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The Power of Your Gut:
How the Microbiome Shapes Healthy Aging
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Overview

« Chronic inflammation and aging
* Diet, nutrient sensing and aging
* Microbiota and aging

« Connections between microbiota, diet, immune responses and
autoimmune/chronic inflammatory diseases.
» Case study from our lab’s research in the context of autoimmunity
* End with how this connects to aging and broader implications for

aging



Hallmarks of

Aging

Lopez-otin et al. 2022

10.1016/j.cell.2022.11.001




Let’s meet the stars of our talk today

Immune Gut Microbiota
Response




Chronic

Inflammation
and Aging

Chen et al. 2024
https://mednexus.org/doi/10.1097/CM9.0000000000003410
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Aging
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Sensing, and nutrient
Aging sensing
Oxidative Organ
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So many of us!

Nobody sees us,
Stops us, betrays us;
The small grains make
room...

We

Diet on water,

On crumbs of shadow,
Bland-mannered, asking

Little or nothing.
So many of us!
So many of us!

- Sylvia Plath
Mushrooms Excerpt

What is the gut
microbiota?
* Over 1 trillion
microbes
 Who:
- Bacteria
- Viruses
- Fungi
- Multicellular
eukaryotes
* What are they doing?
- Help with digestion
- Train Immune
responses
- Prevent infections

lllustration by Rachel Rock



Microbiota and Aging

Is this a cause,
consequence, or
contributor to aging?



How can we study this beyond associations
between microbiota and aging?

We love bubbles!

Bubbles! Bubbles!
Bubbles!-Bubbles!

A ' :r : \\\{;?‘ ‘

Germ free — no microbes! Anaerobic chamber — no oxygen!

Lab quote from student learning to work in the Anaerobic chamber:
“I’m used to air!”



Microbiota and Aging
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Young mice exhibited accelerated aging phenotypes when
they received the gut microbiota from aged mice.

In contrast, aged mice that received gut microbiota from
young mice exhibited delayed aging phenotypes.

Yan et al 2023
10.1016/j.hlife.2023.06.002




Microbiota and Aging
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Discussion point: How does the microbiota influence

inflammation?

Yan et al 2023
10.1016/j.hlife.2023.06.002
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Connections Between Microbiota, Immune
Responses and Diet
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Autoimmunity
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e Case study from our lab’s research in the context of autoimmunity

* End with how this connects to aging and broader implications for
aging



Model: Ketogenic diet and multiple

sclerosis

Choi et al. 2016
Brenton et al. 2019 and 2022

Ketogenlc Kim and Hao et al. 2012 Multlple

diet

7 sclerosis
Barriers:

1.Responsiveness
2.Adherence
3. Multifactorial impacts

Immune
responses

, Neuron

»1 |Demyelination
» /of neurons




Connections between microbiota and
multiple sclerosis
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People with MS have different gut
microbiota compositions

|s this a cause,
consequence, or contributor
to disease?



How can we study this beyond associations
between microbiota and multiple sclerosis?

Mouse model of MS: Experimental
Autoimmune Encephalomyelitis (EAE)

Immune
responses

SO

Neuron

Demyelination
of neurons

Myelin
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Causal link between microbiota and

multiole sclerosis
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An MS-associated microbiota is sufficient to drive
worsened disease outcomes

Cekanaviciute et al., 2017



A ketogenic diet changes
the microbiota
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Ketogenic diets alter the
composition of the microbiota



Connections between microbiota, Immune
responses, and multiple sclerosis

&

Specific members of the microbiota
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PMC2796826 .
. o arashi et al. Immune Normal reSponse
Microbiota & " Th17 activation  * Perrant Thi7
PMID: 26411289 (Th1 7) ) activation
In response to i
extracellular Autoimmunity:
pathogens Multiple sclerosis

Chronic inflammation in aging

Keep in mind!

