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ABSTRACT

Food allergy is a pathological immune reaction triggered by normal innocuous dietary proteins.
Soybean is widely used in many food products and has long been recognized as a source of
high-quality proteins. However, soybean is listed as one of the 8 most significant food allergens.
The prevalence of soybean allergy is increasing worldwide and impacts the quality of life of
patients. Currently, the only strategy to manage food allergy relies on strict avoidance of the
offending food. Nutritional supplementation is a new prevention strategy which is currently under
evaluation. Selenium (Se), as one of the essential micronutrients for humans and animals, carries
out biological effects through its incorporation into selenoproteins. The use of interventions with
micronutrients, like Se, might be an interesting new approach. In this review we describe the
involvement of Se in a variety of processes, including maintaining immune homeostasis, preventing
free radical damage, and modulating the gut microbiome, all of which may contribute to in both
the prevention and treatment of food allergy. Se interventions could be an interesting new approach
for future treatment strategies to manage soybean allergy, and food allergy in general, and could
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help to improve the quality of life for food allergic patients.

Introduction

Food allergy is defined as an adverse immunological
response to a dietary protein. Over 90% of food allergies
are caused by the “big eight” allergenic foods (Iweala,
Choudhary, and Commins 2018) and the prevalence of these
food allergies varies in the general population; egg (1.3-
1.6%) (Anagnostou 2021), cow’s milk (1%) (Oliveira et al.
2021), peanut (0.6-1.5%) (Al-Muhsen, Clarke, and Kagan
2003), tree nuts (4.9%) (Geiselhart, Hoffmann-Sommergruber,
and Bublin 2018), wheat (0.2-1%) (Cianferoni 2016), fish
(5-7%) (Burney 2014; Martino et al. 1993), crustacean shell-
fish (0.5-2.5%) (Khora 2016), and soybean (0.3%) (Katz
et al. 2014). With the exception of cow’s milk and egg
allergy the prevalence of these food allergies across the
United States Europe and Asia are quite different because
of the diverse dietary patterns that vary between continents
and countries. For instance, in Europe fruit allergies are
common due to cross-reactions with inhalant allergens
(Zuidmeer et al. 2008), whereas in Asia severe allergic reac-
tions include those directed toward legumes and shellfish
(Lao-Araya and Trakultivakorn 2012). Multiple immutable
risk factors have been postulated to contribute to the onset
of food allergy, including gender, ethnicity, and genetics
(Lichtenstein and Svartengren 1997; Panjari et al. 2016).
However, many modifiable factors have also been identified

as a potential target to reduce or prevent food allergy.
Among these factors are mode of delivery, antibiotic use,
feeding of breastmilk, and the consumption of unpasteurized
milk, fermented foods (Ferreira et al. 2021a; Kim et al. 2019;
Pyrhénen and Kulmala 2022), omega-3-polyunsaturated fatty
acids, prebiotics, probiotics, vitamin D and antioxidants
(Childs et al. 2021; Dang 2013; Miles and Calder 2017;
Soriano et al. 2020; Suaini et al. 2021). These factors are
known to either directly or indirectly influence immune
maturation and the composition of the intestinal microbi-
ome. In early life, food allergy development may result from
intestinal dysbiosis and an impaired mucosal immune
response which can lead to improper responses to food
antigens which eventually culminate in sensitization. In food
allergic patients exposure to the allergenic foods can trigger
clinical symptoms such as digestive problems, vomiting,
atopic dermatitis, hives or swollen airways, ranging in sever-
ity from mild to life-threatening anaphylaxis (Yu, Freeland,
and Nadeau 2016). In addition, many forms of food allergy
may be related with later development of other allergic
manifestations such as atopic dermatitis and allergic asthma.
Food allergies do not only decrease the quality of life of
the food allergic patient, their prevalence is also an increas-
ing public health burden. It is currently estimated that over
220 million people suffer from food allergy (Sicherer 2011)
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affecting approximately 5% to 7.5% of children and 1% to
2% of adults worldwide (Wilson, Blaschek, and De Mejia
2005). In developed countries about 4% to 8% of the pop-
ulation are allergic to at least one food allergen, 2.4% are
allergic to multiple food allergens and approximately 3% of
total population of food allergic patients experience severe
reactions to food allergens (De Martinis et al. 2020; Sicherer
and Sampson 2014). However, because the majority of avail-
able data is based on self-reporting it is difficult to accu-
rately assess the prevalence of food allergies (Antonella and
Spergel 2009).

