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Outline

 Gut microbiome as a mediator of
human health and disease

« What is the gut-brain axis?

« An ongoing discussion:
retreat and workshops

* Promising case studies

* NOFO objectives
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Background: Gut Microbiome ,- Notrient Metabolsm

» Synthesizes secondary bile acids.

* Metabolizes indigestible carbohydrates, such as
complex oligosaccharides and dietary fiber, which
(a) provide energy for intestinal cells, (b) stimulate
fat metabolism, and (c) have anti-inflammatory

- The human microbiome comprises bacteria, proerts
archaea, viruses, and eukaryotes which Vs Al
reside within and outside our bodies. /

Host Immunity

» Maintains gut homeostasis.

= Stimulates host production of antimicrobial peptides
and secretory IgA.

* Maintains gut mucosal barrier.

* The microbiome is the collection of all
genomic elements within a distinct
community of microorganisms in a distinct
environment.

Drug and Environmental-Chemical Metabolism

» Eggerthella lenta, for example, inactivates orally ingested
digoxin.

» Metabolizes environmental chemicals, such as polycyclic
aromatic hydrocarbons.

The gut is the richest ecosystem of microbes in the
human body and has great influence on our health.
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Environmental Chemicals, the Human Microbiome, and Health Risk: A Research Strategy. 2018. Washington, DC: The National Academies Press. https://doi.org/10.17226/24960.
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Trends in Microbiome Studies

« Development of more accurate predictive models

DNA-Based RNA-Based Protein-Based Metabolite-Based
« A better understanding of factors affecting Approaches Approaches Approaches Approaches
: H H H Whois there? How do they respond? Howv are they interactin 1
microbial community structure and function o cantmeydo? ow ;atgwgam are they interactng ouﬁiﬁiigﬁ;mﬁi ?
165 (RNA. 185, [TS activated? What proteins are being
° 1 —_mi r . b ene .
New approaches to study microbe-microbe g etatranscritomics produced? metabolomics
interactions and microbial associations with M 0 metaproteomics
specific host tissues fo & 9 @ Ms @
Fu9  to .G =
- A more comprehensive view of the roles of the o et ® ‘
microbiome in diseases N mﬂﬂw" ]| _ gz
L . . Mo, = LS
- Development of microbiome-based biomarkers KE 7\ ! v
for disease risk and detection \S\F/ | ﬂw_ =
N 0 49 ,
- - %
« Development of microbiome-based prevention enggmes
and intervention strategies .
I )
| 4

Increased “applicability” to health intervention

Environmental Chemicals, the Human Microbiome, and Health Risk: A Research Strategy. 2018. Washington, DC: The National Academies Press. https://doi.org/10.17226/24960.

Proctor L. Priorities for the next 10 years of human microbiome research. 2019. Nature. doi: 10.1038/d41586-019-01654-0.
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Microbiome as a Mediator of Health and Disease

* Microbiome-secreted molecules maintain host health and have been implicated in disease pathogenesis.
« Gut microbiome may mediate the adverse outcomes of toxicants or be a direct target of toxicity.

« Gut microbes may metabolize toxicants, thus conferring a layer of interindividual variability in host response.
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Mousa WK, Chehadeh F, Husband S. Recent Advances in Understanding the Structure and Function of the Human Microbiome. 2022. Front Microbiol. doi: 10.3389/fmicb.2022.825338.
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Precision Environmental Health

Identification of personalized exposure-response relationships characterized by multi-systems
approaches (with multi-levels: molecular, cellular, organism, and multi-omics) to predict risk for: disease
or exacerbation of disease, and individualized prevention/intervention for public health benefit

Microbiome as a Molecular Signature or Therapeutic Target

More Infectious disease Maternal—child Small-molecule
epidemiological monitoring health and nutrition drug discovery
Infectious disease Bioterrorism Microbial
diagnosis monitoring drug targeting
Immunomodulation Novel antimicrobials Infectious disease
Effort (including phage) prevention/amelioration o
g Biomarkers
Live-cell Precision Engineered
therapeutics drug dosing live-cell therapeutics % Interventions
Personalized Chronic disease Chronic disease Chronic disease
nutrition detection/diagnosis management risk assessment @ Wellness
Less R
Less Time/research More

Baccarelli A, Dolinoy DC, Walker CL. A precision environmental health approach to prevention of human disease. 2023. Nat Commun. doi: 10.1038/s41467-023-37626-2.
Wilkinson JE, et al. A framework for microbiome science in public health. 2021. Nat Med. doi: 10.1038/s41591-021-01258-0.
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Background: Gut-Brain Connection

* The gut-brain axis is a bi-directional pathway
linking the gut (and gut microbiome) to the central
nervous system.

