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Abstract

In recent years, asthma and urticaria have become more common globally, imposing a
significant economic and health burden on communities everywhere. Th2 cells, mast cells,
eosinophil and M2 macrophages are all part of type-2 immune response, which is characteristic
of many forms of allergy and asthma. Biomarkers are essential for precision medicine because
of the clarity they provide in the identification of disease endotype, clusters, specific diagnoses,
therapeutic target selection and the tracking of therapy effectiveness. Accurately measuring
the biomarkers requires a variety of tools, including dependable point-of-care systems. It is
preferable to collect samples in a way that is both quick and non-intrusive. In recent years,
researchers have placed a premium on identifying novel biomarkers of allergic diseases and
asthma. There are a number of intriguing markers of urticaria and asthma, including
eosinophils, immunoglobulin E (IgE), interleukin and vitamin D insufficiency. The latest
findings on the biomarkers associated with asthma and chronic urticaria are summarised in
this article.
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Abbreviation

BAFEF: B-cell-Activating Factor; CU = Chronic Urticaria; CSU: Chronic Spontaneous Urticaria;
DC: Dendritic Cells; EDN: Eosinophil-Derived Neurotoxin; IL: Interleukin; Ig:
Immunoglobulin; LTs: Leukotrienes; ILC2: Type 2 Innate Lymphoid Cells; MBPs: Major Basic
Protein; MC: Mast Cell; TSLP: Thymic Stromal Lymphopoietin; TH/Th: T helper Cell

Introduction

Itchy acute and chronic wheals are the hallmark of chronic urticaria, which is a kind of urticaria that lasts for an extended length
of time and affects the surface layers of the skin. Mast cells mediate bronchial asthma and urticaria, which are both very common
and very severe conditions [1]. Histamine and other inflammatory mediators generated by mast cells are involved in the
pathophysiology of both conditions, despite the different triggers for each. Interleukin-4, interleukin-10, interleukin-33 and BAFF
are only some of the cytokines and mediators that stimulate various defense cells and the flow of leukocytes to the dermis and

airways [2,3]. Anti-IgE medicine is very effective in the treatment of both of these conditions, where elevated IgE levels are

http://dx.doi.org/10.46889/JCIM.2023.4104

https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/


http://dx.doi.org/10.46889/JCIM.2023.4104
https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/
https://athenaeumpub.com/
https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/
mailto:rezwanmahed747@gmail.com
http://dx.doi.org/10.46889/JCIM.2023.4104
http://dx.doi.org/10.46889/JCIM.2023.4104

common symptoms [4]. In addition, antihistamines are often used to treat these disorders and respond well to
glucocorticosteroids [5]. Due to the similarities between two conditions, doctors have long suspected a link between asthma and
urticaria, which often occur together in the same patient. When people suffer from severe urticaria attacks, they often feel
respiratory pain, which is not usually the case with asthma sufferers [6]. Wheezing is a frequent symptom of allergy sufferers,
but not of asthmatics [7]. Chronic spontaneous urticaria has been linked to asthma, despite the condition being reported
extremely rarely in literature (CSU) [8]. Researchers found a concatenation between total serum IgE levels and disease severity
in people with chronic spontaneous urticaria [9]. In line with recently published guidelines for chronic spontaneous urticaria,
we found that rising IgE levels were unrelated to skin test positivities for aeroallergens. There is no conclusive evidence that
urticaria is more frequent in people with asthma [10].

Methodology

Searches of PubMed, BMC Cochrane and Google Scholar were conducted to identify relevant literature on asthma and urticaria.
The usage of MeSH terms, including those for: “(Asthma) AND (Vitamin-D)”, “(Urticaria) and (Vitamin-D)”, “(Asthma) and
(Urticaria)”, “(Asthma) and (Neutrophil)”, “(Asthma) AND (Eosinophils)”, “(Asthma) and (Interleukin)”, “(Urticaria) and
(Neutrophil)”, “(Urticaria) and (Eosinophils)”, “(Urticaria) AND (Interleukin)”. In order to reduce the search, only works
published between January 1, 2000 and April 1, 2023 were considered. Each author then reviewed the articles separately and
then met to discuss their findings. This search strategy was developed to identify published resources that detailed the
relationship between asthma and urticaria and also identified the underlying biomarkers of both conditions.

