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			Abstract

			The present mini review states and discusses the current situation on dietary strategies in gluten intolerance, a potential target for managing Autism Spectrum Disorders (ASDs), by analyzing particularly new approaches based on personalized probiotic supplements. Such multifunctional “good” bacteria appear innovative for remedying discomfort consequences of gluten ingestion by providing at once nutritional, preventive or/and therapeutic solutions.  
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			Introduction

			Autism spectrum disorder (ASD) including autistic disorder, Asperger syndrome, childhood disintegrative disorder, and pervasive developmental disorder not otherwise specified, refers to a set of complex neurodevelopmental disorders affecting a wide group of people from children to adults [1]. Diagnosed at early life stage, ASD symptoms, which vary widely among affected individuals, are characterized by deficits in social verbal and nonverbal communication and interaction, repetitive and/or restrictive behaviors, serious behavioral disturbances such as aggression, tantrums and self-injurious behavior, and gastrointestinal disorders [2]. Autism is today considered as an “epidemic” disease, owing to the great increase of the number of children diagnosed for this neurodevelopment disorder, recently 1 in 60 to 400 [3,4] against 1 in 10000, years ago. Autism origins are generally attributed to nutritional, environmental and genetic factors [5]. Among its specific causes include incomplete digestion of gluten and casein, leaky gut syndrome, and hypochlorhydria of the gastric juice or low gastric acid secretion, as reported in our previous paper [6]. Common treatments of ASD refer to behavioral training and interventions, e.g. in social and language skills, and medication 
for somatic symptoms (e.g. sleep difficulties, psychiatric problems, etc.). Less conventional therapies so-called complementary and 
 alternative medicine (CAM), including natural supplements (e.g.: vitamins, minerals, fish oil, prebiotics, probiotics, or herbal teas) and body-based practices (e.g.: therapeutic massage and acupuncture), 

are gaining in popularity [7]. Recently, diet strategies in ASD has been reviewed by Tas [8], describing two distinguished approaches, supplementation and elimination diets. However, the success of any treatment is dependent on the accurate diagnosis of the ASD causes. It is, for instance, ambiguous to distinguish an autistic crisis due to their own disorders compared to that caused by normal troubles occurring in any individual [6]. A digestive trouble due to a simple infection or gluten ingestion provokes the same abnormal behaviors in an autistic individual with gluten intolerance. The goal of this mini review is to state and discuss some recent evidence-based information from literature on the impact of gluten intolerance, which appears among potential targets for managing ASDs, and to report diet strategies for remedying the discomfort caused by gluten ingestion. The probiotic-based supplementation possibilities are particularly overviewed and analyzed in terms of nutrition, prevention and/or therapy.

			Discussion

			Gluten intolerance

			More and more people are suffering from intolerance of gluten, a precious nutrient that has become a concern for health [9]. Indeed, this protein from cereals such as wheat and all its varieties, rye and barley, and particularly rich in proline and glutamine, is at the origin of many digestive disorders in intolerant individuals belonging to three categories: celiac, allergic and sensitive [10]. Celiac disease is an autoimmune disease of genetically predisposed people, where the body makes antibodies that attack its own cells by the presence of immunotoxin peptides in the digestive tract after gluten ingestion. Allergic people also react by their immune system, especially in the presence of aqueous fractions of gliadin, a constituent of gluten [11]. Sensitivity to gluten, unlike the other two cases, does not cause intense reactions of the immune system. It is considered as the most common syndrome of gluten intolerance while causing the same symptoms (diarrhea, flatulence, nausea, etc.) as in celiac and allergic individuals [12]. The origin of gluten intolerance lies in the incomplete degradation of this protein during digestion, where proteolytic enzymes play key roles [13]. In celiac, some peptide fragments cause an inappropriate response of the immune system in the small intestine, damaging the intestinal cells, whereas in sensitive individuals, the same damage is due, for example, to the microbial infections that cause an imbalance in the intestinal enzymatic system [14].