Food allergic responses directed toward soybean also
contribute to the observed increase in food allergy. Being
one of the “big eight’, soybean allergy is recognized as one
of the most common IgE-mediated food allergies. Soybean
allergy has an estimated prevalence of about 0.3% in the
general population (Katz et al. 2014). In the United States
it affects 0.4% of children and 0.3% of adults (Riascos et al.
2016); similarly, in Europe the prevalence of soybean allergy
is estimated to be around 0.4% in the general population
(Nwaru et al. 2014). Although the exposure to soybean at
an early age is potentially widespread, the allergenicity of
soybean receives less attention than many of the other food
allergens. This might be because initial soybean allergic
responses tend to induce atopic skin reactions and gastro-
intestinal distress but rarely lead to fatal anaphylaxis (Mittag
et al. 2004). Although traditional Asian cuisine includes
more crude soybean sources than the Western kitchen, the
consumption of soy-containing food additives (soybean iso-
late, soybean concentrates and soybean flour) is increasing
in Western diets (Kattan, Cocco, and Jarvinen 2011). This
interesting geographical divergence may lead to a change in
the prevalence of soybean allergy but as of yet no data are
available to confirm or refute this hypothesis. Currently no
treatment of food allergy is available and management of
food allergy relies on strict avoidance of the offending food.
In this review we describe the current insights into the role
of micronutrients, especially selenium (Se), as an interesting
novel therapeutic approach in the management of food
allergy with a focus on soybean allergy.

Pathophysiology of soybean allergy

The most common food allergies are IgE mediated and have
a prevalence of around 6-8% in children below 3years of
age (Antonella and Spergel 2009). Soybean allergy can be
either IgE mediated or non-IgE mediated. IgE-mediated
reactions typically occur immediately or within 1-2hours
after ingestion whereas non-IgE-mediated food hypersensi-
tivity responses are usually delayed to several hours after
ingestion of the culprit food. IgE mediated soybean allergy
develops in a similar way to most other food allergies, which
involves sensitization and the failure to develop oral toler-
ance toward food antigens. Although the exact mechanism
of induction of immunological oral tolerance has not been
fully unraveled vyet, it is clear that it can be disrupted at
many different stages. When enzymatic destruction of con-
formational epitopes in a potential food allergen is reduced,
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inflammatory cytokines such as IL-25 and IL-33 can be
secreted by epithelial cells which inhibit IL-12 production
(Kumar et al. 2020; Skoczylas et al. 2020). Under these
conditions antigen presenting cells such as dendritic cells
(DCs) are activated and switch into a functional
pro-inflammatory phenotype. Subsequently, these antigen
presenting cells shift naive T cells to differentiate into
Thelper 2 (Th2) cells instead of regulatory T cells (Treg)
which would normally dampen immune responses via secre-
tion of IL-10 and transforming growth factor beta (TGF-f).
Th2 cells drive IgE class-switching in B-cells and expansion
of allergic effector cells, e.g. eosinophils and mast cells
(Frischmeyer-Guerrerio et al. 2011) while blocking Treg
function via the release of IL-4. IgE secreted by the B-cells
quickly binds to high-affinity IgE (FceRI) receptors which
are present mainly on the surface of mast cells and baso-
phils. Although not all individuals who produce food
antigen-specific IgE will mount an allergic response to the
specific food, challenging allergic patients by re-exposing
them to the food allergen will lead to degranulation of mast
cells and basophils. This is due to the binding of the allergen
to food-allergen specific IgE on the surface of these cells,
which subsequently crosslinks the bound IgE triggering an
intracellular cascade that results in the release of mediators
such as histamine, leukotrienes, chemokines, and other cyto-
kines. This leads to a series of inflammatory responses
which characterize the immediate phase of the allergic reac-
tion. Hereafter, the allergic inflammation can be maintained
in the late phase of the allergic response due to the pro-
duction of leukotrienes, platelet activating factor and cyto-
kines such as IL-4, IL-5 and IL-13. Understanding the
mechanism of IgE-mediated food allergy helps implementing
measures to restore immunologic tolerance.

