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Abstract: bronchial asthma (BA) is one of the important and urgent medical and social problems of
our time due to the high incidence and prevalence, which keep increasing. This is a typical multifactorial
disease determined by the influence of external factors and genetic predisposition. The combination of
these numerous factors determines the phenotypic heterogeneity of bronchial asthma. Identification of
asthma phenotypes was based mainly on clinical variables, however, further identification of clinical
phenotypes revealed their genetic heterogeneity. Accordingly, the determination of genetic marker data
for clinical phenotypes of bronchial asthma will improve the diagnostic capabilities of preventive and
evidence-based medicine in the future. The objective of the study was to determine the features of the
course of early-onset and late-onset BA depending on the ER22/23EK and Tthl111 polymorphisms in
the glucocorticoid receptor gene and to supplement modern data on the role of genetic factors in BA
onset and the severity for various phenotypes. We examined 553 BA patients and 95 apparently healthy
individuals. All of them had previously signed an informed consent form. BA diagnosis, severity, and
control level were determined according to the GINA recommendations-2016 and its later versions and
the Decree of the Ministry of Health of Ukraine No. 868 issued on 08 October 2013. Respiratory function
was studied using Kardioplius diagnostic suite (Ukraine). The patients were divided into two clinical
groups according to the BA onset: Group I included 282 patients with late-onset asthma, and Group
11 included 271 patients with early-onset asthma. The Bioethics Committee of the Medical Institute of
Sumy State University approved the study. The ER22/23EK (rs 6189/6190) and Tthi1ll1I (rs10052957)
polymorphic variants in the glucocorticoid receptor (GR) gene were determined using polymerase chain
reaction-restriction fragment length polymorphism analysis. Statistical analysis of obtained results was
performed using SPSS—17 program. A statistically significant difference was observed in the distribution
of genotypes for the ER22/23EK and Tthllll polymorphisms in the GR gene depending on BA severity,
with a higher frequency of minor alleles in both cases in patients with severe BA (x2 = 6.09; p = 0.048
and y2 = 15.8; p = 0.001, respectively). The relative risk of severe BA did not depend on the ER22/23EK
polymorphism in the GR gene; however, it was 3.63 times higher in the carriers of the TT genotype for
the Tthllll polymorphism vs. carriers of the major allele homozygotes. The risk of severe disease in
early-onset and late-onset BA depended on the Tthll11 polymorphism in the GR gene, in the recessive
model, it increased by 3.7 times for early-onset asthma and by 3.5 times — for late-onset asthma. Analysis
of ER22/23EK (rs 6189/6190) and TthilllI (rs10052957) polymorphic variants in the GR gene demon-
strated their possible correlation not only with the increased risk of BA, but also with certain phenotypes
and severity of the disease.
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Introduction

Bronchial asthma (BA) is known to be one
of the important and urgent medical and social
problems of our time due to the high incidence and
prevalence, which keep increasing. Thisisatypical
multifactorial disease determined by the influence
of external factors and genetic predisposition.
The combination of these numerous factors
determines the phenotypic heterogeneity of
bronchial asthma (Moffatt etall, 2015). Identifying
asthma phenotypes was based mainly on clinical
variables; however, further identification revealed
their genetic heterogeneity (Azim et all, 2020; De
Nijs et all, 2013). The structure of genetic factors
of BA depends on the age of onset. It is confirmed
by the results of genome-wide association studies,
which are specific for the phenotypes of early-
onset and late-onset BA. The established genetic
independent associations were specific for early-
onset and late-onset asthma, and only a small
amount was shared by these BA types (Ferreira
et all, 2019). The genetic predisposition to early-
onset and late-onset asthma phenotypes was
proven: genes determine the pathogenesis of the
immune response, the nature of inflammation,
and, accordingly, affect the severity of the disease.
A differentiated study of genomic associations
with the age of BA onset can help to identify
risks for a certain phenotype of the disease, which
will generally contribute to understanding the
distinctions in pathogenesis, the clinical course
of early-onset and late-onset BA, and approaches
to treatment (Tan et all, 2015; Tan et all, 2016;
Souza et all, 2014).

