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ABSTRACT

Asthma is a chronic inflammatory disorder of the airways marked by recurring symptoms such as wheezing, shortness of breath,
coughing, and chest tightness. It is characterized by both allergic and autoimmune inflammatory responses that disrupt normal
immune regulation. The interplay between environmental triggers and genetic susceptibility contributes significantly to the
pathogenesis of asthma. Central to the disease mechanism are immune cells like eosinophils, mast cells, Th2 and Th17 lymphocytes,
and a cascade of cytokines including IL-4, IL-5, IL-13, IL-17, and TNF-a. These cytokines facilitate airway inflammation,
hyperresponsiveness, mucus hypersecretion, and structural remodeling. Regulatory cytokines like IL-10 and TGF-f attempt to
restore balance but are often dysfunctional in asthmatics. A rising interest in the autoimmune component of asthma is evident, with
autoantibodies and immune dysregulation being recognized in severe and steroid-resistant cases. Additionally, biomarkers such as
FeNO and IgE levels are valuable in diagnosis and monitoring but are sometimes nonspecific. Allergic triggers like dust mites,
pollen, and pet dander further complicate management, particularly in regions like Saudi Arabia, where allergic asthma is highly
prevalent. Despite pharmacological advancements, heterogeneity in patient response necessitates personalized therapeutic
strategies. A deeper understanding of immune pathways is essential for improving treatment outcomes. This review outlines the
immunopathology of asthma with a focus on the cytokine network, allergic mechanisms, and immune dysregulation to provide
insights for more precise and effective clinical interventions.
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1. INTRODUCTION

Wheezing, shortness of breath, coughing, and chest tightness are all signs of asthma, a chronic inflammation of the airways.
Although the precise origins of asthma are still unknown, it is known that environmental triggers and genetic predisposition both
play a role in the disease's emergence [1]. Two processes that might be involved in the onset and development of asthma include
allergic and autoimmune inflammatory responses. Wang et al. (2023) reported that elevated IgE levels are often seen in individuals
with allergic asthma [2]. IgE plays a key role in allergic reactions by binding to allergenic substances and releasing chemicals that
constrict the bronchial passageways and induce inflammation in the airways. The immune response against allergic responses and
parasites involves eosinophils. Blood, sputum, or bronchial biopsies often show elevated eosinophil concentrations in asthma.
Inflammatory chemicals released by eosinophils aid in the remodeling and inflammation of the airways. During inflammation,
eosinophils and other cells in the airways create nitric oxide [3]. Fractional exhaled nitric oxide (FeNO) measurements may be used
to measure airway inflammation, especially eosinophil inflammation, and track how well asthma patients are responding to therapy
[4]. There are several drawbacks to using FeNO as a biomarker for airway inflammation in asthma, especially in relation to false
positive findings. In addition to asthma, other illnesses may also cause elevated FeNO levels, which might result in false-positive
test findings. For instance, even if they may not have asthma, people with eosinophilic bronchitis, allergic rhinitis, or even
environmental factors like smoking or air pollution may have elevated FeNO levels [4,5,6]. (as shown in fig 1)
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Fig 1: shows the trigger response pathophysiology of asthma.

An imbalance of immunological responses results from the immune system's dysregulation in asthma, which is a disruption of
normal immune homeostasis. This dysregulation often shows up as an exaggerated immunological response, which includes
enhanced airway hyperreactivity, overlap between allergy indicators, excessive synthesis of inflammatory cytokines, and
hyperactivation of immune cells. But it may also result in an immune response that is insufficient or incorrect, which hinders the
body's capacity to control inflammation and accelerates the course of chronic illness. The pathophysiology of asthma is based on
this intricate interaction of immunological pathways [7]. Asthma is mostly a chronic inflammatory illness, but there is evidence that
the condition may also develop and worsen as a result of dysregulated immune system pathways [8,9]. An immune system that is
dysregulated in asthma may incorrectly target and assault respiratory system components. Autoantibodies that identify and attach to
self-antigens in the respiratory system may be produced by some asthmatics [7]. They increase the disease's severity and chronicity,
making it more difficult to treat with traditional asthma medications, by causing immune system dysregulation and encouraging
ongoing inflammation [10].

T helper cells are essential for controlling immunological reactions. In asthma, there is evidence of a T helper cell imbalance,
specifically a shift toward Th2 cell dominance [11]. Airway hyperreactivity and asthma symptoms are caused by the cytokines
produced by Th2 cells, which encourage allergic inflammation. A particular subset of T cells known as regulatory T cells (Tregs)
aids in preserving the equilibrium of the immune system and averting overreactions. Asthma patients have been shown to have
dysfunctional or reduced Treg counts, which suggests compromised immune control [12]. This might exacerbate asthma symptoms
by triggering overreactions of the immune system to innocuous things like allergens. In autoimmune asthma, the cytokine network
plays a critical role in regulating the immune response. Different immune cells produce small proteins called cytokines, which
operate as messengers to facilitate cell-to-cell contact and coordinate immune responses.

Th2 cells generate IL-4, which is essential for stimulating the synthesis of IgE antibodies that cause allergic responses. Elevated IL-
4 levels in asthma help to trigger Th2 responses, which in turn increase IgE production and eosinophil recruitment [13,14]. The
development, activity, and survival of eosinophils—a particular subset of white blood cells implicated in allergic inflammation—
are significantly influenced by IL-5. IL-5 encourages eosinophil immigration into the airways in autoimmune asthma, which
damages tissue and exacerbates asthma symptoms [15].

Another significant cytokine that Th2 cells generate is IL-13. It contributes to the pathophysiology of autoimmune inflammatory
responses in asthma and has a number of biological functions with IL-4. IL-13 stimulates eosinophil recruitment, mucus formation,
and airway hyperresponsiveness [16]. Th17 cells are a subpopulation of T cells that primarily generate IL-17. IL-17 encourages the
recruitment and activation of neutrophils, another kind of white blood cell, in autoimmune inflammatory responses in asthma. Tissue
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injury and airway inflammation are exacerbated by neutrophils. Numerous immune cells generate the proinflammatory cytokine
TNF-a. In asthmatic autoimmune inflammatory responses, it stimulates mucus production, airway remodeling, and airway
inflammation [17]. Chronic airway inflammation, bronchial constriction, and other hallmarks of asthma are caused by the interaction
and modulation of the immune response by these and other cytokines in autoimmune inflammatory responses. Th2 and Th17
responses are dysregulated in the complex cytokine network of autoimmune inflammatory reactions in asthma, which results in
tissue damage and ongoing inflammation in the airways. Individual differences may exist in the existence of allergy biomarkers and
dysregulated immune system responses in asthma, and further study is required to fully comprehend their significance in the
condition. Table 1 lists important allergy indicators that are often linked to asthma and describes how each one contributes to the
illness. The intriguing relationship between autoimmunity and allergy indicators in asthma is highlighted in this thorough analysis.
Researchers and clinicians may learn a great deal about the pathophysiology, diagnosis, and therapy of these complicated illnesses
by comprehending the common immunologic pathways and their clinical consequences.

