overlaps and specificities

DNMT3A and 3B do not display any significant preference between hemimethylated and unmethylated DNA [START_REF] Okano | Cloning and Characterization of a Family of Novel Mammalian DNA (Cytosine-5) Methyltransferases[END_REF]Gowher & Jeltsch, 2001). They are responsible for the establishment of the methylation patterns early in development creating an initial methylation profile which may get inherited through the cell division. Despite biochemical and sequence similarities, DNMT3A and 3B have partially non-overlapping biological functions as indicated by the observation that the phenotypes of the knockouts are different [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF].

DNMT3A methylates single copy genes and retrotransposons and is involved in the establishment of the genomic imprints during germ cell development (Kaneda et al., 2004), whereas DNMT3B is responsible for methylation of pericentromeric satellite regions containing repetitive DNA [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF]Chen et al., 2003).

Moreover, the catalytic domains of both enzymes methylate DNA following different kinetic mechanism. While DNMT3A methylates DNA in a distributive manner (it dissociates from DNA after each methyl transfer and rebinds for the next round of methylation), DNMT3B is a processive enzyme that can methylate several cytosines without dissociating from DNA (Gowher & Jeltsch, 2002). Moreover, both share high sequence homology in the catalytic domain at the carboxyl terminus, but less than 30% of sequence identities in the N-terminal variable domain. [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF] have already shown that the murine DNMT3A and 3B are highly expressed in undifferentiated embryonic stem cells (ESCs) consistent with their potential role in de novo methylation during embryonic development. In continuation with this work, [START_REF] Xie | Cloning, Expression and Chromosome Locations of the Human DNMT3 Gene Family[END_REF] also found that human DNMT3A was expressed ubiquitously and was readily detected in most tissues, whereas, DNMT3B was expressed at much lower levels in most tissues but could be readily detected in testis, thyroid and bone marrow. They have also speculated that DNMT3A was expressed at higher levels in most tumor cell lines examined in adult tissues and that the expression of DNMT3B was dramatically elevated in most tumor cell lines examined though it was expressed at very low levels in normal adult tissues. In consequence, it could be concluded that both genes function in global de novo methylation during early embryogenesis. However, the apparent differences in their expression patterns in adult tissues in both human and mouse may suggest that each gene may have a distinct function in somatic tissues and may methylate different genes or genomic sequences.

This conclusion was further supported by the demonstration that only one human genetic disease is currently known to arise from germline mutations within Dnmt3b gene, namely the Immunodeficiency, Centromere Instability, Facial Anomalies (ICF) Syndrome [START_REF] Jin | DNA Methyltransferase 3B (DNMT3B) Mutations in ICF Syndrome Lead to Altered Epigenetic Modifications and Aberrant Expression of Genes Regulating Development, Neurogenesis and Immune Function[END_REF].

Recessive mutations within the Dnmt3b gene are responsible for the majority of ICF cases, where Dnmt3a has no demonstrated involvement. This may indicate that Dnmt3b is more involved in development, which can partly explain why mouse Dnmt3b -/-embryos die in utero (E9.5) and show multiple developmental defects [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF] whereas the Dnmt3a -/- animals develop to term, but die shortly after birth.

Alterations in gene expression that correlate with changes in genomic DNA methylation are well described in many cancers including Leukemia's. DNMT3A and 3B transcripts were overexpressed in acute myeloid leukemia (AML). More recently, several reports have examined genomic methylation and expression in autoimmune disease where the expression was decreased compared to controls [START_REF] Gamper | Identification of DNA Methyltransferase 3a as a T Cell Receptor-Induced Regulator of Th1 and Th2 Differentiation[END_REF]. More interestingly, it was also demonstrated that the deletion of Dnmt3a in CD4 naïve T cells alters its ability to differentiate in Th1 or Th2, suggesting its participation in the adaptation of cells to their environment.

DNA methyltransferase 3a

In humans, the gene encoding DNMT3A is localized at 2p23 and is comprised of 26 exons/25 introns, spanning nearly 110 Kb in the genome. In mouse, it is localized on chromosome 12 and comprises of 23 exons/22 intron, extending approximately 79 Kb in the genome [START_REF] Okano | Cloning and Characterization of a Family of Novel Mammalian DNA (Cytosine-5) Methyltransferases[END_REF][START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF]. In both human and mouse, Dnmt3a gene gives rise to multiple alternative transcripts. The assumption that its functional role is the same between human and murine was supported by [START_REF] Okano | Cloning and Characterization of a Family of Novel Mammalian DNA (Cytosine-5) Methyltransferases[END_REF]1999) which showed that human DNMT3A protein has 98% amino acid sequence similarity to its' murine homolog as well as containing similar structure domains. In addition, both human and mouse DNMT3A possess de novo DNA methylation activity.

The essential role of DNMT3A was assessed, thanks to the mouse models that have offered important insights into the function of DNMTs, and thanks to [START_REF] Okano | Cloning and Characterization of a Family of Novel Mammalian DNA (Cytosine-5) Methyltransferases[END_REF]1999) who first demonstrated that DNMT3A and 3B are highly expressed in mouse embryonic stem cells (ESC) and are downregulated during differentiation. Recently, DNMT3A was found to possess a role in somatic cell differentiation where [START_REF] Challen | Dnmt3a Is Essential for Hematopoietic Stem Cell Differentiation[END_REF] demonstrated that the conditional deletion of Dnmt3a in Hematopoietic stem cells (HSCs) highly favored self-renewal over differentiation. Still, this role raises the possibility that it may be involved in the differentiation of other somatic stem cell types. Dnmt3a has also been shown to be implicated in neural stem cell differentiation [START_REF] Wu | Dnmt3a Regulates Both Cell Proliferation and Differentiation of Mouse Neural Stem Cells[END_REF].

The implication of Dnmt3a gene in disease occurrence, on the other hand, was also investigated.

Aberrant DNA methylation have been long recognized in cancer, still the first mutations in association with malignancy were only identified in 2010. [START_REF] Yang | DNMT3A in Haematological Malignancies[END_REF]. Nowadays, it is widely demonstrated that Dnmt3a gene is frequently mutated in AML (Y. Li and Zhu 2014; [START_REF] Yan | Exome Sequencing Identifies Somatic Mutations of DNA Methyltransferase Gene DNMT3A in Acute Monocytic Leukemia[END_REF] as well as other hematological malignancies [START_REF] Yang | DNMT3A in Haematological Malignancies[END_REF].

Besides, it joins an emerging family of genes with dual roles in the pathogenesis of syndromic overgrowth and myeloid neoplasms as mutations in Dnmt3a caused a human overgrowth syndrome with intellectual disability (Tatton-Brown et al. 2014)

Moreover, interesting roles of DNMT3A in the age-related decline of cognition was also highlighted [START_REF] Oliveira | Rescue of Aging-Associated Decline in Dnmt3a2 Expression Restores Cognitive Abilities[END_REF] who showed that its levels in Hippocampus determined the cognitive abilities both in young adults and aged mice and that aging was associated with a decrease in DNMT3A 2,whereas, rescuing its levels restored the cognitive functions. In the same context, [START_REF] Nguyen | Ablation of de Novo DNA Methyltransferase Dnmt3a in the Nervous System Leads to Neuromuscular Defects and Shortened Lifespan[END_REF] have also demonstrated that Dnmt3a ablation in mouse neurons led to neuromuscular defects and decreased life span, implicating a role in the neuromuscular control of motor movement. [START_REF] Nishikawa | DNA Methyltransferase 3a Regulates Osteoclast Differentiation by Coupling to an S-Adenosylmethionine-Producing Metabolic Pathway[END_REF] also demonstrated that mice lacking Dnmt3a conditionally in their osteoclasts show elevated bone mass via repression of anti-osteoclastogenic genes confirming its role in bone homeostasis. The authors also suggested that blocking the gene activity could have the potential to treat bone metastases and osteoporosis.

In an another field, [START_REF] Yu | DNA Methyltransferase 3a Limits the Expression of Interleukin-13 in T Helper 2 Cells and Allergic Airway Inflammation[END_REF] also illustrated that DNMT3A and not DNMT3B, was required for controlling normal expression of IL-13 in Th2 cells. The absence of DNMT3A increased the production of IL-13 in vitro and in vivo and increased allergic inflammation. Still further future researches should be directed towards the study of the impact of DNMT3A in high mortality pathologies including CVD and related diseases.

DNA methylation in Atherosclerosis

Emerging evidence suggest that CVD risk factors could affect the gene methylation status.

However, the relationships among DNA methylation, Atherosclerosis and its risk factors are complicated since opposite results are reported in different studies. For example, Global DNA hypomethylation has been observed in atheromas of genetically Atherosclerosis-prone ApoE-/-mice [START_REF] Hiltunen | DNA Hypomethylation and Methyltransferase Expression in Atherosclerotic Lesions[END_REF]. However, opposite results also reported that atherogenic lipoprotein profile causes global DNA hypermethylation in the human monocytic macrophage cell line (THP-1) and in the aortas of ApoE-/-mice even before the initiation of Atherosclerosis [START_REF] Dong | DNA Methylation and Atherosclerosis[END_REF]. It was also found that patients with vascular disease have significantly lower genomic DNA methylation [START_REF] Castro | Increased Homocysteine and S-Adenosylhomocysteine Concentrations and DNA Hypomethylation in Vascular Disease[END_REF] Reasons leading to the opposite results are not explicitly known, however, several suggestions have been proposed including the fact that DNA methylation status may be related with different stages of Atherosclerosis. In addition, the use of different biomarkers, different samples including different organs, cell types, and tissues as well as applying different methods to assay for the methylation status.

