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It is increasingly admitted that Crohn's disease and ulcerative colitis, the two entities of inflammatory bowel disease, are initiated and reactivated by environmental factors in genetically susceptible hosts, and result from aberrant immune response to specific intestinal microbes, in the context of altered composition of intestinal microbiota, called dysbiosis. We hypothesize that the role of the gut microbiota in Crohn's disease pathogenesis is linked to early-life abnormal crosstalk with the host immune system under construction. By contrast, in ulcerative colitis, the detrimental effect of intestinal dysbiosis could occur at any time of life, due to instant environment. This hypothesis could explain why the incidence of Crohn's disease raises many years later than that of ulcerative colitis in developing countries that adopt the Western lifestyle. This would also explain why many early-life events, such as caesarean section, increased hygiene and repeated antibiotic exposure, are risk factors for subsequent development of Crohn's disease, but not ulcerative colitis.

Introduction

Crohn's disease and ulcerative colitis, collectively referred to as inflammatory bowel disease (IBD), are lifelong gastrointestinal disorders that generally begin in adolescence or young childhood, even if clinical disease onset is possible at any age [START_REF] Cosnes | Epidemiology and natural history of inflammatory bowel diseases[END_REF] The precise origin of IBD remains unknown, but it is increasingly accepted that both Crohn's disease and ulcerative colitis result from aberrant immune response to specific components of the intestinal microbiota in genetically susceptible hosts, with clinical flares of the diseases initiated and reactivated by environmental factors [START_REF] Wu | Roles for intestinal bacteria, viruses, and fungi in pathogenesis of inflammatory bowel diseases and therapeutic approaches[END_REF].

The intestinal microbiota is an ecological community of microorganisms (mainly bacteria, but also fungi and viruses) that colonize the human intestine from birth. The composition of this community is of increasing complexity from birth to early childhood, depending on evolving diet and other environmental factors, and becomes stable thereafter. This maturation process results from the constant interplay between environmental microorganisms, digested food, and eukaryotic intestinal epithelial and immune host cells. Of note, nature and function of immune host cells can be at least partially modulated by the host genome.

Intestinal microbiota dysbiosis, an impaired composition and/or functions of the intestinal microbiota, contributes at least partially to the pathogenesis of various diseases, including IBD. It is now established that adult patients with Crohn's disease or ulcerative colitis share common features of intestinal microbiota dysbiosis, consisting mainly of reduced diversity but also exhibit disease specific alterations, such as significant lack of the anti-inflammatory bacteria Faecalibacterium prausnitzii, and excess presence of some Proteobacteria in Crohn's disease [START_REF] Wu | Roles for intestinal bacteria, viruses, and fungi in pathogenesis of inflammatory bowel diseases and therapeutic approaches[END_REF]. Whether dysbiosis is a cause or a consequence of intestinal inflammation is an essential point. It is established that dysbiosis exist from diagnosis of IBD [START_REF] Gevers | The treatment-naive microbiome in newonset Crohn's disease[END_REF], and is more pronounced during inflammatory flares [START_REF] Wu | Roles for intestinal bacteria, viruses, and fungi in pathogenesis of inflammatory bowel diseases and therapeutic approaches[END_REF]. By contrast, it is not known whether dysbiosis precedes clinical onset of IBD in humans, but recent data in mice suggest that dysbiosis, favored by genetic predisposition and environmental factors, affects the host's immune response and thus amplifies dysbiosis in a vicious cycle that leads to intestinal inflammation [START_REF] Lamas | CARD9 impacts colitis by altering gut microbiota metabolism of tryptophan into aryl hydrocarbon receptor ligands[END_REF].

Crohn's disease and ulcerative colitis are not two strictly distinct diseases. For instance, an individual can be diagnosed with a typical phenotype of ulcerative colitis and some years later develop a typical phenotype of Crohn's disease [START_REF] Cosnes | Epidemiology and natural history of inflammatory bowel diseases[END_REF]. However, there are substantial differences between clinicopathological and epidemiological features of ulcerative colitis and Crohn's disease. For instance, intestinal lesions of ulcerative colitis are restricted to rectum and colon, and an active smoking status has an opposite effect on the course of the diseases.

