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1 Introduction

Data show that there is a connection between autism spectrum disorders (ASD) and
atopic dermatitis (AD). Several correlation studies have supported this hypothesis, even if
not all agree. It is already known that genetic and environmental factors collaborate with
immune dysregulation and inflammation in the possible pathophysiological mechanisms
shared by these two conditions (1). A new study on the prevalence rates of AD and ASD in
countries around the world highlighted a cubic relationship between the two diseases,
underlining that the correlation exists and probably there are multiple factors and
pathways involved (2).

Schematically, the probable mechanisms implicated are: 1) genetic predisposition
(ADRB2, GATA-3, MIF, BDNF, SHANK3...) and epigenetic regulation (miR-146a,
miR-155...); 2) formation of autoantibodies against brain antigens (anti-MBP, anti-
MAG); 3) brain damage caused by microglia local inflammation and activation of mast
cells (with repercussions on Thl and/or Th17); 4) maternal and neonatal vitamin D
deficiency in AD and ASD patients (with repercussions on T reg); 5) defect of
hematoencephalic membrane due to the proinflammatory cytokines rise (TNF-o. e IL-6)
caused by microbiota alterations or recurrent S. aureus infections (with repercussions on
Thl and/or Th17) (3). Since the first point has been more extensively indagated in
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literature, in this work, we will discuss the other points and delve
deeper into the most relevant results presented in the literature.

2 Discussion

Shin et al.,, in 2021 performed a study by creating a standard
mouse model of ASD (offspring of pregnant BALB/c hairless mice
treated with valproic acid) and by measuring some cytokines in
blood, skin and brain samples at several weeks after birth. They
observed: mast cells proliferation and activation; an altered lipid
composition similar to AD; skin inflammation and subsequent
emergence of neuroinflammation; increase in TNF-o and IL-17A
especially in skin samples and increase in IFN-y both in skin and in
brain samples (responsible for toxicity and chronic inflammation);
high values of Th2 cytokines (IL-4, IL-5, IL-13) especially in the first
days after birth with subsequent persistence of high values mainly in
the skin.

From these data it could be deduced a damage linked to Th2
cytokines that overcome the weak blood brain barrier of newborns
with consequent neuroinflammation or a direct damage of
microglia and neurons mediated by the neurotoxin IL-17A. INF-y
would seem to mediate the alteration of the skin and brain lipid
composition (4).

A recent meta-analysis identified some cytokine [IL-6, IL-1f,
IL-12p70, macrophage migration inhibitory factor (MIF), eotaxin-
1, monocyte chemotactic protein-1(MCP-1), IL-8, IL-7, IL-2, IL-12,
tumor necrosis factor-o. (TNF-at), IL-17, IL-4] alterations as the
main biomarkers of ASD (5).

These cytokines are the same ones involved in AD, so it is
possible to speculate that a variation of the levels of these cytokines
in the first years of life may predispose to the subsequent
manifestation of ASD. Until now, the role of Th2 cytokines as a
possible link between the two pathologies has been investigated but
it seems increasingly plausible that other types of inflammation are
also involved such as Thl, Th17, Treg.

In both ASD and AD, alterations of microbiota are common.
ASD children with gastrointestinal symptoms also have immune
imbalances. In these children, an increase in the production of pro-
inflammatory cytokines IL-6 and TNF-o and a decrease in
regulatory cytokines such as IL-10 were found, which may reflect
an abnormal response to bacteria or food antigens. Gut microbiota
regulates the transformation of naive T cells into different types of
Th cells such as Th1, Th2, and Th17 or Forkhead box P3 (Foxp3)+
Treg cells (6), suggesting that a dysbiosis could lead to the
imbalance of these cell and related cytokines found in AD and
ASD (7), as confirmed by the fact that intestinal dysbiosis precedes
the onset of AD.

A recent study focused on the alteration of Tregs and Th17
subpopulations in ASD children. According to this study, in ASD
peripheral blood cells there is a significant decrease in Tregs cells
and an increase in the Th17 cells. It is the author’s opinion that the
decrease in Tregs and increase in Th17 found may be related to
microbial dysbiosis.

As such, a specific alteration of T clones in PBMCs of autism
patients versus typically developing children had already been
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observed in previous studies: a reduction in Foxp3 (T reg) and an
increase in STAT3 and ROR vt (Th17), T-bet (Thl) and GATA-3
(Th2) were noted. Foxp3+ induced self-tolerance, so they
prevent autoimmunity; Th2 are involved in neurodevelopment
and GATA-3 regulates the synthesis of neurotransmitters and cell
differentiation; Th1 play a role in neurological disorders (multiple
sclerosis and depression) and regulate neuroinflammation together
with Th17 (8).

