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Abstract: Food allergies are of great public health concern due to their rising prevalence. Our
understanding of how the immune system reacts to food remains incomplete. Allergic responses vary
between individuals with food allergies. This variability could be caused by genetic, environmental,
hormonal, or metabolic factors that impact immune responses mounted against allergens found in
foods. Peanut (PN) allergy is one of the most severe and persistent of food allergies, warranting
examination into how sensitization occurs to drive IgE-mediated allergic reactions. In recent years,
much has been learned about the mechanisms behind the initiation of IgE-mediated food allergies,
but additional questions remain. One unresolved issue is whether sex hormones impact the
development of food allergies. Sex differences are known to exist in other allergic diseases, so this
poses the question about whether the same phenomenon is occurring in food allergies. Studies show
that females exhibit a higher prevalence of atopic conditions, such as allergic asthma and eczema,
relative to males. Discovering such sex differences in allergic diseases provide a basis for
investigating the mechanisms of how hormones influence the development of IgE-mediated reactions
to foods. Analysis of existing food allergy demographics found that they occur more frequently in
male children and adult females, which is comparable to allergic asthma. This paper reviews existing
allergic mechanisms, sensitization routes, as well as how sex hormones may play a role in how the
immune system reacts to common food allergens such as PN.
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1. Introduction

Food allergies are very common, impacting approximately 10% of adults and 8% of children in
the United States [1,2]. Amongst food allergies, peanut (PN) allergies represent one of the most
common, severe, and persistent food allergies [3]. PN allergy remains a major medical problem as
the prevalence of PN allergy is increasing rapidly [4]. Due to the tremendous burden that food
allergies like PN allergy place on society, scientists have increased their studies in the last 10-15 years
to better understand the immunological mechanisms involved in the development of food allergies.
While more is understood about the disease, knowledge of how food allergies develop remains
incomplete. Although many factors can influence allergic responses to food, including genetics,
environment, microbiota, and diet, an outstanding question is what role sex hormones play in
regulating these allergic responses [5,6]. Many diseases including cancer, autoimmunity, and allergic
asthma have sex differences where males and females have different immune responses due to sex
hormones [7-9]. Food allergies carry a similar trend. Data from epidemiological studies exhibit a
sexual dimorphism in food allergy with women more likely at risk [9]. In support, a recent study
showed that female children outnumber male children two to one in the incidence of PN allergy [10].
Furthermore, females outnumber male adults in the prevalence of PN allergy in both the United
States and Mexico [10,11]. Due to the severe allergic reactions PN elicits and clinical relevance, this
review will use PN as the example food allergen when discussing the immunological mechanisms
driving allergic responses, sensitization routes, and the role sex hormones are playing in the
development of allergic disease.

It is currently thought that exposure to PN via the airways or the skin promote sensitization to
PN, while oral consumption, especially during infancy generates a tolerant environment to the
allergen [12—14]. Since allergic asthma and inhalation-driven PN allergy share the same route of
exposure to sensitize the immune system, this review will examine what can be learned from
studying sex differences in allergic asthma and applied to our still nascent understanding of how sex
hormones impact the development of food allergies like PN allergy.

Overall, this review discusses the allergic immune response to foods, using PN as the clinically
relevant example food allergen. Routes of sensitization that lead to food allergy as well as how sex
hormones may be influencing the allergic immune response via different immune cell subsets are
explained. To conclude, we suggest that sex hormones are influencing the allergic immune response
to food and make the case that this requires further investigation.

2. Types of hypersensitivities

The immune system offers protection from potential pathogens and monitors the body to maintain
an individual’s health. However, the immune system can overreact and become harmful instead of
beneficial. These types of immune responses are called hypersensitivities. There are four classified
types of hypersensitivities. Type I hypersensitivities, more commonly known as allergies, are reactions
to harmless environmental antigens found in substances such as foods, pollens, or drugs [15]. These
types of reactions are driven by antigen-specific IgE antibodies [16]. For this reason, Type I
hypersensitivities are commonly referred to as IgE-mediated allergies. Type II hypersensitivities are
mediated by IgG or IgM that target cell surface antigens such as blood type antigens A or B [17].
Common Type Il reactions are against red blood cells following an incompatible blood transfusion. In
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Type III hypersensitivity reactions, excess IgG or IgM bind foreign or self-antigen to generate immune
complexes that deposit and activate complement system-driven inflammation. This inflammation
leads to tissue damage. Common Type III reactions include drug-induced serum sickness, farmer’s
lung, and systemic lupus erythematosus [18]. Type IV hypersensitivity reactions utilize T cells for
delayed reactions, such as the reaction that occurs following exposure to poison ivy and metal
jewelry [19]. This review paper expands on the importance of understanding the allergic mechanism of
Type I hypersensitivity reactions (allergies) to food, using peanut (PN) allergy as the example food
allergy. Such information is critical to design future therapeutic strategies to help those afflicted with
food allergies.

