g AIMS Allergy and Immunology, 6(3): 126—152.
5 Allergy and DOI: 10.3934/Allergy.2022011
%? Immun OIogy Received: 27 June 2022
o Revised: 14 August 2022
Accepted: 17 August 2022

Published: 25 August 2022

)

http://www.aimspress.com/journal/Allergy

Review

Multiple sclerosis and allergic diseases: is there a relationship?

Lisa Aielli', Federica Serra? and Erica Costantini>*

Department of Innovative Technologies in Medicine and Dentistry, University “G. d’Annunzio” of
Chieti-Pescara, Italy

Department of Pharmacy, University “G. d’Annunzio” of Chieti-Pescara, Italy

Department of Medicine and Science of Aging, University “G. d’Annunzio” of Chieti-Pescara,
Italy

* Correspondence: Email: erica.costantini@unich.it; Tel: +3908713554026.

Abstract: Immune system disorders characterize various diseases such as multiple sclerosis (MS)
and allergic diseases (AD). In MS, T-helper (Th)1 cell phenotype is responsible for the disease onset
and long-term evolution. On the other hand, excessive Th2 cell activity has been demonstrated in AD.
The simultaneous increase of MS and AD in the same geographical areas, observed in recent years,
has questioned the mutually exclusive correlation between MS and AD immunopathogenesis
supported by the Th1/Th2 paradigm and has moved the interest in understanding possible overlaps.
This manuscript aims to discuss the literature, collected over the past two decades, about the
association between MS and AD, and both experimental and epidemiological studies have been
reviewed. The results do not provide a solid correlation between AD and MS, although experimental
studies support the involvement of the same cells and molecules in the immunopathogenesis of both
diseases. Further studies, increasing knowledge on the cellular and molecular mechanisms involved
in these two disorders, could help to clarify if a positive or negative association links them and
provide the possibility for the development of new therapies.
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1. Introduction

Multiple sclerosis (MS) and allergic diseases (AD) are both chronic diseases based on
dysregulated immune responses against harmless antigens [1,2] and have been conventionally
considered to have mutually exclusive pathogenesis congruent with the T-helper (Th)1/Th2
paradigm [3].

Thl and Th2 cells represent polarized forms of CD4+ Th cells that drive distinct branches of the
immune system, which are “cellular immunity” and “humoral immunity” respectively [4,5]. The
Th1/Th2 ratio has a protective function for the host from pathogenic invasion and its balance has a
regulatory effect on immune behavior. However, the uncontrolled activity of Th cells and the
imbalance of Th1/Th2 ratio may cause various immune disorders, including autoimmune diseases,
such as MS, and AD [6,7]. In fact, focusing on the involvement of Th1/Th2 cells, evidence is
accumulating that Thl cells play an important role in the development of MS, promoting the
upregulation of cell-mediated immune functions with the production of cytokines such as interferon
(IFN)y and tumor necrosis factor (TNF)a which increase inflammation, leading to disease
progression and worsening of MS symptoms, whereas Th2 cells appear to modulate the tissue damage
and contribute to disease remission through the secretion of anti-inflammatory cytokines including
interleukin (IL)-4, IL-10, and IL-13 [7-10]. Instead, the uncontrolled humoral immunity promoted by
Th2 lymphocytes is the protagonist of AD; indeed, with the production of characteristic cytokines
such as IL-4, IL-5, IL-9, and IL-13, allergen-specific Th2 cells mediate inflammatory pathogenesis
of allergic disorders supporting both immunoglobulin E (IgE) and eosinophil activity [11,12]. On the
other hand, in the field of AD, it is widely suggested that the shift towards Thl responses has a
protective role [4,13,14] (Figure 1).

The monocytic overproduction of IL-12 in MS patients compared to allergic patients has been
proposed as a possible mechanism underlying the Th1/Th2 paradigm and the mutual exclusivity
between MS and AD, being IL-12 a key Thl-inducing factor and a Th2-cytokines inhibitor.
Therefore, the increased production of IL-12 may protect MS individuals from developing allergies
but predispose them to autoimmune inflammation of the CNS and its exacerbation [14].

AIMS Allergy and Immunology Volume 6, Issue 3, 126-152.



128

Thl Th2
[FNy %f
TNFo P
1.2 IL-9

N IL-13
! O !
2
cellular immunity humoral immunity
/ /
rrh?
a &
</ / b , >\\ )/
o |
MS AD

Figure 1. Focus on the classical Th1/Th2 paradigm, underlying the mutual exclusivity
between MS and AD. A predominant Thl profile promotes cellular immunity, which has
been associated with MS, whereas a predominant Th2 profile promotes humoral
immunity, which has been associated with AD. Thl cytokines negatively modulate Th2
activity and vice versa, making MS and AD mutually exclusive. AD: allergic diseases;
IFN: interferon; IL: interleukin, MS: multiple sclerosis; Th: T-helper; TNF: tumor
necrosis factor.

In the last few decades, the observation of a simultaneous increase of both immunological
disorders in the same geographic areas [15] and the co-existence of autoimmune disorder and allergy
in the same patient have moved the interest towards the search for possible correlations, that go
beyond the biological plausibility based on the presence of common risk factors [16].

Identifying possible relationships between allergies and MS can help to better understand the
immunological mechanisms underlying these pathologies and consequently to guide preventive and
therapeutic approaches. Therefore, summarizing the previously published research on the topic, the
aim of this manuscript is to verify a solid correlation, positive or negative, between the two immune
diseases.

2. Methods

The search was conducted on PubMed using “allergy”, “allergic disease”, “multiple sclerosis”,
“experimental autoimmune encephalomyelitis” and “allergy and multiple sclerosis” as key terms and
filtering studies published from 2000 to date. Experimental research focused on the analysis of the
molecular mechanisms shared between the two immune-mediated disorders was identified and
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reviewed. Clinical and epidemiological studies that evaluated the association between AD and MS
were included. Additional research was carried out to frame both allergy and MS, using useful
keywords to describe their epidemiology, etiology and immunopathogenesis.

After a general summary of the immune mechanisms characterizing MS and AD, the conflicting
findings regarding the association between AD and MS were reported and discussed.

3. Multiple sclerosis

The MS is a chronic inflammatory and demyelinating disease of the central nervous system
(CNS), based on the abnormal activation of the immune system against CNS autoantigens [17,18],
that predominantly affects young adults between the ages of 20 and 40, with a distribution ratio of
women to men of approximately 3:1 [19,20]. As result of the globally increased incidence of disease,
MS affects the health of over 2.8 million people [21] and weighs heavily on the socio-economic
sphere due to the high cost of available care and poor employment prospects for patients [22].

The autoimmune attack against self-antigens in the brain and spinal cord causes the
characteristic “lesions” or “plaques” of MS, which are areas of myelin and oligodendrocytes
destruction that can progress to neuroaxonal degeneration and tissue atrophy [19,23]. Depending on
brain areas affected and nerve transmission pathways compromised [24], the symptoms can affect
the most varied skills, such as motor and coordination abilities, sensory capacity, sight, language and
control of the viscera. Pain, fatigue and sexual disturbances are also often reported by MS
patients [25], and the physical condition evolves to severe disability in about half of the patients [26].
Furthermore, the pathological changes in cortical brain regions justify the deterioration of cognitive
functions such as memory, attention and abstract reasoning [27].

