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Introduction

Asthma was first described by the ancient Greek physician 
Hippocrates and derived from the Greek word asthmaino, 
meaning panting or gasping [1]. Asthma is a complex disorder; 
like many persistent diseases, there is no single determinant or 
aetiology factor. Despite significant progress in experimental and 
clinical research, there are still many knowledge gaps in asthma 
inception and progression across the life course [2]. Asthma 
symptoms include coughing, chest tightness, sputum production, 
and dyspnea (shortness of breath). They are also associated 
with chronic inflammation, variable airflow obstruction, 
bronchial hyperresponsiveness, recurrent episodes of wheezing 
that may occur a few times a day or a few times per week, and 
bronchospasm. The symptoms usually worsen at night or in the 
early morning, or respond to exercise or cold air [3]. Type I, IgE-
dependent reactions occur immediately in patients with asthma, 
as Foods, medications, and venom of stinging insects can all be  

 
allergens [4]. Genetics, T cell responsiveness, antigenic burden, 
and other factors impact a person’s predisposition to generate 
IgE.  The IgE antibodies are released in response to an antigen or 
allergen. Mast cells and basophils have high-affinity receptors on 
their surfaces to which IgE binds, priming them to respond when 
they are reexposed to the allergen. Cross-linking of IgE on cell 
surfaces results in rapid cellular degranulation and the activation 
of many chemical mediators [5]. Histamine, protease enzymes, 
proteoglycans, and chemotactic factors are the mediators released 
during mast cell degranulation. The antigen interaction with IgE 
on mast cells further stimulates leukotrienes, prostaglandins, 
and platelet-activating factor [6].   Herein, we summarize the 
data of multiple candidate genes related to asthma that have 
been discovered in recent years based on original articles, meta-
analyses, and GWASs, which may be more reliable for the effect of 
genetic involvement on asthma. The presence of a family history 
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of asthma and/or other atopy in a large population of patients 
accounts for important evidence in favor of a genetic basis of 
asthma. Several asthma genes or gene complexes have been 
identified. Some identified gene complexes include the ADAM33, 
PHF11, DPP10, GRPA, and SPINK5 [7]. The SNPs and genetic 
variants of ADH5, ADRB2, ARG1, CRHR1, and ST1P1 were also 
associated with increased risk of asthma and attenuated response 
to bronchodilator therapy [8].

Methods and Data Collection

We used the keywords “asthma”, “IL-13 and asthma”, “asthma 
and ADAM33”, “VDR with asthma”, and “NR3C1 and asthma”, with 
their combinations, to search for relevant literature and papers 
published from 2014 to 2025 in PubMed, NIH, MDPI, and Google 
Scholar. All articles included in this review are in English. Then, 
we summarized the information pertaining to the genetic factors 
related to asthma susceptibility.

Discussion

Vitamin D Receptor Gene Polymorphisms

Studies suggest that vitamin D contributes to immune 
tolerance of allergens, mitigating immunoglobulin E sensitization, 
a key factor in the pathogenesis of asthma and other allergic 
conditions [9]. Consequently, inadequate vitamin D levels may 
be a contributing factor to the rising global prevalence of asthma 
and allergic diseases. Investigations into the role of vitamin D in 
asthma pathogenesis often focus on maternal prenatal levels and 
their potential influence on neonatal respiratory outcomes [10-
11]. Insufficient vitamin D in early life has been associated with 
heightened allergic sensitization, increasing the likelihood of 
asthma, eczema, and allergic reactions in childhood. Additionally, 
lower vitamin D levels in asthmatic individuals correlate with 
diminished responsiveness to glucocorticoid therapy. WANG et 
al. [12] concluded that the variant A allele of the VDR rs2228570 
polymorphism may play a significant role in predicting asthma 
susceptibility in adults. Additionally, the VDR rs2228570 AG and 
AA genotypes are associated with exacerbated asthma symptom 
severity, potentially serving as predictive markers for asthma 
severity [12].