In relation to Atherosclerosis induced inflammation, limited information is known about the role of DNA methylation in the modulation of the expression of inflammatory genes.

In one example, a strong association was found between global DNA hypermethylation and inflammatory markers in peripheral blood monocytes [START_REF] Karimi | LUMA (LUminometric Methylation Assay)--a High Throughput Method to the Analysis of Genomic DNA Methylation[END_REF].

Another example is the transcription of Cox-2 gene whose expression is induced by TNF-α and other cytokines. [START_REF] Tong | Butyrate Suppresses Cox-2 Activation in Colon Cancer Cells through HDAC Inhibition[END_REF] (5-azadC), on the other hand, augments the stimulatory effect of LPS on TNF expression.

In addition, the stimulatory effect of 5-aza-dC is also found in the regulation IL-6 expression which increases the promoter methylation of p53, a tumor suppressor protein that has both antiproliferative and pro-apoptotic action and whose methylation status in relation to Atherosclerosis has been also investigated, resulting in decreasing its expression.

Some studies also showed that specific SMC genes-that could be associated with SMC differentiation, migration and development of vascular diseases-are regulated by DNA methylation. Genes importantly involved in to the regulation of SMC differentiation by DNA methylation include those coding for the platelet-derived growth factor (PDGF), serum response factor (SRF), and Estrogen receptor α ERα, and ERβ (Zhang and Wang, 2016).

ER α, as an example, regulates a variety of cellular activities including the increase in expression and/or activity of nitric oxide (NO) synthase which increases NO production and consequently inhibition of SMC proliferation and platelet activation. Its methylation was studied in atherosclerotic plaques collected from patients and revealed increased gene methylation, meaning that it has differential CpG island methylation in its promoter region.

According to [START_REF] Dong | DNA Methylation and Atherosclerosis[END_REF], methylation-induced silencing of the ER α gene may contribute to the accelerated Atherosclerosis which may in part explain why women have low incidence of Atherosclerosis before menopause.

In addition, several genes related to Atherosclerosis listed by Turunen, Aavik, and Ylä-Herttuala ( 2009) have been proposed to be at least partly regulated by DNA methylation and possessing different targets including endothelium, inflammation, cardiovascular atherosclerotic tissue, extracellular matrix, inflammatory response and reactions and Apoptosis.

It is plausible to think that DNA methylation may be involved since it is clear that the human genetic material does not change and since it could at least partly explain marked increases in Atherosclerosis with age. Furthermore, the observed increase in DNA methylation profile in human atherosclerotic lesions identified by [START_REF] Zaina | DNA Methylation Map of Human Atherosclerosis[END_REF] further highlights the importance of DNA methylation in the contribution of different genes and pathways to the disease.

In relation to plasma Cholesterol regulation, unpublished data in our team suggested that Dnmt3a may possess an important role in cholesterol regulation represented by the significant elevation in TC levels in Dnmt3a liver KO mice fed on high Cholesterol-cholate containing diet for two months compared to the controls.

In all, the growing evidence describing altered DNA methylation in cells relevant to atherosclerosis and the resulting diet induced hypercholesterolemia in Dnmt3a liver KO mice demonstrated by our team, gave us the drive to further explore its role in the disease initiation and progression. 

Preparation of bone marrow cells

Dnmt3a lox/lox and LysM-Cre × Dnmt3a lox/lox mice were anesthetized with isoflurane (2%) and euthanized by cervical dislocation. Bone marrow cells were obtained from bilateral femurs and tibias using aseptic techniques. The flushed marrow cores were depleted of red blood cells by lysis buffer (0.15M NH4Cl, 10 mM KHCO3 and 0.1mMNa2EDTA, pH 7.4). Cells were washed once in media.

Bone marrow-derived macrophages (BMDM)

Bone marrow derived cells were then plated and cultured in DMEM supplemented with antibiotics (penicillin/streptomycin), 1mM glutamine, 10% heat inactivated FBS and 30%

supernatant from sL929 cells. The sL929 (which contains macrophage colony stimulating factor) is needed to promote differentiation of bone marrow cells into macrophages (7-10 days) (Burgess et al., 1985). To promote differentiation into M1 or M2 macrophages, cells were treated with either LPS (20ng/ml; Sigma-Aldrich) plus IFN-γ (50 ng/ml; eBioscience) for 6 and 16 hr OR IL4 (20ng/ml;eBioscience) for 16 hr. Macrophage conditioned media was prepared from supernatant of stimulated macrophages. Supernatant was collected and frozen at -20⁰C.

BMDM were then washed and lysed with RA1 lysis buffer (Macherey-Nagel) and frozen at -80°C. Total RNA was prepared using the NucleoSpin RNA II Kit (Macherey-Nagel).

Superscript III (Applied Biosciences) was used to synthesize cDNA. Quantitative PCR analyses were performed using a LightCycler® 480 real-time PCR system and dedicated software (Roche). Initial differences in mRNA quantities were controlled using reference genes Hprt, Rpl13a and Hsp90.

For bone marrow transplantation studies,

12-week-old male and female Ldlr -/-kindly donated by Dr. Thierry Huby (UMRS 1166) were subjected to body total irradiation followed by retro-orbital injection of 2.5x10 6 bone marrow cells isolated from male mice donors ( Dnmt3a lox/lox or LysM-Cre× Dnmt3a lox/lox ). Mice were kept on antibiotics (penicillin 100U/ml and Streptomycin 100μg/ml) for 4 weeks in drinking water. Mice were then fed on chow diet supplemented with 1% Cholesterol for 8 weeks and sacrificed at the age of 25 weeks.

Analysis of atherosclerotic plaques

Atherosclerotic lesions were quantified on serial cross sections (10µm) alongside the aortic root as described previously [START_REF] Bouhassani | Cholesteryl Ester Transfer Protein Expression Partially Attenuates the Adverse Effects of SR-BI Receptor Deficiency on Cholesterol Metabolism and Atherosclerosis[END_REF]. Mice were anesthetized by isoflurane (2%) then euthanized by cervical dislocation and perfused by PBS 1%. Hearts were collected and fixed with Formalin (10%, Sigma) for 30 minutes and allowed to be incubated overnight in phosphate-buffered 30% sucrose solution at 4°C. Hearts were subsequently embedded in Tissue-Tek OCT (Sakura Finetek). Approximately 60 sections, 10-µm thick, were cut through the proximal aorta, spanning the three cusps of the aortic valves. Quantification was performed at the level of intersection of the three aortic cusps, by staining with oil red O (ORO) for 40 minutes. Images were captured using Zeiss AxioImager M2 microscope and plaque area was measured with the AxioVision Zeiss Software.

Analysis of BMDM gene expression:

BMDM were first washed then lysed with RA1 lysis buffer (Macherey-Nagel) and frozen at -80°C. Total RNA was prepared using the NucleoSpin RNA II Kit (Macherey-Nagel).

Superscript III (Applied Biosciences) was used to synthesize cDNA. Quantitative PCR analyses were performed using a LightCycler® 480 real-time PCR system and dedicated software (Roche). Initial differences in mRNA quantities were controlled using reference genes Hprt, Rpl13a and Hsp90.

Statistical analysis

Statistical calculations were performed using prism software (GraphPad Software, Inc., La Jolla, CA, USA). Differences between groups were analyzed by Mann-Whitney U test. Data are presented as mean ± SEM. A difference was considered statistically significant when P<0.05.

RNA-Seq statistical analysis were performed by Cufflinks_2.2.1 software. Expression profiles of approximately 46, 000 genes were analyzed in two conditions (KO and Ctrl) under cholate diet for 4 wks. Samples data were normalized using FPKM method by adjusting the number of reads among different individuals and in different genes. P-value was corrected (= q value) according to the number of hypotheses tested. q values < 0.05 were considered significant.

Liver specific model

Validation of Dnmt3a liver knock-out.

The mRNA expression profile of Dnmt3a was significantly but not totally reduced in Dnmt3a liver KO compared to Dnmt3a lox/lox mice Diets rich in Cholesterol do not elevate total Cholesterol levels in adult male Dnmt3a liver KO and Dnmt3a lox/lox mice groups.

To evaluate the impact of Dnmt3a liver specific deletion on Cholesterol homeostasis, Dnmt3a liver KO and Dnmt3a lox/lox adult male mice (8-10 wk) were subjected to HC diet of 1% Cholesterol for one month. The total Cholesterol (TC) levels in both groups remained around the average TC levels in wild C57bl/6 mice on normal diet ( 90-100 mg/dl) (Fig. 2 andtable 2). To try to increase plasma TC level in control mice, Dnmt3a lox/lox mice were fed different HC diets: 3% Cholesterol, 3% Cholesterol plus 15% FA, 5% Cholesterol and 5% Cholesterol plus 15% FA for 20 days (fig. 3). More elevation in TC levels in mice fed 3% Cholesterol plus 15%

FA and 5% Cholesterol plus 15% FA compared to the other two diets, which was statistically insignificant compared to T0. For each diet tested, Dnmt3a lox/lox and Dnmt3a liver KO mice groups were fed 3% Cholesterol plus 15% FA and 5% Cholesterol plus 15% FA for one month. We noticed that the change in TC was minimal and approximate regardless of the percentage of Cholesterol content in the diet which was also comparable to TC level on normal diet (fig. 4a, 4b and table 2). We then thought about prolonging the duration of fed diets for 2 -3 months. There was no significant elevation in TC levels on both diets. The TG levels on the other hand, were comparable between Dnmt3a liver KO and Dnmt3a lox/lox mice groups (fig. 5 andtable 2) In another attempt, we thought to utilize new mice groups of different age spectrum ranging from 3 week old OR young mice and 52 week old OR aged mice, being fed a diet containing 3% Cholesterol plus 15% FA diet and 5% Cholesterol plus 15% FA, respectively, for a month.

