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MOJIEKYJIAPHO-TEHETUYHI ACITIEKTHU BPOHXIAJIbHOI
I'TIHEPPEAKTUBHOCTI Y AITEN-MEIIKAHIIIB PAAIOAKTUBHO
3ABPYIHEHUX TEPUTOPIN

MeTa: BM3HaUYeHHs B3aEMO3B'A3KY MiX NoniMOpdi3MOM reHiB cimeicTBa ryTaTioH-S-TpaHcdepas i GpoHXxianbHOW
rineppeaKkTUBHICTIO y AiTeN, AKi MelKaloTb HA PaAioaKTUBHO 3a0pyfHEHUX TEPUTOPIfX.
Marepianu Ta meToau. O6CTEXEHT AiTU WKINBHOTO BiKY — MelWKaHLi pagioakTMBHO 3abpyaHeHux Teputopin (P3T), aki
He Manu KIiHIYHWX 03HAK NaToNorii opraHie AnxaHHA. MoneKyNApHO-reHeTUYHi BOCNiLKEHHA NPOBOLUAN 3 BUKOPUC-
TaHHAM MeTofiB monimepasHoi nadutorosoi peakuii (MJIP) i nonimopdizmy [OBXMHU PECTPUKUINHMX parMeHTiB
(NAP®) pns nopansworo aHanisy. [eneuiitHnit nonimopdism renis GSTT1, GSTM1 pocnigxyBanu 3 BUKOPUCTAHHAM
mynsTunnekcHoi MJIP. Mpu gocnipkeHHi nonimopdismy A313G rena GSTP1 nposogunw MJIP ta NJP-NAP® aHanis.
JocnigKeHHs BEHTUNALINHOT CMPOMOXHOCTI NIereHiB NpoBOLMAM METOAOM NMHeBMoTaxorpadii 3a maHumu aHanisy
neTni «noTik—06'eM». [Ins BUABNEHHS PaHHIX 3MiH BEHTUNALINHOT CNPOMOXHOCTI lereHiB — GpoHXianbHOT rineppeak-
TUBHOCTI (MPMXOBAHOrO i HEMPUXOBAHOTO GPOHXOCNA3My) BUKOPUCTOBYBaAM (papMaKoNoriyHy iHranauiiHy npoby 3
OpOHXOpO3LWMpPIOBaNbHUM NMPenapaToM, Wo BNAUBAE Ha [B2-aApeHepriyHi peLentopu nereHis.
Pe3ynbratu. MonekynsapHo-reHeTUYHi JOCNiMKEeHHA NOKa3anu, Wo B nigrpyni gitein — mewkaHuis P3T 3 6poHxianb-
HO rineppeaKkTUBHICTIO AeneuiHuii reHoTun reHa GSTM1 ta A3713G nonimopdiam reHa GSTPT BUABNABCA JOCTOBiIpHO
yacTiwe, HiX y AiTeit 6e3 OpoHxianbHOi rineppeakTWBHOCTI i AiTeil KOHTPOMbHOT rpynu. Yactota geneuiitHoro
nonimopdizmy GSTT1 B ycix Migrpynax He Mana CTaTUCTUYHO 3HAYYLWLOT Pi3HML.
BucHoBku. [leneuiitHnii nonimoptism reHa GSTM1 Ta A313G reHoTtun reHa GSTPT MOXyTb OYTU YUHHUKAMU PU3UKY
PO3BUTKY OPOHXiaNnbHOT rineppeakTMBHOCTI y AiTel, AKi MEWKAIOTb Y HECNPUATIUBUX YMOBAX HAaBKONMLIHLOIO CEpeo-
BMLLA, Y TOMY YMCNi, HA PAfi0aKTUBHO 3a6PYAHEHUX TEPUTOPIAX.
Kntouosi cnoBa: fiti, paaioakTuBHO 3ab6pynHeHi TepuTopii, 6GpoHxianbHa rineppeakTUBHiCTb, NoniMopthi3m reHis my-
TaTioH-S-TpaHchepas.
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MOLECULAR GENETIC ASPECTS OF BRONCHIAL
HYPERREACTIVITY IN CHILDREN — RESIDENTS OF
RADIOACTIVELY CONTAMINATED AREAS

Objective: to determine the relationship between polymorphisms of glutathione S-transferase gene family and
bronchial hyperreactivity in children living in radioactively contaminated areas.

Materials and methods. School age children-residents of radioactively contaminated areas (RCA), without clinical
signs of respiratory pathology were examined. Molecular genetic studies were carried out by polymerase chain reac-
tion (PCR) and restriction fragment length polymorphism (RFLP) for further analysis. The GSTT1, GSTM1 gene dele-
tion polymorphism was investigated using multiplex PCR. PCR and PCR-RFLP analyses were performed in the study
of the GSTP1 gene A313G polymorphism. The ventilation lung capacity was examined by the pneumotachographic
method according to the analysis of «the flow-volume» loop. The pharmacologic inhalation test with bronchodila-
tor drug, affecting the B.-adrenergic lung receptors was used to detect the early changes in the ventilation lung
capacity - the bronchial hyperreactivity (latent and nonlatent bronchospasm).

Results. Molecular genetic studies showed that the GSTM1 gene deletion genotype and the GSTP1 gene A313G poly-
morphism were found significantly more often in the subgroup of children with bronchial hyperreactivity living in
RCA than in children without bronchial hyperreactivity and children of the control group. The frequency of GSTT1
deletion polymorphism did not have a statistically significant difference in all subgroups.

Conclusions. The GSTM1 gene deletion polymorphism and the GSTP1 gene A313G genotype may be a risk factor for
developing bronchial hyperreactivity in children living under adverse environmental conditions, including radioac-
tively contaminated areas.

Key words: children, radioactively contaminated areas, bronchial hyperreactivity, glutathione-S-transferase gene

polymorphisms.
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BCTYII
PoGotaMu psimy AOCHiTHUKIB TOBEIEHO, 110 iOHi3yIOue
BUIIPOMiHIOBAaHHS Ta KOMILIEKC iHIITMX HEeTaTUBHUX YMH-
HUKIB YOopHOOMIIBCHKOI KaTacTpopu MaioTh 3HAUYHUMI
BIUIUB Ha (PYHKIIOHAJIbHUI CTAaH CUCTEMU IUXAHHS,
00YMOBJIIOI0YM BUCOKY 4acTOTYy OpOHXialbHOI Tineppe-
aKTMBHOCTI y JIiTeil, SIKi MEIIKAIOTh 32 YMOB XpOHIYHOTO
HAJIXOJXKEHHS O OpTraHi3My paJioOHYKJIi[iB 3 TpUBAJIUM
MepiofoM HariBpo3nany, 1o € (GakTopoM PU3UKY (op-
MYBaHHSI XpOHIYHOI OpoHXoJIereHeBoi maToJjorii [1—35].
Hatenep BcTaHOBJIEHO, 1110 €TIOJIOTIs i MaToreHe3 OpoH-
XOOOCTPYKTUBHHUX 3aXBOPIOBaHb BU3HAYAOTHCSI CKIIATHOIO
B3aEMOJIIE€I0 TEHETUYHUX OCOOJMBOCTEN i HECTIPUSITINBUX
YMHHUKIB HaBKOJIMIIHBOTO cepenoBuilia. CydacHi TOCTiA-
JKEHHs 30CepekeHi Ha BUBYEHHI MOJIEKYJISIDHUX i TeHe-
TUYHMX OCHOB CIAIKOBOI CXWJIBHOCTI Ta MOJISITalOTh Y BU3-
HaveHHi PoJIi MeBHUX I'eHiB i (hepMEHTIB, KOTOBAaHUX HUMM,
B TaTOreHe3i OpOHXOO0OCTPYKTUBHUX 3aXBOPIOBaHb (6, 7].

B« Vitalii Yu. Vdovenko, e-mail: xrisk@ua.fm

INTRODUCTION

Some authors proved that ionizing radiation and a
complex of other negative factors of the Chor-
nobyl disaster have a significant impact on the
functional state of the respiratory system, causing
a high incidence of bronchial hyperreactivity in
children living under chronic intake of radionu-
clides with a long half-life, which is a risk factor
for the formation of chronic bronchopulmonary
pathology [1-5].

It is established now that the etiology and pathoge-
nesis of bronchoobstructive diseases are determined
by a complex interaction of genetic features and ad-
verse environmental factors. Modern researches are
focused on studying the molecular and genetic bases
of hereditary predisposition and are to define the role
of certain genes and enzymes encoded by them in the
pathogenesis of bronchoobstructive diseases [6, 7].
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Peaxiiisi opraHiaMy KOXXHOiI KOHKPETHOI JIOAVMHMU Ha
BIUIMB HaBKOJIMIITHBOTO CEPEIOBUIIIA 3AJIEXKUTh Bill TeHE-
TAYHO JETEPMIiHOBAHMX OCOOJIMBOCTEN (PYHKITIOHYBaH-
Hs1 ¢epmeHTHUX cucTeM I i Il ¢a3m merokcukariii Kce-
HobOioTukiB. Tak, rimyratioH-S-TpaHcdepasu (GSTs) —
BeJIMKa rpyra (pepMEeHTIB, sIKi 0e3MmocepeHbO 3aaydyeHi
o npyroi as3m GioTpaHchopMallii, XapaKTeprU3yIOThCS
LIMPOKOIO CYOCTPATHOIO criel(iuHICTIO Ta 3AaTHICTIO
0 MeTaboi3My 0aratboxX pedyoBUH [6]. BcraHOoBIEHO
mmpokuii izoMopdHuii cnektp GST, gkuil BuU3Ha-
YaeTbCsl MOJiMOP(PiZMOM Te€HiB, 110 iX KOAYIOTh.
BigMiHHOCTI y CTpYKTYpi i30(pepMeHTIB IPU3BOAATH 10
Ppi3HOI 3MaTHOCTiI MeTabOi3yBaTU KCEHOOIOTUKH i TTPO-
IYKTU OKCUaaTUBHOro crpecy. Lle oOyMoBitoe pi3HUiA
CTYIIiHb CXUJILHOCTI KOXHO1 OKPEeMO1 0COOU 10 BUHUK-
HEHHST MyJBTU(aKTOPHUX 3aXBOPIOBaHb, 30KpeMa Ma-
TOJIOTii opraHiB AuxaHHs [8].

