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GLN27GLU polymorphism in the B-adrenergic receptor gene
in patients with bronchial asthma

V. V. Kachkovska®*

Sumy State University, Ukraine

The aim of the study was to analyze the frequency of the polymorphism in the B,-adrenoceptor (GIn27Glu) gene in patients with
bronchial asthma (BA) and to assess the association of the polymorphism with disease risks.

Materials and methods. A total of 553 patients with BA and 95 apparently healthy individuals were examined. The GIn27Glu
polymorphism in the 3,-AR gene (rs1042714) was determined using polymerase chain reaction-restriction fragment length poly-
morphism analysis. Statistical analysis of the results was performed using SPSS-17 program.

Results. The allele and genotype distribution of the GIn27Glu polymorphism in the B,-AR gene in apparently healthy individuals and
BA patients was consistent with Hardy—Weinberg equilibrium (P > 0.05). The analysis revealed that heterozygotes for the GIn27Glu
polymorphic variant in the B,-AR gene were more frequent among BA patients vs. apparently healthy individuals (P = 0.018). The
minor allele homozygotes (Glu/Glu) were 1.5 times more frequent among BA patients vs. the controls only in terms of trends with-
out statistical significance. There was no statistically significant difference in the genotype distribution of the studied polymorphic
variant between men and women in the control group and BA patient group (P = 0.55; P = 0.47). The analysis of BA risk showed
a statistically significant association within the dominant (P = 0.01), super-dominant (P = 0.02), and additive (P = 0.01) models.
The minor allele carriers Glu (predominantly heterozygotes) had 1.9 times higher risk of BA in the dominant model and 1.6 times
higher risk of BA in the additive model vs. the major allele homozygotes.

Conclusions. The statistically significant difference in the distribution of the homozygous and heterozygous genotypes of the
B,-AR gene (GIn27Glu) polymorphism was found between asthma patients and apparently healthy individuals regardless of sex.
The minor allele carriers (GIn/Glu genotypes) had the higher risk of BA vs. the major allele homozygotes.

GLN27GLU noaimopdiam reHa B,-aapeHopeuentopa y XBopux Ha 6poHxiaAbHy acTMy

B. B. KaukoBcbka

Meta po6oTu — B1BYEHHS YacToTy nonimopdiamy reqa B,-aapeHopelentopa (GIn27Glu) y xsopux Ha 6poHxianbHy actmy (BA)
Ta B3aEMO3B'513KY BM3HAYEHWX FEHOTUNMIB i3 PU3VKOM PO3BUTKY 3aXBOPIOBAHHSI.

Marepianu Ta metoau. O6cTexunn 553 xsopux Ha BA Ta 95 npakTu4HO 300pOoBYMX NaLlieHTiB. BuaHadeHHs GIn27Glu nonimop-
ismy rera B,-AP (rs1042714) 3aincHnnu 3a SOMOMOTOI0 MoriMepasHO-aHLtOroBOT peakLii 3 HaCTYMHUM aHaniaoM PECTPUKLIAHNX
parmeHTiB. CTaTUCTUYHWIA aHani3 BUKOHANM 3a A0MomMoroto nporpamu SPSS-17.

Pesynirati. Posnoain anenis i reHotunia 3a GIn27Glu nonimopdiamom rexa B,-AP y npakTniHo 300poBux oci6 i xsopux Ha BA
BiANoBinaB TEOPETMYHO OuiKyBaHili piBHOBa3i Xapai-Baithbepra (p > 0,05). Pesynitati aHaniay yactotv GIn27Glu noniMopdHoro
BapiaHTa reHa B,-AP y xBopux Ha BA Ta y npakT4HO 3[0pOBMX OCIG NOKa3anu, Lo reTepoauroTh YacTille BUABMAMN Y XBOPUX
Ha BA nopiBHsIHO 3 NpakT1yHO 3a0poBuMU ocobamm (p = 0,018). Hociie romoaurot 3a miHopHuM anenem Glu/Glu Busiensnu B 1,5
pasa yacTilLe cepeq XBopyx Ha BA NOPIBHSHO 3 KOHTPONEM (TiNbKW Ha piBHi TEHAEHLi), ane BiporiaHi BigMIHHOCTI He peecTpyBanu.
Posnogin reHotvnis 3a LM noniMopgHUM BapiaHTOM B XIHOK | YOMOBIKIB rpyni KOHTPOMIO Ta XBOPUX Ha BA CTaTMCTUYHO 3HaYyLLO
He BigpiHsBecs (p = 0,55; p = 0,47). AHania puauky po3suTky BA nokasas CTaTUCTUYHO 3HAYYLLMI 3B'A30K Y pamMKkax LOMIHAHTHOI
(p =0,01), HappomiHaHTHOI (p = 0,02) Ta aguTeHoi (p = 0,01) Mogeneit ycnaakyeaHHs. Pusuk po3sutky BA B HOCIiB MiHOpHOMO
anens (nepeBaxHoO Yepes reteposurotit) 3poctas y 1,9 pasa B JOMiHaHTHIN, B 1,6 pasa — B aguTUBHI Mogeni ycnaaKyBaHHs
MOPIBHSAHO 3 FOMO3WrOTaMK 338 OCHOBHUM arnenem.