CNS lesions must be disseminated in space (DIS) and time (DIT) to proclaim a diagnosis of MS,
through a clinical approach supported by radiological techniques of magnetic resonance imaging
(MRI) [28] and laboratory findings such as the detection of cerebrospinal fluid-specific oligoclonal
bands, which are all components of the recently revisited 2017 McDonald Criteria [29,30].

Clinically, MS is distinguished in relapsing-remitting (RR), primary-progressive (PP),
secondary-progressive (SP) and progressive-relapsing (PR), despite the high wvariability that
characterizes clinical presentation and course of the disease [31]. Most patients initially present with
RRMS, defined by acute episodes of neurological symptoms alternating with periods of remission. A
variable percentage of these subjects (25—40%) develop a progressive accumulation of disability over
time, with rare or absent relapses (SPMS). In 10-15% of patients, PPMS is diagnosed, in which the
progressive accumulation of disability is present from the onset. Finally, in PRMS, progressive
worsening of disability from the onset is accompanied by defined acute relapses, with or without
complete recovery [32].

Considerable efforts are directed to understand the pathophysiology of MS disease to enrich the
range of biomarkers able to describe MS phenotypes ever more clearly and earlier, in order to define
a prognosis of the disease course in the individual patient [33] and direct treatment not only of
symptoms and exacerbations, but also of disease progression with appropriate disease-modifying
therapies (DMT) [34]. A greater clinical definition of MS phenotypes would benefit the correct
design of clinical studies, ensuring the necessary recruitment of a homogeneous population in order
to provide positive results [33]; similarly, it would benefit population studies that aim to define the
profile of MS patients in relation to genetic, epigenetic, environmental and comorbid factors.
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The exact etiology of MS remains unknown, but epidemiological studies have brought to light
an extensive panel of predisposing factors to the disease, therefore collectively defined as
multifactorial [35]. The genetic background represents about 1/3 of the total disease risk as
evidenced by the higher frequency of MS within families, and the Genome-Wide Association Studies
(GWAS) identified more than 100 genes loci associated with MS, including the HLA DR15/DQ6
variants of the Major Histocompatibility Complex (MHC), alleles of the IL-2 receptor alpha gene
(IL2RA) and polymorphisms of IL-7 receptor alpha gene (IL7RA) [26,32]. Other factors affecting
the environment and lifestyle interact with genetic predisposition, increasing the risk of developing
MS; compelling evidence has been reported for sun exposure and vitamin D levels, smoking, obesity,
and Epstein-Barr virus (EBV) infection [20,36].

Whatever the triggering cause, the onset of MS immunopathogenesis is the impaired
immunological tolerance to autologous proteins [37]. Most of the current knowledge on the
pathological mechanisms of MS comes from studies carried out on the animal model of experimental
autoimmune encephalomyelitis (EAE), starting with the identification of the specific antigenic
targets of the autoimmune response. In EAE, the disease is triggered by the animal's immunization
with the two main myelin proteins such as myelin basic protein (MBP) and myelin proteolipid
protein (PLP) in total or as peptide fragments [38,39]; therefore, even in MS it is assumed that the
autoimmune response is sustained against myelin antigens [40].

The first cells to acquire self-reactivity at the peripheral level are CD4+ T lymphocytes, whose
polarization is directed towards the proinflammatory phenotypes Thl and Th17 which have a
predominant role in MS pathogenesis through the secretion of the respective cytokines such as IFNy,
TNFa and IL-2 for Thl, and IL-17 for Th17, whereas the regulatory function of the Th2 phenotype
is disadvantaged [32]. The peripheral autoreactive lymphocytes express their pathogenic potential
within the CNS transmigrating the blood-brain barrier (BBB) [41,42], whose important physiological
barrier function is altered in the pathological condition by the upregulated expression of adhesion
molecules, chemokines, chemokine receptors and matrix metalloproteinases [43—45]. In the CNS
parenchyma, the activation of lymphocytes is exacerbated by the encountering of myelin
autoantigens, triggering a cascade of inflammatory mediators that chemoattract additional
immune cells from the periphery, including T cells, B cells and monocytes readily activated to
macrophages [32]. The immunological activity of all these cells leads to myelin damage and
formation of the characteristic lesions of MS, scarred by the astrocytes [46]. In addition, the plaques
of demyelination contribute to breaking the integrity of the BBB [47], facilitating the further
infiltration of peripheral cells into the CNS in subsequent episodes of acute inflammation, defining
the clinical condition of relapse [33]. The cytotoxic CD8+ T lymphocytes and phagocytic cells
contribute to MS pathogenesis by a direct attack of neurons and oligodendrocytes [35]. Moreover,
the role of B lymphocytes in MS has been revalidated in recent years; indeed, in addition to being
cells producing autoantibodies against myelin structures, B cells also work as antigen-presenting
cells (APC), as cytokine-secreting cells, and as cells aggregating in follicular-like structures between
the meningeal spaces, defining a trapped inflammation together with chronically activated microglial
and astrocytic cells [41,48,49]. The presence of persistent inflammation in the CNS, even in the
absence of acute inflammation due to the migration of immune cells from the periphery [47],
supports the chronicization of the damage, accompanied by the collapse of the mitochondrial energy
system, the massive influx of calcium due to the deregulation of ion channels, the increase in
oxidative stress, the massive excitotoxic effect mediated by glutamate produced by lymphocytes and
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microglia, the accumulation of iron, the loss of trophic support by oligodendrocytes, and the
complement activation [47,50,51]. Activated microglia plays a central role in mediating many of
these tissue damage mechanisms with highly proinflammatory behavior. Furthermore, the presence
of microglia clusters is not limited to the areas of demyelination but has also been observed in the
proximity of the plaques, constituting pre-active lesions that can transform into active demyelinating
areas and contribute to the expansion of the damage [52]. The chronicization of brain inflammation
causes the exacerbation of the damage up to neuro-axonal loss and the accumulation of irreversible
clinical disability [53].

4. Allergic diseases

The AD are the most frequent forms of immunological diseases, affecting the health and quality
of life of approximately 35% of the world population [54,55], with high costs for pharmaceutical
therapies and inpatient hospitalizations, and socio-economic consequences such as absence from
work or reduced work efficiency of allergic people [56].

The term “atopy” is improperly used as a synonym for allergy; instead, atopic individuals have
a strong genetic predisposition to the development of allergies, but not necessarily present the
symptoms [57]. Allergy is defined as an immediate hypersensitivity reaction, due to the rapid
manifestation at the vascular and muscle level of the excessive immunological activation against
harmless exogenous antigens; however, the immediate reaction is followed by a late inflammatory
response which promotes tissue damage, and most AD are linked to atopy [58,59].

