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OCOBJIMBOCTI PO3BUTKY IIIIEMIYHOI XBOPOBU CEPIIA
B YYACHUKIB JIIKBIIAIIIT HACJIUIKIB YOPHOBUJIBCHKOT
ABAPII B 3AJIEZKHOCTI BIJI 111 PATIAIIIMHUX

I HEPAIIAIIIMHUX ®AKTOPIB PU3NKY TA HOCIVICTBA
TEHOTHUIIIB 3A IOJIIMOP®I3MOM RS966221 TEHY
®OCPOIIECTEPA3U 4D

MeTa pocnifeHHs nonsrana y BM3HauyeHi ocobamBocTelt po3BUTKY iwemiyHoi xBopobu cepus (IXC) B yyacHukis
nikBigauii Hacnigkis aBapii (Y/THA) Ha YopHoOunbCbKil aTomHil enektpocTaHuii (YAEC) Ha ocHOBi aHani3y B3aemopii
pagiauinHmx Ta HepagiauiiHux GakTopiB pu3nKy, noniMmopdismie rs966221 reHy docdogpiectepasm (PDE) 4D.
Marepianu i metoam. 06cTexxeHo 397 yonogikiB 3 IXC, i3 skux 274 — YTHA Ha YAEC 1986-1987 pp. Ta 123 Heon-
poMiHeHi ocobu, Bik Akux cknapas (66 + 10) Ta (69 + 11) pokis BianoBigHO. B nporpamy focnigKeHHs BXOAWUNU
KniHiuyHe obcTexeHHs, enektpokapgiorpadis (EKT), no6ose moHiTopyBaHHs EKI, EKI 3 HaBaHTaXyBanbHUM TECTyBaH-
HAM, exogonnnepkapaiorpadis, aHani3 ninifHoOro cnekTpy CMpPOBaTKM KPOBi, NofiMepa3Ha NaHLI0roBa peakLis 3 pect-
PUKLi€l0 NPOAYKTIB peakLii, peTpocnekTUBHUIA aHani3 MmeguuHoi gokymeHTauii. [liarHos IXC abo ioro nigTBepaxeH-
HA 3[0IACHIOBANOCb Y BiAMOBIAHOCTI 3i CTaHAapTamu AiarHOCTUKKM, NpuAHATUMKU B YKpaiHi. Bci YJIHA po yuacTi B
aBapiitHux poboTax He xBopinu Ha IXC.
Pesynbratu. 3rigHo 3 aHanizom Tabauub cnpsxeHocTi, B Y/IHA i HeonpomiHeHux oci6 HocilicTBo reHoTuny TT 36inb-
WyYBaNo pU3nK po3BUTKY iHdapkTy miokapaa (IM) B 2,5 pa3a nopiBHsaHo 3 Hociamu reHoTunie CC 1a CT. 3acTocyBaHHs
metopy KannaHa—Meitepa nokasano, wo nonosuHa YJIHA ¢ reHotunom TT 3axsopina Ha IM go pocarHeHHs 64 pokis,
TOfi AIK C iHWMMM reHoTMnamm — 1o 78,7 poKy. B KOHTpoAbHii rpyni 3a yMoBM HociiicTBa reHoTuny TT BiporigHe 36inb-
WeHHA HaKonuyeHoi 4acTku nauieHtiB 3 IM noumHanocs 3 60-piyHoro BiKy. B nopiBHAHHI 3 HeonpoMiHeHMMH
nauieHtammu YJTHA B cepegHbomy 3axBoptoBanu Ha IXC Ha 9,4 poky paHiwe. 3a ,ONOMOroio aHanizy NponopLinHmx pu-
3ukiB (perpecis Kokca) 6yno BctaHoBneHo, wo B Y/THA pusuk po3sutky IXC 6yB B 3,9 pa3a BULLKM, HiX Y HEONPOMiHe-
HUX 0ci6. TIOTIOHOKYPiHHA 1 HAA/MIWKOBA Maca Tina Manu B TPU pa3u MEHLWWWA, ane BiporigHuit pusuk — 1,4 i 1,3,
BignoBigHo. Hocilicteo reHotuny TT B nopiBHAHHI 3 reHoTunamu CC ta CT reHa PDE4D B 1,8 pa3a miABuLLYBano pu3nk
po3BUTKY iH(apKTy miokapaa sk B Y/THA, Tak i B KOHTpON.
BucHoBku. Ha pusuk po3sutky IXC Bnnusanu pagiauitHuil YWHHUK — daKT yyacTi B nikeigauii Hacnigkis aBapii Ha
YAEC, a Takox HepapfiauiiHi dhakTopy — TIOTIOHOMANIHHA Ta HAAAUIWKOBA Maca Tina. Ha pusuk po3sutky IM B Y/IHA Ta
HEONpPOMiHEHOMY KOHTPOMi BMIMBAB TifibKM OAWUH hakTop — HoCiiicTBO reHoTuny TT reHy PDE4D. B nicnsaBapiitHomy
nepiogi B YJIHA i3 reHotunom TT IXC po3BuBanacs Ha 6 pokiB paHiwe, HiX y nauieHTiB ¢ reHoTunamm CC ta CT.
KnioyoBi cnoBa: yyacHuku nikeigauii HacnigkiB aBapii Ha YopHoOunbcbkiit AEC, ioHi3ytoue BUNPOMiHIOBaHHS, ilWwe-
MiyHa xBOopoba cepus, iHapKT miokapaa, nonimopdism rs966221 reHy PDE4D.
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Features of coronary heart disease development in emergency workers of the
Chornobyl accident depending on the action of radiation and non-radiation
risk factors and genotypes of single nucleotide polymorphism rs966221