NR3C1 Gene Polymorphisms

The human NR3C1 gene (Figure 1), which consists of nine 
exons, is localized on chromosome 5q31.3, and alternative splicing 
of this gene results in transcript variants encoding either the same 
or different isoforms [13-14]. The Glucocorticoid Receptor (GR) is 
a nuclear receptor superfamily member, which includes steroid, 
thyroid, and retinoic acid receptors. The NR3C1 gene encodes 
it and consists of four central regions: the N-terminal domain 
(NTD, amino acids 1–419aa), the DNA-binding domain (DBD, 
420–487aa), a hinge region, and the ligand-binding domain (LBD, 
488–777aa). GR remains in the cytoplasm without ligand binding, 
associated with heat shock protein 90 and immunophilins. When 

cortisol or other Glucocorticoids (GCs) bind to GR, the receptor 
detaches from this cytoplasmic complex. It moves into the nucleus, 
where it binds to glucocorticoid response elements on DNA to 
regulate gene expression [15]. Single-nucleotide polymorphisms 
within this gene may regulate the expression of GR and alter 
the RNA splicing process, thereby affecting the glucocorticoid 
sensitivity [16]. Polymorphisms of NR3C1 are the leading cause 
of modifications of the secondary and tertiary domain structures 
in the GR, and disturb transcription initiation and stability of the 
mRNA for the GR. Although many SNPs of this gene have been 
identified, we still do not know if and how all these GR variants 
influence the responses to ICSs [17]. In general, mutations 
and SNPs in the NR3C1 gene are associated with corticosteroid 
insensitivity. However, some GR gene SNPs affect function 
improvements [18]. They may not only reduce the formation of 
the GR/corticosteroid complexes, but also reduce transcription 
and cause transrepression of genes that encode protein synthesis 
within the framework of the cell response to corticosteroids. Thus, 
they reduce GR expression, which, compromised in its structure 
and function, elicits a weaker response to corticosteroids [19]. 
BclI, N363S, TthIIII, and ER22/23EK are the most common 
polymorphisms of the NR3C1 gene that influence corticosteroid 
treatment [20]. BclI polymorphism, namely c.1184+646 G/C, is 
localized in intron 2 of the NR3C1 gene and was recognized as 
part of the SNP haplotype that can affect splicing [21]. Reduced 
response to GCs in asthma and other conditions is due to the 
decreased expression of GR, provoked by SNPs in the NR3C1 gene 
that encodes for the glucocorticoid receptor [22].

IL-13 Gene Polymorphisms

The IL‐13 gene is situated on the long arm of human 
chromosome 5 at locus 5q31 (Figure 2). IL13 plays a critical 
role in orchestrating multiple aspects of the inflammatory 
cascade associated with allergic asthma [23]. It acts on a diverse 
array of immune and structural cells, thereby contributing to 
the development and progression of allergic conditions [24]. A 
key function of IL13 is its regulatory role in Immunoglobulin E 
(IgE) production, rendering it a central mediator of type 2driven 
airway inflammation and mucus hypersecretion [25]. Specifically, 
IL13 stimulates IgE synthesis by activating human B lymphocytes 
[26]. In patients with asthma, the extracellular matrix protein 
periostin is notably upregulated in the subepithelial bronchial 
regions, predominantly in response to T helper 2 (Th2) cytokines, 
including IL4 and IL13 [27]. Genetic variants of IL‐13 have been 
extensively studied in relation to asthma susceptibility. Among 
them, the rs1800925 polymorphism, located at the 1111 position 
in the promoter region, has been associated with increased 
transcriptional activity, resulting in elevated IL13 cytokine 
expression. Another widely recognized variant, rs20541, resides 
in exon 4 and leads to a nonsynonymous amino acid substitution, 
replacing arginine with glutamine, which may alter protein 
function and enhance proinflammatory responses [28].
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Figure 1: NR3C1 structure and location of the SNPs [14].

Figure 2: The physical map information of nearby sequences of IL‐13 rs1800925 and rs20541 polymorphic sites [28].