While we’re talking about autoimmunity, think about how these
findings may be involved in chronic inflammation in aging




Putting it all together!
Connections between microbiota, diet,
Immune responses and multiple sclerosis
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PMID: 26411289

Ang, Alexander / Korn etal. 2007, |- 3 ‘42! = ]
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Ketoqgenic . . Immune Multiple scler03|s
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How do these interactions play out to

mediate MS disease protection by a
ketogenic diet?




How Is a ketogenic diet protective during
multiple sclerosis?

Ketogenic diet (KD)

Mechanisms Multiple sclerosis (MS)
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Ketogenic BHB
diet

Lactobacillus

Gut
Microbiota

hydrocarbon Multiple
receptor (AhR) sclerosis

Does host genetic variation alter how

immune cells interpret diet to impact
disease outcomes?

0Z24. PMID: 39500329 and unpublished data



Does genetic variation in Ahr alter EAE
disease response to elevated BHB?

C57/BL6J Ahr
C57/BL6J low affinity

. W,

3 o

Ahrb1 Ahr?
AhR high AhR low
affinity affinity

+/-BD l
to elevate BHB
MS model

Data suggest that AhR affinity determines disease response to
elevated BHB

Unpublis

hed data



How Is a ketogenic diet protective during

multiple sclerosis?

?

! faa i ~

Ketogenic diet (KD)

Mechanisms Multiple sclerosis (MS)
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Ketogenic BHB
diet

Gut
Microbiota

hydrocarbon

receptor (AhR)
variation

Cod e ]

Th17 Multiple
sclerosis

Challenge!

Can you think how these findings might connect to aging?

Alexander et al 2024. PMID: 39500329




Broader themes
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Ketone body BHB is decreased with age
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Xiao et al 2026

DOI: 10.1016/j.cmet.2026.08.009



https://doi.org/10.1016/j.cmet.2026.08.009

Ketone body BHB
IS increased with
diet interventions

0 O

Ketogenic
diet

Calorlc

Fastin
J restriction

MOH

BHB



/'/ N N

° \ \

| I Q‘x |

\\‘\\ / / \\ \ /

\\;#/// \////
K ni : '
eto.ge C Fasting Cal.orl.c

diet restriction

-

f *% Longevity
2

Ve
Q VI3
\_/‘\,\ > S~ g k

Mouse model of multiple
sclerosis - EAE

Survival (%)

Diets that increase BHB protect against MS
models and... Increase lifespan

... Wistar
.. == AL
\ == Fasting (ADF)
Rat 4

0 200 400 600 800 1,0001,2001400 1,600
Age (days)

Schmauck-Medina et al 2026
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Putting it together

Diet (Eg. Ketogenic, Fasting,

Older lori .
- dividuals caloric restriction)
OH O
lMCH OH| O
BHB M — Longevity
OH

BHB

1. BHB levels are decreased with age
2. Diets that elevate BHB increase lifespan



Putting it together

Lactobacillus o . W
O — L C idole > Ayl —&% /N\
ry

hydrocarbon Th17 Multlple

Ketogenic BHB Gut
receptor (AhR) sclerosis

diet Microbiota

1. BHB levels are decreased with age

2. Diets that elevate BHB increase lifespan

3. BHB acts via the microbiota to decrease Th1l7 immune responses
that drive MS and chronic inflammation

Challenge!

Can you think how these findings might connect to aging?
Propose a research direction




CR can attenuate the age-related
increase in cytokines and chemokines BFC)
&

Diet restriction
Impact on
chronic
inflammation
microbiota in

aging

Schmauck-Medina et al 2026
https://www.nature.com/articles/s43587-026-01091-5




/ooming out: diet-microbiota-immune
interactions in aging and where we’re going

Aging

i A @

- g Y
Microbiota Immune

Discussion point: Based on what we discussed today can you think of
ways to use what we know about diet, microbiota, and immune
interactions to promote healthy aging?



/ooming out: diet-microbiota-immune

interactions in aging and where we’re going
Aging

i A @
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Microbiota Immune

Can we:

* |dentify specific dietary components, host metabolites, microbial metabolites,
specific microbes, diets that enrich or deplete specific microbes that alter
immune responses?

