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Why do we study gut microbiota?
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>1000 unique species
~20-30 million unique genes
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Advanced age is associated with changes In
microbiome composition

The gut microbiome as a modulator
of healthy ageing

g  Summary: A range of microbial taxa have been
associated with age

Problem: What does this mean”?
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We all don’t age the same way... perhaps the
microbiome can tell us something more specific?
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microbiome tell us? | ,
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Microbiome shifts concordant to health indices

Time in Long-Stay Facility
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Microbiome composition associates with age and
age-related health indices...

but can we learn more”?



What do microbes produce?
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Centenarians harbor unigue microbial-derived bile acids
that limit pathogen growth

Novel bile acid biosynthetic pathways are
enrichedinthe microbiome of centenarians

C. difficile 630 VRE

Summary: Microbes and thelr metabolltes‘
associate with aging biology

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

0011 % e S~ | _—
- PRy By 5§ S g 1064 v
-—H; i ‘o w#rr; S ‘-; U - Y —

LCA Is-:;a-l-fo:,.f‘ -B’ 0 !.’ t o= il 104 0.1% |s<:)aIIoLCA

| él;-H-ﬂ '_('ﬁ L a_)" 87-—'] O rrYeT-T T 1
o hemcy § 9858 % aE57 0

?E - o i HO >
3-OxoalloLCA

Sato et al. Nature, 2021



Why do we study gut microbiota?

" B -

{ AP \
{ =4
) o AT
; N

~ 40 trillion cells
>1000 unique species
~20-30 million unique genes

Obesity
Anxiety and
Depression

Gl Disease




Microbiome composition associates with
inflammation in aging humans?
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Aging amplifies a gut microbiota immunogenic signature linked
to heightened inflammation
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age...but what does this mean?
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Signs of enhanced TLR4 signaling in aged colons...
Perhaps an ‘aging microbiota’ has a propensity to

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

o0 00
Fecal Colon Mucosal
contents  scrapping
HEK293 (="
TLR4
activity

J\

Reporter

Reporter

TLRS
activity

TLR4

TLRS

TLRS5 Activity (Relative AU)

TLR4 Activity (Relative AU)

- - N
o 3,] o
| | |

e
1]
|

[=2]

H

N

o

Fecal

<0.0001

P
of

¢ %

T T
Young Aged

Fecal

ns

o (-]

¥ ¥

o

°
=)

T T
Young Aged

TLR4 Activity (Relative AU)

TLRS5 Activity (Relative AU)

Proximal colon

contents
3 0.0446
(-]
2- )
go
o -]
3083 whw
17 %8 %8
000 °
00 °
0 T T
Young Aged
Proximal colon
contents
2.0-
ns
154 o,
o o
1.0 é !'3
o8o
o 0%
054 o ©
0.0 T T
Young Aged

Mucosal scrapings

»
|

2 0.0132
[
>
:.g o
S 47
3 8
2
224 o
<
o0

: | o §es
|

Young Aged

Mucosal scrapings

’2‘ 2.0+ ns

S

S 1.5 4

s 3 »

o o °

> 10 &P sugs

s a0 o

5 & °

< 0.5

0

(14

=

~ 0.0 T T
Young Aged

Caetano-Silva et al. Aging Cell, 2024



Microbiome and aging: what have we learned?

* Microbiome composition changes
with age.....but there are many
that could

‘microbial traﬂ'ectories’
determine healthy vs. unhealthy aging

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

e Microbial immunogenic properties

are impacted by age and facilitate
host inflammation
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Microbiome and aging: where do we need to go?

Towards a mechanistic understanding of an ‘aging microbiome’

|.  Functional readouts S
a) Larger Biobanks of cultured microbes W
b)  Metabolites and their bioactivity

ll. 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
|. Longitudinal designs

a) e.g. Randomized Crossover & ? ? * *
- é
Il. DI ET, DI ET, DIET ! _ )
a) Need better controls
[ll. Medications-

a) Polypharmacy, antibiotics
b) Need better controls
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