The AD are classically known as IgE-mediated immune responses to harmless foreign
allergens [58], and at the heart of understanding how susceptible individuals develop IgE against
certain environmental factors is knowledge of how the immune system recognizes and responds to
offending agents. Two distinct phases drive the allergic response [60]. In the first phase (or
sensitization phase), the dendritic cells (DC) capture the allergen at the site of entry and migrate to
the lymph nodes, where present it to the naive T-cell population and drive the differentiation of
lymphocytes preferentially towards the Th2 phenotype. The Th2 secretion of specific cytokines such
as IL-4, IL-5, IL-9 and IL-13, is responsible for switching B lymphocytes to produce IgE and for
involvement of mast cells, basophils, and eosinophils [61,62]. IgE play a central role in allergic
inflammation, completing the sensitization phase and initiating the elicitation phase. In fact, the IgE
antibodies produced bind high-affinity IgE receptor FceRI present on the surface of mast cells and
basophils, thus made more sensitive and susceptible to a possible subsequent exposure to the specific
antigen. The sensitization phase ends without manifestation of symptoms, with sensitized mast cells
located in the connective tissue next to the antigen entry route [63,64]. With subsequent exposure,
the binding of IgE antibodies anchored to mast cells by the specific antigen is transduced by the
FceRI receptor as a signal to activate these cells, pouring out the content of the granules into the
surrounding environment [65,66]; thus begins the elicitation phase. The preformed inflammatory
mediators released with degranulation are mainly responsible for the immediate allergic
manifestation, which will be almost local due to the fixed tissue localization of mast cells. The
product most conspicuously secreted by mast cells degranulation is histamine, a vasoactive amine
with a short half-life involved in vasodilation and increasing vascular permeability. Several
preformed protease enzymes such as tryptase are also released, causing tissue damage by digesting
the matrix. Mast cells do not participate in the allergic response only through the action of pre-stored
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substances, but also through the instant synthesis and production of other classes of molecules, such
as lipid mediators (prostaglandins, leukotrienes, platelet-activating factors) and cytokines, which
perpetuate the Th2 response. Lipid mediators are proinflammatory molecules derived from
arachidonic acid that rapidly cause smooth muscle contraction and support the action of histamine on
blood vessels. Therefore, in addition to causing the immediate manifestation of the allergic response,
all these products of mast cells activation, including cytokine and chemokine environment,
contribute to the onset of the late inflammatory phase by facilitating the recruitment of leukocyte
cells, in particular basophils, eosinophils, neutrophils and Th2 cells [65,67]. Basophils represent the
circulating counterpart of mast cells and, when recalled to the inflammatory site, they too
degranulate due to re-exposure to the allergen, releasing mediators like those of mast cells (histamine,
eicosanoids, IL-4 and IL-13) [68]. Eosinophils are also an important cellular component of allergic
reactions, whose activity is supported by IL-5 produced by Th2 lymphocytes and mast cells [69].
Eosinophil and neutrophil infiltrates strongly support tissue damage with a noticeable release of
proteases, accompanied by a broad spectrum of reactive oxygen species, such as superoxide anion,
hydrogen peroxide and nitric oxide, produced by neutrophils [70]. Thus, the clinical features of
allergies mirror the activities of both resident cells and circulating leukocytes recruited to the site of
exposure.

Allergic rhinitis, food allergies, bronchial asthma and anaphylaxis are the most common forms
of allergy, each with typical pathological and clinical manifestations based on the route of entry of
allergens and on the mediators mainly involved in the immune response. In susceptible individuals,
allergic rhinitis is triggered by the inhalation of volatile allergens [71], to which the immune system
responds excessively, causing nasal symptoms such as congestion, dripping and itching, often
accompanied by allergic conjunctivitis, dry cough, alteration of the auditory tubes and chronic
sinusitis [72]. Food allergies result from an abnormal immunological response to otherwise harmless
food protein antigens and symptoms can be accompanied by allergic rhinitis, asthma and atopic
dermatitis [73,74]. In childhood, allergies to cow's milk, eggs, peanuts, tree nuts, soy and wheat are
common; the first two usually resolve spontaneously at a later age, while the others are typically
persistent in adults, in which allergies to fish and shellfish also often arise [74,75]. However, oral
allergic syndrome is the most frequent form of food allergy in adults, caused by allergens present in
fruit and vegetables that trigger an allergic reaction of itching and swelling confined to the lips,
mouth and throat [74]. Bronchial asthma is due to chronic inflammation of the airways induced by
inhaled allergens. The bronchoconstriction and obstruction of the upper airways, that characterize
this respiratory allergy, manifest themselves as dyspnea, wheezing, cough and chest tightness,
accompanied by tachycardia [76—78]. The pathological condition can be exacerbated by factors other
than inhalant allergens, such as cold, exercise, cigarette smoke and viral infections [79]. Finally,
anaphylaxis is the most serious immediate hypersensitivity reaction and can be triggered by a
multitude of factors including drugs, insect bites and foods. The manifestations of the anaphylactic
reaction are urticaria, laryngeal edema and breathing difficulties, up to a systemic imbalance with a
drop in blood pressure and risk of lethality [80,81].

The exact etiology of immune system hypersensitivity to external antigens normally recognized
as harmless is not known. It is classically accredited that the genetic background plays a fundamental
role in allergy susceptibility, thanks to the identification through GWAS of hundreds of genes
involved in the alteration of innate and adaptive immune functions [57]. Genes associated with the
structure and functionality of epithelial and mucosal barriers have a critical role in supporting the
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inflammatory phase of the allergic response; for example, in various allergic forms a defective
epithelial tissue, with incomplete tight junctions unable to counteract the penetration of allergens and
their contact with resident immune cells, was found [82]. In respiratory allergies, the pathological
condition is favored by the alteration of the goblet cells, whose overproduction of mucus causes
obstruction of the airways [83] and persistent contact with inhaled allergens trapped in the mucus
secretion. Furthermore, about the alteration of adaptive immunity, it is not surprising that certain
polymorphisms of genes involved in the differentiation and effector functions of Th2 cells,
as mediators of Th2 polarization pathway IL-4, IL4RA, signal transducer and activator of
transcription 6 (STAT6) and GATA binding protein 3 (GATA3), are associated with a greater risk of
allergy [84], being a Th2-mediated pathology.

In recent years, epidemiological studies have found an increase in the prevalence of allergies in
developed and developing countries [85], leading researchers to reconsider the influence of
environmental factors on the risk of allergic disorders onset; in fact, to date, the weight of the
environmental impact in making an individual susceptible to allergic hypersensitivity reactions is
considered the same as that of the genetic background [55]. Climate change and the high rate of
atmospheric pollution are certainly among the most accredited risk factors for AD [86,87].
Furthermore, when environmental factors lead to epigenetic modifications of the genes involved in
the allergies’ development, it is possible that they impact on the susceptibility not only of the
individual but also of subsequent generations, since epigenetic regulations can be heritable. In this
regard, the polarization of T lymphocyte subpopulations and the consequent differential secretion of
inflammatory mediators are known among the immune functions regulated by epigenetics [88,89].

