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ABSTRACT

Eosinophils are multifunctional granulocytes involved in both protective and pathological immune responses.
Traditionally recognized for their role in host defense against parasitic infections, eosinophils have gained
significant attention for their involvement in allergic diseases, such as asthma, allergic rhinitis, and atopic
dermatitis, where they are often considered detrimental. Eosinophils contribute to tissue damage and inflammation
by releasing cytotoxic granule proteins, cytokines, and chemokines, perpetuating chronic inflammation. In
conditions such as eosinophilic gastrointestinal disorders and hypereosinophilic syndrome, eosinophils infiltrate
tissues and exacerbate inflammation, leading to organ dysfunction. However, eosinophils also exhibit beneficial
roles, including modulating immune responses, promoting tissue repair, and maintaining tissue homeostasis.
Recent research has highlighted their regulatory functions, where they interact with other immune cells to
mediate both pro- and anti-inflammatory responses. The dual nature of eosinophils—both as protectors in
immunity and contributors to pathology—presents a complex challenge in understanding their full impact on
health and disease. Advances in biologic therapies targeting eosinophil activity, such as IL-5 inhibitors, offer
promising treatment options for eosinophil-associated disorders. This review explores the diverse roles of
eosinophils in immunity, allergy, and inflammation, examining both their protective and harmful functions, while
discussing therapeutic strategies aimed at modulating eosinophil activity in various diseases.
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INTRODUCTION

Eosinophils are a type of white blood cell that play a the host or, in some cases, worsen disease conditions
multifaceted role in the immune system [17]. Known by promoting excessive inflammation [5, 67]. Recent
for their involvement in allergic reactions and research has revealed that eosinophils also play
parasitic infections, they are part of the body's regulatory roles, helping to maintain tissue
immune response, releasing toxic proteins and homeostasis and modulate immune responses. These
cytokines to combat pathogens. While traditionally findings challenge the conventional view of
viewed as effector cells against parasitic helminths, eosinophils solely as harmful agents in inflammation,
eosinophils have emerged as key players in a broader suggesting they can act as both “friend” and “foe.”
range of immune functions, including responses to Understanding these dual roles is critical for
bacterial and viral infections [2, 387]. However, developing targeted therapies for eosinophil-related
eosinophils are most often associated with diseases.

pathological conditions, particularly in allergic Eosinophils are bone marrow-derived granulocytes
diseases such as asthma, allergic rhinitis, and atopic that comprise a small percentage of circulating white
dermatitis, where they contribute to chronic blood cells (1-8% in healthy individuals) [77]. They
inflammation and tissue damage [47]. Eosinophils are easily recognizable by their characteristic
are recruited to sites of inflammation through the bilobed nucleus and the presence of cytoplasmic
action of cytokines, especially interleukin-5 (IL-5), granules that contain a range of cytotoxic proteins,
which drives their maturation and activation. Once such as major basic protein (MBP), eosinophil
activated, eosinophils release a variety of pro- peroxidase (EPO), and eosinophil cationic protein
inflammatory mediators that can either help protect (ECP). Eosinophils are primarily found in the blood
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but can migrate to tissues, particularly the
gastrointestinal tract, lungs, and skin, where they
mediate immune responses [87]. Despite their
relatively low numbers, eosinophils play significant
roles in immune defense and the modulation of
inflammation. Historically, they were viewed
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primarily as effector cells in parasitic infections, but
their roles have expanded to include immune
regulation, participation in allergic diseases, and
contributions to various inflammatory disorders [97].
Thus, understanding their biology and function is
critical for addressing eosinophil-related diseases.

EOSINOPHILS IN HOST DEFENSE

Parasitic Infections
Eosinophils are well-known for their protective role
against parasitic helminths (worms), such as
schistosomes and filaria [10]. During parasitic
infections, eosinophils are recruited to infection sites
through  signals from cytokines, primarily
interleukin-5 (IL-5), IL-4, and IL-18, produced by
T-helper type 2 (Th2) cells [12, 137]. Once at the
site, eosinophils release their toxic granule proteins,
including  MBP and EPO, which damage the
parasite’s outer layer, leading to its destruction.
Eosinophils also contribute to the clearance of
immune complexes and the activation of other
immune cells, including mast cells and basophils,
further amplifying the host's defense against
parasitic invaders[147]. In this context, eosinophils
act as "friends," aiding in the resolution of parasitic
infections and protecting the host from further
invasion.
Bacterial and Viral Infections

While eosinophils are primarily associated with
helminthic infections, they also participate in
immune responses to bacterial and viral pathogens.
Recent studies have shown that eosinophils possess
the ability to directly kill bacteria, such as
*Escherichia coli* and *Staphylococcus aureus*®, by
releasing extracellular DNA traps (eosinophil
extracellular traps, or EETs). These traps
immobilize and neutralize bacteria, preventing their
spread [15, 167. Additionally, eosinophils have been
implicated in antiviral responses, particularly in the
lungs, where they help control respiratory viral
infections such as respiratory syncytial virus (RSV)
[17]. Eosinophils produce antiviral mediators,
including nitric oxide (NO) and reactive oxygen
species (ROS), which contribute to viral clearance.
However, excessive eosinophil activation in viral
infections can also lead to tissue damage and
exacerbate inflammation, highlighting their dual
role.

