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High fat diet and pregnancy: are you ready to take risks for your offspring?

Marie-Stéphanie Clerget-Froidevaux 1 and Laurent M. Sachs 1,2 1 UMR 7221 CNRS and Muséum National d'Histoire Naturelle, Sorbonne Universités, Paris, France. 2 Correspondence: sachs@mnhn.fr Obesity prevalence is continuously increasing, WHO estimates that 600 million adults worldwide are obese. Obesity is often associated with other metabolic diseases, including diabetes, hypertension and dyslipidemia, grouped by the term metabolic syndrome. The increasing prevalence of metabolic syndrome worldwide represents economic and social concerns, emphasizing the importance of unraveling the physiological deregulations leading to these diseases. It is well established that part of the problem can be explained by overnutrition, especially in a society where food is abundant and physical activity is decreasing. Numerous animal studies have demonstrated the direct impact of a high fat diet on body weight and the development of insulin resistance and other metabolic disorders. The importance of the hypothalamus as the central integrator of peripheral metabolism has also been widely documented, as the hypothalamic neurons are involved in the control of food intake and energy expenditure [START_REF] Timper | Hypothalamic circuits regulating appetite and energy homeostasis: pathways to obesity[END_REF]. Also, genetic studies in humans have identified some mutations in key genes involved in the control of metabolism, including leptin, leptin receptor and MC4R, leading to the development of morbid obesity. However, still, several cases of obesity cannot be explained by over-nutrition, sedentary lifestyle or genetic causes. A growing body of evidence shows that intrauterine and perinatal life could definitely impact our adulthood metabolism. Related to this major concern, in this issue of Endocrinology, a manuscript from Seki et al [START_REF] Seki | In utero exposure to a high fat diet programs hepatic hypermethylation and gene dysregulation and development of metabolic syndrome in male mice[END_REF] presents an elegant work that manages to deeper understand the link between maternal nutrition and susceptibility to metabolic diseases. Their results highlight how a maternal high fat diet can potentially contribute to programmed development of metabolic diseases later in life. Indeed, intrauterine life could program metabolism control in adulthood. This paradigm found its origin in the eighties, when a revolution occurred with the pioneer work of the epidemiologist David Backer. He established a correlation between events that happened at two extremities of life. This concept is called the Developmental Origin of Health And Diseases (DOHAD) (3). Since, his hypothesis was verified and the main conclusion is that the life conditions of an individual during early life (preconception, intrauterine period or perinatal period) influence the health from short to long term. Animal models and experimental biology have allowed the demonstration of the causal relation between environmental manipulations early in life and their consequences on the appearance of biological abnormalities and pathologies at adult ages. Thus, the first periods of life are critical phases during which a susceptibility to many chronic diseases is established. However, such diseases will only appear if the later life environment and lifestyle is favorable. The initial causes can range from exposition to chemical products (environmental or medical), infectious agents, unequilibrated nutrition or psychological stress. At first, the individual response is to adapt to an adverse early life environment. The finality of adaptations is to reach reproduction for the survival of the species in unfavorable conditions. However, the cost generally negatively affects longevity and quality of life. The health and social costs of chronic diseases have considerably increased in our modern society to pass the threshold requiring an action. To this end, in the context of DOHAD, the main question was to understand through which mechanisms the early life environment affects later life? In other words, how the adverse effects in early life are programmed to cause a phenotype that will be initiated later on?

We know that complex molecular modifications induced by environmental adverse effects do not target the genetic code (no changes in the genome sequence) but act on gene expression (the quantity of transcript produced by a gene). These alterations in the reading of the genome without modifying the actual code are known as epigenetic modifications (meaning "on the genome") [START_REF] Feil | Epigenetics and the environment: emerging patterns and implications[END_REF]. What are these epigenetic marks? The epigenetic marks are chemical modifications, which occur either on some DNA nucleotides, or on proteins that are associated with the DNA, like histones. Epigenetic is a field of biology that analyzes the changes in gene expression that arise without changing the genetic code. Epigenetic can be influenced by genetic and, or environmental factors. In short, how a change in phenotype can occur without changing the genotype is studied. Epigenetic marks are deposed on the genome controlling gene expression. Early life is a very sensitive period where environment induced molecular mechanisms will influence the deposition of such marks. Then, epigenetic marks archived in early-life following environmental perturbations wait for a second stimulus that will reveal the susceptibility previously acquired. Not only the first generation is affected but it was also suggested that the effects of an exposition could touch the following generations. Many epigenetic marks have been described (more than hundred) including their mode of action, which could be dynamic and flexible throughout life. Unfortunately, the picture is more complex with the ability of all these marks to interact together. Today, a broad view is unaffordable (too expensive and with technological limitations).