of phosphodiesterase 4D gene

Objective. This study devoted to specific features of coronary heart disease (CHD) development in emergency work-
ers (EW) of the accident at the Chernobyl nuclear power plant (ChNPP) based on analysis the interaction between
radiation and non-radiation risk factors and single nucleotide polymorphism (SNP) rs966221 of phosphodiesterase
(PDE) 4D gene.
Methods. It was examined 397 men with CHD, including 274 EW of 1986—1987 and 123 non-irradiated persons (con-
trol group) who were 66+10 and 69+11 years old relatively. The program studies included clinical examination, elec-
trocardiography (ECG), ECG daily monitoring, ECG stress testing, echo-doppler-cardiography, analysis of serum lipid
spectrum, polymerase chain reaction with restriction of reaction products, retrospective analysis of case histories.
Diagnosis of CHD or its approval was carried out in accordance with the standards of diagnosis, accepted in Ukraine.
AlL EW before their taking part in cleaning ChNPP territory did not suffered from CHD.
Results. According to the analysis of contingency tables, carriers of the TT genotype of rs966221 increased the risk
of myocardial infarction (MI) in 2.538 times compared with carriers of genotypes CC and CT. The use of Kaplan-Meier
method showed that a half of EW with the TT genotype developed MI before 64 years old, while with the other geno-
types up to 78.7 years old. In the control group statistically significant increase of cumulative proportion of
patients with MI, carriers of the TT genotype, began from 60 years old. Compared to the non-irradiated patients EW
fell ill with CHD on 9.4 years earlier. Using proportional hazards analysis (Cox regression), it was found that EW had
3.9 times higher risk of CHD than in non-irradiated individuals. Smoking and overweight brought three times less
but significant risk — 1.37 and 1.33 respectively. The TT genotype unlike genotypes CC and CT gene PDE4Dincreased
risk of MI in 1.757 times more both in EW and control group.
Conclusions. The risk of CHD development was determined by radiation factor, such as the involvement in the emer-
gency works of the accident consequences, as well as non-radiation factors, namely smoking and overweight. Only
one factor, the TT genotype of rs966221 PDE4D gene, determined the risk of MI occurrence in EW and non-irradiated
controls. In the post-emergency period, CHD developed 6 years earlier in EW with the TT genotype than in patients
with genotypes CC and CT.
Key words: emergency workers of the accident at the Chernobyl nuclear power plant, ionizing radiation, coronary
heart disease, myocardial infarction, SNP rs966221 of phosphodiesterase 4D gene.
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BCTYVYII

CeplieBO-CyIMHHI 3aXBOPIOBAHHSI, Cepell SIKMX MTPOBiAHY
poJib Bigirpae imemiuyHa xBopo6a cepus (IXC), maoTb
BUCOKY MOLIMPEHICTh 1 € OJHIEI0 3 OCHOBHUX MNPUYUH
CMEPTHOCTI HaceJeHHs YKpaiHU, BKJIIOYal0uM 0cCi0, AKi
Opasin y4yacThb B JIiKBimalii HaciinkiB aBapii Ha YopHo-
ouibebKiit atoMHil enektpoctaniii (YAEC) [1—4]. Xo-
Yya B Cy4aCHOI KapAioJiorii ioHi3ytoue BUIIPOMiHIOBaHHSI
(IB) He po3rnsimaeTbes B SIKOCTI JOBEAEHOTO (pakTopy
pusuky IXC, emigeMionoriyHi MOCTiIXKEHHSI BUSIBUIN
HasIBHICTh JOCTOBIpHMX BiZTHOCHMX PU3HUKiB CMEPTi Bif
IXC y mocTpaxkmanux B pe3yJbTaTi aTOMHOTO OoMOapay-

INTRODUCTION

Cardiovascular diseases, including coronary heart
disease (CHD) playing the leading role, have a
high prevalence and are a major cause of
Ukrainian population mortality, including those
who took part in emergency works after the acci-
dent at the Chernobyl nuclear power plant
(ChNPP) [1—4]. Although modern cardiology is
not considered ionizing radiation (IR) as a proven
risk factor for CHD, epidemiological studies have
revealed the significant relative risk of death from
CHD in the victims of the atomic bombing of
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BaHHs XipociMu i Haracaki Ta y4yacHMKIB JiKBigauii
Hachinkis aBapii (YJIHA) na YAEC [4—-6].

OueBuaHO, o mito IB Ha cepiieBo-CynMHHY CUCTEMY
HE MOXHa pO3IJISAaTy i30JbOBAHO BiJ BILUIMBY iHIIMX
HepaaiallilHMX YMHHUKIB, TUM Oinbiie, mo IXC BBa-
JKAETHCS 3aXBOPIOBAHHSIM, PO3BUTOK SIKOTO OOYMOBIIIO-
IOTh 30BHillIHi BIUIMBM, CHOCIO KMTTSI Ta BHYTPIllIHi
¢axkTopu. /1o ocTaHHIX BiTHOCUTHCS TeHETUYHA CXUTb-
HIiCTb, IKa BU3HAYAETHCS TMOJIMOPMOHUMU BapiaHTaMu
0araTtbOX I'eHiB, IO OEepyTh y4acTh y MeTaboIi3Mi Mio-
Kapay Ta KJITUH CymuHHOI cTiHKM. OcTaHHIM Yacom
Bce OinplIMit iHTepec HOCHiAHMKIB TIpHUBEpTaE
noyiimopdizm SNP83 rena docdoniectepasu 4D
(PDE4D), gxa 6epe ydyacTb Y BHYTPIlLIHbOKJIiITUHHIMN
nepegadyi CuUrHajly Ta BM3Hauya€ XUTTEIISLIBHICTh
Kapaiomiouuris [7].

BcraHoBiieHa Kopessiiss MixX HasBHICTIO TTOJIiMOp-
¢izmiB PDE4D Ta po3BUTKOM illIEeMiYHOIO iHCYJETY [8, 9],
OJHAaK KiJIbKICTb JOCiIKeHb, B IKMX IIPOBOJIMIOCH BUB-
YeHHS acOLliaTUBHUX 3B’SI3KiB 3 PU3UKOM PO3BUTKY
iHdapkTy Miokapaa (IM), Heznauna [10, 11]. Kpim Toro,
He OOCHIIXyBaluCh (PEHOTUIIOBI MPOSIBU IOJIMOp-
¢ismiB PDE4D B ymoBax BIUTMBY Ha mionuHy IB. Tomy
METOI0 JaHO1 poOOTU OYJIO BUSHAUUTH OCOOJIUBOCTI PO3-
BuTKy IXC B YJIHA Ha YAEC Ha ocHOBIi aHai3y B3ae-
Mofil pagialiiHUX Ta HepaaialuiiHux GaKToOpiB PU3UKY,
noJiiMmopdiamiB rs966221 reny PDE4D.