Allergens in soybean

The protein content of soybean is approximately 37% of the
dry weight and within that protein fraction at least 16
IgE-reactive proteins were suggested as potential allergens
(Vieths 2008). Soybean protein isolate (SPI) is a mixture of
various proteins which is widely used in the food industry.
The main ingredients of SPI are classified into four protein
categories according to their sedimentation coefficients (S)
including 2S, 7S, 118 and 15S (Zhao et al. 2019). The main
soybean allergens are specific protein components. In recent
decades those specific protein components which are linked
to soybean allergy have been described. Soybean 2S albumin
(Gly m 8) accounts for about 15% of the total seed proteins
and is composed of the Bowman-Birk trypsin inhibitor
(7.9kDa), cytochrome C (12.5kDa), Kunitz trypsin inhibitor
(KTI; 20.1kDa) (Sung et al. 2014). Kunitz soybean trypsin
inhibitor is has been identified as a potent allergen capable
of inducing food anaphylaxis (Adachi 2009).

7S globulin (Gly m 5, vicilin, B-conglycinin) accounts for
about 30% of the total seed proteins and is also considered one
of the major allergenic proteins in soybean seeds. It is mainly
composed of three Gly m 5 subunits: a (~68kDa), o’ (~72kDa)
and B (~50kDa) all of which have been shown to be potential
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dietary allergens for both humans and animals (Zheng et al.
2017). The a subunit, known as Gly m Bd 60K, in which the
IgE-binding site locates at the peptide 232-283, was capable
of eliciting an allergic response in 25% of soybean sensitive
patients in an observational study (Ogawa et al. 1995). The B
subunit has also been indicated to have sensitizing capacity
as 19 IgE and 59 IgG binding sites were identified on this 7S
globulin subunit (Taliercio et al. 2014).

11S globulin (glycinin, Gly m 6, legumin) as a major
seed storage protein that makes up over 40% of the total
seed globulin is another major allergenic protein in soy-
bean seeds (Gonzalez-Ferrero, Irache, and Gonzalez-Navarro
2018). It is a hexametric protein that was assembled by
acidic polypeptides (Ala, Alb, A2, A3 and A4) and basic
polypeptides (B1, B2 and B3) (Holzhauser et al. 2009). It
was demonstrated that IgE from soybean allergic individ-
uals bound to the soybean glycinin acidic chains whereas
the basic chains were not bound by IgE (Markwell 2000).
Acidic polypeptides Ala, A3 and A4 reacted with serum
IgG and IgE and induced positive skin prick and histamine
release responses in piglets sensitized to Gly m 6 (Zheng
et al. 2018).

Other soybean proteins Gly m 1 and Gly m 2 are known
as inhalant allergens in occupational or environmental soy-
bean allergy. Gly m 3 is cross-reactive with milk casein and
have the potential to cause allergic reactions to soybean.
Gly m 4 is cross-reactive with the major birch pollen aller-
gen Bet v 1 (Tsai, Chang, and Liao 2017) and it is func-
tionally classified as a pathogenesis-related protein 10
(Kleine-Tebbe et al. 2002). Gly m 7 as a newly discovered
soybean allergen (Riascos et al. 2016) has the capacity to
induce IgE-mediated allergic responses. It has been reported
that Gly m 7 has stronger basophil activation ability than
Gly m 5 (Fukuzumi et al. 2021) but the prevalence and
other details are unknown.

The effect of micronutrients on food allergy/
immune development

Some foods containing food allergens are rich in essen-
tial nutrients. Therefore, monitoring dietary intake of chil-
dren with food allergies is important to prevent nutrient
deficiency due to inadequate food intake. Those nutrients
include macronutrients such as carbohydrates, protein
and fat, and micronutrients such as vitamins and miner-
als. Specific micronutrient deficiency such as vitamin D,
vitamin E, minerals (zinc, magnesium, Se) is considered a
major public health problem worldwide (Kirby and Danner
2009). Minerals often serve as cofactors for enzymes which
are essential for several important functions in the body.
With the accumulating knowledge of the involvement of
micronutrients in immunological processes there is increas-
ing interest in the relationship between minerals and the
development of immune responses which include inflam-
mation and allergic conditions. It is known that deficiencies
of several minerals such as iron, zinc, copper, and Se may
result in impaired immune function (Maggini, Pierre, and
Calder 2018).

