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Abstract

The Central Nervous System (CNS) is affected by the chronic inflammatory
autoimmune disease known as Neuromyelitis Optica Spectrum Disorder
(NMOSD). Acute myelitis, area postrema syndrome, acute brainstem
syndrome, Optic Neuritis (ON), and symptomatic cerebral syndrome are
among the primary clinical symptoms of NMOSD. People with NMOSD
may experience significant visual impairments, mobility difficulties, and
even death. With a 9:1 female to male ratio, the prevalence of NMOSD
varies from 0.5 to 4 afflicted per 100,000.

NMOSD causes Astrocyte (As) and Oligodendrocyte (OLG) damage
leading to demyelination and neurodegeneration. It typically does affect
the optic nerves and the spinal cord, especially in long segments, but other
features are helpful for the diagnosis. We review the relationship between
NMOSD and dysbiosis as a main aid of this review.

Implications for alcohol and drug abuse in NMOSD: The therapy of
NMOSD may become even more challenging if substance use, including
alcohol, worsens gut dysbiosis and compromises immune function.
Drinking alcohol can cause a heightened inflammatory response, increase
intestinal permeability, and damage the integrity of the gut lining. The
dysbiosis that already exists in NMOSD patients may be exacerbated by
this disturbance in gut health, which could lead to increased symptoms
and more relapses. Other medications, including some narcotics and
stimulants, can potentially alter the gut microbiota’s composition and
damage the central nervous system, which may have an adverse effect
on the underlying immunological dysfunction in NMOSD. Dysbiosis and
NMOSD are related, which emphasizes the need to treat substance use in
NMOSD patients with caution because these conditions may affect gut
health and perhaps exacerbate illness consequence Because dysbiosis
and NMOSD are linked, it is important to treat substance use in NMOSD
patients carefully because these disorders may impact gut health and
perhaps worsen the effects of the illness. To help stabilize gut health and
immunological function, more study on gut microbiota and its modulation
may provide pharmacological targets for managing NMOSD and highlight
lifestyle changes like cutting back on alcohol and other drugs.
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Introduction

The chronic inflammatory and immunological condition
known as Neuromyelitis Optica Spectrum Disorder
(NMOSD) affects the central nervous system. Acute
myelitis, area postrema syndrome, acute brainstem
syndrome, Optic Neuritis (ON), and symptomatic cerebral
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syndrome are among the primary clinical symptoms
of NMOSD [1]. People with NMOSD may experience
significant vision impairments, mobility difficulties,
and even death [2]. With a 9:1 female to male ratio, the
prevalence of NMOSD varies between 0.5 and 4 afflicted
per 100,000 [3].

The diagnosis of NMOSD has relied heavily on the
identification of Immunoglobulin G (IgG) antibodies
against the Aquaporin 4 (AQP4) water channel in NMOSD
patients [4]. In the brain, spinal cord, and optic nerves,
AQP4 is the most extensively expressed bidirectional,
osmotically driven water channel [5]. Localized to the
peduncles of astrocytes at the Blood-brain Barrier (BBB),
AQP4 is found in regions of the brain that come into
contact with cerebrospinal fluid [6]. Even though AQP4
was determined to be the key target, it is still unclear what
pathophysiological processes initially caused NMOSD to
emerge. In addition to genetic factors, AQP4-antibodies
(Ab) can also be triggered by environmental stimuli
including bacteria, viruses, or plants [7,8]. However,
other studies have demonstrated that T lymphocytes that
recognize AQP4 epitopes cross-react with commensal
bacteria’s homologous peptide sequences that are present
in the human gut microbiota [9]. As a result, the role of gut
microbiota as a novel risk factor has also been extensively
researched recently.

NMOSD is the term given to a very uncommon autoimmune
disorder characterized by demyelination and inflammation
of the CNS. Typically, affecting the optic nerves and the
spinal cord, causing myelitis and optic neuritis, respectively.
Current advances have led us to appreciate that the clinical
manifestations are much more extensive and include the
brainstem and other regions in addition to those already
mentioned.

While NMOSD does occur globally, it has an elevated
prevalence among blacks, Asians, and Caucasians in
descending order.

This interaction is further complicated by alcohol and
substance use because of their well-known impacts on
immune function and gut microbiome. For instance, it
has been demonstrated that long-term alcohol use alters
the composition of the gut microbiota, increases intestinal
permeability, and stimulates systemic inflammation.
Substance abuse can also change immunological responses
and gut microbiota, which can exacerbate autoimmune
diseases and dysbiosis. Understanding how alcohol
and drug use may affect NMOSD through mechanisms
involving gut dysbiosis is essential given these shared
pathways.

