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Abstract

One of the possible immunomodulatory effects of BPA is the alteration the allergy process and asthma. The
growth in the prevalence of asthma around the world roughly corresponds with the rise in the widespread
usage of certain chemicals. Despite the fact that asthma is a complicated and varied condition brought on
by exposure to a variety of environmental factors and genetic predispositions, many classes of chemicals
that are frequently present in the surrounding environment and are linked to endocrine disruption have
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recently been linked to the disease's pathogenesis. BPA is endocrine disrupting chemical compound made
Keywords: up of two phenol rings joined by a methyl bridge and two methyl functional groups adhered to the bridge.
Endocrine disruptor, BPA is ingested by humans, inhaled via home dust, and exposed through the skin. An allergy is an aberrant
ggfgy’ immunological reaction to an antigen, such as a protein or allergen. An ingested or breathed allergen

encounters the epithelium as its initial barrier. The inflammatory condition and increased permeability of
the epithelial barrier are associated with allergic inflammatory disorders, and this suggests that the
epithelium barrier is more sensitive to allergen sensitization. The existing literature and scientific
publications do not adequately address the direct influence of bisphenols on the development and influence
of the allergic process. Multiple authors discuss how bisphenol affects specific allergic response
components. We may conclude that exposure to bisphenol A alters the allergic response based on the

T-lymphocyte

findings of the studies and the analysis of the literature.

1. Introduction

The consequences of ambient chemical exposure on the immune
system, particularly the emergence of allergies, have attracted a
lot of attention in recent years. Epidemiologic research suggests
that there is widespread exposure to endocrine disrupting
substances that are generated in large quantities, such as
phthalates and bisphenol A (BPA) (Robinson a Miller 2015).
For almost 50 years, BPA has been a commonly used synthetic
chemical in the production of polycarbonate plastics, epoxy
resin, and other polymers. BPA is also present in non-food items
such toys, thermal paper, and medical devices (Mourot-
Bousquenaud et al. no date). Concerns over the possible
impact of environmental contaminants have been raised as a
result of the relatively short timeframe in which the frequency of
asthma and allergy illnesses has increased (Bousquet et al.
2011). Certain pollutants, such as those frequently used in the
production of plastic, have been linked to an increased risk of
infection as well as the onset of allergies and asthma in the early
years of life (Winans et al. 2011). Increased permeability and
an inflammatory condition of epithelial barriers, which are
believed to be sensitive to allergen sensitization, are associated
with allergic airway disorders (Loffredo et al. 2020). The
question of whether Bisphenol A can interact with components
of the immune system to have negative health effects is still of
attention (Kimber et al. 2022). The European Food Safety
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Authority (EFSA) has conducted a comprehensive analysis of the
potential of adverse effects of BPA exposure on humans, leading
to a reduction of the recommended tolerated daily intake level
from 50 pug/kg body weight per day to 5 pg/kg body weight per
day (EFSA. 2015). Because of its widespread use over time,
bisphenol A is still present in large quantities in the human
environment, even with the restrictions. From the perspective
that these chemicals are imposed upon us early in childhood, a
precise knowledge of these compounds’ immunomodulatory
effects is essential. One of the possible immunomodulatory
effects of BPA is the alteration the allergy process and asthma.
The growth in the prevalence of asthma around the world
roughly corresponds with the rise in the widespread usage of
certain chemicals. Despite the fact that asthma is a complicated
and varied condition brought on by exposure to a variety of
environmental factors and genetic predispositions, many classes
of chemicals that are frequently present in the surrounding
environment and are linked to endocrine disruption have
recently been linked to the disease's pathogenesis (Kwak et al.
2009).

