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Introduction

Bronchial asthma (BA) is among the most
common chronic inflammatory disorders of the
bronchial airways, which gradually results in increased
contractibility of the surrounding smooth muscles and
deterioration of pulmonary function. Around 300 million
people have BA worldwide (including 6 million children),
and it is likely that by 2025, a further 100 million may
be affected [1], [2]. It should be noted that almost 10
million people <45 years of age have BA in European
Union (EU) [3]. BA negatively affects patients’ quality of
life, their families, and the community by contributing to
work and school days’ loss, frequent emergency visits
and hospitalizations, and increase in mortality.

Globally, BA is currently ranked 16" among the
leading causes ofyearslived with disability and 28" among
the leading causes of disease burden, as calculated by
disability-adjusted life years (DALYs) [1], [4]. Recent
calculations estimate direct costs within the EU to be

Researching bronchial asthma (BA)-linked gene polymorphisms can help to clarify heterogeneity of the disease
and estimate its severity, which, in turn, will aid in developing an appropriate treatment corresponding to the
patient’s unique asthma pathogenesis. The aim of presented review is to analyze the published data on the genetic
preconditions of BA and the possible role of different genes polymorphisms in its pathogenesis. We have found
that despite the fact that numerous genes are involved in the pathogenesis of BA and their polymorphisms are
associated with increased risks for BA, it is important to understand that a combination of factors, both genetic and
environmental, triggers BA development and determines its progression. On the other hand, the identification of
BA susceptibility genes contributing to asthma pathogenesis and treatment response is the first step toward the
development of personalized medicine.

nearly €20 billion, indirect costs to be €14 billion, and
a monetized value of DALYs lost to be €38 billion,
which totals €72 billion [3]. During COVID-19 pandemic,
when the outcomes and long-term consequences of an
infection considerably vary between individuals [5], BA
can be accounted as comorbidity which may worsen the
outcomes of COVID-19 infection and increase the risks
of admission to intensive care unit [6].

According to the Center for Medical Statistics
of the Ministry of Health of Ukraine, the prevalence of
BA in 2017 was 501.9/100.000 adults, which is only
0.3% of the total Ukrainian population and contradicts
real-world statistics. According to experts, the real
prevalence of BA in Ukraine can reach 7-8% [7], [8],
which corresponds to the prevalence of BA in the EU
(8.2% in adults and 9.4% in children) [3]. It should be
noted that over 80% of all BA-related deaths now take
place in low- and lower-middle-income countries, where
BA is often misdiagnosed and undertreated [4].

Although the exact etiology of BA stays
uncertain, it became evident that a mixture of genetic
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predisposition and environmental factors are involved
in its pathogenesis [9], [10], [11], [12]. Genetic factors
contributing to BA appear as a result of complex patterns
in haplotype combinations of polymorphic genes.
Variation in different groups of genes may influence the
development of atopic sensibilization, while other genetic
changes contribute as the disorder progresses. As of
today, more than 50 different genes have been associated
with the development and progression of BA [13].

To search for genetic determinants of BA,
two general linkage analysis approaches are used:
Candidate and positional mapping. For candidate
mapping, an analysis is made of the relationship
between the BA and the polymorphism of genes, the
function of which is closely related to the pathogenesis
of this disease. For positional mapping, an analysis
is made of the linkage of the disease with the
chromosomal position. Chromosomal regions carrying
BA susceptibility genes include 5931.1-33, 6p12-21.2,
11912-13, 12q14-24.1, 139q12-22, 14911-12, and
16p12.1-11.2 n Xq28/Yq12 [14].

To summarize, researching BA-linked gene
polymorphisms can help to clarify heterogeneity of
the disease and estimate its severity [15], which, in
turn, will aid in developing an appropriate treatment
corresponding to the patient's unique asthma
pathogenesis [16]. Thus, the aim of presented review
is to analyze the published data on the genetic
preconditions of BA and the possible role of different
genes polymorphisms in its pathogenesis.

Genes controlling the pathogenesis of BA are
generally categorized as major genes and modifier
genes, and their interaction defines asthma clinical
features. Modifier genes usually predispose to the
development of corresponding diseases and include
detoxification system genes, membrane receptors
genes, as well as trigger genes, which act as shunts in
the cascade of vital biochemical reactions [17]. Among
the numerous genes involved in the pathogenesis of
BA, Smirnova et al. discerned the following five groups:
(1) Genes encoding antigen recognition factors and
humoral immune response, such as interleukin genes
(IL4, IL5, IL9, and IL13), mast cell growth factor, genes
of the main histocompatibility complex (HLAB and
HLADR), and a-subunit of antigenic T-receptor (TCRA);
(2) genes encoding for inflammation mediators,
chemokines, and intercellular adhesion molecules,
including leukotriene-C4 synthase (LTC4S), 38
platelet activating factor acetyl hydrolase, nitric oxide
synthase (NOS1, NOS2, and NOS3), arachidonate-5-
lipoxygenase, histamine-releasing factor, and others;
(3) genes encoding for the receptors binding to external
ligand molecules on target cells, such as a-chain of
the IL4 receptor (IL4RA), o-chain of the IL5 receptor
(IL5RA), glucocorticoid receptor, B2-adrenergic receptor
(ADRBZ2), B-chain of high-affinity immunoglobulin E
receptor (FCER1B), and serotonin receptor (HTR2A);
(4) genes encoding intracellular signaling molecules