3. Allergic immune response to foods using peanut as clinically relevant food allergen

Food allergies remain very prevalent in society, therefore it is crucial to understand the
immunological response during an allergic reaction. The allergic reaction induced by the antigen, also
referred to as an allergen, can range from mild urticaria (skin rash) to severe anaphylactic reactions that
are sometimes fatal. Allergic individuals become sensitized when their immune system reacts to a
certain food allergen, and this sensitization can be based on various factors such as genetics,
environment, and microbiota [20]. Other factors, such as hormones and dietary choices, are likely to
play a role in either offering protection or promoting sensitization to foods [5,21]. Treating and
studying allergies can be complicated by the variability that exists amongst individuals [22].

To better understand how the various factors impacting the development of food allergies impact
sensitization to a particular food allergen, it is critical to understand the routes of sensitization that lead
to food allergy as well as how sex hormones may be influencing the allergic immune response via
different immune cell subsets. Due to its prevalence, persistence, severity, as well as our understanding
of the routes of sensitization from clinical trials and mouse models, this review paper will use PN
allergy as the clinically relevant example of food allergy.

PN allergy is the most prevalent food allergy that impacts approximately 2% of children and 2%
of adults in the United States [3,23]. The incidence of PN allergy among children in the United States
increased 5-fold from 0.4% in 1997 to 2.0% in the most recent national survey [4]. Approximately 59%
of PN allergic individuals have had a severe allergic reaction and 50% have visited the emergency
room in their lifetime due to the allergic reaction [24]. Most PN-allergic children experience their first
allergic reaction upon first oral ingestion [25]. The Learning Early About Peanut Allergy (LEAP)
study showed early introduction of PN into the diet prevented the development of clinical PN allergy
among children at high risk, suggesting early oral exposure may induce oral tolerance [26]. PN is
known to be readily detectable in household dust and a greater percentage of children in LEAP’s PN
avoidance group developed elevated titers of PN-specific IgE antibody, suggesting sensitization to
environmental PN allergens (e.g., 3~100 pg PN/gram dust) [27,28]. Children in the United Kingdom
(UK) have a much higher prevalence of PN allergy whereas there were very few cases in Israel [14].
Data show that Israeli children consume PN products at a significantly higher level during infancy than
their UK counterparts, which is hypothesized to severely decrease the incidence of PN allergy in
Israel [14]. These relevant data regarding PN allergy indicate that early oral exposure leads to tolerance,
the default state of the immune system not to react to the food we ingest.