One of the most intriguing epidemiological differences between the two subtypes of IBD is the fact that the initial rise in incidence of ulcerative colitis in a given country that acquires progressively the environment at risk for IBD (i.e., a western life style) precedes by several years the first rise in incidence of Crohn's disease [START_REF] Cosnes | Epidemiology and natural history of inflammatory bowel diseases[END_REF][START_REF] Edouard | Incidence of inflammatory bowel disease in the French West Indies (1997-1999)[END_REF].

This founding observation was the first step towards the elaboration of our hypothesis. How to explain that the same genes in the same environment do not reach the same expected consequences at the same time? We speculated that the response could come from a different constitution timing and impact of dysbiosis (the link between genes and environment) on disease onset between Crohn's disease and ulcerative colitis. We hypothesized that the role of the dysbiotic gut microbiota is distinct in Crohn's disease and ulcerative colitis pathogenesis. In Crohn's disease, it acts through early-life abnormal crosstalk with the host immune system under construction, whereas in ulcerative colitis it could play a role in disease onset later, at any time in life, due to the accidental combination of promoting factors, such as micro-organisms, diet, antibiotics, smoking cessation, pollution, etc

In a second step, in order to give consistency to our speculation, we explored whether the hypothesis fits with the main epidemiological known differences between Crohn's disease and ulcerative colitis.

Delayed increase in incidence of Crohn's disease after societal westernization

Initially regarded as disease of Caucasians in Western countries, IBD are now considered as related to common environmental exposures, irrespective of ethnicity, socio-economic status or geographical areas.

The key risk factors are gathered under the term of westernization of society that includes urbanization, increased hygiene and low-fiber and high-meat diets.

These changes occurred first in UK, where the first case series of ulcerative colitis were reported at the beginning of the 20th century [START_REF] Allchin | A Discussion on "Ulcerative Colitis".: introductory address[END_REF], and a progressive increase in the incidence of Crohn's disease from disease description in 1932 [START_REF] Srivastava | Incidence of ulcerative colitis in Cardiff over 20 years: 1968-87[END_REF]. In China, the first cases of ulcerative colitis have been described in the immediate post Second World-war period, many years before the initial rise in the incidence of Crohn's disease [START_REF] Kaplan | Understanding and preventing the global increase of inflammatory bowel disease[END_REF]. In these countries and in many others, duration of the lag phase between the occurrence of ulcerative colitis and that of Crohn's disease is about ten years [START_REF] Cosnes | Epidemiology and natural history of inflammatory bowel diseases[END_REF]. In agreement with our hypothesis, this time could correspond to the mean interval between early-life exposition to an altered gut microbiota and clinical onset of Crohn's disease in youngest patients. In the case of ulcerative colitis, acquired dysbiosis induced by environmental changes can rapidly lead to the clinical onset of the disease whatever the age of predisposed subjects.

Incidence of Crohn's disease and ulcerative should be different between first and second-generation migrants from nonwesternized to westernized countries

According to our hypothesis, individuals who spent their childhood in non-westernized countries and migrated secondarily to westernized countries as first-generation migrants should not be at risk of Crohn's disease as they were not exposed to dysbiotic microbiota in early life. However they could immediately develop ulcerative colitis because of the instant environmental influence. The incidence of Crohn's disease and ulcerative colitis should not be different in second-generation migrants because of a common environment from early life. It is difficult to find data in the literature supporting this assumption as many IBD registries are of relatively recent date [START_REF] Benchimol | Inflammatory bowel disease in immigrants to Canada and their children: a population-based cohort study[END_REF], and it is plausible that, in the last decades, people who lived in developing countries and then migrated to developed countries experienced at least partially a westernized way of life (urbanization, consumption of fast-food) before migrating. In the first papers on epidemiology of IBD coming from UK, the incidence of ulcerative colitis in first and second-generation Indian migrants was similar to that of native UK population and higher than in countries of origin [START_REF] Probert | Epidemiological study of ulcerative proctocolitis in Indian migrants and the indigenous population of Leicestershire[END_REF]. In another paper, incidence of Crohn's disease in the same migrant population was lower than in native population [START_REF] Jayanthi | Epidemiology of Crohn's disease in Indian migrants and the indigenous population in Leicestershire[END_REF], but not different between first and second-generation migrants. In recent population-based studies from Sweden and Canada, the authors did not find differences in Crohn's disease between first and second generation. However, in the Swedish study covering the 1964-2007 period, first-generation migrants from Africa, which is probably the less westernized continent, has a significantly lower standardized incidence ratio of Crohn's disease compared to the native population; this was not the case for ulcerative colitis [START_REF] Li | Risk of inflammatory bowel disease in firstand second-generation immigrants in Sweden: a nationwide follow-up study[END_REF].