2. Asthma and Inflammation

A major contributing element to asthma, a chronic respiratory disease characterized by airway swelling and tightness, is
inflammation. When asthmatics are exposed to certain stimuli, such as allergens, irritants, or respiratory infections, their immune
systems may respond, causing their airways to become inflamed. There are several elements involved in the inflammatory response
in asthma. First, chemical messengers including histamine, leukotrienes, and cytokines are released by immune cells, especially
mast cells and eosinophils. These chemicals enlarge blood vessels, produce more mucus, and contract the smooth muscle around
the airways, which causes constriction of the airways and makes breathing harder. Asthma-related inflammation is categorized as
eosinophilic and neutrophilic inflammation, a kind of chronic inflammation. An important part in allergic responses is played by
eosinophils. They penetrate the respiratory tract's tissues and release more inflammatory chemicals, which feed the chain reaction
and cause further respiratory tract damage [27]. Over time, airway wall remodeling may result from asthma's ongoing inflammation.
Structural alterations include thicker airway walls, enlarged mucous glands, and greater collagen deposition are all part of this
remodeling. Reduced lung function and airway constriction are additional effects of these alterations [28]. Reducing inflammation
and avoiding or alleviating symptoms are the main goals of asthma treatment. Inhaled corticosteroid medicines, which assist
decrease inflammation in the airways, are frequently used pharmaceuticals. T helper cells play a crucial role in regulating immune
responses. Depending on the severity and course of therapy of the asthma, other drugs, bronchodilators, leukotriene modifiers, and
monoclonal antibodies that target certain inflammatory components may also be suggested.

3. Asthma and Allergies

Although allergens are generally harmless for most people, allergies occur when the immune system reacts to them. Common
allergies include dust mites, pollen, certain foods, bug stings, animal dander, and animal saliva. Allergy responses occur when an
allergic person comes into contact with an allergen, which causes their immune system to release chemicals like histamine. Sneezing,
itching, runny or stuffy nose, watery eyes, and skin rashes are typical symptoms of allergies, however they may vary according on
the allergen and the person. The severity of allergic responses may vary, and in some situations, they can even result in potentially
fatal anaphylaxis. Allergies and asthma are closely connected conditions, and people with asthma often have allergy triggers that
exacerbate their symptoms. Allergies may exacerbate asthma symptoms, and many individuals with asthma also have them. An
asthma attack or worsening of pre-existing symptoms may occur when a person with allergic asthma comes into contact with an
allergen. Increased inflammation, edema, and mucus formation in the airways due to an allergic reaction may further constrict the
airways and make breathing more difficult [29]. Controlling allergens is crucial to managing allergic asthma. Allergies are a common
occurrence for asthma sufferers in Saudi Arabia and other parts of the globe. In this nation, the prevalence of allergic asthma is very
high. The prevalence of asthma and its allergic variations in various regions of Saudi Arabia has been the subject of several studies
[30, 31]. 2405 people participated in a cross-sectional study by Al Ghobain et al. (2018) utilizing the European Community
Respiratory Health study (ECRHS) questionnaire. There were no discernible gender differences in the prevalence of wheezing over
the previous 12 months without a cold (p = 0.107), which was 18.2%. 11.3% of participants reported having asthma that was
diagnosed by a doctor; once again, there was no discernible difference between men and women (p = 0.239). Furthermore, 10.6%
of respondents said they were on asthma medication. The region of residence (p = 0.07), educational attainment (p = 0.11), and
smoking behaviors (p = 0.06) did not significantly vary between asthmatics and non-asthmatics. Nonetheless, a noteworthy
correlation (p < 0.001) was discovered between nasal allergies and asthma. Using the ECRHS questionnaire, the research found that
the prevalence of asthma is much greater than in most other nations [30]. Algahtani (2016) said that over the last three decades,
there has been a notable rise in allergy disorders, which has increased morbidity and mortality among children and young people.
Finding out the frequency and risk factors of allergy illnesses in 1700 Saudi schoolchildren from Najran, in the southwest of the
country, was the main goal of the research. Asthma prevalence was 27.5%, rhinitis prevalence was 6.3%, and atopic dermatitis
prevalence was 12.5%. Among the risk variables that were found were pet ownership, fast food intake, proximity to trucks, and
male gender. 42.5% of youngsters were found to be sensitized to allergens, with the most prevalent ones being home dust mites,
grass pollen, and cat hair. In order to lessen the burden of allergy disorders, the research emphasizes the need of comprehensive
intervention programs [31]. It has long been recognized that asthma and allergic rhinitis (AR) are comparable conditions.
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Nonetheless, the most significant contributor to the pathophysiology of these two illnesses is the immune system. According to
further study, the severity of asthma may cause an inflammatory reaction in the upper airways, raising the chance of AR.

4. The Asthma Cytokine Network

T helper cells play a crucial role in regulating immune responses. The cytokine network in asthma is a complex and dynamic system
that is composed of immune cells, cytokines, and signaling pathways. Cytokines are microscopic proteins secreted by immune cells
that are vital for regulating intercellular communication, immunologic responses, and inflammation. Table 2 provides a summary of
the several cytokines linked to asthma as well as details on how each one affects the inflammatory and immune responses involved
with the condition.

Asthma-related hyperreactivity, tissue remodeling, and airway inflammation are all mediated by cytokines. It's critical to keep in
mind that our understanding of the asthma cytokine network is always changing, with fresh research often identifying novel nuances
and possible therapeutic targets. diverse patients may also have diverse profiles, which might result in differences in responsiveness
and cytokine expression. Consequently, customized therapy regimens are becoming more and more important for managing asthma
[44].

Asthma-related hyperreactivity, tissue remodeling, and airway inflammation are all mediated by cytokines. It's critical to keep in
mind that our understanding of the asthma cytokine network is always changing, with fresh research often identifying novel nuances
and possible therapeutic targets. diverse patients may also have diverse profiles, which might result in differences in responsiveness
and cytokine expression. Consequently, customized therapy regimens are becoming more and more important for managing asthma
[44].

4.1. Th2 Cytokines

The immune system causes inflammation in asthma, which narrows the airways. Coughing, wheezing, chest constriction, and trouble
breathing are some of the symptoms that arise from this. In asthma, cytokines such as IL-4, IL-5, and IL-13 often drive this
immunological response. Asthma patients often have a high Th2 immune response [45]. A variety of cytokines released by these
Th2 cells intensify inflammation and its associated symptoms. Th2 induction involves the following cytokines:

4.1.1. IL-4, or interleukin-4

The body's allergic responses, particularly allergic asthma, and associated illnesses are largely influenced by IL-4. The immune
system's reaction to allergens is significantly influenced by this cytokine, which is mostly generated by Th2 cells. The development
of Th2 cells, which are specialized to cause allergic responses and release cytokines like IL-5 and IL-13, is one of IL-4's primary
roles. These cytokines encourage the development of mucus in the airways and facilitate the entry of eosinophils. Furthermore, B
cells are guided by IL-4 toward plasma cells that generate antibodies, especially IgE. Because it binds to allergens and causes mast
cells and basophils to generate pro-inflammatory chemicals after future allergen exposures, this particular antibody, IgE, is essential
in allergic episodes [46]. These IgE antibodies are essentially produced by B cells in response to IL-4, which then triggers mast cells
and basophils to identify certain allergens. Furthermore, IL-4 is linked to asthma's heightened airway sensitivity, which causes
bronchial constriction in response to allergens or other irritants. In addition to IL-13, IL-4 causes the airways to produce more
mucus, which may obstruct them and make breathing difficult. Prolonged exposure to IL-4 may potentially alter the airway's
structure, making asthma more chronic.