Despite much research, the aetiology of NMOSD
is still unclear; however, recent investigations on
immunopathogenesis revealed the antibodies Aquaporin-4
(AQP-4) and Myelin Oligodendrocyte Glycoprotein,
which contributed to clarifying the pathophysiology and

thus managing this spectrum disease [1-3].

There are reported cases of NMOSD with other autoimmune
systemic diseases such as Sjogren syndrome, Systemic
Lupus Erythematosus, rare cutaneous manifestations and
even hypertension [4-6].

The composition of the GM includes more than 1200
types of bacteria on top of other microorganisms such as
viruses, fungi, archaea, the Gram-positive Firmicutes and
the Gram-negative Bacteroides, the commonest ones,
in healthy people. This dynamically balanced symbiotic
relationship between the GM and the host plays a
crucial role in human metabolism and immunity, and its
disbalance causes Neuroimmunological (Nim) disorders
and Neuroinflammation (NI). Below, we will review the
correlation between NMOSD and dysbiosis as the main
aim of this study.

The purpose of this study is to investigate the connection
between gut dysbiosis and NMOSD, with an emphasis on
how substance and alcohol abuse may alter this association
and exacerbate symptoms. New treatment ideas and
approaches for treating NMOSD in patients with a history
of alcohol or drug use may result from an understanding of
these relationships.

Brief Comments and Concluding Remarks

Neuromyelitis Optica (NMO) was reported to the medical
literature by Allbutt et al. in 1870 [7]. NMOSD show
a characteristic pattern of As dysfunction and cell loss,
leading to neurodegeneration and demyelination [8-14].

Usually, it is followed up by a poor prognosis, and the
disease is thought initially to be monophasic. As we and
other investigators documented previously, NMOSD is
an uncommon, chronic inflammatory autoimmune and
disabling disease of the brain and spinal cord, including the
optic nerve which it’s a prolongation of the brain, where
aquaporin-4 (AQP4)-specific T lymphocytes play a vital
role in its pathogenesis [15-25].

A typical lesion found at the beginning of the optic nerve

in the retina and in the optic nerve can be seen in Figures
I and 2.

Figure 1: MRI T2W _3D SPIR Optic nerve images showing signs of
optic neuritis more evident on the side of the white arrow
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Figure 2: Shows OCT image of OS showing sub retinal fluid collection
and exudates

In conclusion, the increasing evidence linking gut dysbiosis
to Neuromyelitis Optica Spectrum Disorder (NMOSD)
highlights the significance of gut health for Central Nervous
System (CNS) autoimmune diseases. For NMOSD patients,
maintaining a balanced gut microbiota may be crucial
to managing their symptoms and slowing the disease’s
progression. Furthermore, the effects of sickness may be
worsened by lifestyle factors including substance addiction
and alcohol intake that worsen intestinal dysbiosis and
inflammation. Therefore, addressing these lifestyle factors
should be a major part of NMOSD therapy regimens.

Other authors have demonstrated that T cells that recognize
the AQP4 epitope exhibit cross-reactivity with homologous
peptide sequences in certain microorganisms, including
Clostridium perfringens, in addition to immune factors,
corroborating the claim that GM is a key contributor to the
pathogenicity of NMOSD [25].

We considered the role of dysbalanced GM (Dysbiosis)
in other neurological conditions and documented it in
previous publications. Based on those articles and other
recent publications by Yao et al., we hypothesized that
metabolites produced by dysbiosis, like tryptophan, bile
acid, and Short-chain Fatty Acids (SCFAs), affect immune
cell metabolism, modulating the pathophysiology of
NMOSD as we graphically represented in Figures 3 and 4.

Figure 3: The pathophysiology of NMOSD is based on a graphic
hypothesis that the GM (Streptococcus and Clostridium perfringens) has
caused the immune cell metabolism to be affected by Small Chain Fatty
Acids (SCFAs), Bile Acid (Bas), and Tryptophan (Trp). Proinflammatory
cytokines such as TNF (Tumor Necrosis Factor) alpha, INF (Interferon)
gamma, IL (Interleukin)-6/17/21, AQP4 (Aquaphorin-4)-Ab (Antibody),
and Th (T helper) 17 cell are among the factors that modulate the
pathophysiology of NMOSD

Figure 4: Impact of gut dysbiosis on neuromyelitis optica spectrum
disorder: Role of alcohol and substance use

GM is primarily given by the mother at birth, and it
develops further through interaction with changes in the
outside world and the feeding process. The type of diet is
the significant factor influencing changes in GM. According
to the diet consumed, certain bacteria thrive in the human
intestine. Nevertheless, the different diet components, such
as proteins, fats, carbohydrates, vitamins and fibres, will
change the composition of the GM [23-25].