MATEPIAJIM 1 METOJIN
3a nepion 3 2013 mo 2015 pp. obcrexkeHo 397 YOJOBIKIB,
xBopux Ha IXC, 3 axkux 274 — YJIHA 1986—1987 pp., 123 —
oco0u, sKi He 3a3Hau BIiuBy IB (KoHTponbHa rpymna —
KT'). Oxkpemo B mporpamy AOCHTIIKEHHS BKIIOUWIN 47
VIJIHA, y g9xux He 0yJ10 03HaK CepLEBO-CYIMHHOI ITaTo-
norii. Becranosnenns giarnosy IXC a6o itoro minrsepa-
JKEeHHSI-BigxuiaeHHs (y ToMmy pasi, skio [XC oyno miar-
HOCTOBAHO paHillle B iHIIMX MEIWYHUX 3aKjamax
KpaiHu) 3AiMiCHIOBAJIM Y BiIMOBIIHOCTI 31 cCTaHAApTAMU
JIiaTHOCTUKW, TIpUHHATUMA B YKpaiHi [12], Ha ocHOBIi
KJIiHIYHOTO 00CTexkeHHsI, enekTpokapaiorpadii (EKT),
no6oBoro MoHiTopyBaHHsT EKI, EKI" 3 HaBaHTaxXyBaJIb-
HUM TECTYBaHHSIM, exodoIlrepkapaiorpadii, aHamizy
JIMiIHOTO COEKTPY CUPOBATKM KPOBi Ta peTPOCIEKTUB-
HOTO aHaJli3y MeAWYHOI foKyMeHTauii. KiiHiuyHa xapak-
tepucTtuka ooctexeHux 3 IXC HaBeneHa B Ta0biuiii 1.
VIIHA i xBopi KI' BiporinHo He po3pi3HsuiMcs 3a
OUIBIIICTIO MOKAa3HUKIB: BiKOM, CcynyTHboio ['X Ta
I'TIMK B anamHe3i, CH pi3HoOTro cTymneHs TSKKOCTIi, Ha-
SIBHICTIO KapAioXipypriuHux BTpydyanb. OgHak, y KI' Oy-
Jia BiporigHO Oifbllia YyacTKa MaILli€EHTIB 3 MEPEHECEHUM
roctpuM IM, toni sik B YJIHA uacriiue 3ycrpiyaBcs LI/]

Hiroshima and Nagasaki and the emergency
workers (EW) of the accident at ChNPP [4—6].

Obviously, the effect of IR on the cardiovascular
system cannot be considered separately from the
effects of other non-radiation factors, the more
that CHD is considered a disease whose develop-
ment causing external influences, lifestyle and
external factors. The latter include genetic predis-
position, which determined by polymorphic vari-
ants of many genes involved in the metabolism of
myocardial cells and vascular wall. Recently, single
nuclear polymorphism (SNP) rs966221 (SNPS§3)
of phosphodiesterase 4D (PDE4D) gene began to
acquire more and more interest, because PDE4D is
involved in intracellular signaling and determines
the livelihoods of cardiomyocytes [7].

The correlation between the presence of PDE4D
polymorphisms and the development of ischemic
stroke was revealed [8, 9], but the number of studies
that conducted the same associative links with risk of
myocardial infarction (MI) is small [10, 11]. In addi-
tion, a phenotypic manifestation of 1s966221 geno-
types in terms of human exposure to IR was not
investigated. The purpose of this study was to deter-
mine the features of CHD in the EW based on analy-
sis of the interaction between radiation and non-
radiation risk factors and 5966221 of PDE4D gene.

MATERIALS AND METHODS

During the period from 2013 to 2015 it was exam-
ined 397 men with CHD, including 274 EW of
1986-1987 and 123 persons who have not been
exposed to IR (control group — CG). Separately, a
research program included 47 EW who had no
symptoms of cardiovascular diseases. Diagnosis of
CHD or its approval or rejection (in the case if CHD
were diagnosed before in other medical institutions
of the country) was carried out in accordance with
the standards of diagnosis accepted in Ukraine [12]
on the basis of clinical examination, electrocardiog-
raphy (ECGQG), daily ECG monitoring, ECG stress
testing, echo-doppler-cardiography, analysis of lipid
spectrum in blood serum and retrospective analysis
of medical records. Clinical characteristics of the
patients with CHD are presented in Table 1.

EW and CG patients did not differ significantly
on most indicators: age, concomitant EH and
stroke, FH of varying severity, presence of cardiac
surgery. However, the CG had significantly greater
proportion of patients with history of acute MI,
while the EW had more common DM of the sec-
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Ta6nuusa 1
KniniuHa xapakTepuctuka o6crexxenux 3 IXC, abe. (%)

Table 1

Clinical characteristics of the patients with CHD, abs. (%)

MokasHuku / indexes YNIHA / EW (n = 274) Kr/CG (n=123) p

CepepHiit Bik, pokut (M £ SD) Ha MOMEHT 06CTEXEHHS 66,1 £9,5 68,9 + 11,2 > 0,05

Mean age, years (M+SD) at the moment of examination

CynyTHst rinepToHiuHa xopo6a (I'X) 251 (91,6) 106 (86,2) > 0,05

Concomitant essential hypertension (EH)

CeplieBa HefOCTaTHICTb (CH)1 131 (47,8) 57 (46,3) > 0,05

Heart failure (HF)2A 68 (24,8) 26 (21,1) > 0,05
26 8(2,9) 7(5,7) > 0,05

MepeHeceHuii IM 90 (32,8) 66 (53,7) < 0,001

MI in anamnesis

CTeHTYBaHHS KOPOHApHUX apTepiii 13 (4,7) 14 (5,1) > 0,05

Coronary artery stenting

A0pTO-KOPOHAPHE LLYHTYBAHHS 5(4,1) 9(7,3) > 0,05

Coronary artery bypass grafting

locTpe nopyLUeHHs MO3KOBOr0 KpOBOODIry B aHaMHe3i 35(12,8) 9(7,3) > 0,05

Stroke

CynyTHiid Lykposwii giabet (L) Tun 2 75 (27,4) 16 (13,0) < 0,001

Concomitant diabetes mellitus (DM) type 2

Jpyroro tuiy. Jlo3a 30BHILLIHLOIO ONpPOMiHEHHs Oyia
Bu3HaveHa Tinbku B 104 YJIHA i cknagana (22,1 = 27,3)
clIp. Cepenniii Bik YJIHA 6e3 03HaK ceplieBo-CyIruHHOT
naroJjorii 6yB (56,9 £ 8,4) pokiB, TOOTO 0COOM KOHT-
POJILHOI I'pynu Oy/au BipOTiZHO MOJOAILIMMU 32 XBOPUX
Ha IXC YJIHA (p < 0,001).

i1 mpoBeieHHST MOJIEKYJISIPHO-TEeHETUYHUX JTOCIIi/I-
JKEeHb 3pa3kKu MepucepruyHOoil KpoBi 30Mpain y IpodipKu
3 aHTukoaryasintom. JIHK orpumyBanu 3a 10noMoroxo
HabopiB QIAamp Blood Mini Kit (Qiagen, Bennuka bpu-
TaHis1) 3TiAHO 3 iIHCTPYKIi€ BUpoOHMKa. [losiMepasHy
naHmoroy peakuiio (ITJIP) mono BusiBneHust SNPS3
(rs966221) rena PDE4D (T > C) nposBonwiu 3a D. Sale-
heen ta cniiBaBTOopamu [ 13] Ha TepMmorukiepi 2720 Ther-
mal cycler («Applied Biosystems», CIIA). IIpoayktu
peakuii BizyanizyBaau y 5 % arapo3HoMmy Tejii 3 Mpoili-
JiEM MoAMI0M, IIiC/Isl YOTO NIPOBOAMIN PECTPUKILIIIO pe-
crpukTasoro Tail («Fermentas», JIaTBist; cailT pecTpuKkiii
ACGT) 3a temmepatypu 65 °C mpotsarom 30 xB. IToi-
MopdHi BapiaHT! TeHa BU3HAYAJIU LIJISIXOM IIOBTOPHOTO
eseKTpodope3y: 3a HagBHOCTI ajiesisd T pecTpuKILis TIpo-
IYKTY peakliii He BinOyBanacs (mpoaykT 492 rmapu 0OCHOB
(11.0.)), 3a HasgsBHOCTI noJjiimopgHoro anejss C — BUSIB-
s 2 pparmenTu (204 m.o. ta 288 1m.0.) (puc. 1).