A Brief Introduction to Biomarkers in Asthma and Urticaria

The term "biomarker" refers to a trait that can be objectively tested and analyzed to identify biologic processes, pathogenic
processes, or pharmacologic responses to treatment. [11]. "Asthma, also known as bronchial asthma, is a chronic disorder of the
airways that may lead to symptoms such as difficulty breathing, severe constriction in the chest, wheezing, coughing and the
production of sputum, as well as activity intolerance. There are many types of asthma and more than three hundred million
people worldwide suffer from this respiratory illness [12]. A lack of vitamin D, mast cells, M2 macrophages, Airway Epithelial
Cells (AECs), T lymphocytes, fibroblasts, eosinophils and Airway Smooth Muscle (ASM) cells are all factors that contribute to
the chronic inflammation that occurs in the airways of asthmatics [13]. Mast cells and basophils have a role in the progression of
allergic reactions, inflammatory conditions and blood related disorder. Even though these cells come from different body parts,
are located in other parts of the body and have different lifespans, they share many exact activation mechanisms and mediators.
Eosinophils, mast cells and basophils produce mediators that are linked to asthma, chronic urticaria and other conditions. Thus,
mast cells and basophils activate biomarkers. The ideal biomarker would be consistently identified in blood or other biological
fluids, is specific for basophils or mast cells and does not undergo significant metabolic changes. Mast cells and basophil markers
are composed of substances expressed on both the surface and the inside of the cell in response to stimulation.

In contrast to basophils, which also produce histamine and lipid mediators, mast cells exclusively display basophil-specific
markers like tryptase and other proteases. Mast cells and basophils share several additional characteristics as well. On their cell
surfaces, mast cells and basophils present the activation markers CD63 and CD203 [14]. In recent years, an increased risk of
severe asthma outcomes and allergic disorders such as chronic urticaria has been linked to a vitamin D deficit [15].

Blood Biomarkers in Asthma and Urticaria

Eosinophils are white blood cells that comprise between 1% and 3% of the total population and are a component of the body's
innate immune system. The bone marrow is where these different kinds of cells originate [16]. They are specialized white blood
cells called leukocytes that may be found throughout the body, although they are most prevalent in the bronchi, nasal passages
and lungs. It is not entirely understood how the eosinophils in the blood link to those in the airways at this time. In addition to
the time since the last meal, the level of physical activity and the type of therapy, eosinophil counts in the blood can be easily
obtained. Patients with allergic asthma onset and non-allergic asthma onset may have higher eosinophil counts. On the other
hand, this is not a diagnostic criterion employed (Fig. 1).

Additionally, blood eosinophils serve as markers for triggering biological therapy and as criteria for the prognosis of asthma.
Most authors believe that the precise threshold at which a high blood eosinophil count is deemed to exist ranges between 150
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and 300 cells/L, but there is still some controversy about the exact value of this threshold. Exacerbations and acute respiratory
episodes occur more often in patients with an eosinophil count greater than 300 cells/L, according to the findings of several
studies [17].

