UDC 616.248-053.2-079:575.204.2

Ivanova L.A.
Bukovinian State Medical University

OPUTIHAJTIbHI CTATTI ===

Gene polymorphism
of glutathion S-transferase T1, M1

and non-

specific bronchial

hyperresponsiveness in case
of eosinophilic bronchial asthma

in children

Key words: children, bronchial asthma, genes of the system of xenobiotics biotransformation.

Abstract

114 patients of school age were observed at the serum and
pulmonary department of Chernivtsi regional child clinical
hospital with the aim of detecting the correlation between
GSTT1and GSTM 1 gene deletion and non-specific bronchial
hyperresponsiveness in children, suffering from eosinophilic
bronchial asthma. Eosinophilic asthma (I clinical group) was
diagnosed in 68 patients. 46 patients formed the II clinical
group (non-eosinophilic asthma). It has been found that
genotype TldelM 1+ was more often registered with eosino-
philic BA, and genotype T1+ MIdel — in patients with non-
eosinophilic phenotype of the disease. Coincidently, genotype
TldelM Idel equifrequently occured in patients with different
types of respiratory inflammation, and in patients with eosi-
nophilic asthma was connected with more severe course of the
disease. In patients, suffering from eosinophilic bronchial
asthma, who were the carriers of defective alleles of GSTT1
and M Igenes in homozygous state, there appeared a tendency
to increased bronchial lability due to more distinctive bron-
chial spasm, and the index of bronchial hyperresponsiveness
proved to be higher than in children with functionally ade-
quate alleles of these genes. Thus, the genetically determined
absence of activity of certain xenobiotic-metabolizing
enzymes, namely, GSTT1 and M1, may cause the more defi-
nite bronchial lability.

Thus, genotype determination of glutathione S-transferases
in patients with eosinophilic bronchial asthma with due
regard to bronchial hyperresponsiveness allows to predict the
subsequent course of the disease and to devise the individual-
ized therapeutic approach.

© Ivanova L.A., 2015

Introduction

Bronchial asthma (BA) is one of the most common condi-
tions of a human in all age groups, the severe forms of which
lead to disability and falling off in patients’ health-related qual-
ity of life, thus creating a serious sociomedical problem. It’s a
typical multifactor disease, rested on a complex character of
interrelation between genetic and environmental factors [1].

BA prevention is built with due regard to attainments of
modern allergology but is still characterized by a quite low
efficiency. In fact, the weaknesses of the current therapy
and prevention complexes, presented as treatment regimen
and prescriptions, depend significantly on the fact of exist-
ing of different variations of BA and different phenotypes of
the disease. All these facts demand the development of the
individual approach to BA therapy. In this dimension, a
complex account of respiratory ways hyperresponsiveness
indices and the character of inflammation, the factors
which mainly determine BA polymorphism, may seem
promising as to the development of individual therapy and
prevention measures.

Given the ecological and toxicological basis of many multi-
factor diseases [2], including asthma, it seems appropriate to
study the involvement of genes abnormal effects of which on
phenotypic level occur under the influence of factors of
chemical nature. These genes include genes of enzymes of
biotransformation of xenobiotics (XBE) and, in particular,
glutathione-S-transferase (GST). It is established that GST in
humans is encoded in a large multygene family including
more than 20 genes [3, 4], the function of many of which still
needs further study. Relatively well studied is the cytoplasmic
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isoform GSTTI and GSTM 1, taking part in the detoxification
of many toxins, products of oxidative stress, carcinogens and
drugs.

In human populations widespread are polymorphisms in
the genes GSTM1I and GSTMI, which are associated with
deletions of both large fragments of genes, making them
functionally deficient (null allele 71del and MIdel). It has
been proved that in homozygous individuals for the deletion
of GSTTI genes GSTM 1 enzymatic activity of the respective
isoform is lost [5, 6].

Special literature describes studies on the interrelation
between polymorphisms of genes GSTT1, GSTM1 and asth-
ma in children and adults [7—9]. However, they are ambigu-
ous and do not take into account the peculiarities of different
phenotypes of asthma that arise from the interaction of envi-
ronmental factors and genetic susceptibility to the disease.
Particularly now the question remains as to phenotypic fea-
tures of the disease and their interrelation of polymorphisms
of genes XBE.