CratnctiyHa oOpoOKa BCiX pe3ynbTaTiB JOCIHiIKEHD
MpoBeJeHa 3a AOMOMOTIOI0 KOMIT IOTepPHOI MporpaMmu
SPSS 19 (o3HaitoMiioBasIbHA Tpian-Bepcis). Bukopucro-
BYBJIMCh METOJU OIMCOBOI CTATUCTUKM, aHaJIi3 TaOIULb
CIIPSTKEHOCTI, TIOPIBHSIHHS cepenHixX (t-KpuTepiit, oqHO-

ond type. The dose of irradiation was defined only
in 104 EW and was 22.1+27.3 cGy. The average
age of EW without evidence of cardiovascular dis-
ease was 56.918.4 years, so that persons were sig-
nificantly younger than EW with CHD (p <0.001).

For the molecular genetic studies, samples of
peripheral blood were collected in tubes with anti-
coagulant. DNA was obtained using kits QIAamp
Blood Mini Kit (Qiagen, UK) according to man-
ufacturer's instructions. Polymerase chain reac-
tion (PCR) to detect SNPS3 (rs966221) PDE4D
gene (T> C) was carried out by D. Saleheen et al.
[13] on 2720 Thermal cycler («Applied Bio-
systems», United States). The reaction products
were visualized in 5% agarose gel with propidium
iodide and then used restriction by restrictase Tail
(«Fermentas», Latvia; restriction site ACGT) with
65 °C temperature for 30 minutes. Polymorphic
variants of the gene were determined by repeated
electrophoresis: if the T allele took place product
restriction reaction not occurred (a product of 492
base pairs (bp)), in the presence of polymorphic
alleles C two fragments were revealed (204 bp and
288 bp) (Fig. 1).

Statistical analysis was carried out by a com-
puter program SPSS 19 (trial version). There
were used methods of descriptive statistics,
analysis of contingency tables, comparison of
average (t-test, one-way ANOVA), correlation
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PuUcyHOK 1. Pesynbratu BU3HaueHHA nonimopdismy rs966221 reHa PDE4D meTofoM nonimepasHoi NaHLIOroBoi
peaKuii 3 HaCTYNHOI PeCTPUKLIEI OTPUMAHMX NPOAYKTIB pecTpukTasolo Tail. M — mapkepu MosieKyNsApHOT Macu.

Figure 1. The results of polymorphism rs966221 of gene PDE4D determination by PCR with subsequent
restriction of products by restrictase Tail. M - molecular weight markers.

dakTopHUMIT IUCTIepCiiHMI aHami3), KOpendmiiHui Ta
perpeciiiHuii aHali3, aHaJi3 BUXKUBaHHS (TaOJULI BUKI-
BaHHs, MeTon Kanyan—Mariepa, perpeciss Kokca).

PE3VIJIBTATA JOCIIIZKEHHA

Busnauenns renoruny PDE4D 6yno 3milicHeHo y 206
VJIHA, Bkiouyaroun ocid 0e3 KapaiaJbHOI ITaToJIoTii.
Posnonin reHortuniB 6yB HactymHuM: CC — 74 ocobu
(35,9 %), CT —92 ocoou (44,7 %), TT — 40 oci6 (19,4 %).
Yacrora mnomaimoppuoro anens C ckimama 0,58, a
JIOMiHaHTHOTO aJieJis, BignoBinHo, 0,42. Po3noain migmo-
psIIKOBYBaBCsl 3aKOHY Xapai—BaiiHOepra, oCKiJIbKM MO-
Ka3HUK %2 nopiBHIOBaB 1,38 1 He mepeBUlllyBaB TPAaHUUHY
mexy 3,85. Lle cBimYuTH PO BiICYTHICTH CIELIAIbHOTO
BiIOOpY MAalli€HTIB 32 TEHOTUIIAMU JAHOTO TeHY.

B KI' po3noain reHOTUITiB HE BiIpi3HSIBCS CYTTEBO Bifl
ocHoBHoOI rpyru: CC renotun — 42 oci6 (42 %), CT re-
Hotun — 40 oci6 (40 %), TT renotun — 18 ocobu (18 %).
Yacrora mnonimoppHoro anens C ckimama 0,62,
JoMiHaHTHOTO anens — 0,38.

Cepen xsopux Ha IXC YJIHA i mauienTtiB rpyrnu
KOHTpOJIIO0 YyacTka ocid 3 reHotunoM TT Oyma Bipo-
rigHo meHi1e (p < 0,001), Hixk 3 CC i CT (puc. 2). Taka
K 3aKOHOMIipHICTh OyJla XapakKTepHa [JIsI XBOPUX Ha
IXC, ame 6e3 IM B anamHe3i. [TopiBHIHHS 1Ii€l TiATpy-
MUY 3 JTaHUMM y TALi€HTIB, SIKi IEPEHECIU B MUHYJIOMY
IM, noka3zano, o B KI' BimHOCHe 4uciio ocib 3 reHo-
tunoM TT 3pocrtano (p < 0,05), a 3 reHotunamu CC i
CT 3umxyBanocdg (p > 0,05). Cepen YJIHA 6yio Bipo-
rigHo Oinbmie mauieHTtiB 3 reHorunamu CC i TT, ane
meHi1e 3 reHotunoM CT. B YJIHA 6e3 kaprniaibHoO1 na-
toJiorii reHotun TT 3ycTpivyaBcs piauie, HixX y maii-
eHTiB 3 IXC.

AHaJji3 TabNuIb CHPSKEHOCTI BUSBIB B3aEMO3B’SI30K
HocitictBa reHotuny TT 3 nmepeHeceHuM IM mopiBHSIHO
3 HOCisIMM JBOX iHIIMX reHoTuIiB: )2 [lipcona = 10,227,
p = 0,001 mpu BiZCYTHOCTI KJIITHHOK 3 OYiKyBaHUM 3Ha-

and regression analysis, survival analysis (sur-
vival table, the method of Kaplan-Meier, Cox
regression).