Selenium uptake and metabolism

Se is one of the most important micronutrients. It functions
as an antioxidant and plays a crucial role in development
and physiological processes including immune responses.
Many pathological conditions involving the immune system
can be affected by Se status which can be influenced by the
forms and levels of ingested Se, genetic characteristics and
the conversion of Se compounds into metabolites.

Se can be present in different chemical forms and can
be either organic and/or inorganic. The main organic forms
are selenomethionine (SeMet) and selenocysteine (SeCys).
The inorganic forms are selenide, elemental Se, selenite and
selenate (Narod et al. 2019). The predominant form of Se
ingested by humans are SeMet and SeCys which have greater
bioavailability than the inorganic forms (Pavlata, Pechova,
and Dvorak 2012). Ingested SeMet from foods or nutritional
supplements is absorbed via the intestine and undergoes
trans-sulphuration to produce SeCys (Hariharan and
Dharmaraj 2020) which is then incorporated into
selenoproteins.

In humans 25 selenoproteins were identified for the pres-
ence of homologs several of which have important cellular
functions in antioxidant defense, cell signaling, redox
homeostasis and immune responses (Schomburg et al. 2003).
Glutathione peroxidase (GSH-Px) is one of the most import-
ant selenoproteins. It is well known to be the major com-
ponent of human antioxidant defense and involved in redox
regulation of cellular functions (Thomson 2004). Thioredoxin
reductases (TXNRDs) and methionine-R-sulfoxide reductase
Bl (MSRBI) reduce oxidative stress, repair protein damage
caused by oxidation and are also involved in the aging
process (Kim 2013; Lu and Holmgren 2014). In addition,
selenoprotein S is involved in immune responses including
inflammatory processes (Labunskyy, Hatfield, and Gladyshev
2014). Selenoprotein P is responsible for maintaining homeo-
stasis of antioxidant throughout the human body during
normal and disturbed metabolism (Schomburg et al. 2003).

It is well known that many cellular events are regulated
by changes in redox status often involving the glutathione
and thioredoxin systems (Tanaka et al. 2000). ROS can alter
the redox status of the cell which appears to serve an
important role in the pathogenesis of allergic diseases. In
homeostatic conditions, balance production of ROS has a
positive effect in combatting invading pathogens. During
inflammation many phagocytic cells rely on the production
of ROS in the prevention of damage to host cells (Mittal
et al. 2014). Once this homeostasis is disturbed, ROS levels
can increase dramatically which can induce damage to host
cells (Singh, Nair, and Verma 2021). Selenoproteins play an
essential role in maintaining balanced levels of ROS to pro-
tect the cells from damage (Zhang et al. 2020).

An adequate intake of Se is a key to good health. For
adults at least 40 ug/day is required to support the minimal
expression of Se enzymes and 300 pg/day to reduce risk
of cancer development (Combs 2001). In the U.K. recom-
mended dietary intake of Se for adult women is 60 pg/day
and 75 ug/day for adult men and lactating women (Values
1991). Some European countries (Germany, Austria and



Switzerland) recommend Se intake from 25 to 70 ug/day
(Oropeza-Moe, Wisloff, and Bernhoft 2015). Recently the
European Food Safety Authority (EFSA) has set a daily
adequate intake for Se at 70 pg/day (EFSA NDA Panel 2014).
In the USA the Se intake recommendation for adult is set
at 55pg/day (Monsen 2000). These varying recommenda-
tions ranging from 25pg/day to 75ug/day are most likely
due to the difficulty to define an optimal Se status, and
the absence of accepted reference ranges due to variations
in Se status between countries (Thomson 2004).
Micronutrients have been highlighted as deficient in many
food allergic children. Serum Se concentration have been
indicated to be lower in children with both IgE and
non-IgE mediated food allergy in comparison to healthy
controls (Ferreira et al. 2021a), however whether this is a
causative factor for the development of the food allergy
or caused by elimination diets remains unclear (Meyer
et al. 2014).