We chose to study the ER22/23EK and Tth1111
polymorphic variants of the glucocorticoid
receptor (GR) gene due to the fact that a number of
studies demonstrated their role in the development
of BA, disease control, airway remodeling, and
the effectiveness of background therapy (Fu et
all, 2018; Panek et all, 2013). The ER22/23EK
polymorphism is always associated with the T allele
of the TthIIII polymorphism, and this haplotype, in
turn, is associated with relative resistance to GCs
and a favorable metabolic profile (Van Rossum et
all, 2004). However, these associations show low

reproducibility in different studies, and thus, clinical
application of the results of genetic testing for these
GR gene polymorphisms requires further research
(Szczepankiewicz et all, 2008). The main reasons
why the clinical significance of this polymorphism
has not been confirmed in various studies are
the heterogeneity of the population, insufficient
sample size, and inappropriate characteristics of
the comparison groups (Ilmarinen et all, 2015;
Kaur et all, 2019).

It is assumed that common genetic factors and,
accordingly, common mechanisms are involved in
the formation of certain phenotypes of the disease,
i.e., clinical features and severity. A differentiated
approach to the study of genomic associations
with the age of asthma onset can help to identify
risks for a certain phenotype of the disease, which
will contribute to determining the clinical course
features and treatment approaches (Mohamed et
all, 2015).

Aim

The objective of the study was to determine the
features of the course of early-onset and late-onset
BA depending on the ER22/23EK and Tth1111
polymorphisms in the GR gene and to supplement
modern data on the role of genetic factors in BA
onset and the severity of various phenotypes.

Materials and Methods

553 patients with bronchial asthma were
examined. All of them had previously signed
an informed consent form. The control group
consisted of 95 apparently healthy individuals.
BA diagnosis, severity, and control level
were determined according to the GINA
recommendations-2016 and its later versions and
the Decree of the Ministry of Health of Ukraine
No. 868 issued on 08 October 2013 (GINA
report, 2020). Respiratory function was studied
using Kardioplius diagnostic suite (Ukraine).
The patients were divided into two clinical
groups according to the BA onset: Group I
included 282 patients with late-onset asthma, and
Group II included 271 patients with early-onset
asthma. The Bioethics Committee of the Medical
Institute of Sumy State University approved
the study. The ER22/23EK (rs 6189/6190) and
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Tth111I (rs10052957) polymorphic variants in
the GR gene were determined using polymerase
chain reaction-restriction  fragment length
polymorphism analysis. Statistical analysis of
obtained results was performed using SPSS—17
program.

Results

Among the 553 patients examined, 88 (15.9%)
subjects had a mild disease, 175 (31.7%) subjects
had a moderate disease, and 290 (52.4%) had a
severe disease. For further analysis, patients with
a mild and moderate BA course were combined
into a non-severe BA group (n = 263). Taking
into account the results of clinical studies on the
association of the GR gene SNPs with asthma
onset and severity, as well as with the development
of resistance to basic asthma therapy, we
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had AG and AA genotypes for the ER22/23EK
polymorphism in the GR gene more often vs.
patients with a non-severe disease. Among the 553
subjects, only 4 homozygous carriers of the minor
allele had a severe course. At the same time, we
found out that the carriers of the TT genotype for
the TthIIIl polymorphism in the GR gene were
twice as many among the patients with a severe
disease vs. among the patients with a non-severe
disease. Table 2 represents the severe BA risk
analysis using a binary logistic regression in four
inheritance models.

Table 2. The risk of severe asthma depending
on the ER22/23EK and Tth1111 polymorphisms
in the glucocorticoid receptor gene

ol res | basic Model | Pobs | ORobs (95% CI) | AIC
investigated the distribution of genotypes for the ER22/23EK
ER22/23EK and TthIllIl polymorphisms in the
GR gene in non-severe BA group vs. severe BA | Dominant 032 0.72(0.39-1.4) | 16.33
group (Table 1). Recessive 0.62 | 0.65(0.12-4.75) | 17.07
Table 1. Distribution of genotypes for the Supc?r.-dommant 039) 074(039-15) ] 16.57
in the glucocorticoid receptor gene depending Tth1111 polymorphism
on BA severity Dominant 0.6| 0.88(0,55-1.41) | 32.03
BA severity Recessive 0.001| 3.63(1.63-9.67) | 21.35
i Non;lsiv;g; BA, Selrezrezrg)A, Super-dominant | 0.01 | 0.51 (0.32-0.82) | 24.39
Additive 0.23 1.22 (0.88—-1.7) | 30.85
n % n | Y%
rs 6189/6190 The relative risk estimation of developing
GG 243 92.4 253 87.2 severe asthma depending on the ER22/23EK
AG 20 76 33 11.4 polymorphism in the GR gene revealed no
AR 0 0 p 2 stati.sticauy significant correlatiqn in any model
i of inheritance. At the same time, the TthIIII
X2 =6.09; p =0.048 polymorphism in the GR gene was found to have
rs10052957 a statistically significant association with severe
cC 100 38.0 128 44.1 BA in recessive (p = 0.001) and super-dominant
CT 135 513 105 362 models of .inheritan‘ce (p = 0.01). The risk of
severe BA in the minor allele homozygotes was
TT 28 10.6 57 19.7 3.63 times higher vs. major allele homozygotes.
x2=15.8;,p=10.001 Analysis of the frequency of genotypes for