RESULTS

Determination of genotype of rs966221 was con-
ducted in 206 EW, including people without car-
diac diseases. The distribution of genotypes was as
follows: CC — 74 persons (35.9%), CT — 92 per-
sons (44.7%), TT — 40 persons (19.4%). The fre-
quency of C allele was 0.58 and the frequency of T
allele was 0.42. The distribution of genotypes were
in Hardy-Weinberg equilibrium (y? = 1.38). This
shows the lack of a special selection of patients for
this gene genotypes.

In the control group genotype distribution did
not differ significantly from the main group: CC —
42 persons (42%), CT — 40 (40%), TT- 18 persons
(18%). The frequency of C allele was 0.62 and the
frequency of T allele was 0.38.

Among EW with CHD and the control group
patients the proportion of persons with the TT geno-
type was significantly less (p <0.001) than with CC
and CT (Fig. 2). The same pattern was typical for
patients with CHD but without history of MI. Com-
parison of this subgroup data with patients who had a
previous MI, showed that in the CG relative number
of people with genotype TT was higher (p<0.05), but
with genotypes CC and CT was less (p>0.05).
Among EW there were significantly more patients
with CC and TT genotypes, but less than with CT
genotype. In EW without cardiac pathology TT
genotype met less frequently than in CHD patients.

The analysis of contingency tables revealed the
relationship between TT genotype carriers and his-
tory of MI compared with carriers of the other two
genotypes: x> = 10.227, p = 0.001 (in the absence
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PucyHoOK 2. Po3nopgin reHotunie rs966221 reHa PDE4D y o6cTexkeHUx 0Cib 3anexHo Bif HaABHOCTI Kapaianb-
Hoi narosorii (* - p <0,0571a *** - p < 0,001 npu NOpPiBHAHHiI reHOTUNiB 3 aHaNOrYHUM NOKA3HUKOM Y nalLli-

eHTiB 3 IM B aHamHesi)

Figure 2. The distribution of genotypes PDE4D in the examined persons depending on the presence of car-
diac disease (* — p <0.05 and *** — p <0.001 when compared to the same genotypes in patients with a his-

tory of MI)

yeHHsIM MeH1ue 5. HocilictBo reHoTuny TT 306iib11yBa-
JIO pu3UK po3BUTKY IM (cHiBBiZHOIUEHHS IIAHCIB —
CIL nopiBHioBano 2,538; 95 % nosipuuii intepBan — A1:
1,419—4,539).

AHaJti3 HasgBHOCTi TOro X 3B’3Ky okpemo B YJIHA i
TpyTi HEONPOMIHEHMX OCI0 IMOKa3aB, 10 Y MEPIINX )3
Ilipcona = 8,389 mpu p = 0,004 (i3 3acTocyBaHHSIM
toyHoro kpurepito ®Dimepa p = 0,007), a CII 6yno
2,870 (95 %A1: 1,381-5,963), Tomi K B iHIIUX — Y2 =
4,240 mpu p = 0,039 (3 kputepiem Pimepa p = 0,059), 3
CIO = 3,723 (95 %AI: 1,0—13,863). Takum 4YuHOM,
MOKHa IPUITYCKaTH, 1110 iCHY€E OiJIbII TiICHUIA i TOCTOBIp-
HUI CTaTUCTUYHUI 3B’S130K HocilicTBa reHotuny TT 3
po3ButkoM IM B YJIHA, nopiBHSIHO 3 JaHUMU Malli€H-
TiB, SIKi He 3a3HaJiu BILIUBY [B.

AHaJi3 BxXXuBaHOCTI 3a MeTogoM Kamnana—Meiiepa,
Jle B SIKOCTi 4acoBOi IIKadd BUKOPHUCTOBYBABCS BiK
nalieHTa Ha MOMEHT 3[IiliCHEeHHSI Moii, TOOTO MOSIBU Y
HBOTO MEePINX KIiHIYHNX o3HaK IXC, mokas3as, 1110 oc-
HOBHi CTaTUCTWUYHI TapaMeTpH, SKi XapaKTepu3yloThb
KPMBi BUXKMBAHOCTI, BipOTiIHO HE BiApi3HSAIUCH y OCi0 3
reHotunaMmu CC i CT, ane Maau CyTTEBi KiJbKiCHi
po36ixkHocTi 3 reHoTUTIOM TT. BpaxoBytoun 1ieit ¢axr, B
nojanbiioMy aHajizi reHorun TT mopiBHIOBanu 3
HocilicTBoM Bigpa3y nBox reHoTuIiB — CC i CT.

Ilpy BUBYEHHiI AMHAMiKM HAKOMWYEHOI YacTKH
namieHTiB 3 IXC Oys1o BUSBICHO, IIO 1I€ 3aXBOPIOBAHHS

of cells with expected value of less than 5). The
presence of TT genotype increased the risk of MI
(odds ratio — OR = 2.538; 95% confidence inter-
val — CI: 1.419-4.539).

Analysis of presence the same relation in EW
and non-irradiated patients showed that in EW 2
= 8.389 (p = 0.004 by Pearson test; p = 0.007 by
Fisher’s exact test), and the OR was 2.870 (95%
CI: 1.381-5.963), while in non-irradiated patients
x> = 4.240 (p = 0.039 by Pearson test; p = 0.059 by
Fisher criterion), with OR = 3.723 (95% CI: 1.0—
13.863). Thus, we can assume a closed and reliable
statistical relationship between the TT genotype
and MI occurrence in EW compared with the
patients who were not exposed to IR.

Analysis of survival by Kaplan-Meier method,
where the patient’s age at the time of CHD
appearance first clinical signs was used as the time
scale, showed that the basic statistical parameters
that characterize the survival curves din not differ
significantly in patients with genotype CC and CT,
but had significant quantitative differences in
cacciers of the TT genotype. Given this fact, in
further analysis the TT genotype compared with
carriers of two genotypes — CC and CT.

Studying the dynamics of accumulated propor-
tion of patients with CHD it was found that the
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B YJIHA 3 reHotuniom TT po3BuBajiocss B OibII MOJIO-
JIOMY Billi: MeliaHa BM>KMBaHHS (KoM 3aHenyxkano 50 %
ckimany rpymm) ckiama (56,3 £ 3,0) poxky (95 % II:
50,4—62,2), a mpu renorunax CC i CT — (58 £ 0,9)
pokiB (95 % 1. 56,2—59,8), omHaK JIOr-paHTOBUI TECT
He BMSIBUB CTaTMCTUYHOI 3HAYYILIOCTi BiAMiHHOCTEM:
x?=0,288 npu p = 0,591 (puc. 3, A).