Before this study, We hypothesized how aging and
alcoholism impact GM’s composition, as well as how
certain degenerative diseases and brain parasite conditions,
such as neurocysticercosis, impact GM on the development
and maturation of the mucosal immune system, the
synthesis of antimicrobial and bacteriostatic substances, the
regulation of gut neuromuscular function, the preservation
and integrity of the gut barrier, and the safe execution
of numerous vital metabolic processes, such as serving
as a detoxifier and catalyzing the metabolism of drugs,
hormones, and carcinogens, the effects on physiological
systems, including the central nervous system, and
lowering histamine synthesis [24]. In addition to altered
gene expression linked to neurotransmission changes on the
BBB permeability, we hypothesized that dysbiosis of the
GM can result in changes in metabolites and microbiota-
derived components. This dysregulation of the immune
system can cause a variety of neurological conditions and
injuries during neurodevelopmental plasticity, including
neurodegenerative, neurodevelopmental disorders, and
NMOSD.

According to immunological theory, astrocytes-AQP4 are
the target cells in NMOSD instances, and antibodies to the
NMO-IgG target conformation result in both AQP4-Ab
and the extracellular loop of AQP4, which are expressed
by damage or As destruction. We postulated that AQP4-Ab
may cause As to produce Interleukin 6 (IL-6), and that IL-6
signaling reduces BBB function, resulting in autoimmune
responses in the central nervous system. This hypothesis
was based on documented reports of CNS injuries in cases
presenting NMOSD, which are characterized by rosette-
like deposits of IgG, IgM, and complement, primarily in
the perivascular area [25].

AQP4-Ab has previously been shown to breach the blood-
brain barrier by binding to the extracellular AQP4 receptor,
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which expresses the conventional complement cascade.
This is followed by the infiltration of T lymphocytes,
granulocytes, and macrophages/microglia [26]. Neurons
and supporting cells lose support as a result of the damage
done to As. Demyelination, neurodegeneration, and
neuronal loss with necrosis, cavities, vascular thickening,
and hyalinization are caused by damaged Oligodendrocyte
Precursor Cells (OPC)/Oligodendrocytes (Od) [26].

The T lymphocyte, B lymphocytes, endogenous,
exogenous, and plasma cells are involved in the immune
cascade response in the pathogenesis of NMOSD (Figure
3).

Gut dysbiosis, a microbial imbalance in the gastrointestinal
tract that can result in a number of health problems, is
highlighted in this graphic, which emphasizes the complex
interaction between the gut and brain. The relationships
between gut health and neurological conditions like
neuromuscular spectrum disease and neuromodulation
spectrum disorder are at the center of this graphic. The
representation of every digestive system part, including
the stomach and intestines, shows the ways in which gut
health can affect mental health. Furthermore, elements like
substance abuse and alcohol usage are shown, highlighting
how they exacerbate gut dysbiosis and associated
conditions. It is essential to comprehend these links in order
to create comprehensive treatment plans that take brain and
gastrointestinal health into account.

Gut Microbiota Associated with NMOSD
Clostridium perfringens

Apart from the Firmicutes/Bacteroidetes population, we
hypothesized that Clostridium perfringens located in the
normal gut is also considered a conditional pathogen in
several contexts, including patients presenting NMOSD, as
has been documented by other investigators [26-28].

Other authors also supported the idea that Clostridium
perfringens is involved in the pathogenesis of NMOSD
[29].

Markovich-Plese et al. found that AQP4-specific T-cell
epitopes contain residues with 90% homology to sequences
within the ATP Binding Cassette Transporter Permease
(ABC-TP peptide of Clostridium perfringens), which
supports the previous statement [30].

It is associated with the differentiation of pro-inflammatory
Th17 cells, modulating the balance between pro-
inflammatory and anti-inflammatory T cell subsets and
damaging the neurons and supporting cells after passing
through the BBB.

Other Gram-positive bacteria flora, like Streptococcus, can
disrupt the epithelial cell integrity, mainly the cytoplasmic
integrity, severely damage the mucosal skin resistance, and
cause inflammation and its overrepresentation in cases with
NMOSD have been reported by many authors [31-35].

