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Human Microbiota

Some are pathogens
but most are either
benign or beneficial

In gut: play role in
nutrition, immunity,
barriers, toxins

Altered in disease : ),
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Proc. Natl Acad. Sci. USA (2015)




Gut microbiome and obesity

Federico Rey, PhD

Gut Microbiota from Twins Discordant for Obesity
Modulate Metabolism in Mice

How do we study microbiome in relation to AD?
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Microbiome & Alzheimer’s Risk Study

Perform mechanistic experiments in
germ-free AD mice.

(AKA: what happens if we keep an
AD mouse germ free?)

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




Lower amyloid in antibiotic treated mice
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Lower amyloid in GF APP/PS1 mice

Brain AR
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Reduction of Abeta amyloid pathology in
APPPSI transgenic mice in the absence of
gut microbiota

T. Harach, N. Marungruang, N. Duthilleul, V. Cheatham, K. D. Mc Coy, G. Frisoni, J
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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, Gl surgery




» Performed bacterial 16S rRNA sequencing on DNA isolated from stool
W\ + Compared age- and sex-matched AD participants 1-to-1 with
asymptomatic participants
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Pooled effect size ' Increased Bacteroides and decreased Bifidobacterium

14 OTUs were increased and 68

. . . . . . . OTUs were decreased in AD
Vogt et al. Gut microbiome alterations in Alzheimer's disease. Sci Rep. 2017 (p < 0.05, FDR-corrected)
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How does the gut impact the brain?




Bi-directional communication

Vagus nerve

Microbial metabolites

Gut permeability

Translocation of (bacteria) or bacterial products

Dysregulation of immune function (peripheral and
central)

Gut permeability

Age-associated gut dysbiosis and inflammation impact gut barrier function,
leading to dissemination of microbial components driving changes that
worsen AD pathology.
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Fecal Aliquot Straw Technique
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Romano et al, 2018

Sequencing, proteomics, metabolomics, biomarkers
and isolation of microbiota.

Fecal calprotectin
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Cognitive
function
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AD-dementia

P-value

Age, years
Sex
Female
Male
Education, years
BMI, kg/m?

Bristol score

65.92 (5.97) 68.92(6.34)

50 (63%) 22 (67%)
29 (37%) 11 (33%)
16.41 (2.71) 16.18 (2.26)
27.95 (4.90) 27.68 (5.22)

3.89(1.19)  3.82 (1.21)

73.90 (5.09) <0.001
0.9
9 (69%)
4 (31%)
14.69 (2.02)
26.43 (3.63)

3.92 (1.38)
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Calprotectin level: logqo(11.3 +a) ug/g
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Global PiB DVR

More gut inflammation = worse amyloid

B =0.164 (0.025,0.3)
P =0.021
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ABa42/ABao
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Cognitive test result
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Implications

Increases with age
Observed in AD

(May) exacerbate pathology
Associates with cognition
Permealbility?

Metabolites

Metabolites produced/influenced by gut microbiota

Bacterial (Gastrointestinal)  Host (Hepatic) Metabolism
Metabolism FMO

CHg OH CH
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H3C—NI \
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3
Trimethylamine  Trimethylamine-N-oxide
Choline (TMA) (TMAO)

CH,

Trimethylamine-oxide (TMAOQO)

TMAO generation is initiated upon ingestion of foods rich
in phosphatidylcholine, choline, and carnitine.

Courtesy F. Rey
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Jason Mooody, PhD

Vogt et al. 2018

0 wks 5

- 0.3% TMAO

TMAO-treated animals had significantly reduced neurite density in bilateral frontal
association cortex, right amygdala, corpus callosum, and the internal capsule.

Neurite density

Preclinical Alzheimer's Cognitive Composite

CSF TMAQ log CSF TMAO log

Other metabolites... B-Hydroxybutyrate, imidazole propionate, phenol
sulfate, N-formylmethionine associated with cognition and CSF biomarkers
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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)




Pre New European
immigration arrivals Y American

Gut microbiome diversity

B

Prevotella strains, Fiber-degrading enzymes

U.S. immigration westernizes the
human gut microbiome
Vangay et al. Cell. 2018

How do we modify the gut microbiome?
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Faecal microbiota ‘s [l Symbiotic microbial
transplantation 'l consortia

&3

Microbiota-derived Engineered symbiotic
proteins and metabolites | bacteria

Y

Sorbara & Pamer, Nature Reviews Microbiology, 2022
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21



Cell

Gut-microbiota-targeted diets modulate human
immune status

Graphical abstract

Authors
Hannah C. Wastyk,
4 Increased microbiome function Gabriela K. Fragiadakis,
(CAZymes, SCFAs)
’

High fiber diet

Dalia Perelman, ..., Erica D. Sonnenburg,
Christopher D. Gardner,

*'a Justin L. Sonnenbur,
= -

-1,

’H\ ° P ized §a|t
‘:::::‘Ze & § - cgardner@stanford.edu (C.D.G.),
responses €® erica.sonnenburg@stanford.edu (E.D.S.),
" Baselne merobita | iSONNEnburg@stanford.edu (J.L.S.)

diversity
High fermented food diet In brief
Increased microbiom _ I" A prospective randomized multiomics
'y diversity / study in humans investigating the
/ - longitudinal effects of a high-fiber or
® (72 / fermented-food diet shows their
° = Decreased inflammatory differential effects on the diversity of the
.)H\ x l¢ signals and activity microbiome, with the latter having a
1\ = | noticeable impact on reducing
® inflammatory markers and modulating
immune responses.

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”.




. Thank you to ourresearch
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