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3MIHU '’EHHOI EKCITPECII, ACOLIIMIOBAHI 3
HEINYXJIIMHHUMUN EOEKTAMU BIJJAJTEHOTI'O ITEPIOLY
ITICJIAA OITPOMIHEHHSA B YYACHUKIB JIIKBIJAILIIT
HACJIILIKIB ABAPII HA YAEC

MeTta: BCTaHOBMTM 3B'A30K pafialiiHO-acouilioBaHMX MOpYLWEHb FeHHOT eKcnpecii 3 peanizoBaHOl NaToONOriEw
OpoHxoereHeBoi Ta CepLeBO-CYAMHHOT CUCTEM B y4acHUKiB nikeigauii Hacnigkis aBapii (JIHA) Ha YAEC.
Marepianu i metoau. 06cTexxeHo 314 yyacHukis JIHA Ha YAEC 1986-1987 pp. (ocHoBHa rpyna) 4onosiyoi cTati 3
Pi3HMMM HO30/10TIYHUMM hOPMAMMK CepLEeBO-CYAUHHOT Ta GPOHXONEereHeBoT NaTonorii Ta 50 0cib6 KOHTPONbHOT rpynu.
BikoBa xapakTepucTuka: ocHoBHa rpyna — (58,94 + 6,82) pokis (M + SD); 33/79 pokiB (min/max), KOHTpONIbHA
rpyna — (50,50 + 5,73) pokie (M + SD); 41/67 pokis (min/max). [lo3n 30BHilWHbOTrO ONPOMiHEHHSA 0Ci6 OCHOBHOT
rpynu: (411,82 + 625,41) m3B (M + SD); 1,74/3600 m3B (min/max). [poBeAeHO BM3HAYeHHA BiAHOCHOTO PiBHSA
ekcnpecii reHis: BCLZ, CDKNZ2A, CLSTNZ, GSTM1, IFNG, IL1B, MCF2L, SERPINBY, STAT3, TERF1, TERF2, TERT, TNF, TP53, CCND1,
CSF2, VEGFA y neitkoumTax nepucepmyHoi KpoBi METOA0M nofiMepasHoi NaHLloroBoi peakuii y peansHomy yaci (7900
HT Fast Real-Time PCR System (Applied Biosystems, USA)). BusHaueHHs acouiauii «reH-3axBOptoBaHHA» NPOBEAEHO
Ha CTaTUCTUYHMX MOJENsX, CTPAaTU(iKOBAHUX OKPEMO [/l KOXHOIO 3aXBOPIOBAHHA Ta reHa. JlorictuyHa perpecis byna
BMKOPMUCTAHA Ans po3paxyHKy KoedilieHTiB WaHCiB.
Pe3ynbratn. B 0ocib OCHOBHOT rpynu, XBOpMUX Ha ileMiyHy xBOpoOy cepls BUsBAEHi NMifBULIEHHS eKcnpecii reHa
GSTM1 Ta BigcyTHiCTb 3MiH reHHoi ekcnpecii VEGFA. B rpyni xBopux Ha rinepToHiuyHy XxBopoOy BM3HAYeHO rinep-
eKkcnpecito reHiB TP53, VEGFA Ta IFNG. MNpu noefHaHHi JaHWX 3aXBOPIOBAaHb BCTAHOBJIEHO MiABUIEHHSA eKCNpecii reHiB
CSF2, TERF1, TERF2. BusiBneHi 3MiHU BeMOHCTPYIOTb BKIIOYEHHSA CUCTEMU OKUCHOTO FOMEOCTasy y XBOPUX HA ileMiyHy
XBOPOOY cepus, Tofi AK rinepToHiYHa XBOpoOa aCoLitOETHCS 3 eKCMPECi€lo reHiB aHrioreHe3y Ta iMyHHOT0 3anaieHHs.
B yuyacHukis JIHA Ha YAEC 3 6poHxoiereHeBolo NaTtoNori€lo BCTAHOBNIEHO 3POCTAHHsA eKCMpecii reHis, nos'a3aHux 3
anonTo3oM Ta KiHa3How akTusHicTio (BCLZ, CLSTNZ, CDKN2A), imyHHuM 3ananenHam (CSF2, IL1B, TNF); ekcnpecis reHa
TP53 Ta reHa GSTM1, noB’A3aHOr0 3 CMCTEMOI MyTaTioHy, Oyna AOCTOBIPHO MiABWLLEHOI B TPyni 0Ci6 3 XPOHIYHWUM
OpOHXiTOM, TOAI AK Y XBOPMX Ha XPOHiYHe OOCTPYKTMBHE 3aXBOPIOBAHHA NereHb MiABUWEHHA HE BU3HAYanocs;
3HUXKeHolo Byna ekcnpecis reHis SERPINB9 1a MCF2L.
BucHoBKU. Bu3HaueHo 3MiHWM eKkcnpecii reHiB, acouiiioBaHi 3 PO3BUTKOM COMATMYHOI MaTooOrii y BigganeHomy
nepiofi nicna onpoMiHeHHsA, 30KpeMa reHiB iMyHHOT BignoBigi Ta 3ananbHux peakuin CSF2 IFNG, IL1B, TNF; ekcnpecii
reHiB-perynatopis KniTMHHOT nponicdepauii, ctapiHHa Ta anonto3y TP53, BCL2, MCF2L, CDKN2A, SERPINBY, TERF1, TERF2,
TERT; reHiB-perynaTopiB KNiTUHHOT aaresii Ta aHriorenesy CLSTNZ, VEGFA.
KnioyoBi cnoBa: reHHa ekcnpecis, comaTuyHa nartonoris, pagiauis, YopHoOunb.
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CHANGES IN GENE EXPRESSION ASSOCIATED WITH
NON-CANCER EFFECTS OF THE CHORNOBYL CLEAN-UP
WORKERS IN THE REMOTE PERIOD AFTER EXPOSURE

Objective: to establish the connection of radiation-induced changes in gene expression with the realized patholo-
gy of the broncho-pulmonary and cardiovascular systems in Chornobyl clean-up workers.
Materials and methods. We examined 314 male Chornobyl clean-up workers (main group; age (58.94 + 6.82) years
(M £ SD); min 33, max 79 years; radiation dose (411.82 + 625.41) mSv (M + SD); min 1.74, max 3600 mSv) with va-
rious nosological forms of cardiovascular and broncho-pulmonary pathology (BPP) and 50 subjects of the control
group: age (50.50 + 5.73) years (M + SD); min 41, max 67 years. The relative level of BCL2, CDKN2A, CLSTNZ, GSTM1,
IFNG, IL1B, MCF2L, SERPINBY, STAT3, TERF1, TERF2, TERT, TNF, TP53, CCND1, CSF2, VEGFA genes expression was determined in
peripheral blood leukocytes by real-time PCR (7900 HT Fast Real-Time PCR System (Applied Biosystems, USA)). The
«gene-disease» association was determined on statistical models stratified separately for each disease and gene.
Logistic regression was used to calculate the odds ratio.
Results. Increased GSTM1 gene expression and no changes in angiogenesis-related VEGFA gene expression were
found in the main group of patients with coronary heart disease (CHD). It was established overexpression of TP53,
VEGF and IFNG genes in the group of patients with arterial hypertension (AH). At combination of these diseases an
increase of expression of CSF2, TERF1, TERF2 genes was established. The detected changes demonstrate an activation
of the antioxidative defense system in patients with CHD, while AH is associated with the expression of genes of
angiogenesis and immune inflammation. It was shown an increase in the expression of genes associated with apo-
ptosis and kinase activity (BCL2, CLSTNZ, CDKN2), immune inflammation (CSF2, IL1B, TNF) in Chornobyl clean-up
workers with BPP. Expression of TP53 and GSTM1 (gene, associated with the glutathione system) was significantly
upregulated in the group of individuals with chronic bronchitis, whereas in patients with chronic obstructive pul-
monary disease, no increase was detected; the expression of SERPINB9 and MCF2L genes was downregulated.
Conclusions. Changes in the expression of genes, associated with the development of somatic pathology in the
remote period after irradiation, in particular the genes of the immune response and inflammatory reactions CSF2,
IFNG, IL1B, TNF; expression of genes that regulate cell proliferation, aging and apoptosis TP53, BCLZ, MCF2L, CDKNZ2A,
SERPINBY, TERF1, TERF2, TERT; genes that regulate cell adhesion and angiogenesis CLSTNZ, VEGF.
Key words: gene expression, somatic pathology, radiation, Chornobyl.
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BCTYII

[TpoTsiroMm 0CTaHHBLOTO ASCATUIITTSI HAYKOBI JOCTiIKEH -
Hs y raiysi pagiauiiiHoi 6e3rneku, Oyau CrpsiMOBaHi Ha
MOLIYK HOBUX OiomapkKepiB, SIKi JO3BOJSITh LIBUIKO Ta
BUCOKOIIPOAYKTUBHO OLIIHIOBATU 03y OIPOMiHEHHSI.
bausbko 20 pokis Tomy S. A. Amundson Ta iH. [1] npu-
MYCTWJIY, 1110 BiIHOCHI PiBHi €KCIIpecii reHiB y KIiTUHaX
nepudepraHoi Kposi (I1K) mogmHn MOXKyTh BUKOPHUCTO-
BYBaTHCH, K OioMapKepy 30BHIIITHHOTO ONPOMiHEHHS. 3
TUX Mip, BIAKPUTTS i OLIiIHKA HOBUX I'€HiB, JIJIsI SKUX TpaH-
CKpUIILiiiHa eKcIipecis Moxe OyTM MOAY/JIbOBaHa ITOLLI-
komxkeHHsM JIHK B mijsiomy i 30KkpeMa iOHi3ylOuuM BU-
npominioBaHHsAM (IB), 3Hauno 3pocna. JlocmimkeHHIMHI
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INTRODUCTION

Over the last decade, a research in the field of radi-
ation biology was focused on search of the new
biomarkers that allow quickly and highly produc-
tively assess the radiation dose. About 20 years ago,
S. A. Amundson et al. [1] suggested that the rela-
tive levels of gene expression in human peripheral
blood (PB) cells can be used as biomarkers of
external irradiation. The number of identified new
genes, for which transcriptional expression can be
modulated by the DNA damage in general and
ionizing radiation (IR) in particular has increased
significantly. The NATO and RENEB studies con-
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3a niporpamaMu NATO ta RENEB niaTBepakeHO Beu-
KU MOTeHIiaJl BU3BHAUYEHHSI TeHHOI eKCIpecil y JielKo-
nurax 1K B sikocTi 6ioMmapkepy BBy 1B, nis 3abes3mne-
YeHHs IIBUAKOI OLIIHKM AO3M OIPOMiHEHHS Y BEJIMKOI
KITbKOCTI iHAMBIAYyyMiB [2, 3]. Bynu nmposeaeHi maciuTad-
Hi TeHOMHi TOCIiI>)KeHHSI 1)1 BUSIBICHHS Yy TJIMBUX JIO OIT-
POMiHEHHSI TeHiB y Pi3HUX YaCOBUX i 1O30BUX iHTEpBaJIaX.
BusnaueHo 74-reHHUi Mmignuc, SKUR BiIpi3HSIE YOTUPU
no3u onpomiHeHHs (0,5; 2; 5 ta 8 Ip) i koHTposb. [TaTTep-
Hu excmpecii w'stu reHiB (CDKNIA, FDXR, SESNI,
BBC3 ta PHPTI) 3 1p0r0 TEHHOTO TIAINACY TaKOX OYITn
MiATBEPIKEH] 3a MOIOMOIOI0 MOJliMepa3HOJIaHIIIOIOBOI
peaxiliii y peasibHoMy 4aci [4]. G. O’Brien Ta iH. [5] Briep-
11I€ MPOJAEMOHCTPYBAJIM in Vivo JO30BY peakllilo, 110 MOo-
Kazye 3ajieXXHicTb ekcrpecii reHa FDXR HaBiTh Bif ayxe
HU3BKUX 103 a00 YaCTKOBOI'O OIPOMIHEHHSI OpraHi3my, 3
TMOTY>KHOIO KOPEJIALIi0 MiX (Di3UYHO i Oi0J0TiYHO OlliHe-
HUMHU A03aMU. ABTOPU IOBIIOMWJIM TPO BUCOKY YyT-
JnuBicte FDXR no 1B Ha piBHI TpaHCKPUIILII, SIKMA 3a0e3-
revye TOYHI OLIHKM 103U in vivo. Hocnimkenns M. P.
Hande Ta in. [6], C. R. Mitchell ta iH. [7] 3 BUKOpucTaH-
HSIM CKJIQIHUX METO[IB MapKyBaHHs xpoMocoM (mBand
ta mFISH) mokazamm, mo iHTepXpoMOCcOMHi abeparii B
JiMdouuTax 30epiraloTbCs IPOTATOM 0OaraTboX pPOKiB
micyst mpodheciitHOro OnMpoOMiHEHHSI.