Selenium and immunity

The importance of adequate levels of dietary Se intake and
its efficient incorporation into selenoproteins on immunity
was reported in cell models, rodent models and in humans
(Avery and Hoffmann 2018). Se is present in many vital
immunological organs like the bone marrow, thymus, liver,
spleen and lymph nodes (Finley and Kincaid 1991). At a
cellular level Se is found in lymphocytes, granulocytes and
monocytes/macrophages. It also influences various leukocytic
effector functions including adherence, migration, phagocy-
tosis and cytokine secretion (Dalgaard et al. 2018). Se serves
a wide variety of functions in health and development
including roles in cancer and heart disease prevention, viral
inhibition, brain function and immune function, delaying
the aging process and the onset of AIDS in HIV patients
(Cai and Li 2018; Muzembo et al. 2019; Roman, Jitaru, and
Barbante 2014) .

Se deficiency or suppressed selenoprotein expression
results in higher levels of inflammatory cytokines in a vari-
ety of tissues which include the gastrointestinal tract, spleen
and uterus (Avery and Hoffmann 2018). A recent study
showed that Se deficiency induced inflammatory lesions and
high expression levels of PTGE, COX-2, TNF-a and NF-kB
in the gastrointestinal tract (Gao et al. 2016). Se deficiency
was also reported to reduce the killing capacity of neutro-
phils, the differentiation of T cell and IL-2R expression on
T cells (Ferencik and Ebringer 2003).

Selenium and food allergy development

Se levels may influence any condition associated with
increased oxidative stress or inflammation (Rayman 2000).
In a murine model for (OVA)-induced allergic asthma,
dietary Se levels were associated with the development of
allergic responses in mice; whereas an adequate dietary Se
level appeared to skew T helper responses away from the
Th2-type responses, high levels of dietary Se resulted in
higher Th2- or Thl-type immunity (Hoffmann et al. 2007).
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Thus, Se may modulate allergic responses by affecting adap-
tive immune responses. In an observational study carried
out with healthy children, the average Se plasma concen-
tration was found to be 71.8mg/l whereas in those with
food allergy it was 54.1 mg/l indicating that children with
food allergy have a higher risk of Se deficiency (Kalita et al.
2001). Similarly, Kamer et al. demonstrated that in children
with food allergy concentrations of Se were decreased and
lower values of GPx and SOD could be observed in plasma
(Kamer et al. 2012). These data may only point to correla-
tions that can be observed in food allergic patients, and
human data related to investigating a causative link between
Se and food allergy are to the best of our knowledge cur-
rently lacking. However, in a previous study in our labora-
tory we were able to demonstrate decreased mouse mast
cell protease-1 (mMCP-1) in a mouse model for cow’s milk
allergy following dietary Se intervention(Zhao et al. 2021),
suggesting that Se does play a role in the pathophysiology
of food allergic responses.

