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The human microbiota embodies the whole population of microorganisms present in the human body and is mainly
represented by the gut microbiota. Factors influencing the composition and activity of the gut microbiota can alter

the balance that exists between the host and the microbiota by compromising its functions.
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| 1. Human Microbiota: Composition and Functions

The human microbiota embodies the whole population of microorganisms present in the human body and is mainly
represented by the gut microbiota. Bacteria are the main components of the gut microbiota, but protists, archaea
and virus represent the other components, even if present in a smaller amount L. They are principally represented
by Firmicutes, Bacteroidetes and Actinobacteria, which account for more than 90% of the gut bacteria and are
essential for maintaining the homeostasis of the entire intestinal bacterial flora 2. Despite the myriads of possible
combinations, it has been shown the existence of a limited number of balanced host—microbial symbiotic states.
Accordingly, the existence of three different enterotypes has been observed, each one resulting from the variation
in the levels of one of following genera: Bacteroides, Prevotella and Ruminococcus L. The integrity of the gut
microbiota guarantees many physiological processes of the host such as intestinal barrier function, digestion,
metabolism of dietary elements and vitamins biosynthesis. Thus, many are the functions of human microbiota; in
particular, the immunomodulatory function and the bidirectional interaction with the central nervous system (CNS)
have reached great consideration in the last decades. Clostridia accounts for 95% of the Firmicutes phylum
resident in gut microbiota, representing the main producers of short-chain fatty acids (SCFAs) through the
fermentation of proteins and carbohydrates. Of note, SCFAs (e.g., propionate and butyrate) support the
differentiation of naive CD4+ T cells into Foxp3+ CD4+ T regulatory cells (Tregs) by stimulating acetylation of the
H3 histone at the promoter of the Foxp3 gene regulating the anti-inflammatory responses through G-coupled
protein receptor 43 [Bl. Moreover, the gut microbiota—immune system interplay also regulates the production of
immunoglobulins, in particular mucosal IgA. In fact, if the bacterial presence decreases, the local antibody
response also decreases. This probably depends on the fact that the production of IgA induces the microbiota to
penetrate Peyer’s patches, providing a positive reinforcement to the generation of IgA &, In addition, circulating
SCFAs may regulate the permeability of endothelial tight junctions enhancing the integrity of the blood brain barrier
(BBB). The relationship between gut microbiota and CNS is known as the microbiota gut—brain (MGB) axis, a

concept first proposed in 2012 Bl This closed relationship has been demonstrated to be mediated also by
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neuroanatomical structures existent between the brain and gut, and via intestinal nerves located in the intestinal
wall B, In this view, the intestinal information can be transmitted to the brain by the vagus nerve, with a response
via its descending branch which regulates, in turn, intestinal activities. In addition, another component of the MGB
axis is the neuroendocrine axis, represented by the hypothalamic—pituitary—adrenal (HPA) axis. It allows the
regulation of the major pathway in gut-brain communication under stress conditions €. The HPA determines
variations in gut microbial composition and functions by its activation. Dysfunctions in the HPA have been
demonstrated to have a crucial role in the pathogenesis of neuropsychiatric diseases. Precisely, the HPA mediates
the activation of the inflammatory signaling pathway with the consequent release of inflammatory mediators, such
as tumor necrosis factor a (TNF-a), interferon-y (IFN-y) and interleukin 6 (IL-6) . In turn, these mediators can
contribute to the destruction of BBB integrity and development of brain diseases, via systemic circulation and by
damaging the gut mucosal barrier. In addition, inflammatory-induced HPA response also influences the secretion of
glucocorticoids &, which in turn activate intestinal function and the production of pro-inflammatory factors 2. This
vicious circle also causes the activation of enteric immune cells, such as T helper (Th) 17 and natural killer cells
that can translocate into the brain and cause neuroinflammation 9. Neuroinflammation, in turn, also alters the gut
microbial composition, which ulteriorly stimulates enteric immune cells and microbiota-derived metabolites acting

as regulators in this bidirectional via inflammatory signals.

Because of the immunoregulatory function of gut microbiota, the alterations of commensal microbiota (i.e.,
dysbiosis), recently, have attracted an increasing interest regarding its pathogenetic role in immune-mediated
diseases. Indeed, dysbiosis is characterized by the alteration of host—microbe interaction, and it has been
associated with a low-grade inflammation, metabolic syndrome, infections of the gastrointestinal tract and
inflammatory bowel disease LUL2I131114] Of note, the reduced Firmicutes/Bacteroidetes ratio (F/B ratio) due to the
increase in the Bacteroidetes phylum has been found to be associated with the pro-inflammatory shift of the gut
microbiota in autoimmune diseases such as systemic lupus erythematosus, systemic sclerosis, Sjogren’s
syndrome, antiphospholipid antibody syndrome, multiple sclerosis (MS) and myasthenia gravis (MG), while F/B
ratio alteration is conflicting in obesity wherein some authors found a reduction while other found an increase [2116]
[17]18] ' Although the gut microbiota has reached a great consideration, the oral microbiota has been neglected. It
has been estimated that 500 to 700 different species inhabit the oral cavity and among these the species
Streptococcus mitis is the most abundant 22120 However, the composition of oral microbiota is extremely variable
depending on oral habitats (e.g., tongue, cheeks, teeth) as well as on the presence of exogenous pathogens
and/or the overgrowth of previously existing resident oral microbiota 2221, Although the role of oral microbiota in
MG is almost unexplored, its involvement in the pathogenesis of autoimmune disease is attractive. Indeed, the
increase in the Staphylococcus, Actinomyces and Bacteroides genera and the reduction in Lactobacillus have
been recently found in the oral cavity of patients with MS 22, MG is a neuromuscular autoimmune disease
characterized by the immune-mediated destruction of the neuromuscular junction (NMJ). Although antibodies
against the neuromuscular junction components are recognized, the MG pathogenesis remains unclear and it is
probably multifactorial 23], Based on the emerging evidence on the roles of microbiota in the pathogenesis of other
autoimmune disease such as MS, the perturbations of human microbiota have been recently suggested to