The increase in allergies in Western countries is justified by the hygiene hypothesis according to
which a lifestyle conducted mainly indoors and in excessively clean environments does not
allow infants to properly develop the immune defenses, which are more easily directed
against environmental antigens or self-antigens, resulting in allergic or autoimmune pathologies
respectively [15,90]. In fact, exposure to frequent infections in poor hygiene environments triggers a
strong Th1/Th2 immune response, which is however effectively controlled and regulated by the
cytokine IL-10 secreted by regulatory T lymphocytes, as well as by monocytes, macrophages and
dendritic cells; on the other hand, in subjects poorly exposed to bacteria and parasites, this
immunoregulatory function mainly mediated by Tregs is almost absent [91,92]. Diet, obesity, the
increase in cesarean sections and the use of antibiotics in the first years of life are also risk factors for
the development of allergies in the West [90,93,94]. The study of the allergies incidence in
immigrants from developing countries has highlighted the importance of environmental factors and
lifestyle in predisposing to these immunological disorders. Immigrants show a lower prevalence of
allergy than the native population, but interestingly the risk of AD increases with length of residence,
younger age at migration and birth in the Western environment after parental migration. Therefore, it
is likely that the allergies increase in developing regions is due to economic growth and the adoption
of a Westernized lifestyle, and this trend will continue to grow [95,96].

5. Relationship between multiple sclerosis and allergic diseases
The observation of simultaneous increase of autoimmune diseases and allergies in the same

geographical areas [15] has sparked interest in identifying a possible correlation between these
immunological disorders that exceeds the oversimplification of Th1/Th2 paradigm.
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The critical regulation of the immune response in both autoimmune and allergic inflammatory
diseases can be genetically determined by polymorphisms or mutations in multiple genetic sites,
influencing the development of Thl or Th2 cytokines. Given the complexity of the immune response
in the two pathological conditions, it might seem that the presence of MS (Thl-mediated) and AD
(Th2-mediated) cannot co-exist in the same individual. From the literature, however, the co-existence
of the two conditions has emerged and polymorphisms responsible for the Th1/Th2 pathways control
are among the most plausible causes [97], although clear data are not yet reported.

Since MS is a highly widespread and disabling autoimmune-based CNS disease [98], many
efforts have been devoted to find a correlation with allergic disorders, in order to highlight disease
mechanisms and optimize MS clinical and therapeutic approaches. In addition, understanding earlier
and better the MS patients’ risk of disease progression and disability worsening reflects on the
possibility of improving patients’ quality of life. Indeed, previous studies have found that the quality
of life in subjects with progressive MS forms is significantly lower than in patients with other forms
of MS [99,100]. The study of the correlation between MS and AD could bring out the latter as new
predisposing or protective factors for MS, and thus open new clinical approaches to avoid the
manifestation of the MS disease or to slow down its course improving the quality of life of people
with MS. Nowadays, no clear relation have been identified, also for the high variability in the
evaluation of the diseases co-presence.

5.1. Experimental studies

Experimental studies have shown that immune mechanisms involved in allergic responses play
an important role also in the immunopathogenesis of autoimmune demyelination (Table 1).

The study of Lock et al. showed that several genes encoding molecules traditionally associated
with allergic responses are increased in MS lesions [101]. Pedotti et al. reported that elevated
transcription levels of prostaglandin D synthase and tryptase were in the brain tissue of EAE mice.
Furthermore, the expression of the histamine receptor 1 and 2 (HIR and H2R) was detected by
immunohistochemical staining of inflammatory infiltrates in demyelinating lesions of EAE brain,
with HIR mostly present on myelin-reactive Thl lymphocytes and H2R expressed mainly on Th2
cells. In addition, the authors stated that the EAE course was counteracted by the pharmacological
blockade of the HIR and the platelet-activating factor receptor (PAFR), mainly responsible for
murine anaphylaxis, with their respective antagonists Pyrilamine and CV6209 [102]. However,
engineered mice for total absence of endogenous histamine showed aggravated autoimmune disease
in response to immunization with myelin protein; in fact, the production of proinflammatory
cytokines IFNy and TNFa was increased and CNS inflammatory infiltrates were more numerous
compared to wild type (WT) histamine-producing mice [103]. In vitro studies of the action of
histamine agonists for both HIR and H2R receptors on PLP-activated mouse T cells indicated that
histamine inhibits the proliferation and production of IFNy and reduces spontaneous and
chemokine-induced adhesion of autoreactive T lymphocytes on intercellular adhesion molecule
(ICAM)1, likely blocking their ability to transmigrate the inflamed BBB in vivo. Therefore,
histamine appears as a complicated modulator of EAE pathogenesis and strategies able to interfere
with the histamine axis could be applied in the therapy of CNS autoimmune diseases [104].
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Table 1. Overview of experimental studies about MS-AD association.

Reference Type of study ~ Specimens Main findings
Pedotti R et al. Experimental EAE mice (brain tissue) Increase in prostaglandin D synthase and tryptase;
(2003) [102] study HIR-H2R expression;

Reduction of EAE severity through: HIR and
PAFR antagonists, FcyRIII and FceRI gene

inhibition

Musio S et al. Experimental EAE HDC ™~ Increase development of autoimmune disease in
(2006) [103] study (histamine-deficient) mice HDC™~

vs EAE WT mice
Lapilla M et al. Experimental PLP-activated mouse T Inhibition of T cells proliferation, IFNy production
(2011) [104] study cells and adhesion on ICAMI, by histamine agonist
Gregory GD etal.  Experimental =~ EAE W/WY (mast Worsening of disease by mast cells
(2005) [105] study cell-deficient) mice vs

EAE WT mice

EAE: experimental autoimmune encephalomyelitis; FceRI: high-affinity IgE receptor; FcyRIII: Fc receptor for immune-complexed
IgG; HIR: histamine receptor 1; H2R: histamine receptor 2; ICAM1: intercellular adhesion molecule 1; IFNy: interferon y; PAFR:
platelet-activating factor receptor; PLP: myelin proteolipid protein; WT: wild type.

Furthermore, Pedotti’s research highlighted that disruption of the genes encoding Fc receptor for
immune-complexed IgG (FcyRIII) or both FcyRIII and FceRI decreases EAE [102]. All these results
allow to affirm that molecules involved in the allergic response can potently modulate EAE and MS
disease.