Other investigators have reported higher levels of
other GMs, such as Butyricimonas, Rothia, Veillonela,

Haemophilus, and Alistipes [36].

An overview of the articles discussed in this section is
presented in Table 1.

Table 1: An overview of studies investigating the role of GM in NMOSD

Number of Gut
Samples NMO SD . . Results
. microbiota
Patients
AQP4-specific T cell
epitopes were found
to contain residues
with 90% homology to
. sequences within the
Pg{(l);;}ée? : 18 Clost_ridium ABC-TP.
cells perfringens Th17 cells recognized
immunodominant AQP4
epitopes and proliferated
in response to the
corresponding ABC-TP
peptide.
Clostridium perfringens
Fecal Clostridium is the species most
19 . . . .
samples perfringens significantly enriched in
NMOSD patients.
Fecal and The prevalence of
peripheral 43 Clostridium Clostridium boltae was
blood boltae significantly higher in
samples AQP4-positive patients.

We considered the role of dysbalanced GM (Dysbiosis)
in other neurological conditions and documented it in
previous publications. Based on those articles and other
recent publications by Yao et al., We hypothesized that the
pathophysiology of NMOSD is modulated by metabolites
generated by dysbiosis, such as tryptophan, bile acid, and
Short-chain Fatty Acids (SCFAs), which impact immune
cell metabolism.

GM is mainly received from the mother at birth and
progresses its development through contact with the
external environment changes and feeding process. The
type of diet is the significant factor influencing changes
in GM. According to the diet consumed, certain bacteria
thrive in the human intestine. Nevertheless, the different
diet components, such as proteins, fats, carbohydrates,
vitamins and fibres, will change the composition of the GM
[23-25].

Discussion

Before this study, we speculated on the role of ageing
and alcohol disorder in the composition of GM and the
presence of some degenerative diseases and brain parasitic
diseases like neurocysticercosis and the role of GM on
the maturation and development the mucosal immune
system, the production of antimicrobial and bacteriostatic
substances, regulation of the gut neuromuscular function,
the maintenance and integrity of the gut barrier and the
healthy performance of many critical metabolic functions
acting as a detoxifier and catalyzing the metabolism
of drugs, hormones and carcinogens, the effects on
physiological systems including the CNS, reducing
histamine synthesis [24]. We hypothesized that dysbiosis
of the GM can lead to modifications in metabolites
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and microbiota-derived components, as altered gene
expression related to neurotransmission changes on the
BBB permeability, leading to dysregulation of the immune
system causing several types of neurological conditions
and injuries during neurodevelopmental plasticity leading
to neurodegenerative, neurodevelopmental disorders and
NMOSD as well. From the immunological point of view,
the target cells in cases of NMOSD are the astrocytes-AQP4
and the antibodies to NMO-IgG target conformational
leads to both AQP4-Ab and the extracellular loop of AQP4,
with complement, expressed by injury or destruction of the
As. Based on the documented reports on the CNS injuries
in cases presenting NMOSD characterized by rosette-like
deposits of IgG, IgM, and complement, mainly in the
perivascular area, we hypothesized that AQP4-Ab might
trigger Interleukin 6 (IL-6) production by As and that IL-6
signalling diminish BBB function causing autoimmune
responses in the CNS. We documented before that AQP4-
Ab pass across the BBB binding to the extracellular AQP4
receptor, which expresses the classical complement cascade,
which is followed by the infiltration of macrophages/
microglia, granulocytes, and T lymphocyte infiltration
[25,26]. The damage caused to As leads to loss of support
to neurons and supporting cells. Damaged Oligodendrocyte
Precursor Cells (OPC)/Oligodendrocytes (Od) lead to
demyelination, neurodegeneration, and neuronal loss with
necrosis, cavities, vascular thickening and hyalinization
[26].

The T lymphocyte, B lymphocytes, endogenous,
exogenous, and plasma cells are involved in the immune
cascade response in the pathogenesis of NMOSD.

In patients with dysbiosis, NCC, and AUD, a defective gut
barrier links immune activation and dysbiosis, causing Mg
polarization, which increases pro-inflammatory cytokines
production, leading to a systemic inflammatory response,
dysfunctional BBB, and NI, promoting neurodegeneration
and consequent neurological damage [24]. Based on the
previous statement, we hypothesized a similar mechanism
in cases of NMOSD.

