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To the Editor;

There are some reports indicating positive effect of simva-
statin in promoting remyelination in multiple sclerosis (MS)
patients (Kremer et al. 2018). In addition to this effect, simva-
statin also reported to have beneficial effects in the treatment
of secondary progressive multiple sclerosis (SPMS) (Chan
et al. 2017). Despite these positive effects of simvastatin in
MS pathogenesis, its effect on gut microbiome of patients has
been ignored in the literature.

Prescribed pharmaceuticals along with other factors such
as the host genetics, diet, lifestyle, mode of delivery and anti-
biotic exposure could affect gut microbiome. When these fac-
tors render the gut microbiome out of balance, there may be an
induced imbalance between pro- and anti-inflammatory re-
sponses that could lead to disease. This proposed disease mod-
el is known as gut microbiome dysbiosis that results in, or are
a result of, disease states. Further, gut dysbiosis has been as-
sociated with intestinal barrier disruptions. Reduced integrity
of tight junction protein complexes could increase intestinal
permeability, and therefore bacterial antigens can pass out of
the intestinal lumen and move to different parts of the body.
As a result, increased levels of antigens in the blood circula-
tion could have systemic inflammatory effects. Systemic
translocation of bacterial antigens can have a profound effect
on CNS immunity and impact the integrity of the blood—brain
barrier, which facilitates the ultimate passage of autoreactive
lymphocytes into the CNS. Importantly, there is some
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evidence that gut microbiome dysbiosis has a prominent role
in MS pathogenesis (Kirby and Ochoa-Reparaz 2018)
(Fig. 1).

Statins, as a pharmaceutical product, possess direct antibac-
terial activity, and simvastatin exerts the greatest antibacterial
activity against gram-positive bacteria in comparison with
other statins (Ko et al. 2017). This is important because
gram-positive Firmicutes that constitute the most predominant
phyla in the healthy human gut are the most prominent pro-
ducers of human colonic short-chain fatty acids (SCFAs), es-
pecially butyrate (Ohira et al. 2017). Notably, long-chain fatty
acids (LCFAs) worsen experimental autoimmune encephalo-
myelitis (EAE) via promoting CD4" T cell differentiation to-
ward TH1 and TH17, and decreasing Treg differentiation;
however, SCFAs ameliorate EAE via promoting Treg differ-
entiation. In parallel, most of the Firmicutes phylum members
were commonly reported to be reduced in MS guts (Mowry
and Glenn 2018).

Faecalibacterium prausnitzii is an important commensal
bacterium of the Firmicutes phylum that has been shown to
exert local and systemic anti-inflammatory effects by reducing
the pro-inflammatory cytokine IL-17, increasing IL-10, and
synthesizing microbial anti-inflammatory molecule (MAM),
an inhibitor of NF-kB and the short chain fatty acid, butyrate.
This bacterium is very sensitive to its environment and pres-
ence of acute or moderate inflammation negatively affect its
proportion. The relative abundance of F. prausnitziiis in the
gut is considered as a ‘sensor and a marker of health’, and
there is some evidence that this bacterium is reduced in MS
patients (Francis and Constantinescu 2018).

In parallel, a recent study undertaken by Caparrds-Martin
has demonstrated that statin therapy in mice results in a sig-
nificant reduction in the abundance of many gram-positive
operational taxonomic units (OTUs) within the phylum
Firmicutes. Importantly, reduced level of Firmicutes in the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11481-019-09881-y&domain=pdf
http://orcid.org/0000-0002-3976-0774
mailto:toghi67@gmail.com

532 J Neuroimmune Pharmacol (2019) 14:531-533
a ’ Normal microbiota b .. Anti bacterial effect Statins
& Gut dysbiosis g e —
ﬁ & p— ﬁ , Altered bile acid metabolism @
O 0o !
5 e : \ fp F\ i
2 0 Op9g ! ‘E
5} Butyrate ] o 5}
8 o 8
-g g
EOOOOOOQQOO@ :
o
> ’ "OO o : Reduced butyrate level g
occludin = e O o | LPS A
H ] Th17 Th17
zonula occludens-1 [}
= ] T reg LPS Th17 Th17
# ' »~ Th17
8'pg ! | -
Op =i !
6z ~% ]
(GDAO) s I §'s - I I 2
....................... \ L. ! .
Th17 (FOXP3)’ T reg T : & " (Treg . Thl7 Th17 Th”
~— re
Naive T cell J : Bloodstream = o
aive T ce
, EEEEEIEEEEDS
5 l P S D > < l - | S
vy : » Th17 Th17
Treg Th17 T reg T reg T reg : Disrupted BBB o Reduced butyrate level
Bloodstream , @& €& €& & & e
T N X X X X JU_ = ) 1 (NS .
]
' Thi7 ghlj Th17
Normal BBB i Thi7
(] (] () (] () (] () (] 1 [}
CNS 1
]
NS inflammation ,
astrocyte | microglia astrocyte microglia

Fig. 1 a Commensal gut bacteria ferment dietary fiber into short chain
fatty acids (SCFAs) like butyrate. Butyrate promote differentiation of
naive T cells into regulatory T cells and suppress production of Th17
cells. Butyrate also activates expression of tight junction proteins and

intestinal microbiota after statin treatment may lead to a dra-
matic reduction in butyrate production. The authors, on the
other hand, reported enlarged bile acid (BA) pool in the gut of
the statins-treated mice. Accordingly, Cyp27al mRNA was
up-regulated in the liver of the statin-treated mice, which ex-
plains the altered BA profile observed in the gut. Therefore,
the deregulation of BA metabolism after statin therapy would
contribute to the progressive selection of BA-tolerant micro-
organisms in the gut, which then leads to gut microbiome
dysbiosis (Caparrés-Martin et al. 2017).

Combined, although simvastatin (and perhaps other statins)
has a beneficial role in promoting remyelination (and also
treatment of SPMS patients in a dose-dependent manner), they
may induce/exacerbate gut microbiome dysbiosis, and high
doses should be used cautiously in the long-term treatment.
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therefore reduces intestinal permeability. b Gut dysbiosis resulted from
long term use of medications, reduces SCFAs levels. Reduction in SCFAs
then leads to increased intestinal permeability, creation of pro-
inflammatory milieu and also reduced integrity of BBB
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