5%
The average TC in Dnmt3a liver KO and Dnmt3a lox/lox was 105mg/dl and 103mg/dl for young mice and 93 and 88 mg/dl for aged mice groups, respectively. (fig. 6a, 6b andtable 2).

The prolongation of the duration of diet up to 3 months in the aged group of mice did not show any added increase in the TC levels between Dnmt3a liver KO and Dnmt3a lox/lox (102 and 110 mg/dl) as shown in figure 6c. 

Dnmt3a has no impact on Cholesterol absorption via the intestine

Dnmt3a intestine KO and Dnmt3a lox/lox were fed 3% Cholesterol plus 15% FA diet for 30 days.

Plasmatic TC and TG levels were then assessed and showed no differential elevation (fig. 7).

Figure 7. Plasma total Cholesterol (TC) and triglycerides (TG) (mg/dl) levels of Dnmt3a intestine KO and Dnmt3a lox/lox mice fed on 3% Cholesterol plus 15% FA for one month. Data represented as mean ± SEM Supplementation of diet with cholate resulted in a significant increase of TC levels in Dnmt3a liver KO mice Adult male Dnmt3a liver KO and Dnmt3a lox/lox mice were fed a diet enriched in Cholesterol and cholic acid (1.25% w/w and 0.5% w/w) for 4 weeks. Upon screening the lipid profile, mice presented the expected hallmark of Hypercholesterolemia. Plasma total Cholesterol levels increased significantly between Dnmt3a liver KO and Dnmt3a lox/lox ( 270 mg/dl, 188 mg/dl, respectively) constituting a 3-fold and 1.5-fold increase in plasma TC compared to their littermates on normal chow diet, with average TC level 99 mg/dl. The plasma TGs level, on the other hand, was comparable between both groups of mice (around 18-20 mg/dl) as seen in figure 8. control by unpaired t-test.

Elevation of Liver function tests and enlarged liver is not attributed to Dnmt3a deletion

On sacrifice, Total body weight (g) was comparable between both groups (fig. 9a). Both Dnmt3a liver KO and Dnmt3a lox/lox mice presented with enlarged liver showing visible whitening as compared to liver on normal chow diet, indicative for heavy lipid loading (fig. 9b). and liver weights showed a significant increase in mice on cholate diet compared to controls on normal chow diet (n=7) (fig. 9c) Data on different liver function tests AST, ALB, ALP, and ALT showed considerable comparative elevations in both Dnmt3a liver KO and Dnmt3a lox/lox compared to average values in adult male C57/bL6 mice (67IU/L, 3.548gm/dl, 7.9IU/L and 23IU/L, respectively) (fig. 9d). A.

Cholesterol and Cholate components induce distinct stages of hepatic inflammatory gene expression in Dnmt3a liver KO with no significant effect on genes involved in Cholesterol homeostasis

To investigate gene expression changes underlying Dnmt3a deletion and induced by diet alterations in lipid levels, liver RNA from mice was subjected to whole RNA Seq analysis

Comparison of gene expression profiles between both groups revealed that the combination of cholate with the ablation of Dnmt3a produced a limited spread changes in hepatic gene expression levels, with a total of 73 significantly upregulated and 20 significantly downregulated genes in Dnmt3a liver KO mice compared to Dnmt3a lox/lox . (Tables 3a,3B). mRNA expression of a series of genes involved in inflammatory responses were significantly increased in Dnmt3a liver KO compared to DNMT3A lox/lox . A minimum of three fold difference mRNA expression was seen in genes including Ly6a. Ly6C1. IL-1β. CXCL9.

CXCL10, CCL2, CCL5, CCL8 and Lyz1.

Few genes involved in metabolism among which Fibroblast growth factor 21 (FGF 21) and deiodinase iodothyronine type 1 (DIO1) were markedly over-regulated in Dnmt3a liver KO compared to Dnmt3a lox/lox q-value: 0.00005 and q-value: 0.00005, respectively (Table 3a).

Dnmt3a does not regulate key genes involved in Cholesterol homeostasis

There was a significant change in the expression of key genes involved in Cholesterol regulation including HMGCoA-R. LXR α. LDLr. ABCG1. SREBP1a and SR-B1 between Dnmt3a lox/lox mice on chow diet compared to their littermates of Dnmt3a liver KO and Dnmt3a lox/lox on cholate diet that showed comparable mRNA expression profiles. Results were confirmed by RT-qPCR (fig. 10). 

Monocyte/ Macrophage model

Dnmt3a in monocytes and macrophages does not control blood monocytes, peritoneal and spleen resident macrophage numbers in steady state.

We next assessed whether Dnmt3a deletion could impact resident macrophages number in the spleen and peritoneal cavity and circulating monocytes in Dnmt3a lox/lox mice and LysM-Cre x Dnmt3a lox/lox . To identify monocytes and resident macrophages population in the blood, peritoneal cavity and spleen under steady state conditions. We performed 2-3 color cytometry and sequential gating analysis.

Blood monocytes: After exclusion of debris, non-viable cells and doublets. Cells in the blood samples were subdivided into 3 distinct populations using Ly6C and CD115 markers. The two subsets of monocytes were identified by expressing high concentrations of CD115. Ly6C-Hi subset was enumerated based on their high expression of Ly6C, which was comparable in both mice groups. Ly6C-Lo subset, on the other hand, expresses low levels of Ly6C which were similar in both Dnmt3a lox/lox mice and Lys¨M-Cre X Dnmt3a lox/lox ( Figure 11a). Neutrophils subset which express intermediate concentration of both Ly6C and CD115 showed no difference in the control group compared to the KO group.

Resident peritoneal macrophages: To be able to assess the properties of the exudate macrophage populations. The resident peritoneal macrophages were defined by forward and side scatter, measuring size and granularity, respectively. The macrophages were of medium size and granularity. In mouse peritoneal cavity, macrophages are readily identified based on the expression of both F4/80 and CD11b. Results show comparable macrophages population in both control and LysM-Cre X Dnmt3a lox/lox (Fig. 11b).

Red pulp macrophages (RPM) that localize in the splenic red pulp express F4/80 marker and are known to express intermediate levels of CD11c. We found that the control Dnmt3a lox/lox mice group and LysM-Cre X Dnmt3a lox/lox have comparable levels of RPM (Figure 11c). In this present study, we also found that BMDM submitted to M1 polarization conditions for different periods of time (6 hr -16 hr respectively) do not vary in the transcription of inducible nitric oxide synthase (iNOS) (Fig. 12a). Moreover, the production of some cytokines known to be M1 phenotype specific including IL1-β and TNF-α was comparative in both Dnmt3a lox/lox mice and Lysm-Cre x Dnmt3a lox/lox .

Similarly, of these proteins that define M2 Macrophages in vitro and in vivo, like ArgІ and Ym1/2, the expression profile was close between Dnmt3a lox/lox mice and Lysm-Cre X Dnmt3a lox/lox . Interestingly, there was no differential production of IL-10 between both groups (Fig. 12b).

A. 

Choice and validation of the mouse models

In Atherosclerosis, the accumulation of excessive amounts of LDL-C, modified to ox-LDL, favors their retention in the intima and thereafter the startup of the inflammatory response machinery, where the infiltration and formation of lipid-laden macrophages is the primary step in lesion formation. CVD and Atherosclerosis are the result of gene and environment interaction. Epigenome reprogramming is one of the proposed mechanism by which environmental factors affect gene expression patterns and DNA methylation is the most important epigenetic modification figured in the development of Atherosclerosis [START_REF] Dong | DNA Methylation and Atherosclerosis[END_REF]. In this project, we wanted to evaluate the importance of de novo DNA methylation in Cholesterol metabolism and macrophage functionality, two key players of Atherosclerosis pathophysiology. Although intestines greatly contribute to Cholesterol absorption, the liver is the principal organ regulating Cholesterol homeostasis and we focused our interest for Cholesterol metabolism on hepatocyte regulation.

To study the influence of environment in the best conditions, both environment and genetic background need to be controlled, which can be provided by the use of murine models. In fact, mouse models have been heavily used as an experimental system for the study of lipoprotein metabolism and atherosclerotic disease and focus has been towards mice on C57BL/6 background for their susceptibility to develop Atherosclerosis unlike other Atherosclerosis resistant mouse models.

In humans as in mouse, two de novo DNA methyltransferases can methylate DNA in response to environmental changes. DNMT3A seems to mainly methylate single copy genes and retrotransposons and is expressed ubiquitously whereas DNMT3B is responsible for methylation of pericentromeric satellite regions containing repetitive DNA and is expressed at much lower levels in most tissues. Moreover, only Dnmt3b mutations are implicated in the ICF syndrome, indicating that DNMT3B may be more involved in development. Such demonstrations besides the growing evidence that DNA methylation is involved in atherogenesis, were reasonable to further study the impact of the inactivation of DNMT3A on the adaptation of hepatocytes and macrophages to environmental modifications. As Dnmt3a constitutional knock-out is lethal shortly after birth, tissue specific knockouts of Dnmt3a in the liver or in the macrophages were used.