» Facilitates communication through vagus nerve,
Immune system, and microbial metabolites.

* Neuroinflammation is a major mechanism by
which microbial dysbiosis affects the brain.

« Studies in germ-free mice indicate that absence
of a microbiome confers differences in brain
physiology and expression of neurotransmitters

« Suggests a crucial role for gut and microbiome
signaling in neurodevelopment and
pathophysiology.
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You M, Chen N, Yang Y, Cheng L, He H, Cai Y, Liu Y, Liu H, Hong G. The gut microbiota-brain axis in neurological disorders. MedComm. 2024. doi: 10.1002/mc02.656.
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NIEHS Workshops @

The Impact of Environmental Exposures on the Microbiome
and Human Health Workshop

Microbiome workshop dives deep into
expanding field

Goals:

« Understand the relationship between environmental agents, the microbiome,
and human health

« Build a network of environmental health microbiome researchers

« Determine if best practices can be developed by assessing environmental
contaminants and the microbiome

At the Crossroads of Exposures, Microbiome, and the
Nervous System Workshop

Environmental Factor

Your Online Source for NIEHS News

OCTOBER 2021

Topics explored:

« The developing microbiome  + Strategies for intervention
* Aging * Role of nutrition

* Novel technologies * Importance of considering
environmental exposures

M Science Highlights ~ Community Impact ~ Papers Published A\

Scientists explore exposures,
microbiome, and nervous system
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Multi-NIH IC Workshop

Neurodegenerative Disorders
and the Gut-Brain Axis:

Parkinson’s Disease
Virtual -
September 30 — October 1, 2021 ﬁé NHE

NIEHS NINDS NIDDK

Workshop Goals:

Publication =

a a Gastroenterology
Volume 162, Issue 6, May 2022, Pages 1574-1582

Meeting Summary

2021 Workshop: Neurodegenerative
Diseases in the Gut-Brain Axis—
Parkinson's Disease

Gary M. Mawe * & &, Kirsteen N. Browning 2, Fredric P. Manfredsson 3,

Michael Camilleri 4, Frank A. Hamilton *, Jonathan A. Hollander ®,

Beth-Anne Sieber 7, Patricia Greenwel *, Terez Shea-Donchue *, John W. Wiley #

@ « Evaluate gut-brain communication in neurodegenerative disorders (NDs)
« Coordinate care of motor symptoms and nonmotor Gl dysfunction in patients with Parkinson’s disease (PD)
» Assess potential of Gl tract as a source of biomarkers and novel therapeutic targets for NDs
» Facilitate cross-talk among brain-gut investigators to identify collaborative opportunities


https://www.niehs.nih.gov/research/supported/health/psychiatric/index.cfm
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Workshops Highlighted Enticing Opportunities

Environmental exposures may perturb communication between the gut
and brain. Future research may inform ways to leverage the gut-brain axis

to benefit public health:

Mechanisms

Models

Lifespan

Collaboration

Translation

Delineate which microbial metabolites, signaling pathways, and modes
of communication between the gut and brain are most heavily
implicated in neurological disorders.

Leverage different models which can provide advantages at
different levels of scientific inquiry.

Consider all lifespan factors in study design, including windows
of susceptibility for exposure, early life development of the
microbiome, and time of disease onset.

Create opportunities for cross-disciplinary collaborations.

Develop gut-focused detection, prevention and intervention strategies to
decrease etiological risk, slow progression or possibly reverse neurological
condition(s).
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Spotlight - Parkinson’s Disease

* First described by James Parkinson (1817)
* Progressive, neurodegenerative disorder Normal patient PD patient
« Afflicts approximately 1 million people in the US

- Typically diagnosed after age 55 (>90%)

* No known treatment to cure/slow disease progression

Pathophysiology:
« | Dopamine neurons in the substantia nigra
* 1 Eosinophilic inclusion bodies (Lewy bodies)

Symptoms:

* Involuntary movement
« Resting tremor

* Muscle rigidity

Gait/postural disturbance
* Autonomic impairment

Risk Factors:
« Genetic (e.g., mutations in parkin, LRRK2)

« Environmental factors contribute to risk for and progression of disease
(e.g., agrichemicals, metals, head trauma)
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Parkinson’s Disease Etiology: A Paradigm Shift!