Early-life events that are believed to alter the development of intestinal microbiota are at risk of subsequent Crohn's disease, not ulcerative colitis Many early-life events are considered to potentially negatively impact the progressive constitution of intestinal microbiota during early childhood. Among others, caesarean section, high level of hygiene, and repeated antibiotic exposure. In general, these environmental risk factors present in early life that could alter the composition of intestinal microbiota, would have a greater impact on risk of Crohn's disease compared to ulcerative colitis, according to the hypothesis. We found concordant data in the literature illustrating this trend, which represents strong arguments supporting our hypothesis. A systematic literature review and meta-analysis demonstrated a significant association between caesarean delivery and the risk of developing Crohn's disease [START_REF] Li | Cesarean delivery and risk of inflammatory bowel disease: a systematic review and meta-analysis[END_REF]. No association was found between caesarean delivery and ulcerative colitis [START_REF] Li | Cesarean delivery and risk of inflammatory bowel disease: a systematic review and meta-analysis[END_REF]. The impact of domestic hygiene in infancy on the risk of development of Crohn's disease and ulcerative colitis was explored in a case-control study in UK. Compared to control population, markers of increased hygiene (hot-water tap, separate bathroom) were over-represented in patients who subsequently developed Crohn's disease, but not ulcerative colitis [START_REF] Gent | Inflammatory bowel disease and domestic hygiene in infancy[END_REF]. In a nationwide Danish cohort, the number of antibiotic courses during childhood was statistically correlated with the risk of developing Crohn's disease but not ulcerative colitis [START_REF] Hviid | Antibiotic use and inflammatory bowel diseases in childhood[END_REF]. Of note, the strongest association was found between antibiotic use in the very early life (0-2 months) and the subsequent development of Crohn's disease. In a meta-analysis including children and adults with IBD, exposure to antibiotics increased the risk of being newly diagnosed with Crohn's disease, but not ulcerative colitis [START_REF] Ungaro | Antibiotics associated with increased risk of new-onset Crohn's disease but not ulcerative colitis: a meta-analysis[END_REF].

How to confirm our hypothesis?

Further epidemiological arguments will become more and more difficult to obtain and interpret because of the progressive globalization of westernization of lifestyle. In the meanwhile, it would be helpful to develop prospective projects in the specific subgroups of adopted children and conjugal forms of IBD. Adopted children who spent their early life in the remaining non-westernized parts of the world should be more prone to develop ulcerative colitis than Crohn's disease according to our hypothesis. Similarly, couples who share IBD-predisposing environment and both develop IBD after marriage should be more often diagnosed with ulcerative colitis. Studies on intestinal microbiota and IBD-related dysbiosis are the most prone to shed light on the validity of the hypothesis. Increased use of feces biobanking for various purposes will make it possible to retrospectively look for pre-existing dysbiosis in patients who develop IBD. The best proof of hypothesis would come from projects such the Genetic, Environmental, and Microbial (GEM) project [START_REF] Kevans | IBD genetic risk profile in healthy firstdegree relatives of Crohn's disease patients[END_REF], in which unaffected individuals at high risk for IBD undergo a sequential assessment of environment, including microbiota. In individuals who eventually develop Crohn's disease, but not in those who develop ulcerative colitis, markers or predictors of intestinal dysbiosis should be detectable from early childhood.
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