A statistically significant difference was
observed in the distribution of genotypes for the
ER22/23EK and TthIIIl polymorphisms in the
GR gene depending on BA severity (p = 0.048;
p=0.001). Thus, patients with severe disease

ER22/23EK and Tthl11I polymorphisms in the
GR gene with regard to BA severity and the age of
onset are shown in Table 3.

To study the association of ER22/23EK and
Tth1111 polymorphisms in the GR gene with the
risk of severe disease in early-onset and late-onset
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Table 3. The ER22/23EK and Tth1111I polymorphisms in the glucocorticoid receptor gene
in BA patients with regard to BA severity and the age of onset

ER22/23EK polymorphism | Tth111I polymorphism
Early onset
Parameter | Non-severe BA, Severe BA, Parameter | Non-severe BA, Severe BA,
n=91 n=180 n=91 n=180
Genotype n % n n Genotype n % n n
GG 89 97.8 163 90.6 CC 51 56.0 74 41.3
AG 2 2.2 15 8.3 CT 30 31.9 70 38.5
AA 0 0 2 1.1 TT 11 12.1 36 21.2
2 =4.98; p=0.083 ¥2=5.92;p=0.05
Allele % % Allele % %
G 98.6 95.2 C 71.7 60.6
A 1.4 4.8 T 28.3 394
Late onset
Parameter | Non-severe BA, Severe BA, Parameter | Non-severe BA, Severe BA,
n=172 n=110 n=172 n=110
Genotype n % n % Genotype n % n %
GG 154 89.5 90 81.8 CC 53 30.8 56 50.9
AG 18 10.5 18 16.4 CT 106 61.6 35 31.8
AA 0 0 2 1.8 TT 13 7.6 19 17.3
¥2 =6.08; p=0.05 ¥2 =24.51;p=0.001
Allele % % Allele % %
G 95.3 87.9 C 59.4 64.9
A 4.7 12.1 T 40.6 35.1

BA, a statistical analysis was performed with
regard to four models of inheritance (Table 4).
The relative risk estimation for the recessive,
super-dominant, and additive models showed
no statistically significant correlation between
the ER22/23EK polymorphism in the GR gene
and the risk of severe course of early-onset BA.
In the dominant model, the protective role of
this polymorphism was revealed (p=0.04). No
association was established between the studied
polymorphism and the severity of late-onset BA.
In the recessive model of inheritance, an
association was observed between the Tth111I
polymorphism in the GR gene and a 3.7-fold increase
in relative risk of developing severe early-onset BA
(p=0.001) and a 3.5-fold increase in relative risk
of developing severe late-onset BA (p=0.01). A
reduction in the risk of developing severe disease

in early-onset and late-onset BA was found in the
super-dominant model (p = 0.03; p = 0.001).

Discussion

The objective of the study was to determine
the features of the course of early-onset and late-
onset BA depending on the ER22/23EK and
Tth1111 polymorphisms in the GR gene and to
supplement modern data on the role of genetic
factors in BA onset and the severity of various
phenotypes.

Preliminary results of assessing the frequency
of genotypes for the ER22/23EK and Tth111I
polymorphisms in the GR gene with regard to the
age of BA onset and risks of developing early-
onset and late-onset BA phenotypes revealed
a significant difference in allele and genotype
distribution for the ER22/23EK polymorphism
between patients with early-onset and late-
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Table 4. The risk of severe disease in early-onset and late-onset BA depending
on the ER22/23EK and Tth1111 polymorphisms in the glucocorticoid receptor gene