DNMT3A transcription was shown to be significantly reduced but not plummeted, in both liver and macrophages KO models as compared to control mice. The residual level of DNMT3A transcription in our models can be explained by the use of oligonucleotides amplifying both the floxed and the KO allele. As the Cre-recombination introduces a late stop codon (in exon 19 instead of exon 22 in normal transcript). KO mRNA could be imperfectly recognized as target by nonsense mediated mRNA decay and thus not totally degraded. Moreover, in the liver model. RT-PCR was performed on total organ composed of hepatocytes but also of other cell types all carrying floxed (and non-KO) alleles.

We could not check DNMT3A expression by western blot as we did not have access to a high enough quality antibody, but our transcription results and other groups' studies using the same DNMT3A -floxed mice led us to consider that Dnmt3a gene was correctly inactivated in our models.

Liver model

In this study, we wanted to induce a significant Hypercholesterolemia in Dnmt3a liver KO mice compared to Dnmt3a lox/lox mice fed the same diet.

The contribution of DNMT3A in Cholesterol regulation was first figured on mice of mixed genetic background 129-C57BL/6 (F5). Adult male Dnmt3a liver KO and Dnmt3a lox/lox mice were fed 1.25% Cholesterol and 0.5% cholate diet for 8 weeks and Dnmt3a liver KO mice presented a significant elevation of TC levels compared to controls. However, cholate is a cholic acid salt and has detergent and thus pro-inflammatory properties, making the analysis of the results more complex. So we wanted to induce Hypercholesterolemia in our mice without using cholate. We found no increase in TC levels when using a 1% Cholesterol diet. Next, we decided to increase the Cholesterol content and 4 different diets were tried in Dnmt3a lox/lox (floxed) mice: 3% Cholesterol. 3% Cholesterol plus 15% FA. 5% Cholesterol and 5% Cholesterol plus 15% FA.

The aim was to choose a diet inducing an elevation of TC levels in floxed mice expecting that elevation in knock-out mice would be significantly greater. The results showed a slight and comparable elevation of TC with 3% Cholesterol plus 15% FA and 5% Cholesterol plus 15% FA. Surprisingly. Dnmt3a liver KO didn't exhibit a significant additional increase in TC levels after 1 month of either diets and the prolongation of both diets to 2 or 3 months did not boost TC levels any more.

An explanation of these negative results could be that Dnmt3a needed DNA replication to be active whereas adult liver has a very low rate of cellular division. To test this hypothesis, we explored the diet induced effect on young male mice (3 weeks), hoping that liver maturation would give rise to sufficient cellular division for DNMT3A to be active but again we saw no effect on TC levels in Dnmt3a liver KO and Dnmt3a lox/lox mice.

Next, based on the demonstration that methylation varies considerably with increasing age (Fraga et al., 2009), we thought to grow up mice for one year (52 weeks), expecting that physiological DNA methylation variation would lead to an important variability in TC levels after feeding HCD. However, results were opposing to our expectations and no effect of DNMT3A was illustrated.

As a matter of fact, dietary Cholesterol absorption is one variable controlling serum Cholesterol level in mice. The intestines are not only the second most important organ in Cholesterol regulation, but also a physical interface with the environment and an organ with a very high renewal rate. Inactivation of Dnmt3a in the brush border of the intestinal s, however, did not influence TC levels after 1 month of 3% Cholesterol plus 15% FA diet.

At this point, we decided to use the cholate containing diet but on a pure C57BL/6 genetic background and for a shorter time interval of 4 weeks. Again, we found a significant differential elevation of TC levels (1.5-fold) in Dnmt3a liver KO compared to Dnmt3a lox/lox mice.

The reason why it was so difficult to increase Cholesterol with a non-cholate diet is unclear. The usual explanation is that LDL receptor is very efficient in the mouse and that it is thus very difficult to overload it, but we couldn't find a clear demonstration of this hypothesis in the literature. However, it is very clear that mice have HDL and not LDL as in men as major Cholesterol carrying lipoproteins, which contributes to their reduced susceptibility to Hypercholesterolemia. On the other hand, dietary Cholesterol absorption process could be another contributor. In mice. it is known that this process is not as efficient as in humans [START_REF] Kapourchali | Animal Models of Atherosclerosis[END_REF]) and it was shown to be largely reduced (from around 70% to 30%) in C57BL/6 mice fed on HF/HC diet for 3 weeks [START_REF] Carter | Genetic Variation in Cholesterol Absorption Efficiency among Inbred Strains of Mice[END_REF] which may contribute to unchanged TC levels with increasing Cholesterol content and duration.

On the other hand, it is likely that cholate diet overloads the liver with cholic acid which in turn requires less Cholesterol for bile formation leading to accumulation of Cholesterol in the hepatocyte and consequently in the blood. This may explain the increase of TC levels in control mice to 180 mg/dl when even the 5% Cholesterol plus 15% FA could not increase TC levels to more than 150 mg/dl. This effect of cholate was observed upon sacrifice when liver of bothDnmt3a liver KO and Dnmt3a lox/lox groups was enlarged and whitened with excessive bile in the gall bladder.

The RNA-Seq analysis showed significant upregulation of 73 genes and downregulation of 20 genes in Dnmt3a liver KO compared to Dnmt3a lox/lox mice. As we are interested in genes which may be regulated by DNA methylation, we will focus on upregulated genes as the inactivation of Dnmt3a should lead to inhibiting effect on transcription.

Among the 73 genes significantly upregulated, a large part are implicated in inflammatory response but this cannot be explained by a "simple" pro-inflammatory cholate effect as both groups of mice were fed the cholate diet. This differential increase likely indicates that hepatic injury induced by cholate was more severe in Dnmt3a liver KO mice than in control mice. In fact, over-expression of genes like Ly6C (the most upregulated gene in this study with a fold change of 11). IL-1β. CXCL9. CXCL10. CCL2. CCL5. CCL8. Lyz1, is characteristic of inflammatory reaction in response to injury which is in part correlated with previous work done by [START_REF] Vergnes | Cholesterol and Cholate Components of an Atherogenic Diet Induce Distinct Stages of Hepatic Inflammatory Gene Expression[END_REF].

Whether these genes are overexpressed by hepatocytes or by inflammatory native or recruited cells needs to be documented. To proceed, expression of these genes will be studied on hepatocytes-enriched samples. Similar expression levels in Dnmt3a liver KO and Dnmt3a lox/lox hepatocytes will tell us that the overexpression is likely of inflammatory cells origin and will lead us to preform immunohistochemical staining of liver sections to document a potential infiltration of inflammatory cells into the liver.

The expression of major genes involved in Cholesterol regulation including HMG-CoAR.

LDLr. LXR-α. SREBP1a. NCOR and SR-B1 was always similar between Dnmt3a liver KO and Dnmt3a lox/lox , but decreased significantly compared to their littermates Dnmt3a lox/lox on chow diet. This reflects that regulation of blood Cholesterol through hepatic LDL receptor is subjected to normal Cholesterol feedback regulation as previously illustrated (Liu et al. (1997).

These data suggest that Dnmt3a deletion elevates TC independently of lipid and Cholesterol metabolism which is in concordance with the results of Cao et al. (2014), who demonstrated that administration of (5-aza-dC) to atherogenic adult Ldlr -/-mice fed on HCD did not affect plasma TC and TG levels following 30 weeks of treatment.

Nevertheless, few genes involved in metabolism are overregulated in Dnmt3a liver KO compared to Dnmt3a lox/lox . Among them are two genes of particular interest in our context: FGF21 and DIO1.

FGF21 is notably produced in the liver and is known to play a key role in mediating the metabolic responses by enhancing fatty acid oxidation and ketogenesis. Although the metabolic functions of FGF21 are well characterized, little is known about its pathophysiological role in Atherosclerosis which is intimately associated with metabolic syndrome. A number of clinical studies have observed an increased circulating level of FGF21 in patients with Atherosclerosis or those individuals who are at high risk of developing this disease. Moreover. it was shown that Atherosclerosis was markedly aggravated in FGF21 knockout mice which was reversed by FGF21 replenishment [START_REF] Lin | Fibroblast Growth Factor 21 Prevents Atherosclerosis by Suppression of Hepatic Sterol Regulatory Element-Binding Protein-2 and Induction of Adiponectin in Mice[END_REF]. Moreover, [START_REF] Cao | Inhibiting DNA Methylation by 5-Aza-2'-deoxycytidine Ameliorates Atherosclerosis through Suppressing Macrophage Inflammation[END_REF] showed the existence of a link between FGF21 and Cholesterol in macrophage-derived foam cells. The hypothesis that the overexpression of this gene could be responsible in part for the increase in plasma Cholesterol needs to be further assessed and validated.

On the other hand. DIO1 encodes the deiodinase iodothyronine type I. This enzyme is majorly expressed in the liver and the intestine and is involved in the activation or deactivation of thyroid hormones and thus regulates thyroid functions which are directly linked to Cholesterol metabolism. Dosage of T3 and T4 hormones in the liver of both groups of mice could help us understand if the Cholesterol increase in Dnmt3a liver KO group could be linked to Dio1 overexpression. Of these two genes, only FGF21 is a good candidate for regulation by DNA methylation as its proximal promoter contains 8 CpG. whereas only 2 can be found in DIO1 proximal promoter, making it unlikely to be regulated by methylation.

Further analysis of the methylation profile of FGF21 is needed to include or exclude regulatory effects of DNMT3A on gene expression. This could supply us with further data but will not significantly contribute to the role of DNMT3A in Hepatic cholesterol regulation. I

Macrophages model

In parallel, the inactivation of Dnmt3a in monocyte/macrophage populations did not change body weight, food intake and total blood count between both Dnmt3a lox/lox or Lysm-Cre X Dnmt3a lox/lox mice groups. Similarly, it did not alter the circulating monocyte population such as the CD11b + /Ly6C hi inflammatory and CD11b + /Ly6C lo resident monocyte subset populations. The comparable percentage of resident macrophages in peritoneal cavity and spleen in both groups at steady state excludes the impact of DNMT3A on regulation of macrophages number.