Y HeomnmpoMiHeHMX MalLliEHTIB KPUBi BUXKUBAHHS TIepe-
TUHAJIMCS B TOYII, sIKa MpUIagaia Ha Bik 67—68 pokiB
(puc. 3, b). lanuit pakTt cBiIuMB Mpo Te, 110 A0 LbOTO
BiKy HAaKOTTMYEHHS YacTKM 3axBopinux Ha IXC BinOyBa-
nocs mBuae y HociiB reHotuniB CC i CT, a miciaa — y
oci6 3 reHotunoM TT. MeniaHu BUXXVBaHHS TPaKTUYHO
He BimpisHsuucs 3ajexHo Bim reHoruny: TT — (67,2 £
1,2) pokiB, CCiCT — (67,8 £ 1,9) pokiB, JIor-paHroBuii
tect: ¥>=0,747 nipu p = 0,387.

AHanoriyHuii aHaji3, MpoBeAEeHUUN BiTHOCHO BU-
najakiB po3BUTKY roctporo IM, mokasaB, 1o MeaiaHa
BuxuBanHg B YJIHA cknagana (64 = 4,5 pokis, 95 %
Al: 65,6—72,4) npu HociiicTBi reHotnmty TT i (78,7 %
4,5 pokiB, 95 % 1: 69,9—87,6) y nalieHTiB 3 TeHOTU-
namu CC a6o CT (nor-panrosuii tect: ¥2=8,768; p =
0,003), TooTo IM y mepmmx po3BUBaBCSI B CePEIHBO-
My Ha 14,7 poky panimie. [TounHaouu 3 nepiimux BU-
naaKiB 3axBoproBaHHs Ha rocTpuil IM (reHotun TT —
34,11 CT — 36,7 poKy), Kp¥Bi HAKOIMUYEHOI YaCTKU
3axBopinux Ha IM Manm icTOTHY po30iXHicTb 10 73-
ro poky Ha mkaji yacy. /Jlo LIbOro BiKYy YHMCIO 3aX-
Bopinux HociiB reHoTuny TT ckiagano 58,6 % nmpotu
36 % npu renorumni CC ta CT. B nmoganbpiomMy oc-
TaHHI «Ha3dOTaHsUIM» IIEPIINX 3a YUCIOM 3aXBO-
pinux.

disease in EW with the TT genotype developed at a
younger age: median age (when 50% of the group
fell in ill) was 56.3%3.0 years (95% CI: 50.4—62.2),
while under genotypes CC and CT — 58+0,9 years
(95% CI: 56.2—59.8), but the log-rank test re-
vealed no statistically significant differences: x? =
0.288 with p = 0.591 (Fig. 3 A).

In non-irradiated patients survival curves intersect
at a point which corresponded to age 67—68 years at
X axis (Fig. 3, B). This fact testified that before this
age accumulation of patients with CHD proceeded
more quickly in carriers of genotypes CC and CT, but
after this point in patients with genotype TT.
Median survival almost did not differ according to
genotype: TT — 67.2£1.2 years, CC and CT — 67.8%
1.9 years, the log-rank test: x> = 0.747, p = 0.387.

A similar analysis, conducted regarding cases of
MI, showed that the median survival in EW was
6414.5 years (95% CI: 65.6-72.4) in TT genotype
carriers and 78.714.5 years (95% CI: 69.9-87.6) in
patients with genotypes CC or CT (log-rank test:
x2 = 8.768, p = 0.003), that is the carriers of TT
genotype developed M1 by an average of 14.7 years
earlier. Since the first cases of M1 (for genotype TT
it was 34.1 and CC+CT 36.7 years), the cumula-
tive survival curves had a significant difference to
73 year on timeline. By this age, the number of TT
genotype carriers, who developed MI, accounted
for 58.6% against 36% for genotype CC and CT.
During subsequent years, the genotype CC+CT
carriers gradually became equal to the genotype
NN carriers by the number of CHD cases.
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Figure 3. Dynamics of cumulative survival in EW (A) and non-irradiated persons (B), which remained with-

out CHD during aging
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B KI' nnHaMika KpuBUX BUKMBaHHS XxBopux Ha IM, B
izomy, HaraayBasia Taky npu IXC (puc 4, b). Meaiana
BrkuBaHH 171 HociiB reHoTuny TT i CC + CT ckirama-
Ja BignosinHo (69 *+ 1,7) i (71 £ 3) pokiB (95 % /I,
BimmosimHo, 65,6—72,4 i 65,1-76,9 pokiB) Tmpu
HEBipOriIHOCTI BiAMiHHOCTEH 3a J1Or-paHrOBUM TECTOM.
OpnHak, TOH e aHaji3, MpoBeneHU y ocid crapiie 60
POKiB, TO3BOJIMB BUSIBUTU BipOTigHi po30iKHOCTI HaKO-
nuyeHoi yacTku xBopux 3 IM y HociiB reHotuny TT B
MOPiBHSIHHI 3 HOCiSIMM iHIIMX T€HOTHUITIB: MediaHa BU-
>KMBaHHS nopiBHIOBana (69 *+ 2) ta (76,7 £ 3) poxkiB,
BinnosigHo (> = 4,318; p = 0,038). AHauiz Tabnauilb
CIPSIKEHOCTI MoKa3aB CTaTUCTUYHO 3HAUYIIUKA 3B’SI30K
Hociiicta reHotuny TT 3 pusukom IM micist 60 pokiB
(x? Mipcona = 4,806, p = 0,028, CII = 4,133 ipu 95 %
Al: 1,085—15,711).

BpaxoBytouu Te, 1110 10 y4acTi B aBapiiiHMX poOoTax Ha
YAEC Bci 0o0cTexkeHi He MaJii 03HaK XBOPOO CUCTEMU
KpOBOOOIry, AOLUILHO OyJIO MPOBECTU aHali3 TabJUllb
BWKMBAHHS, 1€ B SIKOCTi 4acOBOI ILIKaJd BUKOPHUCTAHO
yac micys aBapii Ha YAEC. Jlor-paHroBuii TecT moka3aB
(puc. 5) HasgBHICTb CTATUCTUYHO 3HAYYLIUX BiAMiHHOC-
Tei MiX TMHAMiKO10 HakonnyeHoi yactku YJIHA 3 reHo-
tunoM TT i renotunamu CC + CT xBopux Ha [XC (32 =
4,353 ip=0,037), BKiItOYaO4M TUX, XTO MaB IM B aHaM-
Hesi (x> = 10,728 i p = 0,001).

Memiana BmxkuBanHg Ha IXC, ckmama (20,7 = 1,3)
POKIB ITicist onpoMiHeHHs 111 HociiB reHoTurniB CCi CT
ta (14,7 £ 3,2) pokiB mas reHotuny TT. Yepes 25 mics-
aBapiiiHux pokiB IM nepeneciu 16,4 % YJIHA 3 reHo-
tunoM CC i CT 1a 40,2 % 3 reHoruriom TT.