The purpose of the study

To find out the relationship between the presence of deletions
in the genes GSTM1 and GSTTI1 and non-specific bronchial
hyperresponsiveness in children with eosinophilic asthma.

Materials and methods

114 patients of school age were observed at the serum and
pulmonary department of Chernivtsi regional child clinical
hospital. The average age of patients was 11,1 * 0,3 year;
surveyed was 79,4 % of boys. All children underwent a com-
prehensive survey, which included evaluation of non-specific
bronchial hiperresponsiveness. The diagnosis of asthma was
set on international standards GINA-2009 [10] and the Order
of the Ministry of Health of Ukraine [11]. Taking into
account the published data on the probability of the existence
of different phenotypes depending on the type of airway
inflammation, which determine the features of asthma in
children, 2 phenotypes of the disease in a cohort of patients
indicated were established [10, 12, 13, 14]. Eosinophilic
asthma phenotype was defined in patients whose sputum
obtained after inhalation of hypertonic solution of NaCl,
contained 3 % or more of eosinophilic leukocytes (I clinical
group). Non-eosinophilic inflammation of the bronchial tree
(IT clinical group) was diagnosed with a relative content of
cell sediment in cytogram less than 3 % of eosinophils, or in
their absence [15].

Among the patients studied eosinophilic asthma was diag-
nosed in 68 patients. The average age of children in I clinical
group was 11,4 = 0,8 years, the proportion of city residents
was 45,5% and the boys — 67,6 %. 11 clinical group (non-
eosinophilic asthma) formed 46 patients, whose average age
was 10,9 = 0,5 (p > 0,05) years, including boys — 67,4 % (p >
0,05), and city residents — 39,1 % (p > 0,05).

Genotyping by the genes GSTMI and GSTTI1 was per-
formed for 88 patients with asthma. The total genomic DNA
was isolated from blood by standard protocol using proteinase
K and sodium dodecyl sulfate as detergent [16].

Detection of deletions in the genes GSTM1 and GSTT I was
performed using multiplexed polymerase chain reaction
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(PCR). As a positive control of PCR success amplification of
gene fragments BRCA1 was used. Analysis of PCR was per-
formed by electrophoresis in 2 % agarose gels [17]. To visual-
ize DNA fragments they were stained with ethidium bromide
gel and photographed under ultraviolet light using the facility
GelDoc 2000 (BioRad, USA). To determine the length of the
fragments obtained their electrophoretic mobility was com-
pared with the mobility of DNA Marker Gene Ruler DNA
Leader Mix (Fermentas, Lithuania).

Expected length of DNA fragments (431 np for GSTT1 and
120 np for GSTM 1) were calculated using the software pack-
age DNASTAR computer data using sequences of genes
GSTTI and GSTMI, which are available in the database
Genbank. Homozygous deletion forms of both copies of the
genes GSTM1 and GSTTI were identified in the absence of
appropriate fragment on electrophoregram. These genotypes
designated as T'ldel and M ldel. Accordingly, the presence of
these fragments on electrophoregram showed homo- or het-
erozygosity in normal copies of the gene. The genotypes of
patients were designated as T1 + and M1 + (Fig. 1).

Figure 1.

Nonspecific bronchial hyperresponsiveness was assessed by
spirographic tests with histamine considering as hypersensi-
tive airways (RK20H) and their hyperactivity, according to a
dose-dependent curve (DDC) [18]. Bronchial lability was
studied as bronchial lability index (BLI), which was an esti-
mate of spasm after dosed physical activity (IBS — index of
bronchospasm) and bronchodilation following inhalation of
salbutamol (IBD — index of bronchodilation) [18].

Statistical analysis of the results was performed on a per-
sonal computer using the application package Statistika 5.0.

Results and Discussion

Taking into account the fact that BA is a typical multifactor
disease in the development of which the significant role is
played by both environmental factors and genetic predisposi-
tion to it, it was thought advisable to study gene polymor-
phism of glutathione-S-transferase M1 and T1 in patients
with different types of respiratory tract inflammation
(Table 1).