and transcription factors including JAK family tyrosine
kinase 1 (JAK1) and tyrosine kinase (JAK3), signal
transducer and transcription activator 6 (STAT6),
B-subunit of nuclear transcription factor Y, and nuclear
factor kB subunit 1; and (5) other genes, such as
xenobiotic biotransformation genes NAT2, CYP1A,
GSTT1, and GSTM1 [18].

A 2008 review by Vercelli suggested a useful
classification of BA susceptibility factors: (a) Triggers
of the immune response (CD14, IL10, STAT3, and
MHC Class Il molecules); (b) regulators of the T helper
2 differentiation (IL12B, IL4, IL13, STAT6, and IL4RA);
(c) factors associated with epithelial organization and
function (CCL5, FLG, SPINK5, and GSDML); and (d)
factors linked to lung function, airway remodeling, and BA
severity (ADRB2, ADAM33, DPP10, and PHF11) [19].

Since BA is a multi-complex chronic disorder
characterized by inflammation of airway mucosa,
which is influenced by a number of cytokines, it has
been suggested that clinical symptoms in BA reflect an
imbalance in pro- and anti-inflammatory cytokine levels.
It was found that the largest segment of publications
consists of research on the relationship between
cytokine polymorphism and BA. However, while some
research groups demonstrate positive association of
certain cytokine polymorphisms with BA, others report
contradictory data. For instance, Trajkov et al. examined
the association of 22 cytokine gene polymorphisms in
the Macedonian population with BAand found protective
cytokine polymorphisms for seven cytokine genotypes
(IL4 -1098/G: T, tumor necrosis factor [TNF]o -238/
G: G, IL2 -330/G: T, IL4 -590/C: T, IFNy utr5644/A: T,
IL1p +3962/C: T, and IL10 -1082/A: G), six cytokine
diplotypes, four cytokine haplotypes, and four cytokine
alleles [20]. Du et al. examined the associations
between the single-nucleotide polymorphisms (SNPs)
of IL17, including rs763780 (7488A/G), rs2275913
(-197G/A), and rs8193036 (-737C/T), and asthma
susceptibility in an Asian population and demonstrated
that IL17 rs763780, rs2275913, and rs8193036 SNPs
might be associated with asthma susceptibility, and G/A
genotype in rs2275913 and TT genotype in rs8193036
of IL-17 may contribute to the increased risk of asthma
in Asians [21].

Berenguer et al. showed that 1L4-590*CT/TT
genotypes were associated with a 2.2-fold increased
BA risk (2.4-fold for persistent asthma and 4-fold for
moderate-severe asthma), while IL4-590*T allele was
linked to a 2-fold risk for BA (2.2-fold for persistent
asthma and 3.4-fold for moderate-severe asthma),
compared to individuals carrying other [L4-590 C/T
genotypes or alleles [22].

TNFo is a potent pro-inflammatory cytokine
that mediates the airway inflammatory response in
atopic asthma cases. Recent meta-analysis showed
that the TNFa-308 G/A polymorphism is associated
with an increased risk of BA in adults and children, in
Asians, but not in Caucasians; and in atopic population,
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but not in non-atopic population [23]. Ali and Settin
studied the associations of TNFo-308G/A, IL6-174G/C,
IL-10 1082G/A, and IL-Ra VNTR polymorphisms
with chronic asthma susceptibility in adult Egyptian
patients [24]. The researchers found significantly
higher frequency of the genotypic polymorphisms IL10-
1082 AG + GG (dominant mode), TNFa-308 GA + AA
(dominant mode), and IL1RA VNTR heterozygous
genotype A1A2 in BA cases compared to controls. The
frequency difference in other genotypes, such as IL6-
174 C/C + G/C versus G/G (dominant mode), was not
significant.

Forkhead box (FOX) family of transcription
factors has key roles in immunoregulation and
homeostasis [25]. A study by Barkund et al. showed
that FOXO3a SNP (rs13217795) is associated with
asthma incidence in an Indian population, possibly
because it contributes to the hyperactivity of T cells,
neutrophils, and mast cells, increased production of
pro-inflammatory cytokines, and downregulation of
anti-inflammatory cytokines [26]. In addition, to the
significant association of FOXO3a with BA, a gender-
based stratification revealed the association of a mutant
T allele with an increased asthma risk in females of the
Indian population.