The idea of the “Enteric Neuroimmune Cell Unit” (ENCU)
was developed in order to advance knowledge of the
interaction between the immune system and the central
nervous system. The ENCU is an internal sensory organ
in charge of safeguarding and maintaining the function
and integrity of the intestinal tract, enabling innate defence
and memory responses against some diseases. Through
commensal bacteria colonizing the GM and addressing
the reciprocal signaling between tissue-resident immune
cells and neurons/supporting cells, the ENCU develops
and promotes the maturation of the enteric neuroimmune
system [25]. The GM-brain axis, which is a complex
network of communication between the GM and the
CNS in the control of immunological, gastrointestinal,
and neurological system functions via numerous different
signaling pathways in the GBA, is what drives this
communication between the brain and the GM, such as
neural, HPA, endocrine, and immune signalling facilitated

by the synthesis and release of many molecules, including
cytokines, neuropeptides, neurotransmitters, and microbial
metabolites as we documented several times [23].

However, at this point, we have yet to determine the
mechanism by which the GM modulates the host
neuroimmune homeostasis despite some authors
highlighting

1. The effects of drastically lowered Short-chain Fatty
Acids (SCFAs-acetate/butyrate [IFN-y]) on the
mucosa’s immune response, including decreased BBB
permeability, Oxidative Phosphorylation (OXPHOS)
Stimulation, G protein-coupled receptor activation,
inhibition of Histone Deacetylase (HDAC) 40, HDAC
activity inhibition, and increased antibody production;

2. Tryptophan (Trp) Food intake (dietary proteins)
provides the gut microbiota with tryptophan catabolic
metabolites, which use the aryl hydrocarbon receptor
(AhR) expression pathway to decrease Thl7 cell
numbers and downregulate RORy (Retinoic Acid
Receptor-related Orphan Receptor gamma) and STAT3
(Signal Transducer and Activator of Transcription

3. There are also many reports on the role of GM-derived
tryptophan in B cells [25].

However, we do not know how GM-derived tryptophan
directly regulates B cell IL-10 production as antibody
production. Bile Acids (BAs): Additionally, BA metabolites
interfere with intracellular calcium homeostasis, which is
essential for T lymphocyte production and NFAT (Nuclear
Factor for Activating T Cells) signalling [37]. The BA
metabolite induces the PCD of activated B cells and blocks
Ig production. Numerous investigations have demonstrated
that in order to induce autoimmune demyelination, the GM
was required to initiate myelin autoantigen recognition.
NF-kB, the main regulator of pro-inflammatory reactions,
is suppressed when it is activated [37]. All 3 metabolites
act on immune cell expression and differentiation, as
we graphically represent in Figure 1. We hypothesized
in ecarlier research that a compromised immune system
would encourage naive T cell transformation into Th 17
cells and then into plasma cells that release the AQP4-I1gG
autoantibody, as well as accelerate B cell development
to plasmablasts [26]. We think that the primary cause of
AQP4-related NMOSD is Interleukin 6 (IL-6), and that
Th17 cell development stimulates 1L-17 and IL-21. We
also thought that the leakage of the BBB facilitates the
migration of AQP4-IgG (binding to AQP4/complement
cascade expression) from the periphery into the central
nervous system. As we represented in Figure 1, As and
OLG damage (demyelination) results from the activated
complement and neutrophil/eosinophil infiltration. The
before-mentioned GM metabolites production passes
across the injured BBB membrane and regulates B and T
lymphocytes, as represented in Figure 1. As we represented
metabolites influence Treg and Thl7 cell development
and have a significant impact on T cells. Other authors
in 2006 demonstrated that 3-oxoLCA, a derivative of
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Lithocholic Acid (LCA), inhibits Th17 cell differentiation
by blocking the function of RORyt, whereas Th17 and
Innate Lymphocyte Cell group 3 (ILC3) express RORyt
selectively, resulting in autoimmune diseases and chronic
inflammation [25,37].

Conclusion

However, by increasing the generation of OXPHOS and
mROS and increasing the amount of Histone (H3K27)
acetylation in the Foxp3 promoter, isoalloLCA, another
derivative of LCA, causes Treg cell differentiation. This
study’s primary finding is that the metabolites SCFAs,
Trp, and BAs generated from GM are very significant
in the immune cell metabolic network. The majority of
researchers worldwide now acknowledge the role of GM
in the pathophysiology of NMOSD. It can be used as
a biomarker for the onset and progression of NMOSD
and as a potential disease-modifying treatment, such as
Fecal Microbiota Transplantation (FMT), to improve the
prognosis of patients with NMOSD. To confirm or deny the
benefit of FMT, we recommend conducting a clinical trial
on individuals with NMOSD.
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