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Specific Aim 
Alzheimer’s disease (AD) is a devastating disease that manifests as Beta-amyloid plaques and tau aggregation that accumulate in the brain (1).  Currently, no treatment is available for patients, pushing the field to develop an alternative therapy (1).  The complexity of the disease is based on the interplay of both genetics and lifestyle, as both appear to play a role in the neuropathology (2).  The diet has an influential role on many diseases, AD being one of them (3).  A diet high in salt is associated with an increased risk of AD (3), and a high-salt diet is associated with reduced cognitive function through impaired hippocampal function in mice (4).   The role of salt was directly tested for its ability to impact β-amyloid, and in cells expressing the amyloid precursor protein, treatment with sodium chloride increased the amount of β-amyloid by negatively regulating the clearance mechanisms (5).  Contrary to other studies, in an APPswe/PSEN1 mouse model of AD, high-salt diet actually decreased the amount of β-amyloid plaques (6).  While there are discrepancies in the AD field, it does appear that the high-salt diet does have an association with neuropathy in AD patients. 
The diet is a lifestyle that influences a person’s health status, including AD, based on the microbial interactions that exist within the gut of an individual.  The diet is a key player in molding an individual’s microbiome, and consuming particular food sources can modify the gut microbiota towards a predicted gut colonization (7).   AD is associated with overall decreased gut microbial diversity, and distinct variances in phyla (8).  High-salt diet strongly correlated with reduced Lactobacillus species, followed by other species, including Clostridium XIVa, Oscillibacter, and Pseudoflavonifractor in mice (9) and in a rat model of AD, treatment with Lactobacillus plantarum reduced AD pathology (10).  In a salt-sensitive rat model, when fed a high-salt diet, an increase in Christensenellaceae and Corynebacteriaceae and Erwinia taxa was observed (11).  While previous work suggests a role of the high-salt diet in modulating the microbiome in the AD animal model, no current evidence has been provided that there is an association of a high salt diet and the gut microbiota in impacting AD phenotypes.  Identifying the link between high salt diets and AD progression and neuropathology will help to determine how to manipulate the gut microbiota to benefit AD patients. 
The goal of this research is to identify if the microbiome plays a role in AD.  Theobjectiveis to determine if there are modulatory effects from a high salt diet on AD through the microbiome.  It ishypothesizedthat high salt diet induced changes of the microbiome will enhance AD pathology.  Following this, when implicated taxa are individually administered to AD-mice, it is hypothesized that they have a protected effect in AD progression. 
Establishment Aim: To determine if specific taxa will change in mice fed a high-salt diet. 
Using wildtype C75Bl/6 mice fed either high salt diet (7% NaCl) (Liu et al., 2014) or control feed for 12 weeks, changes in the microbiome will be assessed to determine if the high salt diet is inducing differences in the microbial composition of the gut between control of diet manipulated conditions.  Based on previous findings, specific emphasis will be placed on Lactobacillus, Clostridium XIVa, Oscillibacter, Pseudoflavonifractor, Christensenellaceae and Corynebacteriaceae taxa. 
Aim 1: To determine that AD pathology is more severe in high-salt diet models. 
Derived germ-free (GF) J20 mice and control GF mice will be fed high-salt diet or control diet 2 months prior to onset of disease symptoms or at beginning of AD symptoms (4-6 months (12)).  Mice will be analyzed every 2 weeks via MRI for β-amyloid plaques, cognitive function (13) and neural tissue will be collected for histological staining.  In addition, J20 mice or control mice will be treated with broad spectrum antibiotics for 1 week, 2 months prior to unset of disease, or at onset of disease.  After antibiotic (Abx) treatment, mice will be fed either control or high salt diet and disease severity will be determined as previously described.  For both GF mouse models and Abx-treated mouse models, fecal pellets will be collected every month to determine changes in microbiome taxa with exposure to high salt diet on the AD background.  It is expected that mice fed the high salt diet will have increased beta amyloid plaques and decreased cognitive function, indicating an association with the high salt diet and AD disease severity. 
Aim 2: To determine that AD pathology from a high-salt diet can be rescued by manipulating colonization of taxa implicated in the high-salt diet. 
Using the same GF-J20 and Abx-J20 models as described above, probiotics will be administered to help reverse the phenotype of AD in these mice models.  Based on data obtained in the establishment aim, and previous literature, Lactobacillus taxa representatives and other relevant species will be added as an oral probiotic at the same time as high-salt diet introduction.  MRIs, cognitive function and histological staining will be conducted on neural tissue to confirm disease progression status.  It is expected that mice supplemented with probiotics will have a less severe AD phenotype, indicating that the altered taxa play a protective role in modulating AD. 
Aim 3: To determine changes in metabolomics in GF-J20 mice treated with Lactobacillus representative species. 
Lactobacillus is negatively regulated in the presence of high salt diet based on previous literature.  In order to understand mechanistically how this species may be playing a role in AD protection, metabolomics will be conducted to find potential metabolites that stem from Lactobacillus.  Baseline metabolomics will be conducted in GF-J20 mice and control mice, and Lactobacillus will be gavaged in both groups of mice.  Gastrointestinal tract tissue will be harvested from both groups 1 month and 2 months post gavage for metabolomic analysis.  It is expected that there will be correlative metabolic hits in conditions were Lactobacillus was introduced, providing insight into a mechanism of function for this group of commensal bacteria. 
In conclusion, these experiments will help us determine the relative impact of gut microbial changes from a high salt diet and how that impacts AD progression.  This study will identify key taxa that may protect against the high salt diet and help to modulate AD via altering composition of the gut microbiota. 
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