The results of genotyping give reason to believe that the
genotype T'ldelM 1+ is more (15,5 %) often registered with
eosinophilic asthma than the type of neutrophilic airway
inflammation (11,6 %). Genotype TI1+ MlIdel was more
often recorded in children with the non-eosinophilic disease
phenotype (32,6 %) than in their peers suffering from
eosinophilic asthma (28,9 %). Genotype Tlde/M Idel, which
leads to the simultaneous loss of activity of the two isoforms
of GST, was equally recorded in patients with different types
of airway inflammation. Therewith the severe form of the
disease was detected in 4 of 5 TldelM Idel genotype carriers
(80 %) in patients with eosinophilic asthma and in 2 of 5
carriers (40 %) with neutrophilic type of airway inflammation.
At the same time, in T1+M 1+ genotype carriers severe form
of the disease was diagnosed in 12 of 21 (57,1 %) patients with
eosinophilic asthma and in 8 of 19 (42,1 %) with non-
eosinophilic type of airway inflammation. Thus, in patients
with eosinophilic asthma phenotype, having TIdelMIdel
genotype, the disease often ran into severe.
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Table 1
The frequencies of different genotypes of GSTM1 and GSTT1 in children surveyed
BA phenotypes £ . Distribution of genotypes of GSTT1 and GSTTM1

s O

exz T1+ M1+ T1del M1+ T1+ M1del T1del M1del

-z X

cT. =

S

E o A B A B A B A B
Eosinophilic 45 21 46,6 7 15,5 13 28,9 B 11,1
Non-eosinophilic 43 19 442 5 11,6 14 32,6 5 11,6
Note. A — the absolute number of patients with a particular genotype GST; B — % relative to the total number of patients with a particular phenotype of asthma.

In general, it should be noted that in almost half of the
patients of both groups there was a deletion of genes of
glutathione-S-transferases.

Taking into consideration the presence of deletions in the
genes of xenobiotics biotransformation enzymes in children
surveyed, it could be suggested the slowdown in detoxification
processes, leading to changes in non-specific bronchial
hyperresponsiveness.

It is proved that with eosinophilic asthma phenotype the
proportion of children who are sick at the age of 6 years
comprised 51,2 = 5,4 %, and with non-eosinophilic asthma it
was 52,6 £ 5,7 % (p > 0,05). Meanwhile, in the children with
the “early-onset” asthma (up to 3 years) eosinophilic
phenotype of the disease was more frequently recorded — in
32,1 £ 52 % of cases. In contrast, in patients with no
n-eosinophilic asthma type “early onset” disease was recorded
in 26,3 = 5,0 % of observations (p > 0,05). Despite the fact that
light and severe courses of the disease were recorded more
often with eosinophilic asthma phenotype, the proportion of
children with moderate course of disease was more likely with
non-eosinophilic type of airway inflammation (55,3 = 5,7 %)
compared with eosinophilic phenotype (39,3 £ 5,3, p <0,05).

The study of sputum revealed that the percentage of
eosinophils in patients of I clinical group was 12,7 = 1,7 %,
and in the comparison group — 1,57 £ 0,1 %.

Table 2 shows the results of the study of bronchial
hyperresponsiveness indices under the circumstances of
eosinophilic and non-eosinophilic asthma in children.

Despite the fact that the rate of bronchial lability was not
significantly different in the comparison group, though there

was a trend towards a higher index of bronchodilation in
patients with non-eosinophilic asthma and index of
bronchospasm in children with eosinophilic asthma. Thus, the
index of bronchodilation less than 10,0 % was recorded in 56,0
% of patients in I clinical group and 40,0 % of children in the
II group. Index of bronchial hypersensitivity PK20H less than
1,0 mg/ml met more frequently in patients with eosinophilic
asthma (60,9 %) when compared with patients whose type of
bronchial inflammation was defined as non-eosinophilic (47,0
%). Index of bronchial hyperreactivity according to a dose-
dependent curve over 2,5 RVU in patients of I clinical group
was recorded in 32,5 % of cases versus 18,1 % in the II group.

The dependence of indicators of nonspecific bronchial
hyperresponsiveness in patients with eosinophilic asthma in
the presence of deletions in the genes of glutathione-S-
transferase M1 and 71 has also been studied (Table 3).

Based on these data it can be argued that in patients with
eosinophilic asthma who are carriers of the defective alleles of
genes GSTTI and M1 in the homozygous state, a recorded
tendency to increase bronchial lability due to more expressive
bronchospasm and bronchial hyperreactivity rate was
significantly higher than in children with full functional
alleles of these genes. Thus, due to the lack of genetic activity
of some xenobiotics biotransformation enzymes, including
GSTTI and M1, can cause a higher lability of the bronchi.