4.1.2. IL-5, or interleukin-5

Particularly in instances of allergic asthma characterized by eosinophilic inflammation, IL-5 plays a significant role in the
development of asthma. Eosinophil proliferation, differentiation, activation, and survival are all significantly regulated by IL-5. The
generation of eosinophils in the bone marrow and their migration into the airways and other organs are strongly stimulated by IL-5.
Elevated IL-5 levels in asthma contribute to airway inflammation by encouraging the buildup of eosinophils in the airway walls
[47]. Numerous inflammatory mediators released by eosinophils have the potential to aggravate tissue damage and airway
inflammation. These mediators have the potential to exacerbate bronchoconstriction and airway hyperresponsiveness, which may
result in asthma symptoms. Eosinophils may also aid in the secretion and synthesis of mucus in the airways when IL-5 is present.
Lung function may be hampered by increased mucus, which may further block the airways. Airway remodeling, which entails
structural changes in the airway walls, may be exacerbated by prolonged exposure to eosinophils and their byproducts. This
remodeling may contribute to the chronicity of asthma and cause long-term alterations in lung function [48]. Other Th2 cytokines
including IL-4 and IL-13 are often generated with IL-5. Together, these cytokines intensify the allergic reaction, resulting in
worsening symptoms and inflammation.
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4.1.3. IL-13, or interleukin-13

A key cytokine in the development and progression of asthma, especially allergic asthma, is IL-13. It has several roles with IL-4
and is closely associated with the Th2 immune response. IL-13 is produced by a variety of immune cells, including Th2 cells, and
has a major effect on the immune system and the airways. According to a research, IL-13 is a key factor in asthma as the main cause
of airway inflammation [49]. It encourages the recruitment of inflammatory cells to the airways, including mast cells, T cells, and
eosinophils. Asthma symptoms may arise from bronchoconstriction and airway hyperresponsiveness brought on by this
inflammation. In the airway epithelium, IL-13 promotes the development of goblet cells that secrete mucus. Breathing becomes
more difficult and exacerbates asthma symptoms when the airways are obstructed by increased mucus production. According to the
research by Pope et al. 2001 [16], IL-13 is linked to airway remodeling, a process that is defined by structural alterations in the
airway walls. Changes in blood vessel architecture, increased extracellular matrix protein deposition, and thickening of the smooth
muscle of the airways might result from this. Over time, these alterations could contribute to ongoing airway blockage and declining
lung function. Furthermore, the airway epithelial barrier, which typically acts as a barrier to keep out allergens and irritants, may be
compromised by IL-13. Increased exposure to allergens and further inflammation may result from this barrier failure. Like IL-4, IL-
13 stimulates the synthesis of IgE antibodies. IgE antibodies contribute to allergic reactions by making mast cells and basophils
more sensitive to allergens, which causes them to produce inflammatory mediators. Fibroblast activation and the synthesis of
collagen and other extracellular matrix components may result from prolonged exposure to IL-13. Structural alterations and airway
remodeling are facilitated by this fibrotic response.

4.1.4. IL-9, or interleukin-9

Asthma development is linked to IL-9, namely its role in airway inflammation and heightened susceptibility [50]. Although IL-9
was first identified as a component that supported T-cell proliferation, its impact extends beyond this. It is essential for drawing in
and triggering different immune cells in the airways, including T cells, mast cells, and eosinophils. Inflammatory chemicals released
by immune cells contribute to airway inflammation and ultimately cause asthma symptoms to appear. In the mucosa of the airways,
IL-9 promotes the development of goblet cells that produce mucus. Asthma symptoms might worsen and airway obstruction can
result from increased mucus production. Inflammatory chemicals released by immune cells contribute to airway inflammation and
ultimately cause asthma symptoms to appear. T helper cells play a crucial role in regulating immune responses. The respiratory tract
mucosa's goblet cells, which produce mucus, proliferate and differentiate in response to IL-9. Asthma symptoms might worsen and
airway obstruction can result from increased mucus output [51]. Asthma is characterized by increased airway sensitivity, which is
exacerbated by IL-9. When certain triggers happen, this heightened sensitivity causes more noticeable bronchoconstriction and
limited breathing. Eosinophils, which are often present in asthmatics' airways in higher quantities, are attracted to and activated by
IL-9. Eosinophils may harm tissues and are implicated in inflammatory and allergic responses. Important immune cells that
contribute to allergic responses, mast cells, may be stimulated by IL-9. Histamine and other chemicals that promote inflammation,
mucus production, and constricted airways are released by these mast cells when they are triggered. Th9 cells, a particular subset of
CD4+ T cells, produce IL-9. This cytokine increases the Th2 immune response often seen in asthma by collaborating with other Th2
cytokines including IL-4 and IL-13 [16,35,49].

5. T Helper Cell Subset Cytokines
5.1. IL-17, or interleukin-17

The Th17 response is the main immune response type that IL-17 is linked to. Although Th2 responses predominate in allergic
asthma, certain asthma cases, especially those involving non-eosinophilic inflammation, have also been linked to Th17 responses
and IL-17. The recruitment and activation of neutrophils in the airways is a hallmark of neutrophilic inflammation, which is often
linked to IL-17. Eosinophilic inflammation, which usually occurs in allergic asthma, is different from this kind of inflammation.
Airway blockage and airflow restriction may be exacerbated by neutrophilic inflammation. The recruitment and activation of
neutrophils in the airways is a hallmark of neutrophilic inflammation, which is often linked to IL-17 [52]. Eosinophilic inflammation,
which usually occurs in allergic asthma, is not the same as this kind of inflammation. Airway blockage and airflow restriction may
be exacerbated by neutrophilic inflammation [53]. The cytokine IL-17 and Th17 cells induce neutrophilic inflammation in Th17
asthma, a subtype of asthma linked to more severe, steroid-resistant instances. People who smoke, have respiratory infections, are
obese, or have been exposed to pollutants are at risk for Th17 asthma. There is a known Th2/Th17 overlap phenotype in which
individuals have both Th2-mediated allergy reactions (eosinophilic inflammation) and Th17-driven inflammation (neutrophilic),
even though Th17-driven asthma is often non-allergic. Treatments that target both the Th2 and Th17 pathways are necessary because
of this overlap, which causes more severe asthma that is often resistant to conventional therapy [54,55,56].
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5.2. TNF-a, or tumor necrosis factor-alpha

Among the cytokines that cause the acute phase response is TNF-a, a proinflammatory cytokine that is essential for systemic
inflammation. TNF-a is mostly produced by macrophages, although it may also be produced by CD4+ lymphocytes, Nk cells,
neutrophils, mast cells, eosinophils, and neurons [57]. Asthma, a chronic inflammatory lung illness marked by bronchoconstriction,
airway inflammation, and elevated airway sensitivity, is linked to TNF-a [58]. TNF-o has a complex role in asthma and disrupts a
number of systems. TNF-a may cause endothelial cells to exhibit more adhesion molecules, which increases leukocyte entrance into
the airways. Substances that worsen inflammation are subsequently released by these leukocytes. Increased airway sensitivity and
bronchoconstriction may result from TNF-a's ability to further trigger the production of inflammatory chemicals. Since there are
several forms and phenotypes of asthma, the impact of TNF-a may vary depending on these variances. Furthermore, not all asthmatic
patients respond well to TNF-a targeted therapy. Therefore, further research is necessary to determine whether individuals may
benefit from anti-TNF-a therapy.