* Leverage these insight to promote healthy aging?
* Understand who will respond (genetics?)?
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Feedback

* Upon zoom exit

* Share your thoughts
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Found this event

informational?

Please donate to Donate Now! e
Su ppo rt the Age Wel I ;Jri:;'lazzuntless others in creating a meaningful S Ny Do
Series!

Your donation helps to
keep this series going!

https://wihealthyaging.org/?give=8NDR9I6EK
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https://wihealthyaging.org/find-a-workshop/

Healthy Living with Chronic Pain
Learn skills and strategies to better manage your chronic pain with this 6-week workshop.

Healthy Living with Diabetes
Learn skills and strategies to better manage your diabetes in this 6-week program.

il

Living Well with Chronic Conditions
Learn skills and strategies to better manage your health and help you to age well in this 6-week program.

Mind Over Matter: Healthy Bowels, Healthy Bladder
Improve or prevent bowel and bladder incontinence in this 3-session program. (For women only)

Physical Activity for Lifelong Success
A program designed for those who have not exercised in a while, this 10-week program will help you get started with being active!

|

il

Pisando Fuerte

Aprende como prevenir caidas con este programa de prevencion de caidas multifactorial de 8 semanas. See -
Powerful Tools for Caregivers
Receive support and learn how to care for yourself as you provide care to another. To find a workshop, visit: See Schedule
https://www.powerfultoolsforcaregivers.org/class-type/wisconsin/
Stand Up for Your Health

See Schedule

Sitting too much can be bad for your health. Learn how to sit less and stand more with this 4-week program.
Stepping On
Learn how to prevent falls with this 7-week multi-factorial fall prevention program.

i

Tomando Control de Su Salud

Learn skills and strategies to better manage your health and help you to age well in this 6-week program. == -
Vivir Saludable con Diabetes e "
Learn skills and strategies to better manage your diabetes in this 6-week program.
Walk with Ease

See Schedule

This 6-week walking program helps you to become more active, reduce pain from arthritis, and live better.




Next for Age Well
Series

Everyday Connections;

Lasting Impact

Simple ways to build relationships
and strengthen our communities

Relationships are built through everyday
moments—a conversation, a check-in, an
invitation, a shared experience, or simply makingﬂ.,
someone feel welcome. :

i
ATy
cast

Join us during Social Connection Awareness
Week as we explore how building relationships
and creating opportunities for connection can
strengthen individuals, organizations, and
communities.

Presenters:
Dr. Dessie Levy
Health Outreach and Prevention

We'll explore how we can build relationships as
individuals, how organizations can create

opportunities for connection, and how stronger Education (HOPE)

relationships can help create more connected Harvey Padek

communities. Milwaukee Area Health Education
Center

Join us to learn, share ideas, and discover simple  Nlovember 10
ways we can all build relationships and create

lasting impacts. 9:00-10:00am

Con nec‘non for Healthy Aging

https://wihealthyaging.org

Wisconsin Coalition for K
Register Here @Sociol WW'ha




Next for Age Well f
Serties Rethink Aging

The Power of Perspective

The way we think and talk about aging can
shape how we experience it. Research shows that
people with a positive view of aging live, on
average, 7.5 years longer. In this engaging
presentation, we’ll explore how our beliefs,
expectations, and attitudes about aging can
influence our health, well-being, behaviors, and
experiences as we grow older. We'll also look at
how the messages we hear and share about
aging can shape the way we see ourselves and
others. Most importantly, we'll learn about

Presenter:
Jill Renken, Executive Director

Reframing Aging—a simple approach to Wisconsin Institute for
challenging our assumptions and changing the Healthy Aging

way we think and talk about aging to create

more positive possibilities for ourselves, our December 16

relationships, and our communities.

1:00-2:00pm

REFRAMING 1
AGING+DISABILITY Il ha

Register Here A€ ING:hESG i |

WISCONSIN for Healthy Aging

https://wihealthyaging.org
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Thank You, WIHA Sponsors!

aar

Greater Wisconsin
Agency on Aging Resources, Inc.
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