Gregory et al. focused their research on the involvement of mast cells, the key cellular
component of the allergic response in EAE, in autoimmune disease mechanisms. The study showed
that mast cells can contribute to the severity of EAE disease, inducing in the CNS the expression of
cytokines, chemokines and proteases that promote the influx of autoreactive immune cells and
myelin damage. Later it was shown that mast cells may also act in periphery, influencing T cells
autoreactive response and disease exacerbation. Indeed, in genetically mast cells-deficient mice, the
restoration of these cells without reaching an appreciable level in the CNS may led to a worsening of
the EAE condition. Compared to WT EAE mice, reduced presence in peripheral T lymphocytes of
the hallmark activation markers (such as Thl-specific IFNy production and greater expression of
cluster of differentiation CD44 and CD1l1a) and reduced lymph node hypertrophy were found in
genetically mast cells-deficient EAE mice, as well as fewer autoreactive cells infiltrate in the CNS.
The peripheral effects of immune stimulation by mast cells have been traced to direct but also
indirect mechanisms on T lymphocytes, by controlling the cytokine production of DC. In the WT
EAE mice, mast cells could support the key step of lymphocyte transmigration through the BBB by a
histamine-induced increase of vascular permeability. The transfer of encephalitogenic T cells into
WT and mutant mice also yielded interesting results, with a comparable onset time of EAE disease
but lower severity in mutants, supporting the role of mast cells in altered inflammation both in the
inductive peripheral phase of loss of tolerance than in the effector phase of immune attack in the
CNS [105].
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Thus, some experimental studies, conducted on the animal model of EAE, showed a powerful
role of cells and molecules typical of the allergic immune response in the immunopathogenesis of the
MS disease, overcoming the Th1/Th2 paradigm and opening new frontiers on potential treatment
targets.

5.2. Epidemiological studies

Many epidemiological studies have been done, with controversial results. The heterogeneity of
the populations enrolled in the research conducted in the last two decades makes it difficult to define
a clear and general correlation between AD and MS. In many of the population studies, information
on allergy history was self-reported and investigated using digital questionnaires, face-to-face
interviews or telephone interviews. Few of the reported research carry out an experimental
evaluation of the allergic status of the subjects by laboratory assays for the determination of
allergen-specific IgE. To minimize errors in the classification of the allergic status of the subjects,
some studies included in the sample only subjects who reported physician-diagnosed allergies or not
reported allergies, however risking an underestimation of the allergies prevalence in the population,
excluding subjects who reported undiagnosed allergies because self-medicated. Contrary, more
detailed clinical profiles were available for MS patients, carefully reported in most of the reviewed
articles. The proportion in which the different forms of MS were represented in the enrolled samples
is not always specified. Although a sample with a percentage representation of all subtypes of MS
may be more representative of the general population and can be used to assess a possible correlation
between allergies and MS onset risk, it is important to consider the different clinical courses of MS
in assessing the existence of a positive or negative relationship between AD and the grade of MS
activity, expressed as severity of symptoms and degree of disability of the patient. These reasons did
not make it possible to divide the epidemiological studies reported into specific subcategories,
making it necessary to summarize the salient points in a table that would provide a clear and general
picture (Table 2).

In 2008 Alonso et al. enrolled 298 women diagnosed with MS and 1248 healthy controls. All
subjects were interviewed through a mailed questionnaire on the personal history of any form of
allergy, with associated clinical manifestations, and on family history of MS or other autoimmune
diseases. The subjects were enrolled from the cohorts of Nurses’ Health Study (NHS) I and II, to
which many female nurses from different American states are registered and respond every two years
to mailed questionnaires about lifestyle, habits and health conditions. Although a limitation of the
study is to rely on self-reported information, the high degree of health literacy of the enrolled
population consolidates its wvalidity. Statistical analysis was performed considering potential
confounding factors such as age or smoking habit. Results showed that personal history of allergy
was not associated with MS risk, while autoimmune diseases pointed out familial aggregation and
were associated with a higher MS risk, suggesting a mutual genetic background between them [106].
Later, by a case-control study nested in the UK-based General Practice Research Database cohort,
1523 controls and 163 MS incident cases were enrolled to investigate the history of allergy in the 3
years preceding the first symptoms of MS disease (index date) as predisposing factor to the
autoimmune disease. Up to 10 controls matched to cases for age, gender, general practice and time in
the cohort were selected, having at least 3 years of continuous recording in the database before the
index date of their corresponding case. Keeping in mind that the HIR blockers improved the disease
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course in animal model of MS, also their use in the same reference time frame were assessed through
computerized medical records. The results suggested a lack of association between history of allergic
condition in the 3 years before the index date and MS risk, while the use of HIR blockers was
associated with decreased MS risk. Health information regarding patients registered in this database
(more than 3 million Britons) is considered highly reliable for epidemiological research, as it is
recorded in a coded manner by selected general practitioners [107]. A case-control study was carried
out in Iran to clarify the relationship of MS with allergy and atopy. In keeping with the sample size
calculated to obtain statistically significant results, 40 patients with a diagnosis of MS established at
most 2 years prior to the study and 40 controls, chosen from voluntary blood donors and matched to
patient for age, sex and region of life, were enrolled. Patients with prior corticosteroid or
immunomodulatory therapy were excluded from the study as confounding factors for the prevalence
of allergy. Patients were diagnosed according to McDonald criteria and defined about clinical course
of disease, initial symptoms and EDSS (Expanded Disability Status Scale). All patients were
classified as RRMS and 89% of them had EDSS less than 3. Through a face-to-face interview,
information was gathered about the personal and family history of allergy and related clinical
manifestations in both groups. A serum sample was taken from each enrolled subject to measure total
IgE and specific IgE against Weeds mix, Grass mix, Trees mix1, Trees mix2, Dermatophagoides
farinae, Dermatophagoides Pteronyssinus and mix of epidermal and animal proteins. Subjects with a
history of allergy and/or family history of allergy and/or increased serum total IgE levels were
classified as atopic. No significant differences were found between the two groups regarding the
history of allergy, the allergic status present at the time of the study, clinical manifestations, atopy,
total serum IgE and frequency of specific IgE. Thus, in agreement with other studies, the authors
supported no relation between MS and AD. A strength of the study was to collect the family history of
MS and the history of vaccination, childhood infections and hygienic behavior in childhood as
possible confounding factors known to impact on risk and/or course of MS [108]. Interestingly, in a
large retrospective cohort study (1990-2018), a vast number of allergic subjects were enrolled to
determine the incidence rate of autoimmune diseases: 782320 patients with allergic
rhinitis/conjunctivitis, 1393570 with atopic eczema and 1049868 with asthma. Subjects’ information
came from the UK electronic database compiled by general practitioners for clinical and
management purposes and, for each case, up to two non-allergic controls comparable for age and sex
were matched. The results showed that several autoimmune disorders were associated with AD
according to age- and sex-related clustering patterns and that many autoimmune diseases were
uniformly more frequent in allergic subjects than in controls. A significantly higher long-term risk of
autoimmune diseases, such as systemic lupus erythematosus and Sjogren’s syndrome, was observed
in patients with AD, while no significant effect of the three allergic disorders on the risk of MS was
observed [109].

