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Why care about the microbiome?
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Up to 10X as many bacterial cells/human cell
100X more genes than the human genome
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100 trillion gut
bacteria.

-Educate immune cells
-Dysbiosis may result from
or cause autoimmunity
-Dysbiosis leads to
increased gut permeability,
which allows entry of
exogeneous molecules ie
metabolites and microbial
products

-Modulated by diet, obesity,
antibiotic use and cigarette
smoking



Interplay between commensal microbiota, gut barrier
integrity, and mucosal immunity regulates brain autoimmunity
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Incidence of EAE in mice receiving
fecal gavage from discordant twins
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Gut microbiome changes with age
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Factors influencing gut microbial profile

Age/disease duration
Geographical origin

Diet
Supplements/vitamins/probiotics
Medications

Genetic make-up

Cantarel 2016, Katz-Sand 2018, iMSMS consortium 2020,
Maglione 2021



MS studies

Small to moderate size

Most patients with long disease duration on
disease-modifying therapies

Heterogeneous MS/control groups

As of July 2020:

— 12 studies (11 in adults): 329 cases/450 controls
— 11 studies with stool/1 duodenal mucosa samples

— 80-90% cases with relapsing-remitting MS



Describing the microbiome

Overall gut community composition:

Alpha diversity - richness, evenness, Shannon, Faiths

Beta diversity - Canberra distance
Microbial composition:

Specific bacterial abundance/presence (OTU, ASV)
Pathway analyses (SPIEC-EASI, WGCNA)

Inferring function (PICRUSt, shotgun

metagenomics)
Metabolomics




Diversity does not differ in 34 twin
pairs discordant for MS
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Multiple species were associated with MS onset
adjusting for confounding factors
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Regression coefficient

Several Blautia species were enriched in MS. Previous study in 53 follow-up pediatric onset MS showed Blautia
species were associated with risk of relapse (Horton, M. K. et al. Ann Clin Transl Neur 8, 2021).

Some short chain fatty acid producers, e.g. Butyricimona and Faecalibacterium were reduced in MS. Also several
Subdoligranum reduced in MS. Obese patients with higher levels of Subdoligranum have better metabolic response
after caloric restriction than obese patients with lower levels. Subdoligranum genus correlates negatively with
different parameters re to metabolic risk such as CRP, latty liver index, and positively with HDL (Cani PD, 2021)
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logy abundance

Functional contributions to pathways
under-represented in MS
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Correlations between microbiota abundances and immune gene expression.

Correlation between
microbial abundance
and immune gene
expression

T cells from all subjects:
-Methanobrevibacter and
Akkermansia: positive correlations
with CASP1, TRAF5 and STAT5B
(implicated in IFN and IL-2
signaling, and PPAR and RXR
activation)

-Butyricimonas: negative
correlations with these genes.

Jangi 2016



MS course

Measures of brain volume
— Relapses and impairment
MRI burden of disease
1 MRI activity

Secondary progressive

Preclinical Relapsing-remitting
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Gut microbiota and subsequent relapse risk in MS

Participants and study design

— 55 pediatric-onset MS cases (symptom onset <18 years)

o 16S rRNA V4 region
— U.S. Network of Pediatric MS Centers *

lllumina NextSeq

— Cox Proportional Hazard recurrent events model Naaow
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Three individual ASVs nominally associated
(FDR g<0.2) with an MS activity outcome
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Log-hazard ratio for relapses

Blautia stercoris:
HR: 3.19, 95% Cl: 1.72, 5.92

Catabacter:
HR: 2.81, 95% Cl: 1.51, 5.22

Log-hazard ratio for gadolinium-enhancing lesions

Odoribacter splanchnicus :
HR: 0.25,95% Cl: 0.12, 0.54
Butyrate producer

Log-hazard ratio for T2 lesions

Horton ACTN 2021




WGCNA: two ASV clusters associated with both

MRI outcomes
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WGCNA identified 33 clusters of co-occurring ASVs in MRI cohort and 27 in clinical cohort



Interventions targeting gut
microbiome in MS

* Limited data on specific gut microbes/clusters
associated with MS course to guide intervention

* |Intervention studies include:

— Probiotic supplementation: 9 cases/13 controls (induced
anti-inflammatory peripheral immune response)

— Prebiotics (dietary fibers)
— Live biotherapeutic products

— Microbiome transplant based on EAE model:
* NCT04096443, NCT03183869, NCT03594487, NCT03975413

Tankou 2018



Conclusions

Establishing causality is critical
Gut microbiota signature for MS susceptibility?

Contribution to MS course: most important to unravel
to design proof-of-concept intervention studies

Critical to elucidate biological pathways involved
Ongoing studies:

— microbial clusters/pathways

— fungome/virome/shotgun metagenomics

— metabolomics