Tolerance in the gut is established by a functional gut epithelial barrier. Resident macrophages
monitor the gut epithelial barrier for pathogenic invasion. If a harmless peptide from food passes through
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the barrier, a dendritic cell displays it to a naive CD4+ T cell which promotes maturation of regulatory T
cells (Tregs) via transforming growth factor (TGF)-B and retinoic acid (RA) (Figure 1A) [29]. These
Tregs then patrol the environment downregulating mast cells. Mast cells are highly granular cells that
reside in mucosal tissues. IgE antibodies that are generated by B cells upon sensitization to a food
allergen bind to the surface of mast cells. A tolerant response does not allow crosslinking of IgE, thus
preventing the activation of mast cells. In this scenario, mast cells do not release granules and the
inflammatory environment that causes the clinical symptoms of food allergy is avoided [30]. As
previously stated, introducing foods known to cause allergic reactions during infancy has been shown
to promote tolerance in clinical studies [14,31]. This tolerogenic environment regulates the response to
harmless peptides (Figure 1A), while maintaining protection against harmful pathogenic agents.
During the state of non-tolerance, called sensitization, the immune system recognizes harmless
antigen(s) in food as harmful. In an allergic reaction, the goal of the immune system is to rid the body
of the antigen, which causes a reaction that manifests itself as clinical symptoms. An immune
environment susceptible to promoting allergic sensitization is marked by a dysregulated epithelial
barrier [32]. In this scenario, macrophages fail to patrol the barrier to regulate the response. Harmless
peptides enter incorrectly and are recognized as harmful (Figure 1B,C). This entrance stimulates the
release of cytokines by barrier epithelial cells associated with allergic responses: interleukin (IL)-25,
IL-33, thymic stromal lymphopoietin (TSLP), and even IL-1a and IL-1p [12,33]. Studies from the past
decade have provided insight into what occurs following the release of the cytokines from the damaged
epithelium that was exposed to foods [6,34]. The release of these cytokines initiates a feedback loop
leading to sensitization and production of the food allergen-specific IgE that bind to the surface of mast
cells via the FceR1, activating these cells to react upon subsequent exposure to that particular
food [35]. In contrast to tolerance mediated via the gut, non-oral routes of PN exposure have been
shown to induce allergic response to PN. Sensitization to PN can be induced through the airways and
skin in mice [12,36,37]. Of note, sensitization through the skin and airways can be abrogated by
feeding the mice PN [38]. This data suggests that non-oral exposure to PN via the airways, skin, or
both, in the absence of early PN ingestion causes initial sensitization to the allergen (Figure 1B,C).
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Figure 1. Environmental sensitization to food allergens, using peanut (PN) as the example
food allergen, through the lungs and skin. (A) The immune system promotes tolerance by
patrolling the intact gut barrier with diverse microbiota and active Immunoglobulin A
(IgA). (B,C) Sensitization can occur through the lungs and skin. (B) Lungs: Type 2 innate
lymphoid cells (ILC2s) are stimulated by cytokines IL-1a (and possibly IL-33) released
from allergen-exposed epithelial cells. These ILC2s secrete IL-13 to activate dendritic
cells (DCs) to trigger a T follicular helper (Tth) cell-mediated, IgE antibody response
against PN. IL-4 secreted by Tth and to a lesser extent T helper 2 (Th2) cells promote B
cell receptor class switching to Immunoglobulin E (IgE). IgE is then secreted by plasma B
cells and bind to FceR1 on mast cells. Once mast cells have bound the allergen-specific
IgE, the individual is considered sensitized to the allergen. (C) Skin: The skin can lose
integrity via a loss of function mutation in the filaggrin gene. Sensitization is promoted by
disrupted epithelial barrier and the perpetuation of Th2-promoting cytokines. DCs are
activated by epithelial cytokines TSLP, IL-33 and IL-25 that promote expression of
OX40L. OX40/0X40L signaling stimulates naive T cells to mature into Th2 cells. Th2
cells secrete IL-4 to promote the production of PN-specific IgE, which as described above,
binds mast cells to cause sensitization to the food allergen. This figure was created using
BioRender.com.

Inhalation is a likely route of sensitization because PN is commonly found in household dust and
is biologically active [27,28,39,40]. This route of sensitization can stimulate the immune response with
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every breath instead of relying on contact through the skin. We showed that PN exposure through the
airways elicited PN sensitization in mice, and upon PN challenge, anaphylaxis occurs [12]. This study
also showed that signaling through IL-1R1 was critical to mount PN-specific T follicular helper (Tth)
cell response. In the airways, we found that Tth cells and to a lesser extent, type 2 T cell (Th2), secrete
IL-4 to promote B cell class switching to become allergen-specific IgE producing B cells [12].
Additional studies by Krempski et al. showed that following airway exposure to PN, the
epithelium-derived cytokines IL-la (and possibly IL-33) stimulates type 2 innate lymphoid cells
(ILC2s) to secrete IL-13 to activate DCs that work to trigger a Tfh-mediated, PN-specific IgE antibody
response (Figure 1B) and that this response can be inhibited by stimulating CTLA-4-expressing Tregs
following ingestion of PN [36,38]. In addition, they showed that IL-la alone can induce IL-13
production from ILC2s and signaling through IL-1R1 (the receptor for IL-1a and IL-1) is critical for
IL-13 release. Collectively, this data strongly suggests that IL-1a (and maybe even IL-1 which also
signals via IL-1R1) and perhaps IL-33 via the activation of IL-1R1+ ILC2s and ST2+ ILC2s,
respectively, work to initiate sensitization to PN via the airways. While more studies need to be done to
understand how food allergens stimulate respiratory tract-mediated immune responses, it is becoming
clear from mouse models and human cell-based studies that the airways are a plausible route of
sensitization [39].