One of the best-characterized epigenetic modifications is DNA methylation, a masterpiece in the genome regulation. DNA methylation occurs by the addition of a methyl group mainly on certain cytosines. The methylation is added or maintained by DNA methyltransferases. Furthermore, DNA methylation is a reversible process, which involves numerous steps and enzymes. The link between DNA methylation and gene regulation is complex and depends on the genetic loci targeted by the modification. For example, DNA methylation of a gene promoter correlates with gene silencing while the methylation of the gene body correlates with gene activation. DNA methylation is thus one of the toolbox elements involved in the dynamic mechanism of gene regulation. However, DNA methylation and demethylation are also influenced by environmental factors: social, nutritional and toxicological, linking DNA methylation and DOHAD. By providing a methyl group donor molecule, nutrition and metabolic state facilitate the DNA methylation processes.

Historically, the DOHAD field of research developed a lot from manipulation of nutrition with a special emphasis on growth restriction leading to a small birth weight, but also to glucose intolerance and arterial hypertension in adult. A good example of the DOHAD is provided by the Dutch Famine Birth Cohort Study, which showed not only association between undernutrition during gestation and obesity-related phenotypes in adult life, but also an association between undernutrition during postnatal periods of development and the risk of being overweight in adulthood [START_REF] Kyle | The Dutch famine of 1944-1945: a pathophysiological model of long-term consequences of wasting disease[END_REF]. However, today, more often our lifestyle exposes us to a rich diet with high fat contents, and one can ask if this kind of diet during gestation can also increase the risk of developing metabolic diseases for offspring in their adulthood.

Previously work by Seki laboratory has shown that consumption of a high fat diet during gestation and lactation, as well as maternal obesity, correlates with a high risk for development of metabolic diseases in offspring (cardiovascular diseases, diabetes and metabolic syndrome) later in life. Because epigenetic mechanisms may be responsible for the programming effects of maternal nutrition, in the work presented in this issue, Seki et al. [START_REF] Seki | In utero exposure to a high fat diet programs hepatic hypermethylation and gene dysregulation and development of metabolic syndrome in male mice[END_REF] carried out gene expression and genome-wide DNA methylation analysis of mouse liver subjected or not to a high fat diet in utero. They studied the consequences of a high fat diet in young and adult offspring. To address the problem of variation in DNA methylation, they used two powerful methods, the DNA methylation HELP assay and bisulphite MassARRAY. They also measured gene expression with a gene expression microarray. State of the art bioinformatic tools have allowed them to link DNA methylation level to gene expression and then to identify the genomic loci. Their work leads to several major observations. First, genes involved in immune response, inflammation and hepatic dysfunction are activated in response to a high fat diet in the offspring. Second, hepatic DNA methylation in the offspring mouse increases preferentially in specific genomic hot spots. These genomic loci are associated with the susceptibility of atherosclerosis and insulin dependence. The authors were also able to link DNA methylation changes in these hot spots with altered long-term gene expression in adult liver. Most of these genes were associated with cardiovascular system development and function as well as cell signaling pathways associated with metabolic diseases (diabetes and obesity).

These results highlight the significance of intrauterine nutritional impact on the development of metabolic diseases later in life. DNA methylation will then be the molecular basis of this enhanced susceptibility for metabolic diseases. Because until recently, the role of genetics in the explosion of chronic diseases was overestimated and could not explain all the disease processes. However, the work by Seki and collaborators open up new perspectives to fight against these scourges. First, this knowledge brings a new perspective on the scope and the interest of prevention. Risk assessment corresponds to relevant information for medical professionals, which will be transmitted to fellow citizens. Furthermore, this information could help decision-makers to take responsibility. Next, to cope with the inevitable explosion of chronic diseases, the causal relationship between variation in methylation and gene expression must be determined. To cure these diseases, we cannot rely on a simple correlation because decisions about relevant medical interventions can only be made by establishing a causal link. The scientific community needs to explore epigenetic mechanisms of gene activity in the manifestation of a phenotype. Two major research fields will strongly impact future works in this area. First, linkage between differentially methylated loci and target gene needs to be further characterized. Today, the strong progress made in defining the 3D organization of the genome will help to address this issue [START_REF] Krijger | Regulation of disease-associated gene expression in the 3D genome[END_REF]. Second, new technology in genome editing will directly provide a causal link between DNA methylation loci with its regulated target gene and the function of such link [START_REF] Zhang | CRISPR editing in biological and biochemical investigation[END_REF]. Then, corrective actions could be considered to prevent adverse effects of adaptation to environmental changes in early-life, or if it is too late, to treat chronic diseases of a developmental origin in later life.
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