Model Pobs ORuovs (95% CI) AIC Pobs ORGbs (95% CI) AIC
Early onset Late onset
ER22/23EK polymorphism in the glucocorticoid receptor gene
Dominant 0.04 ]0.46(0.22-0.97) |15.65 0.38 | 1,39(0.67-2.92) 154
Recessive 0.46 |0.47(0.06 -4.0) 19.26 097 |1.04(0.12-8.86) |16.18
Super-dominant 0.06 |047(0.22-1.04) |16.3 036 |1.43(0.66-3.12) |1535
Additive 0.05 ]0.53(0.28-1.0) 15.95 0.44 | 1.28(0.68—-2.44) |15.58
TTH1111 polymorphism in the glucocorticoid receptor gene
Dominant 096 |09(0.6-1.6) 29.47 028 ]0.7(0.4-1.3) 28.36
Recessive 0.001 |3.7(1.6-10.2) 19.18 001 |3.5(1.4-9.8) 21.97
Super-dominant 0.03 [0.6(0.3-0.9) 24.47 0.001 [0.4(0.2-0.8) 20.93
Additive 0.13 |1.3(09-1.9) 27.17 0.61 1.1 (0.8—-1.6) 29.29

onset disease (p = 0.035); on the other side, we
found no statistically significant difference in
the distribution of alleles and genotypes for the
ER22/23EK polymorphism in the GR gene in
patients with asthma disregarding age of onset
and in apparently healthy individuals (y2 = 4.14;
p =0.126) and no significant association with BA
risk in all models of inheritance (Kachkovska et
al, 2023). Analysis of the association between the
ER22/23EK polymorphism in the GR gene and
different BA phenotypes showed no correlation
in patients with late-onset asthma, while patients
with early-onset asthma had decreased BA risk
in the dominant and recessive models (p = 0.01).
In addition to this, we revealed a statistically
significant difference in the distribution of
genotypes for the ER22/23EK polymorphism in
the GR gene depending on BA severity due to
the higher frequency of AG and AA genotypes
in patients with severe asthma vs. patients with
non-severe asthma. The risk of developing
severe asthma did not depend on the ER22/23EK
polymorphism in the GR gene. After adjusting
by the age of onset, we detected a significant
difference in the distribution of genotypes for
the ER22/23EK polymorphism in the GR gene
depending on BA severity only in patients with
late-onset BA, which was confirmed by a higher
frequency of AG heterozygotes and the minor
AA allele homozygotes in patients with a severe

course of the disease. Along with this, in dominant
and recessive models of inheritance, a protective
role of the ER22/23EK polymorphism in the GR
gene was observed in terms of the risk of severe
early-onset BA. At the same time, no correlation
was found in terms of late-onset BA in any model
of inheritance.

Preliminary analysis of BA risk with no
regard to age of onset in recessive homozygotes
showed a 2.69-fold increase vs. major allele
homozygotes (p = 0.02) (Kachkovska, 2023).
Taking into account the age of BA onset, we found
a significant difference in the distribution of alleles
and genotypes for the Tth111I polymorphism in
the GR gene with regard to onset age (p = 0.006);
also, we revealed no association between the
development of late-onset asthma and Tth111I1
polymorphism in the GR gene, but demonstrated
a statistically significant association with the risk
of early-onset asthma in the dominant (p = 0.02)
and super-dominant (p=0.001) models. A
statistically significant difference was observed
in the distribution of genotypes for the Tth1111
polymorphism in the GR gene depending on the
severity in patients with severe asthma vs. patients
with non-severe asthma. At the same time, severe
BA risk was 3.63 times higher in the carriers of
the TT genotype for the Tth111I polymorphism vs.
carriers of the major allele homozygotes. We found
a significant difference in genotype distribution for
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the Tth111I polymorphism in the GR gene only
in late-onset BA patients: there was a 1.9 times
higher frequency of homozygous carriers of the
minor allele among patients with severe BA vs.
patients with non-severe BA. The risk of severe
disease in early-onset and late-onset BA depended
on the Tth111I polymorphism in the GR gene and
in the recessive model, it increased by 3.7 times
for early-onset asthma and by 3.5 times — for late-
onset asthma.

The Tth111I polymorphism in the GR gene
plays an important role in the development of both
allergic and non-allergic asthma and correlates
with a specific profile of asthma control according
to ACT™, which was demonstrated by Panek et al.:
the T allele correlated with the risk of developing
certain BA phenotypes, i.e., severe allergic and
severe non-allergic BA, and the level of its control
according to ACT (Panek et all, 2013).