Sensitization to PN can also occur via the skin. Mice exposed to PN antigens on healthy skin
generated a PN-specific antibody response that enabled an anaphylactic response to be induced upon
rechallenge, providing strong evidence that PN allergy can develop via skin exposure [37]. Further
evidence of skin sensitization can be found when individuals who have epithelial dysfunction are
examined [41-44]. Eczema or atopic dermatitis is a common comorbidity of PN allergy due to a
loss-of-function mutation in the filaggrin gene which results in a loss of skin barrier integrity [41—44].
Disruption in the integrity of the barrier leads to release of TSLP, IL-33, and IL-25 in the epidermal
layer to promote allergic sensitization via dysregulation of Treg cells due to the microenvironmental
disruption [45,46]. These cytokines work to activate innate immune cells such as ILC2s, DCs, and
basophils. DCs stimulate naive T cells to become Th2 cells via OX40-OX40L signals [47]. ILC2s and
basophils further amplify the Th2 response by secreting Th2 cytokines [46]. The collective effect of
this cellular response is to promote a robust humoral type 2 response in the skin. IL-4 in the
environment produced by Th2 cells and innate cells stimulate B cells to class switch to generate
PN-specific IgE (Figure 1C). As previously discussed, this IgE binds mast cells and leads to
sensitization to PN. At this point, subsequent exposure to PN causes activation of mast cells and the
clinical symptoms associated with PN allergy. Similar to inhalation, exposure through the skin is a
likely route of sensitization due to the biological activity of PN in the environment [27,28,39,40].
Taken together, the scientific evidence strongly suggests that sensitization to food allergens can occur
via skin exposure. In sharp contrast, while sensitization can occur in both lung and skin epithelium, it is
current thought that exposure to PN through the gut promotes oral tolerance, preventing allergic
reactions in healthy individuals [48,49].

Our knowledge on the influence of sex hormones on immune function in allergic disease has been
mainly examined in allergic asthma [50,51]. To date, a significant gap in the literature exists in
understanding the role of sex hormones in driving allergic responses to food. Due to the strong
influence of sex hormones on immune cells that participate in other allergic and non-allergic disease
pathways, it makes logical sense to investigate the influence of sex hormones on the development of
food allergies, which we will now discuss.
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4. The influence of sex hormones on immune function and allergic disease gives insight into
impact on food allergy

Sex differences exist in the ability of males and females to mount immune responses to common
pathogens, such as bacteria and viruses. Females are better protected than males because they have a
more reactive immune system [52,53]. Not only have females been shown to clear pathogenic
infections quicker, they also can mount a more robust immune response to vaccinations than their male
counterparts (Table 1) [54-56]. However, this enhanced reactivity can be detrimental during allergy
and autoimmune reactions [57].

Several pieces of evidence show that males and females develop allergies differently during
childhood and these sex differences often change during adolescence. Before puberty, males display
greater amounts of general atopic symptoms such as skin reactions against one or more allergens than
females [58]. Additionally, there is known to be a male predominance to asthma before puberty, which
is reversed to female predominance post-puberty [58—60]. Furthermore, adolescent females have
shown to experience more respiratory allergies and asthma [58,61]. Moreover, women have reported
premenstrual worsening of asthma symptoms and changes in asthma control during pregnancy [62—67].
These data suggest that hormonal changes brought about by puberty and pregnancy carry a strong
influence on allergy and asthma. While this sex difference has been best studied in asthma, evidence is
accumulating that food allergies also display similar sex differences [68].

Studies dating back to the early 1980s have described a sex bias in food allergy [69,70]. Those
studies, along with others conducted in the 1990s and 2000s, demonstrated a sex ratio of 60:40 in adult
women to men suffering from food allergy [71-76]. More recently, a literature review published in
2009 described the prevalence of IgE-mediated food allergy in those under 18 years old as favoring
males over females at a 1.8 to 1 ratio [77]. Data, summarized in a recent review by Pali-Scholl and
Jensen-Jarolim, clearly show that during childhood, boys are impacted more than girls regarding the
development of food allergy [68]. Of note, similar to asthma, a shift in prevalence towards females
occurs by the time an individual reaches adulthood. From around the age of 18 until menopause,
women are more likely to have a food allergy (woman to man ratio of 1:0.53) [68]. Interestingly, sex
differences between the frequency of males and females who develop PN allergy in childhood appear
relatively stable into adulthood. A recent study of US adults allergic to PN showed that female adults
were twice as likely to develop PN allergy during their childhoods than their male counterparts [10].
The two-fold difference favoring females with PN allergy was maintained into adulthood in the
United States and Mexico [10,11]. Whether PN allergy is unique in its ability among food allergies to
avoid being impacted by the onset of puberty requires more examination. Collectively, this data
strongly suggests that allergic immune reactions to food allergens are sensitive to sex hormones and
that studying such sex differences and the mechanism impacted by sex hormones are very clinically
relevant.

