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ABSTRACT

Autism spectrum disorder (ASD) encompasses a collection of brain disorders involving neurodevelopmental and
functional disabilities of the brain. It is a disorder of unknown pathogenesis, begins in childhood, and can have different
degrees of severity. Additionally, there has been a high incidence of ASD in the last 10 years. The blood-brain barrier
(BBB) protects the brain, however in children it is not yet formed, and for subjects with ASD, this allows the passage of
harmful inflammatory substances that could be generated by ASD-induced stress. In ASD, inflammatory substances such
as cytokines (IL-1 and TNF) and chemokines (CXCL8) could be generated by brain microglia and mast cells (MCs).
Here, we report that the anti-inflammatory cytokines IL-37 and IL-38 may be involved in ASD, which could offer new
therapeutic aspects for this disorder of unknown pathogenesis that mainly afflicts children.
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INTRODUCTION

Autism, or autism spectrum disorder (ASD), is a neurodevelopmental disease with functional disabilities caused by
brain dysfunction that usually begins before the age of 3 years old. Between the years 2012-2021, 1 in 100 children were
affected by ASD and the incidence is increasing (1). In fact, today it is estimated that in the United States, approximately
1 in 60 children are affected by the disease (2). Furthermore, the diagnosis of ASDs has increased more than tenfold in
the past 20 years (3).

Individuals with ASD have impaired communication and social interaction, display abnormal behaviors due to sensory
hyper-reactivity or hypo-reactivity, and can show pervasive developmental disorder, epilepsy, and intellectual disability
(4). The disease can have varying degrees of severity and the causes are not yet known. People with ASD have a normal
phenotype that does not distinguish them from other individuals. Some affected individuals may have sufficient verbal
communication skills, while others may be nonverbal and need help in their daily lives. Individuals with ASD may also
have mental health problems such as anxiety, hyperactivity, depression, and attention deficit disorder, although these
disorders can also occur in individuals without ASD (5-7). Subjects with ASD do not have altered diagnostic signs, such
as different clinical analyses compared to normal subjects, and therefore diagnosing the disease is difficult. Since there is
no biochemical or genetic screening test at the moment, the only available diagnosis seems to be based on the anomalous
behavior of the subject affected by the disease.
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The cause of ASD is unknown, although genetics plays a strong role, and many hypotheses and theories have been
reported suggesting the risk factors for disease development (8,9). The idea that vaccines could cause ASD has been
disproved by several major studies (10,11). Moreover, since the disease is of unknown etiology, there is no specific
pharmacological therapy and as ASD manifests with different degrees of severity, behavioral therapies should be applied
individually.

Pathogenesis of autism spectrum disorders (ASDs)

The blood-brain barrier (BBB) is formed by endothelial cells, pericytes, and immune cells, and protects the brain from
the entry of toxic molecules transported by the blood. Although there is no correlation between intestinal symptoms and
ASD, children with ASD often have gastrointestinal symptoms such as pain, diarrhea, and intestinal dysfunction, which
can lead to the absorption of harmful substances that could pass through the still-unformed BBB to reach the brain,
somehow causing damage and leading to ASD (12). Autistic subjects are more prone to stress, with greater hypothalamic-
pituitary-adrenal axis activity and higher cortisol levels than non-autistic subjects (13).

There are different genetic, environmental, allergic, and infectious factors that could increase the risk of ASD, which
could involve immune cells such as mast cells (MCs) (14). MCs derive from marrow cells and reside in vascularized
tissues (15). They are activated through the binding of IgE on the FceRI receptor, which by aggregating allows the release
of biologically active compounds (16). MCs mediate innate immunity, including inflammatory disorders, and acquired
immunity (17). FceRI activation leads to cell degranulation and the immediate release of preformed mediators, including
tumor necrosis factor (TNF), and subsequently, after some hours, MC activation generates cytokines and chemokines by
de novo synthesis (18). Several immune cells, including MCs, produce IL-1 which recruits neutrophils, induces TNF and
IL-6, and increases inflammation (19). In addition, TNF derived by MCs activates immune cells such as macrophages
that participate in the inflammatory reaction (20).

Brain MCs are activated in a state of acute stress and can release corticotropin releasing hormone (CRH) which
increases vascular permeability and facilitates the passage of harmful substances to the central nervous system (CNS)
(21). Experiments on rodents have shown that stress stimulates intestinal MCs, an event that can also happen in some
allergic reactions (14,22). The activation of intestinal MCs in children with ASD, who have an undeveloped BBB, would
lead to the release of vasoactive and inflammatory molecules, such as cytokines that could cross the BBB to reach the
brain and damage it (14). Thus, in autistic children, several allergens could trigger and activate gastrointestinal MCs,
producing molecules such as cytokines and pro-inflammatory toxins that would increase BBB permeability, and then
subsequently reach the CNS, causing neuroinflammation. However, these hypotheses still need to be confirmed by further
studies. Histamine, serotonin, prostaglandins, TNF, vascular endothelial growth factor (VEGF), and vasoactive intestinal
peptide (VIP) are molecules produced by activated MCs that could increase vascular permeability. The increase of these
immune molecules in the brain could contribute to ASD.