At the same time, no significant difference was
found in the distribution of alleles and genotypes
for rs6189/90 (Arg23Lys) and rs10052957 (-3807
C/T or Tth111I) polymorphisms in the GR gene
in patients with severe BA who were treated with
high doses of inhaled glucocorticoids to maintain
BA control and in patients with moderate BA who
were treated with low doses (Szczepankiewicz et
al, 2008). A study in the Serbian population on the
association of the ER22/23EK polymorphism in the
GR gene with COPD and the daily dose of inhaled
glucocorticoids showed no significant difference in
the distribution of genotypes and alleles between
patients with COPD and healthy individuals
(p > 0.05). Itwas also revealed that the heterozygous
genotype was associated with a higher daily dose
of inhaled GCs compared to the carriers of the
wild-type ER22/23EK polymorphism (p = 0.047)
(Mohamed et all, 2015). M. Panek studied one of
the possible mechanisms of the correlation between
the severity of BA, resistance to glucocorticoids
and Tth111I and ER22/23EK polymorphisms
in the GR gene by assessing the TGF-f1 mRNA
expression level in patients with BA and healthy
volunteers (2015). The Tth1111 polymorphism in
the GR gene was shown to correlate significantly
(p = 0.0115) with the TGF-B1 mRNA expression
level. In particular, the TT and SS genotypes were
associated with an increase and decrease in the
level of TGF-B1 mRNA expression, respectively. In
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the case of the occurrence of Tth1111I polymorphic
forms of the GR gene, a decreased ability of
glucocorticoids to inhibit the expression of TGF-$1
can be observed. ER22/23EK polymorphism did
not influence the TGF-f1 mRNA expression level
(Panek et all, 2015).

Conclusions

A statistically significant difference was
observed in the distribution of genotypes for the
ER22/23EK and TthIIII polymorphisms in the GR
gene, depending on BA severity.

The frequency of AG and AA genotypes for the
ER22/23EK polymorphism in the GR gene and the
TT genotype for the TthIIIl polymorphism in the
GR gene was higher in patients with severe asthma
vs. patients with non-severe asthma.

The relative risk of severe BA did not depend
on the ER22/23EK polymorphism in the GR gene;
however, it was 3.63 times higher in the carriers of
the TT genotype for the Tth1111 polymorphism vs.
carriers of the major allele homozygotes.

We detected a significant difference in the
distribution of genotypes for the ER22/23EK
polymorphism in the GR gene depending on
BA severity only in patients with late-onset BA,
which was confirmed by a higher frequency of AG
heterozygotes and the minor AA allele homozygotes
in patients with a severe course of the disease.
We found a significant difference in genotype
distribution for the Tth1111 polymorphism in the
GR gene only in late-onset BA patients: there was a
1.9 times higher frequency of homozygous carriers
of the minor allele among patients with severe BA
vs. patients with non-severe BA.

Indominantandrecessive models of inheritance,
a protective role of the ER22/23EK polymorphism
in the GR gene was observed in terms of the risk
of severe early-onset BA. For late-onset BA, there
was no correlation found in any inheritance model.

The risk of severe disease in early-onset
and late-onset BA depended on the Tthl11I
polymorphism in the GR gene; in the recessive
model, it increased by 3.7 times for early-onset
asthma and by 3.5 times — for late-onset asthma.
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AHaJi3 aconianii KJIiHIYHOTO nepediry OpoHxiaJbHOI AaCTMH
3 ER22/23EK i Tth1111 mosximopdpHuMHU BapiaHTamMu
reHa NIIOKOKOPTHKOIHOI0 pelenTopa
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Anomauia: opouxianena acmma (bA) € oouicio i3 saxcausux i akmyanbHuUx MeouKo-coyianbHUx
npobiem Cy4acHocmi, Wo 3YMOBNIEHO BGUCOKOI 3AX60PIOSAHICIIO MdA NOWUPEHICMI0, a MAKoXC ix
3pocmannam. Lle 3axeopiosanns € munoum MyIbMUGAKMOPHUM, PO3BUMOK K020 3VMOBLEHUl
BNIUBOM 306HIWUHIX YUHHUKIE Ma 2eHemuyHolo cxunvHicmio. [loeonanns 0anux ducenrbHux YuHHUKIE
3YMOBTII0E (heHomunogy cemepozenHicmv bA. Budinenns ghenomunie acmmu ipyHmy6aniocs 8 0CHOBHOMY
HQ KAHIYHUX 3MIHHUX, OOHAK, y Nooanbuwiomy i0eHmugbikayis KuiHiyHux henomunis 3’scyeana i ix
2eHemuyHy 2emepozenHicms. Bionogiono susnauens 0aHUX 2eHemuyHUX MapKepie KIIHIYHUX heHomunia
OpoHxianbHOI acmmu 003601UMb NOKPAWUMY OIACHOCMUYHT MONCTUBOCII NPEBEHMUBHOI Ma 00KA30801
Meouyuny y mauoymuvomy. Mema Oocniodcenns nonsieaia y 6CMaHosleHHi 0coOnueocmi nepebicy
pannvboi ma niznvoi bA 3anescrno 6i0 ER22/23EK i Tthll1l nonimopghizmy eena enokoKOpmMuKoiono2o
peyenmopa ma OONOBHEHHI CYYACHUX OAHUX U000 POl 2eHeMUYHUX YUHHUKIG He Juule y GUHUKHEHHI
bA, a i y maxckocmi nepebiey piznux gpenomunis 3axeoprosanns.Obcmedcero 553 xeopux na bBA ma
95 npaxmuyHo 300p08uUX 0cib, KOMPi BUCIOBUNU 3200) HA yHacmb Y 00cHiodceHHl. [liaeno3 BA, msckicme
nepebicy, cmyninb KOHMpPONIO 6CMAHOBMI08aNU 32I0HO 13 pekomenoayiamu GINA-2016 ma ii nacmynnux
gepciti ma Haxaszy MO3 Vxpainu Ne868 6io 08.11.2013 p. Dynkyito 306HiuHb020 OUXAHHA BUBYANU
3a donomoeoro diazHocmuyrno2o komniexcy «Kapoionnocy (Vipaina). Ilayienmie po3noodineno na 0si
KIIHIUHI epynu 3anedxcHo 6i0 6iky oeoromy BA: I epyna, axa exatouana 282 xeopux i3 nisHim 0edromom
acmmu, Il epyna — 271 xeopux i3 panuim nouamxom. Jocniodxcenns oyno cxeaneno Komiciero 3 numans
bioemuku meouunoeo incmumymy Cymcbkoeo depoicasHozo yrigepcumemy. Busnauenns ER22/23EK (rs
6189/6190)i Tthilll (rs10052957) nonimopgrux eapianmis eena entokokopmukoionozo peyenmopa (I'P)
nposoouUNU 3a 00NOMO20I0 NONIMEPA3HO-TAHYI020801 peakyii 3 HACMYNHUM AHATIZ0M PeCMPUKYIIHUX
Ppaemenmis. Cmamucmuunutl aHaliz OMPUMAHUX Pe3yIbmamis nposoounu 3a donomozorr SPSS-17
npozpamu. YcmanoeieHo 8ipo2ioHy iOMiHHICMb Yy po3nodini eenomunie 3a ER22/23EK ma Tthllll
nonimopizmamu eena I'P 3anesxcno 6i0 mackocmi nepebicy bA, i3 6uwyoro uacmomoro MiHOpHUX aneneti
y 000x sunaodkax y xeopux iz msxckoio bA (x2 = 6,09, p = 0,048, y2 = 15,8; p = 0,001, sionosiono).
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Bionocnuii pusux pozeumxy msocxoi bBA ne 3anexcumsv 6i0 ER22/23EK nonimopgizmy eena I'P, ane
v nayienmis nociie TT cenomuny 3a Tthllll nonimopghizmom cena I'P 6ys y 3,63 pasu euwuil, Hixc y
20MO03U20m 3a OCHOBHUM anenem. Pusux pozsumky msoickozo nepebicy bA i3 pannim i niznim dediomom
sanexcae 6io Tthill1l nonimopghizmy eena I'P ma 3pocmas wjo0o panuvoi acmmu y 3,7 pasu y peyecusHiii
mooeni ma y 3,5 pasu wo0o nizuvoi BA y peyecueniti mooeni. Busnauenns nonimopguux eapianmis
ER22/23EK (rs 6189/6190) i Tth1111 (rs10052957) eena I'P npodemHocmpy8ano ix MO#CIUBULL 38 430K He
Jue i3 3p0CMaHHAM pusuxy eunukHenss bA, ane i 36'30k i3 6usHaueHUMU heHOMUNAMU Ma MAHCKICIMIO
nepeoizy.

KurouoBi ciioBa: OpoHxianbHa acTMa, IeH IIIOKOKOPTHKOIHOTO penentopa, nepedir, ER22/23EK i
Tth1111 monimopdizmu.
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