Gaps exist in our current knowledge about how sex hormones mechanistically impact allergic
responses to food. Examining what is known about how sex hormones impact immune cells under
both non-disease and disease states such as asthma and autoimmunity gives insight into how the
male and female immune system will respond differently to food allergens.

Both cell-mediated and humoral responses are known to be enhanced by estrogens, which
provides an explanation to why females react stronger to immune stimuli (Table 1) [52,78].
Additionally, levels of estrogens fluctuate throughout the menstrual cycle, which may influence the
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immune response during menses, as well as pre- and post-menopause, and during pregnancy [62,79,80].
Estrogens use their receptors, ERa and ER, to signal intracellularly to carry out their function [81,82].
ERs are commonly expressed in a variety of immune cells, including lymphocytes, macrophages,
eosinophils, basophils, DCs, mast cells, as well as B and T cells [54,80,83]. Both ERs can work to
influence immune responses at the cellular level [81,82,84]. Although the effect of estrogen on T cells
is complex, data suggest that Thl responses are promoted under low estrogen conditions and Th2
responses are promoted under high estrogen conditions [84]. In support, estrogens may enhance the
function of antigen presenting cells (APCs) to develop allergic disease (possibly through promoting
Th2 responses), promote B cell class switching to IgE and the degranulation of mast cells (reviewed
in [85]). Estrogen has been shown in a mouse model to promote airway inflammation through the
Th2-promoting cytokine IL.-33 (Table 1) [86]. These effects provide a plausible explanation as to why
females suffer from more asthma and allergic disease that are driven by classical Type 2 (Th2-based)
responses.

Looking beyond allergy is helpful to obtain additional insight into the effect of estrogen on
conditions of immune over reactivity. About 90% of lupus patients are women and this marked sex
bias is believed to be caused, in part, by estrogen. Inhibiting ER function, specifically ERa, in mouse
models of lupus was beneficial for disease pathogenesis [87]. Estrogens increase B and T cell
activation and autoantibody production (Table 1) [84,87]. Overall, ERs make females more
susceptible to over reactivity from their immune systems compared to males. Due to this, females are
at greater risk for developing conditions such as asthma, allergies, and autoimmune diseases such as
lupus.

Table 1. Sex difference on immune function and allergic disease.

Male Female Reference

Autoimmunity Androgens | immune reactivity Estrogens 1 immune reactivity [84,87,88]

Estrogens 1 autoantibody

Infection Less reactive to common pathogens More reactive to common pathogens [52,89]
1 susceptibility | susceptibility
| MHC 1I & costimulatory molecules on ¢cDCs 1 pro-inflammatory
| production of Type I IFNs from pDCs 1 cell-mediated response
| cell-mediated response
Vaccination 1 Androgens lead to: 1 Estrogens lead to: [57,89]
| B cell activity 1 humoral response
| memory B cells 1 memory B cells
Allergy | Allergic asthma 1 Allergic asthma [58-61]
1 Androgens lead to: 1 Estrogens lead to: [84-86,88-90]
1 Treg; | IL-33; | ILC2s 1 Th2; 1 IL-33; 1 ILC2s
Food allergy bias pre-puberty Food allergy bias post-puberty [77]