Eosinophils in Allergic Reactions
Eosinophils are perhaps best known for their role in
allergic diseases, including asthma, allergic rhinitis,
atopic dermatitis, and eosinophilic esophagitis [187].
In these conditions, eosinophils are often considered
"foes," contributing to tissue damage, inflammation,
and the perpetuation of allergic responses.
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Asthma

In allergic asthma, eosinophils are recruited to the
lungs in response to allergen exposure and Thg
cytokines, especially IL-5 [197]. Upon activation,
eosinophils release pro-inflammatory mediators,
including cytokines, chemokines, and cytotoxic
granule proteins, which lead to bronchoconstriction,
airway hyperresponsiveness, mucus production, and
airway remodeling. The chronic presence of
eosinophils in the airways can exacerbate
inflammation and contribute to disease severity
[20]. Eosinophilic asthma, a subtype characterized
by elevated eosinophil levels in the airways, is
particularly  resistant to standard therapies.
However, biologic therapies targeting eosinophil-
associated  pathways, such as IL-5 (eg,
mepolizumab, reslizumab) and IL-4/IL-13 signaling
(dupilumab), have shown promise in reducing
eosinophil-driven inflammation and improving
clinical outcomes [21, 227.

Allergic Rhinitis and Atopic Dermatitis
In allergic rhinitis and atopic dermatitis, eosinophils
play a role in amplifying local inflammation and
tissue damage. In allergic rhinitis, eosinophils
contribute to nasal congestion, sneezing, and itching
by releasing mediators that increase vascular
permeability and attract other inflammatory cells
[237]. Similarly, in atopic dermatitis, eosinophils
infiltrate the skin and release pro-inflammatory
cytokines and enzymes that damage skin cells,
contributing to the chronicity of the condition.

Eosinophils in Inflammatory Disorders
Beyond allergies, eosinophils are implicated in
several chronic inflammatory diseases, including
eosinophilic gastrointestinal disorders (EGIDs),
hypereosinophilic syndrome (HES), and certain
autoimmune diseases [24].
Eosinophilic Gastrointestinal Disorders (EGIDs)
EGIDs, including eosinophilic esophagitis (EoE), are
characterized by eosinophil infiltration of the
gastrointestinal ~ tract, leading to  chronic
inflammation and tissue damage [25]. In EoE,
eosinophils accumulate in the esophagus in response
to food allergens or environmental triggers, causing
symptoms such as dysphagia, food impaction, and
esophageal strictures. Targeting eosinophil activity
through dietary management and biologics (e.g.,
anti-IL-5) has become a central therapeutic strategy
for these disorders.
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Hypereosinophilic Syndrome (HES)
HES is a group of disorders characterized by
persistently elevated eosinophil levels and organ
damage due to eosinophil infiltration [267].
Commonly affected organs include the heart, lungs,
skin, and gastrointestinal tract. The pathogenic role
of eosinophils in HES is attributed to their ability to
release cytotoxic proteins and cytokines that cause
tissue damage. Treatments for HES often include
corticosteroids, cytotoxic agents, and targeted
therapies like anti-IL-5 antibodies [277].
Autoimmune Diseases

Eosinophils have been implicated in the
pathogenesis of autoimmune diseases such as
eosinophilic ~ granulomatosis ~ with  polyangiitis
(EGPA, formerly known as  Churg-Strauss

syndrome). In EGPA, eosinophils contribute to
vasculitis and tissue inflammation, affecting the
lungs, kidneys, and peripheral nerves [287. As with
other  eosinophil-driven  conditions,  biologic
therapies targeting eosinophil-associated cytokines
have shown efficacy in managing EGPA.
Regulatory Functions of Eosinophils: Beyond
Inflammation
Recent research has revealed that eosinophils play
regulatory roles beyond their well-known effector
functions in immunity and inflammation [297.
These regulatory roles suggest that eosinophils may
also act as "friends" in maintaining immune
homeostasis and tissue repair.
Tissue Homeostasis and Repair

Eosinophils contribute to tissue homeostasis by
promoting the resolution of inflammation and
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supporting tissue repair [30]. For example, in
adipose tissue, eosinophils help maintain metabolic
homeostasis by producing IL-4 and IL-13, which
promote the polarization of anti-inflammatory M2
macrophages [817]. Similarly, eosinophils have been
shown to play a role in tissue remodeling and repair
following injury, particularly in the lungs and
intestines.
Immune Regulation

Eosinophils can also modulate immune responses by
influencing the activity of other immune cells.
Through the release of cytokines and growth
factors, eosinophils can regulate the functions of
dendritic cells, T cells, and B cells, contributing to
both  pro-inflammatory and anti-inflammatory
responses [327]. This immunoregulatory role
highlights the complexity of eosinophil function in
health and disease.

Therapeutic Targeting of Eosinophils
Given the dual role of eosinophils in both protective
and pathological processes, therapeutic strategies
have been developed to target eosinophil activity in
diseases where they are detrimental. Biologic
therapies that block IL-5 or IL-5Ra (e.g,
mepolizumab, benralizumab) have shown success in
reducing eosinophil levels and alleviating symptoms
in eosinophil-driven diseases such as asthma, EoE,
and HES [337. Other emerging therapies targeting
eosinophil trafficking and activation pathways hold
promise for treating eosinophil-associated disorders

[84].

CONCLUSION

Eosinophils are versatile immune cells that play
complex roles in host defense, allergy, and
inflammation. As "friends," they contribute to
protection against parasites, tissue repair, and

immune regulation. However, their role as "foes" in
allergic  diseases, chronic inflammation, and
autoimmune disorders
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