In addition to mediators generated by eosinophilic inflammation, the number of inflammatory mediators released by circulating
eosinophils promotes bronchoconstriction, T2 cells and airway remodeling [18]. Some of the cytotoxic cationic proteins
discovered in eosinophil granules that play a role in mediating inflammation (ROS) include Eosinophil Cationic Protein (ECP),
EDN, MBPs and reactive oxygen species [19]. There is evidence that some of these mediators can be measured in the blood,
suggesting that they could be used for better asthma clustering or as therapeutic targets. Blood and sputum ECP levels are higher
in patients with severe (typically atopic) asthma than those with moderate asthma [20]. ECP levels rise during an asthma
exacerbation, but they fall after therapy has begun because they are linked to bronchospasm and airway resistance [21].
Corticosteroid induction and dosage can be guided by ECP; however, this needs to be confirmed. In those with severe asthma,
EDN may also be measured in blood, urine and other bodily fluids as an indication of eosinophilic disease and persistent airway
limitation. It's a telltale sign of chronic, as opposed to acute pediatric asthma [22].
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Figure 1: Schematic representation of biomarkers for Chronic Urticaria (CU) and asthma: To activate and differentiate naive T
cells into Th2 cells, primed DCs are required. In order to keep type 2 immunity going strong, activated epithelial cells secrete
cytokines including IL-25, IL-33 and TSLP, which promote the expansion of ILC2s and Th2 cells. It is the IL-4, IL-5, IL-9 and IL-
13 secreted by pro-inflammatory cells that entice eosinophils, activate B cells, stimulate systemic and local IgE synthesis and
trigger mast cell degranulation. Asthma and urticaria are both triggered by IgE. Bronchoconstriction and the CU result from
the irritation of the smooth muscle lining the airways by these mediators.

http://dx.doi.org/10.46889/JCIM.2023.4104 https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/


http://dx.doi.org/10.46889/JCIM.2023.4104
https://athenaeumpub.com/journal-of-clinical-immunology-microbiology/

Allergies (especially asthma and allergic reactions like urticaria) are associated with eosinophils, recognized effector cells
contributing to chronic inflammation and tissue destruction [23]. Together with mast cells, the other primary effector cell during
an allergic reaction, they comprise the allergic effector unit [24]. Furthermore, they contribute to the onset of autoimmune
diseases, cardiovascular issues and malignancies [25]. Non-lesional skin from people with CU also contains eosinophils. In
contrast, lesional skin from those with CU contains eosinophils and mast cells [26]: mast cells, or cutaneous basophils, are
degranulated cells in response to the first stimulus. The production of potent vasoactive mediators causes an increase in capillary
permeability, leading to the formation of erythema and papules [27]. Other vasoactive mediators such as arachidonic acid
metabolites, leukotrienes, prostaglandin D2, serotonin, acetylcholine, platelet-activating factor, heparin, codeine, anaphylatoxins
C3 and C5a, cytokines and neurotransmitters are present and play a role in CU, despite the fact that histamine is the most
important factor in the condition. These mediators have a role in the recruitment of more inflammatory cells, such as neutrophils,
lymphocytes and mainly eosinophils, all of which contribute to the maintenance of inflammation via the generation of other
substances that characterize the cellular infiltrate of the illness [28,29]. Inflammatory infiltrates that are abundant in neutrophils,
eosinophils and the progeny of these cell types are a hallmark of pressure urticaria, just as they are of cholinergic CU lesions.
Pressure urticaria is similar to cholinergic CU lesions in this regard [30]. Increased eosinophils, neutrophils and vascular
indicators in CU-damaged skin lead to tissue edema. Consistent with a role for the innate pathways in the development of CU
lesions, increased production of Th2 cytokines in these lesions would contribute to mast cell activation, inflammation and the
onset of vascular leakage. In addition, those with CU are more likely to show signs of thrombin generation and their mean levels
of D-dimer, a substance involved in the extrinsic route of coagulation and fibrinolysis, are more significant [31].

Deficient of Vitamin-D in Asthma and Urticiaria

Chronic urticaria is the medical term for wheals or angioedema that last more than six weeks [32]. Patients with chronic urticaria
have a worse quality of life, although it is not lethal. When sickness activity rises, the contour of life declines [33]. CSU is a typical
form of chronic urticaria that is triggered by endogenous processes inside the body rather than by external physical stimuli. [34].
In 55% of CSU cases, the underlying etiology is unclear, whereas, in 45%, autoimmunity is the root cause. The D2 and D3 forms
of vitamin D are fat-soluble [35]. In the skin, the body converts provitamin D3 into vitamin D3 (cholecalciferol) through a
nonenzymatic mechanism [36,42]. Fatty fish, certain types of mushrooms, fortified milk, egg yolks, cereals and cheese are all
good food sources of vitamin D. Deficiency of vit-D is a worldwide disease that affects individuals of all ages [37]. Vitamin D
deficiency, however, is universal [38, 43]. Vitamin D is a crucial micronutrient because it promotes the body's innate and adaptive
immune responses [39]. It is well known that autoimmune reactions frequently cause CSU [40,44]. The association between
vitamin D deficiency and autoimmune and allergic illnesses such as type-2 diabetes, asthma, cancer and cardiovascular disease
suggests a link between 25(OH)D levels and CSU [41,45].