5.3. IFN-y, or interferon-gamma

IFN-y, which is primarily generated by natural killer cells and activated T cells, is essential for immunological responses. It takes
part in a number of immune-related processes, including immune response control, macrophage activation, and antigen presentation
enhancement [59]. In some situations, I[FN-y may have both pro- and anti-inflammatory actions. IFN-y has a variety of roles in
asthma, a chronic lung illness characterized by airway inflammation, bronchoconstriction, and airway hyperreactivity. In general,
there are two types of asthma: eosinophilic and non-eosinophilic [60]. The Thl response, which is more prevalent in non-
eosinophilic asthma, is associated with IFN-y. It is possible that [IFN-y has a protective role in non-eosinophilic asthma. The Th2
response, which is linked to eosinophilic inflammation, may be offset by the Thl response. IFN-y may lessen eosinophilic
inflammation, which is linked to asthma flare-ups, by promoting a Thl response [44]. Furthermore, it has been shown that [FN-y
inhibits mast cells' production of pro-inflammatory mediators like histamine. But with asthma, too much IFN-y production might
be detrimental. Airway remodeling, a feature of chronic asthma that results in structural alterations to the airways, has been linked
to elevated IFN-y levels. Reduced lung function and increased airway hyperresponsiveness may be the outcomes of these changes.
IFN-y's function in asthma is still being investigated, and there is continuous curiosity in how this cytokine interacts with other
immune mediators in the asthmatic setting. Future treatments for asthma could focus on developing medications that target IFN-y
or alter the ratio of Th1 to Th2 responses. However, these treatments need to be carefully crafted to avoid unintended side effects or
a worsening of inflammation.

6. Cytokines that regulate

In a number of illnesses, including asthma, regulatory cytokines play a critical role in the immune response. Wheezing, coughing,
and dyspnea are symptoms of asthma, a chronic inflammatory disease that affects the pulmonary airways [43]. An important factor
in the onset and aggravation of asthma symptoms is the immune system's reaction to allergens or other triggers. Immune cells and
other body cells emit tiny proteins called cytokines, which aid in coordinating the immune response. Cytokines may be classified
into a number of distinct categories, such as regulatory and pro-inflammatory. The immune response is modulated by regulatory
cytokines, which may aid in tissue repair and inflammation reduction in asthma [61]. The following are the main regulatory
cytokines implicated in asthma:

6.1. IL-10, or interleukin-10

A regulatory cytokine called IL-10 has the ability to reduce inflammation and prevent certain immune cells, such T cells and
macrophages, from activating and functioning. Pro-inflammatory cytokines and other inflammatory mediators may be produced
less often when IL-10 is present [62]. IL-10 may prevent immune cells like macrophages from releasing inflammatory cytokines
including TNF-alpha, IL-6, and IL-1. As a consequence, inflammation is decreased. T cells, B cells, and macrophages are examples
of immune cells whose activation may be reduced by IL-10. As a result, inflammation is decreased along with the immunological
response. Treg development and activity may be enhanced by IL-10, which aids in reducing inflammation and averting autoimmune
responses [39]. In order to counteract the effects of proinflammatory cytokines and maybe improve asthma, IL-10 is essential.

6.2. TGF-p, or Transforming Growth Factor-Beta

TGF-p is a crucial cytokine that controls the immune system, inhibits the development and activation of certain immune cells, and
aids in tissue healing. However, asthma-related airway alterations, such as structural abnormalities and increased airflow resistance,
may be linked to overproduction of TGF-f. Additionally, it plays a key role as a mediator in tissue healing and immunological
response. Numerous facets of the illness have been linked to TGF-f [36,63]. Changes in the structure of the airway walls, known as
airway remodeling, are a hallmark of persistent asthma. This change involves new blood vessel creation, smooth muscle expansion,
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and thickening of the subepithelial area. TGF-B contributes to this process by encouraging the proliferation of fibroblasts and the
buildup of extracellular matrix elements, which causes the subepithelial layer to thicken. Furthermore, TGF-B has the ability to
affect smooth muscle cell growth. Epithelial-Mesenchymal Transition (EMT) is believed to have a role in asthmatic airway
remodeling or alterations that might result in thickening of the airway walls, which hinders airflow and lowers lung efficiency [64].
By prompting these epithelial cells to undergo EMT, which results in the loss of their original features and the acquisition of
mesenchymal traits, TGF-f plays a critical role in this process. This enhances the cells' capacity to move and invade in addition to
increasing the synthesis of extracellular matrix components. One characteristic of persistent asthma is airway remodeling, which is
significantly influenced by TGF-f. Subepithelial fibrosis, or thickening of the airway walls, may result from its stimulation of EMT.
Furthermore, TGF-P has the ability to stimulate fibroblast transformation and proliferation, which is a contributing factor to airway
fibrosis. The intricate nature of asthma is exacerbated by the interplay between EMT and TGF-f, which highlights the
interdependence of cell transformation and regulatory factors [41,65]. Further investigation into this connection might lead to
improved treatment approaches in the future.

6.3. IL-35, or interleukin-3

A recently discovered regulatory cytokine, IL-35, has the potential to be useful in managing immunological responses in asthma
because of its capacity to suppress T-cell activation and lower the production of inflammatory cytokines [66]. Because of its
immunosuppressive properties, it is being investigated as a potential treatment target for autoimmune and inflammatory conditions,
such as asthma. However, in order to create focused and efficient therapies for asthma, a better knowledge of the intricate function
that regulatory cytokines play in the condition is necessary.

7. Immune System Dysregulation in Asthma

When the immune system mistakenly attacks and damages the body's tissues, cells, or organs, it is known as a dysregulated immune
system. While asthma is best understood as a long-term respiratory disease marked by inflammation and constriction of the airways,
there is continuous investigation and speculation about possible autoimmune pathways that may affect some features of asthma [67].
Certain autoantibodies are often used as distinct indicators of autoimmune disorders. A potential connection between autoantibodies
and asthma, a primary inflammatory illness of the airways, has drawn increasing attention recently [68,69,70,71]. According to
certain study, autoantibodies may be present in asthmatic individuals, and in some situations, these antibodies may contribute to the
disease's underlying causes. Autoantibodies that target bronchial epithelial cells have been found in certain asthmatic individuals.
Asthma-related epithelium damage and dysfunction may be exacerbated by such autoantibodies. Furthermore, there is evidence to
imply that people with severe asthma may have higher levels of these autoantibodies or that their effects may be more pronounced
than those with milder forms of the condition.

One kind of immune cell that contributes to autoimmune responses is called a Th17 cell. They produce cytokines that cause
inflammation. Patients with asthma, particularly those with severe or steroid-resistant symptoms, have higher levels of Th17 cells
and the cytokines they release in their airways [72,73,74]. Treg cells play a vital role in controlling the immune system and averting
autoimmune diseases. The onset and subsequent severity of asthma may be influenced by the dysfunction of these cells. The onset
and course of asthma are significantly influenced by immune system dysfunction.

