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~ 40 trillion cells 
>1000 unique species

~20-30 million unique genes

Thousands of unique metabolites

STRESS

Why do we study gut microbiota?

Anxiety and 
Depression

GI Disease

Aging

Obesity

??



Advanced age is associated with changes in 
microbiome composition

Ghosh et al. , Nat Rev Gastroenterol Hepatol (2022)
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Summary: A range of microbial taxa have been 
associated with age

Problem: What does this mean?



We all don’t age the same way… perhaps the 
microbiome can tell us something more specific?

Ghosh et al. , Nat Rev Gastroenterol Hepatol (2022)
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But what does this 

tell us?

Fall risk

CRP, IL6

???

What does the 
microbiome tell us?

??



Microbiome shifts concordant to health indices

Loss of diversity in the 
core microbiota 
associated with 

increased time in long-
stay facilities

Claesson et al., Nature  (2012)
O’toole and Jeffery, Science (2015)

Microbial composition 
correlates with health indices in 

long-stay facility occupants

Time in Long-Stay Facility



Microbiome composition associates with age and 
age-related health indices…

but can we learn more?



What do microbes produce?

Short Chain fatty acids 
(e.g. Butyrate)

Amino Acid Metabolites 
(e.g. Indole-3-acetate)

1 -10 million unique genes

~ 10-20 percent of 
circulating metabolites 
are microbial-derived or 

modified
Bile acids

(e.g. Deoxycholic Acid)



Centenarians harbor unique microbial-derived bile acids
that limit pathogen growth 

Sato et al. Nature, 2021

Summary: Microbes and their metabolites 
associate with aging biology

But does an ‘aged microbiota’ directly impact the 
host?



~ 40 trillion cells 
>1000 unique species

~20-30 million unique genes

STRESS

Why do we study gut microbiota?

Anxiety and 
Depression

GI Disease

Aging

Obesity

??



Microbiome composition associates with
inflammation in aging humans?

IL-6
CRP

LPS-BP

Microbiome composition strongly correlates with inflammatory 
indices in aging humans….but is there a direct link?



Does the microbiome directly facilitate 
aging-induced inflammation?
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Microbiome changes with 
age…but what does this mean?

Caetano-Silva et al. Aging Cell, 2024
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But how?

Caetano-Silva et al. Aging Cell, 2024

Microbiome correlates with host 
inflammation…can we learn more?
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TIRAP TIR Domain-Containing Adaptor Protein
Required for TLR4  signaling….

But not TLR5 and other TLRs! 

Signs of enhanced TLR4 signaling in aged colons…
Perhaps an ‘aging microbiota’ has a propensity to 

activate this pathway?
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Microbiome of aged mice harbors elevated 
capacity to activate host TLR4

Caetano-Silva et al. Aging Cell, 2024



Microbiome and aging: what have we learned?

• Microbiome composition changes 
with age.....but there are many 
‘microbial trajectories’ that could 
determine healthy vs. unhealthy aging

• Microbial metabolites are also age 
sensitive and may facilitate (or inhibit) 
health span

• Microbial immunogenic properties 
are impacted by age and facilitate 
host inflammation
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Towards a mechanistic understanding of an ‘aging microbiome’
I. Functional readouts

a) Larger Biobanks of cultured microbes
b) Metabolites and their bioactivity

II. Mechanistic microbe-host pathways
a) Gnotobiotic models with defined consortia  
b) FMTs humans to  mice, pigs, other (zebrafish)

Teasing out signal from noise in human studies
I. Longitudinal designs

a) e.g. Randomized Crossover 

II. DIET,DIET,DIET !! 
a) Need better controls

III. Medications-
a) Polypharmacy, antibiotics
b)  Need better controls

Microbiome and aging: where do we need to go?
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