In CG the dynamics of survival curves for MI in
general looked like this in CHD (Fig. 4, B).
Median survival for carriers of genotype TT and
CC + CT was respectively 69%+1.7 (95% CI: 65.6-
72.4) and 71£3 (95% CI: 65.1-76.9) years at insig-
nificant differences by log-rank test. However, the
same analysis conducted in patients older than 60
years, revealed the statistically significant differ-
ences in cumulative proportion of patients with
MI in TT genotype carriers compared to carriers
of other genotypes. Median age was 69+2 and
76.7+3 years respectively (x2 = 4.318, p = 0.038).
The analysis of contingency tables showed a statis-
tically significant association of the TT genotype
with the risk of MI after 60 years (2 = 4.806, p =
0.028, OR =4.133, 95% CI: 1.085—15.711).

Taking in account that everyone examined EW
had no evidence of cardiovascular diseases it
makes sense to analyze the survival tables, where
the timeline used years pasted after the Chernobyl
accident. The log-rank test showed (Fig. 5) pres-
ence of statistically significant differences between
the dynamics of cumulated curves in EW with the
TT genotype and genotype CC + CT who devel-
oped CHD (y? = 4.353, p = 0.037), including
those with MI history (%2 = 10.728, p = 0.001).

Median age for CHD was 20.7%1.3 years in car-
riers of genotypes CC and CT and 14.7+3.2 years
in carrires of the TT genotype. After 25 post-acci-
dental years M1 was found in 16.4% EW with geno-
types CC and CT and 40.2% with the TT genotype.
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Figure 4. Dynamics of cumulative survival of EW (A) and non-irradiated persons (B), who remained without

MI development during aging
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ST OIIHKM BIUIMBY Pi3HUMX HEraTMBHUX YMHHMKIB Ha
po3BuToK IXC Ta IM BUKOPUCTOBYBAIM MOJIEIb ITPO-
NOpLIiAHKX pU3UKIB — perpecito Kokca 3 MeToIoM OLIiHKU
perpecii «IToKpoKOBUit Briepel». MeaiaHa BUKMBAHHS TIPU
IXC cxmanana 57,8 poky B YJIHA i 67,2 poky B KT Lle 03-
HayaJio, 1110 MOJIOBMHA MALIiEHTIB KOXHOI 3 TPYIT 3aXBopiia
Ha [XC, Oymyun MOJIOIIITMMY HaBeIeHOTO BiKy. SIK IToKa3aB
JIOr-paHTOBUIA TecT, 3axBopioBaHHs B YJIHA posBuBanocs
Y BipOTiHO OiIbIII MOJIONOMY Billi, HIXX Y HEOITPOMiHEHUX
ocib (x2 = 56,766; p = 0). Komu YJIHA nocsiranu Biky 67
pokiB, yacTka marienTiB 3 IXC cepen Hux ckiagana 86 %.
Takum yrHOM, OTpUMAaHI JaHi JO3BOISIIM Y CTATUCTUIHUX
po3paxyHKax BUMKOPUCTOBYBATU (DaKT pamialiiiHOl Oil Ha
JIIOMWHY SIK YAHHUK, 10 BIUIMBA€E Ha po3BUTOK IXC.

B gkocti iHmMX (pakTopiB PU3MKY aHATI3yBadd ap-
TepiaJibHy TrinepreHsito Ta L1, axi nepeayBaiu po3BUTKY
IXC, ToTIOHOKYpiHHS, HafIMIIKOBY Macy Tinta (HMT),
rirnepxoJyieCTepMHEMilO, BiK TallieHTa Ta MOJiMOp¢i3Mu
18966221 reny PDE4D.

MeTton perpecii Kokca BimiOpaB Tpu Moxka3HUKa, 110
BiporigHo BIUIMBaiM Ha po3BUTOK IXC (Tabia. 2): ¢axr
y4JacTi B JiKBigallii HacJiAKiB aBapii, TIOTIOHOKYPIHHS i
HMT. B YJIHA pusuk 3anenyxatu Ha IXC 6yB B 3,9 pa-
3a BUIIMM, HiX y HEOMPOMiHeHUX ocib. Y ocib, ki ma-
JIITh, pyu3UK 3axBopiti Ha IXC OyB BummM B 1,4 pasa, a
MiABUILIEHHS iHAEKCY MacH Tijia Ha 1 OMMHUIIIO 301IbIIYE
i pu3uK Ha 32,9 %.

Ha posutok IM B VJIHA Ta HeompomiHeHUX OcCiO
BIUIMBAB TiJIbKW OIUH (haKTOp — HOCilicTBO reHoTtumy TT
(p =0,011), axe B mopiBHsAHHI 3 reHoTUNamMu CC Ta CT,
migsuinysaio pusuk IM B 1,8 pasza (95 % I1: 1,1-2.7).

To assess the impact of various negative factors on
CHD and MI development was used the proportion-
al hazards model — the Cox regression with regression
estimation method as «step forward». Median survival
for CHD was 57.8 in EW and 67.2 in CG. This meant
that a half of the patients in each group became ill
with CHD, being under the above age. As the log-
rank test showed the disease in EW developed in sig-
nificantly younger age than in non-irradiated individ-
uals (2 = 56.766; p = 0). When EW reached the age
of 67 years, the proportion of patients with CHD
among them was 86%. Thus, in statistical calculations
this data allows to use the fact of radiation exposure as
an indicator that affects the development of CHD.

Other risk factors as hypertension and diabetes,
which preceded the development of CHD, smoking,
overweight, hypercholesterolemia, age of the patient
and rs966221 gene PDFE4D were also analyzed.

Cox regression method took three parameters that
significantly influenced the development of CHD
(Tabl. 2): the involvement in aftermath, body mass
index and smoking. In EW risk to be sick with CHD
was 3.9 times higher vs. non-irradiated individuals.
In smokers, the CHD risk was in 1.373 times high-
er vs. non-smokers, and the increase of body mass
index by one unit elevates this risk on 32.9%.

