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Abstract
Introduction. Bronchial asthma (BA) is a multifactorial pathology of the respiratory system, in the
development of which the variability of genes regulating the tone of the bronchial smooth muscles plays
an important role. One key candidate is the β2-adrenoreceptor gene (ADRB2).

Purpose of the study. To study the distribution features of genotypes and alleles of the rs1042713
(Arg16Gly) polymorphism of the ADRB2 gene in BA patients and control group individuals, as well as to
evaluate their association with the risk of disease development.

Materials and methods. 100 BA patients and 100 conditionally healthy individuals (control) were
examined. Genotyping of the rs1042713 locus was performed using the PCR method. The compliance of
genotype distribution with the HWE equilibrium was evaluated. Statistical analysis included calculations
of the χ2 criterion, Fisher's exact criterion, odds ratio (OR), and 95% confidence interval (CI).

Results. The frequency of the Arg/Arg genotype in BA patients was 79.0%, which is significantly higher
than in the control group (39.0%) (χ2 = 33.24; p = 6.04 × 10 − 8; (pFisher = 1.79 times 10 − 8). The
frequency of the Gly allele in the BA group was significantly lower compared to the control (14.0% vs.
39.0%; χ2 = 30.82; p = 2.83 × 10 − 8). For the Gly allele, OR = 0.255 (95% CI: 0.156–0.416) was calculated.
In the patient group, a pronounced deviation from HWE was identified (χ2 = 17.52; p = 2.84 × 10 − 5),
while in the control group, the equilibrium was maintained (χ2 = 0.57; p = 0.452).

Conclusion. The homozygous Arg/Arg genotype is associated with a high risk of BA development, which
is due to functional changes in β2-adrenoreceptors and their accelerated desensitization. The Gly allele
performs a strong protective function. Disruption of HWE in patients indicates a pronounced selective
pressure of the disease on genotypic distribution in the population. The obtained results are of great
importance for developing systems for the pharmacogenetic prediction of β-agonist efficacy.

Introduction
Bronchial asthma (BA) is a chronic inflammatory disease of the respiratory tract characterized by
variable bronchial obstruction and hyperreactivity. In the formation of bronchial asthma, the genetic
landscape of the individual is of critical importance, which determines the nature of the immunological
and tissue response of the lungs to external triggers.

Among the large number of BA candidate genes, the ADRB2 gene, which encodes the β2-adrenergic
receptor, holds a special place. This receptor is expressed in the smooth muscle cells of the respiratory
tract and mediates bronchodilation in response to endogenous catecholamines and therapeutic beta-
agonists. The single nucleotide polymorphism rs1042713, resulting in the replacement of the amino acid
arginine with glycine in position 16 of the polypeptide chain (Arg16Gly), fundamentally alters the
regulatory properties of the receptor.
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The Arg16 variant is prone to faster desensitization and a decrease in receptor density on the membrane
under the influence of ligands, which leads to a weakening of the bronchodilator effect and an increase
in bronchial hyperreactivity. In this regard, studying the distribution structure of alleles and genotypes of
this locus is of fundamental clinical and pharmacogenetic interest.

The aim of the study is to conduct a molecular-genetic and biostatistical analysis of the association
between the rs1042713 (Arg16Gly) polymorphism of the ADRB2 gene and bronchial asthma in the
studied population.

Materials and Methods
The clinical and genetic study was conducted on a sample of 200 people divided into two groups:

1. Patient group: 100 patients with a verified diagnosis of BA.
2. Control group: 100 conditionally healthy volunteers without respiratory pathologies.

Genomic DNA extraction was carried out from peripheral blood leukocytes. The determination of allelic
variants of the rs1042713 polymorphism of the ADRB2 gene was conducted using the polymerase chain
reaction (PCR) method.

Statistical analysis was performed by calculating four-field conjugate tables. The significance of
differences was assessed using Pearson's chi-square (χ2) criterion and Fisher's exact test. Analysis of
the compliance of genotype frequencies with the Hardy-Weinberg law (HWE) was conducted separately
for each group. The relative risk of the disease was calculated using the odds ratio (OR) indicator with a
95% confidence interval (CI). Critical significance level was recognized (p < 0.05).

Results
Analysis of genotypic distribution

When studying the Arg16Gly polymorphism of the ADRB2 gene between the BA patient groups and the
control group, deep statistically significant differences were found (Table 1).
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Table 1
Distribution of ADRB2 gene rs1042713 polymorphism genotypes in the study groups

Group n Arg/Arg, n
(%)

Arg/Gly, n
(%)

Gly/Gly, n
(%)

Sum of hetero- and mutant
genotypes (Arg/Gly + Gly/Gly), n
(%)

Patients 100 79 (79.0%) 14
(14.0%)

7 (7.0%) 21 (21.0%)

Control 100 39 (39.0%) 44
(44.0%)

17
(17.0%)

61 (61.0%)

Frequency
difference

- + 40.0% -30.0% -10.0% -40.0%

In BA patients, a colossal dominance of the homozygous Arg/Arg genotype was recorded, reaching a
frequency of 79.0%, which is 40.0% higher than the control (39.0%). Conversely, healthy individuals were
characterized by a high frequency of Arg/Gly heterozygotes (44.0% versus 14.0% in patients). The total
proportion of Gly allele carriers (Arg/Gly + Gly/Gly) in healthy individuals was 61.0%, exceeding the
similar pool in patients by 2.9 times. Assessment of the correlation tables confirmed the high reliability
of intergroup differences: (χ2 = 33.24); (p = 6.04 times 10 − 8); (pFisher = 1.79 times 10 − 8) (p < 0.05).