[ Body-first ] Lewy body disease [ Brain-first ]
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Dorsey ER, De Miranda BR, Horsager J, Borghammer P. The body, the brain, the environment, and Parkinson’s disease. 2024. J Parkinsons Dis. doi: 10.3233/JPD-240019



National Institute of Environmental Health Sciences
Your Environment. Your Health.

Pesticide Linked with Gut and Brain Pathology in PD Mouse Model
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« PQ dose impacted gut microbiota diversity and abundance

« Study shows PQ exposure correlated with gut dysfunction === _ _ '
and shared PD pathological indicators in the brain Longer PQ exposure associated with more damage in colon wall
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Wang K, Zhang C, Zhang B, Li G, Shi G, Cai Q, Huang M. Gut dysfunction may be the source of pathological aggregation of alpha-synuclein in the central nervous system through Paraquat exposure in mice. Ecotoxicol Environ Saf. 2022 Nov;246:114152. doi: 10.1016/j.ecoenv.2022.114152.
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Microbiome as a Predictive Biomarker
Metals, Microbes, and Depression
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Midya V, Nagdeo K, Lane JM, Torres-Olascoaga LA, Torres-Calapiz M, Gennings C, Horton MK, Tellez-Rojo MM, Wright RO, Arora M, Eggers S. 2024. Prenatal metal exposures and childhood gut microbial signatures are
associated with depression score in late childhood. Sci Total Environ. doi: 10.1016/j.scitotenv.2024.170361
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G u t - B r ai n I n t e rV e n t i O n S Probiotics and prebiotics Fecal microbiota transplantation Dietary interventions

Bifidobacterium : ; Mediterranean Diet
Transferring of fecal bacteria

ill
Lectiobeciis from the healthy donor

Fructo Oligosaccharides(FOS)
Galacto Oligosaccharides(GOS)

« Therapeutic interventions act through | | |

neural, iImmune, metabolic signaling
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Inhibiting oxidation reaction

Ketogenic Diet
Intermittent Fasting

« Common therapeutic interventions:

— Probiotic and prebiotic supplementation

— Fecal microbiota transplantation

— Dietary modification aonnnnncannnnn

Immunelsignaling

Neural pathways Metabolic signaling

- Evidence suggests these interventions
can treat or delay neurological
disorders by modulating gut microbiota.

Gut microbiota-brain axis

National Institutes of Health
You M, Chen N, Yang Y, Cheng L, He H, Cai Y, Liu Y, Liu H, Hong G. The gut microbiota-brain axis in neurological disorders. 2024. MedComm. doi: 10.1002/mco02.656. U.S. Department of Health and Human Services
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Gut Microbiome Prevents Exposure-Induced Behavior, Brain Changes

« Combined prenatal air pollution and maternal stress exposure altered social behavior and
microglial morphology in male pups

« Exposed males had significantly different gut microbiome composition compared to controls

« Cross-fostering shifted the gut microbiome and prevented social deficits and microglial alterations

Gut microbiome Social behavior Microglial morphology
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Smith CJ, Rendina DN, Kingsbury MA, Malacon KE, Nguyen DM, Tran JJ, Devlin BA, Raju RM, Clark MJ, Burgett L, Zhang JH, Cetinbas M, Sadreyev RI, Chen K, lyer MS, Bilbo SD. 2023.
Microbial modulation via cross-fostering prevents the effects of pervasive environmental stressors on microglia and social behavior, but not the dopamine system. Mol Psychiatry 28(6):2549-2562.
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RFA Proposal: Impact of Environmental Exposures on é‘]

Gut-Brain Signaling in Neurological Conditions

Purpose: To expand and leverage the role of the gut microbiome-brain axis for
Improved detection, prevention, and intervention strategies for environmental

exposure-induced neurological diseases.

National Institutes of Health
U.S. Department of Health and Human Services



National Institute of Environmental Health Sciences
Your Environment. Your Health.

Program Scope o]
Project Examples:

« Use of applicable model systems to elucidate mechanisms linking gut
perturbations and environmental exposures to neurological endpoints

« Characterization of neuroactive microbial metabolites and target receptors
In the context of toxicant-induced neurological disease progression

Identification of gut microbiota signatures that may explain resilience or
protection from neurological disease risk following environmental exposures

|dentifying or piloting potential intervention targets and strategies

National Institutes of Health
U.S. Department of Health and Human Services
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Discussion

Council Reviewers

Dr. Cathrine Hoyo
Dr. Darryl Hood

National Institutes of Health « U.S. Department of Health and Human Services
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