Some of these cytokines performed fundamental functions in
CNS: IL-1 in learning and synapse formation, IL-4 in neurogenesis
and spatial learning, IL-17A in synaptic plasticity and in the
management of anxiety (9).

Vitamin D plays a fundamental role in reducing inflammation,
upregulating Treg cells and IL-10 production, therefore its
supplementation, especially in deficient states, has been postulated
as a possible treatment with promising results for autistic children
and children with atopic dermatitis (10).

In fact, Vitamin D supplementation increases the number of
Tregs and decreases the release of IL-6 and TNF-o, through the rise
of IL-10 levels, contributing to a tolerogenic state. It is also seen that
vitamin D3 levels is negatively correlated with anti-myelin
associated glycoprotein (anti-MAG) levels and to ASD severity (11).

Another study evaluates the hypothesis that IL-17A can
interfere with neuronal and behavioral development. They
studied the brain changes that occur based on the age of exposure
to IL-17 in murine models (embryonic vs adult brain) and
ASD manifestation.

It has been demonstrated that the IL-17A produced by Th17
cells of the maternal intestine and placenta crosses the blood-
placental barrier and embryonic brain development. In addition,
it has been demonstrated that direct injection of IL-17A into the
primary somatosensory cortex dysgranular zone (SIDZ) restores
the ASD phenotypes of repetitive behavior or sociability. IL-17A
also controls the gut microbiota, and its disruption
causes autoimmunity.

Therefore, they proposed to treat pregnant psoriasis patients
with anti-IL-17 (secukinumab) and evaluate the incidence of ASD
in the offspring, if the incidence rate is reduced this could prove a
relationship between MIA (maternal immune activation) and ASD
through IL-17 signaling (12).

The potential pathogenetic role of Th17 is also known in AD. In
a meta-analysis, the authors observed that Th17 cells and serum IL-
17 levels are higher in AD patients than in controls. IL-17 has pro-
inflammatory activity and it participates in the autoimmune
response (13).

An almost certain connection between these two disorders
seems evident as shown in Figure 1.

Wan et al., in 2023, evaluated the correlation between AD and
various neuropsychiatric disorders (autism, ADHD, anxiety,
depression, obsessive-compulsive disorder,...), conducting a
population-based cohort study on children under the age of 18.
Although a strong association between AD and ASD has not been
found in this population, an increased risk of developing autism was
observed in patients with moderate AD or younger than 12 years of
age, compared to controls. This suggests to the authors that the
relationship between the two diseases may be due to several factors
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FIGURE 1
Possible common factors involved in the pathogenesis of ASD and AD.

(including degree of disease and age of onset), in agreement with
our hypothesis (14). Correlation between the two diseases seems to
exist, but better targeting of the study population is needed so that
interference can be reduced. Selecting a sample with specific
characteristics (degree of disease severity, age of patients) could
help to conduct more focused studies so that any correlation
between the two diseases can be studied more appropriately.

We hypothesize the existence of a particular AD phenotype that
predisposes to the development of ASD, so being able to identify the
cytokine pathways involved between the two conditions could be
useful to clarify this link. It could become the keystone to design a
prompt treatment of this AD subgroup and prevent the onset
of ASD.

We suggest that subsequent clinical studies should be designed
for better defining the target population and dosing the main
cytokines that seem relevant up to now (TNF-o, IL-1f3, IL-6, INF-
Y, IL-17, IL-12p70, MIF, IL-4 and IL-13). The results discussed,
offering the basis for future research, should make clinicians,
especially neuropsychiatrists and dermatologists, more aware of the
possibility of an interconnection between these two pathologies
resulting in a global assessment of the patient with autism.

2.1 Highlights

« AD specific phenotype could predispose to ASD.

« Identifying cytokine pathways clarifies the AD-ASD link,
relevant cytokines are: TNF-o, IL-1f3, IL-6, INF-y, IL-17, IL-
12p70, MIF, IL-4, IL-13.
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o Further studies are needed to design a treatment of this AD
subgroup and prevent the onset of ASD.

« Neuropsychiatrists and dermatologists should be aware of the
possibility of an interconnection between these two conditions.
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