contribute to MG pathogenesis and clinical course. Accordingly, some products derived from commensal flora have
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been demonstrated to have anti-inflammatory effects, while other have been shown to possess pro-inflammatory

properties.

| 2. Factors Influencing Microbiota

Factors influencing the composition and activity of the gut microbiota can alter the balance that exists between the
host and the microbiota by compromising its functions. In particular, diet, aging, exercise and antibiotics can affect
gut microbiota composition (241, Diet is one of the main factors capable of shaping the composition and functions of
the gut microbiota and the different types of diet can mediate beneficial or negative effects. Indeed, the
Mediterranean diet (MD) promotes microbial diversity and expands beneficial bacterial taxa: (1) fruits and
vegetables are able to reduce the growth of potentially harmful bacteria; (2) polyunsaturated fatty acids (PUFAS)
have been shown to reduce the Firmicutes/Bacteroidetes ratio increasing SCFA-producing bacteria (e.g.,
Bifidobacterium, Lachnospira, Roseburia and Lactobacillus) enhancing the intestinal barrier functions 221281, The
beneficial effect of MD on waist circumference, glucose and lipid metabolism is well known. Furthermore, MD is
able to reduce chronic systemic inflammation influencing thus the clinical course of chronic autoimmune disease
(161 Other diets such as low carbohydrates diets (e.g., ketogenic diet, paleolithic diets, etc.), gluten-free diet,
fasting-mimicking diets and whole food plant-based diet have been associated with a reduced pro-inflammatory

systemic state but their role in MG is almost unexplored or inconclusive 27,

Conversely, diets rich in animal-based proteins and saturated fatty acids (e.g., Western diet) reduce microbial
diversity, increase the abundance of the potentially pathogenic and pro-inflammatory bacteria (Figure 1) 28,
Similar changes occur in the elderly. During aging, a loss of microbial diversity and a shift toward a population
characterized mainly by Bacteroidetes was observed 28, Although there are no studies exploring the role of MD in
myasthenia gravis, given the beneficial effects of MD, the researchers support the use of MD in these patients

rather than other potentially harmful diets.
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Figure 1. Relationship between external influencing factors and human microbiota and its consequences in
myasthenia gravis. LPS, lipopolysaccharide; GALT, gut-associated lymphoid tissue; SCFAs, short-chain fatty acids;
NMJ, neuromuscular junction; ACh, acetylcholine; AChRs, acetylcholine receptors; Th, T helper cell; Tregs, T

regulatory cells; TNF, tumor necrosis factor; IL, interleukin; CNS, central nervous system.

Exercise also exerts beneficial effects on the microbiota. In both animal models and humans, physical exercise can
increase butyrate-producing bacteria. In particular, the use of running wheels by mice increased Firmicutes and
improved cognition 22 while treadmill running was able to reduce Bacteroides with subsequent cognition
improvement and neuroinflammation reduction Y. Resistance-based training was able to promote the production
of SCFAs as well as reduce potentially harmful bacteria such as Bacteroides and instead increase

Faecalibacterium and Lachnospira 11,

The excessive use of antibiotics can induce a state of dysbiosis which is rapid to establish and long to be reversed,
characterized by reduced colonization of the colon by bacteria resistant to invasion by other pathogens and by a
decline in the taxonomic diversity with loss of functional differentiation. Moreover, it has been hypothesized that the
use of antibiotics may also favor the development and maintenance of inflammatory bowel disease [22. Moreover,
the increased incidence of autoimmune diseases has increased in parallel with the increased use of antibiotics.
Incorrect use of antibiotics could alter the intestinal immune response in two ways: firstly, by reducing the bacteria

that are directly able to mediate an anti-inflammatory response and to stimulate the production of Tregs cells, such
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as the Lactobacillus and Bifidobacterium; secondly, by reducing the production of SCFAs capable of regulating the
immune response at a peripheral level 33, Education of the immune host system by the gut microbiota is
fundamental for establishment of self-tolerance and response to the toxic antigens. In fact, intestinal Tregs are
induced by the colonization of the colic mucosa by commensal bacteria such as Clostridium clusters IV, XIVa, XVIII
and Bacteroides fragilis. Apart from nutritional factors and drugs, pathogenetic colonization may also alter
microbiota functioning. Indeed, Listeria monocytogenes and Toxoplasma gondii are able to alter the T cell-gut
microbiota interaction, resulting in an immune response driven by Thl cells. It is possible that factors such as diet
or antibiotics act as disruptors of microbiota, secondarily inducing alterations of the immune response. Priming of
the immune response in the presence of gut dyshiosis could therefore result in the acquisition of pathogenic
properties by the immune system and contribute to the induction of autoimmune diseases. Studies exploring the

alteration of oral and gut microbiota in patients with MG are limited, although they are increasing.
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