An imbalance in the immune response that leads to an elevated inflammatory response and heightened airway sensitivity is known
as immunological dysregulation in asthma [12]. An important immunological imbalance linked to asthma is linked to an increased
Th2 immune response. A subgroup of T cells called Th2 cells are in charge of releasing a number of cytokines, including IL-4, IL-
5, and IL-13. Asthma's hallmark symptoms are caused by these cytokines, which also encourage the development of allergic
inflammation, mucus formation, and eosinophil deposition in the airways. The hallmark of asthma is immune system dysregulation,
which results in a higher concentration of eosinophils in the airways, producing inflammation and tissue damage. This kind of
inflammation is often linked to allergic asthma [27].

Airway remodeling is the term for the structural alterations in the airways that might result from an immune system imbalance over
time. Airway smooth muscle cell alterations, thickening of the airway walls, and increased mucus production are all examples of
this phenomena. Reduced lung capacity and ongoing airway blockage may result from such alterations. Immune signaling relies
heavily on cytokines. The generation of cytokines is unbalanced in asthma. For instance, whereas lower levels of regulatory
cytokines like IL-10 result in insufficient regulation of inflammation, elevated levels of IL-4, IL-5, and IL-13 encourage the Th2-
mediated allergic response [75,76,77]. Asthma is also linked to the innate immune system, which offers quick but general reactions
to pathogens and antigens. Immune cells' pattern recognition receptors (PRRs) may cause inflammation by identifying certain
molecular patterns in pathogens [78,79,80,81]. Even when there is no infection, PRRs may lead to increased inflammation in asthma.
Conversely, the antibody class IgE is implicated in allergic reactions [82,83]. IgE antibodies against innocuous items may be
produced as a result of immunological dysregulation in asthma, which can cause allergic responses and aggravate airway

Page | 44



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 6, June 2025 ijppr.humanjournals.com ISSN:2349-7203

inflammation. Histamine, leukotrienes, and other inflammatory mediators are released by mast cells, basophils, and other immune
cells, contributing to asthma. Asthma causes dysregulation of this immune cell activation, which exacerbates inflammation and
bronchoconstriction [84].

Recent Studies and Future Scope

Asthma should aim to unravel the intricacies of immune system dysregulation and its variable phenotypic expressions, particularly
in steroid-resistant and autoimmune subtypes. A major priority is the development of personalized medicine based on
immunophenotyping, enabling clinicians to match patients with the most effective biologic therapies targeting specific cytokines or
immune cells. With increasing evidence linking autoantibodies and T-cell imbalances to asthma severity, deeper exploration into
autoimmune mechanisms could identify novel diagnostic markers and treatment targets. Moreover, advancements in genomics and
epigenetics can help identify risk factors at the molecular level, guiding early intervention and preventive strategies in at-risk
populations. Innovative diagnostic tools, such as multiplex cytokine assays and integrated biosensors for FeNO, IgE, and
eosinophils, are expected to enhance precision in asthma monitoring. Future clinical trials should also explore the therapeutic
potential of IL-35, TGF-B modulators, and inhibitors of epithelial-mesenchymal transition to mitigate airway remodeling.
Additionally, environmental studies focusing on allergen control, urban pollution, and microbiome modulation may offer holistic
strategies to reduce asthma prevalence and improve quality of life. Incorporating artificial intelligence and machine learning into
asthma management could revolutionize symptom tracking, predictive modeling, and treatment adherence. Ultimately,
interdisciplinary collaboration among immunologists, pulmonologists, geneticists, and public health experts is essential to translate
these research advancements into clinical practice and public health policy. Through such efforts, we may not only treat but
potentially prevent or reverse the course of asthma in the future.

Table 1: shows the recent studies in the field of asthma.

Study/Report Title Year | Main Focus Key Findings/Advances

CAR T cells in Asthma 2024 | Immunotherapy | CAR T cell technology is being adapted to suppress asthma by
targeting immune pathways [85].

Distinctive Lung 2024 | Immunology CD39+CD9+ lung interstitial macrophages suppress IL-23/Th17-

Macrophages mediated neutrophilic asthma by inhibiting NETosis [85].

Benralizumab for Asthma | 2024 | Biologic Benralizumab, previously for severe cases, could be used routinely for

Attacks Therapy ~2 million asthma and COPD attacks annually in the UK, marking the
first major advance in 50 years [86].

Injectable Antibody 2024 | Targeted Ongoing trial for an antibody injection aimed at reducing airway

Therapy Clinical Trial Therapy inflammation and asthma symptoms, with hopes for fewer injections
and improved quality of life [86].

GINA 2024 Report 2024 | Global Updated global asthma management and prevention strategies based

Guidelines on new scientific evidence, including medication dose clarifications

[87].

ANANKE Study: 2024 | Biologic Demonstrated sustained effectiveness of benralizumab in both

Benralizumab Therapy biologic-naive and experienced severe eosinophilic asthma patients

Effectiveness [88].

SINA 2024: Saudi Asthma | 2024 | Clinical Emphasizes personalized medicine, new biologics, and evidence-

Guidelines Guidelines based updates, including the management of asthma during
respiratory infections [89].

Personalized Approaches 2024 | Precision Integration of personalized treatment reflecting disease heterogeneity,

in Asthma Management Medicine especially with new biologic agents [89].

Immunological 2024 | Basic Research | Advances in understanding immune cell roles (e.g., Th17, NETosis) in

Mechanisms in Asthma asthma pathogenesis, guiding new therapeutic targets [90].

Strategic Treatment Based | 2024 | Clinical Strategy | Recognition of distinct inflammation patterns allows for more

on Inflammation Patterns strategic, individualized treatment delivery [90].

Conclusion

Asthma remains a complex and multifactorial respiratory disorder, deeply rooted in immune dysregulation and hypersensitivity
responses. The involvement of diverse T-helper subsets, cytokine storms, and eosinophilic or neutrophilic inflammation underlines
the heterogeneity of this condition. A significant shift in understanding has emerged with the recognition of autoimmune components
in asthma pathogenesis, especially in severe or steroid-resistant cases. Cytokines such as IL-4, IL-5, IL-13, and IL-17 orchestrate
inflammatory cascades that result in bronchial hyperresponsiveness, mucus overproduction, and airway remodeling.
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Simultaneously, a deficit or dysfunction in regulatory cytokines like IL-10 and TGF-B compromises immune tolerance, perpetuating
chronic inflammation. The interplay between allergic triggers and immune cells amplifies this cycle, posing challenges for effective
disease control. Conventional treatments, including corticosteroids and bronchodilators, offer symptom relief but fall short in
modifying the underlying immune dysfunction in many patients. The use of monoclonal antibodies targeting specific immune
pathways marks a promising advancement, yet access, cost, and variability in response remain concerns. Moreover, regional studies,
such as those in Saudi Arabia, emphasize the critical role of environmental and genetic factors in disease prevalence. A
comprehensive approach integrating immune profiling, environmental management, and personalized medicine is essential. By
advancing our understanding of the immunopathology of asthma and developing targeted therapies, it is possible to shift from
generalized management toward precise, individualized care. This paradigm shift holds the potential to significantly reduce disease
burden and enhance the quality of life for millions of asthmatics worldwide.