From literature data, the immune system seems to be increasingly involved in the pathogenesis of ASD (23-29). In
fact, it seems that in subjects with ASD, pro-inflammatory molecules such as IL-1, TNF, and some chemokines, including
CXCLS, are increased both in serum and in cerebrospinal fluid (30,31). The increase of neuropeptides such as neurotensin
stimulates the gene expression and secretion of the cytokine IL-1 and the chemokine CXCL8 in microglia (32). The
activation of microglia can lead to brain abnormalities that contribute to ASD (33).

IL-37, which was previously known as IL-1F7, is an IL-1 family member whose pro-1L-37 is cleaved by caspase-1
into biologically active mature IL-37. If IL-1 is important in the pathogenesis of ASD, the inhibition of IL-1 with I1L-37,
a naturally occurring IL-1 immunosuppressant cytokine, could represent a new therapeutic strategy for this neurological
disease. Microglia activation leads to increased gene expression of IL-18 and its receptor IL-18R, mediating the
inflammatory phenomenon (Fig.1).
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Fig. 1. The autism spectrum disorder (ASD) brain may secrete IL-1 which induces inflammation, an effect that could be
inhibited by mature IL-37.

The increase in IL-37 expression may have a protective action against some pro-inflammatory cytokines such as IL-
1. IL-37 gene expression is increased in ASD, a reaction that attempts to suppress inflammation (32) (Fig.2).
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Fig. 2. Microglia from the autism spectrum disorder (ASD) brain may release inflammatory cytokines such as IL-1 and
IL-18, which can be inhibited by the anti-inflammatory cytokine IL-37, which gives protection against IL-1 family
members.

The cytokine 1L-38 also derives from the IL-1 family and has an anti-inflammatory power. This cytokine is found
within the macrophage and must be cleaved at the N-terminal portion before being secreted extracellularly in an active
form (34). The activity of this anti-inflammatory cytokine is carried out after binding to the 1L-36 receptor (IL-36R) and
the coreceptor IL-1 receptor 9 (IL-1R9) (35). It has been recently reported that IL-38 can inhibit the secretion of stimulated
pro-inflammatory molecules from cultured human microglia (36). IL-38 is a more potent inhibitor than IL-37, and in the
brains of children with ASD, there is reduced gene expression of IL-38 and its receptor IL-36R, demonstrating that this
cytokine plays a key role in the inhibition of microglial activation (36) (Fig.3).
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Fig. 3. Inside the macrophage, 1L-38 is cleaved at the N-terminal portion and is released extracellularly as its active
form. Mature IL-38 binds the IL-36 receptor and the IL-R9 coreceptor, inhibiting IL-1 secreted by microglia. In the
autism spectrum disorder (ASD) brain, mRNA, IL-38, and the IL-36R are reduced, causing the lack of inhibition of IL-1
from microglia, and therefore, inflammation.

The pretreatment of cultured human microglia with recombinant IL-38 inhibits the neurotensin-stimulated secretion
of two important pro-inflammatory molecules: IL-1B and CXCLS (36). Additionally, gene expression of IL-38 and its
receptor IL-36R was decreased in the amygdala of ASD patients (36).

However, increased IL-38 levels could signify a physiological opposition to IL-1-induced inflammation, while a
decrease in IL-38 could favor the effect of IL-1. Therefore, variations in the level of 1L-38, both in a positive and
negative sense, could indicate an inflammatory process in progress.

CONCLUSIONS

In conclusion, ASD is a neurodevelopmental disease with brain disabilities including impaired verbal communication
and social interaction, even if affected individuals do not have impaired diagnostic signs. The pathogenesis of this disease
is unknown, although it is hypothesized that harmful substances developed in the gastrointestinal tract during childhood
could cross the BBB, reach the brain and cause neuroinflammation. Moreover, allergies and intestinal inflammation could
activate MCs, leading to the release of pro-inflammatory substances. Activated MCs and brain microglia cause
inflammatory substances, such as the cytokines and chemokines IL-1, TNF, and CXCLS, to be released.

Here, based on the data reported in the literature, we hypothesize that the anti-inflammatory cytokines IL-37 and IL-
38 may be involved in ASD and might have an inhibitor effect on inflammatory cytokines, which could be useful for
therapy treating this disorder.
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