ADAM33 Gene Polymorphisms

The disintegrin and metalloprotease 33 (ADAM33) gene, 
located on human chromosome 20p13, was one of the first asthma 
candidate genes identified by positional cloning. It is one member 
of the ADAM family of zinc-dependent metalloproteases, and plays 
an important biological role as an activator of growth factors and 
Th2 cytokines. ADAM33 consists of 22 exons that encode a signal 
sequence, pre-domain, catalytic domain, disintegrin domain, 
cysteine-rich domain, EGF domain, transmembrane domain, 
and cytoplasmic domain with a long 3′-untranslated region 
(UTR). These different domains translate into different biological 
functions of ADAM33, involving cell activation, proteolysis, 
adhesion, fusion, and intracellular signaling [29]. Genetic studies 
have demonstrated that ADAM33 may be involved in determining 

lung function throughout life, associated with an increased risk of 
therapeutic intervention in asthma. Soluble ADAM33 (sADAM33) 
is identified to promote angiogenesis, defining it as a tissue 
remodeling gene with potential to affect airflow obstruction and 
lung functions independently of inflammation [30]. Evidence 
has shown that ADAM33 functions as a susceptibility target 
gene for asthma and has an important role in the natural history 
and possibly the origins of asthma. Besides, the preferential 
expression of ADAM33 mRNA in smooth muscle, fibroblasts, and 
myofibroblasts suggests that the abnormalities of its function 
may link to Bronchial Hyperresponsiveness (BHR) and airway 
wall “remodelling” which contributes to the early life origins of 
asthma. Moreover, a higher expression of ADAM33 protein was 
detected in asthma patients compared to controls [29]. Globally, 
more than 100 Single-Nucleotide Polymorphisms (SNPs) of 
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the ADAM33 gene have been reported to be associated with 
asthma and related traits: V4 (rs2787094, 3’UTR, C/ G), T + 1 
(rs2280089, intron, G/A), T2 (rs2280090, cytoplasmatic domain, 
G/A), T1 (rs2280091, cytoplasmatic domain, A/G), S2 (rs528557, 
transmembrane domain, G/ C), S1 (rs3918396, transmembrane 

domain, G/A), Q1 (rs612709, intron, G/A), F + 1 (rs511898, 
intron, C/T), S + 1 (rs2853209, intron, A/T) and so on. Several 
polymorphic sites were shown to be associated with asthma risk 
in different populations [31].

We summarize the possible effect of some polymorphisms in the mentioned genes in Table 1.

Table 1: Some SNPs that can affect the asthma course.

Gene SNPs Effect Study

VDR gene

rs2189480 
Severe asthma

[33]
rs4328262

rs9729 Increased asthma symptoms

rs10875694 Atopy

FokI rs2228570 Steroid resistance [34]

NR3C1 gene

TthIIII Intensification of inflammation [35]

BclI Increased asthma severity [36-37]

ER22/23EK Resistance to glucocorticoids [38]

N363S Intensification of inflammation [35]

IL-13 gene

rs848 Symptoms severity in adults
[39]

rs20541 Symptoms severity in adults

rs1800925 Asthma induction [40]

ADAM33 gene
rs2787094 Worse lung function and severe asthma

[41]
rs3918396 Poor treatment responsiveness

Figure 3: Model for ADAM33-mediated asthma. Asthma may result from an alteration in the interaction between the ADAM33 cytoplasmic 
domain and various cytoplasmic proteins, as represented by the red dot arrow. The green arrow depicts the usual function in a cell. Normal 
cellular activity was shown by the green arrow [32].
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Conclusion

According to the collected data, we conclude that asthma 
shows a distinct heritable feature, with a possibility of new (de 
novo) genetic variants. These genetic variations have multiple 
roles in increasing asthma susceptibility and severity, including 
increasing IgE binding capacity and high mRNA expression of 
many cytokines and other mediators that can affect the airways 
and the respiratory tract. Another role of the mentioned SNPs is 
their effect on the used treatment, as they can reduce the efficacy 
of the therapy by disturbing the formed complexes or by reducing 
receptor activity. We recommend investigating the role of other 
genes related to allergic asthma to find a new and innovative way 
to treat and manage asthma symptoms.
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