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MS is an inﬂammatory disease in which both genetic and environmental factors play roles in the
predisposition to disease. A number of recent studies suggest that gut microbiota might be
a potential environmental factor linked with the pathogenesis of MS. Trillions of bacteria
residing in the human gut (gut microbiota) play an important role in maintaining a healthy
state, and perturbation of the gut microbiota is associated with exacerbation and/or precipitation of MS. A number of recent studies have shown that patients with MS have gut
dysbiosis characterized by altered levels of certain gut bacteria.1–5 Because MS is an inﬂammatory disease, it is hypothesized that gut bacteria enriched in patients with MS might
possess proinﬂammatory properties, whereas those showing reduced relative abundance might
be anti-inﬂammatory in nature.
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Initial MS microbiome studies may be confounded because of disease-modifying therapies
(DMTs). Hence, it is important to delineate the role of gut microbiota changes speciﬁc to
disease from those inﬂuenced by DMTs. In this issue of Neurology® : Neuroimmunology &
Neuroinﬂammation, Katz Sand et al.6 analyzed gut microbiota proﬁle in patients with relapsingremitting MS (RRMS). They conducted a cross-sectional study to determine the eﬀect of 2
commonly used DMTs, dimethyl fumarate (DMF) and glatiramer acetate (GA), on gut
microbiota composition in patients with RRMS. The authors recruited 75 treatment-naive
RRMS patients, 33 patients with RRMS on DMF, and 60 patients with RRMS on GA at 2
diﬀerent MS centers, 1 in New York, NY and another in San Francisco, CA. Although samples
were collected from 2 diﬀerent geographical locations, no community-level diﬀerences were
detected, indicating that there was no signiﬁcant eﬀect on gut microbiota because of geography.
DMF and GA treatment also had no eﬀect on microbial richness (α-diversity) or bacterial
community diversity (β-diversity), which suggests that DMTs had no major impact on overall
gut microbiota composition. However, taxa-level analyses using linear discriminant analysis
eﬀect size (LEfSe) showed certain bacterial genera with increased or decreased relative
abundance in DMT-treated RRMS patients compared with the treatment naive RRMS group.
The DMF-treated group showed reduced relative abundance of the order Clostridiales and
families Lachnospiraceae, Veillonellaceae, and Tissierellaceae. As certain species from the order
Clostridiales had been linked with MS and neuromyelitis optica, it is suggested that DMTs
might act through suppressing proinﬂammatory bacteria belonging to the order Clostridiales.
However, the order Clostridiales also contains a number of bacteria with anti-inﬂammatory
properties, especially bacteria with ability to induce CD4+FoxP3+ regulatory T cells (Tregs).7
Levels of Bacteroides also trended higher in the DMT-treated RRMS group, which contain
bacteria such as Bacteroides fragilis with the ability to induce Tregs and suppress disease in
experimental model of MS.8 Recent studies have shown that DMT treatment is associated with
an increased relative abundance of Prevotella and Sutterella genera.3,9 However, the current
study failed to ﬁnd an increase in relative abundance of either Prevotella or Sutterella. The
authors suggest that induction of Prevotella and Sutterella in other studies may be due to
interferon beta (IFNβ) because patients with RRMS in those other studies were treated with
IFNβ alone or IFNβ/GA. Thus, the jury is still out regarding the link between GA or DMF
treatment and Prevotella and/or Sutterella.
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Analysis of functional pathways using phylogenetic investigation of communities by reconstruction of unobserved
states showed modulation of retinol (Vitamin A) metabolism
in both DMF- and GA-treated groups. Because retinoic acid
metabolism is linked with generation of Tregs by dendritic
cells in the small intestine, it is possible that the beneﬁcial
eﬀects of GA and DMF are through modulation of immune
responses toward anti-inﬂammatory activity by inducing
regulatory CD4 T cells (Tregs) in the gut. However, identiﬁcation of metabolic pathways using either shotgun metagenomic sequencing or fecal metabolite measurements needs
to be performed to validate the role of retinol metabolism in
the beneﬁcial eﬀects of GA and DMF in patients with MS.
This study by Sand Katz et al.6 is an important ﬁrst step in
understanding the interplay between DMTs, gut microbiota,
and MS microbiome. Their data suggest that certain bacteria
belonging to a speciﬁc taxa, especially those belonging to the
order Clostridiales, may play important roles in disease
pathogenesis. However, in the absence of bacterial classiﬁcation at the genera or species level, it is diﬃcult to identify the
speciﬁc bacterial species responsible for the beneﬁcial eﬀect of
DMTs. This study used 150 bp paired-end sequencing, which
might not achieve resolution comparable to the newer 250 or
300 bp paired-end reads. In addition, the microbiome ﬁeld is
moving away from operational taxonomic unit (OTU)–based
gut microbiota proﬁling to amplicon sequence variants
(ASVs) because ASVs can identify bacteria at the genus or
even at the species level.10 Thus, future studies using longer
paired-end reads and identifying bacterial species (ASVs) using
the Divisive Amplicon Denoising Algorithm-2 (DADA-2)
platform will be more informative. In the absence of a predisease group and/or healthy control group, it is diﬃcult to
conclude whether treatment with DMTs restored the gut
microbiota toward a healthy microbiome or predisease state.
In conclusion, this ﬁnding suggests that DMTs might lead to
subtle changes in the composition of gut microbiota and
highlight its signiﬁcance in MS. However, multicentric
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longitudinal studies will validate and authenticate the role of
gut microbiota in MS. Further studies are also needed to
determine whether gut dysbiosis precedes MS or it is a consequence of disease, treatment, or other unknown factors.
The current study by Katz Sand et al. and previous 2 studies
have laid the groundwork for future studies to determine the
role of gut microbiome in the pathogenesis of MS.
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