The obtained results suggest that the definition of GST
genotypes in patients with eosinophilic asthma based on their
bronchial hyperresponsiveness will predict the future course
of the disease and to develop individualized treatment
approaches.

Table 2
Bronchial hyperresponsiveness indices in children of comparison groups
BA phenotypes Bronchial lability indices, % Bronchial hyperresponsiveness indices
Broncho- Broncho- Bronchial labil- | Hyperresponsiveness Hyperreactivity
dilation index | spasm index ity index index, RK20H index, DDC
(mg/ml) (RVU)
Eosinophilic 129+ 14 10,8+ 1,8 246 +2,7 1,55+ 0,4 2,1+0,1
n =68
Non-eosinophilic 175+29 88+1,2 24,6 + 3,4 22+04 1,9+0,1
n =46
Pt HB HB HB HB HB
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Table 3
Bronchial hyperresponsiveness indices in children with eosinophilic asthma regarding the presence of deletions
in the genes GSTM1 and GSTT1
Genotype GSTT1 Bronchial lability indices, % Bronchial hyperresponsiveness indices
and GSTM1
Bronchodilation Bronchospasm | Bronchial labil- | Hyperresponsiveness | Hyperreactivity
index index ity index index, RK20H, index DDC,
(mg/ml) (RVU)
T1+M1+ 125+24 10,9+2,5 216+35 0,25 + 0,1 2,002
n=21
T1+M1del; T1delM1+; 11,4 £ 2,0 147+ 2,9 254 + 41 1,3+0,4 1,9+0,2
T1delM1del
n=25
Pt HB HB HB < 0,05 HB
Conclusions K OpOHXMaJbHOU acTME ¥ OCOOEHHOCTH €€ KJIIMHUYECKUX MTPOSIBICHUI

1. Genotype TldelMI+ is more often registered with
eosinophilic asthma and genotype 7T1+MlIdel — in patients
with non-eosinophilic phenotype of the disease.

2. Genotype TldelMIdel is equifrequently recorded in
patients with different types of airway inflammation.

3. The presence of genotype TldelM1del in eosinophilic
asthma patients associates with severe disease course.

4. Among patients with eosinophilic asthma there was a
tendency of increasing the index of bronchospasm, and
among patients with non-eosinophilic phenotype — the
growth of bronchodilation index.

5. Patients with eosinophilic asthma — carriers of the defec-
tive alleles of genes GSTT1 and M1 in the homozygous state,
showed a tendency to increased bronchial lability due to more
expressive bronchospasm and bronchial hyperreactivity rate
was significantly higher than in children with functional full
alleles of these genes.
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NOJIMMOP®N3M FrEHOB rMYTATUOH-S-TPAHC®EPA3bI
T1, M1 U HECNELWM®OUYECKAS
rMNEPBOCMPUMMYMBOCTb EPOHXOB

MPU 303NHO®UNbHON BPOHXNANBHOW ACTME

Y OETEWN

JI. A. Hsanosa

Pesiome

C yenvio uzyuenus 63aUMOCS3U MedcOy HaAuyuem Oeaeyuil 8 2eHax
GSTT1 u GSTM1 u Hecneyuguueckoii 2unepeocnpuuM4uU80cmoio GpoOHX08
y demelitl, 060abHbIX 303UHOPUAbHOLU OpoHxuarvHoil acmmotli (bA), é ycio-
BUAX NYAbMO-ANNEP20A0UHECK020 OMOeNeHUs 001acmHOll OemCKOil KAu-
HUYeckoll 60abHUYbL 2. YepHosybl KomnaekcHo obcaedosaro 114 nayuen-
moeé wKoAbHo20 603pacma. DozuHoguavHas acmma (I Kaunuveckas




epynna) Oviaa duazHocmuposana y 68 6oavHbix. Bmopyio Kaunuveckyro
epynny (He303uHouabHas acmma) cghopmuposaru 46 nayuenmos.
Tlokazano, umo eenomun TldelM 1+ uawe pecucmpuposancs npu 303uHo-
gunvhoit bA, a eenomun TI+Mldel — y 6oavHbiX ¢ HelimpopuabHbIM
genomunom 3aboreséanus. B mo ce epems, cenomun TldelM Idel ¢ oou-
HAK08OU YaCMOMOIl Peucmpupo8ancs y 004bHbIX ¢ PA3HbIM MUNOM 80C-
nanenus ObIXAmeavbHvIX nymeil, a y nayuenmog ¢ 303unoguavHoii bA
accoyuuposan ¢ maxceabim meueHuem 3a601e6anus. Y 60abHbIX ¢ 303UHO-
@uabHOU acmMOoil, KOmopbie AGAIOMC HOCUMeAIMU OeheKmHbIX arnenei
eenoe GSTTI u M1 6 20mM03uc0mMHOM COCMOSHUU, Pe2UCMPUPOBAAAC
MeHOeHYUs K NOBbIUEHUI0 A1a0UAbHOCMU OPOHX08 3a cuem 6oaee @bipa-
JICEHHO20 OPOHXOCNA3MA, 4 NOKA3amenb euneppeaKmusHocmu OpOHX08
Y HUX 6bln docmogepHo Gbiule, yem y demeil ¢ PYHKYUOHANLHO NOAHOUEH-
HbIMU AANeASIMU IMUX 2eHO8.

Takum o6pasom, eenemuuecku 00yca06ieHHOe OmMCymcmeue
aKMuGHOCMU OMOeAbHbIX (epMeHmos cucmemsl OUompanchopmayuu
KceHobuomukos, 6 wacmuocmu GSTT1 u M1, moncem 6amo npuuunoi
bonee 6vicokoll aabunavhocmu Oponxos. Onpedesenue eeHOMuUNo8
enymamuoH-S-mpancghepas y 60abHbIX ¢ 203uHOpuUAbHOU BA ¢ yuemom
UX eunepeocnpuUMUUBoCcmu GPOHX08 NO360AUM NPOSHO3UPO8AMb 0ANb-
Heliulee meueHue 3a0601e6aHus U paspabomamsv UHOUBUODYANUSUPOBAH-
Hble 100X00bl K AeYeHUIO.

Knrouessle ciioBa: demu, 6poHxuaivhas acmma, eenvl cucmembl 6Uo-
mpancgopmayuy KceHooUuomuKoe.
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GENE POLYMORPHYSM OF GLUTATION-S-TRANSFERASE
T1, M1 AND NON-SPECIFIC HYPERRESPONSIVENESS

OF BRONCHUSES UNDER EOSINOPHILIC BRONCHIAL
ASTHMA IN CHILDREN

L. A. Ivanova

Summary

To establish the relationship between the presence of deletions in the
genes GSTM 1, GSTT1 and non-specific bronchial hyperresponsiveness
in, suffered from eosinophilic asthma, in pulmoallergological department
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of Chernivtsi Regional Clinical Hospital were examined 114 school age
patients. FEosinophilic asthma (I clinical group) was diagnosed in 68
patients. 46 patients were formed the Il clinical group (uneosinophilic
asthma). Was established that genotype TldelMI+ often recorded
in eosinophilic bronchial asthma and genotype TI1+Mldel + often
recorded in patients with uneosinophilic phenotype of disease. However,
genotype TldelM ldel with equal frequency was met in patients with dif-
ferent types of airway inflammation, also in patients with eosinophilic
asthma was associated with severe variant of disease. In patients with
eosinophilic asthma, who were carriers of the defective alleles of genes
GSTTI and M1 in the homozygous state, was recorded a tendency to
increase bronchial lability by more expressive bronchospasm and bron-
chial hyperreactivity rate was significantly higher than in children with
functional full alleles of these genes.

So genetically caused lack of activity of some enzymes of xenobiotics
biotransformation, including GSTT1 and M1, can cause a higher bron-
chial lability.

Thus,
in patients with eosinophilic asthma considering airway hyperresponsive-

identification of genotypes of glutathione-S-transferases

ness will predict the future course of the disease and develop individual-
ized treatment approaches.

Key words: children, bronchial asthma, genes of biotransformation
system of xenobiotics.

Theoretical and practical J. «Asthma and Allergy», 2015, 2
L. A. Ivanova,

PhD., MD., Professor

S1 «Bukovinian State Medical University»

58002, Ukraine, Chernivtsi,

Theatre Square, 2,

tel.: +38(037)255-37-54

e-mail: lorina.ivanova @gmail.com




