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Overview

• Microbiome intro

• Microbes and neurodegenerative disease

• Recent findings

• Interventions

• Future directions
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Disclosures

• Funding provided by the Wisconsin Partnership
Program, UW Microbiome Initiative, Private donor,
National Institute on Aging

• Ad boards for Cognito, New Amsterdam, and MerryLife

Microbiome in aging and health
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Élie Metchnikoff
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• Some are pathogens

but most are either

benign or beneficial

• In gut: play role in

nutrition, immunity,

barriers, toxins

• Altered in disease

Human Microbiota

Proc. Natl Acad. Sci. USA (2015)
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Gut microbiome and obesity

Federico Rey, PhD

How do we study microbiome in relation to AD?
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AGTC

16S ribosomal RNA

Metagenomics (function-based analysis ) Mapping to reference catalogue

Metabolomics, proteomics, lipodomics, foodomics

Germ-free mice

Patient or 

mouse samples 

or defined 

communities

Antibiotic-treated mice

Microbiome & Alzheimer’s Risk Study

• Perform mechanistic experiments in
germ-free AD mice.

• Assess fecal microbiota composition
in Wisconsinites

Funded by the UW Institute for Clinical and Translational Research, the Wisconsin Microbiome Initiative and 

the Wisconsin Partnership Program 

(AKA: what happens if we keep an

AD mouse germ free?)
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Lower amyloid in antibiotic treated mice

Lower amyloid in GF APP/PS1 mice
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• Home-dwelling participants with dementia due to AD (n=25) and

cognitively-unimpaired participants (n=88)

• Exclusions: antibiotics in previous 6 months, commercial probiotics

(>108 cfu/day), immunosuppressive agents, major dietary change in

previous month, GI surgery
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• Performed bacterial 16S rRNA sequencing on DNA isolated from stool

• Compared age- and sex-matched AD participants 1-to-1 with

asymptomatic participants

AGTC

Diversity and Abundance

Increased Bacteroides and decreased Bifidobacterium 

Vogt et al. Gut microbiome alterations in Alzheimer's disease. Sci Rep. 2017

14 OTUs were increased and 68 

OTUs were decreased in AD 

(p < 0.05, FDR-corrected)
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How does the gut impact the brain?
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• Bi-directional communication

• Vagus nerve

• Microbial metabolites

• Gut permeability

• Translocation of (bacteria) or bacterial products

• Dysregulation of immune function (peripheral and
central)

Age-associated gut dysbiosis and inflammation impact gut barrier function, 

leading to dissemination of microbial components driving changes that 

worsen AD pathology.

Gut permeability
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Jeong, 2019

Fecal calprotectin

Romano et al, 2018

Fecal Aliquot Straw Technique 

Sequencing, proteomics, metabolomics, biomarkers 

and isolation of microbiota. 
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Rey AVLT

TRAILS B
Aβ- Aβ+ AD
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Heston, Hanslik, Zarbock et al. 2023

Aβ- AD Dementia

Aβ- Aβ+ AD

27

28



15

More gut inflammation = worse amyloid
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More gut inflammation = 

greater amyloid burden and more 

neurodegeneration

More gut inflammation = worse long delay recall
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• Increases with age

• Observed in AD

• (May) exacerbate pathology

• Associates with cognition

• Permeability?

Implications

Metabolites

• Metabolites produced/influenced by gut microbiota

Courtesy F. Rey

Trimethylamine-oxide (TMAO)

TMAO generation is initiated upon ingestion of foods rich 

in phosphatidylcholine, choline, and carnitine.
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Vogt et al. 2018

Jason Mooody, PhD

TMAO-treated animals had significantly reduced neurite density in bilateral frontal 

association cortex, right amygdala, corpus callosum, and the internal capsule.

Katie Zarbock

Other metabolites… β-Hydroxybutyrate, imidazole propionate, phenol 
sulfate, N-formylmethionine associated with cognition and CSF biomarkers

5XFAD
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What factors impact the gut microbiome?

Modifiers of the gut microbiome

• Genetics

• Early life experiences

• Age

• Travel/Residence

• Diet/Alcohol

• Spouse/family members

• Antibiotics

• Probiotics

• Gastric bypass

• Disease

• Pets
Nat. Rev. Microbiol. (2011)
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U.S. immigration westernizes the 

human gut microbiome

Vangay et al. Cell. 2018

How do we modify the gut microbiome?
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Sorbara & Pamer, Nature Reviews Microbiology, 2022

Self-reported dietary data 
suggest that the number of 
unique plant species that a 
person consumes is 
associated with microbial 
diversity.

> 30 per week

https://msystems.asm.org/content/3/3/e00031-18
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Take aways

• The gut microbiome is related to numerous health outcomes, including
brain outcomes.

• Mechanisms are multifactorial, non-exclusive.

• Gut microbiome provides multiple opportunities for intervention.

• Possibilities for better understanding of disease mechanisms

• Caveats: the gut microbiome is complex, FMT (nor probiotics) are not
likely to provide a “miracle cure”.
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Thank you to our research 
participants and our funders!
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