Bimomo, mo GST y JoAMHU KOAYETHCS BEIUKOIO
MYJIBTUTEHHOIO POJIMHOIO, sTKa OXOTuTioe nmoHan 20 re-
HiB [9], a ¢yHKLIis GaraThboX 3 HUX BCE IlIe IOTPedye
MOJAJBIIOTO BUBYEHHSI.

ITopiBHSIHO A0Ope MOCHIIXEHUMMU € LUTOIIa3Ma-
tnaHi i3opopmu GSTTI, GSTM I ta GSTPI, sKi 6epyTh
y4acTh Y J€TOKCHKAllil 6araTboX TOKCUHIB, MPOMYKTiB
OKCHUJATUBHOTO CTpPeCY, KaHIEPOTeHIB i JIIKapChbKUX
npenapari [10]. depmeHTH-i30MepH, 110 KOAYIOTHCS
TeHaMH ciMmelicTBa riyTratioH-S-TpaHcdepas GSTTI,
GSTM1, GSTP1, € BaxXXJIMBOIO JIAHKOIO aHTUOKCHUIAHT-
HOTO 3aXMCTy Ha KJIITMHHOMY piBHi. EKcripecis 3a3Ha-
YeHUX IeHiB BimOyBaeTbCs, MOYMHAIOUM 3 PaHHIX eTa-
niB eMOpiOHAJIbHOTO PO3BUTKY 1, 3BaXKaluyu Ha 1IX
BCTAHOBJICHUI BIUIMB Ha PO3BUTOK peCIlipaTOPHOIL
nucdyHKii y miteit [10, 11], 1oUiaApHUM € BU3HAYEH-
H$l iX TIoJliMopi3My.

IMonmiMopdi3M TeHiB, IO KOAYIOTH (EPMEHTH Ci-
MecTBa ryTaTioH-S-TpaHcdepas, Ha TJIi OKCUIATUB-
HOTO CTpecy MOXe OYTH CYTTEBOIO JIAHKOIO TTaTOreHe-
3y B PO3BUTKY (PYHKULIOHAJIbHUX MOPYLIEHb i IaTo-
JIOTIYHUX MpOolIeciB OPOHXOJIETEHEBOI CUCTEMU, KOTPIi
CrocTepiraloTbes y AiTei, SKi MelIKaloTh 32 YMOB
TPUBAJIOTO BIUIMBY MJIMX 103 iOHi3yI0UOTO BUITPOMi-
HioBaHHS. [IpoTe mociimKeHHsS B IbOMY HaIlpSIMKY B
YKpaiHi Ta 3a KOpJIOHOM 0 TEINEPILIHbOTO Yacy BKpait
OOMEXeHi.

META

BusnaueHHS B3a€EMO3B’SI3Ky MiX mojiMopdizMom
TeHiB ciMelcTBa TiyTaTioH-S-TpaHcdepa3 i OpoHxi-
aJIbHOIO TiMeppeakTUBHICTIO Yy AiTei, SKi MEIIKalTh
Ha pagioakKTUBHO 3a0pyIHEHUX TEPUTOPISIX.

The reaction of each individual organism to the
environment influence depends on the genetically
determined features of functional enzyme systems in
the phase I and II of xenobiotic detoxification.
Thus, glutathione-S-transferases (GSTs) are a large
group of enzymes that are directly involved in the
second phase of biotransformation, characterized by
broad substrate specificity and the ability to metabo-
lize many substances [6]. A wide isomorphic spec-
trum of GSTs which is determined by the polymor-
phism of the genes encoding them has been estab-
lished. Differences in the structure of isoenzymes
lead to different ability to metabolize xenobiotics
and oxidative stress products. This causes a different
degree of susceptibility of each individual to the
occurrence of multifactorial diseases, including res-
piratory pathology [8].

It is known that human GST is encoded by a large
multigenic family of more than 20 genes [9], and
the function of many of them still needs further
study.

The cytoplasmic isoforms GSTT1, GSTMI and
GSTPI1, which are involved in the detoxication of
many toxins, oxidative stress products, carcinogens
and drugs, are relatively well studied [10].
Isoenzymes encoded by genes of the glutathione-S-
transferase family (GSTT1, GSTM 1, GSTPI) are an
important part of antioxidant protection at the cel-
lular level. The expression of these genes occurs
from the early stages of embryonic development
and given their established influence on the devel-
opment of respiratory dysfunction in children [10,
11], so it is advisable to determine their polymor-
phism.

Polymorphism of genes encoding enzymes of
the glutathione-S-transferase family against the
background of oxidative stress can be a significant
part in the pathogenesis developing functional
disorders and pathological processes in the bron-
chopulmonary system, which are observed in
children living under long-term exposure to low
doses of ionizing radiation. However, researches
in this area in Ukraine and abroad is still extre-
mely limited.

OBJECTIVE

Determination of the relationship between polymor-
phisms of glutathione S-transferase gene family and
bronchial hyperreactivity in children living in
radioactively contaminated areas.
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MATEPIAJIN TA METOJIN

HeneuiitHuii moniMopdisam reHiB GSTT1, GSTM 1 i noni-
mopdizm A313G rena GSTPI nocmimKyBaln B MOJIEKY-
JISpHO-TeHeTUYHilt ymabopaTopii JepxaBHOro 3axiamy
«PedepeHT-11eHTp 3 MoeKyIsipHOI AiarHocTuku MO3
Ykpainn».

Oo6cTexeHo 48 miteit mkinmbHOTO Biky (Bim 10 mo 17
pokiB). Bci mitu mocriiiHO (3 MOMEHTY HapOIKEeHHS)
MPOXWBAJIU Ha pPamiOaKTMBHO 3a0pyOIHEHUX TEPUTO-
pisix (P3T) Haponuubkoro, OBpyubkoro, OjeBCbKO-
ro i KopocreHcbhkoro paitoHiB 2ZKutomupcbkoi obsac-
Ti 31 WIbHiCTIO 3a0pynHeHHs IpyHTIB *’Cs Bix 185 no
555 xbk/m?. Bwmict '¥'Cs B opraHi3mi aiTeil KOJMBaBCS
Bin 74 no 8806 bk.

Bci obcTexeHi aiTi He Maiv KJIiHIYHMX O3HAK IaToJI0Til
OpraHiB IuXaHHS. Y HUX OyJIM BUSIBJICHI (DyHKIIOHAJbHI
po3naau 3 OOKY IUTYHKOBO-KUIIKOBOTO TPAKTY, XPOHiu-
HUI KOMIIEHCOBAHMIA TOH3WJIIT i Kapiec 3y0iB.

3aranpHy reHomMuy JHK Bumingam 3 KpoBi 3rigHO 3i
CTaHIapPTHUM MPOTOKOJOM 3 BMKOPMCTaHHSM MpO-
teiHasu K Tta gopeuuscyibdaTy HaTpilo sIK JeTepreHTa.
BusisnenHs neneuiit y renax GSTTI ta GSTM I 3niiicHio-
BaJii METOJOM MYJILTUILJIEKCHOI MOJliMepa3HOl JIaHII0-
roBoi peaxkuii (ITJIP). Anani3 pesyasratiB [1JIP mpoBo-
TV METOIIOM eJieKTpodopesy y 2 % arapo3HoMy relli.
OuikyBaHi noBxuHM ¢parmeHTis JHK (431 v ons
GSTTI ta 120 vt gng GSTM 1) po3paxoByBaJIn 3a JOTIO-
MOTOI0 MaKeTy MporpaM KOMIT IOTEpHOI 00pOOKU TaHUX
DNASTAR 3 BuUKOpUCTaHHSIM TOCJiIOBHOCTE TeHIB
GSTTI ta GSTM1, sxi HasBHi y 0a3i manux Genbank.
ITomo3urotHi dopmu 3 geneuier0 000X KOMilA TreHiB
GSTTI i GSTMI inenTtudikyBaau 3a BiICyTHOCTI
BimmoBigHOrO (pparMeHTy Ha enekTpocdoperpami. Taxi
reHotTunu no3zHavaau, sik Tldel Ta Mldel. BinnosigHo,
HasBHICTh LIMX (parMeHTIiB Ha eJeKTpodoperpaMax
CBigumMia Tpo ToMo- abo TeTePO3UTOTHICTh MO HOp-
MaJibHil Komii reHa. [eHOTHUN TaKMX MaLli€EHTIB MO3HAaya-
mm, 9k T1+ ta M1+.