Allele analysis and risk assessment
Frequency analysis of alleles showed a similar pattern of polarization (Table 2).

Table 2
Allele frequencies of the rs1042713 polymorphism of the ADRB2 gene

Group Total alleles Allele Arg, n (%) Gly allele, n (%) Gly Allele Difference

Patients 200 172 (86,0%) 28 (14,0%) -25,0%

Control 200 122 (61,0%) 78 (39,0%) -

The frequency of the risk allele Arg in patients was 86.0% (pArg = 0.86), decreasing to 61.0% (pArg = 
0.61) in the control group. Accordingly, the protective Gly allele in healthy individuals was found almost 3
times more frequently than in patients (39.0% vs. 14.0%; the difference was 25.0%). Mathematical
analysis revealed a strong statistical relationship between the distribution of alleles and pathology: (χ2 = 
30.82); (p = 2.83 times 10 − 8). The calculation of the odds ratio demonstrated a pronounced protective
effect of the Gly allele: OR = 0.255 with a narrow and statistically significant 95% CI = 0.156–0.416
confidence interval.

Hardy-Weinberg equilibrium test
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An important result of the study was the discovery of genetic imbalance in individuals with bronchial
asthma (Table 3).

Table 3
Results of the Hardy-Weinberg equilibrium analysis (HWE)

Group Observed genotypes
(Arg/Arg / Arg/Gly /
Gly/Gly)

Expected genotypes
(Arg/Arg / Arg/Gly /
Gly/Gly)

(χ²) p-
value

HWE
Eligibility

Patients 79 / 14 / 7 73,96 / 24,08 / 1,96 17,52 0,000 No!

Control 39 / 44 / 17 37,21 / 47,58 / 15,21 0,57 0,452 Yes.

In the control group, the distribution of observed genotypes almost fully coincided with theoretically
expected (χ2 = 0.57); (p = 0.452), indicating the representativeness of the sample and the absence of
random genetic shifts. However, in the BA patient group, a catastrophic deviation from the Hardy-
Weinberg equilibrium was identified: (χ2 = 17.52); (p = 2.84 times 10 − 5) (p < 0.001).

A sharp deficit of heterozygotes (14 against the expected 24.08) and an excess of homozygotes for both
alleles is observed, which directly reflects the influence of the disease factor (genotype selection).

Table 4
Summary statistics of rs1042713 polymorphism analysis

Analysis type (χ²) p (χ²) p (Fisher) OR (Gly) 95% CI Association

Genotypic 33,24 0,000 0,000 - - Yes.

Allele 30,82 0,000 0,000 0,255 0,156 -0,416 Yes.

Discussion
The identified critical accumulation of the homozygous Arg/Arg genotype (79.0% versus 39.0% in the
control) at a high level of significance (χ2 = 33.24); (p = 0.001) clearly proves the key pathogenetic role of
this locus in the destabilization of respiratory tract tone.

From a biological perspective, this is explained by the phenomenon of ligand-induced desensitization.
β2-adrenoreceptors carrying arginine (Arg16) in position 16 undergo accelerated endocytosis and
intracellular proteolysis upon binding with agonists. In conditions of constant contact between
respiratory epithelium and pollutants or allergens, this leads to functional blockade of beta reception,
causing persistent bronchospasm and lung hyperexcitability.

Conversely, the low representation of the Gly allele among patients (14.0% versus 39.0% in the control
group) and the OR = 0.255 value indicate a strong protective function of this variant. Gly16 receptors are
more resistant to long-term ligand effects and maintain the functional stability of the membrane pool,
inhibiting the development of the inflammatory cascade.
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The fact that the Hardy-Weinberg law was violated exclusively in the patient group (χ2 = 17.52); p < 
0.001) indicates that the studied polymorphism is involved in the structure of selective selection induced
by the disease. The accumulation of Arg/Arg homozygotes among patients reflects the direct
determination of the clinical phenotype of BA by this genetic construction.

Our results are fully consistent with the data from major international consortia. Thus, in the
fundamental works of Thompson and co-authors, as well as Bleecker et al. [11], it has been convincingly
proven that carriers of the homozygous Arg16 genotype have a minimal response to therapy with β2-
agonists and have a high risk of severe exacerbations of BA. The protective effect of the Gly16 allele,
recorded at 30–40% in Asian populations, is also attributed to its pharmacodynamic superiority.

The scientific and practical value of the work lies in the formation of new prognostic criteria for
personalized medicine. The implementation of rs1042713 locus genotyping will allow clinicians to pre-
evaluate the therapeutic response to β2-agonists, modify dosage regimens, and optimize BA treatment
protocols while avoiding ineffective therapeutic cycles.

Conclusion
1. The rs1042713 polymorphism of the ADRB2 gene is a strong genetic predictor of bronchial asthma.

The homozygous Arg/Arg genotype is associated with a high risk of disease development (χ2 = 
33.24); (p = 6.04 times 10 − 8).

2. The Gly allele has a pronounced protective effect (OR = 0.255; 95% CI: 0.156–0.416), reducing the
likelihood of bronchial asthma manifestation by maintaining the stability of respiratory receptor
response.

3. Identified Hardy-Weinberg imbalance in the patient group (χ2 = 17.52); (p = 2.84 times 10 − 5)
mathematically confirms the strong association of the Arg/Arg genotype with the clinical phenotype
of BA and substantiates the feasibility of using this marker in personalized pharmacogenetic
strategies.
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