Contrary to the results obtained from previous studies, other case-control investigations have
highlighted a positive correlation between allergic condition and MS, with AD classified as a risk
factor for MS. The increase in the prevalence of MS in Iran, that shifted from a traditionally low-risk
region to an area with the highest incidence of MS in the East, led Mansouri et al. to investigate
which risk factors could justify the observed variation in disease distribution, in order to plan a
prevention program as well as to clarify the underlying etiology of MS. Therefore, a multicenter
case-control study on the Iranian population was performed with a large sample dimensionality,
including 1403 patients diagnosed with MS and 883 controls, enrolled over a period of
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approximately five years. Among patients, all forms of MS progression at different stages of disease
were included, the distribution ratio of 3:1 between women and men was respected, as well as the
mean age of onset. Through a questionnaire submitted by a face-to-face interview, the two groups
were screened for different individual, family and environmental factors. Information on reactions to
different types of allergens and associated clinical manifestations was recorded. From data collected
and adjusted for age and sex, the personal history of allergy was classified as a risk factor for
susceptibility to MS (OR: 1.92, 95% CI: 1.55-2.47, p < 0.001) [110]. In addition, an Australian study
identified the allergic condition as one of the most common and work-limiting comorbidities in
patients with MS. The research was conducted on a sample of MS patients in working age, afferent
to the Australian MS Longitudinal Study, about the presence of 30 comorbidities, to determine their
weight on work performance and therefore on the costs of the population. The Australian MS
Longitudinal Study includes approximately 3000 participants with MS of whom 96% were
diagnosed with definite MS according to the McDonald criteria. The results showed that the allergic
condition affected 36.2% of Australian patients and that subjects with this specific comorbidity had a
greater average of days of absenteeism from work due to MS than that of individuals without
comorbidities, resulting in a population annual cost for the loss of labor productivity of 20 million
euros. Finally, the data collection on the severity degree of 13 MS symptoms made it possible to
correlate the effects of comorbidities on work performance with the worsening of disease symptoms.
The major strength of the study is its large nationally representative sample, proved by the similarity
in MS phenotypes (70.5% RRMS; 12.9% SPMS; 5.9% PPMS; 1.4% PRMS; 9.2% unsure) and sex
(80.6% females), compared with other MS natural history cohort studies. In conclusion, this study
revealed the importance of monitoring comorbidities, including allergies, to improve course of MS
disease and therefore productivity at work [111]. On patients belonging to the same Australian MS
Longitudinal Study, a preliminary investigation was conducted by Lo and colleagues to identify the
most prevalent comorbidities in MS patients. Allergies showed a prevalence of 37.4% as
self-reported disorder and a prevalence of 28.6% as comorbidity diagnosed by doctors. Among the
five comorbidity patterns identified according to the types and number of comorbidities that
coexisted in patients, allergies belonged to the “non-metabolic” and “mental health-allergy” classes,
which together accounted for 29.3% of the cohort of patients examined. While the characteristics of
sex, MS duration, body mass index and disability influenced belonging to certain classes of
comorbidity compared to others, conversely, DMT status, MS onset type (relapse or progressive),
education attainment, and relative socioeconomic status were not associated with belonging to any
comorbidity class. Although a causal relationship between the pathologies examined was not
assessed, this study also helped provide a broader picture of the pathologies to be observed and
treated in MS patients [112].

Other authors have contributed to the literature on comorbidities represented in MS patients and
which affect the individual’s daily functions, in order to understand, prevent and manage them as an
integral part of patient care. To characterize the frequency of asthma in MS patients, a
cross-sectional study was conducted using electronic health record information of 56.6 million
Americans from 50 U.S. states. The subjects enrolled belonged to two cohorts: 141880 patients with
MS and 56416790 individuals without a diagnosis of MS. This retrospective study revealed a
significantly higher prevalence of asthma in MS patients than in individuals without an MS diagnosis,
matched by age, gender, and racial subpopulations. Furthermore, in MS patients, asthma was more
common among the young and the elderly, while a uniform age distribution was observed in the
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general population [113]. In a cross-sectional study conducted on 2012 RRMS patients, the presence
of hypertension, hyperlipidemia and asthma was analyzed, and patients were characterized for age, sex,
race, MS duration, body mass index, smoking habit, treatment with DMT, and other comorbidities.
Results showed that RRMS patients burdened by asthma were women, obese, hypertensive, with a
medium/low income and less likely treated with interferons or glatiramer acetate as DMT. The
authors suggest that there may be additional unique differences in the specific subgroups of MS
patients that need further study for a more exhaustive characterization [114].

Therefore, these results contrast with the hypothesis of an inverse relationship between the two
diseases based on the Thl/Th2 paradigm, instead supported by other studies. Tremlett et al.
investigated if MS patients have a reduced risk of allergy. The evidence of a lower frequency of
asthma in MS patients compared to controls emerged from their retrospective case-control study
conducted on 320 MS patients and 320 controls, matched for age, gender, residence and smoking
habits, and selected from the Welsh General Practice Morbidity Database from 1995-1999 [115]. A
similar study was also conducted, in northern Italy, by Bergamaschi’s team looking for correlations
between allergic respiratory diseases (ARD) and the development of MS. Results underlined that
respiratory allergic conditions were less prevalent in MS patients. No relevant difference was found
for the age at MS onset, the disease duration, the disease clinical course or the use of immune therapies,
comparing “MS plus ARD” patients with “MS alone” patients; moreover, based on the mean scores of
EDSS and MSSS (Multiple Sclerosis Severity Score), in coexistence with ARD, the MS disease
appeared less severe than in “MS alone” patients, although the differences found did not reach
statistical significance. Thus, the authors proposed that other MS cohorts must be evaluated to
confirm these results and to investigate if MS patients affected by AD show specific clinical
profiles [116]. Sahraian et al. referred that, in an equal number of patients and controls (195 subjects
per group) questioned face-to-face about the presence of different types of allergies such as
respiratory tract allergy (RTA), coetaneous allergy (CA) and food/drug allergy (FDA), a lower risk
of MS diagnosis was found in subjects affected by RTA or FDA, whose protective role against the
onset of autoimmune demyelinating disease is enhanced if co-present in the same subject.
Furthermore, by comparing progressive MS forms with the less severe form of RRMS, in relation to
the presence of above-mentioned allergies, a negative correlation also between allergic disorders and
MS clinical course was found. In fact, more RRMS patients had past medical history of allergy than
the patients in progressive phases (57.4% vs 36.7%; p = 0.04). This capability of atopic allergy in
prediction of less disabling forms of MS is another interesting finding of the study, that deserves
further investigation [117]. In the research conducted by Pedotti, the interview on personal allergic
history submitted by telephone allowed the enrollment of a greater number of subjects (423 cases
and 643 population controls). The investigation covered the history of allergic asthma, rhinitis and
conjunctivitis due to inhalant allergens, atopic dermatitis and atopic eczema, contact dermatitis, food
allergy, drug allergy and allergy to insect sting or bite; as a whole, atopic allergies were associated
with a reduced risk of MS, with greater significance for the asthmatic subtype (p < 0.01) [118]. The
protective role of allergies for MS onset was also suggested in the article published by Ren et al.
based on results obtained from 829 MS patients and 2441 controls of American population (clinical
information collected in the National Ambulatory Medical Care Survey database from 2006 to
2013) [119]. However, a correlation study between autoimmune diseases and AD by the detection of
specific IgE against inhalant allergens showed that the Hazard ratio estimated by Cox regression does
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not prove a statistically significant association between atopy and MS (HR = 1.97, 95% CI: 0.95, 4.11)
as well as with other autoimmune diseases such as Crohn’s disease or psoriasis vulgar [120].