A further investigation found that the vitamin D pathway impacted allergic and autoimmune responses. The mast cells' 25-
hydroxyvitamin D3 metabolites counteract the effects of immunoglobulin E on mast cells, preventing their activation [46].
Vitamin D enhances T regulatory cells, which help suppress pro-allergic and autoimmune responses. 1,25-dihydroxy vitamin-D
may inhibit cytokine production from T helper (TH) 1 cell, thereby protecting against the development of TH1-mediated
autoimmune diseases [47]. 1,25-dihydroxy vitamin D suppresses TH17 cells, which is crucial in initiating autoimmune diseases
[48]. Patients with chronic urticaria exhibited a substantially higher incidence of 25-hydroxyvitamin D insufficiency and a
significantly lower level of 25-hydroxyvitamin D than those with acute urticaria. Patients' 25-hydroxyvitamin D levels were
significantly lower in adults than children [49].

Vitamin D's effects on lung development, immune response modulation and Airway Smooth Muscle remodeling (ASM) may all
have a role in asthma pathogenesis. Low vitamin-D levels are related to more severe clinical presentations in patients with
asthma, according to studies evaluating this association [50]. However, they have yielded contradictory findings and tenuous
links. Research on vitamin D's effects on asthma in children is ongoing owing to its potential as a preventive and therapeutic tool
for treating the illness at various severity levels. Coupled with conventional corticosteroid treatment, vitamin-D has also
demonstrated positive results in children with asthma [51].

Due to its anti-proliferation properties, vitamin-D may slow the cell cycle in the airways. It prevents the hyperplasia of airway
smooth muscle and studies have shown that low levels of 25(OH)D3 are associated with diminished lung function [52,56]. There
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was no connection between these levels and airway inflammation, despite the fact that there was a link between low 25(OH)D3
levels and increased ASM mass. If you don't get enough vitamin D, your blood and platelets will have reduced amounts of the
growth hormones calcitriol and calcitriolriol, as well. These chemicals restrict cell proliferation in ASMs without causing the cells
to undergo apoptosis. Insufficiency in vitamin D may lead to a number of negative health consequences, including increased
bronchial hyperresponsiveness, airway remodeling, decreased lung functions and a more rapid loss in lung function. [53,57].
The metalloproteinases disintegrin and metalloprotease 33 (ADAM-33) help in lung growth and function. Since ASM exhibits
functional vitamin-D receptors, 1,25-dihydroxy vitamin-D3 might stimulate 24-hydroxylase/CYP24A1 expression, increasing cell
proliferation, differentiation and survival. Vitamin-D may affect airway responsiveness by regulating chemokine synthesis in
ASM [54]. Vitamin-D can regulate several genes, including asthma susceptibility and pathogenesis. These genes control
glucocorticoid and prostaglandin production, smooth muscle cell contraction and inflammation. Vitamin-D is known to up-
regulate multiple genes playing essential roles in cellular mobility, cellular buildup and proliferation and cell death [55,58], all
of which may play a role in asthma etiology through alterations to the airway remodeling process.

Conclusion

Diagnosing and treating allergy illnesses is challenging due to the complexity and clinical heterogeneity of their pathogenic
molecular pathways. Better disease treatment relies on identifying the phenotypes and endotypes of allergic conditions,
requiring well-defined and precise biomarkers. The development of predictive biomarkers is urgently needed to choose
appropriate therapy strategies better and monitor treatment results. Despite many years of study, only a few biomarkers for
allergic diseases are now available for therapeutic application. Patients with asthma may also be at risk for developing urticaria
if they don't get enough vitamin-D. To realize precision medicine-based methods for treating allergic illnesses, it is essential to
improve diagnostic biomarkers.
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