This is supported by the many studies which have inves-
tigated the effect of Se at a cellular level. Se deficiency
decreased the expression of DCs surface markers including
CDl11c, CD40, CD86 and MHC-II and downregulated the
secretion of IL-10, IL-12p40, which further weakened the
ability of DC’s to stimulate the proliferation of mixed allo-
geneic lymphocytes (Sun et al. 2018). In addition, MsrB1 as
a selenoprotein activates the STAT6 pathway in DCs thereby
inducing DC maturation and IL-12 production that promotes
CD4+T cells to differentiate into Thl (Lee et al. 2020) which
drives the immune response away from a Th2 allergic
response. Se not only affects DCs to modulate allergy devel-
opment but also affects T cell proliferation and differentiation.
In adult human subjects supplementation with Se (100 pg/
day) enhanced plasma Se concentrations and increased T cell
proliferation and the percentage of total T cells (Broome et al.
2004; Ivory et al. 2017). Se (1 ppm Se) promotes proliferation
of T cells and favors differentiation of naive CD4+ T lym-
phocytes toward Thl cells, supporting the acute cellular
immune response (Hoffmann et al. 2010; Steinbrenner et al.
2015). Moreover, increased dietary Se enhanced T cell dif-
ferentiation into CD25+ Foxp3+ Treg cells (Won et al. 2010)
which are known to play a key role in tolerance development
toward food antigens. It was reported that Se protects against
chronic colitis by increasing the number of CD4+CD25+
Tregs and enhancing the expression of IL-10 (Sang et al.
2017). Similarly, another study reported that the percentage
of Treg cells and expression of Foxp3 mRNA were increased
in Se treated mice suggesting that Se supplementation restored
normal levels of CD4+CD25+ Treg cells (Xue et al. 2010).
Furthermore, Se supplementation inhibits activation, differ-
entiation and maturation of B cells (Jian et al. 2003). Se is
able to inhibit B lymphocyte (CD19+) reduction and decreased
numbers of peripheral B cells (Ahmadi et al. 2015; Cheng
et al. 2012) which further reduced dsDNA and SmRNP of
the IgG2b and IgG2c subclass (Ahmadi et al. 2015) and
inhibits the expression of total IgE in mice (Arakawa
et al. 2018).

Se may also modulate the food allergic response in
already sensitized individuals by affecting mast cell activity
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Figure 1. Potential modulatory effects of Se in the allergic sensitization and challenge phase. In the sensitization phase food allergens are picked up and
processed by DC and presented to naive CD4+ T cells in the context of MHC II. T cells then differentiate into Th2 cells and secrete cytokines which switch B
cells to IgE secreting plasma cells. These allergen-specific IgE antibodies then bind to the FceRl present on the surface of mast cells and basophils. Upon
re-exposure to the allergen, crosslinking of receptor bound allergen-specific IgE occurs resulting in degranulation of these cells and the release of pro-inflammatory
mediators that result in the clinical symptoms associated with a food allergic reaction. Se can inhibit DC activation, which may modulate the Th2 and Th1
balance in favor of an anti-allergic Th1 response and inhibit allergen-specific IgE production. In addition, Se can block Ca?* flux and inhibit FceRl expression
thereby stabilizing mast cells and basophils, which further affect allergic response.

during challenge (Figure 1). Se deficiency induced mast cell
degranulation in chickens (Wang, Wang, and Wang 2012)
but on the contrary Se treatment decreased mast cell degran-
ulation in a cell based model as measured by reduced release
of the mast cell mediators PGD2, B-hexosaminidase and
histamine (Safaralizadeh et al. 2013). In addition, another
study showed that Se affects basophils by inhibiting their
proliferation, suppression of IL-4 and TNF-a protein secre-
tion as well as suppression of antigen-induced phosphory-
lation of Syk, Akt, and MAPKs (Arakawa et al. 2019). In a
study carried out in our laboratory, Se intervention decreased
mouse mast cell protease-1 (mMCP-1) in a mouse model
for cow’s milk allergy indicating Se may attenuate the aller-
gic response by affecting mast cell activation and degranu-
lation in a direct way (Zhao et al. 2021).

Se may also indirectly modulate the development of an
allergic response to food allergens by affecting ROS. ROS
plays a role in the allergic sensitization process in various
ways. Upon antigen-specific interaction, intracellular ROS
is elevated in T cells and DCs (Matsue et al. 2002). Se can
block bidirectional DC-T cell communication by interfering
with the redox regulation pathways to modulate allergic
sensitization responses (Matsue et al. 2003). In addition,
ROS also plays a role during allergenic challenge. It was
reported that ROS/RNS production and mast cell degranu-
lation have a positive correlation (Nakai, Yoneda, and Kubota
2012). Se may modulate the acute allergic response by down-
regulating ROS generation which further decreases the
degranulation process of mast cells (Gueck, Aschenbach,
and Fuhrmann 2013).

