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100 Years of Evolution of Our Understanding of Brain Gut
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Gut feelings: the emerging biology of gut-brain
communication

Emeran A. Mayer

Nature Reviews Neuroscience 12, 453-466 (2011) | Cite this article



The Brain Gut
Microbiome
Immune System

The brain, gut, microbiome and
immune system are
interconnected via multiple
bidirectional communication
loops. This BGM systems receives
input from interoceptive bodily
signals and from the exposome.

Bhatt, Ryu, Mayer, Molec Psych 2023
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The Human Microbiome — We Are Only Scratching On the Surface

<

2-20 million
microbial genes

We neglect 99%
of the system!

Presented by Dr. R. Knight at NIH Emerging Themes symposium, August 16-18, 2017



Microbes in the Gut Can Talk to the Brain
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The Gut Talks to the Brain
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The Microbiome Translates Food Components into
Thousands of Biologically Active Metabolites
Circulating throughout the Body, Including the Brain
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The Gut and its Microbiome Are a Mirror Image of our Emotions

Anxiety, fear

Psychosocial Anger

Stress Sadness

Changes of the microbial habitat: Changes in microbial behavior:

* Regional Gl motility and transit

* Intestinal fluid and mucus secretion (biofilm?)
» Gastric/bile acid secretion

* Paneth cell secretion (antimicrobials)

« Enteroendocrine cell function

* Intraintestinal pH

« Immune modulation . s
» Epithelial & blood brain barrier permeability




The Origin Story of the Human Gut Microbiome with the Brain

® QOldest and most abundant life form on
planet

* Developed universal biological language

* Perfected communication with mammalian
nervous system for 500 million years

Year 3.5 billion 500 million

1 million

The Mind Gut Connection, 2016



The Origin Story of the Human Gut Microbiome
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Systems View of the Effects of Chronic Stress on Brain Gut
Microbiome Interactions
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How Rapid Changes in the Exposome have Lead to
Widespread Effects on the Body

Exposome
Lifestyle Early colonization Medical practices
Dist Birth in hospitals Vaccination use
Stress Altered exposure Antibiotic
to microbes Hy giene
\‘\. ‘/:#/
Disease
< e e——— TT,0.T,2and T,]7 cells
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Healthy Diet
® Complex carbohydrates
® High fiber
N Fiber degradation
N Gut microbiome diversity

N Abundance of mucus-
stimulating
microorganisms

N Prevotella abundance

N Mucus thickness

Intact gut barrier

Healthy Gut
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“Leaky” Gut

® Metabolic endotoxemia

ﬂ

InLreased genetic risk

Chronic Stress

Western diet

® Refined carbohydrates,
sugar

® High fat

® Low fiber

\ Fiber degradation

W Gut microbiome diversity

N/ Abundance of mucus-
stimulating microorganisms

\/ Prevotella abundance

' Mucus thickness

i

Metabolic syndrome  Osteoporosis NAFLD  Colon cancer ~ Depression Cognitive decline (AD)  Parkinson’s Disease

Modified from Mayer et al, Nature Rev GH 2020



Gut Health is at the Center of the Chronic Non-Communicable
Disease Network

Allergies,
Autoimmune

Depression
Alzheimer’s Parkinson’s
Disease Disease
Autism Osteoporosis
Spectrum <
Disorder Gut Health
Nonalcoholic
Metabolic F?Dtitsyeglsveer
Syndrome
Colon
Cancer
Obesity

Cardiovascular
Disease

The Mind Gut Immune Connection, 2021



Parkinson’s Disease

“a disordered state of the
stomach and bowels may
induce a morbid action in a
part of the medulla spinalis”

“there appears to be sufficient reason for
noping that some remedial process may ere
ong be discovered, by which, at least, the
progress of the disease may be stopped.”

James Parkinson, 1817



Gastrointestinal
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Figure 1. Overview of gastrointestinal dysfunction in PD.

Pfeiffer, Lancet Neurol. 2003 Feb;2(2):107-16.



Parkinson’s Disease
Putative Role of Gut Microbial Brain Communication
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Years since truncal vagotomy/index date
FIGURE 1: Cumulative incidence curves of Parkinson's dis-

ease for patients who underwent truncal vagotomy com-
pared to a matched general population cohort.

Years since super-selective vagotomy/index date
FIGURE 2: Cumulative incidence curves of Parkinson’s dis-
ease for patients undergoing superselective vagotomy com-
pared to a matched general population cohort.

Svensson et al. Ann Neurol. 2015 Oct;78(4):522-9.

Courtesy of F. Schepperjans



Gut Microbiome Alterations in
Depression

nature communications

Article https://doi.org/10.1038/s41467-022-34502-3

Gut microbiome-wide association study of
depressive symptoms
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Thirteen microbial taxa, including genera Eggerthella, Subdoligranulum,
Coprococcus, Sellimonas, Lachnoclostridium, Hungatella, Ruminococcaceae,
Lachnospiraceae, Eubacterium and family Ruminococcaceae were associated with
depressive symptoms.

“These bacteria are known to be involved in the synthesis of glutamate, butyrate,
serotonin and gamma amino butyric acid (GABA), which are key neurotransmitters
for depression”



Depression:

Fecal Microbial Transfer of Altered Gut Microbiota from Patients
with Major Depressive Disorder to GF Mice
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Jiang et al, 2015; Kelly et al, 2016, Zheng et al, 2016
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Long-term benefit of Microbiota

‘Transfer Therapy on autism
symptoms and gut microbiota

Dae-Wook Kang %>?, James B. Adams?, Devon M. Coleman?, Elena L. Pollard?®,
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Microbiome Science is Leading Us
Towards an Ecological View of Health

An ecosystem is a community of living organisms
in conjunction with the nonliving compgnents of
their environment (air, water and mineil soil),

interacting as a system




Conclusions

 The microbiome with its billions of years of evolution stored in
millions of genes is the thread weaving human, animal, plant,
and planetary health

* The human gut microbiome has the highest density of
microorganisms on the planet and it translates dietary factors
and environmental toxins into signals modulating the immune,
metabolic and nervous system.

 Major disturbances of the health of our natural ecosystems by
how we grow our food, how we interact socially, our exposure to
chronic stress and how we have treated our gut microbiome
during the past 100 years are being translated into different
aspects of human health and chronic diseases.



Conclusions

Ecosystem deterioration and exctinction of key players

decreasing diversity, and richness is impacting key determinants
of human and animal health:

 Widespread low grade immune system activation

* Reduced resilience to perturbations by the exposome to

natural and pathogenic perturbations leading to reduced
resilience

The understanding and treatment of our most common chronic
diseases require a systems biological understanding based on
the interconnectedness of brain and body and of multiple
ecosystems on planet Earth



Is Microbiome Science Causing a Fundamental
Transformation of Our View of Health?

Courtesy of E.
Schadt

Science is a series of peaceful
Interludes punctuated by
Intellectually violent revolutions
... in each of which one
conceptual world view is
replaced by another..

The Structure of Scientific Revolutions,
Thomas S. Kuhn, 1962



Thank You!
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Understanding the
Mind-Gut
Connection

for Better Health
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Our Mind, Our Microbiome,

and Our Immunity

How the

Hidden Conversation
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Our Choices,
Emeran Mayer, MD
Emeran Mayer, MD Bestaeling author of The Mind-Gut Connection
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