These results are in contrast with findings of Manouchehrinia et al. research, performed on
England population to verify if asthma comorbidity is related to an increase in MS-related injury and
disability. No difference in the prevalence of asthma between patients with MS and subjects without
MS disease was detected. Furthermore, the study of asthma associated with a possible accumulation
of increased disability evaluated as EDSS score also did not lead to significant results. Indeed, after
controlling for sex, age and smoking status at the MS onset, initial clinical course of the disease and
treatment with DMT, MS patients with asthma were not at higher risk of achieving a more severe
EDSS score than those without asthma. However, there was a worsening of psychological conditions
in asthmatic MS patients [121]. In the past, the association between asthma and MS had already been
studied by Australian research, in relation to family structure. The rationale for this research was
based on the accepted hygiene hypothesis that cohabitation with siblings in early childhood exposes
to an infectious burden that trains the immune system in Th2 responses, reducing the risk of
developing Th2-related disorders, such as asthma. Conversely, the beneficial effect of such exposure
on Thl disorders, such as MS, is less evident. The case-control study, conducted on 136 confirmed
MS cases and 272 controls, showed that MS patients were more likely to develop asthma than
controls and that the AD appeared before the onset of MS symptoms. As expected, this association
between asthma and MS was strengthened in subjects with reduced sibling exposure, while it was
reduced in individuals who had cohabited with younger siblings during childhood [122]. In the
following decade, a multicenter case-control study conducted on adults with a first clinical diagnosis
of central nervous system demyelination (FCD) gave conflicting results. Compared to controls,
personal or family allergy was not over-represented in FCD patients. Evaluation of the course of FCD
autoimmune disease and of asthma as an allergic disease showed that sibship characteristics influence
differently both FCD and asthma risk. In fact, in contrast to the conclusions of Ponsonby et al.,
exposure to younger siblings reduced the risk of FCD but not asthma; conversely, cohabitation with
older siblings decreased the probability of asthma but not of FCD diagnosis. Therefore, this research
has highlighted the impact of the siblinghood characteristics on both autoimmune and allergic
disorders, although with different mechanisms not yet fully clarified [123].

With their increased incidence over the past three decades [124], food allergies also reached a
great interest in the relationship with MS development. The most impacting food allergy,
in childhood, is the cow’s milk allergy (CMA), one of the possible causes of vitamin D
deficiency [125], which is an accredited risk factor for MS [126]. Ramagopalan et al. found no
differences in the frequency of CMA in 6638 MS cases (71.9% RRMS) and 2509 consort controls
extrapolated from the Canadian Collaborative Project on Genetic Susceptibility to MS, which stores
personal and family information of patients belonging to all Canadian clinics by submitting
standardized questionnaires [127]. Vitamin D has shown the ability to inhibit both Thl and Th2
immune responses, by suppressing the production of IL-12-generated IFN-y as well as IL-4 and
IL-4-induced expression of IL-13 [128]. Furthermore, vitamin D exhibited the ability to enhance the
development of IL-10-producing Treg cells [126], that play an important role in maintaining immune
homeostasis [129]. In the field of AD, effects of vitamin D deficiency in their development, severity
and course are known. The IL-10 inhibits inappropriate allergen-specific Th2-driven immune
responses and regulates allergic sensitization [130], while Treg cell deficiencies are considered
among the possible mechanisms underlying impaired self-tolerance in MS pathogenesis [131]. How
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changes in vitamin D levels can affect the balance of the immune response and can help to deepen
the relationship between AD and MS needs to be better investigated.

To evaluate the association of MS with food allergies to cow’s milk, eggs and fish, Ashtari et al.
recruited 96 individuals, equally distributed between MS patients (n.48) and healthy controls (n.48),
with comparable mean age and with a ratio between men and women reflecting the higher
prevalence of MS in women. The specific serum IgE were measured for the allergens investigated
and were not found in any subjects enrolled. Therefore, with zero frequency of these food allergies in
both groups, the authors concluded an unlikely influence on MS susceptibility, although to have
analyzed allergies to cow’s milk and eggs which are known to resolve spontaneously in most adults
is a limitation of the study [132,133]. Consistently, a different prevalence of food allergies in MS and
in healthy controls was not found in a sample of the U.S. pediatric population enrolled by Bourne
and colleagues [134]. However, an effect of allergy was observed in relation to MS disease activity,
and they reported fewer relapses in MS patients with food allergic disorders than in non-allergic MS
patients, suggesting that allergic Th2-imbalance may be a negative predictor of relapse and therefore
a protective factor. The personal allergy history referred to the first five years of life and the relapse
rate for patients with follow-up controls was normalized based on parameters of age of MS onset,
sex, race, ethnicity and treatment with DMT [134]. Recently, Fakih et al. turned the picture on the
relationship between food allergies and MS. These researchers looked for a correlation between
self-reported history of allergic conditions and MS course, described by clinical parameters like
attacks numbers, EDSS and MSSS, and radiological MRI-assessed disease activity and lesion load.
Based on the type of allergy reported at the time of the questionnaire, 1349 patients enrolled by the
Comprehensive Longitudinal Investigation of Multiple Sclerosis at the Brigham and Women’s
Hospital (CLIMB) study were divided into four groups: (1) environmental allergic, (2) drugs allergic,
(3) food allergic, and (4) non-allergic subjects. Evidence of a higher number of attacks and increased
radiological disease activity in MS patients with food allergy has led to support a worsening effect of
this disorder on the MS course. Multivariable analyses were adjusted for sex, age at symptom onset,
disease category (progressive vs relapsing), percentage of time on DMT, and disease duration [135].
Albatineh and colleagues did not find the same negative role of food allergies, while identified
education level and physical activity as factors to look out for to improve the quality of life of MS
patients, as associated with a reduced MSSS and therefore with a less severe clinical course of MS.
Of the 128 patients with MS included in the study, nearly all (96.9%) had RRMS [136]. Therefore, to
date, the link between food allergies and MS onset or activity is unclear. Research by Fakih et al.,
which reported more relapses in MS patients who have food (and not other types) allergies [135], could
better clarify the correlation between AD and MS, if supported by further research. Indeed, food
allergies drive the modification of the intestinal microbiome that, by modulating the immune system,
could alter BBB integrity and function, interact with different cell types present in CNS and trigger
autoimmune demyelination [137]. Thus, gut inflammation and intestinal bacterial flora alteration,
caused by the extensive variability between allergens contained in food, could be factors responsible
for a greater susceptibility to the development of MS, in accordance with the presence of the
gut-brain axis [138].
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Table 2. Overview of epidemiological studies about MS-AD association.

