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The gut microbiome in MS: insights about pathogenesis
The gutmicrobiome influence of host genetics

The gut microbiome in MS: clues for (personalized) treatment
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MS is caused by@mbinationof geneticandenvironmental factors
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genetic factors

environmental factors
smoking

alcohol

infections (EBV)

(Western) diet
vitamines(D,E)

gut microbiome
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The gutmicrobiome

The human intestines are home tovast number (13°) of commensal
microorganismgbacteria,archaea microbial eukaryotes and viruses =

microbiota) that are collectively known as tlygit microbiome

Thehealthy gutmicrobiomeregulates and supportsiany important functions
of theK 2 & U Qancladd &
- extracting energyfrom carbohydrates ifiood

- regulatingmetabolic pathwayssuch adatty acid synthesishormone

synthesisfryptophan metabolism etc.

- regulatingimmune homeostasis and response
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Differenceshave been reported in thgut microbiome composition- reflected by

different quantities of groups otaxal!k Q& LIS OA S &4 Q 2 &nd Neho® NJ

function betweenMS patientsand healthy control subject®A a a fnicrobiomet

TABLE 3 | Gut microbiots studies in MS pafients

Reference

Number of subjects, type of MS

Main findings

Tremistt et al |

1E RR pedatric, 17 HC

Mo difiarence N spaties richness. Increasad Decufovibmonscass,
anobrewbactar®, Entermtacteriac Raduced Lachnogacees”,

prausnitzr®, and Butynicimonss® Bactarmidss

bial genes Indicaied ncreased giutethions

Tremiatt et al. (117)

17 AR pedairic

Eria Is associsied with Increased risk on earler relepses. Higher
rehagots frended bo be asscolsted wih Increased

risk on warller relapses

Tremiatt et al. (116)

15 AR pedeatric, 8 HC

o difierence N biood FopE™ Teg TEqUENCY ENd INtracalluiar production of [Py,

L-17, -4, and IL-10 by CD4* T oals, IL-17 T cals comelated witn gut microbicta
nizhress InMS patients. IL-17+ T calls Inversaly comedated with Bacteroidetas abundancs
In patients. T Tequency cormeisted with Fusobaciens abundence In heakhy controis

No difiarence In spacies richness. Reduced Fascalbactan
Ansarastipas, butyate-producing back
Increased Bifonbactanum, Strepincocous

31 AR, 36 HC No diflerence In spacies richness. Increesed Pedobactsr, FavoDactanm,
Posudomanas, Myoopiena, Siautls, Dorss, and Haamophius. Raduced
FParshactanioes, AfErCreutas, Colinsels, [ acfonacius, 8nd Frevils
Tatty srids metabolsm end ncreased phytoesirogen metabolsm were pradcted by
Tunchional analysts
Jangi et al. | &0 A, 43

patiants hed reducad Frevotals’, Sufiorals, INCreased Ser
batwean Methanobrevibacte®, AKKenmansis, and T-
oiogy. Megattve comelations for
expreesions impliceted In MS pethoiogy

22 uniraated, 13/GA, 18 IFN-p, 44 HC

ncreased Methanobrevbecienacess” In patients compared fo HC. Reduced
Butyricimonam in unireated petiants compared to HC. Both treatmen
Increased Lachnospirerages ebundanca compared bo untreatod M

Increased Alopobium, Bfdobectenas. Reduced Bactaridacase In MS patients

before and after

Rexduced Bactaroidscase, Faacaily rcreased FAUMINGCOCoUs In patie
Wiamin D supplementztion Increased Feacalbaclenium®, Akkarmensla, end
Coprococcus®. GA treatment eMactad gut microbiot

Sand et 4., abstract |

Not specified In sbsirect

creased Eneobacisnecese” In female paients compared to HC. GA freatment
affects gut microblota

Tenkou ef &, sbstract |

43 uniraated MS patients,
disease subiypsa not specified

Fatlents with « 40 ng/miL serum vitemin D concentration had lower
Ruminococcacase® compared o petients with higher vitemin D levels

Telesford at &l (1

in wifro cuktures of patients end HC:

PEA fom B, fagls
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VandenHoogenet al. 2017

Increasedor decreased

levelsof microorganisns in

MS patients versus controls
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The gutmicrobiomein MS: insights about pathogenesis

Main concept disturbed interaction and communication betwegnt

microbiome andbrain A disturbed gutbrain axis
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The gutmicrobiomein MS: insights about pathogenesis

Disturbed gutbrain axis:MAINLYthrougheffectsof gutmicrobiomeon immune

cells/cytokines(> prainflammatory + < regulatory, effectson/in CNS
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The gutmicrobiomein MS: insights about pathogenesis

Disturbed gutbrain axis:also throughother effects, i.e. throughbacterial molecules

bacterial translocationsignaling vianervusvagusand throughgut hormones
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The gutmicrobiomein MS: insights about pathogenesis

Disturbed gutbrain axis:MAINLYthrougheffectsof gutmicrobiomeon immune

cells/cytokines o
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The gutmicrobiomein MS: insights about pathogenesis

Disturbed gutbrain axis:MAINLYthrough effects of gutmicrobiomeonimmune

cells/cytokines(> prainflammatory + < regulatory, effectson/in CNS

CNS parenchyma

proteins
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Demyelination %

CNS parenchyma

Tertiary lymphoid-like
structures stimulate
astrocyte dysunction

Myelin sheath

mediators promote
neurodegeneration

VandenHoogenet al. 2017
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The gutmicrobiomein MS: insights about pathogenesis
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LETTER

d0i:10.1038/nature10554

Commensal microbiota and myelin autoantigen
cooperate to trigger autoimmune demyelination