BucHoBku. BcTaHoBUMN CTATUCTUYHO 3HAYYLLY BiAMIHHICTb Y PO3MO/Ni FOMO3UIOTHIUX | FETEPO3UTOTHUX reHOTUNIB 3a NoniMop-
ismom reHa B,-AP (GIn27Glu) y xsopux Ha BA Ta npakTM4HO 310POBMX 0CI6 HesanexHo Bif cTati. HocincTBO MIHOPHOTO arnens
y cknagi reteposurotHoro reHotuny (GIn/Glu) nigeuLlye puavk po3suTky BA NOPIBHAHO 3 rOMO3MUrOTaMm 3a OCHOBHWUM anenem.

Bronchial asthma is known to have a multifactorial nature At present, the B,-AR gene polymorphisms are associ-

and to develop due to the interaction of environmental
factors, epigenetic changes, and hereditary predisposition.
The study on molecular and genetic grounds of asthma re-
vealed the important role of polymorphisms in many genes,
in particular, in the B,-adrenergic receptor (8,-AR) gene,
which plays a key role in airway contractility and is a target
for 3,-agonists. The most extensively studied and common
polymorphic variants of the B,-AR gene are GIn27Glu,
Arg16Glu, and Thr164lle, which determine the functional
features of the receptor associated with asthma phenotypes
and the effectiveness of 3,-agonist treatment [1-3].
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ated with individual predisposition to airway hyperreactivity
and asthma, variability in response to ,-agonists, and
the development of resistance to their bronchodilator effect.
The link between the GIn27Glu polymorphism in the ,-AR
gene and the risk of asthma, which was proven in numerous
studies, still relates to contradictory and sometimes opposite
results in other studies [4-6].

Some papers, especially concerning pediatric asthma,
also demonstrated that the GIn27Glu polymorphism in
the B,-AR gene was not associated with a higher risk of
asthma in different ethnic groups within general population
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[4,6,7]. Given the ambiguous and sometimes discordant
results as for the role of the GIn27Glu polymorphism in
the B,-AR gene in asthma occurrence and the effectiveness
of its treatment and considering that only isolated studies
involving small populations were conducted in Ukraine, this
problem needs further study.

Aim
The aim of the work was to study the frequency of GIn27Glu
polymorphism in the 3,-adrenoceptor gene in patients with

bronchial asthma (BA) and to assess the association of
the polymorphism with BA risk.

Materials and methods

Atotal of 553 patients with BA were examined. All of them
had previously signed an informed consent form. A control
group consisted of 95 apparently healthy individuals. Among
the BA patients, there were 360 (65.1 %) women and 193
(34.9 %) men; the control group consisted of 45 (47.4 %)
men and 50 (52.6 %) women. The mean age of BA patients
was 42.3 + 0.71 years, and the mean age of the controls
was 44.1 + 1.53 years.

The study was approved by the Bioethics Committee
of Medical Institute of Sumy State University. GIn27Glu
polymorphism in the B,-AR gene (rs1042713) was de-
termined using polymerase chain reaction-restriction
fragment length polymorphism analysis. Statistical ana-
lysis of obtained results was performed using SPSS-17
program.

Results

The analysis of the allele and genotype frequency of
the GIn27Glu polymorphism in the B,-AR gene in apparently
healthy individuals (from the Sumy region) was consistent
with the data of European authors [1,8,9]. The distribution
of alleles and genotypes of the studied polymorphism in ap-
parently healthy individuals and BA patients corresponded
to Hardy-Weinberg equilibrium (P > 0.05). The analysis of
the GIn27Glu polymorphic variant frequency in the B,-AR
gene (rs 1042714)in apparently healthy individuals and BA
patients is presented in Tables 1, 2.

The frequency of the Glu allele was significantly higher
among BA patients, at the same time, we found 1.69 times
(P = 0.007) increased asthma risk among minor allele
carriers.

The heterozygotes and minor allele homozygotes were
found to be more frequent among BA patients than those
among apparently healthy individuals (P = 0.018). Also, a
significantly 1.8 times increased risk of BA was revealed
among heterozygous patients.

The analysis of the GIn27Glu genetic polymorphism
distribution in the B,-AR gene in the control group and in
BA patients stratified by sex is given in Table 3.

There was no statistically significant difference in
the distribution of the major allele homozygotes, hete-
rozygotes, and minor allele homozygotes for the studied
polymorphic variant between men and women in the control
group and BA patients (P = 0.55; P = 0.47). Thus, we iden-
tified no sex-related differences in the allele and genotype
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distribution of the GIn27Glu polymorphism in the ,-AR gene
between the control group and BA patients.

Table 4 presents the analysis results of the association
between genetic GIn27Glu polymorphism in the 3,-AR gene
and BArisk using binary logistic regression in four models
of inheritance.

The relative risk estimation showed a statistically
significant association within the dominant (P = 0.01), su-
per-dominant (P = 0.02), and additive (P = 0.01) models.
The minor allele carriers (GIn/Glu and Glu/Glu genotypes)
had 1.9 times higher risk of BA in the dominant model and
1.6 times higher risk of BA in the additive model vs. the ma-
jor allele homozygotes. The obtained data indicated that
the minor allele carriers (homozygotes and heterozygotes)
had the higher risk of BA.

Discussion

Sufficient data were obtained indicating that a plenty of
genes are involved in the pathogenesis of asthma, and
each of them individually makes a certain contribution to
the realization of this mechanism. This confirms that asthma
development involves a genetic mechanism. Along with
genetic factors, which determine the Th2-type of inflam-
mation and directly define predisposition to atopy, the most
significant role in the development of asthma belongs to
the genes that control the degree of bronchial reactivity.
The key place regarding bronchial contractility is dominated
by the B,-AR, which determines the contractile capacity of
the bronchi and is a target for the most widely used bron-
chodilators — B,-agonists [10,11]. Numerous studies have
demonstrated that the risk of asthma, clinical course of
the disease, variability of the response to 8,-agonist depend
on polymorphisms in the 3,-AR gene [3,12]. Therefore, our
study was aimed to identify the allele and genotype distri-
bution of the GIn27Glu polymorphism in the B,-AR gene in
BA patients and apparently healthy individuals, as well as
to analyze possible association between this polymorphic
variant and BA risk.

Our study has revealed the statistically significant dif-
ference in the distribution of GIn27Glu genetic polymorphism
in the B,-AR gene between the BA patients and apparently
healthy individuals (x?=7.99; P = 0.018). The major allele
homozygotes (GIn/GIn) were observed more frequently
among apparently healthy individuals, while the minor al-
lele homozygotes (Glu/Glu) were 1.5 times more frequent
among BA patients (9.4 %) vs. the controls (6.3 %). The
findings were consistent with our previous data obtained
for a small population of BA patients (n = 195) [9] and with
the data of M. S. Ponomariova et al., who found a 3 times
higher frequency of the Glu/Glu genotype of the GIn27Glu
polymorphism in the B,-AR gene in the BA patients in Russia
vs. apparently healthy subjects. Apart from higher frequency
of the minor allele carriers and Glu/Glu homozygotes among
BA patients vs. the controls, we have found that the minor
allele carriers (GIn/Glu and Glu/Glu genotypes) had 1.9
times higher risk of BAin the dominant model and 1.6 times
higher risk of BA in the additive model vs. the major allele
homozygotes. Trofimov et al. reported that there was an
association between this polymorphic variant in the ,-AR
gene and a severe resistance to BAtherapy. Thus, the Glu-
27Glu genotype carriage was associated with a higher risk
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Table 1. The allele frequency among apparently healthy individuals and BA patients

BA patients, n = 553 Apparently healthy subjects, n = 95
E_ 95 % CI

0.40-0.87
1.156-2.48

1.7 %
Glu 28.3%

81.1%
18.9 %

0.007 0.59

1.69

Table 2. The GIn27Glu polymorphism in the B,-adrenergic receptor gene in apparently healthy individuals and BA patients

rs 1042714 BA patients, n = 553 Apparently healthy subjects, n =95

_-- 95 % C|

0.32-0.82
1.10-2.94
0.64-3.69

__

GIn/GIn 292 52.8
GIn/Glu 209 37.8 24
Glu/Glu 52 9.4 6

68.4 0.018 0.52
253 1.80
6.3 1.54

Table 3. Genotype and allele distribution of the GIn27Glu polymorphism in the B2-adrenergic receptor gene depending on sex

s 1042714

Wenn=4s — [Womennzi  [Mennztes |
Genotype n % n % n % n
GIn/Gln 31 68.9 34 68.0 95 49.2 197
GIn/Glu 10 222 14 28.0 78 404 131
Glu/Glu 4 8.9 2 4.0 20 104 32
Allele x2=1.21;P=0.55 X2=14;P =047
Gln 80.0 82.0 69.4 72.9
Glu 20.0 18.0 30.6 271

%
54.7
36.4
8.9

BA patients, n = 553
Women, n = 360

Table 4. Association between the GIn27Glu polymorphism in the 3,-adrenergic receptor gene and BA risk

m Genotypes BA patlents n=553 Apparently healthy subjects, n = 95 m (95 % CI) _-

Dominant GIn/GIn
GIn/Glu+Glu/Glu 261
Recessive GIn/GIn+ GIn/Glu 501
Glu/Glu 52
Super-dominant GIn/GIn+ Glu/Glu 344
GIn/Glu 209
Additive GIn/GIn 292
2Glu/Glu+ GIn/Glu -

(1.23-3.11)
30
89 15 (0.69-4.1)
6
71 18 (1.11-3.0)
24
65- 16 (1.13-2.4)

0.33

0.02

0.01

18.28

25.45

20.7

19.38

of therapy-resistant BAvs. therapy-responsive BA (OR 3.35;
95 % CI 1.16-9.66) GIn27GIn + GIn27Glu vs. Glu27 allele
(Glu27Glu + GIn27Clu vs. GIn27GIn) — with a 7.2 times
higher risk (OR 7.2; 95 % Cl 1.19-43.48). These results
have confirmed the role of the Glu27 allele as a marker
associated with severe and therapy-resistant BA, which
could be related to impaired 8,-AR function.

In contrast to previous findings, there are a number
of studies that found no association between the studied
polymorphism and the occurrence of asthma, disease
severity, spirometric parameters, demographic and clinical
variables, baseline respiratory function, number of exa-
cerbations and hospitalizations, exercise tolerance, serum
IgE, or the quality of patients’ life [2,6,13]. Nevertheless,
there was a study suggesting an association between poly-
morphic variants in the 8,-AR gene and a lower BA risk in
children and adults [4,14]. The inconsistency of findings on
the role of the GIn27Glu polymorphism in the 3,-AR gene
in the asthma development and course can be explained
by the clinical heterogeneity of this disease, different age
of onset, and pathogenetic differences between different
phenotypes of the disease. Identification of clinical pheno-
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types of asthma in recent studies demonstrated the genetic
heterogeneity of the disease, seeing as their pathogenesis
involves different genetic factors and, accordingly, different
pathogenetic mechanisms that determine a particular di-
sease phenotype [8,15]. Therefore, it is important to study
gene polymorphisms in combination with clinical parameters
specifying the disease phenotype.

Conclusions

1. The statistically significant difference in the distribu-
tion of the homozygous and heterozygous genotypes of
the f2-AR gene (GIn27Glu) polymorphism was found be-
tween asthma patients and apparently healthy individuals,
whereas no sex-related statistically significant difference
was observed. The minor allele homozygotes (Glu/Glu)
were 1.5 times more frequent among BA patients vs. ap-
parently healthy individuals.

2. The minor allele carriers (GIn/Glu and Glu/Glu
genotypes) had 1.9 times higher risk of BA in the dominant
model and 1.6 times higher risk of BAin the additive model
vs. the major allele homozygotes.
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Prospects for future research. The study of B,-AR
polymorphisms considering the disease phenotypes will
allow developing phenotype-specific criteria for predicting
the occurrence of asthma.
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