Reference Type of study Study group Allergies/Symptoms  Main findings
Alonso Aet Case-control study US population (298 MS  Pollens, house dust, ~ No correlation allergy-MS
al. (2008) (questionnaire on allergy ~ women and 1248 animal dander, foods,
[106] history) controls) drugs, other
Alonso Aet Case-control study UK population (163 MS  Rhinitis/hay fever, No correlation allergy-MS;
al. (2006) (medical records on allergy and 1523 controls) asthma, negative correlation HIR
[107] history and HIR antagonist urticaria/angioedema, antagonist-MS

use) eczema/atopic

dermatitis, other

Karimi Pet  Case-control study Iranian population (40 Conjunctivitis, rhinitis, No differences in allergy
al. (2013) (questionnaire on allergy =~ MS and 40 controls) urticaria and eczema, history and IgE levels
[108] history and IgE measure on asthma; plant and between MS and controls

serum sample) animal allergies
Krishna MT  Retrospective cohort study UK population (782320  Rhinitis/conjunctivitis, No correlation allergy-MS
etal. (2019) (database on autoimmune allergic eczema, asthma

[109] disorders)

Mansouri B
etal. (2014)

[110] environmental and familial

factors)
ChenJetal. Cohort study

(2020) [111] (questionnaire on
comorbidities and
employment outcomes)

LoLMPet  Cohort study (medical

al. (2021) records on comorbidities)
[112]

Hill E atal. Retrospective study

(2019) [113] (records on asthma)

Sorensen A et Cross-sectional study

al. (2021)

Tremlett HL Retrospective case-control

et al. (2002)

[115] asthma, eczema and

dermatitis)

Bergamaschi Case-control study

Retal.
(2009) [116]

Multicenter case-control
study (questionnaire on

(medical records on asthma
[114] and other comorbidities)

study (medical records on

(questionnaire on ARD)

rhinitis/conjunctivitis,
1393570 atopic eczema,
1049868 asthma patients)
Iranian population (1403
MS and 883 controls)

Australian population
(929 MS working-aged)

Australian population
(1518 MS)

US population (141880
MS and 56416790
controls)

US population (2012
RRMS)

Wales population (320
MS and 320 controls)

Italian population (200
MS and 200 controls)

Foods, drugs, pollens,
house dust, animal
dander, other

Not reported

Not reported

Asthma

Asthma

Asthma

ARD

Positive correlation
allergy-MS

Positive correlation
allergy-MS; worsening of MS
symptoms; reduction of work
performance; increase of
annual costs

No correlation allergy-MS;
allergy comorbidity (37.4%
self-reported, 28.6%
diagnosed)

Asthma prevalence among
young and elderly MS

Characterization of asthmatic
RRMS patients: women,
obese, hypertensive; with a
medium/low income; no
treated with DMT

Asthma lower prevalence
among MS

Negative correlation
allergy-MS; less MS severity
in coexistence with ARD
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Reference Type of study Study group Allergies/Symptoms  Main findings

Sahraian MA Case-control study Iranian population (195  RTA, CAand FDA  RTA and FDA protective role
etal. (2013) (questionnaire on RTA, MS and 195 controls) against MS onset (negative
[117] CA and FDA) correlation)

Pedotti R et  Case-control study Italian population (423 Allergic asthma, Negative correlation atopic
al. (2009) (questionnaire on allergy ~ MS and 643 controls) rhinitis, conjunctivitis, allergies-MS

[118] history) atopic dermatitis and

eczema, contact
dermatitis, food, drug
and insect allergies

RenJetal. Case-control study American population (829 Respiratory tract
(2017)[119] (database on AD) MS and 2441 controls) allergies and other
Skaaby T et  Cohort study (detection of Danish population (14849 Respiratory allergens
al. (2015) allergy specific IgE) persons including 834
[120] autoimmune diseases with

35MS)
Manouchehri Cohort study England population (680 Asthma

niaAetal.  (questionnaire on asthma MS)
(2015) [121] and MS grade)

Ponsonby AL Case-control study Australian population Asthma
etal. (2006) (questionnaire on asthma (136 MS and 272
[122] and sibling exposure) controls)
Hughes AM  Multicenter case-control ~ Australian population Asthma, hayfever,
etal. (2013) study (questionnaire on (282 FCD adults and 588 eczema
[123] comorbidities and sibship  control)
structure)
Ramagopalan Cohort study Canadian population CMA
SV et al. (questionnaire on CMA) (6638 MS and 2509
(2010) [127] controls)
Ashtari F et  Case-control study Iranian population (48 Cow’s milk, eggs and
al. (2013) (detection of allergy MS and 48 controls) fish allergies
[132,133] specific IgE)
Bourne T et  Case-control study US pediatric population  Environmental and
al. (2017) (questionnaire on allergy (271 MS and 418 food allergies
[134] history) controls)
Fakih R et al. Cohort study US population (1349 MS) Environmental, food
(2019) [135] (questionnaire on allergy and drug allergies
history)
Albatineh Cross-sectional study Kuwaiti population (128  Food allergy

AN et al. (questionnaire on lifestyle MS)
(2020) [136] habits)

Protective role of allergies for
MS onset (negative
correlation)

No correlation allergy-MS

No correlation allergy-MS;
worsening of psychological
conditions in asthmatic MS
Positive correlation
MS-allergy (strengthened in
MS with reduced sibling
exposure)

No correlation allergy-FCD;
exposure to younger siblings
reduced FCD but not asthma
risk

No correlation allergy-MS

No correlation allergy-MS

No correlation environmental
allergy-MS; negative
correlation food allergy-MS
activity

Positive correlation food
allergy-MS activity
(worsening effect)

No correlation allergy-MSSS

AD: allergic diseases; ARD: allergic respiratory diseases; CA: coetancous allergy; CMA: cow’s milk allergy; DMT:

disease-modifying therapies; FCD: first clinical diagnosis of central nervous system demyelination; FDA: food/drug allergy; HIR:

histamine receptor 1; IgE: immunoglobulin E; MS: multiple sclerosis; MSSS: MS severity score; RRMS: relapsing-remitting MS;

RTA: respiratory tract allergy.
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6. Conclusions

We have summarized the strengths and limitations of experimental and epidemiological studies
that have tried to understand the association between AD and MS. Based on Th1/Th2 paradigm, a
protective effect of Th2-mediated disorders on MS was proposed. On the other hand, population
studies that evaluated link between AD (including environmental, food and drug allergies) and MS did
not provide convincing evidence. Given the variability of epidemiological data accumulated over the
past two decades due to several factors (heterogeneous populations, sample size, self-reported
information, others), it is not surprising that a conclusive cause and effect relationship between AD and
MS has not been established yet. However, results of the experimental studies suggest that the main
actors of allergic response are strongly involved in MS immunopathogenesis, although without the
identification of a solid positive or negative correlation between the two immune disorders.

In the near future, new generations of transcriptomic and proteomic techniques will be used in the
study of a cell landscape in allergic and autoimmune conditions to improve the understanding of cell
molecular phenotype and regulatory molecules activity. The comparison of these data in AD and MS
could pave the way for the identification of common pathways and genetic/epigenetic regulatory
mechanisms, allowing to clearly establish the mutual risk and to develop new therapies and diagnostic
biomarkers. Early diagnosis of MS determines a higher likelihood of recovery than those diagnosed at
a later stage, with the control of disease symptoms and possible comorbidities such as AD, slowing the
disability and preventing the exacerbations associated with the disease progression.
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