We next assessed the impact of Dnmt3a inactivation on the functionality of macrophages by enhancing their polarization in vitro. Our observations indicate that the absence of Dnmt3a in the monocytes/macrophages lineage is not associated with changes in their polarization profile nor does it contribute to change the expression profiles of M1 and M2. In particular, this is demonstrated by the comparable expression of iNOS, an enzyme that metabolizes Arginine ІІ to nitric oxide and that is preferentially induced by M1 macrophages. TNFα and IL-1β that are known to be M1 phenotype specific, were also similar in both groups. On the other hand. Ym ½. ArgІ and IL-10 which are specific of M2 phenotype were similarly not differentially expressed. Further gene expression analysis should be done on IFN β and IFN α. which were recently shown to be regulated by DNMT3A (Li et al., 2016). The measurement of the level of production of M1 and M2 specific cytokines between Dnmt3a lox/lox and Lysm-Cre X Dnmt3a lox/lox will give a clearer image about the macrophage phenotypes.

In vivo, we investigated the formation of early lesions in LDLr -/-mice upon repopulation with bone marrow cells from either Dnmt3a lox/lox or LysmCre x Dnmt3a lox/lox male and female mice groups. This study showed that the elevation in TC levels in both male and female groups was comparable between Dnmt3a macrophage KO and Dnmt3a lox/lox groups. Moreover, the inactivation of DNMT3A did not modify lesion size in early aortic root atherosclerotic plaque which was also in concordance with Cao et al. (2014) and seems to be coherent with our in vitro studies.

Conclusions and Future perspectives:

In conclusion, we can say that DNMT3A does not possess a significant impact on hepatic cholesterol regulation or intestinal absorption using our specific KO mouse models. Although its important role in embryonic development and differentiation (M. [START_REF] Okano | DNA Methyltransferases Dnmt3a and Dnmt3b Are Essential for De Novo Methylation and Mammalian Development[END_REF][START_REF] Xie | Cloning, Expression and Chromosome Locations of the Human DNMT3 Gene Family[END_REF][START_REF] Okano | Cloning and Characterization of a Family of Novel Mammalian DNA (Cytosine-5) Methyltransferases[END_REF] as well as other important cellular functions including X-chromosome inactivation and genome imprinting (Kaneda et al. 2004),has been well documented. Besides, its implications in gene expressions and tumorigenesis and other pathological disorders.

Part of the explanation of our results could be related to the extent of DNMT3A expression in different tissues. DNMT3A was demonstrated to be expressed at high levels in undifferentiated stem cells where its expression is reduced after differentiation and is even expressed at much lower levels in adult somatic tissues [START_REF] Okano | Cloning and Characterization of a Family of Novel Mammalian DNA (Cytosine-5) Methyltransferases[END_REF]. In the liver model, we can assume that the expression of DNMT3A in liver is minimal, not only as we use adult tissues but also as the renewal process is slow. In the intestinal model, however, where cells are characterized by their rapid dividing and renewal, DNMT3A also did not show a significant impact. The fact that the transgenic Cre used a priori produces the Cre recombinase in all the endothelial cells of the intestines including the stem cells (according to Dr. Agnés Ribeiro) may contribute to this insignificancy.

Another point to take into consideration in the partial KO in our samples as demonstrated in the results (figure 1), which could be partly related to the heterogeneity of the liver tissue. Or could it be concluded that DNMT3B compensates for the de novo methylation needs to be further validated. Further validation of Dnmt3a gene deletion should be done on hepatocytes enriched samples. Comparison of the level of mRNA expression of some genes involved in cholesterol Homeostasis and inflammatory responses between liver tissues and extracted hepatocytes should provide more conclusive results. Another possibility could be that the cholate induced TC elevation in our liver KO model could be simply attributed to induced sensitivity towards this aggressive substance.

Moreover, although DNMT3A was demonstrated to be involved in the adaptation of lymphocytes to environment during differentiation [START_REF] Gamper | Identification of DNA Methyltransferase 3a as a T Cell Receptor-Induced Regulator of Th1 and Th2 Differentiation[END_REF], No significant effect was seen in our monocyte/macrophage model, which could be related to the reduction of DNMT3A expression in differentiated cells. Our results demonstrate that Dnmt3a deletion in monocyte/macrophages does neither protect against nor induce atherosclerosis in the early phase of plaque formation (8 weeks). Further investigation of the impact of Dnmt3a on late atherosclerotic lesion progression (30 wk) should be assessed, which may show contradictory findings, as it was demonstrated that DNMT inhibitors decreased macrophage infiltration and inflammation by down regulation of genes involved in inflammation in situ (Cao et al. 2014).

In addition, our data did not show the amount of infiltration of macrophages into the aortic plaques which reflects the extent of associated inflammation, a good perspective could be to quantify macrophages at the level of the aortic root by immunohistochemistry.

.

Our future perspectives include;

 Further studies should be done to explore the impact of inactivation of both Dnmt3a and 3b using double KO mice (Dnmt3a -/-and Dnmt3b -/-) on the capacity of hepatocytes to adapt to diet induced environmental modification.

 Further strategies to address the arousing questions related to regulation of cholesterol and inflammation on a methylome scale are widely missing. Whole genome sequence and methylome analysis are highly recommended. The de novo DNA methyltransferase 3a (DNMT3A), an epigenetic regulator, links environment to phenotypes via catalysis of the methylation of CpG dinucleotides, notably found in the promoter regions of genes. Hypomethylation of these CpG sites is associated with gene transcriptional activation enabling the control of gene expression in physiologic and pathologic states. Most of our knowledge about the role of DNMT3A in disease occurrence are based on articles demonstrating its' implication in human cancers, namely Acute myeloïd leukemia. Moreover, limited data from mouse studies illustrates its' contribution to certain pathologies including cognitive disabilities and neuromuscular defects, bone homeostasis and allergic respiratory inflammation. Importantly, there is growing evidence that DNA methylation plays a role in type ɪɪ Diabetes and obesity, two important metabolic disorders Atherosclerosis, another metabolic disorder, constitutes the single most important contributor to the growing burden of cardiovascular disease. Several risk factors contribute to disease occurrence, where a global trend is related to environmental influences, notably Dyslipidaemia, which is known to be responsible for the initiation of Atherosclerosis. On one hand, abundant data link Hypercholesterolemia to atherogenesis, on the other hand, the contribution of the inflammatory mechanisms that couple dyslipidaemia to atheroma formation has been also appreciated, thanks to mouse models. So far, a growing number of data suggests a role of DNMT3A in Atherosclerosis but to date, the role of DNMT3A in Cholesterol regulation and early plaque formation has not been clearly elucidated.

Our results suggested that the deletion of Dnmt3a gene in monocyte/macrophages does not affect the formation of early atherosclerostic plaque in an atherosclerotic mouse model, nor does it impact the polarization of macrophages in vitro.

In parallel, we have also demonstrated that the deletion of Dnmt3a in hepatocytes leads to significant elevation in TC levels. We were not able to relate this elevation to dysregulation of major genes involved in Cholesterol regulation. On the other hand, we noticed activation of hepatic inflammatory responses. 

Résumé:

L'ADN méthyltransférase 3a (DNMT3A), un régulateur épigénétique, relie environnement et phénotype par la méthylation des dinucléotides CpG. que l'on trouve en particulier dans les régions promotrices des gènes. L'hypométhylation de ces CpG, qui est associée à l'activation de la transcription, permet le contrôle de l'expression génique dans des états physiologiques et pathologiques. La plupart de nos connaissances sur l'implication de DNMT3A en pathologie concernent la leucémie myéloïde aiguë mais quelques données résultant d'études murines montrent sa contribution à d'autres pathologies comme des déficiences cognitives, des défauts neuromusculaires ou les allergies des voies respiratoires. Il y a par ailleurs de plus en plus de preuves que la méthylation de l'ADN joue un rôle dans le diabète de type II et l'obésité, deux troubles métaboliques importants. L'athérosclérose, une autre pathologie d'origine métabolique, est la maladie cardiovasculaire la plus fréquente. L'environnement joue un rôle majeur dans le développement de plusieurs facteurs de risque contribuant à son apparition. En particulier, les dyslipidémies, largement influencées par le régime alimentaire, participent à son initiation. Par ailleurs, d'abondantes données décrivent la contribution des cellules inflammatoires à la physiopathologie de cette maladie. Jusqu'à présent, un nombre croissant de données suggère un rôle de la méthylation de l'ADN dans l'athérosclérose, mais à ce jour, le rôle de DNMT3A dans la régulation du cholestérol et le développement initial des plaques n'a pas été étudié.

Nos résultats suggèrent que l'inactivation de Dnmt3a dans les monocytes/macrophages ne modifie pas le développement initial des plaques d'athérome et n'a pas non plus d'influence sur la polarisation des macrophages in vitro.

En parallèle, nous avons également démontré que l'inactivation de Dnmt3a dans les hépatocytes conduit à une différence significative de cholestérolémie plasmatique qui n'est pas liée à une dérégulation des gènes majeurs impliqués dans le métabolisme du cholestérol. En revanche, nou avons mis en evidence une activation des réponses inflammatoires.