Kerstin Berer', Marsilius Mues', Michail Koutrolos', Zakeya Al Rasbi', Marina Boziki', Caroline Johner?, Hartmut Wekerle'
& Gurumoorthy I\nshn;lm(mrlh_\"

ARTICLES

nature,,
medicine

Type I interferons and microbial metabolites of tryptophan
modulate astrocyte activity and central nervous system
inflammation via the aryl hydrocarbon receptor

Veit Rothhammer!, Ivan D Mascanfroni', Lukas Bunse!, Maisa C Takenaka!, Jessica E Kenison!, Lior Mayo!,
Chun-Cheih Chao!, Bonny Patel!, Raymond Yan', Manon Blain?, Jorge I Alvarez?, Hania Kébirt,

Niroshana Anandasabapathy?, Guillermo Izquierdo®, Steffen Jung’, Nikolaus Obholzer!$, Nathalie Pochet!,
Clary B Clish?, Marco Prinz'%, Alexandre Prat, Jack Antel® & Francisco | Quintana'
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LETTER

https://doi.org/10.1038/¢41586-018-0119-x

Microglial control of astrocytes in response to
microbial metabolites

Veit Rothhammer', Davis M. Borucki’, Emily C. Tjon', Maisa C. Takenaka', Chun-Cheih Chao', Alberto Ardura-Fabregat®,
Kalil Alves de Lima na Gutiérrez-Vizquez', Patrick Hewson', Ori Staszewski?, Manon Blain®, Luke Healy?,

Tradite Neziraj', Matilde Borio', Michael Wheeler!, Loic Lionel Dragin®, David A. Laplaud®, Jack Antel?, Jorge Ivan Alvarez?,
Marco Prinz®* & Francisco J. Quintana' 7+
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The gutmicrobiome influence of host genetics

Thegenetic makeup of the 'host'(i.e. an individualinfluences the

compositionof the gut microbiome

nature
genetlcs

Association of host genome with intestinal microbial
composition in a large healthy cohort

Williams Turpin!-2, Osvaldo Espin-Garcia®#, Wei Xu*, Mark S Silverberg! -3, David Kevans!-2, Michelle I Smith!-?,
David S Guttman™%, Anne Griffiths”, Remo Panaccione®, Anthony Otley?, Lizhen Xu*1, Konstantin Shestopaloff*,
Gabriel Moreno-Hagelsieb!!, GEM Project Research Consortium'?, Andrew D Paterson*!%!3 & Kenneth Croitoru! -3
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The gutmicrobiome influence of host genetics

Thegenetic makeup of the 'host'(i.e. an individualinfluences the

compositionof the gut microbiome

nature
gCIlCtICS

The effect of host genetics on the gut microbiome

Marc Jan Bonder!>!%, Alexander Kurilshikov!~31%, Ettje F Tigchelaar!%, Zlatan Mujagic*>, Floris Imhann®,
Arnau Vich Vila®, Patrick Deelen!:”, Tommi Vatanen8?, Melanie Schirmer®1%, Sanne P Smeekens!!>12,
Daria V Zhernakova!, Soesma A Jankipersadsing!!3, Martin Jaeger!>12, Marije Oosting! 12,

Maria Carmen Cenit!-!8, Ad A M Masclee®, Morris A Swertz!7, Yang Li!, Vinod Kumar!, Leo Joosten!!>12,
Hermie Harmsen!4, Rinse K Weersma®, Lude Franke!, Marten H Hofker!3, Ramnik J Xavier®1>-17,

Daisy Jonkers®, Mihai G Netea! 12, Cisca Wijmengal, Jingyuan Ful>1320 & Alexandra Zhernakoval>420
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The gutmicrobiome influence of host genetics

Thegenetic makeup of the 'host'(i.e. an individualinfluences the

compositionof the gut microbiome, e.g.vitamin D receptor gene

nature
genetlcs

Genome-wide association analysis identifies variation
in vitamin D receptor and other host factors influencing
the gut microbiota

Jun Wang!?21:22 Louise B Thingholm®?2, Jurgita Skiecevi¢iené®22, Philipp Rausch!2, Martin Kummen*~7,
Johannes R Hov*-8, Frauke Degenhardt?, Femke-Anouska Heinsen?, Malte C Riihlemann?, Silke Szymczak?-21,
Kristian Holm*-7, Tonu Esko?, Jun Sun!?, Mihaela Pricop-Jeckstadt!!, Samer Al-Dury!2, Pavol Bohov!?,

Jorn Bethune?, Felix Sommer?, David Ellinghaus?, Rolf K Berge!3:14, Matthias Hiibenthal®, Manja Koch!3,

Karin Schwarz!®, Gerald Rimbach!6, Patricia Hiibbe!6, Wei-Hung Pan?, Raheleh Sheibani-Tezerji3, Robert Hiisler3,
Philipp Rosenstiel?, Mauro D’Amato!”>!8, Katja Cloppenborg-Schmidt?, Sven Kiinzel!, Matthias Laudes!?,
Hanns-Ulrich Marschall'?, Wolfgang Lieb!®, Ute Nothlings'!, Tom H Karlsen*-%2%23 John F Baines'??* &
Andre Franke®23
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The gutmicrobiome influence of host genetics

Thegenetic makeup of the 'host'(i.e. an individualinfluences the
compositionof the gut microbiome, e.g.deficiency of Tnfr2 genen

femalevsmale mice ~causativevs protective microbiomeA a a { €
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