Androgen receptor (AR) signaling influences the immune response differently than ERs. AR
signaling suppresses immune responses, which provides a reason as to why males are known to be
more susceptible to common pathogens (Table 1) [91-93]. Androgens carry out their function via a
nuclear AR. ARs begin to be expressed in hematopoietic progenitors, and as such, they are expressed
by immune cells found in the bone marrow, thymus, and spleen [93,94]. Due to their wide expression
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on immune cells, AR signaling exerts a broad, immunomodulatory effect on immune cells, and for the
most part, male immune cells are less reactive than their female counterparts (reviewed
in [9,52,91,93]). Of note, testosterone has been shown to suppress conventional DC (¢cDCs) responses.
Male plasmacytoid DCs (pDCs), a potent producer of type I interferons against viral infections,
produced significantly less type I interferons against HIV-1 infection, elicited weaker HIV-specific
CD8+ T cell responses, which resulted in a higher HIV titer in male compared to female patients [95].
Interestingly, the removal of androgens revealed an increase of MHC Class II and co-stimulatory
molecule expression on conventional DCs in lymph nodes [93]. In adaptive immunity, androgens seem
to exert an overall inhibitory effect on Thl and Th2 responses (reviewed in [93]). Tregs are also
increased in males [96], promoting a more regulatory and less reactive environment. B cell numbers
are also influenced by testosterone levels. More B cells are recorded in men with low testosterone,
while high testosterone is correlated with a poor antibody response to vaccination [9]. In general, due
to the impact of androgens, adult males have lower B cell responses and lower antibody responses to
foreign antigens than adult females (Table 1) [57]. While the male immune environment stifles
immune responses leading to more susceptibility to common pathogens, it allows adult males to be less
susceptible to allergy, asthma, and autoimmune disease.

Testosterone has been shown to reduce airway inflammation induced by house dust mite and
Alternaira alternate fungal extract in murine models via the negative regulation of ILC2s [8,89,90,97].
The androgen dehydroepiandrosterone (DHEA) has worked to increase lung function thereby
decreasing asthma symptoms in clinical studies [98—100]. Furthermore, a recent study documented
that AR signaling increased Treg suppression and decreased IL-33 production from airway epithelial
cells using mouse models of airway inflammation (Table 1). The same study also showed that
dihydrotestosterone decreased fungal extract-induced IL-33 secretion from human bronchial epithelial
cells [88]. The impact of androgen signaling on modulating immune responses during asthma
development helps give insight into why males experience less asthmatic burden when compared to
females.

Androgens also offer protection against developing autoimmunity [8,9,80,101-104]. Androgens
are known to play a role in offering protection against males developing several autoimmune disorders
including lupus, multiple sclerosis (MS), and rheumatoid arthritis [9,91]. Taken together, the impact of
androgens on autoimmunity, asthma, in fighting pathogens, and responding to vaccination makes it
clear that male sex hormones play an important role in inhibiting immune reactions.

While there is increasingly more research being done on sex differences in disease, there is still
much to be learned, specifically to understand how mechanistically male and female immune systems
respond differently during the development of food allergy. Hormones most likely play a role in
driving mechanistic differences on the cellular and molecular levels, either directly or indirectly, given
that sex biases in food allergy have been documented. This hormonal influence likely affects allergic
responses to food allergens like PN. Therefore, it is imperative to examine how sex hormones
influence the development of these allergic immune responses to food using mouse and human studies
in asthma and autoimmunity as a guide. Such studies will allow for the acquisition of knowledge that
will allow us to develop a greater understanding of allergic immune mechanisms against PN and other
foods. This will allow for potential sex-specific therapeutic strategies to be designed and allow for
better management of food allergy patients.
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5. Conclusions

Food allergies cause a severe burden on the allergic individual, their family, and community.
Allergies continue to be on the rise despite increasing awareness and prevalence. In this review, we
used PN as the example of a clinically relevant food allergen to explain what is known about the
immunological mechanism driving the development of allergic reactions to food. Currently, there are
two recognized ways an individual can become sensitized to PN allergens, through the skin and
lungs. These sensitization routes stem from environmental exposures, likely to PN found in
household dust. Exposure to PN allergens via dysregulated barriers in both the skin and lungs in the
absence of established oral tolerance likely drives sensitization to PN and the development of allergic
disease. Although progress has been made in the past decade to understand the allergic mechanisms of
IgE-mediated food allergy, it is still unknown why certain individuals develop food allergies. Sex
differences in food allergy have been documented in epidemiological studies. Future studies need to
investigate the immunological mechanisms behind these differences. Understanding how sex
hormones are influencing the allergic immune response to PN and other foods could give insight into
how to develop novel treatments to reduce the severity and improve the quality of life for allergic
individuals. Not only is understanding the allergic mechanism important for treatments, but also to
design new prevention strategies. Such knowledge may allow for hormone levels or signaling
pathways to be regulated with the overall goal being prevention of the allergic reaction to foods from
occurring and ultimately, to slow the growing epidemic of food allergy.
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