Mots clés: DNMT3A, Regulation du Cholésterol. Monocyte/Macrophage. Athérosclérose.
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Figure 1 :

 1 Figure 1: Progression of atherosclerotic lesion

  demonstrated that the removal of macrophages lesion through monocyte colony stimulating factor (M-CSF) mutation resulted in reduced lesion size. In another context, June[START_REF] Liu | Reduced Macrophage Apoptosis Is Associated With Accelerated Atherosclerosis in Low-Density Lipoprotein Receptor-Null Mice[END_REF] showed that acceleration in Atherosclerosis is due to reduced macrophages apoptosis.The original and best known types of macrophage responses are the pro-inflammatory M1 type (killer cells) and the anti-inflammatory M2 type (repair type cells). Evidences from research of recent years showed that the different phenotypic macrophages are indeed importantly participating in the process of inflammatory responses in Atherosclerosis. The so called M1 and M2 macrophages are both present in atherosclerotic lesions and favorably play opposite roles.When M1 macrophages cause plaque destabilization, rupture and thrombosis, M2 macrophages also develop functions that facilitate tissue repair, remodeling and restoration of normal tissue homeostasis[START_REF] Wilson | Macrophages Heterogeneity in Atherosclerosis -Implications for Therapy[END_REF]. Recently, there has been a great deal of interest in macrophage heterogeneity in atherosclerotic lesions particularly regarding the roles of M1 versus M2 macrophages[START_REF] Rojas | Macrophage Heterogeneity and Plasticity: Impact of Macrophage Biomarkers on Atherosclerosis[END_REF]. There is evidence that an imbalance in the ratio of M1 and M2 macrophages in advanced Atherosclerosis impairs resolution. Most of the hypotheses in this area have been driven by in vitro studies exploring gene expression patterns and functional attributes of macrophages subjected to various treatments including growth factors and cytokines derived from T helper cells (Khallou-Laschet et al. 2010).

  polarization of macrophages depends on two main groups of T-lymphocyte derived cytokines. The Th1-cytokines, mainly interferon-γ (IFN-γ), induce classical pro-inflammatory responses in vivo. In vitro, M-CSF is used in the culture media to grow and differentiate bone marrow cells into unpolarized macrophages. IFN-γ and/or Lipopolysaccharide (LPS), are used to polarize macrophages into M1 phenotype with characteristic expression of Tumor necrosis factor-alpha (TNF-α), Interleukins IL-12, IL-6, IL1-β (fig.4) and inducible nitric oxide synthase (iNOS) ('Mini-Review: Macrophage Polarization' 2016).Th2-type cytokines, which include IL-4, 5 and 13, induce the M2 phenotype which possess an anti-inflammatory role and prevent uncontrolled tissue damage through their high capacity to phagocytose tissue debris and apoptotic bodies. The in vitro polarization of macrophages into M2 phenotype is stimulated by IL-4 and IL-13 and these M2 secrete anti-inflammatory cytokines like IL-10. Macrophages for in vitro studies can be either isolated from peritoneal cavity of mice or grown from bone marrow precursor cells[START_REF] Khallou-Laschet | Macrophage Plasticity in Experimental Atherosclerosis[END_REF]).

Figure 3 :

 3 Figure 3: Cellular composition of atherosclerotic plaques Adapted from: (Hansson and Libby 2006).

Figure 4 :

 4 Figure 4: Macrophage activation and polarization Macrophage activation and polarization. Macrophage polarization represents a continuum, with fully polarized M1 and M2 cells at the extremes. Leading makers of macrophage subtypes are indicated (in italics molecules characterizing murine and not human polarized macrophages). iNOS indicates inducible nitric oxide synthase; ARG1, arginase 1; Ym1, chitinase3-like 3 lectin; FIZZ1, found in inflammatory zone 1; IL1RN,interleukin 1 receptor antagonist; IL1R2, interleukin 1 receptortype II. Adapted from: (Mantovani, Garlanda, and Locati 2009).

Figure 5 :

 5 Figure 5: The composition of Lipoproteins Adapted from: (Wasan et al. 2008)

reverse

  Cholesterol transport. The exogenous pathway (fig.7) starts with the intestinal absorption of triglycerides and Cholesterol from dietary sources. Bile salt emulsified TG and CE are hydrolysed by Pancreatic Lipase (PL) and Carboxyl ester Lipase (CEL). Its end result is the transfer of triglycerides to adipose and muscle tissue and of Cholesterol to the liver. After absorption, Cholesterol is reesterified in the intestinal mucosal cells and then coupled with various apolipoproteins, TG, phospholipids and unesterified Cholesterol via Microsomal Triglyceride protein (MTP) into

Figure 7 :

 7 Figure 7: Exogenous and Endogenous Cholesterol transport pathways Adapted from: (Daniels et al. 2009)
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 8 Figure 8: Cholesterol metabolism pathways

Figure 9 :

 9 Figure 9 : LDL-r is responsible for the regulation of Cholesterol uptakeAdapted From :[START_REF] Goldstein | The LDL Receptor[END_REF] 

  remains the obligate precursor for the formation of bile acids which are essential for the absorption of dietary lipids. The two important interconnected pathways involved in bile acids synthesis are known as the classical pathway and the alternative pathway. The classical pathway accounts for at least 75% of the total bile-acid pool. Cholic acid (CA) and chenodeoxycholic acid (CDCA) represent the two main end products of these pathways. Cholesterol7αhydroxylase (CYP7A1) is known to be the rate limiting step in the classical pathway of bile acid biosynthesis, whereas, Sterol 27-hydroxylase (Cyp27A1) catalyzes the initial step in the alternative pathway of bile acid biosynthesis[START_REF] Dikkers | Biliary Cholesterol Secretion: More than a Simple ABC[END_REF].

  the heart of epigenetic control is the organization of DNA into chromatin. The genomic DNA in eukaryotic cells is packaged with proteins called histones to form protein/DNA complexes called chromatin. The basic unit of chromatin is the nucleosome which is composed of ~ 146 base pairs (bp) of DNA wrapped around an octamer of the four core histones (H2A, H2B, H3, and H4).The core histones are tightly packed in globular regions, with amino-terminal tails that extend from the globular region making them accessible to histone modifying enzymes. This organization of chromatin allows DNA to be tightly packaged, accurately replicated, and sorted into daughter cells during cellular division. In non-dividing cells, chromatin can be divided into two functional states: euchromatin or heterochromatin (fig.10), which are transcriptionally active or inactive states of chromatin. Euchromatin is the region where DNA is accessible representing an open conformation due to the relaxed state of nucleosome arrangement. The genomic regions of euchromatin are more flexible and contain genes in active transcriptional states. Conversely, heterochromatin are areas where DNA is packaged into highly condensed forms that are inaccessible to transcription factors or chromatin-associated proteins[START_REF] Lester | Introduction to the Special Section on Epigenetics[END_REF] E. Li 2002).Histone acetyltransferases (HAT) and histone deacetylases, as an example, respectively control the acetylation and deacetylation of histones. The hyper-acetylated histones are principally found at the active site of the chromatin. Opposing to HATs that result in chromatin decondensation, providing a binding site for transcription factors and thus transcriptional activation, HDACs contribute in chromatin condensation and transcriptional repression.

Figure 10 :

 10 Figure 10: Epigenetic control of Chromatin organization.

Figure 11 :

 11 Figure 11: Epigenetic modifications: DNA base modifications, histone modifications and RNA based mechanism.

2. 4

 4 The mammalian DNA methyltransferases (DNMTs) Three active DNA methyltransferases DNMT1, DNMT3A and DNMT3B and one related protein lacking catalytic activity called DNMT3L, are present. The most abundant DNMT in adult cells[START_REF] Robertson | DNA Methylation and Human Disease[END_REF][START_REF] Robertson | The Human DNA Methyltransferases (DNMTs) 1, 3a and 3b: Coordinate mRNA Expression in Normal Tissues and Overexpression in Tumors[END_REF] is the maintenance DNMT1 that binds to hemi-methylated DNA at CpG sites (fig.12). DNMT1 role maintains established CpG methylation patterns through mitosis. DNMT3A and 3B, the de novo DNMTs, establish the new DNA methylation patterns that are largely associated with retrotransposon sequences and satellite repeats in pericentromeric regions and differentially methylated regions (DMRs) of imprinted loci[START_REF] Gopalakrishnan | DNA Methylation in Development and Human Disease[END_REF] and are fundamental for the genome-wide de novo methylation of DNA that occurs after embryo implantation.The DNMT3 group also includes, DNMT3L which is highly expressed in germ cells. Although catalytically inactive, it regulates DNMT3A and 3B by stimulating their catalytic activity in vivo. In addition, it is also required for establishing genomic imprints (De novo DNA methyltransferases All the mammalian de novo DNMTs are comprised of two parts: a large N-terminal part of variable size which has regulatory functions and a C-terminal catalytic part (figure13). The Nterminal part guides the nuclear localization of the enzymes and mediates their interactions with other proteins DNA and chromatin. The C-terminal catalytic domain is involved in the development of embryos. By the time cells reach terminal differentiation, the expression of DNMTs is much reduced with the exception of the brain (L. D.[START_REF] Moore | DNA Methylation and Its Basic Function[END_REF].