2. Bisphenol A
BPA is endocrine disrupting chemical compound made up of two

phenol rings joined by a methyl bridge and two methyl
functional groups adhered to the bridge (Kang et al. 2006). It is
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a white, crystalline substance with a melting point of 156 °C and
a molecular weight of 228.29 g/mol (Legeay a Faure 2017). In
the 1930s, it was discovered that the monomer bisphenol A
(BPA) could stimulate the female reproductive system in rats
just like estrone. BPA was initially created as a synthetic
estrogen in the 1890s (Rochester 2013). Consequently, BPA
has found its way into a wide range of consumer goods, such as
PVC, food packaging, dental sealants, thermal receipts, plastics
(in the form of a polymer, such as polycarbonate [#7] plastic),
and plastics. Because polycarbonate plastics have high impact
strength, hardness, toughness, transparency, resistance to
temperatures between approximately -40 °C and 145 °C, and
resistance to many acids and oils, they are used in the production
of compact disks, automotive lenses, household appliances, food
packaging, and plastic bottles (Staples et al. 1998). BPA is
ingested by humans, inhaled via home dust, and exposed
through the skin (Vandenberg et al. 2012). According to the
research, oral intake is the most common way that BPA is
exposed to people, especially when food is contaminated by
hazardous containers. For instance, following the pasteurization
process, food may contain BPA released from aluminum cans.
Furthermore, it has been shown that using plastic baby bottles
for longer periods of time and at higher temperatures can
accelerate polycarbonate hydrolysis and cause BPA to leak out
of the bottle (Nam et al. 2010). Recent research has linked high
BPA levels to reduced sperm count, diabetes, obesity,
cardiovascular illness, and polycystic ovarian disease (Fenichel
et al. 2013). Following absorption, BPA undergoes
glucuronidation in the liver, where it is primarily eliminated
through bile but is also eliminated through urine. This chemical
molecule is found in blood in a nonconjugated state, which
suggests internal exposure. If it is detected in the urine, it means
that the chemical was exposed internally, that the first passage's
conjugation was unsuccessful, or that the compound was not
removed or deconjugated properly. It can accumulate in adipose
tissue since it is lipophilic. Aside from age and gender, other
factors influencing BPA metabolism include physiological state
and liver function (Almeida et al. 2018). Furthermore, by
competing with endogenous E2, BPA can function as an
antiestrogen and prevent the estrogenic response (Richter et al.
2007). BPA may also be antiandrogenic, inhibiting the effects of
natural androgens, and it can bind to androgen receptors
directly (Sohoni a Sumpter 1998). It has been demonstrated
that BPA binds to thyroid receptors and influences thyroid
function in both agonistic and antagonistic ways (Moriyama et
al. 2002). Additionally, BPA interacts with various organs and
physiological systems, such as the immunological system, the
developing central nervous system, and the endocrine pancreas.
The scientific community, government agencies, and the general
public have shown a continuing interest in evaluating the
possible health hazards linked to BPA exposure as a result of
recent findings about the environmental spread of BPA and its
prevalence in humans and wildlife (Wetherill et al. 2007).