REFERENCE

1. Holgate, S.T.; Wenzel, S.; Postma, D.S.; Weiss, S.T.; Renz, H.; Sly, P.D. Asthma. Nat. Rev. Dis. Primers 2015, 1, 15025.

2. Wang, J.; Zhou, Y.; Zhang, H.; Hu, L.; Liu, J.; Wang, L.; Wang, T.; Zhang, H.; Cong, L.; Wang, Q. Pathogenesis of allergic
diseases and implications for therapeutic interventions. Signal Transduct. Target Ther. 2023, 8, 138.

3. Solomon, Y.; Malkamu, B.; Berhan, A.; Eyayu, T.; Almaw, A.; Legese, B.; Woldu, B. Peripheral blood eosinophilia in adult
asthmatic patients and its association with the severity of asthma. BMC Pulm. Med. 2023, 23, 96.

4. Murugesan, N.; Saxena, D.; Dileep, A.; Adrish, M.; Hanania, N.A. Update on the Role of FeNO in Asthma
Management. Diagnostics 2023, 13, 1428.

5. Baranski, K. Predictive Value of Fractional Exhaled Nitric Oxide (FeNO) in the Diagnosis of Asthma for Epidemiological
Purposes—An 8-Year Follow-Up Study. Adv. Respir. Med. 2024, 92, 36—44.

6. Heffler, E.; Carpagnano, G.E.; Favero, E.; Guida, G.; Maniscalco, M.; Motta, A.; Paoletti, G.; Rolla, G.; Baraldi, E.; Pezzella,
V.; et al. Fractional Exhaled Nitric Oxide (FENO) in the management of asthma: A position paper of the Italian Respiratory Society
(SIP/IRS) and Italian Society of Allergy, Asthma and Clinical Immunology (SIAAIC). Multidiscip. Respir. Med. 2020, 15, 36.

7. Mukherjee, M.; Nair, P. Autoimmune responses in severe asthma. Allergy Asthma Immunol. Res. 2018, 10, 428-447.

8. Hansbro, N.G.; Horvat, J.C.; Wark, P.A.; Hansbro, P.M. Understanding the mechanisms of viral induced asthma: New therapeutic
directions. Pharmacol. Ther. 2008, 117, 313-353.

9. Zhao, H.; Wu, L.; Yan, G.; Chen, Y.; Zhou, M.; Wu, Y.; Li, Y. Inflammation and tumor progression: Signaling pathways and
targeted intervention. Signal Transduct. Target Ther. 2021, 6, 263.

10. Abe, Y.; Suga, Y.; Fukushima, K.; Ohata, H.; Niitsu, T.; Nabeshima, H.; Nagahama, Y.; Kida, H.; Kumanogoh, A. Advances and
Challenges of Antibody Therapeutics for Severe Bronchial Asthma. /nt. J. Mol. Sci. 2022, 23, 83.

11. Frey, A.; Lunding, L.P.; Ehlers, J.C.; Weckmann, M.; Zissler, U.M.; Wegmann, M. More than just a barrier: The immune
functions of the airway epithelium in asthma pathogenesis. Front. Immunol. 2020, 11, 761.

12. Zhao, S.T.; Wang, C.Z. Regulatory T cells and asthma. J. Zhejiang Univ. Sci. B 2018, 19, 663—673.

13. Harker, J.A.; Lloyd, C.M. T helper 2 cells in asthma. J. Exp. Med. 2023, 220, €20221094.

14. Durrant, D.M.; Metzger, D.W. Emerging roles of T helper subsets in the pathogenesis of asthma. Immunol. Investig. 2010, 39,
526-549.

15. Tomaki, M.; Zhao, L.L.; Sjostrand, M.; Lindén, A.; Ichinose, M.; Lotvall, J. Comparison of effects of anti-IL-3, IL-5, and GM-
CSF treatments on eosinophilopoiesis and airway eosinophilia induced by allergen. Pulm. Pharmacol. Ther. 2002, 15, 161-168.
16. Pope, S.M.; Brandt, E.B.; Mishra, A.; Hogan, S.P.; Zimmermann, N.; Matthaei, K.I.; Foster, P.S.; Rothenberg, M.E. IL-13
induces eosinophil recruitment into the lung by an IL-5- and eotaxin-dependent mechanism. J. Allergy Clin. Immunol. 2001, 108,
594-601.

17. Mills, K.H.G. IL-17 and IL-17-producing cells in protection versus pathology. Nat. Rev. Immunol. 2023, 23, 38-54.

18. Hamelmann, E. The rationale for treating allergic asthma with anti-IgE. Eur. Respir. Rev. 2007, 16, 61-66.

19. Walford, H.H.; Doherty, T.A. Diagnosis and management of eosinophilic asthma: A US perspective. J. Asthma Allergy 2014, 7,
53-65.

20. Gemicioglu, B.; Musellim, B.; Dogan, I.; Guven, K. Fractional exhaled nitric oxide (FeNo) in different asthma
phenotypes. Allergy Rhinol. 2014, 5, ar-2014.

21.Hrubisko, M.; Danis, R.; Huorka, M.; Wawruch, M. Histamine Intolerance—The More We Know the Less We Know. A
Review. Nutrients 2021, 13, 2228.

22.Zhang, Y.-S.; Han, J.-Y.; Igbal, O.; Liang, A.-H. Research Advances and Prospects on Mechanism of Sinomenin on Histamine
Release and the Binding to Histamine Receptors. Int. J. Mol. Sci. 2019, 20, 70.

23. Yamauchi, K.; Ogasawara, M. The role of histamine in the pathophysiology of asthma and the clinical efficacy of antihistamines
in asthma therapy. Int. J. Mol. Sci. 2019, 20, 1733.

24.Poto, R.; Criscuolo, G.; Marone, G.; Brightling, C.E.; Varricchi, G. Human Lung Mast Cells: Therapeutic Implications in
Asthma. Int. J. Mol. Sci. 2022, 23, 14466.

25.Jo-Watanabe, A.; Okuno, T.; Yokomizo, T. The Role of Leukotrienes as Potential Therapeutic Targets in Allergic Disorders. Int.
J. Mol. Sci. 2019, 20, 3580.

Page | 46



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 6, June 2025 ijppr.humanjournals.com ISSN: 2349-7203

26. Eckl-Dorna, J.; Villazala-Merino, S.; Linhart, B.; Karaulov, A.V.; Zhernov, Y.; Khaitov, M.; Niederberger-Leppin, V.; Valenta,
R. Allergen-specific antibodies regulate secondary allergen-specific immune responses. Front. Immunol. 2018, 9, 3131.

27.Possa, S.S.; Leick, E.A.; Prado, C.M.; Martins, M.A.; Tibério, L.LF. Eosinophilic inflammation in allergic asthma. Front.
Pharmacol. 2013, 4, 46.

28. Hough, K.P.; Curtiss, M.L.; Blain, T.J.; Rui-Ming, L.; Jennifer, T.; Jessy, D.; Victor, J.T. Airway remodelling in asthma. Front.
Med. 2020, 7, 191.

29.Janssens, T.; Ritz, T. Perceived triggers of asthma: Key to symptom perception and management. Clin. Exp. Allergy 2013, 43,
1000-1008.

30. Al Ghobain, M.O.; Algazlan, S.S.; Oreibi, T.M. Asthma prevalence among adults in Saudi Arabia. Saudi Med. J. 2018, 39, 179—
184.