			ASD and gluten intolerance connections

			Most autistic individuals live with neurodevelopmental disorders recognized by impairment in both verbal and nonverbal communication skills, difficulty engaging in social interactions (e.g., understanding the nuances of conversation), stereotypical behavior troubles such as repetitive movements (e.g., flapping), immune dysfunction, insistence on strict routines, restricted interests, and hypersensitivity to sensory stimuli (e.g., aversion to certain textures), and sleep impairment [1]. Besides, ASD is commonly accompanied by chronic gastrointestinal (GI) complaints [6]. According to a recent meta-analysis, children with autism are significantly more likely to report a variety of GI symptoms including diarrhea, constipation, and abdominal pain than children with neurotypical development [15]. In addition, GI distress in ASD individuals increased the levels of their anxiety and sensory as a function of certain stimuli such as sound or touch [16]. As described in the previous section, gluten intolerance generally induces digestive disorders whatever its category, and causes symptoms such as diarrhea, flatulence, nausea, and so on. Gluten free diets (GFDs) have been commonly used with success as alternative therapy for ASD [17], and at least alleviated ASD symptoms as reviewed by Millward et al. [18]. The excess of opioid peptide activity was suggested as possible mechanism of the gluten intolerance effect on ASD symptoms, owing to the maldigestion of gluten. Its incomplete digestion may result in the production of inadequate neuromodulator peptides (e.g. gliadorphin-7), which are partially able to cross into the brain, cause interference of signal transmission, and affect the communicative ability, social interaction, and cognitive functioning in individuals with ASDs [19]. Even though positive effects of gluten free diet on ASD have not systematically been observed [17], some strong evidence incites parents and caregivers to apply dietary strategies in expecting to alleviate gastrointestinal and/or ASD specific symptoms. Personalized and rational dietary strategies including diet supplementation and/or elimination are needed for each ASD case. Given the high nutritional value of gluten and the evidence role of the microbiota-gut-brain interactions [20], supplementation instead of elimination approach, particularly in use of appropriate probiotics, appears to be the most advantageous for managing ASD induced by gluten intolerance.

			Dietary approaches for managing gluten intolerance and ASD

			There are two common diet strategies for dealing with intolerance to gluten: (a) the consumption of foods strictly gluten-free (content <20ppm), prescribed especially for celiac [21] and (b) the intake of proteolytic enzyme supplements capable to completely degrade gluten [22]. These glutenases are produced mainly by microorganisms belonging to the genera Aspergillus, Flavobacterium, Sphingomonas and Myxococcus. However, studies have shown in vitro that probiotics consisting of a single strain or a mixture of several strains are able to hydrolyze polypeptides of gluten until the disappearance of immunotoxin fragments [23]. Indeed, probiotics consist in live microorganisms that, when consumed in an adequate amount, confer a health benefits on the host [24]. Their mechanisms of action reside in their own activities by competition for the surface and nutrient against pathogens, but also by bioactive metabolites they produce and their immunomodulatory activities [25]. Strains present in the oral cavity and/or intestine belonging to the genera Rhotia [14], Lactobacillus [26] and Bifidobacterium [27] have been shown capable of degrading toxic compounds from gluten by in vitro tests. [28] cite probiotics as one of the possible approaches to prevent and treat gluten intolerance.

			The interest in probiotic supplementation diets for managing ASD arises from many investigations, which have first shown significant differences in the gut microbiota composition of individuals with ASD compared to that of healthy controls or non-ASD siblings, probiotics and non-probiotics included [29]. More specifically results have recently reported high ratio differences in probiotic abundance at the genus level in the fecal composition of autistic and normal individuals [30]. In clinical studies, two promising results suggest the positive effect of probiotic supplementation diet on both GI and ASD symptoms. First, the success of a probiotic mixture (L. acidophilus, L. casei, L. delbrueckii, B. longum, and B. bifidum) in GI disturbance (constipation and diarrhea) and autism symptoms has been demonstrated through an open trial performed with thirty-three children with ASD after probiotic consumption 3 times per day for 6 months, the ASD symptoms being assessed by Autism Treatment Evaluation Checklist (ATEC) [31]. Second, the consumption of a probiotic containing Lactobacillus, Bifidumbacteria and Streptococcus for 4 months led to a decrease in Desulfovibrio, the bacterial species strongly associated with severity of restrictive/repetitive behavioral symptoms [32].

			Conclusion

			ASDs are growing today and concern more and more individuals of a wider range of children and adults worldwide. Even though gluten intolerance is not systematically linked to ASD, it appears among possible causes, and constitutes therefore a potential target for managing such mental disorder. Besides, traditional remedies including behavioral training and intervention, as well as medication, efficient complementary and alternative medicines (CAMs) such as dietary supplementation strategies using more natural and cost-effective components are needed. Personalized and rational probiotic-based supplementation is a good candidate for remedying efficiently the gluten intolerance and improving some discomforts in individuals with ASD. Such multifunctional approach appears innovative by providing at once nutritional, preventive or/and therapeutic solutions. However, more researches are required to better understand some mechanisms of interaction within microbiota-gut-brain in two directions for better choice and use of probiotic-supplementation strategies in the future, not only for the neurodevelopmental disorders but also for numerous serious health issues such as diabetes, heart and immune diseases, as well as cancers.
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