Airway obstruction, characteristic to BA,
results in impaired air movement, which not only
requires additional physical effort during respiration
but also induces remodeling mechanisms of the
bronchopulmonary system [27]. An important role in
this process is played by matrix metalloproteinases
(MMPs), involved in the metabolism of proteins of the
intercellular matrix. As cytokine proteinases, they affect
the morphogenesis, resorption, migration, adhesion,
and proliferation of various cells and tissues [28].

A study by Lebedenko et al. found higher
frequency of homozygous C/C MMP20 gene variant
with 320A>C polymorphism, heterozygous MMP20
gene variant Val275Ala, and heterozygous MMP9
gene variant with -8202A>G polymorphism in patients
with BA [27]. However, the frequencies of these alleles
and genotypes were not significantly different in the
affected children while comparing to the healthy group.
Notably, the patients who had both GG genotype of the
MMP9 -8202A>G allele and homozygous C-allele of
the 320A>C allele of the MMP20 gene suffered from
a more severe course of the disease associated with
polyvalent sensitization and increased levels of total
blood IgE.

The beta-2 adrenergic receptor gene (ADRB2)
was shown to have clear association with the course
of BA. It encodes (-2 adrenergic receptors, has
nine identified polymorphisms, and is located on
chromosome 5 q31-g32. Four of those polymorphisms
have potential clinical effects on the response to
-2 adrenoreceptor agonist therapy in asthmatic
patients [29], [30]. Arg16Gly and Glu27GIn ADRB2
polymorphisms are associated with increased risk of

severe asthma development [12]. Moreover, patients
which are homozygous for these gene variants rapidly
lose sensitivity to f2-adrenoceptor agonists resulting in
required treatment with hormonal drugs [31].

Glutathione S-transferase (GST) gene family
encodes for enzymes which are involved in antioxidant
protection and cell and tissue resistance to toxic
substances and lipid peroxidation products [32]. A study
by Sardaryan found that allelic polymorphism of GST
T1 (GSTT1) and GST M1 (GSTM1) genes caused a
5-fold increase in the risk for BA development [17].

The angiotensin-converting enzyme (ACE)
gene polymorphism may also play a major role in
BA pathogenesis and has been a focus of numerous
epidemiological studies; however, so far, the results are
currently inconclusive. The ACE gene is located on the
g23 locus of chromosome 17. Individual variability in
the plasma ACE levels is associated with a presence
[insertion (I)] or absence [deletion (D)] of a 250 bp region
located in the intron 16 of the ACE gene, which is known
as the ACE I/D polymorphism. Three genotypes of ACE
I/D polymorphism are known: Deletion homozygote, D/D;
insertion homozygote, I/l; and heterozygote, D/I [33], [34].

Ding et al. showed that human subjects
with the D/D genotype of ACE gene polymorphism
had increased BA risk compared to those with the I/l
genotype or I/D [35]. Iskandar et al. showed that ACE
D/D genotype had significantly higher occurrence in
atopic asthmatic patients, compared to healthy control
subjects; patients with D/D genotype had 6.8-fold higher
risk for atopic asthma development than those with non-
D/D genotype [36]. Pasiyeshvili and Zheleznyakova
showed that the relative risk of developing BA was 2.67
for patients with the ACE D/D genotype; 0.46 for the
ACE D/l genotype; and 0.69 for the ACE |/l genotype,
suggesting a possible protective role of the | allele [37].
The authors point out that individuals carrying ACE D/D
genotype predominate (54.2%) among BA patients.
This is also supported by a study indicating that children
with the D/D genotype are in the group of high risk for
BA development [38].

On the other hand, some studies failed to
establish any associations of ACE gene polymorphisms
with BA. For instance, ACE gene polymorphism is not
significantly associated with BA or with its severity
among Egyptian adults [39]. Similarly, the ACE genotype
frequencies also do not significantly differ between the
patients with BA and healthy controls in study conducted
in Turkey [40], Iran [41], and Japan [42].

Conclusion

The literature review gives some insights
to the conclusion that not a single factor alone
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contributes to the development and progression of
BA, as contribution of ACE I/D polymorphism may
be controversial and depends on other factors, both
genetic and environmental. For example, a specific
single-nucleotide polymorphism in the CD14 region
contributes to asthma development only after exposure
to endotoxin at a certain level, which may come from
several environmental sources [43]. Although the
overall conclusion is that despite the fact that numerous
genes are involved in the pathogenesis of BA and their
polymorphisms are associated with increased risks for
BA, it is important to understand that a combination of
factors, both genetic and environmental, triggers BA
development and determines its progression. On the
other hand, the identification of BA susceptibility genes
contributing to asthma pathogenesis and treatment
response is the first step toward the development of
personalized medicine.
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