In addition, Se may modulate food allergic responses by
affecting the microbiome colonization and composition.
Intestinal microbiota development in early life is very
dynamic and in synergy with intestinal physiology, immune
and neurological development (Ferreira et al. 2021b). The
microbial colonization in early life strongly affects health
and diseases later in life (Kumar et al. 2020; Yang et al.
2021). The development of a healthy microbiome in early
life plays an important role in the maturation of the immune
system and this, in turn, affects the susceptibility to food
sensitization and food allergy (Bunyavanich and Berin 2019).
A dysbiosis in allergic infants is characterized by low levels
of genera Bifidobacteria and Lactobacilli compared to healthy
infants and is associated with the development of atopic
diseases (Wopereis et al. 2014; 2018). The absence of a
healthy intestinal microbiota development might lead to an
inadequately developed immune system associated with
reduced number of Tregs, reduced oral tolerance and pos-
sibly to the development of food allergy. It was reported
that in germ-free mouse models gut-associated lymphoid
tissues failed to develop when microbial colonization was
delayed which led to Th2 skewed immune responses (Sudo
et al. 1997). In addition, microbial colonization increases
the suppressive capacity of Tregs and promotes Thl response
which are necessary to maintain immunologic balance and
promote tolerance (Atarashi et al. 2011; Round and
Mazmanian 2010). Se affects the composition and coloni-
zation of the gut microbiota which may interfere with the
diversity of the microbiota and causes essential effects on
microbial composition (Ferreira et al. 2021b). It was reported



that dietary supplementation of organic Se increased the
abundance of ruminococcaceae and phascolarctobacterium,
and selectively inhibited the abundance of parabacteroides
and prevotellaceae (Li et al. 2021). In a mouse model for
food allergy, dietary supplementation with a Se enriched
probiotic increased the proportions of Lactobacillus which
shifted the cytokine production pattern from Th2 to Thl
predominance and thereby suppressed IgE and IgGl
responses and systemic allergic reactions (Shida et al. 2002).

Selenium and soybean allergy

Se may modulate the development of soybean allergy by
affecting the mechanisms that have been described through-
out this review for other (food) allergies. In a recent in
vitro study performed by our group we showed that SeMet
could decrease pro-inflammatory cytokine IL-12p70 and
IL-6 production and increase anti-inflammatory cytokine
IL-10 production in murine DCs that were previously stim-
ulated with soybean protein. Moreover, using a co-culture
system with soybean proteins treated DCs and T cell SeMet
decreased the percentage of CD4+T cells and skewed the
Th2 toward a Thl response [manuscript in preparation].
Thus, Se may influence sensitization to soybean protein by
affecting DC function and T cell differentiation. To study
the role of Se in the challenge phase of the allergic response
we also assessed whether in vitro preincubation with SeMet
would affect primary human mast cells sensitized with sera
from soybean allergic patients when challenged with soybean
proteins. B-hexosaminidase release, interleukin 8(IL-8)pro-
duction, calcium flux and high-affinity immunoglobulin (Ig)
E receptor (FceRI) expression were measured. Our results
indicated that preincubation with SeMet inhibited soy-elicited
mast cell activation. Furthermore, SeMet appeared to prim-
iarily prevent IgE binding to FceRI rather than affecting
crosslinking of IgE by the allergen [manuscript submitted].
Thus, Se may also modulate soybean allergic symptoms by
suppressing mast cell responses.

Conclusions

Soybean is widely used in many food products and has
been long recognized as a source of high-quality proteins.
However, soybean is listed as one of the 8 most significant
allergenic foods and prevalence of soybean allergy is increas-
ing worldwide and impacts the quality of life of patients.
Currently, the sole strategy for managing food allergy is
strict avoidance of the offending food. Therefore, new pre-
ventive and therapeutic approaches for the management of
food allergy are urgently needed. The use of interventions
with micronutrients, like Se, might be an interesting new
approach. In this review we describe that Se is involved in
a variety of processes, including maintaining immune
homeostasis, prevention of free radical damage and modu-
lation of the gut microbiome which may all contribute in
the management of food allergy both in prevention and
treatment although further investigation is needed to under-
stand the exact mechanisms. In addition, safety aspect of
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Se supplementation should be taken into account to avoid
Se toxicity by overdosing and caution is advised when trans-
lating murine data to the human situation. Nevertheless, Se
interventions might be an interesting new approach for
future treatment strategies to manage soybean and food
allergy in general and help to improve the quality of life
for food allergic patients.
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