Ienomuy JIHK nj1g MoneKyasspHO-TeHETUYHOTO JOCITif-
KeHHs1 A313G nonimopdismy reHa GSTPI Buninsnu 3 me-
puepiiiHOl KpOBi 3a JOIMIOMOI'0I0 KOMEPIIIITHOI TeCT-CHC-
teMu «innuPREP Blood DNA Mini Kit» («Analytik Jena»,
Himeyunna) 3 BUKOpUCTaHHIM HeHTPU(YKHNX (PiTBTPIB.
[nsa Bu3HayeHHS1 mojiiMopdHUX BapiaHTiB reHa GSTPI
(A313G) 151695 BuKOpHCTOBYBaIM MOAMMIKOBaHI ITPOTO-
KOJIX 3 OJIITOHYKJICOTUIHMMU TIpaiiMepaMu i3 3aCTOCYBaH-
HsM Metony [TJIP i HacTymHmM aHaimizoMm TomiMopdizmy
JOBXMHM  pecTpukuiiHux  ¢parmentis  ([TJPD).
HocaimkyBaHy OiISIHKY TeHa aMILTiiKyBaJIM 3a JOMOMO-
rowo crneuudiyHux mnpaiimepis («Metabion», HiMeyunHa)
st GSTP1 (GTAGTTGCCCAAGGTCAAG — forward,

MATERIALS AND METHODS

The GSTT1, GSTM 1 gene deletion polymorphism
and the GSTPI gene A313G polymorphism were
studied in the molecular genetic laboratory of the
State Institution «Reference Center for Molecular
Diagnostics of the Ministry of Health of Ukraine».

There were examined 48 school children, aged
from 10 to 17 years. All the children permanently
(from birth) lived in radioactively contaminated
areas (RCA) of the Narodychi, Ovruch, Olevsky
and Korosten’ districts of Zhytomyr region with
density of ’Cs contamination of soil from 185 to
555 kBg/m?. The content of '¥’Cs in the body of
children ranged from 74 to 8806 Bq.

All examined children had no clinical signs of
respiratory pathology. Functional disorders of the
gastrointestinal tract, chronic compensated tonsil-
litis and dental caries were found in them.

Total genomic DNA was isolated from blood
according to a standard protocol using proteinase
K and sodium dodecyl sulfate as detergent. The
GSTTI and GSTM I genes deletions were detected
by multiplex polymerase chain reaction (PCR).
PCR results were analyzed by the method of elec-
trophoresis in 2% agarose gel. The expected DNA
fragment lengths (431 bp for GSTT 1 and 120 bp for
GSTM1I) were calculated with the DNASTAR
computer data processing software package using
the GSTTI and GSTM 1 gene sequences available
in the Genbank database. Homozygous forms with
deletion of both copies of the GSTTI and GSTM ]
genes were identified by the absence of a corre-
sponding fragment on the electrophoregram. Such
genotypes were designated as Tldel and Mldel.
Accordingly, the presence of these fragments on
electrophoregrams indicated homo- or heterozy-
gosity by a normal gene copy. The genotype of
such patients was designated as T1+ and M1+.

Genomic DNA for molecular genetic study of
GSTPI gene A313G polymorphism was isolated
from peripheral blood by a commercial test system
«innuPREP Blood DNA Mini Kit» («Analytik
Jena», Germany) using centrifugal filters.
Modified protocols with oligonucleotide primers
were used to determine the GSTPI (A313G) rs1695
gene polymorphic variants by PCR and subsequent
restriction fragment length polymorphism (RFLP)
analysis. The study region of the gene was amplified
using specific primers («Metabion», Germany) for
GSTP1 (GTAGTTGCCCAAGGTCAAG — for-
ward, AGCCACCTGAGGGGTAAG — reverse).
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AGCCACCTGAGGGGTAAG — reverse). MonekyJsip-
Ha Bara amIutipikoBaHoro pparmMeHTy ckiagana 433 1.H.
PecTpukuiiiHuii aHaii3 mpoBOAWIN 3 BUKOPUCTAHHSIM
eHIOHYKJIea3u pecTpukilii Alwl (BupooHuirrBa Thermo
Fisher) BinmosigHO 10 iHCTpyKIlii BUpoOHUKa. Bizyai-
3alil0 YTBOPEHUX PECTPUKIINHUX MPOIAYKTIB 3MilCHIO-
Ban y 2 % arapo3HOMY IeJli, 3aJIe3KHO BiJl MOJIEKYJISIPHOL
Baru yTBopeHux (pparMeHTiB. 3a HasIBHOCTi TeHOTUITY AA
y TeJli mic/sl po3IIeIUICHHS BidyaslizyBaau 2 hparMeHTH
MoJieKyasipHoto Baroto 328 ta 105 m.H. A nipy NosiBi of-
HOHYKJIEOTUIHOI 3aMiHU YTBOPIOBABCSI 10AATKOBUM CaliT
pecTpUKIIii Ta BHACIIAOK 1ILOTO IOAATKOBI 2 (DparMeHTH
MOJIEKYJISIpHOO Baroto 222 ta 106 I1.H., ToMy JUISI TeTepo-
3UroTHOro Bapianta GA 0yJi0 xapaKTepHUM YTBOPEeHHS 4
dparmenTiB — 328, 222, 106 ta 105 11.H., a rOMO3UTOTHO-
ro Bapianta GG 3 dparmenTiB — 222, 106 ta 105 1.H.
®parmMeHTH MOJIEKY/IsIpHOIO Baroto 106 m.H. Ta 105 1m.H.
OyJ10 Bi3yalli30BaHO y arapo3HOMYy Tejli SIK OJuH (par-
meHT [10—12].

YacTtoty nmonimop¢HuxX BapiaHTiB reHiB GSTTI i
GSTM1 y obctexeHux aiteii — MemkaHuiBp P3T
NOpiBHIOBAAMU 3 TaKolo B pedepeHTHil rpymi (253
ONpakTUYHO 3J0POBI NUTMHU — MeLIKaHLi YKpa-
inn) [8].

A313G noniMopdizm rena GSTPI (rs1695) y aiteir —
mewikaHuiB P3T mopiBHIOBalu 3 TakKuUM y pede-
PEHTHIl rpymi 3 45 MpaKTUYHO 3T0POBUX 0Ci0 — MeTII-
KaHLiB YKkpainu [12].

HocnigkeHHsT BEHTUISLIAHOI CIIPOMOXHOCTI Jie-
TeHiB IPOBOIWIN METOAOM ITHEBMOTaxorpadii 3a ma-
HUMM aHaji3y TeTJ]i «IIOTiK—00’€éM» Ha ITHeBMOTa-
xorpadi aBromatuzoBaHoMy IITA—1 BiTYM3HSHOTO
BUpOOHUIITBA. Bru3Havanum popcoBaHy XXUTTEBY €M-
HicTb JiereHiB (PXKEJT); mikoBy 00’€MHY IIBUAKICTD
Bunuxy (I1OIll,,;); mMakcumanbHi 00’€MHI IIBUI-
KOCTi BUIMXY BiAIoBigHO a0 piBHIB 25, 50 i 75 %
dXKEJI — MO ,s, MOIllsp; MOIL7s; 06’eM popco-
BaHOTO BUAMXY 3a nepury cekyHay (O®DB,). Anais
MOKa3HUKIB NPOBOAWIN Y BiICOTKAX BijJ HaJIeKHUX.
HanexHi BeJIMYMHM IOKAa3HUKIB, a TakKoX IX
CMiBBiAHOILIEHHS 3 BUMipSIHUMM, aBTOMAaTUYHO PO3-
paxoByBaJIMCsl 3aJIeKHO Bill CTaTi, BiKy Ta 3pOCTYy
o0cTexyBaHOTO MikporpouecopoM npunany ITTA—1
3rigHO 3 piBHIHHAMMU perpecii [13]. Mexelo HOpMH,
MOMipHUMU Ta BUPaXKEHUMMU MaTOJOTIYHUMU 3MiHa-
MU BBaXKaJId HeTaTUBHE BiIXWJICHHS MOKA3HUKA: IJIS
DXKEJT — 80, 79—65 i menme 65 ta g MO, —
71, 70—40 i menme 40; ns O®B;, — 81, 80—66 i
MeHie 66; mist MOIL,s — 74, 73—51 i menue 51; g
MOIlls) — 72, 71—48 i menue 48; niasgs MOIll;s — 62,
61-27 i menme 27.

The molecular weight of the amplified fragment was
433 bp. Restriction analysis was performed using
Alwl restriction endonuclease (manufactured by
Thermo Fisher) according to the manufacturer’s
instructions. Visualization of the formed restriction
products was performed in 2 % agarose gel, depend-
ing on the molecular weight of the formed fragments.
In the presence of the AA genotype in the gel after
cleavage, 2 fragments with a molecular weight of 328
and 105 bp were visualized. When a single nucleotide
substitution appeared, an additional restriction site
was formed and as a result two additional fragments
with a molecular weight of 222 bp and 106 bp, so the
heterozygous variant GA was characterized by the
formation of 4 fragments — 328 bp, 222 bp, 106 bp
and 105 bp, and homozygous variant GG by 3 frag-
ments (222, 106 and 105 bp). Fragments with a
molecular weight of 106 bp and 105 bp were visual-
ized in agarose gel as a single fragment [10—12].

