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MS and Gut - Traditional
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Multiple Sclerosis: Clinical Signs, Lesions




The MS Plaque

Noseworthy et al. NEJM 2000t



Lesions?

Infection?
Neurodegeneration?
Tumor?

LJAllergic™ ?77?
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1981 - Self-Reactive T-Cell Clon el
the Immune Repertoi™
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TCR = no somatic hypermutatioh EJ| 1981 Nature 1981
(Hood; Tonegawa; Loh, 1985)



Basic Rules of (Brain) Autoimmunity:

Self-reactive CD4 T cell clones are
contained within the healthy immune
repertoire

Only upon activation these T cells become
auto-aggressive Th1/Th17 effectors

Could they be beneficial?



Etiological Rodent Models for MS?

* Actively induced EAE?
* Passively transferred EAE?
* Spontaneous EAE?
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Microbiota and Spontaneous RR EAE

Spontaneous EAE (%)
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Microbial & Dietary
Products

Bacterial structures (LPS)
Gut metabolites (SFA)
Hormones (serotonin)
Neurotransmitters (GABA)
Innervation (N. vagus)

Pattern forming ligands
Antigenic mimicry



MS and Gut: Now Microbiota!

Gut and CNS Gut and Immune System
* Microglia * [nnate immune reactivity

* Astrocytes * Adaptive immune reactivity

e Neurons * Maturation

* TCR recognition (mimicry ...)



Gut Microbiota and CNS?

 Which bugs?
 The site of activation?



Which Bugs?

* Not ALL bacteria (not SFBs)
* Heat resistant (but which ones?)



Microbiota in Human Gl Tract Segments

Metabolites

Vitamin A and
AHR ligands
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MS Research:
From Bedside to Bench and Back

Berer et al., PNAS Sept. 2017



The Role of the Gut Microbiome in Multiple Sclerosis Risk and Progression: Towards Characterization of the...

IVl S A S S O C i a t e d Table 1  Overview of the current literature on the microbiome as determined by 168 rRNA gene analysis in multiple sclerosis

Reference No. of patients Treatment Controls Ethnicity OTUs or genera increased in MS
B t . ? (disease course) (household?)
a C e a * [52]* T (RRMS) 5 treated (GA), 8 (no) White w
2 untreated aecanpacerium
Coprococcus
[51] 20 (REMS) 13 treated (IFN-p 40410 (no) Asian Eggerthella lenta
and/or PSL), Streptococcus thermop hiles/salivarius
T untreated Clostridia cluster XIVa and IV

(including Faecalibacterium prausnitzi
Coprococcus comes)

Anaerostipes hadrus

Eubacterium rectale

[50] 31 (REMS) 20 treated (IFN-3, NTZ, 36 (no) Pseudomonas,
GA), Pedobacter
11 untreated Mywoplana
Blautia
[48] 60 (RRMS) 28 untreated 43 (no) White, black
n=2) Ve tThactcr
Buryricimonas
Paraprevotella
Haemophilus
Slackia
Tremlett 18 (REMS) O untreated, 17 (no) White (50%), Bilophila
et al. [44] O treated nonwhite Bifidobacterium
(IFN-p, NTZ, GA) (509%) Desulfovibrio
Christensenellaceae
[44, 49] 71 (REMS) 71 untreated 71 (ves) White calcoaceticus
Eoger
201 [49, 53] 34 (22 RRMS, 7 SPMS, 3 15 untreated, 34 White :'m'pﬁu’e’a
ProebSteI et al ’ 018 CIS, 2 PPMS) 19 treated (monozygotic
(13 IFN-B, 4 NTZ, | twins)

GA, 1 AZT)



Clinical Trial
(Prof. Reinhard Hohlfeld et al.*)

Monozygotic twin pairs, discordant for I\/IS“(>50!)
Genomic profiles
Metagenomic profiles (gut flora)

Fecal transplants to germfree RR mice

*Cooperation with BGI



MS Twin Study: Fecal Transfer

MS twin
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“Humanized” Gnotobiotic RR Mice
(5 Twin Pairs)
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MS Twin Study: Sutterella® in ,,Humanized”
Gnotobiotic Mouse Microbiota

Sutterella; mouse L6 by week
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*Gram-, anaerobic 3-proteobacterium (autism?)



Neutralization of IL-10: spEAE (OSE)
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Metabolites

Vitamin A and
AHR ligands
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Lactobacilli
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Manipulation of the Gut Flora?

Antibiotics?
Phage
Probiotics?
Bariatric surgery?

Fecal transplantation?
Diet?



Conclusions

Inflammation, neurodegeneration and microbiota are
inseparable
Microbiota act on CNS autoimmunity:

On CNS tissue via microglia (plus?)

On peripheral (auto-) immune response

s inflammation “good” or “bad” for the brain?
neurodegeneration?

Infection?
Tumor?
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