Acoliallis ekcrpecii reHiB 3 HENMyXJIMHHUMU XPOHiu-
HUMU 3aXBOPIOBAaHHSIMU BCTAHOBJIEHA Yy MpalliBHUKIB
BUPOOHUYOTO 00’emHAaHHS «Masik», sIKi OyJIM OIMpoMi-
HEHi BHACTIAOK CBO€EI podeciiiHoi aisuibHOCTI. CTaTuC-
TUYHI Mozelli Oyau cTpaTugiKoBaHi OKPEMO 3a BiKOM,
CTaTTIO, BUJIOM 3aXBOPIOBAHHSI 1 OITpoMiHeHHs1. byJio mpo-
J€MOHCTPOBAHO AOCTOBIPHY 3aJIeXKHICTh YCiX acollialliii
3 pafiallifHUM OMPOMiHEHHSIM i CTaTTIO, 1110 € 10Ka30M
TOTO, 1110 3MiHU T€HHOI €KCIPECii, SIKi CIOCTepiraloThCs
TiCJIsI TPUBAJIOTO TIPOoeCiifHOTO OIMPOMiHEHHS, MOXYThb
30iMBIINTA PU3UK PO3BUTKY HEMYXJIMHHUX XPOHIUHUX
3axBOpPIOBaHb [8].

ITpobaema HaciaKiB BILIMBY HU3bKUX 403 paiallil Ha
310pOB’S TIOAWHNY TicsIsT YopHOOMIIBLCHKOT KaTacTpodu,
aBapii Ha DyKkyciMi, He MOKe BBaxKaTUCsl BUPILICHOIO,
OCKiJIbKM HEeMa€ TMEeBHOCTI, 1IOA0 BIJIMBY HU3bKUX 103
pamianii Ha pu3MK PO3BUTKY HEPaKOBUX 3aXBOPIOBAaHb,
30KpeMa MyJIbMOHOJIOTIYHOI Ta CepleBO-CYIUHHOI Ta-
toJioriii (CCII), gki, mopsia 3 pakoM, 3aliMaroTh Tepii
MiClIsT Y CTPYKTYpi CMepPTHOCTI TocTpaxnanux. [lpu
BUBYEHHI 3B’SI3Ky T€HHOI eKCIIpecii 3 103010 OIpo-
MiHEHHS BifjajeHOTro mepiody, y IOIepeaHiX Hallux
JOCJIIKEHHSIX, BCTAHOBJIEGHO 10303aJIeXKHE 3HUKEHHS
ekcrpecii reHiB BCL2, SERPINB9, CDKN2A ta STAT3,;
nigBuieHHs excnpecii MCF2L. T'imepekcmpeciio reHa
TP53 i akTuBaLito reHa iMmyHHoro 3anajeHHs /L 1B Bu-
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firmed that the use of gene expression in PB leuko-
cytes as a biomarker of IR has great potential
because they can be used to provide a rapid dose
estimate for a large number of individuals [2, 3].
The whole genome microarray expression pro-
filing were performed to detect radiation-sensitive
genes at various time and dose intervals. A 74-gene
signature was identified that distinguishes between
four radiation doses (0.5, 2, 5 and 8 Gy) and con-
trols. Expression patterns of five genes (CDKNIA,
FDXR, SESN1, BBC3 and PHPTI) from this sig-
nature were also confirmed by real-time PCR [4].
G. O’Brien et al. [5] proposed the first in vivo dose
response reaction, that showing the dependence of
FDXR gene expression even on very low doses or
partial irradiation of the body, with a strong corre-
lation between physically and biologically evaluat-
ed doses. The authors reported a high sensitivity of
FDXR to IR at the transcription level, which pro-
vides accurate dose estimates in vivo. The study by
M. P. Hande et al. [6] and C. R. Mitchell et al. [7]
using complex chromosome labeling methods
(mBand and mFISH) showed that interchromoso-
mal aberrations in lymphocytes persist for many
years after occupational irradiation.

The association of gene expression with non-can-
cer chronic diseases was established in employees
of the Mayak Production Association, who have
been irradiated as a result of their professional
activities. Statistical models were stratified sepa-
rately by age, sex, type of disease and exposure.
There has been a significant relationship between
all associations with radiation and sex, which is
evidence that changes in gene expression observed
after prolonged occupational exposure may in-
crease the risk of developing non-cancer chronic
diseases [8].

The problem of the effects of low-dose radiation
on human health after the Chornobyl accident, as
well as after the Fukushima accident, isn’t
resolved, as there is no certainty about the effects
of low-dose radiation on the risks of cancer, pul-
monary and cardiovascular pathology (CVP),
which, along with cancer, occupy the first place in
the structure of mortality of exposed population.

In our previous studies of the relationship between
gene expression and radiation dose at a late period
after exposure, we found a dose-dependent decrease
in BCL2, SERPINBY, CDKN2A, and STAT3 gene
expression; with an increase in expression of MCF2L.
An overexpression of the TP53 gene and activation of
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SIBJIEHO y IIATPYIi yYaCHMKIB JIiKBimalii HacaiaKiB
aBapii (JIHA) na YAEC, onpoMiHeHuUX B iHTepBali 103
1o 100 m3B [9].

Ha croronHi BctaHOBJIEHO, 1110 1B € omHMUM 13 YMHHUKIB,
1110 30UTBIIYE PU3KK 3JIOSIKICHUX HOBOYTBOPEHbB, 30KpeMa
paky JiereHs [10]. ¥V psigi gociimkeHb, BUKOHAHUX Cepefl
0ci0, sIKi nmepexxuin aToMHe 6omOapayBaHHs B AnoHii, a
TaKOX cepe/l Mali€HTiB, SIKi 3a3HaJIA 1iarHOCTUYHOTO i Te-
pareBTUYHOIO ONMPOMIHEHHS, BCTAHOBJEHO 3B’SI30K MiX
pamialiifHIM BIUIMBOM Ta PO3BUTKOM HEITyXJIMHHUX 3aX-
BOPIOBaHb opraHiB nuxaHHsd [11, 12]. Y npaiiBHUKIB TTim-
MPUEMCTBA aTOMHOI TTpomMuciioBocTi BO «Masik», 1110 mo-
yaju TPYAOBY AiSIZIbHICTh B POKU 3aITyCKY i OCBOEHHST BU-
pOOHMITBA, KOJIM pafdialiifHa cuTyallis Oyja HeCHpusT-
JINBOIO, BUSIBJICHO PO3BUTOK ITHEBMOCKJIEPO3Y, iHIYKOBa-
HOTO O-BUITPOMiHIOBAaHHSIM y BMCOKHUX J03aX Bil iHKOP-
MOPOBAHOIO IUIYTOHI10-239, a TaKOX MiABUILIEHUI PU3UK
paky JiereHiB [13, 14]. Ony0OaikoBaHi JaHi, 110 CBiIYaTh
po BILUIMB PagioaKTUBHOIO MUY Ha CTaH OpOHXOJIEreHe-
BOI CMCTEMM Y JIiKBimaropiB aBapii Ha YOpHOOMIbCHKiit
AEC, mpote NpoBimTHY poJjib Y BUHUKHEHHI XpPOHIYHOTO
oponxity (Xb) y 1€l Kateropii ocid BinBOAATH MaiHHIO i
nonepeTHLOMY TIpodeciiiHOMY KOHTaKTy 3 BAPOOHUYNMU
daxkropamu [15, 16]. Ha choroaHi nmepeKoHJIMBUX TOKa3iB
BIUIMBY [B B Maux i cepeHix 103ax Ha piBeHb 3aXBOPIO-
BAHOCTI i CMEPTHOCTI EpPCOHATY aTOMHOI ITPOMUCJIOBOCTI
BiZ XBOpoO opraHiB nuxaHHs HeMae [17, 18].

Xoua TpamuiliiiHa nediHilisi XpOHIYHUX 3aXBOPIOBaHb
OpraHiB IMXaHHS, 30KpeMa XpOHiYHEe OOCTPYKTHUBHE 3aX-
BoptoBaHH JereHb (XO3JI) rpyHTYeTbCs Ha MTOKa3HUKaX
JUXaabHOI (DYHKIIiT, 3pOCTa€ KiJIbKIiCTh POOIT, sIKi CBiT4aTh
PO MEPCHEKTUBHICTh MOCTIIKEHHSI MOJIEKYJISIPHUX Me-
xaHi3miB mintuniBe XO3JI, sKi 3a1uIIal0ThCsl 3HAUYHOIO
Mipoto HeBimoMuUMU. IOCHiIKEHHSI TEHHOI EKCIIpecii y
neiikounTax 1K KypliB Ta KOJMILIHIX KYypLiB MOKa3ajao
HasIBHICTh TeHETUYHUX MPeIUKTOPiB po3BUTKY XO3J1. by-
Jo ineHtudikoBaHo 1013 reHiB, sKi BiIpi3HSIM KYPILB i
KoauHixX KypuiB 3 XO3JI Ta 3a BiACYyTHOCTI JaHOI MaTo-
sorii. Lleit HaGip mpeanKTOpiB OYIIO 3BEIEHO N0 IEB’ ATH-
reHHoro kinacudikaropa (/L6R, CCR2, PPP2CB, RASSF2,
WTAP, DNTTIP2, GDAPI, LIPETa RPL14)[19]. S. Poliska
Ta iH. [20] Oy1u igeHTHU(iKOBaHI HAOOPHU T'eHiB B albBEO-
JIIpHUX Makpodarax i reprdeprndyHruX MOHOIMTAX, SIKi
cneuudiyHo mop’s3aHi 3 XO3JI. Mix nBoma TUmaMu
KJITUH iCHYBaJIA T€HM, IO MepeKkpuBaroThcs. OTpruMaHi
aBTOpaMU JaHi MoKa3aiu, 1o xapakTepHi m1st XO3J1 ocob-
JIMBOCTI TEHHOI eKCIIpecii B aIbBEOJIIPHIX MaKpodarax i
nepudepuyHUX MOHOLIMTAX KOPEIIOITh 3 BilCOTKOM
MPOTHO30BaHOI0 00’eMY (hDOPCOBAHOTO BUIOXY.

XBOpOOM CHUCTEMU KPOBOODIry € IMPOBIIHOIO T100ab-
HOIO MIPUYMHOIO cMepTi. ICHYIOTh YnclieHHi (haKTopu pr-

gene-regulator of immune inflammation /L1B was
detected in a group of Chornobyl clean-up workers
exposed to doses up to 100 mSv [8].

To date, it has been established that IR is one of
the factors that increase the risk of malignant neo-
plasms, in particular lung cancer [10]. A number
of studies among patients exposed to diagnostic
and therapeutic radiation, have established a link
between radiation exposure and the development
of non-cancer respiratory diseases [11, 12].
Employees of Mayak Production Association, who
started working during the years of start-up and
development of production, when the radiation
situation was unfavorable, revealed development
of pneumosclerosis induced by a-radiation in high
doses from incorporated plutonium-239, as well as
an increased risk of lung cancer [9, 13, 14].
Published data indicating the influence of radioac-
tive dust on the broncho-pulmonary system in
clean-up workers of the Chornobyl accident, but
the leading role in the occurrence of chronic bron-
chitis (CB) is attributed to smoking and previous
professional contact with professional hazards [15,
16]. To date, there is no convincing evidence of the
impact of IR in small and medium doses on inci-
dence and mortality rates of nuclear industry per-
sonnel from respiratory diseases [17, 18].

Although the traditional definition of chron-
ic respiratory diseases, in particular chronic
obstructive pulmonary disease (COPD), is
based on indicators of respiratory function,
there is an increasing number of studies, which
suggest the prospects for investigation the
molecular mechanisms of COPD subtypes, that
remain largely unknown. 1013 genes were iden-
tified that distinguished smokers and former
smokers with or without COPD. This predictor
set was reduced to a nine-gene classifier (/L6R,
CCR2, PPP2CB, RASSF2, WTAP, DNTTIP2,
GDAPI, LIPE and RPL14) [19]. S. Poliska et al.
[20] have identified gene sets specifically asso-
ciated with COPD in alveolar macrophages and
peripheral monocytes. There were overlapping
genes between two cell types. The data
obtained by the authors showed that COPD-
specific gene expression signatures in alveolar
macrophages and peripheral monocytes corre-
late with percent of predicted volume of forced
expiration.

Cardiovascular diseases (CVD) are a leading
global cause of death and are connected to
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3UKYy JJI CeplLeBUX 3axBOploBaHb. JlesKi 3 HMX MaloThb
KOHTpPOJILOBAHUM XapakTep, TaKi sIK CIOCIO XUTTS, TTOpy-
IIeHHS 00MiHy pe4oBHH [21]. IHIII € HEKOHTPOJIILOBAHUMM
MOCTIHHUMU (PaKTOpaMU PU3MKY, TaKi SIK CTaTh, BiK i TeHe-
TAYHA CXWJIBHICTB [22, 23]. ITopsia 3 1uM icHYIOTh (hakTo-
PU HABKOJIMIIHBOTO CEPEIOBUIIIA, SIKi MiABUILYIOTh PU3U-
KA PO3BUTKY KapHiOBacKYJSIPHUX 3aXBOPIOBaHb, CEpel
gakux € IB. HaiiGinbin paHHi gaHi, 1110 BKa3ylOTh Ha pafia-
LiifHY iHIYKOBaHICTh XBOPOOM ceplisl OTPUMaHi MpHU J0-
CTIKEHHI BigJaJeHMX pe3y/ibTaTiB MPOMEHEBOI Tepartii
npu JIIKYBaHHI 3/I0SIKICHUX 3aXBOPIOBaHb, 30KpeMa, paKy
MOJIOUHOI 3a51031 [24] a00 xBopobu XomxkkKiHa [25]. [TaTo-
JIoril cepus MicAs BHCOKOIO30BOTO OMPOMIHEHHS B
KJIiHIYHMX JOCJIiIPKEHHSIX BKTIOYAIU MPSIME YPaKeHHsI KO-
pOHapHUX apTepiit, pibpo3 meprKapaa i Miokapaa, Criaiiku
nepuKapaa, ypakeHHsI MiKpOCyIVH Ta CTEHO3 KJIaraHiB.

HemonaBHo mpoBefeHi OOCTiIXEeHHS MoKa3aiu, 110
yacrtoTa imeMivyHoi xBopoou cepiist (IXC) 3HauyHO 3011b-
IIYETHCS HaBiTh MpU Ao3ax ornpoMiHeHHT < 2 Ip y xXi-
HOK, SIKi MPOMIIIM MPOMEHEBY Teparlilo paKy MOJOUYHOIL
3ayio3u [26]. binbin Toro, pamiaiiitHo-iHIyKOBaHi ypa-
JKEHHSI ceplig 3ajexKaTh He TiJIbKU Bijl 103U Ha ceplie, aJie
i Bl H03U Ha JiereHi, ocCOOJMBO B KJIiHIYHMUX YMOBAX,
KOJIY 3aCTOCOBYIOThCS BUCOKI MiclieBi 1o3u [26, 28]. Lle
JOJATKOBO YCKJIAAHIOE OLIHKY BiAIMOBiAi Ha pamialliii-
HUI BIUIMB y Aiana30Hi HU3bKKUX A03. 30KpemMa, TO0CiI-
JKeHHSI TPUBAJIOCTI KUTTS THX, XTO BVDKUB IIiCJISI aTOM-
Horo 6oMbapayBaHHs B AmoHil, Ta emigeMioJoriyHi 10-
CJIiIKEHHS MpaLliBHUKIB aTOMHOI1 cTaH1il «Mask» B Po-
cil moKa3ylTh, 110 1031, HabaraTo MeHILli, HiX Tepen-
Oauajocd paHilie, MOXYTh 30iTbIINTHA PU3NK iH(MAPKTY
MioKappaa Ta iHCyabTy [29—32].

binblicTs enigeMioNoTiYHUX JaHUX MiATBEPIXKYIOTh
JIiHiliHYy 0€3IMopOoroBy BiAMOBiAb HA M03y ONPOMiHEH-
H. [TpoTe Oya0 mokKasaHO, IO TiJIbKU IOCTpi 200 Ky-
MYJIATUBHI 1031 ~0,5 Ip i BUIllle, 3HAYHO MiIBUIIYIOThH
PU3UK PO3BUTKY XBOPOO ceplisl, TOAI SIK BeJIMUMHA PU-
3UKYy HMXYE L€l 03U € HEBU3HAYEHOlO, i IMOpir He
MOXXHa BUKITIOUNTH. Xoua pu3nk po3BuTtky CCII B ma-
JIUX i cepeliHiX J03ax OyB peTeJbHO MpoaHali30BaHUM
[22—24], moeagHaHHS 6€3Ji4i CYMyTHiX YUHHUKIB pU-
3UKY PO3BUTKY XBOPOO ceplisl YCKJIAAHIOE emigeMio-
JIOTiIUHi AOCHiIXEHHS BUSIBJIEHHS IiABUILIEHUX DPU-
3ukiB B go3ax < 0,5 Ip. ExcnepumeHTanbHi IOCHTif-
JKEHHSI Ha TBapuHaX i KJIiTUHaxX HeoOXiAHi He TiJbKU
JUTSL TPaBUJIbHOI €KCTpanoJsliii OLliHOK pU3KKIB, ajie i
IS 3’SICyBaHHS Oi0JOTiYHMX MEXaHi3MiB i po3po0OKHu
TepareBTUMYHUX KOHTP3aXoAiB. TaKuM YMHOM, PU3UKU
LIMX 3aXBOPIOBaHb 3HAYHO MiABUIIEHI B MOMYJISILisSIX,
110 3a3HaioTh BIMBY IB, age MmexaHizamMu 1ue He
MMOBHICTIO 3’SICOBaHi.

numerous risk factors. Some of them could be
under control such as lifestyle, metabolic disor-
ders [21]. Others are uncontrolled constant risk
factors, such as gender, age and genetic predis-
position [22, 23]. In addition, there exist envi-
ronmental factors like radiation dose that
increase the risk of CVD. The earliest data indi-
cating radiation induction of heart disease have
been obtained in the study of long-term results of
radiation therapy in the treatment of malignant
diseases such as breast cancer [24] or Hodgkin’s
disease [25]. Cardiac pathology after high-dose
irradiation included coronary artery disease,
pericardial and myocardial fibrosis, pericardial
adhesions, microvascular lesions and valve
stenosis.

Recent studies have shown that the incidence of
coronary heart disease (CHD) increases signifi-
cantly even at radiation doses < 2 Gy in women
who have undergone radiation therapy for breast
cancer [26]. Moreover, radiation-induced heart
damage depends not only on the dose to the heart,
but also on the dose to the lungs, especially in cli-
nical settings when high local doses are used [26,
28]. This further complicates the assessment of the
response to radiation exposure in the low dose
range. In particular, studies of the life expectancy
of survivors of the atomic bombing in Japan and
epidemiological studies of workers at the «Mayak»
Production Association in Russia show that doses,
much lower than previously, could increase the
risk of myocardial infarction and stroke [29—33].

Most epidemiological data support a linear non-
threshold response to radiation exposure.
However, it have been shown, that only acute or
cumulative doses ~0.5 Gy and higher, significantly
increase the risk of heart disease, while the magni-
tude of the risk below this dose is uncertain and a
threshold cannot be ruled out. Although the risk of
CVD after small and medium doses has been care-
fully analyzed [22—24], the combination of many
concomitant risk factors for heart disease compli-
cates epidemiological studies for identifying
increased risks at doses less than 500 mGy.
Experimental studies in animals and cells are
needed not only to correctly extrapolate risk
assessments, but also to clarify biological mecha-
nisms and development of therapeutic counter-
measures. Thus, the risks of this disease are signif-
icantly increased in populations, exposed to IR,
but the mechanisms are not yet fully understood.
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HeobxingHo Oisbllle AOKa3iB, 1100 3pOOUTH BHCHOBOK,
YU € OMPOMiHEHHS (haKTOPOM, SIKW 30i/IbIIYE 3aXBOPIO-
BaHICTh Ha HEPaKOBY MATOJIOTIIO i TTOB’sI3aHy 3 HEIO CMEPT-
HicTb. [eHHa eKcrpecis € YyTJUBUM iHIUKATOPOM SIK CO-
MaTUYHUX MOPYIIeHb B OpraHi3Mi JIIOOWHU, TaK i pamia-
LiAHOTO BIUIMBY, a peajli3allisi FCeHOMHMX TeXHOJIOTii, He-
JOCTYITHUX paHillle, MOKe TTPOJIMTH CBITJIO Ha 3B’ 130K MixK
03010 OIPOMiIHEHHS, TCHETUYHUMHU 3MiHAMM Ta BUHUK-
HEHHSIM HepaKOoBOI IaToJIorii. BUCBITIEHHIO BKa3aHUX 3a-
KOHOMIpHOCTE i MPUCBIYEHO 1€ AOCTiIKEHHS.

META
BcraHoBUTH 3B’S30K pafialliiiHO-iHAYKOBaAaHUX ITOpY-
IIEHb TeHHOI eKcIipecii 3 peani30BaHOIO MATOJIOTIEID

OPOHXOJIETEHEBOI Ta CEPLIEBO-CYJIMHHOI CUCTEM B yyac-
HukiB JIHA na HAEC.

MATEPIAJIN TA METOJIN

MartepianoM AJist IpOBeAeHHS MOJEKYJISIPHO-T€HETUUHUX
nociimkeHb oynu gerikounTu [1K 314 yuacHukiB JIHA Ha
YAEC 1986—1987 pp. (ocHOBHa rpyIia) 40JOBiUOi CTaTi i3
COMAaTMYHOIO MATOJIOTIEI0 B aHAMHE3i, SIKi MPOXOAWUIN
KOMIUIEKCHE OOCTEXXEHHS y BiIIiai Tepallil pagialiiiHuX
HacigkiB IHctuTyTy KiiHiuyHOI pamionorii HHIIPM i B
MoJIiKIiHiLI pamiauiitHoro peectpy HHIIPM 3a mporpa-
Moo KiiHiKo-enineMiooriyHOro peecTpy Ta Majiu 3a10-
KYMEHTOBaHi 1031 30BHIITHEOTO onmpoMiHeHHd (411,82 +
625,41 M3 (M *+ SD); 1,74/3600 M3B (min/max)) ta 50
0Ci0 KOHTpOJIbHOI rpynu. OcoOu KOHTPOJIBHOI TPYIU He
Opanu yJacTi B jikBigauii HacaigkiB aBapii Ha HAEC i He
MellKaau Ha paliaKTUBHO 3a0pyIHEHUX TEPUTOPIsIX.
Kputepisimu BKIIoYeHHS 0Ci0 1O KOHTPOJIBHOI IpyIin OYy-
JIX BIICYTHICTh TSDKKUX iH(EKIIIHHUX i MyXJTMHHUX 3aXBO-
pIOBaHb, reMaToJIOriYHi Ta iMyHOJIOTiYHI IMOKa3HUKU B
MexKax BIKOBUX HOpM. BikoBa xapakTepuCTMKa: OCHOBHA
rpyna (58,94 + 6,82) pokiB (M * SD); 33/79 poxkiB
(min/max); koHTposbHa rpyna (50,50 + 5,73) pokiB (M
+ SD); 41/67 pokiB (min/max).

IIpoBeneno anami3z ocHoBHuX rpyrn CCIT Ta 6ponxorte-
reHeBoi naroJorii (BJIIT) B yuacHukiB JIHA na YAEC Ta
MPOBEJIEHO PO3MOJiJI OCHOBHOI Tpyny OOCTEXEHHS Ha
MiArpyny 3ajeXHO Bil HAsIBHOCTI/BiICYTHOCTI COMAaTHY-
Hoi naroJiorii. ITpoBeneHa yHidikalliss OCHOBHUX IpyI CO-
MaTuyHoi natosorii 3a kogamu: I — BJITT (0 — BincyTHiCTB;
1 — xpoHiuHUi 6poHXIT (XB); 2 — XpOHiYHE OOCTPYKTUB-
He 3axBoproBaHHs jereHb (XO3JI); 3 — Xb + XO3JI); IT —
CCII (0 — BigcyTHicTh; 1 — IXC; 2 — rimepToHiYHa XBOpPO-
6a pizHoro cryneHs (I'X); 3 — IXC + I'X pi3Horo cTyneHs).

BinHOCHY KiJIbKiCHY OLIIHKY €KCIIPECii FeHiB BUKOHYBAJIA 3
BUKOPUCTAHHSIM MOJIiMEpa3HOoi JIAHIIIOTOBOI peakllii y pe-
anbHoMy yaci. ITpoBeaeHO BUM3HAYEHHSI BiZHOCHOTO PiBHSI

More evidence is needed to conclude whether
the exposure factor increases the incidence of non-
cancer diseases and mortality. Gene expression is a
sensitive indicator of both somatic disorders in the
human body and radiation exposure, and the
implementation of genomic technologies, not
available before, may shed light on the relationship
between radiation dose, genetic changes and the
occurrence of non-cancerpathology. This study is
devoted to the definition of these patterns.

OBJECTIVE

To establish the connection of radiation-induced
changes of gene expression with the realized
pathology of the broncho-pulmonary and cardio-
vascular systems in Chornobyl clean-up workers.

MATERIALS AND METHODS

The material for genetic studies was PB leuko-
cytes of 314 male Chornobyl clean-up workers
exposed in 1986—1987 (main group) with
somatic pathology, who underwent a compre-
hensive examination in the Institute of Clinical
Radiology of NRCRM and had documented
doses of external irradiation (411.82 + 625.41)
mSv (M *+ SD); 1.74/3600 mSv (min/max). The
control group consisted of 50 persons, who did
not participate in the liquidation of the conse-
quences of the Chornobyl accident and did not
live in radioactively contaminated areas.
Criteria for inclusion of individuals in the con-
trol group were the absence of severe infectious
and tumor diseases, hematological and immu-
nological parameters within the age norms. Age
characteristics: main group (58.94 *+ 6.82) years
(M = SD); 33/79 years (min/max)), control
group (50.50 + 5.73) years (M £ SD); 41/67
years (min/max)).

According to the results of examination the
main group of clean-up workers was divided into
subgroups depending on the presence / absence of
somatic pathology. For analysis a codification was
performed as follows: I — bronchopulmonary
pathology (BPP) (0 — absence; 1 — chronic bron-
chitis (CB); 2 — chronic obstructive pulmonary
disease (COPD); 3 — CB + COPD); 11 — CVP
(0 —absence; 1 — CHD; 2 — arterial hypertension
(AH) of various degrees; 3 — CHD + AH).

Relative quantification (RQ) of gene expres-
sion was performed using RT-PCR analysis.
The relative level of gene expression was deter-
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ekcrpecii reHiB: BCL2, CDKN2A, CLSTN2, GSTM1, IFNG,
IL1B, MCF2L, SERPINBY, STAT3, TERFI, TERF2, TERT,
TNF, TP53, CCNDI, CSF2, VEGFA. OCHOBHUWIA aJTOPUTM
JOCITIIKEHHS BiTHOCHOTO PiBHSI TeHHOI eKCITpeCii CKi1anaBcs 3
HactynmHuXx etariB: BuniieHHs PHK 3 neiikonuris 1K, mpo-
BEJCHHST 3BOPOTHBOI TPAHCKPMIILIii, MiArOTOBKA peakLiitHO1
cymimi ta 3aBaHTaxkeHHS TLDA (TagMan Low Density
Array)-riamok  (Applied Biosystems, USA), amrimidikartist
kJIHK. Buninenns PHK npoBonuin 3a 4oromMoror aBroma-
tnyHoi cTaHlii QIAcube (QIAGENE, Germany) 3 BUKOpHC-
TaHHsIM Habopy s BupaiieHHs: PHK — NucleoSpin RNAII
(Macherey-Nagel, Germany). Cunte3 x/JIHK 3i 3paskis
BuniieHoi PHK mpoBomuinm B peaxilii 3BOPOTHBOI TpaH-
ckpunuii 3a goromororo High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, USA) — Habopy pea-
TEHTIB, SIKi TIpM KOMOiIHYBaHHI Y BiIMOBITHUX KiJIbKOCTSIX (3a
CTaHIATPHUM ITPOTOKOJIOM) (POPMYIOTh PeaKlliiiHy CyMmilll 2X
Reverse Transcription Master Mix (RT-MM). /1151 nmpoBeneH-
Hs aMruTigpikarii orprmanmii 3pa3ok KJIHK 3’emnysamm 3 pe-
akuiiiHoro cyminno — PCR Master mix ij1s1 reHHOI eKcrpecii
(Applied Biosystems, USA) Ta BHOCWIM 1O MiKpOITPOTOYHOI
TLDA mnamku — Micro Fluidic Card (Applied Biosystems,
USA). bymn Bukopuctani 384-7TyHKOBI MiKpOIPOTOYHI
TUIALLKY 3 8§ TTOpTaMM Ta Crielr(pivHOI0 KOH(Irypalli€lo rpari-
MepiB IS JOCTIIKEHHS €KCIpecil MOCTiIHUX TeHiB.
Awmrridikaniro kK IHK mpoBoawin 3a 101oMoroxw podoTu3o0-
BaHoro reHernyHoro aHaiizaropa 7900 HT Fast Real-Time
PCR System (Applied Biosystems, USA). INoka3zHuku BigHOC-
Horo piBHS reHHoi ekcrpecii (RQ — relative quantification,
BiTHOCHA KiJIbKiCHA OILiHKAa) PO3paxXOByBaJM 3a JOIMOMOTOI0
274 MmeTomy.

[lepBuHHMIT aHaTi3 JAHUX TTPOBOIMIM 3 BUKOPUCTAHHSIM
nporpaMHoro 3abecrneueHHs SDS 2.3. Ta RQ Manager 1.2.
(Applied Biosystems, USA). CratuctTuuyHy oOpOOKY JaHUX
npoBoamyi 3a gomomMororo Statistica 10.0. 3acTrocoBaHo:
JUCKPUIILAHI METOOM CTAaTUCTUYHOTO aHaJIi3y, MOPiBHSIb-
HUIA aHaJi3 3 BUKOPUCTaHHSAM t-KpuTepito CTbIOIEHTa, KO-
pensuiiHuii aHamiz 3a IlipcoHoM (rxy), (pakTopHUil auc-
nepciitnuii ananiz ANOVA (omgHo- Ta 6aratoakTopHUIA).

BusznaueHHs acoliallii «reH-3aXBOpPIOBAaHHS» TPOBEIC-
HO Ha CTaTUCTUYHUX MOJEJSX, CTPAaTU(IKOBAHUX OKPEMO
JUIS1 KOKHOTO 3aXBOpPIOBaHHs Ta reHa. JlorictuuHa per-
pecisg Oysla BUKOpHMCTaHa IS PO3PaxyHKy KoeillieHTiB
maHciB (odds ratio — OR). [Inst BUsiBIeHHSI 0COOJIMBOCTEN
TEHHOI PEryysiii IpU OKPeMUX BUIAaX COMATUYHOI MaTo-
Jiorii Oyau modyaoBaHi pagapHi aiarpaMu, siKi € crpo0oIo
BUSIBUTH Ta MOPiBHITU OCHOBHI CUTHAJIbHI LIUISIXU, Y SIKUX
3aflisiHi TimepekcrnpecoBaHi gocigxyBaHi reHu. KoxkHa
BiCh Jiarpam € BiZoOpakeHHSIM BiJcOTKa YacTOT aKTUBaLlil
LIJISIXY, SIKi OTpUMaHi 3 MiICUJIEHUX Ta TinepeKkcIpecoBa-
HUX T'€HiB.

mined for BCL2, CDKN2A, CLSTN2, GSTM1,
IFNG, ILIB, MCF2L, SERPINBY, STAT3,
TERFI, TERF2, TERT, TNF, TP53, CCNDI,
CSF2, VEGFA. The main algorithm for stu-
dying the relative level of gene expression
consisted of the following steps: isolation of
RNA from PB leukocytes, reverse transcrip-
tion, preparation of the reaction mixture and
loading of TLDA (TagMan Low Density
Array)-plates (Applied Biosystems, USA),
cDNA amplification. RNA isolation was per-
formed using an automatic station QIAcube
(QIAGENE, Germany) using a kit for RNA
isolation — NucleoSpin RNAII (Macherey-
Nagel, Germany). cDNA preparation was
performed in a reverse transcription reaction
using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems,
USA). For amplification, the obtained cDNA
sample was combined with the reaction mix-
ture — PCR Master mix for gene expression
(Applied Biosystems, USA) and added to the
microfluidic TLDA plate — Micro Fluidic Card
(Applied Biosystems, USA). 384-well microflu-
idic card and a specific primer configuration
were used to study the gene expression.
Amplification of cDNA was performed using
a robotic genetic analyzer 7900 HT Fast Real-
Time PCR System (Applied Biosystems,
USA). RQ were calculated using the 2744
method.

The initial data analysis was performed using
SDS 2.3 and RQ Manager 1.2. software
(Applied Biosystems, USA). Statistical data
processing was performed using Statistica 10.0.
Applied: descriptive methods of statistical
analysis, comparative analysis using Student’s t-
test, Pearson’s correlation analysis (rxy), the
analysis of variance ANOVA.

The association of «gene-disease» was deter-
mined on statistical models stratified separately
for each disease and gene. Logistic regression
was used to calculate odds ratio (OR). To identi-
fy the features of gene regulation in certain types
of somatic pathology, radar diagrams were con-
structed, which are an attempt to identify and
compare the main signaling pathways in which
overexpressed genes are involved. Each axis of
the diagrams is a representation of the percent-
age of pathway activation frequencies that are
derived from enhanced and overexpressed genes.
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PE3VJIBTATU TA OBTOBOPEHHA

Oco0GnuBoCTi reHHOT ekcnpecii y nevikouuTtax MK
y4yacHukiB JIHA Ha HAEC 3 BJ1N

IIpoBeneHo aHaji3 reHHOI eKcCIIpecii B JieKoIUTax
ITK yyacHukiB JIHA Ha YAEC 3 0cCHOBHUMU 3aXBOPIO-
BaHHSIMU cucTteMu nuxaHHs (Xb; XO3JI), nopiBHSIHO
3 Tpynoio 340poBoro KoHtpoJtw. Ha puc. 1 npencras-
JIEHO CTaTUCTUYHO IOCTOBipHi ab00 3 XapakKTepHUMU
TEHJCHIIIIMU 3MiHM €KCIIpecii TeHiB 3aJeKHO Bil HasIB-
HOI MYJbMOHOJIOTIYHOI TaToJjorii. BusiBieHo rimep-
ekcrpecito reHiB BCL2, CSF2, CLSTN2, ILB, TNF,
CDKN2A y rpynax xBopux Ha Xb 3 MigBUILIEHHSIM ce-
peaHix 3HaYeHb MokKa3HuKa RQ y rpymi yuacHukis JIHA
Ha YAEC, xBopux Ha XO3JI; rinmepekcrpecilo reHiB
TP53 ta GSTM BusgBIIeHO JWIIEC Yy TPYIli YIaCHUKIB
JIHA na YAEC, xBopux Ha Xb. 3HMXeHHS cepeaHbO-
rpynoBux TMoka3HukiB RQ renis SERPINBY, MCF2L
BUSIBJICHO Y rpymi XxBopux Ha Xb 3 migcuiaeHHIM eeKTy
y rpyti xBopux Ha XO3JI.

CucreMHe 3anajieHHs 3i 3MiHOIO PeryJsilii IUTOKiHIB,
1110 KOHTPOJIIOIOTh ME€XaHi3MU 3aXUCTY OPraHi3My, € 03-
Hakoro martoreHe3dy XO3JI, 10 NpoAEMOHCTPOBAHO Y
HalloOMy JOCJiIKEHHI Ha piBHI T'€HHOI peryJsiuil LuX
npoueciB. IlizBumieHa excrpecis reHiB CSF2, ILIB,
TNFy rpynax yuacHukiB JIHA na YAEC, xBopux Ha Xb
ta XO3JI, noB’sd3aHa 3i 3MiHAMU MeXaHi3MiB 3aXMCTY,
mo € o3Hakoio XO3JI, akuit xapaKTepru3yeThCS JTOKATb-
HUMM, a TAaKOX CHUCTEMHMMM 3MiHAMU PETYILii Xe-
MOKIiHiB Ta IUTOKIiHiB [33]. I'imepekcnpecis reHa /L 1B B
yuyacHukiB JIHA Ha YAEC 3 Xb ta XO3JI Moxe 0yTu
MoB’s13aHa 3 MiACMJIEHHSIM 3aanbHuX mpoieciB. [Toka-
3aHO 3HAYHO BUIIMII piBeHb dakTopiB 1L-2 [34], IL-6 Ta
TNF-anbda [35] npu XO3JI Ha cramii mporpecyBaHHs
xBopoou. IJI-4 moxxe nocuautu XO3JI, 30iIbIIKMBIIN
nponykuiro IgE [36, 37]. BugsienHa y Haumiomy Io-
CJIiKeHHi migBuilieHa ekcrpecis reHa CSF2 (puc. 1),
SIKMIA PEryJjio€e TpaHYJIOLMTapHUI KOJOHIECTUMYJIIO-
ounii akTop MakpodariB, TaKoX MOXe OyTu 00y-
MOBJIEHA LIMTOKIHOBUMM MEXaHi3MaMH Ta 3a JaHUMMU
B. U. Gajewska Ta in. [37], B. Balbi ta iH. [38] moB’s3a-
Ha 3 miacuieHHsM XO3JI uyepe3 30iablLIeHHS 4MCa
HeulTpodinis.

Oco0nmBYy yBary NpuWBEpTalOTh BUSABJICHI 3MiHM B
ekcripecii reHa GSTM1 B yuyacHukiB JIHA nHa YAEC,
XBOPUX Ha MYyJIbMOHOJIOTIYHY maToJiorito (puc. 1), skuit
peryJoe MpoayKIilo TyTaTioOHY, 110 € BaXXJIUBUM (ak-
TOPOM aHTMOKCUAAHTHOIO 3aXMUCTY. JlOCTiIKeHHSsI reHe-
TUYHUX acollialliii aHTUOKCUAAHTHUX (PEPMEHTIB i 03-
Hak XO3JI, a TakoxX TOPiBHAJAbHI MOCTiIKEHHS
eKcCIipecii TeHiB 3 XBOpoOaMM OpraHiB AuXaHHS abo
KYPiHHSIM, CUCTeMaTUYHO BUSIBJISIOTHCS Ta Ieperisiiaa-

RESULTS AND DISCUSSIONS

Gene expression in PB leukocytes of
Chornobyl clean-up workers with BPP

The relative level of gene expression in the PB leuko-
cytes of Chornobyl clean-up workers with the main
diseases of the respiratory system (CB; COPD) was
analyzed in comparison with the healthy control
group. The statistically significant changes or trends in
gene expression depending on the existing pulmonary
pathology are presented at Fig. 1. Findings include
overexpression of genes BCL2, CSF2, CLSTN2, ILB,
TNF, CDKN2A in groups of patients with CB and ele-
vated average values of RQ in the group of workers
with COPD. The overexpression of 7P53 and GSTM 1
genes was detected only in a group of Chornobyl
claen-up workers with CB. A decrease in group mean
values of RQ of SERPINB9 and MCF2L was found in
the group of patients with CB with the lowest mean
figures in the group of patients with COPD.

Systemic inflammation with changing regulation of
cytokines, that controling protecting mechanismes, is
a sign of the pathogenesis of COPD, as demonstrated
in our study of gene regulation of these processes.
Increased expression of CSF2, IL1B, TNF genes in
main group of Chornobyl clean-up workers with CB
and COPD related with changes in mechanisms of
protection, which is a sign of COPD, which is cha-
racterized by local and systemic changes in the regu-
lation of chemokines and cytokines [33]. /L /B over-
expression in Chornobyl clean-up workers with CB
and COPD can be associated with increased inflam-
matory processes. Significantly higher level of fac-
tors — IL-2 [34], IL6 and TNF-o [34] have been
established at COPD in progression desease. IL.-4 can
aggravate COPD by increasing IgE production [36].
The increased of CSF2 expression, that detected in
our study (Fig. 1), which regulates the granulocyte
colony-stimulating factor of macrophages, could also
be due to cytokine mechanisms and according to B.
U. Gajewska et al. [37] and B. Balbi et al. [38] is asso-
ciated with progression of COPD due to an increase
in the number of neutrophils.

Particular attention is drawn to the identified
changes in the expression of GSTMI gene in
Chornobyl clean-up workers with pulmonary
pathology (Fig. 1). This gene regulates the produc-
tion of glutathione, which is an important factor in
antioxidant protection. Studies of genetic associa-
tions of antioxidant enzymes with COPD traits, as
well as comparative studies of associations of gene
expression with respiratory diseases or smoking,
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Figure 1. Changes in gene expression in PB leukocytes of Chornobyl clean-up workers with BPP
0 - healthy control; 1 - CB; 2 - COPD
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1oThcs. A. R. Bentley ta iH. [39] mpu gocnimkeHHi 29 re-
HETUYHMX acollialliii i Mpu MPOBEACHHI MOPiBHSJILHOTO
aHaJlizy reHHOI eKcrpecii BUSBUIM HAMOLIbII CUJIbHI Ta
Haioinel TochinoBHi edpektn y reHax GCL, GSTM]I,
GSTPIta SOD3. Xb B yuacHukiB JIHA cynpoBoKyBaB-
cs MiaBUIIEHHSIM ekcnipecii GSTM 1, Tofi siK mpu OuTbII
TSKKiM maTosorii, 3okpema XO3JI, BcTaHOBIIEHO TIpU-
THiYeHHS eKCIpecii, 1110 MoXKe OyTH CBiTUeHHSIM BHUCHA-
>KeHHS aHTUOKCUAAHTHOTO 3aXMCTY.

OtpnMaHi pe3ysisTaTi oo akTuBHOCTI reHa CDKN2A
Y XBOpMX Ha IyJIbMOHOJIOTIYHY MaTOJIOTiI0 Y BiggaaeHo-
My Mepiofi micias ornmpoMiHeHHs (puc. 1) KopemromTh 3
ganuMu G. K. Acquaah-Mensah Ta iH. [40], gxi micas
BCTAHOBJIEHHS JIOKYCY 4yTiIuBOCTI 11t XO3JI, «1oMeH-
JIOMEH» B3aEMO/Ii1 3 y4acTIO OiIKOBUX MPOAYKTiB F'eHiB Y
3reHepoBaHUX Mepexax, 3alpOoNOoHyBaIu AeKiJbKa MO-
JIEKYJIIpHUX KaHIWAATIB, SKi 3adistHi B eTiosorii XO3JI.
Ho aux BigHOocaThest COL4A3, CFLAR, GULPI, PDCDI,
CASP10, PAX3, BOK, HSPDI, PITX2 ta PML. Kpim To-
ro, T-box reHu Ta iHTiIOITOp HUKIIiH3AJMEXKHOI KiHa3u 2A
(CDKNZ2A), gKi 3HaXosThCs B MPSIMUX PErYISITOPHUX
TPAHCKPUILIMHUX 3B’s13KaX, BUCTYMHAIOTh SIK MPOBiIHI
¢daktopu martoreHedy XO3JI 3a mocepeIHUIITBOM
CTapiHHS.

3MmiHu B ekcrnpecii reHa SERPINBY9, ki Oyau BUSIB-
JIeHI NpM OOCIiAXeHHi acoliamii reH/IyJIbMOHO-
JIOriYHa MaToJIOrisl, KOPEe/NITh 3 TaKUMMU, 110 OyJIu
BusBieHi B yuacHukiB JIHA na YAEC 3anexHo Bifg 10-
3u onpoMiHeHHs [41]. Ten SERPINBY y neiikomurax
I1K yuacHukiB JIHA na HAEC y BiggaieHoMy nepioni
micjasl ONPOMiIHEHHS TiMOeKCOPeCyeEThCsl 3aJIexKHO Bif
no3u ornpomMiHeHHd i HagBHOCTi Xb ta XO3JI B aHaM-
He3i. He BusiBiIeHO Takoi noaioHocTi ajist reHiB MCF2L
ta BCL2.

IIpoBeneno po3paxyHok OR, pe3yapraty HaBelIeHO
y Ta6a. 1. Ilpu ouiHILi CIiBBiAHOIIEHHS IIAHCIB MiX
eKCIpeCi€lo reHiB Ta pO3BUTKOM MATOJIOTi1l AUXadbHO1
cuctemu B ydacHuKiB JIHA nHa HAEC BusiBieHuit
TiCHU#W acoliaTUBHUI 3B 30K MiX PO3BUTKOM
XBb/X03J1 Tta 3miHamu exkcrpecii reHiB (OR > 1)
CLSTN2, GSTM1, SERPINBY, TERF2, TERT, TNF,
TP53, VEGFA (tabmn. 1).

Ha nigcraBi oTpuMaHuX JaHUX BiACOTKA 4acTOT aK-
TUBALlii TEHETUYHUX IUISIXiB, SIKi OTpUMaHi 3 Migcujie-
HUX Ta TillepeKCHpecoBaHUX TeHiB B ydyacHUKiB JIHA
Ha YAEC 3 nyJ1bMOHOJIOTIYHOIO MAaTOJOTi€0, MO0YI0-
BaHi pamapHi giarpammu (puc. 2, 3). B pe3ynbrarti aHa-
JIi3y pagapHuX IiarpaMm y rpynax ydacHukis JIHA Ha
YAEC miaTBepIXeHO aKTUBALil0 TE€HiB-pEryasTOpiB
iMmyHHoOI BignoBiai gk npu Xb, Tak i npu XO3JI; akTu-
Ballif0 TE€HIiB-pETYyJISITOPIiB aHTioreHe3y Ta IudepeH-

are systematically identified and reviewed. A. R.
Bentley et al. [39] in the study of 29 genetic asso-
ciations revealed the strongest and most consistent
effects in GCL, GSTM 1, GSTPI and SOD3 genes.
CB in Chornobyl clean-up workers was accompa-
nied by an increase in GSTM I expression, whereas
in more severe pathology, in particular COPD, sup-
pression of expression was found, which may be
evidence of depletion of antioxidant protection.

The obtained results on the activity of CDKN2A
gene in patients with pulmonary pathology in the
remote period after irradiation (Fig. 1) correlate
with the data of G. K. Acquaah-Mensah et al.
[40], who, after establishing a sensitivity locus for
COPD, the «domain-domain» interaction invol-
ving protein products of genes in the generated
networks, proposed several molecular candidates
that are involved in the etiology of COPD. These
include COL4A3, CFLAR, GULPI, PDCDI,
CASPI10, PAX3, BOK, HSPD1, PITX2and PML. In
addition, T-box genes and the cyclin-dependent
kinase 2A inhibitor (CDKN2A), which are in direct
regulatory transcriptional links, act as leading fac-
tors in the pathogenesis of COPD through aging.

Changes in SERPINB9 gene expression, which were
detected in the study of the association gene/pul-
monary pathology, correlate with those, that found in
Chornobyl clean-up workers depending on the ra-
diation dose [41]. We have established SERPINBY
overexpression in PB leukocytes of Chornobyl clean-
up workers in the remote period after irradiation
depending on the irradiation dose and the presence of
CB and COPD in clinical history. Such similarities
were not found for MCF2L and BCL2 genes.

The OR study results are presented in Table. 1.
Assessing the ratio of chances between gene expres-
sion and the development of respiratory pathology
in Chornobyl clean-up workers revealed a close
associative relationship between the development
of CB/COPD and changes in gene expression
(OR > 1) CLSTN2, GSTM1, SERPINBY, TERF?2,
TERT, TNF, TP53, VEGFA (Table 1).

Based on the received data on the percentage of
frequencies of activation genetic pathways, which
are obtained from enhanced and overexpressed
genes in Chornobyl clean-up workers with pul-
monary pathology, radar diagrams are constructed
(Figs. 2, 3). As a result of the analysis of radar dia-
grams in main group, the activation of genes that
regulate the immune response was confirmed in
both CB and COPD; activation of genes that
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Ta6nmusa 1
OuiHKa cniBBigHOWEHHA WaHCIB MiX eKcnpecieio reHiB Ta po3sutkom BJIMN B yyacHukie JIHA Ha YAEC

Table 1
0dds for development of BPP in Chornobyl clean-up workers with enhanced and overexpression of genes

CnieBigHoweHHs wakciB OR, y. 0. / Odds Ratio (OR), U

FeH / Gene
XB/CB X03J1/COPD

BCL2 0,92 0,60

CDKN2A 0,91 0,88
CLSTN2 4,28* 1,36

CSF2 0,71 0,96

GSTM1 6,6* 0,57

IFNG 0,90 0,62

IL1B 0,85 0,20

MCF2L 0,17 0,20
SERPINBY 2,40* 1,45*

TERF1 0,62 0,85
TERF2 2,50* 2,77*

TERT 9,16* 0,45
TNF 2,66* 1,36*

TP53 1,06* 0,54

VEGFA 1,14* 0,90

Mpumitka. * — OR > 1
Note. * — OR > 1
CLSTN2
CSF2
GSTM1

SERPINB9

IFNG

TERT

SERPINB9

(1) 466

PucyHOK 2. NigcuneHa Ta rinepekcnpecis reHis y
neinkouutax MK yuacHukis JIHA Ha YAEC 3 Xb

Figure 2. Enhanced and overexpression of genes
in PB leukocytes of Chornobyl clean-up workers
with CB

PucyHokK 3. NigcuneHa Ta rinepekcnpecis reHis y
nenkouutax MK yyacHukis JIHA Ha YAEC 3 X031

Figure 3. Enhanced and overexpression of genes
in PB leukocytes of Chornobyl clean-up workers
with COPD
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wianii kiituH npu XO3JI, akTuBallilo T€HiB-perysi-
TopiB KiaiTuHHOI aare3ii nmpu Xb ta XO3JI, a Takox
FeHiB-peryasTopiB MNOBXMHU TEJIOMEpP i KIAITUHHOIO
crapinHsa ipu XO3JI.

OcoOGnuBoCTi reHHOT ekcnpecii y nevikouuTtax MK
y4acHukiB JIHA Ha HAEC 3 CCIl
J1s mocimkKeHHST 3MiH T€HHOI eKCITpecii y JeMKOoInTax
ITK yuyacnukiB JIHA na HAEC 3 CCII 6yno obpaHo Taki
Hoazoutorii: IXC ta I'X pidHoro ctynens. Cepen TeHiB,
eKcIpecist skux Oyna 3miHeHa y JielikouuTtax 1K yyac-
HukiB JIHA na YAEC 3 CCII, nopiBHSIHO 3 KOHTPOJIEM,
BUSIBJIEHO TaKi: 3pOCTaHHS CEPeIHbOTPYIIOBOTO MOKa3-
Huka RQ rena CSF2 BUsIBICHO y TPYIIi 0Ci0, sSIKi MaIu B
anamuesi ['X ta IXC; ekcripecis reHa GSTM I He 3MiHIO-
BaJjlach, MOPIBHSIHO 3 KOHTPOJIeM Y XBopux Ha ['X, omHaK
JIOCTOBIpHO MifBuUIleHa B rpymi xBopux Ha IXC Ta nmpu
NOEAHAHHI LUX MAaTOJOTIYHUX CTaHiB (puc. 4).
InyraTioH Mae BUpaxkeHy aHTUOKCUJIAHTHY aKTUBHICTb 1,
BIOIOBITHO, MOXe 3amodiraTy cepLeBO-CYIMHHUM 3aXBO-
proBaHHsIM. H. Shimizu Ta iH. [42], moka3aHo, 1110 HU3bKi
PiBHi IJTyTaTioOHy Y IJ1a3Mi TTOB’SI3aHi 3 CepLIeBO-CyAMHHU-
MU 3aXBOPIOBAHHSIMU Ta iX KIiHIYHUMU TUNAMU. Y Halllo-
My JOCJIIKEeHHI YiTKO BU3HAYEHO acOLliaTUBHMUI 3B’SI30K
MixX po3BUTKOM ['X Ta 3MiHaMu eKCIpecii reHa, 1110 KOAY€E
LUTOIUIa3MaTUYHYy IJIyTaTioH-S-TpaHcdepasy GSTMI, i
TeHaMU-peryJIsiTopaMy 3anayibHoi Binmosini /FNG, CSF2,
TNF. KoediuieHTH 1IaHCIB 11 LIUX TeHiB Oy BUCOKMMU
(taba. 2). IlonibHOi 3HAYYLIOCTI 3B’S1I30K BUSIBJCHO i IJIsI
reHa VEGFA, mo € abCcoTOTHO BUTIPaBIAHNM, BPaXOBYIO-

Taonuusa 2

regulate angiogenesis and cell differentiation in
COPD, activation of genes that regulate cell adhe-
sion in CB and COPD, as well as genes that regu-
late telomere length and cell aging in COPD.

Changes in gene expression in PB leukocytes
of Chornobyl clean-up workers with CVD

The following nosologies were selected to study
the changes in gene expression in PB leukocytes
of the Chornobyl clean-up workers with CVP:
CHD and AH. An increase of mean group index
of RQ of the CSF2 gene was found in the group of
individuals with a AH and CHD; GSTM1 gene
expression did not change compared with control
in patients with AH, but was significantly
increased in the group of patients with CHD and
a combination of these pathological conditions
(Fig. 4).

Glutathione appears to have marked antioxi-
dant activities and therefore may prevent CVD.
H. Shimizu et al. [42] have been shown that low lev-
els of plasma glutathione are closely associated with
CVD and its clinical types. In our study, the associ-
ation between the AH and changes in the expression
of the gene encoding the cytoplasmic glutathione
S-transferase GSTM1 and the genes that regulate
the inflammatory response IFNG, CSF2, TNF is
clearly defined. The OR for these genes were high
(Table 2). The connection with similar significance
was found for the VEGFA gene, that could be

OuiHKa cniBBigHOWeEHHA WaHCIB MiX ekcnpecieto reHiB Ta po3sutkom CCM B yuacHukis JIHA Ha YAEC

Table 2

0dds for development of CVP in Chornobyl clean-up workers with enhanced and overexpression of genes

CnieBigHoweHHs wakciB OR, y. 0. / Odds Ratio (OR), U

FeH / Gene

IXC/CHD 'X/AH

BCL2 0,22 0,50
CDKN2A 0,31 3,50*
CLSTN2 0,44 1,00*
CSF2 0,46 1,86*
GSTM1 0,50 2,00"
IFNG 0,75 3,00*

IL1B 0,28 0,26

MCF2L 0,22 0,14

SERPINB9 0,15 0,40
TERF1 0,82 1,48*

TERF2 0,30 0,21
TERT 0,66 1,00*
TNF 0,88 2,66*

TP53 0,10 0,34
VEGFA 1,37* 1,83*

MpumiTka. * — OR > 1.
Note. *—=OR > 1.
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PucyHoK 4. 3minu reHHoi ekcnpecii y neikouyutax MK yuacHukis JIHA Ha YAEC 3 CCN

0 — 3popoBuii koHTPOJb; 1 — IXC; 2 - TX; 3 - IXC + X

Figure 4. Changes in gene expression in PB leukocytes of Chornobyl clean-up workers with CVP

0 - healthy control; 1 - CHD; 2 — AH; 3 — CHD+AH

4K fioro ponb y ripouecax aHrioreHesy. OR mis VEGFEA 6yB
oinbie 1 gk mpu IXC, Tak i mpu I'X. CepenHbOrpyIosi no-
Ka3HUKU eKcrpecii reHa VEGFAy rpymi ygyacHukiB JIHA Ha
YAEC 3 IXC mopiBHSIHO 3 KOHTPOJIEM JTOCTOBIPHO ITiABUA-
mieHi y rpymi xBopux Ha IXC (puc. 4).

VY Taba. 2 mpoaeMOHCTPOBAHO, IO OUIbLI TiCHUM
acolLliaTUBHUM 3B’SI30K €KCIIpecil AOCTiIKyBaHUX T'eHiB
BUsBIIeHO caMe 3 HasgBHicTio ['X B yyacHukiB JIHA Ha

explained, given its role in the processes of angio-
genesis. OR for VEGFA was > 1 in both CHD and
AH. The mean group index of RQ of VEGFA in Chor-
nobyl clean-up workers with CHD group signifi-
cantly increased compared to the control (Fig. 4).
Table 2 shows that a closer association of the
expression of the studied genes was found with the
presence of AH in Chornobyl clean-up workers.

(1) 468
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YAEC. I'X — KoMIuieKCHe MyJIbTU(aKTOpiaabHe 3aX-
BOPIOBAHHS, OCHOBHMM CUMIITOMOM S$IKOTO € CTiliKe
MigBUIIEHHS apTepianbHOoro THcky. CkiamHa i Gara-
TOpiBHEBa CHUCTeMa KOHTPOJIIO apTepiallbHOIO THUCKY
nepeadavyae HasiBHICTh BEJIMKOI T€HETUYHOI 0a3u, 1110
BU3HAYa€ (DYHKIiIO BCiX PEryasTOPHUX CUCTEM, i
TBEPIKEHHSI PO Te, 110 MPAKTUYHO BCi reHU OepyTb
y4acTb y PEryisiii apTepiaibHOTO TUCKY, HAIEeBHO,
BimoOpaxae miiicHy KapTuHy. OJHaK BIUIMB Pi3HUX
TeHiB JajeKo HepiBHO3HAYHMIA. € reHU, BIUIUB SIKMX Ha
aprepiajJbHUIA TUCK HACTUIbKU Mi3€pHUIA, 1110 BUSBUTU
oro MpakTUYHO HEMOXJIMBO, aJie 3 iHILIOro OOKY € psi
TeHiB, MyTallil SKUX MPU3BOISATH A0 Pi3KO BUPAKEHUX
3MiH apTepiaJibHOrO TUCKY, i Li BUMAAKU (aKTUYHO €
MOHOI€HHUMU MaTojorissMu. YacTtoTra Takux MyTalliit
Jy>Ke Mana i 4ucyio MoHoreHHux ¢opm I'X cTaHOBUTH
YaCTKM BiICOTKaA Bin ycix BUMaakiB. B maHuii yac mpo-
BOISATHCSI IHTEHCUBHI ITOCTIIKEHHS 3 BUKOPHUCTaHHIM
MOBHOT€HOMHOTO TOIIYKY acoliialiii MapKOBaHUX JIO-
KyciB reHoMa 3 apTepiaJlbHUM THUCKOM. Came Takuii
Miaxin, 1o AO3BOJISIE OLIHUTU BHECOK O€3J1iui reHiB y
nerepMiHauio I'X, po3risimaeTbes B IKOCTI METOIY BU-
O0opy npu BuBYeHHI reHeTuku I'X. Ha chorogHi BusiB-
JieHo Hu3Ky reHiB (NPR3, GUCYIA3-GUCY1B3, ADM,
GNAS-EDN3, NPPA NPPBta CYPI7A1), 5Ki BHEeCEHi B
MeTaboIiuHI LISIXW, TOB’SI3aHi 3 PeryJslieo ap-
TepiaJIbHOTO TUCKY i po3BuTKOoM ['X [43].

BusasneHo TicHMIT acolliaTMBHUI 3B’SI30K PO3BUTKY
I'X B yuacHukiB JIHA Ha YAEC 3 ekcrpecieto reHiB-
pPeryasaTOpiB TEJIOMEpPO-TEJIOMEPA3HOr0 KOMILIEKCY
TERFI ta TERT (tabi. 2), 110 iMOBipHO TIOB’SI3aHO 3
BIKOBMMU XapakTepucTrakaMu gaHoi rpynu. HeogHo-
3HAYHUMU BUSIBUINUCH PE3YabTaTU JdOCTIIXKEHHS
eKCIIpecil reHiB-peryasaTopiB iMyHHOI BilNOBiIi: BUSIB-
JIeHo Timepekcripecito reHa /FNG y Tpymi XBopux 3
IXC, yoro He criocTepirajioch y BUNaAKy iHIIIOTO TeHa-
perynsitopa npo3anajibHuX npoiieciB — /L IB. BoaHo-
Yyac BUSIBJICHO TEHACHIIIIO IO 3POCTaHHSI CEPEIHIX M0~
ka3HuKiB RQ rena SERPINBYy rpynax xsopux 3 IXC,
I'X ta y rpyni 3 KoMOiHOBaHMM BIUIMBOM JBOX I1aTO-
Joriii (puc. 4). CTaTUCTUYHO AOCTOBIPHUMU BUSIBU-
JIMCh 3MiHM ekchpecii reHa TP53 y rpyni y4acHMKIB
JIHA na YAEC 3 I'X, 1110 BUSBIISIITOCH Y TillepeKcIpe-
COBaHOCTI 1LbOro reHa. PoJib reHa-oHKocympecopa
TP53 BimMmiueHa TpU BUSIBJIEHHI aKTUBallii CUTHAb-
HUX LJIIXiB TeHHOI perysuii po3sutky CCII y Bigna-
JIeHOMY mepioni micist onpoMmiHeHHs (puc. 5, 6). Pa-
JlapHi iarpaMu 1€MOHCTPYIOTh, 1110 XapaKTePHUMU €
akTuBalig reHiB TP53, IFNG, ILIB, CLSTN2,
CDKN2A, TERF1I y nefikountax I1K ysachukis JIHA
Ha YAEC 3 I'X (puc. 6) ta reniB /LIB, CLSTNZ2, TNF,

AH is a complex multifactorial disease, the main
symptom of which is a persistent increase in blood
pressure. A complex and multilevel system of blood
pressure control involves a large genetic base that
determines the function of all regulatory systems,
and the statement that virtually all genes are involved
in the regulation of blood pressure probably reflects
the true picture. However, the influence of different
genes is far from equal. There are genes whose effect
on blood pressure is so negligible that it is almost
impossible to detect, but on the other hand there are
a number of genes whose mutations lead to pro-
nounced changes in blood pressure, and these cases
are actually monogenic pathologies. The frequency
of such mutations is very low and the number of
monogenic forms of AH is less than a percent of all
cases. An intensive research is currently being con-
ducted using a full-genome search for associations of
labeled loci of the genome with blood pressure. It is
this approach, which allows to assess the contribu-
tion of many genes to the determination of AH, is
considered as a method of choice in the study of AH
genetics. To date, a number of genes (NPR3,
GUCYIA3-GUCYIB3, ADM, GNAS-EDN3, NPPA-
NPPB and CYPI7AI) have been identified that
involved in metabolic pathways, that associated in
blood pressure regulation and AH development [43].

Close associative relationship between the devel-
opment of AH and expression of genes-regulators of
the telomero-telomerase complex TERFI and TERT
was found in main group (Table 2), which is proba-
bly related to the age characteristics of this group.
The results of the study of the expression of genes
that regulate the immune response were ambiguous:
overexpression of /FNG gene was detected in a group
of patients with CHD, which was not observed in the
case of another gene that regulates pro-inflamma-
tory processes /L /B. However, there is a tendency to
increase the average RQ of SERPINBY gene in
groups of patients with CHD, AH and in the group
with a combined effect of the two pathologies
(Fig. 4). Changes in the expression of 7P53 gene in
the AH group were statistically significant. The role
of gene-oncosuppressor 7P53 was noted in the
detection of activation of signaling pathways of gene
regulation of the development of CVP in the remote
period after irradiation (Fig. 5, 6). Radar diagrams
show the activation of TP53, IFNG, ILIB, CLSTN2,
CDKN2A, TERFI genes in PB leukocytes of
Chornobyl clean-up workers with AH (Fig. 6) and
ILIB, CLSTN2, TNF and BCL2 genes in PB leuko-
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TP53

TNF

TERT GSTM1

TERF2 IFNG

SERPINB9 MCF2L

SERPINB9

MCF2L

BCL2 y netikountax I1K yuachukis JIHA na YAEC 3
IXC (puc. 5).

Ha nincraBi oTpyMaHux pe3yabTaTiB, AJ1s1 BA3BHAYEHHS
3MiH eKchpecii TeHiB, acoliiloBaHUX 3 PO3BUTKOM
JOCHiIKEeHUX BUAIB COMAaTUYHMX 3aXBOPIOBAHb Yy Biada-
JICHOMY TIepiofii IMic/Isl OMPOMiIHEHHSI, PEKOMEHIYEThCS
BKJIIOYATA JO KOMIUIEKCY OOCTEXEHHS MOCHiIKEHHS
eKCIIpecii TeHiB iIMyHHOI BiAMOBii, 30KpeMa, 3afaJlbHUX
peakuiit CSF2, IFNG, ILB, TNF; excrpecii TeHiB-pery-
JISTOPiB KIIITUHHOI MpoJtidpepallii, CTapiHHS Ta alloINTO3Y
TP53, BCL2, MCF2L, CDKN2A, SERPINBY, TERFI,
TERF2, TERT, TeHiB-peTyJIITOPIiB KIITUHHOI aare3ii Ta
anriorene3y CLSTN2, VEGFA (ta6n. 3).

Ha mMomeHT o6CTexXeHHST CTaH 3A0pOB’S 0OCTEXEHUX
yuyacHukiB JIHA nHa YAEC xapakrepu3yBaBCsl HasiB-
HICTIO ABOX i Oijbllie COMAaTUYHUX 3axBOproBaHb. JIjs
MOIIYKY INPUYMH MOETHAHOIO MPOSIBY IATOJOTIUHUX
CTaHiB BUKOPUCTOBYIOThCS Pi3Hi MiAXOIM, Y TOMY YMCIi
i1 reHeTUYHi. B ocTaHHI poKM 3’SIBUIKCS HAayKOBi po0O-
TU, SIKi OLIIHIOIOTh HAOOPU I'eHiB, 110 acOoliiioBaHi 3 KO-

PucyHok 5. Migcunena 1a rinepekcnpecis reHis y
nenkouyutax MK yuacHukis JIHA Ha YAEC, xBopux
Ha IXC

Figure 5. Enhanced and overexpression of genes
in PB leukocytes of Chornobyl clean-up workers
with CHD

PucyHoK 6. Mipgcunena 1a rinepekcnpecis reHis y
nenkouyutax MK yuyacHukis JIHA Ha YAEC, xBopux
Ha X

Figure 6. Enhanced and overexpression of genes
in PB leukocytes of Chornobyl clean-up workers
with AH

cytes of Chornobyl clean-up workers with CHD
(Fig. 5).

To determine changes in gene expression associa-
ted with the studied types of somatic diseases in the
remote period after irradiation, it is recommended
to include to the examination complex the investiga-
tion of genes regulating the immune response, in
particular inflammatory reactions (CSF2, IFNG,
ILB, TNF); expression of genes that regulate cell
proliferation, aging and apoptosis (7P53, BCLZ2,
MCF2L, CDKN24, SERPINBY, TERFI, TERF2,
TERT); genes that regulate cell adhesion and angio-
genesis (CLSTNZ2 and VEGFA) (see Table 3).

A state of health of Chornobyl clean-up workers
was characterized by the presence of two or more
somatic diseases. Various approaches, including
genetic, are used to search for the causes of the
combined manifestation of pathological conditions.
In recent years, research has emerged sets of genes
that are associated with comorbid pathology [44].
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Ta6nauusa 3

3miHM reHHoT eKcnpecii, acouinoBaHi 3 HenyxauHHUMKU eheKTamu BigaaneHoro nepioay nicns onpomiHeHHA B

yuyacHukiB JIHA Ha YAEC
Table 3

Changes in gene expression associated with non-cancer effects of the Chornobyl clean-up workers in the

remote period after exposure

Ho3onoriyHa ¢opma comaTuyHoi natonorii
Nosological form of somatic pathology

3MiHu reHHoOT ekcnpecii
Changes in gene expression

BJIn/BPP

CLSTNZ, GSTM1, SERPINBY, TERF1, TERF2, TERT, TNF, TP53, VEGFA

ccn/cve

CDKNZ2A, CLSTNZ, CSF2, GSTM1, IFNG, TERF1, TERT, TNF, VEGFA

MopOigHoro natosorielo [44]. Ha miacrasi rimote3u re-
HETUYHOTO 3B’SI3KY MiX XBOPOOaMU BIAETHCS BUSBUTHU
He TiJIbKM HOBi F€eHEeTWYHi BapiaHTU, ajie i BU3HAUYUTU
HOBIi JIOKYCHM YYTJIIMBOCTI JJI KOXXHOI'O 3 KOMOPOiZHUX
craHiB. CaMe Tak, Ha MiACTaBi FTEHETUYHOTO aHaJli3y OK-
peMUX CeplLEeBO-CYIMHHNX (PEHOTHIIIB, BCTAHOBJICHI HO-
Bi BapianTu B reHax HS3S7T1ta ECCHDC3, aconiiioBaHi
3 MiABUIIEHUM PU3UKOM XBOpoOM Anblreiimepa [45].
Ciin 3a3HaYMTH, IO TTOIIYK 3arajJlbHUX TeHiB € BaXJIH-
BUM HE TiJAbKM Yy BUMAAKy BMBUYEHHSI KOMOpPOiTHMX
CTaHiB, ayie i JIJ1 XBOpoO, SIKi MalOTh 3arayibHi (DEHOTH-
nosi niposieu (Hanpukian, XO3Jl Tta actma). Takum
MPUKIAJOM € JJAaHIIOT cepleBo-cynuHHUX (I'X, iHgpapKT
Miokapja, ceplieBa HEOOCTAaTHICTb) Ta METaOOJiUHMX
(mykpoBuii miabet 2-ro TUIMY, OXWMPIHHSA) TTOMiH, SIKi
BUHUMKAIOTh MPU BIUIMBI 0aratbox (pakTopiB Ta AKi IMO-
pyIIyIOTh NeKiJibKa (i3ioJoriyHuX i MeTaboJiYHUX
MmexaHi3MiB [44]. Anani3z 2110 reHiB, MoB’sI3aHUX 3
BUILE3a3HAYEHNMHU CTaHAMM, TO3BOJIMB BUILIUTUA 16
3arajbHUX T€HIB CepleBO-CYAIMHHOI0 KOHTHUHYYMY
(ABCAI, ACE, ADRB2, AGT, AGTRI, ApoAl, ApoEl,
CETR, GNB3, IL6, LIPC, LPL, MTHFR, NOS3, SELE,
TNF) [46]. Pesynbprati reHeTUYHMX IOCIIIXKEHb ay-
TOIMYHHHUX 3aXBOpIOBaHb (lieliakisi, po3CisIHUI CKJIe-
po3, Tcopia3, peBMaTOiAHUI apTPUT, LIYKPOBUIA AiabeT
1-ro Tuny) ta xBopoobu KpoHa, nokazanau, 110 MpaKTHY-
HO IIOJIOBMHA BUSBJICHMX T€HETUYHUX MapKepiB IIO-
B’s13aHi opa3y 3 JIeKiibkoMa xBopobamu [47]. HaBeneHi
BUILE MPUKJIAAW CBiMUaTh, 10 OCHOBHUM PE3yJIbTaTOM
JOCHiAKEeHHSI KOMOPOIAHOCTI IJI MAaTOJOriid Pi3ZHUX
(i3i0TOTIUYHNX CUCTEM € CHITBHICTh TEeHETUYHNX (PaK-
TOpiB PO3BUTKY KOMOiHOBAaHOiI TaToJiorii. 3HAYYIIiCTh
OKpEeMHUX ITOPYIIEeHb y 3arajlbHUX reHaxX IiATBEePIKYETh-
¢S TaKOX i HA MPUKJIAAi PO3BUTKY MATOJOTIH, SIKi piiko
KOMOIHYIOThCSI, IPUITYCKaOUH, 1110 OJHAKOBI 6io10riyHi
MeXaHi3M1 MOXKYThb BIIJIMBATU MO-Pi3HOMY Ha pO3BUTOK
pi3HMX XBOPOO.

[linTBepIKeHHSIM TaKOTO IIPUIYIICHHS IIEBHOIO
MIpOIO CTajli pe3yJibTaTh HALLOTO JOCTiAXEeHHSs, SIKi ae-

Based on the hypothesis of a genetic link between
diseases, it is possible not only to identify new
genetic variants, but also to identify new loci of sus-
ceptibility for each of the comorbid conditions.
Thus, based on genetic analysis of individual car-
diovascular phenotypes, new variants have been
identified in the HS3STI and ECCHDC3 genes,
which are associated with an increased risk of
Alzheimer’s disease [45]. It should be noted, that
the search for common genes is important not only
in the study of comorbid conditions, but also for
diseases that have common phenotypic manifesta-
tions (eg, COPD and asthma). Another example is
the chain of cardiovascular (AH, myocardial infarc-
tion, heart failure) and metabolic (type 2 diabetes,
obesity) events that occur under the influence of
many factors and which disrupt several physiologi-
cal and metabolic mechanisms [44]. Analysis of
2110 genes associated with the above conditions,
identified 16 common genes of the cardiovascular
continuum (ABCAI, ACE, ADRB2, AGT, AGTRI,
ApoAl, ApoEl, CETR, GNB3, IL6, LIPC, LPL,
MTHFR, NOS3, SELE, TNF) [46]. Genetic studies
of autoimmune diseases (celiac disease, multiple
sclerosis, psoriasis, rheumatoid arthritis, type 1 dia-
betes) and Crohn’s disease have shown that almost
half of the identified genetic markers are associated
with several diseases [47]. The above examples show
that the main result of the study of comorbidity for
pathologies of different physiological systems is the
commonality of genetic factors in the development
of combined pathology. The significance of indivi-
dual disorders in common genes is also confirmed
by the example of the development of pathologies
that are rarely combined, suggesting that the same
biological mechanisms may affect the development
of different diseases in various ways.

Confirmation of this hypothesis to a certain
extent were the results, which demonstrate a viola-
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MOHCTPYIOTb MOPYIIEHHS TE€HHOI PEeTryJsilii OCHOBHUX
naToreHeTUYHUX MexaHi3MmiB po3BuTky CCIT ta BJIIT,
SIKi TIOB’SI3aHi 3i 3MiHaMM eKCIIpecii TeHiB-perysITopiB
iMyHHOI BiIMNOBiAi, 30KpeMa 3alajJbHUX peakxlii,
eKCIpecii TeHiB-peryIsiTopiB KIITUHHOI Tposidepallii,
anare3ii Ta aHrioreHesy, e€KCHpecii T'eHiB-peryasiTopiB
KIJIITUHHOIO CTapiHHS Ta 3arubeJi. Taki 3MiHU xapakTe-
PU3YIOThCS CHIJIBHICTIO TEHETUYHUX Peakiliii 3i 3CyBOM
(akTHBali€l0) y OiK TMX CUTHAJIBHUX IILISIXIB, SIKi € IMa-
TO(}i3i0JI0TiYHO a00 Te€HETUYHO OOYMOBJIEHMMM, IMPO-
TEKTOPHUMM 200 MOB’SI3aHUMM 3 PO3BUTKOM iHIIIOI TTa-
TOJIOTIi.

BUCHOBKU
IIpoBeneHe mocaigkeHHsI OyJI0 COpsIMOBaHE Ha MOLIYK
cnenniyHUX TeHHUX MeXaHi3MiB Ta TeHiB-MapKepiB,
SIKi 3a/IisTHI y TTATOr€ HETUYHUX IUISIXaX PO3BUTKY ITEBHUX
HozosoriyHux ¢opm CCII ta BJITT B yuacHukiB JIHA Ha
YAEC. B oci6 ocHoBHoOi rpynu (yyacHuku JIHA Ha
YAEC), xBopux Ha IXC, BusgBiaeHo MigBUIEHHS
ekcripecii reHa GSTMI (cuctema TIJIyTaTiOHY) Ta
BiIICYTHICTh 3MiH IeHHOI eKcIpecii VEGFA, moB’s13aHOTO
3 anrioreHe3oMm. Y rTpymi ydacHukiB JIHA wa YAEC,
xBopux Ha I'X, BU3HAYEHO MiABUIIEHY €KCITPECil0 TeHiB
TP53, VEGFA ta IFNG. Tlpu noemHanHi IXC Tta I'X
BCTAaHOBJICHO ITiIBUILEHHS eKcrpecii reHa CSF2, reHiB
TERFITta TERF2, 9Ki 6epyTb y4acCTh Y PEeTYJISLi JOBXM-
Hu tenomep. Otrxke, pu IXC BUSABAECHO BKJIIOYEHHS
CUCTEMHU OKHMCHOTO roMeoctasy, Tofi K I'X acolitoeThb-
Cs 3 €KCIIPECi€l0 TeHiB aHTrioreHe3y Ta iMyHHOTIO 3ama-
nenHsd. Y neiikonurax [1K ygacunkiB JIHA na YAEC i3
3aXBOPIOBAHHSIMU OPOHXOJIET€HEBOI CUCTEMU BCTAHOB-
JIEHO 3pOCTaHHSI eKCIIpecii TeHiB, MOB’sI3aHUX 3 alOITO-
30M Ta KiHa3HOIO akTuBHicTI0O (BCL2, CLSTNZ2,
CDKN2), imynuum 3ananeHusm (CSF2, ILIB, TNF);
ekcripecist reHa TP53 ta reHa GSTM 1, noB’s3aHoro 3
CHUCTEMOIO TJTyTaTioHY, OyJia JOCTOBIPHO ITiABUILEHOIO Y
rpyni oci6 3 Xb, ToAdi SIK y XBOpUX 3 OUIbII BUPAXKEHOIO
cragiero XO3JI, miagBUllleHHSI HE BU3HAYAIOCS, 3HIKE-
Hotwo Oyna excrpecis reHiB SERPINB9 ta MCF2L, 1o
CBIIYUTH PO BUCHAXKEHHS 3aXMCHUX Pe3ePBiB.
OTpuMaHi pe3yJbTaTu JdOCIIXEHb 3MiH TEHHOI
ekcripecii B ygacHukiB JIHA wa YAEC crTBOpIOIOTH
MiATPYHTS 111 DOpMYBaHHST MOJIEKYJISIPHO-T€HETUUHUX
KPUTEPIiB OLIIHKK Palio0ioI0TiYHUX MPOSIBIB y MaTore-
He3i COMaTMYHOI MaToJIOril BilgaaeHoro nepioay micis
OITPOMiHEHHS BHACHTITOK YopHOOMIBECHKOI KaTacTpOodH.

CMUCOK BUKOPUCTAHUX AXEPEN
1. Identification of potential mRNA biomarkers in peripheral blood lympho-
cytes for human exposure to ionizing radiation / S. A. Amundson, K. T. Do,

tion of gene regulation of the main pathogenetic
mechanisms of CVP and BPP associated with
changes in the expression of genes that regulate the
immune response, including inflammatory reac-
tions, expression of regulatory genes of prolifera-
tion, adhesion and angiogenesis, expression of
genes that regulate cell aging and death. Such
changes are characterized by the commonality of
genetic reactions with a shift (activation) towards
those signaling pathways that are pathophysiologi-
cally or genetically determined, protective or asso-
ciated with the development of other pathologies.

CONCLUSIONS

The study was aimed at finding gene mechanisms
and marker genes that are involved in the patho-
genetic pathways of CVP and BPP in Chornobyl
clean-up workers. Increased GSTM I gene expres-
sion (glutathione system) and no changes in
angiogenesis-related VEGFA gene expression were
found in the main group of patients with CHD.
Increased expression of TP53, VEGFA and IFNG
genes was detected in the group of patients with
AH. The combination of CHD and AH showed an
increase in the expression of the CSF2 gene,
TERFI and TERF2 genes, which are involved in
the regulation of telomere length. Thus, CHD has
been shown to involve the oxidative homeostasis
system, whereas AH is associated with the expres-
sion of angiogenesis and immune inflammation
genes. Increased expression of genes associated
with apoptosis and kinase activity (BCL2,
CLSTN2, CDKNZ2), immune inflammation (CSF2,
IL1B, TNF); expression of the TP53 gene and the
GSTM 1 gene associated with the glutathione sys-
tem was significantly elevated in the group of
workers with CB, whereas in patients with more
severe stage of COPD, no increase was detected;
the expression of SERPINB9 and MCF2L genes
was reduced, which indicates the depletion of pro-
tective reserves. The obtained results of studies of
changes in gene expression in Chornobyl clean-up
workers create the basis for the formation of
molecular genetic criteria for assessing radiobio-
logical manifestations in the pathogenesis of
somatic pathology in the remote period after irra-
diation due to the Chornobyl accident.
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