Figure 12 :

 12 Figure 12: DNA methylation pathways

  demonstrated that Cox-2 mRNA expression and protein synthesis can be repressed in cell lines by DNA methylation. In relation to regulating the expression of inflammatory factors and cytokines, DNMT3A was shown to regulate the expression of IL-13 in T-helper 2 cells (Yu et al. 2012a). Moreover, LPS was demonstrated to reduce methylation of TNF promoter, and hence increases the TNF expression in macrophages (Y. Zhang and Zeng 2016). Administration of 5-azadeoxycytidine

  labelled with CD11b (1:200, M1/70) from BD pharmigen and F4/80 (1:200, BM8) from ebiosciences The spleen was allowed to be digested in 2.5% Colagenase D (Roche Applied Science) solution in RPMI medium for 30 min. at 37⁰ C. Spleen Macrophages were labelled with CD11b (1:200, M1/70), F4/80 (1:200, BM8) and CD11c (1:400, HL3) from BD biosciences. The stained cells were then washed with PBS containing 1% BSA + 0.5 mM EDTA. LSR || Fortessa flow cytometer (BD Biosciences) was used to obtain acquisitions and all cell analyses were performed using FACSDIVA software (BD Biosciences) and FlowJo software (Tree Star).

Figure 1 .

 1 Figure 1. Comparison of mRNA expression profile of Dnmt3a between Dnmt3a liver KO and Dnmt3a lox/lox *P< 0.05 is significant, **** P-value < 0.0001. Data presented as mean ±SEM.

Figure. 2 :

 2 Figure.2:Total Cholesterol levels (TC) (mg/dl) in the adult male groups of Dnmt3a liver KO (n=7) and Dnmt3a lox/lox (n=6) following a month on 1% Cholesterol diet. Data are represented as mean ± SEM.

Figure. 3 :

 3 Figure.3: Total Cholesterol levels (TC) (mg/dl) in the adult male controls Dnmt3a lox/lox following 20 days on different HCDs: 3% Cholesterol (n=5), 3% Cholesterol plus 15% FA (n=5), 5% Cholesterol (n=4) and 5% Cholesterol plus 15% FA (n=6).

Figure 4 .

 4 Figure 4. A. Plasma total Cholesterol (TC) and Triglycerides (TG) (mg/dl) of Dnmt3a liver KO and Dnmt3a lox/lox mice groups after one month on A. 3% Cholesterol plus 15% FA and B. 5% Cholesterol plus 15% FA. Data are presented as mean± SEM.

Figure 5 .

 5 Figure 5. Plasma Total Cholesterol (TC) and Triglycerides (TG) (mg/dl) levels of Dnmt3a liver KO and Dnmt3a lox/lox mice fed on: A. 3% Cholesterol plus 15% FA for 2 months and B. 5% Cholesterol plus 15% FA for 3 months. Data represented as mean ±SEM

Figure 6 .

 6 Figure 6. A. Plasma Total Cholesterol (TC) and Triglycerides (TG) (mg/dl) levels in Dnmt3a liver KO and Dnmt3a lox/lox : A. young male mice (3 wk old) fed on 3% Cholesterol plus 15% FA for one month. Aged mice (52 wk) on 5% Cholesterol plus 15% FA for.one month OR C. 3 months. Data represented as mean ±SEM

Figure 8 .

 8 Figure 8. Plasma Total Cholesterol (TC) and Triglycerides levels of Dnmt3a liver KO (n=9) and Dnmt3a lox/lox (n=7) mice fed on HC diet of 1.25% Cholesterol and 0.5% Cholate for 4 weeks. Data are represented as mean ± SEM, ***P<.0.0001 vs.

Figure 9 .

 9 Figure 9. .A. Weight (gm) of experimental mice Dnmt3a liver KO and the control group Dnmt3a lox/lox at T0 and on sacrifice B. Liver enlargement and whitening in mice on Cholate containing diet compared to chow diet. C. Comparison of liver weights on sacrifice among Dnmt3a liver KO and Dnmt3a lox/lox on cholate containing diet and Dnmt3a lox/lox (n=7) on normal chow diet. D. Liver function tests. Data presented as mean± SEM, *P<0.05, **P<0.001, ***P<0.0001 vs. Control by Unpaired ttest.

Figure 10 .

 10 Figure 10. Expression profiles of different genes involved in Cholesterol regulation in Dnmt3a liver KO and Dnmt3a lox/lox on cholate diet vs Dnmt3a lox/lox on chow diet. *P<0.05 is significant vs controls. Data presented as mean ± SEM.

Figure 11 .

 11 Figure 11. Quantification of monocytes and resident macrophages in blood, peritoneal cavity and spleen The percentage of: A. circulating monocytes: Ly6C-hi. Ly6C-lo and neutrophils in Dnmt3a lox/lox mice (n=7) compared to LysM-Cre X Dnmt3a lox/lox (n=5) in blood. (b). peritoneal cavity resident macrophages. (c). Splenic resident macrophages. Data are represented as mean ± SEM. *P<0.05. Vs. control.

  Figure 12. (a) Quantification of M1 polarized macrophages mRNA expression of iNos. Arg ІІ. IL-1 and TNF Folllowing 6 and 16 hr of incubation in Dnmt3a lox/lox mice (n=7) compared to Lysm-Cre X Dnmt3a lox/lox (n=5). (b) mRNA expression of M2 polarized macrophages of IL10. Ym1/2 and Arg І. Data represented as mean± SEM.

Figure 13 .

 13 Figure 13. Contribution of deficiency of Dnmt3a in monocytes/macrophages to Cholesterol levels and atherosclerotic plaque progression in male mice. A. Plasma total Cholesterol (TC) and free Cholesterol (FC) levels in male Dnmt3 lox/lox →LDLr -/-(n=5) and to Lysm-Cre X Dnmt3a lox/lox →LDLr -/-. B. Measurement of lesion size. And C. Adjacent histological sections of aortic roots stained with oil red O. D. E. Total body (gm) and spleen weight (mg). F. WBC count / mm 3 .G. Percentage of monocytes. H. Hematocrit. Data are represented as mean ± SEM..

Figure 14 .

 14 Figure 14. Contribution of deficiency of Dnmt3a in monocytes/macrophages to Cholesterol levels and atherosclerotic plaque progression in female mice. A. Plasma total Cholesterol (TC) and free Cholesterol (FC) levels in female Dnmt3a lox/lox →LDLr -/-(n=5) and in Lysm-Cre X Dnmt3a lox/lox → LDLr -/-(n=6).B. Measurement of lesion size. C. and adjacent histological sections of aortic roots stained with oil red O. D. E. Total body (gm) and spleen weight (mg). F. WBC count / mm 3 .G. Percentage of monocytes. H. Hematocrit. Data are represented as mean ± SEM.



  The impact of DNMT3A will be assessed in a model of liver regeneration, for example, regeneration after partial Hepatectomy or regeneration following drug poisoning

  Key words: DNMT3A, Cholesterol regulation, Monocyte/Macrophage, Atherosclerosis. Maisa Nabulsi-Thèse de doctorat -2016 Rôle de l'ADN méthyltransférase 3a dans l'adaptation des joueurs clés de l'athérogenèse à l'environnement proathérogène.

  

  

Table 1 : List of primers used for RT-qPCR experiments

 1 

Table 2 :

 2 Total Cholesterol levels (mg/dl). Following for 4,8,12 or 16 wks of high Cholesterol and high at (60%) diets in Dnmt3a lox/lox and Dnmt3a liver KO . Data represented as mean ± SEM.

			Total Cholesterol (mg/dl)		
			Adult(8-10 wk)	Young(3wk)	Old(52-54wk)
	Diet	Duration(wk) lox/lox	liver Ko	lox/lox	liver Ko	lox/lox	liver Ko
	1% Cholesterol	4	87±8	93± 9			
	3% Cholesterol plus 15% FA	4 8	91±11 115±12	97±14 109 ±7	103±5	105±9	
	5% Cholesterol plus 15% FA	4 12	95± 9 107±12	113 ±6 114 ±14			88±12 102±13	93±4 112±6
		4	153 ± 4	164 ± 10			
	HF (60%)	8	171 ± 4	177 ± 9			
		16	200 ± 8	200 ± 7			

Table 3a .

 3a List of genes significantly upregulated in Dnmt3a liver KO mice compared to Dnmt3a lox/lox classified by descending fold change values.

	Gbp2	2.5	0.009
	Ifit1	2.5	0.009
	Fam26f	2.5	0.009
	Il1b	2.5	0.017
	Gbp3	2.4	0.009
	Slamf8	2.4	0.034
	Ubd	2.2	0.009
	Arhgap15	2.2	0.029
	Nebl	2.2	0.009
	Irgm1	2.2	0.009
	Gbp7	2.2	0.034
	Jchain	2.2	0.009
	Plac8	2.2	0.009
	S100a4	2.1	0.009
	S100a3	2.1	0.009
	Dio1	2.1	0.009
	Serpinb1a	2.1	0.049
	Zbp1 Gene_name Fold change q_value 2.1 0.029 Ly6c2 11.3 Acot11 2.0 0.029 0.009 Clec4e 7.7 Pdk4 2.0 0.009 0.017 Lyz1 7.2 Pyhin1 2.0 0.017 0.009 Ccl5 4.9 Iigp1 2.0 0.009 0.009 Clec4d 4.8 Cd274 1.9 0.009 0.009 Ms4a4c 4.7 Leap2 1.9 0.009 0.009 Gpr141 4.6 Pfn2 1.9 0.024 0.009 Cxcl10 4.1 H2-Ab1 1.8 0.040 0.009 Rpl11 4.0 H2-Aa 1.8 0.040 0.009 Fpr3 4.0 Vnn1 1.8 0.009 0.009 Fpr2 4.0 Gbp9 1.8 0.049 0.009 Cxcl9 4.0 Gbp8 1.8 0.049 0.009 Irg1 3.8 Gbp4 1.8 0.049 0.009 Fgf21 3.4 Stat4 1.8 0.009 0.009 Klra2 3.1 Stat1 1.8 0.009 0.009 Ccl2 3.0 Gda 1.8 0.009 0.009 Gbp6 3.0 H2-Eb1 1.7 0.009 0.009 Gbp10 3.0 Paqr9 1.7 0.046 0.009 Ms4a4b 3.0 Snx10 1.7 0.009 0.009 Ptgds 2.9 Ptprc 1.7 0.034 0.009 Ly6a 2.9 Igkc 1.7 0.049 0.009 Snhg11 2.8 Snord22 1.7 0.034 0.009 Gbp5 2.8 Snhg1 1.7 0.034 0.009 Klrk1 2.7 H2-DMa 1.7 0.049 0.009 Irgm2 2.7 0.009 Gpr155 1.6 0.024
	Igtp	2.7	0.009
	Gbp11	2.6	0.009
	Gbp2b	2.6	0.009
	Serpina3f	2.6	0.009
	Serpina3g	2.6	0.009

Table 3B .