The frequency of polymorphic variants of GSTT/
and GSTM1 genes in the examined children-resi-
dents of RCA was compared with that of the refer-
ence group (253 practically healthy children-resi-
dents of Ukraine) [8].

The GSTP1 A313G (rs1695) polymorphism in chil-
dren-residents of RCA was compared with that in
the reference group of 45 practically healthy person
living in Ukraine [12].

Ventilation lung capacity was examined by the
pneumotachographic method, according to the
analysis of «the flow-volume» loop using automated
pneumotachograph PTA-1 of domestic production.
There were determined the forced vital capacity
(FVC) of the lungs, the peak of expiration flow
(PEF), maximum expiratory flow (MEF) according
to th levels of 25 %, 50 % and 75 % FVC — MEF;s,
MEFsy, MEF;s, forced expiratory volume during the
first second (FEV;). An analysis of indices was car-
ried out as a percentage of the predictable. The
expected values of parameters, and also their corre-
lation with measured ones, were automatically cal-
culated depending on subject’s gender, age and
growth by the microprocessor of the PTA-1 device
according to the regression equations [13]. The neg-
ative deviation of the indicator was considered to be
the limit of the norm, moderate and pronounced
pathological changes: for FVC: — 80, 79—65 and less
than 65 and for PEF — 71, 70—40 and less than 40; for
FEV| — 81, 80—66 and less than 66; for MEF»s — 74,
73—51 and less than 51; for MEFs) — 72; 71—48 and
less than 48; for MEF7s — 62; 61—27 and less 27.
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s BUSIBIIEHHSI paHHIX 3MiH BEHTWJISILIIAHOI CITpO-
MOXHOCTI JIeTeHIB — OpOHXiaJbHOI rineppeakTUBHOCTI
(TIpUXOBAHOTO i HEMPUXOBAHOTO OPOHXOCTIA3MY) BUKO-
pUCTOBYBaIM (DAapMAaKOJIOTIUHY iHTANISILIHY TTpo0y 3
OPOHXOPO3IIMPIOBAIbBHYM TperapaTtoM, IO BIUIMBAE
Ha [,-agpeHepriuHi perienropu JereHiB. [TokasHMKT
BEHTWISILIIAHOT CIIPOMOXHOCTI JIETEHIB PEECTPYBAIM 0
iuepe3 4—5 XB Tic/Is1 ABOX iHTATIALIAHIX 103 1030BaHO-
ro aepo30Jii0 caabOyTaMoly cyibdary (oaHa J03a Mic-
Th 100 MKT). 3a KpuTepiii NO3UTUBHOCTI MPOOU MPUIA-
Majii TIPUPICT MOKA3HUKIB OPOHXiaIbHOI MPOXiJHOCTI
(O®B,;, MOIll,s; MOIsp; MOIs) Ha 12 i Ginblue
BiICOTKiB MOPiBHSIHO 3 BUXiAHUMU BeJndrHamMu [13].

Bwmict ¥'Cs B opraHi3mi IiTeil BU3HA4aIu 3a TOIIOMO-
ToI0 JIYMJIBHUKA BHUIIpoMiHIOBaHHS oguHu (JIBJT)
CkpunHep—3M BuUpoOHMUTBA [HCTUTYTY eKoJIOTii
JIIOAVHU.

CratucTyHa 00OpoOKa OTpUMaHUX JaHUX IPOBO-
IWIach 3a JOIOMOIOI0 CTaHAAPTHUX MpOrpaM 10
MEePCOHAJbHOIO KOMIT' I0Tepa 3 BUKOPUCTAHHSIM Ma-
kety mporpam StatSoft, Inc. (2011). STATISTICA
(data analysis software system), version 10.

PE3VIJIBTATU

Pesynbratt mociimKeHHST PO3MOITy 4YacTOT IIOJi-
MopdHUX BapiaHTiB reHa GSTT] y miteil — MeIlIKaH-
niB P3T cBimuaTh mIpo Te, IO BiACOTOK JiTei 3 mene-
HiltHuM BapiaHToMm reHa GSTT1 B rpyTii niteit — Me1l-
kaHuiB P3T craTucTMyHO 3HAuyllle He BiApi3HSBCS
Bim pedepeHTHUX 3HaueHb (22,9 % mpotu 14,23 %,
p > 0,05) (puc. 1).

JocmimKeHHs 4acTOTH JeIeliifHOTo BapiaHTy reHa
GSTM1 y piteit — memkanuiB P3T y nmopiBHSHHI 3
pedepeHTHUMU 3HAYCHHSIMM HE BUSIBUJIO CTaTHC-
TUYHO 3Hayylux BinminHocrteit (58,3 % y nmiteit —
memkaHuiB P3T, pedepenTtHi 3HaueHHs — 50,59 %,
p > 0,1) (puc. 2).

OTpuMaHi HaMU 1aHi CTOCOBHO YaCTOTU HYJIbOBOTO
reHotuny GSTT1 y giteit — memkanwiB P3T 61m3bKi
JIO JTiTepaTypHUX JaHUX.

100
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The pharmacologic inhalation test with bron-
chodilator drug, affecting the B,-adrenergic lung
receptors was used to detect the early changes in the
ventilation lung capacity — the bronchial hyperre-
activity (latent and nonlatent bronchospasm).
Values of the ventilation lung capacity were record-
ed before and 4—5 min after of two inhalation doses
of dosaged salbutamol sulphate aerosol (one dose
contains of 100 micrograms). An increase of
bronchial patency values (FEV,, MEF,s, MEF5,
MEF375) by 12% and more compared with the initial
values was taken as the criterion of the test positivi-
ty [13].

The content of '’Cs in the body of children was
determined using a human radiation detector (HRD)
Scanner-3M manufactured by the Institute of
Human Ecology.

Statistical processing of the obtained data was per-
formed using standard programs by a personal com-
puter with the software package StatSoft, Inc. (2011).
STATISTICS (data analysis software system), ver-
sion 10.

RESULTS

The results of studying the frequency distribution of
polymorphic variants of the GS7T7T1 gene in children
living in RCA indicate that the percentage of children
with a deletion variant of the GSTT gene in the group
of children-residents of RCA did not revealed statisti-
cally significant differences from reference values
(22.9 % vs. 14.23 %, p > 0.05) (Fig. 1).

Studying the frequency of the GSTM 1 gene dele-
tion variant in children-residents of RCA statistical-
ly significant differences were not revealed in com-
parison with the reference values (58.3 % — in chil-
dren-residents of RCA, reference values — 50.59 %,
p > 0.1) (Fig. 2).

Our data on the frequency of GSTT1 null genotype
in children-residents of RCA are close to the litera-
ture data.

PucyHok 1. Yacrora nonimopdHux BapiaHTiB reHis
GSTT1 y piteit — mewkKaHyis P3T

Figure 1. Frequency of the GSTT1 genes polymorphic
variants in children-residents of RCA
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Tak, HanpuKIIaa, yacToTa HyJIboBoro reHotumty GS77'1
cepen MemkaHuiB Kaskasy ckianana 13—26 %, y Llse-
Lii 1eit moka3Huk craHoBuB 13 %, y Himeuunni — 19 %
[14]. ¥V momynsiii pociiichKOro HaceJIeHHST €BpOIIeii-
cbKoi yacTuHM Pocii yacToTta IbOro reHOTUITY CKJlagaia
18 % [15].

3a JiTepaTypHUMH JAaHWMU, 9aCTOTa HYJIbOBOTO Te-
aotutty GSTM I cepen memkaH1iB KaBka3y BapitoBa-
na y mexax 42—60 %, y IlBewii ckinagana 55 %, y
Himeuunni — 51 %, a cepen pociiichKoro HaceJaeHHs
€Bpornenchkol yactuHu Pocii KonuBagacsg B Mexax
40—46 % [14, 15].

VY 3nmopoBux 0cid ykpaiHChKOI MOIYJALii 4YacToTa
HyaboBoro reHotunty GSTT1 cranosuna 20,1 %, Hy-
nboBoro reHotuny GSTM1 — 54,4 % [16].

Hocnimkenass AG-nioniMmopdizmy rena GSTPI tipo-
BeneHo y 48 niteii — memkaHuiB P3T. B sakocTi pede-
PEHTHMX 3HA4YeHb MM BUKOPWCTOBYBAJIU PE3YJIBTATU
00cTexXeHHs 45 MpaKTUYHO 310POBUX OCi0 — MeIlIKaH-
miB Ykpaiau [12]. Cepen oOcTeXXeHMX IiTet — Melll-
KaHLiB P3T BusIBIeHO HACTYIHi YaCTOTU T€HOTHUIIIB 3a
reHoM GSTPI: AA-renotun y 18 mireii (37,5 %), AG-
reHoturt — y 21 putunu (43,8 %), GG-reHotun — y 9
niteit (18,7 %), yacTora po3nOBCIOMKECHHS A-aseisq —
57 (59,4 %), G-aneas — 39 (40,6 %).

3a maHumu [12] y rpyni npakTUYHO 3I0POBUX JIIO-
Jeil — MeIKaHLIB YKpaiHu BUSBIIEHO 62,2 % roMo3u-
TOTHUX HOCIIB A-asens, 35,6 % 1iei rpynu Oyiu rere-
po3uroramu, i auiie 2,2 % Oyjau roMO3UTOTHUMU HO-
cismu G-anensn. Yacrora A-ansens rena GSTPI cknana-
na 80,0 %, a G-azens —y 20,0 %.

V niteit — memkanuiB P3T gacrora renotumny A4 6ymna
JIOCTOBipHO HIK4010 (37,5 % npotu 62,2 %, p < 0,05),
a re”Hotuny GG mocroBipHo Buinow (18,7 % mpotu
2,2 %, p < 0,05) y NOpiBHSIHHI 3 KOHTPOJIEM.

VY uinomy, y aiteit — memkanuiB P3T A-aseas Tparuisas-
ca gocroBipHo pinmie (59,4 % npotu 80,0 %, p < 0,05),
a G-asenv, HaBIIaKK, TOCTOBIpHO vacrtinie (40,6 % mipotu
20,0 %, p < 0,05) nOpiBHIHO 3 MPAKTUYHO 3A0POBUMU
ocobamu, AKi MeIIKaTh B YKpaiHi [12].

PucyHoK 2. Yacrora nonimopgHux BapiaHTiB reHis
GSTM1 y piten — mewKaHuis P3T

Figure 2. Frequency of the GSTM1 genes polymorphic
variants in children-residents of RCA

For example, the frequency of the GSTTI null
genotype among the inhabitants of the Caucasus was
13—26 %, of Sweden this figure was 13 %, of Ger-
many — 19 % [14]. In the Russian population of the
European part of Russia, the frequency of this geno-
type was 18 % [15].

According to the literature data, the frequency of
the GSTM I null genotype among the inhabitants of
the Caucasus varied between 42—60 %, of Sweden it
was 55 %, of Germany — 51 %, and among the
Russian population of the European part of Russia
ranged from 40 to 46 % [14, 15].

In healthy individuals of the Ukrainian population,
the frequency of GSTTI null genotype was 20.1 %,
the GSTM I null genotype — 54.4 % [16].

The study of the GSTP1 gene AG-polymorphism was
performed in 48 children-residents of RCA. As refe-
rence values, we used the results of a survey of 45 prac-
tically healthy persons-residents of Ukraine [12].
Among the surveyed children residents of RCA the fol-
lowing frequencies of genotypes by the GSTPI gene
were revealed: A4 genotype — in 18 children (37.5 %),
AG genotype — in 21 children (43.8 %), GG genotype —
in 9 children (18.7 %), the prevalence frequency of the
A-allele — 57 (59.4 %), G-allele — 39 (40.6 %).

According to [12], 62.2 % of homozygous A-allele
carriers were found in the group of practically healthy
persons-residents of Ukraine, 35.6 % of this group
were heterozygous, and only 2.2 % were homozygous
G-allele carriers. The frequency of the A-allele of the
GSTPI gene was 80.0 %, and the G-allele — 20.0 %.

In children-residents of RCA, the frequency of
genotype AA was significantly lower (37.5 % vs. 62.2 %,
p < 0.05), and that of genotype GG was significantly
higher (18.7 % vs. 2.2 %, p < 0.05) vs. the control.

In general, the A-allele occurred significantly more
rarely in children-residents of RCA (59.4 % vs. 80.0 %,
p <0.05), and the G-allele, on the contrary, occurred
significantly more often (40.6 % vs. 20.0 %, p < 0.05)
vs. practically healthy residents of Ukraine [12].
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YacroTa noniMophHuxX BapiaHTiB reHa GSTP1, HaBe-
JleHo y Tabauui 1.

Takum yrHOM, TIpU JOCIIIKEHHI MomiMopdi3My re-
Ha GSTPI y niteii — memikanuiB P3T BusasneHi cra-
TUCTUYHO 3HAUyIli BiIMiHHOCTI YaCTOTH peEeECTpallii
AA, AG ta GG TeHOTHUIIIB Y MOPIBHSIHHI 3 MIPaKTUIHO
3J0POBUMU MELIKAHLISIMU YKpaiHU, 1110 MOTpedye mo-
JAJTBIIOTO JOCTiXKEHHS.

st BCTaHOBJIEHHSI HMOBIPHOTO BIUIMBY IOJIiIMOP-
(ismy reniB rmoTtartioH-S-tpancdepa3 GSTT1, GSTM 1
i GSTPI Ha yKiioHaILHUN CTaH CUCTEMMW IUXaHHS
nitn — Mmemkadui P3T Oynu po3nopineHi Ha ABi M-
TPYyIM 3ajeXXHO Big HasgBHOCTI (n = 29) abo BimcyT-
HocTi (n = 19) 6poHxianbHOI TineppeakKTUBHOCTI.

IIpu uboMy B 000X BUALICHUX TATPYyIax cCepeaHi mo-
Ka3HUKW TIPOXiTHOCTI AMXaJbHUX IUISIXiB Ha DPi3HUX
PiBHSIX OpOHXiaJIbHOTO JiepeBa JOCTOBIPHO HE BiApi3HS-
JIUCS 1 3HAXOAMJIMCS B MexXKaxX (Di3ionoriyHuX KOJUBaHb.
Tak, mMokasHUWKM, IO iHTETpaJbHO XapaKTEepU3YIOTh
MPOXiTHICTh TUXaJbHUX IUISIXiB CTAHOBWJIM, BiAIIOBiA-
Ho: [1O1,,/ HITOW s, (91,4 £3,9) %1 (88,8 £4,1) %,
p>0,05; O®B,;/ HO®B; (89,2 +4,0) %i(91,3+2,6) %,
p > 0,05. He cioctepiraiocst 1OCTOBIpHUX BiIMiHHOCTE
MOKa3HUKA MPOXiTHOCTI MPOKCUMAIBLHUX OPOHXIB Be-
nukoro aiamerpy MOILLs/HMOI,s (90,1 £ 3,6) % i
(92,0 5,1) %, p > 0,05 Ta MOKa3HMKA ITPOXiTHOCTI IIPOK-
CUMaJIbHUX OpoHXiB cepemuboro miamerpy: MOILlsy/
HMOIlls, (90,8 £2,9) %1 (91,7 = 3,8) %, p > 0,05. He
BiIMiYaJtoCsl JOCTOBIPHOI Pi3HMII MMOKa3HUKA TPOXid-
HOCTI nnepudeprnaHmx OpoHXiB Majioro miamerpy MOILl7s/
HMOIl75 (96,2 + 4,6) % i (99,2 = 5,5) %, p > 0,05. He
CIOCTepirajiocsl CyTTEBUX BiIMiHHOCTEH ITOKa3HUKA
€JaCTUYHOCTI i pO3TSIKHOCTI JIETeHeBO1 TKAHUHMU Ta U~
XaJIlbHOro amapaty rpyaHoi kiitku OXKEJI/HDXKE]]
87,4+4,7) %1i(90,5%5,9) %, p > 0,05. I[Ipote yacto-
Ta OpOHXiaJIbHOI TiNeppeakTUBHOCTI BUsIBIeHa Y 29 3 48

Taonauusa 1

The frequency of the GSTPI gene polymorphic
variants is shown in Table 1.

Thus, statistically significant differences in the fre-
quency of registrating A4, AG and GG genotypes in
comparison with practically healthy residents of
Ukraine, were revealed in the study of GSTPI gene
polymorphism in children-residents of RCA, which
requires further studies

To establish the probable effect of glutathione-S-
transferase gene polymorphism (GSTT1, GSTM1 and
GSTPI) on the functional state of the respiratory sys-
tem, children-residents of RCA were divided into two
subgroups depending on the presence (n = 29) or
absence (n = 19) of bronchial hyperreactivity.

The average values of respiratory tract patency at dif-
ferent levels of the bronchial tree were not significantly
different and were within physiological fluctuations in
both selected subgroups. Thus, the indicators that inte-
grally characterize the patency of the respiratory tracts
were, respectively: PEF/PPEF (91.4 £ 3.9) % and
(88.8 £ 4.1) %, p > 0.05; FEV,/PFEV, (89.2 = 4.0) %
and (91.3 £2.6) %, p > 0.05. There were no significant
differences in the values of patency in proximal bronchi
of large diameter MEF,s/PMEF,s (90.1 + 3.6) % and
(92.0 £ 5.1) %, p > 0.05. The patency parameters of
proximal bronchi of the medium diameter: MEFso/
PMEFs did not significantly differ (90.8 + 2.9) % and
(91.7 £ 3.8) %, p > 0.05. There was no significant diffe-
rence of patency value in the peripheral bronchi of the
small diameter: MOSH75/NMOSH7s (96.2 + 4.6) %
and (99.2 = 5.5) %, p > 0.05. No significant differ-
ences were noted between the value of elasticity and
elongation of pulmonary tissue and respiratory appa-
ratus of the chest FVC/PFVC (87.4 £ 4.7) % and
(90.5 £ 5.9) %, p > 0.05. However, the frequency of
bronchial hyperreactivity was detected in 29 of the 48

YacrtoTta nonimopgHux BapiaHTiB reHa GSTP1 y pitein — mewkaHuis P3T

Table 1

Frequency of the GSTP1 gene polymorphic variants in children-residents of RCA

leHo eHa
HoThnW ren Ta nereHie (n = 48)

MewkaHui P3T 6e3 natonorii 6poHxis

MpakTU4HO 3/0POBiI MeLLKaHL
YkpaiHm (n = 45)

GSTP1 Residents of RCA without bronchial and Practically healthy residents
Genotypes pulmonary pathology (n = 48) of Ukraine (n = 45)

of GSTP1 gene a6c. KinbkicTb / number % a6c. KinbkicTb / number %
AA 18 37,5* 28 62,2
AG 21 43,8 16 35,6

GG 9 18,7* 1 2,2
A-anenb / A-allele 57 59,4 72 80,0
G-anenb / G-allele 39 40,6 18 20,0

[MpuMiTka. * — HOCTOBIPHICTb Pi3HMLL NOKA3HMKIB BIIHOCHO KOHTPONLHOI rpynu (p < 0,05).
Note. * — significant difference vs. control (p < 0.05).
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obcrexeHux aireit (60,4 %), a y nmiTeil KOHTPOJIBHOI
rpymu — 22,4 % (p < 0,01).

PesynbraTi 1ociimpKeHb IToKa3aiu, 1110 cepel aiTei 3
OpOHXiaJTbHOIO TilleppeakTUBHICTIO (n = 29) nenewuiii-
Huit noniMopdism reHa GSTM I susiBnsisest y 72,41 %
(n = 21) niteit, a cepen miteit 6e3 OPOHXiaTLHOI TiTep-
peakTuBHOCTI — Y 36,84 % (n = 7) nmiteit, p < 0,05. Yac-
TOTa JAeJieliiiHoro reHoturty reHa GiS771 ctaHoBuia B
rpynax Jaiteit 3 OpoHXiaJbHOIO TileppeakTUBHICTIO i 0e3
Hei, BinmosigHo, 31,03 % (n=9)i21,05 % (n=4)icra-
TUCTUYHO 3HaUYIIe He BipisHsiaacs (p > 0,05) (tada. 2).

OTxe, IK BUJIHO 3 Ta0J1. 2, OpoHXxiajbHa rineppea-
TUBHICTh YacTillle BUSIBJSIACS Y JiTeld, T€HOTHUII
SIKMX XapaKTepU3yBaBCsl HASIBHICTIO JeJIELiAHOTO
BapiaHTa reHa GSTM 1.

AHaji3 po3rnoainy nojaiMopHUX BapiaHTiB reHa
GSTPI ipoBeneHo y 48 miteit — memkaniB P3T, 3a
HasgBHOCTI (y 29 miteii) abo BinmcyTHOCTI (y 19 miteit)
OpoHXiaNbHOI TimeppeakTUBHOCTI. Pe3ynbratu go-
CJIiJIKEHb HajaHi y Tadauli 3.

Bcranosneno, mo y miteit — MemkanmiB P3T, y
aKUX Oyna BUSBIEHAa OpoHXiallbHA Tileppeak-
TUBHICTh, yacToTa AA-reHoTUny craHoBuiaa — 27,59
% (8 miteit), AG-renotuny — 55,17 % (16 miteii),
GG-renotuny — 17,24 % (5 niteit), yactora A-aneasn
— 55,17 %, G-aneas — 44,83 %.

V piteit 6e3 OpoHXiaJlbHOI TilMeppeakTUBHOCTI,
BUSBJIEHO TaKi YaCTOTHM TEHOTHUIIIB 3a TE€HOM
GSTPI: AA-renorun — y 10 miteir (52,63 %), AG-
reHoTumn — y 5 gireit (26,32 %), GG-reHOTUIT — Y
4 niteir (21,05 %), yacrora A-aseasn — 25 (65,79
%), G-anean — 13 (34,21 %).

ITopiBHSIIBHUIA aHAJIi3 TTOKA3aB, 10 3a HAsSIBHOCTI
OpoHXiaJIbHOI TiNEPPEeakKTUBHOCTI y AiTel 4JacTillie
3yctpiuaBcst reHoTHIT AG — 55,17 %, HiX y Oiteii 6e3
OGpoHXiabHOI TineppeakTBHOCTI — 26,32 %, p < 0,05,

Ta6nuusa 2

examined children (60.4 %), and in children of the con-
trol group — 22.4 % (p < 0.01).

The results of investigations showed that among children
with bronchial hyperreactivity (n =29) GSTM I gene dele-
tion polymorphism was found in 72.41 % (n = 21) of chil-
dren, and among children without bronchial hyperreactiv-
ity —in 36.84 % (n = 7) of children, p < 0.05. In groups of
children with and without bronchial hyperreactivity the
frequency of the GSTTI gene deletion genotype was,
respectively, 31.03 % (n=9) and 21.05 % (n = 4) and had
not statistically significant differences (p > 0.05) (Table 2).

Therefore, as can be seen from Table 2, bronchial
hyperreactivity was more common found in children
whose genotype characterized by the presence of the
GSTM 1 gene deletion variants.

Distribution of the GSTP1 gene polymorphic variants
was analyzed in 48 children-residents of RCA, in the
presence (29 children) or absence (19 children) of
bronchial hyperreactivity. The results of investigations
are given in Table 3.

It was found that in children-residents of RCA with
diagnosed bronchial hyperreactivity, the frequency of
AA-genotype was — 27.59 % (8 children), AG-genotype
— 55.17 % (16 children), GG-genotype — 17, 24 % (5
children), the frequency of the A-allele — 55.17 %, and
G-allele — 44.83 %.

In children without bronchial hyperreactivity, the fol-
lowing frequencies of genotypes by the GSTPI gene were
detected: AA genotype — in 10 children (52.63 %), AG
genotype — in 5 children (26.32 %), GG genotype — in 4
children (21.05 %), the frequency of the A-allele — 25
(65.79 %), G-allele — 13 (34.21 %).

Comparative analysis showed that in the presence of
bronchial hyperreactivity in children the genotype AG
was more common — 55.17% than in children without
bronchial hyperreactivity — 26.32%, p < 0.05, and the

Po3noain nonimopcHux Bapiantie renie GSTT1 i GSTM1 y pitei — mewkaHuis P3T 3a HaABHOCTI a6o BigcyTHOCTI

6poHxianbHOi rineppeakTMBHOCTI
Table 2

Distribution of the GSTT1 and GSTM1 genes polymorphic variants in children-residents of RCA in the presence

or absence of bronchial hyperreactivity

HaseHicTb OpoHXianbHOI rineppeakTUBHOCTI

BincyTHicTb OpOHXianbHOT rineppeakTUBHOCTI

leHoTun (n=29) (n=19)

Genotype Presence of bronchial hyperreactivity (n = 29) Absence of bronchial hyperreactivity (n = 19)
abc. kinbkicTb / number % abc. KinbkicTb / number %

GSTT1 «-» 9 31,03 4 21,05

GSTT1 «+» 20 68,97 15 78,95

GSTM1 «-» 21 72,41* 7 36,84

GSTM1 «+» 8 27,59 12 63,16

[Mpumitka. * — AOCTOBIPHICTb Pi3HML Noka3HWKiB Mix rpynamu (p < 0,05).
Note. * — significant difference between the groups (p < 0.05).
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Ta6nauusa 3

Po3nopgin noniMmopdHux BapiaHTie reHa GSTP1 y piteit — mewkaHuie P3T 3a HaABHOCTI a60 BigcyTHOCTI 6poHXiaNbHOT

rineppeakTUBHOCTI
Table 3

Distribution of the GSTP1 gene polymorphic variants in children-residents of RCA in the presence or absence

of bronchial hyperreactivity

FeHoTUN

HaseHicTb OpoHXianbHoOI rineppeakTUBHOCTI

BipcyTHicTb OpOHXianbHOT rineppeakTUBHOCTI

(n =29) (n=19)
Genotype Presence of bronchial hyperreactivity (n = 29) Absence of bronchial hyperreactivity (n = 19)
a6c. kinbkicTb / number % abc. KinbkicTb / number %
A 8 27,59 10 52,63
AG 16 55,17* 5 26,32
GG 5 17,24 4 21,05
A-anenb / A-allele 32 55,17 25 65,79
G-anen / G-allele 26 44,83 13 34,21

IMpumMiTka. * — HOCTOBIPHICTb Pi3HMLLI NokasHuMKiB Mix rpynamu (p < 0,05).
Note. * — significant difference between the groups (p < 0.05).

a9acToTa reHoTuny A4, HaBITaKy MaJia YiTKy TeHICHIIIIO
1o 3HmkeHHs (27,59 % i 52,63 %, p > 0,05).

Taxum ynHoM, y AG-reteposurot reHa GSTP1 6poHxi-
ajJbHa TiMeppeakTUBHICTh 3ycTpivaiacs BiporigHO 4ac-
Tillle, HIK Y TOMO3UTOT 3 (OYHKILIOHAIBHUM A-anenem.

JlitepaTypHi JaHi TaKoX CBigyaTb MPO HECHPUSITIU-
BUI BIUIUB JeJIALiAHUX aneniB reHiB GSTT'1, GSTM 1 ta
313AG, 313GG reHotuniB reHa GSTPI Ha ¢yHKIIiO-
HaJIbHUI cTaH OpoHxosereHeBoi cuctemu [§8, 10, 11].
BBaxkatoTb, 1110 FeHETUYHO O0YMOBJIEHE 3HUXKEHHS a00
BiZJICYTHICTh aKTUBHOCTI OKpeMHUX (EepMEHTIB Cy-
nepciMeiicTBa IIyTaTioH-S-TpaHcdepas, 30KpeMa IreHiB
GSTTI1, GSTM1 GSTPI1, MmoXyTh OyTH TIOB’SI3aHUMU 3
JeJeiHUM TToTiMOp(i3MOM IINX TeHIB i OyTH YMHHU-
KaMU pU3UKY PO3BUTKY OiJIbII BUCOKOI TilleppeakTHB-
HOCTi OpOHXIB TpY il HECTIPUATAUBUX (DAKTOPiB HaB-
KOJIMIITHBOTO CepeaOBMIIA, Y TOMY YMCJIi, i0HI3yI0UOro
BUIIPOMIHIOBaHHSI Y HU3BKUX 103aX.

BUCHOBKHA

1.V niteit — memikanuiB P3T BusIBIsUIMCS paHi O3HAKKU
NopylIeHb BEHTUJISILIIITHOI CITPOMOXKHOCTI JIET€HiB y BUT-
JISIMi MiABUIIEHHST YaCTOTU OPOHXiaIbHOI TileppeakTUB-
HocTi —y 60,4 %, B rpyri KoHTpomo — 22,4 % (p < 0,01).
2. B miarpymi giteit — mewmkaHuis P3T 3 GpoHxiaib-
HOIO TilepPEaKTUBHICTIO AENCLiHNI TToiMOopdi3M
reHa GSTM 1 i 313AG renotun reHa GSTPI BUsBAsLIU-
cs yacTile, HixX y aiTeil 6e3 OpoHXiaJlbHOI rineppeax-
TMBHOCTi, 4acToTa AejeliiiHoro moJjimopdizmy reHa
GSTTI B 000X TiArpyrax CTaTUCTUYHO 3HAUyIe HE
BigpizHsIacs.

3 IligBuIlleHa YacTOTa paHHIX MOPYIIeHb BEHTUISLIiIA-
HOI CIPOMOXHOCTI JIEreHiB y BUIJISIAI OpPOHXialbHOL
rireppeakTUBHOCTI y miteit — memKkaHiiB P3T acori-

frequency of genotype A4, on the contrary had a clear
tendency to decrease (27.59% and 52.63%, p > 0.05).

Thus, in the GSTPI gene AG-heterozygotes bron-
chial hyperreactivity was probably more common
than in homozygotes with functional A-allele.

Literature data also indicate an adverse effect of
deletion alleles of the GSTT1, GSTM1 and 313AG,
313GG genes of the GSTPI gene genotypes on the
functional state of the bronchopulmonary system
[8, 10, 11]. It is believed that genetically deter-
mined decrease or absence of activity in certain
enzymes of the glutathione-S-transferase super-
family, in particular genes GSTT1, GSTM1 GSTP1,
may be associated with deletion polymorphism of
these genes and be a risk factor for higher bronchial
hyperreactivity under the effect of adverse environ-
mental factors, including ionizing radiation in low
doses.

CONCLUSIONS

1. Early signs of disorders in ventilation lung capac-
ity as increased frequency of bronchial hyperreactiv-
ity were detected in 60.4 % of children-residents of
RCA, and in 22.4 % (p < 0.01) of control group.

2. The GSTM 1 gene deletion polymorphism and the
GSTPI1 gene 313AG genotype were found more often
in the subgroup of children-residents of RCA with
bronchial hyperreactivity, than in children without
bronchial hyperreactivity, the frequency of GSTT1
gene deletion polymorphism in both subgroups had
not statistically significant differences.

3. Increased frequency of early disorders of ventila-
tion lung capacity as bronchial hyperreactivity in
children-residents of RCA is associated with the
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loBaHa 3 HasIBHICTIO JeJieliliHOro noaiMopdiaMy re-
Ha GSTM 1 ta 313AG reHotuny reHa GSTPI, 110 Mo-
’Ke OyTM YMHHUKOM PU3HUKY 3 PO3BUTKY, B IIOAANIBIIIO-
MY, XpPOHIUHOI I1aTOJIOTil OpOHXOJIETeHeBOI CUCTEMM.

CMUCOK BUKOPUCTAHUX OXEPEN

1. MoiceeHko P. O., Cokonoscbka 1. I., Kynbunubka T. K, ByxaHOBCb-
ka T. M. AHani3 Ta TeHAEHLl 3aXBOPIOBAHOCTI AUTAYOr0 HACENEHHSI
Ykpainu. Copementas neauarpus. 2010. T. 31, Ne 3. C. 13-18.

2. Crenanosa E. W., Konnakos W. E., Konapatosa B. I'., BooseHko B.
tO. PanHi Ta BigaaneHi Hacnigkm y aitel, esakyiioBaHux 3 30-kino-
METPOBOI 30HM, Ta MELLKaHLIB PalioakTUBHO 3a0pyOHEHMX Tepu-
TOpii. Memuyi Hacniakm YopHobunbekoi katacTpodu: 1986-2011:
MoHorpadisi / 3a pen. A. M. Cepatoka, B. I'. bebewka, [. A. basu-
ku. TepHonins : TAMY, 2011. C. 750-763.

3. Health consequences of Chornobyl disaster in children exposed to
ionizing radiation and children born to exposed parents / E.
Stepanova, V. Vdovenko, I. Kolpakov et al. Health effects of the
Chornobyl accident — thirty years aftermath / ed. by D. Bazyka,
V. Sushko, A. Chumak, V. Chumak, L. Yanovych. Kyiv : DIA, 2016.
P. 434—-496.

4. Functional state of the respiratory and immune system in children-
residents of the radioactive contaminated territories / . E. Kolpakov,
V. Y. Vdovenko, Y. |. Stepanova et al. Jlik. cnpasa. 2011. T. 1-2.
C. 21-29.

5. Reduced lung function in children associated with cesium 137 body
burden / E. R. Svendsen, I. E. Kolpakov, W. J. Karmaus et al. Ann.
Am. Thorac. Soc. 2015. Vol. 12(7). P. 1050—1070.

6. CruupiH B. A., Boukosckast H. M., Tuutepa I'. K., My3bipesa B. T1.
konoruyeckas reHetuka yenoseka. M. : FOOTAP — Meaua, 2012.
C. 244-283.

7. Biwtak H. B., Mateiiko O. 3. AnenbHuii nonimopdiam reHa mEPHX
SIK MAPKEP CXMbHOCTI 10 GOPMYBaHHS €KOMOMYHO AETEPMIHOBAHNX
cTaHiB y niteit. Joskinns 1a 3gopos’s. 2011. Ne 2. C. 15-19.

8. loposeHko H. I'., Moponsebka C. B., Yephiok H. B. BusHaueHHs Mo-
NEKyNIPHO-reHETUYHNX MapKepiB CNakoBOI CXMALHOCTI 10 BUHMK-
HEHHS! XPOHIYHOTO OOCTPYKTUBHOTO 3aXBOPIOBAHHS NEreHb. Ykpaik-
cukuii nynemoHonorigHui xypHan. 2009. Ne 4. C. 13-16.

9. 3nameHcbka T. K., Moxunbko B. 1., Kosansosa O. M. Acoujai Mix
nonimopdiamom GSTT1, GSTM1, GSTP1 reniB y iHauBiAyymiB Ta
CXWNBHICTIO IX 10 OKPEMMX 3aXBOPIOBAHb (Ornsa nitepatypw). [lepu-
Haronorus n neauarpus. 2012. Ne 3. C. 66—70.

10. Taxka O. B., loposeHko H. I'., CaseHko 0. B. Bnaue nonimopd-
HWX BapiaHTiB reHiB GSTT1, GSTM1 1a GSTP1 Ha nepebir
anepriyHoi natonorii y aiteit. Mpo6nemu cnaagkoBoi Ta MynbTudak-
TOPHOI NATONOrT: MaTepiain HayK.-NpakT. KOHP. 3 MiXHap. yyac-
0. Kuis, 2012. C. 108—109.

11. JocnigxeHHs acouiawi noniMopdiamy reHis CiMencTsa ryTaTioH-
S-TpaHcdepas: GSTM1, GSTT1 1a GSTP1 3 po3BuTKOM OpOHXe-
nereHeBoi avcnnasii Ta notpeboto B pecnipatopHii nigTpumui /
0. M. Kosanbosa, B. I. Moxunbko, 3. |. Poccoxa Ta iH. Heowa-

presence of the GSTM 1 gene deletion polymorphism
and the GSTPI gene 313AG genotype, which may be a
risk factor for further development of chronic
bronchial pathology.

REFERENCES

1. Moiseyenko RO, Sokolovska Yal, Kulchytska TK, Bukhanovska TM.
[Analysis and trends in the incidence of children morbidity in
Ukraine]. Sovremennaya pedyatryya. 2010;31(3):13-18. Ukrainian.

2. Stepanova Yel, Kolpakov [Ye, Kondrashova VH, Vdovenko VYu. [Early
and late consequences in children evacuated from the 30-km zone
and residents of radiation contaminated areas. Serdiuk AM,
Babeshko VG, Bazyka DA, editors. [Medical consequences of
Chornobyl accident : 1986—2011]. Ternopil: Ternopil State Medical
University; 2011. p. 750-763. Ukrainian.

3. Stepanova E, Vdovenko V, Kolpakov |, Svendsen ER, Kondrashova V,
McMahon D M, Litvynets O, Zygalo V, Karmaus WJJ Health conse-
quences of Chornobyl disaster in children exposed to ionizing radiation
and children born to exposed parents. In: Bazyka D, Sushko V, Chu-
mak A, Chumak V, Yanovych L, editors. Health effects of the Chornobyl
accident — thirty years aftermath. Kyiv: DIA; 2016. p. 484-496.

4. Kolpakov IYe, Vdovenko VYu, Stepanova Yel, Bazyka DA, Karmaus
WJJ, Svendsen ER. [Functional state of the respiratory and immune
system in children-residents of the radioactive contaminated territo-
ries]. Likuvalna Sprava. 2011;(1-2):21-29. Ukrainian.

5. Svendsen ER, Kolpakov IYe, Karmaus WJJ, Mohr LC, Vdovenko VYu,
McMahon DM, Jelin BA, Stepanova Yel. Reduced lung function in
children associated with cesium 137 body burden. Ann Am Thorac
Soc. 2015;12(7):1050-1070.

6. Spitsyn VA, Bochkovskaya NP, Gintera GK, Puzyreva VP. [Ecological hu-
man genetics]. Moscow: GEOTAR — Media; 2012. p. 244-283. Russian.

7. Vishtak NV, Hnateyko OZ. [Allelic polymorphism of the mEPHX gene as
a marker of predisposition to the formation of ecologically determined
states in children]. Dovkillya ta zdorovia. 2011;(2):15-19. Ukrainian.

8. Horovenko NH, Podolska SV, Chernyuk NV. [Determination of molec-
ular genetic markers of hereditary predisposition to chronic obstruc-
tive pulmonary disease occurrence]. Ukrainskyi pulmonolohichnyi
zhurnal. 2009;(4):13-16. Ukrainian.

9. Znamenska TK, Pokhylko VI, Kovaliova OM. [Associations between
the polymorphism of GSTT1, GSTM1, GSTP1 genes in individuals
and their susceptibility to certain diseases (literature review)].
Perinatologiya i Pediatriya. 2012; 3:66-70. Ukrainian.

10. Tyazhka OV, Horovenko NH, Savenko YuV. [Influence of polymor-
phic variants of GSTT1, GSTM1 and GSTP1 genes on the course of
allergic pathology in children]. Problems of hereditary and multifac-
torial pathology: scientific-practical conference with international
participation: Proceedings of the conference. Kyiv; 2012. p.
108—109. Ukrainian.

11. Kovalyova OM, Pokhylko VI, Rossokha ZI, Gorovenko NH,
Goncharova YuO. [The research of gene polymorphism of glu-
tathione-S-transferase family association: GSTM1, GSTT1 and

541 ‘&




KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

Tos10riA, Xipyprisi 1a nepuHatanbHa meanumua. 2014. T. 4, Ne 2.
C. 50-57.

12. Prysyazhnyuk V. P., Rossokha Z. I., Gorovenko N. G. Variations of
certain Biochemical blood parameters, cytokine and adypokine
profiles, structural and functional parameters of the liver in nonal-
coholic fatty liver disease patients with different genotypes by the
polymorphic locus A313G of GSTP1 gen. Tsitol. Genet. 2017. Vol.
51, no. 6. P. 50-57.

13. Casenbes b. M., Wupsesa WU. C. ®yHKumoHanbHbIE NapameTpbl
CUCTEMBI AbIXaHWs y AeTeli M NoapoCTKOB: PykoBOACTBO Ans Bpa-
yeit. M. : Memuuwmna, 2001. 231 c.

14. Garte S., Gaspari L., Alexandrie A. K. Metabolic gene polymor-
phism frequencies in control populations. Cancer Epidemiol. Bio-
markers Prev. 2001. Vol. 10. P. 1239—1248.

15. XpyHuH A. B., XoxpuH [. B., JlumbGopckas C. A. Monumopduam re-
HOB TNYTaTUOH-S-TpaHcdepas B NONYNSLMM PYCCKOrO HaceneHus
eBponeiickoin yactn Poccuu. leHetuka. 2008. T. 44. C. 1429—
1434.

16. Kozowyi R. V., Podolska S. V., Gorovenko N. G. The frequency of
alleles in the GSTT1 and GSTM1 genes involve din phase Il of
xenobiotic transformationin long_lived peopleof subcarpathia. Aav.
Gerontol. 2014. Vol. 4. P. 123-127. DOI: https://doi.org/
10.1134/5207905701402009X.

IHOOPMALIA NPO ABTOPIB

CrenaHoBa €BreHisa IBaHiBHA, [OKTOP MEAMYHUX HAyK,
npocecop, 3aBigyBay BipAiny pagiauiinHoi nepgiatpii,
BPO/J)KEHOT Ta CMafKoBoi natonorii, IHCTUTYT KNiHiYyHOT
pagionorii HHLUPM, m. Knis

Konnakos Irop €BreHoBMY, LOKTOP MeLUYHUX HayK,
CTapWwuil HayKoBUN CNiBPOGITHMK, MPOBiIAHMIA HAYKOBMUIA
cniBpo6iTHUK Bigainy papaiauiiiHoi nemiatpii, BpoaKeHoi
Ta cnagkoBoi natosorii, IHCTUTYT KniHiyHOT pagionorii
HHLPM, m. Kunis

BpoBeHko Bitanin OpinoBuy, kaHampat MeguyHmx Ha-
VK, CTapluMi HayKOBMiA CNiBPOBITHUK, NPOBiAHMIA HayKO-
BMIA cNiBpoGiTHUK BigAiny papiauiitHoi nepiatpii, Bpoa-
XeHoi Ta cnagkoBoi natonorii, IHCTUTYT KNiHiYHOT pagio-
norii HHUPM, m. Kuis

3urano Biktop MukonanoBuy, KaHauaat MeauyHuxX Ha-
VK, MONOAWMIA HayKoBMii cniBpoGiTHUK Bigainy papia-
LinHOi nepiaTpii, BpOAXeHOi Ta CMajgKoBOi naTonorii,
THcTuTyT KNiHiYHOT pagionorii HHLUPM, m. Kuis
Konpgpawosa BaneHtuHa [lpuropiBHa, kaHgupat me-
AWNYHUX HayK, BYeHMit cekpeTap IHCTUTYTY KNiHiYHOT pa-
gionorii HHUPM, m. Kuis

JleoHoBuy OneHa CemeHiBHa, 3aBigyBay BigfineHHs
BPOKeHOT Ta cnagkoBoi natonorii, Kninika HHLUPM, m.
Kunis

GSTP1 with the development of bronchopulmonary dysplasia and
necessity in respiratory support]. Neonatology, Surgery and Peri-
natal Medicine. 2014;4(2):50-57. Ukrainian.

12. Prysyazhnyuk VP, Rossokha ZI, Gorovenko NG. Variations of certain
biochemical blood parameters, cytokine and adypokine profiles,
structural and functional parameters of the liver in nonalcoholic fatty
liver disease patients with different genotypes by the polymorphic
locus A313G of GSTP1 gen. Tsitol Genet. 2017;51(6):50-57.

13. Savelyev BP, Shiryayeva IS. [Functional parameters of the respira-
tory system in children and adolescents: a Guide for doctors].
Moscow: Meditsina, 2001; 231. Russian.

14. Garte S, Gaspari L, Alexandrie AK, Ambrosone C, Autrup H, Autrup
JL, et al. Metabolic gene polymorphism frequencies in control popu-
lations. Cancer Epidemiol Biomarkers Prev. 2001;10:1239-1248.

15. Khrunin AV, Khokhrin DV, Limborskaya SA. [Polymorphism of glu-
tathione-S-transferase genes in the population of the Russian pop-
ulation in the European part of Russia]. Genetika. 2008;44:1429-
1434. Russian.

16. Kozowyi RV, Podolska SV, Gorovenko NG. The frequency of alleles in
the GSTT1and GSTM1 genes involved in phase Il of xenobiotic trans-
formation in long-lived people of subcarpathia. Adv Gerontol. 2014;
4:123-127. DOI: https://doi.org/10.1134/S207905701402009X.

INFORMATION ABOUT AUTHORS

Yevgenia I. Stepanova, Doctor of Medical Sciences, Pro-
fessor, Head of the Department of Radiation Pediatrics,
Congenital and Hereditary Disease, Institute of Clinical
Radiology, NRCRM, Kyiv, Ukraine

Igor Ye. Kolpakov, Doctor of Medical Sciences, Senior
Scientific Researcher, Leading Research Associate, De-
partment of Radiation Pediatrics, Congenital and Heredji-
tary Disease, Institute of Clinical Radiology, NRCRM, Kyiv,
Ukraine

Vitaly Yu. Vdovenko, Candidate of Medical Sciences,
Senior Scientific Researcher, Leading Research Associ-
ate, Department of Radiation Pediatrics, Congenital and
Hereditary Disease, Institute of Clinical Radiology,
NRCRM, Kyiv, Ukraine

Victor M. Zyhalo, Candidate of Medical Sciences, Depart-
ment of Radiation Pediatrics, Congenital and Hereditary
Disease, Institute of Clinical Radiology, NRCRM, Kyiv,
Ukraine

Valentyna G. Kondrashova, Candidate of Medical Scien-
ces, Scientific Secretary of the Institute of Clinical
Radiology, NSCRM, Kyiv

Olena S. Leonovych, Head Department of Congenital
and Hereditary Diseases, Clinic of NRCRM, Kyiv, Ukraine

Cmamms Hadiiiuina do pedaxuii 3.03.2020

Received: 3.03.2020

(1) 542