31. Algahtani, J.M. Asthma and other allergic diseases among Saudi schoolchildren in Najran: The need for a comprehensive
intervention program. Ann. Saudi Med. 2016, 36, 379-385.

32.Sahoo, A.; Wali, S.; Nurieva, R. T helper 2 and T follicular helper cells: Regulation and function of interleukin 4. Cytokine
Growth Factor Rev. 2016, 30, 29-37.

33.Ramirez, G.A.; Yacoub, M.R.; Ripa, M.; Mannina, D.; Cariddi, A.; Saporiti, N.; Ciceri, F.; Castagna, A.; Colombo, G.; Dagna,
L. Eosinophils from physiology to disease: A comprehensive review. Biomed Res. Int. 2018, 2018, 9095275.

34.Pelaia, C.; Heffler, E.; Crimi, C.; Maglio, A.; Vatrella, A.; Pelaia, G.; Canonica, G.W. Interleukins 4 and 13 in asthma: Key
pathophysiologic cytokines and druggable molecular targets. Front. Pharmacol. 2022, 13, 851940.

35.Shik, D.; Tomar, S.; Lee, J.B.; Chen, C.Y.; Smith, A.; Wang, Y.H. IL-9-producing cells in the development of IgE-mediated food
allergy. Semin. Immunopathol. 2017, 39, 69-77.

36. Evasovic, J.M.; Singer, C.A. Regulation of IL-17A and implications for TGF-f1 co modulation of airway smooth muscle
remodelling in severe asthma. Am. J. Physiol. Lung Cell. Mol. Physiol. 2019, 316, L843-L868.

37.Chan, B.C.L.; Lam, C.W.K.; Tam, L.S.; Wong, C.K. IL33: Roles in allergic inflammation and therapeutic perspectives. Front.
Immunol. 2019, 10, 364

38.Pan, R.; Kuai, S.; Li, Q.; Zhu, X.; Wang, T.; Cui, Y. Diagnostic value of IL-6 for patients with asthma: A meta-analysis. Allergy
Asthma Clin. Immunol. 2023, 19, 39.

39. Coomes, S.M.; Kannan, Y.; Pelly, V.S.; Entwistle, L.J.; Guidi, R.; Perez-Lloret, J.; Nikolov, N.; Miiller, W.; Wilson, M.S. CD4+
Th2 cells are directly regulated by IL-10 during allergic airway inflammation. Mucosal Immunol. 2017, 10, 150-161.

40.Hongjia, L.; Caiqing, Z.; Degan, L.; Fen, L.; Chao, W.; Jinxiang, W.; Liang, D. IL-25 promotes Th, immunity responses in
airway inflammation of asthmatic mice via activation of dendritic cells. Inflammation 2014, 37, 1070-1077.

41.0Qjiaku, C.A.; Yoo, E.J.; Panettieri, R.A., Jr. Transforming growth factor Bl function in airway remodelling and
hyperresponsiveness. The missing link? Am. J. Respir. Cell Mol. Biol. 2017, 56, 432-442.

42.Zhang, X.; Xu, Z.; Wen, X.; Huang, G.; Nian, S.; Li, L.; Guo, X.; Ye, Y.; Yuan, Q. The onset, development, and pathogenesis of
severe neutrophilic asthma. Immunol. Cell Biol. 2022, 100, 144—159.

43. Hammad, H.; Lambrecht, B.N. The basic immunology of asthma. Cel/ 2021, /84, 1469—1485.

44.Lambrecht, B.N.; Hammad, H.; Fahy, J.V. The cytokines of asthma. Immunity 2019, 50, 975-991.

45.Caminati, M.; Pham, D.L.; Bagnasco, D.; Diego, B.; Canonica, G.W. Type 2 immunity in asthma. World Allergy Organ
J. 2018, 71, 13.

46. Galli, S.J.; Tsai, M. IgE and mast cells in allergic disease. Nat. Med. 2012, 18, 693—704.

47.Pelaia, C.; Paoletti, G.; Puggioni, F.; Racca, F.; Pelaia, G.; Canonica, G.W.; Heffler, E. Interleukin-5 in the pathophysiology of
severe asthma. Front. Physiol. 2019, 10, 1514.

48. George, L.; Brightling, C.E. Eosinophilic airway inflammation: Role in asthma and chronic obstructive pulmonary disease. Ther:
Adv. Chronic Dis. 2016, 7, 34-51.

49.Doran, E.; Cai, F.; Holweg, C.T.J.; Kit, W.; Brumm, J.; Arron, J.R. Interleukin-13 in asthma and other eosinophilic
disorders. Front. Med. 2017, 4, 139.

50. Doherty, T.A.; Broide, D.H. Insights into the biology of IL-9 in asthma. J. Allergy Clin. Immunol. 2022, 150, 585-586.
51.Yang, S.; Yu, M. Role of goblet cells in intestinal barrier and mucosal immunity. J. Inflamm. Res. 2021, 14, 3171-3183.
52.Xu, S.; Cao, X. Interleukin-17 and its expanding biological functions. Cell. Mol. Immunol. 2010, 7, 164—174.

53.Zenobia, C.; Hajishengallis, G. Basic biology and role of interleukin-17 in immunity and inflammation. Periodontology
2000 2015, 69, 142-159.

54.Xie, Y.; Abel, PW.; Casale, T.B.; Tu, Y. TH17 cells and corticosteroid insensitivity in severe asthma. J. Allergy Clin.
Immunol. 2022, 149, 467-479.

55. Theofani, E.; Tsitsopoulou, A.; Morianos, I.; Semitekolou, M. Severe Asthmatic Responses: The Impact of TSLP. Int. J. Mol.
Sci. 2023, 24, 7581.

56.Sandhu, Y.; Harada, N.; Sasano, H.; Harada, S.; Ueda, S.; Takeshige, T.; Tanabe, Y.; Ishimori, A.; Matsuno, K.; Abe, S.; et al.
Pretreatment Frequency of Circulating Th17 Cells and FeNO Levels Predicted the Real-World Response after 1 Year of
Benralizumab Treatment in Patients with Severe Asthma. Biomolecules 2023, 13, 538.

Page | 47



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 6, June 2025 ijppr.humanjournals.com ISSN: 2349-7203

57. Turner, M.D.; Nedjai, B.; Hurst, T.; Daniel, J.P. Cytokines and chemokines: At the crossroads of cell signalling and inflammatory
disease. Biochim. Biophys. Acta 2014, 1843, 2563-2582.

58. Aldhalmi, A.K.; Al-Athari, A.J.H.; Makki Al-Hindy, H.A.A. Association of Tumor Necrosis Factor-o and Myeloperoxidase
enzyme with Severe Asthma: A comparative study. Rep. Biochem. Mol. Biol. 2022, 11, 238-245.

59.Ivashkiv, L.B. IFNy: Signalling, epigenetics and roles in immunity, metabolism, disease and cancer immunotherapy. Nat. Rev.
Immunol. 2018, 18, 545-558.

60. Matucci, A.; Vultaggio, A.; Maggi, E.; Ismail, K. Is IgE or eosinophils the key player in allergic asthma pathogenesis? Are we
asking the right question? Respir: Res. 2018, 19, 113.