 3B List of genes significantly downregulated in Dnmt3a liver KO mice compared to Dnmt3a lox/lox classified by descending Fold change values.

	Gene_name Fold change	q-value
	Ctdsp2	0,6	0.034
	Rps4x	0,6	0.029
	Rgs16	0,6	0.034
	Zfp36	0,5	0.009
	Atp6v0d2	0,5	0.029
	Mmp12	0,5	0.009
	Trem2	0,5	0.009
	Ppp1r3g	0,5	0.034
	Nr4a1	0,5	0.009
	Gdf15	0,5	0.009
	Egr1	0,5	0.009
	Hsf4	0,4	0.009
	Serpina1e	0,4	0.024
	Ttyh1	0,4	0.009
	Urad	0,3	0.024
	Pm20d1	0,3	0.009
	Gpnmb	0,3	0.009
	Cyp3a41b	0,3	0.017
	Cnnm4	0,1	0.009
	C5ar2	0,0	0.009

) A. C. B.

OBJECTIVES OF THE THESIS

In this project, we were interested in the importance of de novo DNA methylation in the initiation of Atherosclerosis and we focused on Cholesterol homeostasis and macrophages functionality which are key players in the pathophysiology of Atherosclerosis. To proceed, we chose to study tissue specific Dnmt3a knock-out mouse models in hepatocytes or mono/macrophages subjected to pro-atherogenic environmental changes.

Experimental animal models and diets:

All animal models were bred on a pure C57BL/6 background (> 10 generations). Mice were in a conventional animal facility, weaned at 21 days. The Dnmt3a conditional knock out mice in which nDnmt3a exon 19 is flanked by Cre recombinase loxP sites, were created by Cre-lox technology and generously donated by professor En Li (Cardivascular Research Center, Massachusetts General Hospital, Harvard Medical School) on mixed genetic background of 129/C57BL/6 (F5). Cre-mediated DNMT3A gene inactivation in hepatocytes (Dnmt3a KO liver ), monocytes/macrophages were obtained through breeding with Alb-Cre (Tg (Alb-cre)21Mgn; Jackson Laboratory), LysM-Cre (Lyz2 tm1(cre)Ifo ; Jackson laboratory) transgenic mice. Mice with specific deletion in intestines (Villin Cre) were donated by Agnés Ribeiro (UMRS872). The mice were housed in an air-conditioned room (22-24˚C) with a 12 hr light-dark cycle. They had free access to water and normal chow diet until time of experimentation. All animal procedures were performed at the Central Animal Facility of the medical Faculty of La Pitié Hospital with approval from the Direction Départementale des services Vétérinaires, Paris, France.

Eight-week old Dnmt3a lox/lox and Dnmt3a liver KO male mice were fed on high Cholesterol diet (HC) of 1% Cholesterol, 3% Cholesterol, 5% Cholesterol, 3% Cholesterol plus 15% fatty acids (FA), 5% Cholesterol plus 15% FA, consequently for 30 days (standard A04 diet supplemented with Cholesterol and cocoa butter, SAFE, Augy, France), or cholate containing diet of 1.25% Cholesterol and 0.5% cholate for 4 weeks.

Adult male Dnmt3a lox/lox and Dnmt3a liver KO were fed 3% Cholesterol plus 15% for 2 months.

Dnmt3a lox/lox

Adult male Dnmt3a lox/lox and Dnmt3a liver KO were fed 5% Cholesterol plus 15% for 3 months.

Three week old young male Dnmt3a lox/lox and Dnmt3a liver KO mice were fed 3% Cholesterol plus 15% FA for one month.

Fifty-two week old Dnmt3a lox/lox and Dnmt3a liver KO mice were fed 5% Cholesterol plus 15% FA for one month and three months.

Eight week old Dnmt3a lox/lox and Dnmt3a intestine KO were fed 3% Cholesterol plus 15% FA for one month.

Plasma lipids

Blood samples from overnight fasting, age-matched mice were collected in EDTA coated Microvette tubes (Sarstedt) by retro-orbital bleeding under isoflurane anaesthesia (isoflurane (2%, oxygen (0.4 liter/min)). at T0 and T30. Blood was centrifuged at 800g for 20 minutes at 4˚C to separate plasma which was immediately frozen at -80˚ C for analyses of Total Cholesterol (TC) and Triglycerides (TG) levels. These levels were determined using an autoanalyzer (Konelab 20, ThermoFischer Scientific, USA) and commercial kits from Roche Diagnostics. Samples on cholate containing diet were also measured for liver function tests including Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Albumin (ALB) and Alkaline phosphatase (ALP) (Dr. Denis MONNERET, Service de biochemie métabolique de la Pitié Hospital).

Liver RNA isolation and quantitative RT-PCR analysis

Mice were anesthetized using isoflurane (2%) and euthanized by cervical dislocation. The circulatory system was perfused with phosphate buffer saline 1X and the liver was snap frozen in liquid nitrogen and stored in -80⁰ C. For each liver sample, homogenization was performed with Precelys® 24 tubes (Bertin Technologies). Total RNA was prepared using the NucleoSpin II RNA Kit (Macherey-Nagel). A total amount of 1500 ng of extracted RNA was reverse transcribed to cDNA using superscript III reverse transcriptase Kit (Invitrogen). Quantitative real-Time reverse transcriptase polymerase chain reaction (qRT-PCR) was performed using the SYBR Green RT PCR kit (Roche) to analyse genes expression in the liver.

For the genes involved in the whole work, gene sequences were retrieved from the Ensembl database http://www.ensembl.org/ and primers (table 1). were designed using primer 3 software and tested for specificity using BLAST analysis http://blast.ncbi.nlm.nih.gov The following thermal cycle conditions were used: 95⁰C for 5 min., 50 cycles of: 95⁰C for 15 sec., 60⁰C for 20 sec. and 72⁰C for 25 sec., 1 cycle of 95⁰C for 1 min. and 70⁰C for 30 sec., and finally 1 cycle of 40⁰C for 30 sec.

Target gene expression was normalised to the arithmetic mean of 3 Housekeeping genes: mouse hypoxanthine phosphoribosyltransferase (HPRT), Ribosomal protein L13A (Rpl13a), Non-POU domain containing octamer binding protein (NoNo) and Heat shock protein 90 alpha (cytosolic), class B member 1(HSP 90) and then expressed as fold induction by the comparative cycle threshold method, using lox/lox mice as a reference. Comparative cycle threshold method, using lox/lox mice as a reference.

RNA-Seq library preparation and analysis

RNA-seq libraries were prepared from 1 µg of total RNA isolated from each sample. The RNA integrity number (RIN) was determined using the Agilent 2100 Bioanalyzer RNA 6000 Nano chip. The RNA integrity number (RIN) values were ≥ 6. The strand specific libraries were prepared according to SureSelect Strand-Specific mRNA library preparation protocol (Agilent). Library completion was confirmed using Agilent 2100 Bioanalyzer DNA 1000 chip and quantified by Quant-iT dsDNA high sensitivity assay (Life Technologies).

Libraries were sequenced on the illumina NetSeq 500 with an average of 40 million 75bp paired-end reads sequenced per library. Raw data were first cleaned by excluding all QC failed reads and trimming bases from poor-quality ends of reads using fastq_illumina_filter_0.1 and sickle_1.200 tools. Reads were then aligned to the GRCm38 version of the mouse genome using TopHat_2.0.11 program and post-processed in order to remove all singletons, as well as fragments exceeding a defined size using samtools_0.1.18. These cleaned reads were finally used to quantify the expression level of genes and to perform the differential analysis using Cufflinks_2.2.1 and CummeRbund_2.12.0 software. For each of these steps a quality control was performed. The RNA seq library preparation and analysis were performed in collaboration with the platform post génomique de la pitié-Salpétrière-P3S. . Pseudogenes were excluded.

Flow Cytometry and cell sorting

Blood was collected through the retro-orbital plexus, collected in EDTA tubes, and 100 μl labelled with monocyte-specific antibodies. Red blood cells were lysed using red blood cell lysis buffer (Bd Biosciences) on ice and White blood cells were pelleted by centrifugation, washed and suspended in PBS1% containing 1% BSA and 0.5mM EDTA. Antibodies used for cell staining were Ly6C (1:200, RB6-8C5), from BD Biosciences and CD115 (1:200, AFS98) from eBioscience. The cells were then incubated with Antibodies for 30 minutes on ice. Lazer Fortessa (Bd Biosciences) was used for multiparameter analysis of stained cell populations.

Peritoneal exudate cells were elicited by intraperitoneal injection of the peritoneal cavity of mice with 4 mL of ice-cold, sterile phosphate-buffered saline washed and suspended in PBS1% containing 1% BSA and 0.5mM EDTA. Cells were harvested following thorough massaging of DISCUSSION: