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GLN27GLU POLYMORPHISM IN THE
B2-ADRENORECEPTOR GENE IN PATIENTS WITH
ASTHMA WITH REGARD TO THE AGE OF ONSET

Aim: The study aimed to assess the frequency of the GIn27Glu
polymorphic variant in the B2-AR gene among patients with early
and late-onset asthma and assess asthma risks depending on the
disease phenotype.

Materials and Methods: Our study included a total of 553
asthma patients who consented to participate in the study. Asthma
was diagnosed according to the 2016 GINA recommendations and
its later versions. The study was approved by the Bioethics
Committee of the Medical Institute of Sumy State University. The
analysis for determining genetic polymorphism (designated as
rs1042714) was conducted through the use of polymerase chain
reaction-restriction fragment length polymorphism. Statistical
analysis of obtained results was performed using SPSS-17 program.

Results: It was found that there is a significant difference in the
distribution of alleles and genotypes in people with early-onset
asthma compared to those with late-onset asthma; the statistical
analysis showed a y2 value of 41.75 and p-value of 0.001 for early-
onset asthma, and a y2 value of 44.24 and p-value of 0.001 for late-
onset asthma. We did not observe a significant increase in the early-
onset asthma risk with an account of different inheritance models
connected to the studied polymorphism. Research that took into
account the risk of late-onset asthma discovered statistically
significant results regarding the dominant (p = 0.001), super-
dominant (p = 0.001), and additive (p = 0.001) models of inheritance.

Conclusions: Based on the data collected, it was found that
individuals carrying the minor allele (both homozygotes and
heterozygotes) were at a greater risk of developing asthma later in
life. However, no such correlation was observed in patients with
early-onset asthma.
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GLN27GLU MNOJIMOP®I3M I'EHA
B2-AIPEHOPELIEIITOPA Y XBOPUX HA ACTMY
3AJIEZKHO BIJ BIKY JEBIOTY

Metoro nocmimpkeHHs Oylo OWIHUTH YacTOTy IOJIIMOP(HHOTO
BapianTy GIn27Glu B reni B2-AR cepen maiieHTiB 3 paHHIM i Mi3HIM
MOYaTKOM aCTMH Ta OLIHUTH PU3NK BUHUKHEHHS aCTMU 3aJI€XKHO Bij
(eHOTHUITY 3aXBOPIOBAHHS.

Marepianu Ta MeToau. Y Haie JTOCITIIKEHHS OYJIO BKIIOYEHO
553 mamieHTH 3 acTMOIO, SIKi HOTOJWIUCS HONEPEIHBO B3SITH Y
HBOMY y4acTb. [liarHO3 acTMu OYyB MOCTaBICHHU BiIIOBiTHO IO
pexomenmanii GINA 2016 poky Tta 11 Mi3HIMHAX Bepcii.
oOiloeTnkrn  MeauaHoro
incturyty Cym/JlY. Bu3HadeHHS TeHETHYHOTO MOIIMOPdiI3MY
(mosnaueHnoro sk s1042714)
moJIiMepa3Hoi JIAHIFOTOBOT PpeakIlil NUISXOM aHai3y OBKUHH
pectpukuiiiHux ¢parmeHTiB. CTaTUCTHYHY OOpPOOKY OTpHMaHHX
pe3yJIbTaTiB MPOBOJUIIH 32 JOIOMOI0I0 mporpamu SPSS-17.

PesyabraTh:

Hocmimkenns cxBaneHo Kowiciero 3

npoBoAWIM 3a  JOIIOMOTORO

byno BcraHOBIEHO, 1O ICHYE JIOCTOBIpHA
BIIMIHHICTh Yy PO3MOMALT aJCTiB | TCHOTHIIB 3a IOCIIIKYBaHHUM
noJiMOp(hi3MOM Y JIrozieii 3 paHHIM IToYaTKoM acTMu (y2=41,75, p =
0,001) mopiBHSHO 3 THMH, XTO Ma€ Mi3HiH moyaTtok actmu (y2 44,24,
p = 0,001). Mu He crmocTepiraiy iCTOTHOTO MiJBHIICHHS PU3UKY
pPaHHBOIO TIOYaTKy acTMH 3 YpaxyBaHHAM pI3HHX MoJenei
yCIaIKyBaHHS, MOB’SA3aHUX 3 JOCTIHKYBaHHM IONIMOP(HIZMOM.
JociipKeHHs, SKi BpaxOBYBAJIM PU3UK MI3HBOIO MOYATKYy AaCTMH,
BUSIBUJIM CTATHCTHYHO 3HAYYILII pPe3yJIbTaTH MO0 JOMIHaHTHOT (P =
0,001), cymepaominantaoi (P = 0,001) Ta agutusuoi (p = 0,001)
MOJIEIEN yCIaKyBaHHs.

BuCHOBKM: Ha OCHOBI OTPUMAaHUX JaHUX OYJIO BUSIBICHO, IO
0co0H, SIKI € HOCIIMM MIHOPHOTO anelysi (SK FOMO3MIOTH, TaK i
TeTepPO3UIOTH), MAIOTh OUTBIIMHA PH3HK PO3BUTKY AacTMH B
moATBIIOMY KHTTi. OJHAK y MAIIEHTIB i3 paHHIM IT09aTKOM aCTMH
TaKoro 3B’s3Ky He CIIOCTepiransocs.

KuarouoBi cioBa: actma, ne0roT, TeH [2-agpeHOpenenTopis,
noniMopdism rera GIn27Glu.

Aemop, eionogioansnuit 3a aucmysanna: Bnaoucnasa Kauxoscvka, Kageopa enympiwmnboi meduyunu 3
yeumpom pecnipamopnoi meouyunu Cym/[y, m. Cymu, Yrpaina

e-mail: vlady dytko@ukr.net

INTRODUCTION / BCTYII

Asthma is a chronic respiratory disorder and
affects 1-18% of adult and pediatric populations in
various countries. The prevalence of asthma in
developed countries is constantly growing. Asthma is

a complex heterogeneous disease greatly influenced
by genetic factors [1-3]. Identification of genes and
molecular mechanisms enrolled in the pathogenesis of
asthma is essential for predicting the disease and
developing targeted therapeutic approaches.
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It is well known that for asthma as a polygenic
disease, the age of onset is of great diagnostic and
prognostic value [4-6]. Based on current knowledge,
there are distinct differences in the causes of asthma
between those who develop it early in life and those
who develop it later. These differences suggest that
there are varying genetic factors at play between
these two groups The study conducted by UK
Biobank, which involved 447,628 individuals, found
specific genetic risk factors that relate to the age at
which asthma first occurs [7]. The results showed
that early-onset asthma had genetic factors differing
from those of late-onset asthma, partly explaining
their pathogenesis differences [4-6].

One of the genes well-studied in asthma
pathogenesis and response to bronchodilation
therapy is the gene encoding f2-AR, located on the
long arm of chromosome 5 (5q31-g32) [8]. More
than 500 single nucleotide substitutions and
insertion/deletion polymorphisms were found in the
B2-AR gene. However, the most well-studied are: at
the 16" position, glycine has been replaced by
arginine— Argl6Gly (rs1042713, + 46A>G) and
glutamine for glutamic acid at the 27" position —
GIn27Glu (rs1042714, + 79C>G) and threonine for
isoleucine at position 164 — Thrl64lle (rs1800888)
[9]. According to the previous data, they have an
essential impact on receptor functioning [10]. Due to
the high polymorphism of the B>-AR gene, alleles'
frequency differs statistically among ethnic groups
[9,11-14]. Taking into account the lack of consistent
data considering the possible link between
rs1042714 polymorphism in the B,-AR gene and
asthma risk, we studied possible associations,
including the additional parameters of different
disease phenotypes concerning the time of disease
onset.

Study objectives. The study aimed to assess the
frequency of the GIn27Glu polymorphic variant in
the $2-AR gene among patients with early and late-
onset asthma and assess asthma risks depending on
the disease phenotype.

Materials and methods. The study was
conducted during 2016-2019 based on the
pulmonology department of the Sumy Regional
Clinical Hospital of the Communal Non-
Commercial Enterprise, Sumy, Ukraine. Patients
were selected from the hospital database and
examined during their routine visits to our clinic to
verify the diagnosis, excluding/confirming other
bronchopulmonary  pathology and  therapy
correction. Our study included a total of 553 asthma
patients who consented to participate by signing

informed consent forms. 360 women (65.1%) and
193 men (34.9%) were among the examined
patients. 42.39+0.71 years was the average age
among asthma patients. The average duration of the
disease was 16+9,59years. Moreover, 135 (24.4%)
patients had a duration of the disease less than 10
years, 272 (49.2%) — from 10 to 20 years, and 146
patients (26.4%) had asthma for more than 20 years.
We formed two clinical groups of patients
considering the asthma phenotype with its age of
onset. There were two groups of patients in the
study: Group I, which included 282 patients with
late-onset asthma (also known as the late-onset
asthma phenotype), and Group I, which consisted of
271 patients with early-onset asthma (also known as
the early-onset asthma phenotype). The diagnosis
and treatment of asthma followed the guidelines of
the "Global Initiative for Asthma" (2016) and its
updated versions. The diagnosis was based on the
patient's medical history, clinical symptoms,
objective  examination, and laboratory and
instrumental  research, such as computer
spirography, electrocardiography, and chest X-ray.
Detailed characteristics of the examined patients
depending on the age of onset are shown in Table 1.
Considering the fact that there are no generally
accepted guidelines for the clarification criteria for
early and late-onset asthma with age definition, we
use measures from previously published studies
devoted to the topic of asthma age onset. Hence, we
define the onset of asthma as early if it occurs before
the age of 12 and late if it occurs after the age of 12
[5]. All of the study participants willingly signed the
informed consent form, and the study was carried out
in complete adherence to the Declaration of
Helsinki. The Bioethics Committee of Sumy State
University approved the study. The analysis for
determining genetic polymorphism (designated as
rs1042714) was conducted through the use of
polymerase chain reaction-restriction fragment length
polymorphism. To analyze the polymorphism of the
first exon of the P2-AR gene, we utilized the
following primers: forward — 5...GCA G C (N)s
.37 reverse -  3..CGTCG(N)w...5.
Thermocycling conditions followed by 37 cycles of
95°C for 3 min, of 95°C for 15s, 62°C for 40s, and
72°C for 20s. The amplification products was
incubated at 37°C for 16 h with 3 U Bse XI (Bbvl)
(«Thermoscientificy, USA). To separate the
restriction ~ fragments, we used horizontal
electrophoresis with an electrical field strength of
10 V/cm. After the electrophoresis, we visualized the
DNA fragments using ultraviolet transillumination.




Table 1 — Characteristics of examined patients bronchial asthma depending on the age of onset

Early-onset, n = 271 Late-onset, n = 282 p F/y?
BMI, kg/m? 28,0+0,35 27,9+0,32 0,90 0,015
Age, years 36,4+0,88 48,1+1,01 0,001 71,7
Sex, n/%

0, 0

Age of asthma onset 9,8+0,21 33,9+0,87 0,001 687,5
Asthma duration, years 26,6+0,92 14,2+0,54 0,001 136,7
Genetic anamnesis, n/% 118/43,5% 87/30,9% 0,002 v2 9,54
FEV1, % of predicted value 66,06+0,95 67,85+0,95 0,18 1,77
FVC, % of predicted value 82,25+0,86 83,52+0,84 0,29 1,12
FEV1.FVC, % 85,10+4,92 86,13+4,78 0,88 0,02
Reverersibility, % 15,75+0,21 14,91+0,23 0,007 7,35

Statistical Analysis

The results were analyzed using Statistical
Package for Social Science software (SPSS,
version 17.0, Chicago, IL, USA). To check for
deviation from Hardy-Weinberg equilibrium, we
consulted the Online Encyclopedia for Genetic
Epidemiology Studies which led us to examine the
studied polymorphism. Using Pearson's chi-
squared test, we compared the allele and genotype
distributions of rs1042714 SNPs between the case
and control groups. In order to determine asthma
risk, the odds ratio (OR) and 95% confidence
interval (Cl) for the four models of inheritance,
logistic regression was used: dominant (where
major homozygous genotype was used as a
reference), recessive (genotypes with major allele
were used as a reference), superdominant (major
and minor homozygous genotypes were used as a

reference), and additive (heterozygous genotype
and minor homozygous genotype with major
homozygous genotype were used as a reference),
the models (each of four) was one-variable. To
determine the significance of the results, we used
Akaike's information criterion (AIC). Our tests
were based on a two-tailed probability and we
considered a p-value of less than 0.05 to be
statistically significant.

Results. Given the fact that early-onset and late-
onset asthma has their phenotypic differences, we
analyzed the frequency of alleles and genotypes for
the GIn27Glu polymorphism in the B.-AR gene
depending on the disease onset age in order to
check for the association between the studied
polymorphic variant and different phenotypes
(Table 2).

Table 2 — Genotype frequency for the Gin27Glu polymorphism in the f.-adrenoceptor gene in patients with

asthma with regard to the age of onset

rs 1042714 Late-onset, n = 282 Early-onset, n = 271
Genotype n % n %
GIn/GIn 110 39.0 182 67.2
GIn/Glu 136 48.2 73 26.9
Glu/Glu 36 12.8 16 5.9
¥2=44.24; p=0.001
Gln allele 63.1 80.6
Glu allele 36.9 19.4

¥2=41.75;p = 0.001

393



We found that there is a significant difference
in the distribution of alleles and genotypes in
people with early-onset asthma compared to those
with late-onset asthma; the statistical analysis
showed a 42 value 0f 41.75 and p-value of 0.001 for
early-onset asthma, and a y2 value of 44.24 and p-
value of 0.001 for late-onset asthma. As can be seen
from the table above, the frequency of GIn/GlIn
genotype (67.2%) was higher in the patients with
early-onset asthma vs. late-onset asthma (39.0%),
while GIn/Glu (48.2%) and Glu/Glu (48.2%)
genotypes were more frequent in late-onset asthma
vs. early-onset asthma (26.9% and 5.9%). The
frequency of the GIn allele was higher in the
subjects with early-onset asthma (80.6%) compared
to late-onset asthma (63.1%), and the Glu allele was
more frequent in patients with the late-onset disease

(36.9%) vs. early-onset disease (19.4%). Given the
significant difference in the distribution of alleles
and genotypes for the GIn27Glu polymorphism in
the P2-adrenergic receptor gene depending on the
age of onset, we performed a statistical analysis to
identify a possible association between genetic
markers and the risk of early-onset and late-onset
asthma developing. We did not observe a
significant increase in the early-onset asthma risk
with an account of different inheritance models
connected to the studied polymorphism. (Table 3).
Research that took into account the risk of late-
onset asthma discovered statistically significant
results regarding the dominant (p = 0.001), super-
dominant (p = 0.001), and additive (p = 0.001)
models of inheritance (Table 3).

Table 3 — The risk of asthma with regard to the GIn27Glu polymorphism in the f2-adrenergic receptor gene

Model

L ato-onset Pobs ORuobs (95% ClI) AIC
Dominant 0.001 3.4 (2.08-5.6) 17.93
Recessive 0.09 2.2 (0.95-5.88) 39.62
Super-dominant 0.001 2.8 (1.66-4.7) 26.93
Additive 0.001 2.5(1.68-3.81) 20.96
Early-onset

Dominant 0.82 1.06 (0.65-1.77) 17.85
Recessive 0.88 0.93 (0,37- 2,66) 17.88
Super-dominant 0.75 1.09 (0.65—1.89) 17.8
Additive 0.9 1.02 (0.7- 1.53) 17.89

After analyzing all inheritance models, we chose
the dominant model with the lowest AIC (17.93).
The risk of developing asthma in the minor allele
carriers (Glu/Glu+GIn/Glu) was 3.4 times higher
than that in the major allele homozygotes (95% CI
2.08-5.6; p <0.001). Our results suggested that the
minor allele carriers (minor homozygotes and
heterozygotes) are at a higher risk of late-onset
asthma.

Discussion. Our study aimed to provide
supplementary state-of-the-art data about genetic
aspects of asthma considering the age of asthma
onset, taking into account rs1042714 polymorphism.
The analysis was performed by estimating the
genotypes frequency for the studied polymorphism
and assessing the risk of developing early and late
onset asthma phenotypes. Taking into account the
time of asthma onset and its features, we determine

the distribution of genotypes for the studied
polymorphism: The GIn/Gln genotype was revealed
1.7 times more often among asthma patients with
early onset. Moreover, the results showed that the
Glu/Glu genotype was 2.2 times more frequent
among patients with late disease start.

This substantial difference in the genotypes
distribution for the GIn27Glu polymorphism
concerning the age of disease onset provided the
basis for a differentiated analysis of risks of early and
late-onset asthma phenotypes. The results we
obtained in the previous study involving the smaller
population of examined asthma patients (195)
showed that the Glu27Glu genotype carriers have
twice a risk of asthma developing (OR = 1.99; 95%
Cl = 1.14-3.47; p = 0.03) as the carriers of the
GIn27GIn genotype [15]. The risk estimation (n =
553), regardless of the phenotypes and with regard




to the studied polymorphism, showed a significant
association related to the following models of
inheritance: dominant (p = 0.01), super-dominant (p
= 0.01), and additive (p = 0.02). Asthma patients
with minor alleles genotypes were prone to 1.9 times
higher risk of asthma in the dominant model and 1.6
— in the additive model compared to major
homozygotes. Our resulta demonstrates higher
asthma risk among the minor allele carriers
(homozygotes and heterozygotes). Differentiated
analysis of the possible connection between the
studied polymorphism in the B-AR gene and
different asthma phenotypes demonstrated that the
patients with early-onset asthma had no statistically
significant increase in asthma risk, while the patients
with late-onset asthma presented with increased
asthma risk related to the dominant (p = 0.001),
super-dominant (p = 0.001), and additive (p = 0.001)
models. The odds of developing asthma in the minor
allele carriers (Glu/Glu+GIn/Glu) was 3.4 times
higher than that in the major allele homozygotes
(95% CI 2.08-5.6; p <0.001). Based on the results
received, it appears that individuals who are
homozygous or heterozygous for the minor allele are
more susceptible to developing asthma later in life.
These findings may be used to predict the occurrence
of this phenotype of the disease.

Numerous studies have shown no connection
between the GIn27Glu polymorphism and the

CONCLUSIONS / BACHOBKH

There was a notable contrast in the distribution
of alleles and genotypes among patients with asthma
onset at different stages (p = 0.001). Patients with
early-onset asthma had a 1.7 times higher frequency
of the GIn/GIn genotype compared to those with late-
onset asthma. On the other hand, patients with late-
onset asthma had a 2.2 times higher frequency of the
Glu/Glu genotype than those with early-onset
asthma.

likelihood of developing asthma, asthma severity,
pulmonary function test results, as well as
demographic and clinical information [12,16-20].
Despite this, certain studies have indicated that there
may be a correlation between polymorphic variants
in the B2-AR gene and a reduced risk of asthma in
both children and adults [21-23]. The data
discrepancies may be explained by studied group
heterogeneity of this disease  considering
pathogenetic, clinical, demographic, and
phenotypical data. This suggestion was confirmed in
our study. Given the heterogeneity of asthma, an in-
depth study of pathogenesis mechanisms and genetic
factors that cause the disease in adults and children
will help to develop new strategies for the prevention
and treatment of asthma.

Study limitations. Our study was conducted
among representatives of the Northern part of
Ukraine; therefore, to complete our understanding of
the above-mentioned single nucleotide
polymorphisms in the Ukrainian population, we
need to analyze them among patients from different
regions. Also, considering that asthma is a complex
disorder with multiple gene involvement, it will be
necessary to study other genes to fulfill our
understanding of the possible genes involved in the
formation of a particular asthma phenotype.

The odds of developing late-onset asthma in the
minor allele carriers (Glu/Glu+GIn/Glu) was 3.4
times higher than that in the major allele
homozygotes (95% CI 2.08-5.6; p <0.001). Based
on the data collected, it was found that individuals
carrying the minor allele (both homozygotes and
heterozygotes) were at a greater risk of developing
asthma later in life. However, no such correlation
was observed in patients with early-onset asthma.
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