61.Chen, T.; Hou, X.; Ni, Y.; Du, W.; Han, H.; Yu, Y.; Shi, G. The imbalance of FOXP3/GATA3 in regulatory T cells from the
peripheral blood of asthmatic patients. J. Immunol. Res. 2018, 2018, 3096183.

62.1yer, S.S.; Cheng, G. Role of interleukin 10 transcriptional regulation in inflammation and autoimmune disease. Crit. Rev.
Immunol. 2012, 32, 23-63.

63.Halwani, R.; Al-Muhsen, S.; Al-Jahdali, H.; Qutayba, H. Role of transforming growth factor- in airway remodeling in
asthma. Am. J. Respir. Cell Mol. Biol. 2011, 44, 127-133.

64.Sun, Z.; Ji,N.; Ma, Q.; Zhu, R.; Chen, Z.; Wang, Z.; Qian, Y.; Wu, C.; Hu, F.; Huang, M.; et al. Epithelial-mesenchymal transition
in asthma airway remodeling is regulated by the IL-33/CD146 axis. Front. Immunol. 2020, 11, 1598.

65. Saito, A.; Horie, M.; Nagase, T. TGF-f signaling in lung health and disease. Int. J. Mol. Sci. 2018, 19, 2460.

66. Chen, C.; Deng, Y.; Chen, H.; Wu, X.; Cheng, S.; Xu, Y.; Xiong, W.; Xie, J. Decreased concentration of IL-35 in plasma of
patients with asthma and COPD. 4sian Pac. J. Allergy Immunol. 2014, 32, 211-217.

67. Wen, X.; Li, B. A population-based study on autoimmune disease. Lancet 2023, 401, 1829—-1831.

68. Vogel, M.; Engeroff, P. A Comparison of Natural and Therapeutic Anti-IgE Antibodies. Antibodies 2024, 13, 58.

69.Qin, R.; Long, F.; Xiao, X.; Xiao, J.; Zheng, Z.; Feng, M.; Huang, R.; Peng, T.; Li, J. Sputum autoantibodies are more relevant
in autoimmune responses in asthma than are serum autoantibodies. Allergy Asthma Immunol. Res. 2019, 11,406—421.

70. Pisetsky, D.S. Pathogenesis of autoimmune disease. Nat. Rev. Nephrol. 2023, 19, 509-524.

71. Tsang, M.S.-M.; Hou, T.; Chan, B.C.-L.; Wong, C.K. Immunological Roles of NLR in Allergic Diseases and Its Underlying
Mechanisms. Int. J. Mol. Sci. 2021, 22, 1507.

72.Kim, S.R. Viral Infection and Airway Epithelial Immunity in Asthma. /nt. J. Mol. Sci. 2022, 23, 9914.

73.Frey, A.; Lunding, L.P.; Wegmann, M. The Dual Role of the Airway Epithelium in Asthma: Active Barrier and Regulator of
Inflammation. Cells 2023, 12, 2208.

74.Khantakova, J.N.; Mutovina, A.; Ayriyants, K.A.; Bondar, N.P. Th;Cells, Glucocorticoid Resistance, and
Depression. Cells 2023, 12, 2749.

75.Ritzmann, F.; Lunding, L.P.; Bals, R.; Wegmann, M.; Beisswenger, C. IL-17 Cytokines and Chronic Lung
Diseases. Cells 2022, 11, 2132.

76.McKinley, L.; Alcorn, J.F.; Peterson, A.; DuPont, R.B.; Kapadia, S.; Logar, A.; Henry, A.; Irvin, C.G.; Piganelli, J.D.; Ray, A.;
et al. TH)7 cells mediate steroid-resistant airway inflammation and airway hyperresponsiveness in mice. J. Immunol. 2008, 181,
4089—4097.

77.Habib, N.; Pasha, M.A.; Tang, D.D. Current Understanding of Asthma Pathogenesis and Biomarkers. Cells 2022, 11, 2764.

78. Rumpret, M.; von Richthofen, H.J.; Peperzak, V.; Meyaard, L. Inhibitory pattern recognition receptors. J. Exp. Med. 2022, 219,
€20211463.

79.Faenza, 1.; Blalock, W.L. Innate Immunity: A Balance between Disease and Adoption to Stress. Biomolecules 2022, 12, 737.
80. Bishani, A.; Chernolovskaya, E.L. Activation of Innate Immunity by Therapeutic Nucleic Acids. Int. J. Mol. Sci. 2021, 22,
13360.

81. Holtzman, M.J. Asthma as a chronic disease of the innate and adaptive immune systems responding to viruses and allergens. J.
Clin. Investig. 2012, 122, 2741-2748.

82.Guo, J.; Zhang, Y.; Liu, T.; Bruce, D.L.; Peter, L.; Guo-Ping, S. Allergic asthma is a risk factor for human cardiovascular
diseases. Nat. Cardiovasc. Res. 2022, 1, 417-430.

83. Scichilone, N.; Barnes, P.J.; Battaglia, S.; Benfante, A.; Brown, R.; Canonica, G.W.; Caramori, G.; Cazzola, M.; Centanni, S.;
Cianferoni, A.; et al. The Hidden Burden of Severe Asthma: From Patient Perspective to New Opportunities for Clinicians. J. Clin.
Med. 2020, 9, 2397.

84.Xie M, Ni R, Zhang J, Zhong M, Wang P. Eosinophilic granulomatous polyangiitis with autoimmune hemolytic anemia: a case
report and review of the literature. J Asthma Allergy. 2025;18:629-35. doi:10.2147/JAA.S506965

85. Al-Moamary MS, Alhaider SA, Allehebi R, Idrees MM, Zeitouni MO, Al Ghobain MO, et al. The Saudi initiative for asthma —
2024 update: guidelines for the diagnosis and management of asthma in adults and children. Ann Thorac Med. 2024;19(1):1-55.
doi:10.4103/atm.atm_248 23

86. Seluk L, Davis AE, Rhoads S, Wechsler ME. Novel asthma treatments: advancing beyond approved novel step-up therapies for
asthma. Ann Allergy Asthma Immunol. 2025;134(1):9-18. doi:10.1016/j.anai.2024.09.016

87.Liu T, Woodruff PG, Zhou X. Advances in non-type 2 severe asthma: from molecular insights to novel treatment strategies. Eur
Respir J. 2024;64(2):2300826. doi:10.1183/13993003.00826-2023

Page | 48



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 31, Issue 6, June 2025 ijppr.humanjournals.com ISSN: 2349-7203

88. Hashmi MF, Cataletto ME. Asthma [Internet]. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2025 [updated 2024
May 3; cited 2025 May 1]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK430901/

89. Agbetile J, Green R. New therapies and management strategies in the treatment of asthma: patient-focused developments. J
Asthma Allergy. 2011;4:1-12. doi:10.2147/JAA.S8671

90. Gohal G, Moni SS, Bakkari MA, Elmobark ME. A review on asthma and allergy: current understanding on molecular
perspectives. J Clin Med. 2024;13:5775. doi:10.3390/jcm13195775

How to cite this article:
Jaspreet Kaur et al. I[jppr.Human, 2025; Vol. 31 (6): 38-49.
Conflict of Interest Statement: All authors have nothing else to disclose.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.

Page | 49



https://www.ncbi.nlm.nih.gov/books/NBK430901/