3. Allergy in general

An allergy is an aberrant immunological reaction to an antigen,
such as a protein or allergen. Allergies to certain substances are
more likely to cause allergies to other substances, and while
many allergies have a genetic basis, their prevalence seems to be
rising. Frequently encountered allergens include pollen, dust
mites, mold, pet dander, nuts, shellfish, proteins from milk and
eggs, and latex; however, in numerous instances, the allergen
identity is uncertain (Scully 2013). The prevalence of allergic
diseases, such as rhinitis, asthma, and food allergies, is rising,
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especially among industrialized countries (Bieren a Harris
2016). The process of allergy formation involves two steps.
Sensitization is the initial phase. When a foreign protein enters
the body, the immune system detects it as an antigen, such as one
found in food. It produces an immunological response that
includes T cells that have been sensitized to a particular antigen
or specific antibodies. Because the antibodies or lymphocytes
carry the information required to recognize the relevant antigen,
they are referred to as "specific." If the antibody is an IgE
antibody, it will react to the allergen by causing an allergic
reaction, which is an inflammatory response. Therefore, allergy
is more than just the presence of antibodies; it also refers to
disease (Terr 2001). It can be challenging to consider mast cells
and immunoglobulin E (IgE) antibodies in other contexts due to
their strong and convincing associations with the
pathophysiology of anaphylaxis and other acute allergic
reactions (Galli a Tsai 2012). It is widely accepted that the
development of the acute symptoms of various allergic
conditions can be significantly influenced by antigen specific IgE
antibodies as well as the mast cells, one of the main effector cells
of allergy. The primary mechanism in acute allergy reactions is
the antigen-dependent activation of tissue mast cells with
specific IgE attached to their surface (Galli a Tsai 2012). The
immunoglobulin isotype that has the lowest concentration in the
bloodstream, IgE, cannot fix complement and has a poor
placental transit rate. Some people with allergic illnesses or
parasite infections may have noticeably higher plasma
concentrations of it (Gould a Sutton 2008). The prevalence of
food and allergy-related conditions ranges from 5-10% and 5-
25%, respectively, and over the past century, allergies have
become more prevalent globally. Increased exposure to
endocrine disruptors (ED) and alterations in the environment,
including different food components and indoor and outdoor air
quality, have been associated with a rise in the incidence of
allergy diseases (Sicherer a Sampson 2014). The most
important factor in the formation of an allergy is the exposure to
substances that can induce or alter it during prenatal
development. As adjuvants, compounds that cause irritation,
inflammation, change microflora, alter how allergens are
processed and presented, or directly affect immune cell function
or differentiation may cause tolerance to break down. This can
lead to the development of allergic reactions to specific proteins.
Since the immune system is still developing in the early stages of
life, exposure to substances that impact it while a woman is
pregnant or during the early stages of life might have long-
lasting negative effects (Dietert a Zelikoff 2008).
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Figure 1 (Gonzalez de Olano a Alvarez-Twose 2018) The mechanism of type I hypersensitivity reactions in allergic inflammation.
Following the first exposure, an allergen is delivered to TH cells by antigen-presenting cells; this aids in the control of cellular immunity
and promotes B cells to produce particular IgE antibodies and switch isotypes. When antigens are exposed again, they cross-link FceRI
and antigen-IgE complexes on the mast cells” surface, activating and degranulating the mast cells.

4. Links between bisphenols and allergy

An ingested or breathed allergen encounters the epithelium as
its initial barrier. The inflammatory condition and increased
permeability of the epithelial barrier are associated with allergic
inflammatory disorders, and this suggests that the epithelium
barrier is more sensitive to allergen sensitization (Loffredo et
al. 2020). This initial barrier can be triggered by various
endocrine disrupting chemicals. Synthetic or naturally occurring
chemical substances known as "xenoestrogens” can imitate the
properties of estrogen and have an estrogenic impact on
organisms, interfering with the endocrine system's production
of estrogen (Donohue et al. 2013). Because of this, they are
sometimes referred to as "environmental hormones" at times.
Recent research has demonstrated that low-level, continuous,
non-toxic exposure to bisphenols poses a major environmental
risk associated with a wide range of human ailments, including
allergy illnesses (Houston a Ghosh 2020). Additionally,
many studies have indicated that BPA may make allergy
conditions more severe, including rhinitis, allergic asthma, and
allergic dermatitis. Studies where mice were used as laboratory
models have shown increased lung inflammation and airway
lymphocytic responses after bisphenol exposition (Bauer et al.
2012). According to research conducted on humans, scientists
found a correlation between rising maternal urine BPA
concentrations and a higher risk of respiratory tract infections
and asthma symptoms in offspring. Additionally, concentrating
on human data, it was discovered that mothers of infants
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suffering from allergy diseases had considerably higher urinary
BPA levels than those of newborns not suffering from allergic
diseases. Prenatal exposure to toxic pollutants may have
detrimental effects on the developing immune and respiratory
systems, damage the ability to fight infections for a long time,
and raise the likelihood of allergic reactions in later life
(Donohue et al. 2013). According to research on animals and in
vitro, BPA may play a part in the etiology of most allergic
diseases. Urinary BPA is strongly linked to allergic asthma
because it may function as a TH2 or allergy sensitizer and trigger
particular IgE responses (Kim et al. 2017). Increased BPA
exposure has been linked in several studies to the onset of atopy
or wheezing. Additionally, they indicate that the clinical
phenotype is altered by the timing and length of BPA exposure.
Epidemiological research has not conclusively demonstrated
that BPA raises the incidence of allergy and asthma; nonetheless,
by modifying immune cell activity and cytokine release, it may
raise the likelihood of a Th2 response (Robinson a Miller
2015). T helper cell type 2 mechanisms can also be directly
altered by the presence of endocrine-disrupting chemicals. The
synthesis of interleukin-4 (IL-4), IL-5, and IL-13 is a hallmark of
the T helper type 2 (Th2) immune response, which is an essential
defense against helminths that invade cutaneous or mucosal
areas. Furthermore, it is essential to the pathophysiology of
allergic disorders such allergic diarrhea and asthma (Koyasu a
Moro 2011). Numerous research has also been conducted about
the impact of bisphenol A on allergic reactions. Some of them are
summarized in Table 1.



Table 1 Studied impact of bisphenol A on allergic and/or immune reactions.
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Authors

Chemical

compound used

Laboratory
model

Method
application

of

Results

(Nygaard et
al. 2015)

Bisphenol A

Mice

Intragastric gavage

BPA (100 pg/ml) led to elevated eosinophil counts in
bronchoalveolar lavage fluid (BALF) and a rise of IgE
levels in the airway allergy model. BPA altered
splenocyte cytokines and decreased mouse mast cell
protease (MMCP)-1 blood levels but did not affect clinical
anaphylaxis or antibody responses in the food allergy
and tolerance studies. Finally, BPA exposure throughout
the early stages of life via drinking water only slightly
increased allergic reactions in a mouse model of airway
allergy at high doses.

(Wang et al.
2020)

Bisphenol A

Allergy
rhinitis mice

Subcutaneous
injection

Both the amount of Th2 cells and the mRNA expression
of the Th2- and GATA-3-related cytokines, IL-4 and IL-
13, were increased by BPA. BPA inhibited Foxp3, Helios,
and Treg cells, as well as the Treg-related cytokine IL-10
at the mRNA levels. Therefore, IgE-mediated
inflammation of the nasal mucosa is responsible for AR
symptoms. Authors discovered that exposure to BPA
greatly raised OVA-specific serum IgE levels and allergy
symptoms; hence, BPA had an immediate impact on
experimental AR. Authors assessed BPA's direct impact
on inflammation caused by allergies.

(Yanagisawa
etal. 2022)

Bisphenol S

Mice

Oral administration

Moderate-dose BPS (BPS-M) combined with OVA
significantly increased OVA-specific IgE and IgG1,
pulmonary inflammation, and airway
hyperresponsiveness in comparison to OVA alone.
Moreover, the lungs' levels of the proteins
CCL11/Eotaxin, IL-13, IL-33, and interleukin (IL)-5 rose.
Conversely, these allergic reactions were diminished in
the high-dose BPS+OVA group. BPS-M with OVA
stimulated antigen-presenting cells, including the typical
dendritic cell subset (cDC2), and increased the total
number of cells in mesenteric lymph nodes cells (MLN).
Following OVA restimulation, the culture supernatant
exhibited an increase in both cell proliferation and Th2
cytokine production (IL-4, IL-5, and IL-13). Therefore, by
boosting Th2-polarized responses and activating the
MLN cells, oral exposure to low-dose BPS can exacerbate
allergic asthmatic reactions.

(Misme-
Aucouturier
etal. 2022)

Bisphenol A

BALB/c]Rj
mice

Oral administration

Authors assessed the impact of direct oral exposure to
BPA at 4 ug/kg bw/d, which corresponds to a tolerated
daily intake (TDI), in a mouse model of allergy.
They looked at the humoral and cellular immune
responses, intestinal physiology, and symptoms
associated with food allergies and investigated the
connection between alterations in the gut microbiota
and oral BPA exposure. After being exposed to BPA,
markers of intestinal permeability and food allergies
rose. The inflammation associated with food allergies
was also found to be aggravated by a modulated humoral
and T-cell response. Furthermore, food allergies-induced
microbial diversity was reduced and gut dysbiosis was
brought on by BPA exposure.

(Tajiki-
Nishino et al.
2018)

Bisphenol A

BALB/c mice,
human
epidermal
keratinocytes
(HEKs) and
bronchial
epithelial
(BEAS-2B)
cells

Oral administration

High dosages of BPA significantly downregulated the
ear-swelling response in the allergic dermatitis model.
The allergic airway inflammation model showed the
opposite response to BPA administration, with notable
increases in local cytokine levels, total IgE levels in
serum, and red coloration in the lung. Human epidermal
keratinocytes (HEKs) and bronchial epithelial (BEAS-2B)
cells were used in in vitro tests to validate the in vivo
findings. The in vivo findings were corroborated by a
notable increase in cytokine release from BEAS-2B cells
in the BPA-treated group, but not from HEKs. Findings
suggest that allergic airway inflammation is directly
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aggravated by BPA exposure, whereas allergic dermatitis
is not affected.

(Loffredo et
al. 2020)

Bisphenol A Mice

Oral administration

The skin, gut, and airways expressed more innate
inflammatory mediators when exposed to BPA through
the water supply or inhalation, which created a systemic
para-inflammatory response. Chronic systemic exposure
to BPA was found to be sufficient in a murine tolerogenic
antigen challenge model to cause airway sensitization to
harmless chicken egg ovalbumin, even in the absence of
any adjuvants. The impact of oral BPA exposure on
allergic reactions in adult and juvenile mice has been
examined by the authors; BPA was only found to be an
aggravating or exacerbating factor in the development of
allergic airway inflammation.

(Alizadeh et
al. 2006)

Bisphenol A Mice

Oral administration

Treatment with BPA led to decreased titers of total IgE
(P<0.01) and greater levels of IgG2a (P<0.05) in the
water-fed groups. This was followed by higher levels of
[FN-y (P<0.05) and IL-12 (P<0.05) with intact IL-4.
Examined in OVA-fed groups, the chemical produced less
IFN-y (P<0.05) but no change in overall or OVA-specific
IgE or -IgG2a production. Additionally, BPA decreased
lymphocyte proliferation to Con A in groups fed water
(P<0.05), but not in animals that were tolerated. The data
show that BPA increases Th1 immune responses but has
no discernible impact on developed OVA tolerance.

(Koike et al. | Bisphenol A C3H/He]]cl
2018) mice

Intratracheal
administration

Exposure to OVA + BPA increased the number of total
cells and activated antigen-presenting cells (MHC class
[I+ CD86+, CD11c+), as well as the production of Th2
cytokines (i.e. IL-4 and IL-5). It also increased the
infiltration of inflammatory cells and the protein
expression of Th2 cytokines/chemokines (e.g,
interleukin (IL)-13 and IL-33) in the lungs. Additionally,
anti-inflammatory corticosterone serum levels, spleen
function, and estrogen receptor 2 messenger RNA
(mRNA) expression in the lungs were all affected by
exposure to OVA + BPA. These results imply that BPA
exposure at low doses may exacerbate allergic airway
inflammation by stimulating Th2 responses through
immune system disturbance.

5. Conclusion

The existing literature and scientific publications do not
adequately address the direct influence of bisphenols on the
development and influence of the allergic process. Multiple
authors discuss how bisphenol affects specific allergic response
components. The primary focus is on modulating T-lymphocyte
and mast cell activity. The majority of the cellular response that
contributes to the development of an allergic reaction is
represented by these cells. The vast majority of authors examine
allergic reactions using mice as their laboratory model, since
they are the most suitable animal. Human studies have shown
that the content of bisphenol A in the mother's urine during
pregnancy plays a crucial role in the fetus's exposure to the
chemical. It is also crucial to possess knowledge that suggests
modifying the synthesis of IgE, the primary antibody responsible
for an allergic reaction. We may conclude that exposure to
bisphenol A alters the allergic response based on the findings of
the studies and the analysis of the literature. We believe it is
crucial to add to the understanding of the immunomodulatory
effects of common endocrine disruptors like bisphenol A in the
human environment.
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