The development of MI in EW and non-irradiat-
ed individuals depended on the only factor —the TT
genotype of 1s966221 (p = 0.011), which increased
risk of MI in 1.757 times (95% CI: 1.141-2.707) in
comparison with genotypes CC and CT.
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Ta6nuua 2
Bnue pi3Hux ¢akropis pusuky Ha po3sutok IXC B VJIHA Ta y rpyni KoHTposito
Table 2
Effect of different risk factors on the developing of CHD in EW and control group
Koediuient Momunka

®akropu BnMBy perpecii koediuieHTa perpecii cw 95 % Al /95% Cl
Factor of influence Coefficient Coefficient OR HWXKHS BEpPXHS

of regression of regression error lower bound upper bound
YyacTb B NikBifaLii Hacniakie asapii Ha YAEC 1,365 0,17 0 3,917 2,805 5,471
The involvement in aftermath
THOTIOHOKYPIHHSI 0,317 0,137 0,021 1,373 1,049 1,798
Smoking
HMT 0,284 0,079 0 1,329 1,138 1,551
Body mass index
OBI'OBOPEHHA DISCUSSION

baraTtopiuHi mociimKeHHs MoKa3aiu, 10 3aXBOPIOBaH-
HS CepLEeBO-CYAMHHOI CHUCTEMHU BiTHOCSITBLCI 10O
HaOUIbII PO3IMOBCIOIKEHUX Y CTPYKTYPi HEITyXJIMHHOI
natoJorii YJIHA na HAEC [2, 14]. BctaHoBieHO minBu-
meHHs yactotu IM Ta iHcynstiB cepen YJIHA, ski 3Ha-
XOIIThbCSl Ha 00JiKy B Jlep:kaBHOMY peecTpi YKpaiHu
[15]. ITinBuieHHs yactotu IM Ta CMEpPTHOCTI BiJ, HOTO
BusBieHo He Tinbku B YJIHA na YAEC, ane i1 y Koropri
YOJIOBIKiB, MpalliBHUKIB MiATPUEMCTBA aTOMHOI €HEpTre-
TUKU «Mask», 3 HaKOMUYEHOIO T03010 OMPOMiHEHHS
puie 1 Ip [16, 17].

Li mani cBimuatsh mpo Te, 1o IB 6e3nepeuHo BIIMBae
Ha PO3BUTOK 3aXBOPIOBAHb CUCTEMU KPOBOOOITy, OAHAK,
0i0JIOTIUHI MeXaHi3MHU LIbOTO BIUIMBY JIOTEIEp 3aMllia-
FOThCS Hepo3KpuTuMu [5]. IcHytoTh gocmimkenus [18], B
SIKMX BUHUKHEHHSI TIaTOJIOTii CeplieBO-CYAMHHOL CUCTe-
MU MOSICHIOETHCS CYKYITHUM BIUIMBOM (haKTOPiB PUUKY
(®P) pamiamiiiHoi i HepamialliifHOI IPUPOAH, ITPUIOMY
BITHOCHMI PU3MK OCTaHHIX KOJWBAEThCd Bim 1,2 1o
6,15, a BHecok 1B mounHaeThes 3 mianasony q03 0,25—1
I'p. IHwi aBropu BruMB IB npu pagianiiiHux aBapisix He
po3risimanu sIK izonpoBaHuii P, oCKiIBKKM Ha JIIOIEH,
SIKi 3HAXOMSITbCSL B 30Hi IMiABMILIEHOI paniallii, BILJIMBa-
IOTh Pi3Hi XiMiYHi peyoBMHM, B TOMY YHWCHIi Ti, 11O
MICTSITh BaXKKi MeTaJli, a TAaKOX CTpec, yJabTpadiosieToBe
BUINPOMIiHIOBaHHS, TilepTepMis Ta iHIIi IIKimIMBi (ak-
topu [19]. Tomy, aHa/mi3y0un 3MiHM CTaHY 300POB’S B
VJIHA na YAEC, chig o1iHIOBaTH HeraTUBHi e(peKTU He
TIJIBKY 3aJIEXKHO BiJl 103U 30BHILLIHBOTO OMPOMiHEHHS,
aje i Bim camoro (akTy ydyacTi B JiKBigallil HacJiaKiB
aBapii 3i BCiM pi3HOMAHITTSIM e(eKTiB BUINE3TaJaHNX
LIKiIIMBUX (PaKTOPIB.

Cepen HepanianiiiHux ®@P reHeTHMuHa CXUJIBHICTH 10
IXC € onHuM i3 HalOiIbII BaXKIMBUX Ta HAIMEHII BUB-
YeHUX YMHHUKIB. B okpeMUx gocC/ i KeHHSIX 0yI10 IoKa-

Multiple of researches have shown that diseases of
cardiovascular system are the most common in the
structure of non-tumor pathology among EW of
ChNPP [2, 14]. It was revealed the increasing fre-
quency of MI and stroke in EW who had been
included in the State Register of Ukraine [15].
Increased frequency of MI and mortality from it
was found not only in EW of ChNPP, but in a male
cohort who was employees of nuclear industrial
«Mayak», whose accumulated radiation dose
exceed 1 Gy [16, 17].

These data suggests that the IR undoubtedly
influences the development of cardiovascular dis-
eases, however, the biological mechanisms of this
effect remains unsolved [5]. There are studies [18],
in which the occurrence of cardiovascular system
pathology is explained by the combined influence
of risk factors having radiation and non-radiation
nature, at that the relative risk of the last ones rang-
ing from 1.2 to 6.15, but the IR contribution begins
with doses of 0.25—1 Gy. Other authors did not
consider IR as isolated risk factor, because people
exposed to increased levels of radiation in acciden-
tal zone were under the influence of various chem-
icals, including those containing heavy metals, as
well as stress, ultraviolet radiation, hyperthermia
and other harmful factors [19]. Therefore, analyz-
ing the changes in health status of EW of ChNPP it
is necessary to estimate negative effects depending
not only on the dose of external radiation, but also
on the fact of participation in the aftermath with
the variety of effects of all the above hazards.

Among the non-radiation risk factors the genet-
ic predisposition to CHD is one of the most
important and least studied factors. Some studies
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3aHO, IO IPsIME BUBHAYEHHSI TCHETUYHOTO PU3UKY 3a 27
i 50 OAHOHYKJIEOTUAHUMM ToJiMopdizmMamMu (single
nucleotide polymorphism — SNP) mo3Boisie 3 6inbIIoio
iMOBIpHICTIO BUBHAYUTU pu3UK po3BUTKY IXC y moau-
HU, HiXX BUBYEHHS ioro ciMeiiHoro anHamHe3sy [20].

B iboMy acniekTi Bce OiJIbIIOro 3HaUeHHsI Ha0yBalOThb PO-
0ot 3 BUB4YeHHS rosriMopdizmy SNPE3 rena PDE4D, sikuit
JIOKAJIi30BaHUM Y TIEpIIIOMY iHTPOHi ITPOMOTOpA ITeHa i Ha-
JIEXWUTh 10 Tpynu mojiiMopdizmiB (SNP41-SNPS9). B ix
MNPUCYTHOCTI 3HMKYETHCS €KCITpeCist A0Broi izohopmu dep-
MeHTy docdomiectepasn — PDE4D7 [21]. i mani matothb
MifcTaBy BBAXaTH, 1110 Y HOCiiB reHoTuIry CC (roMO3UTOTH
3a nojimMoppHuM anenem SNP83) aktuBHicte PDE4D7
3HMKEHA i, HaBMaku, y HociiB reHoTuIty TT (romMmo3urotu 3a
JOMiHaHTHUM aneneM SNPS3) akTuBHICTL (hepMeHTy
nigBuieHa. I3opopma PDE4D7 mae B CBOEMY CKJIali J0-
MeHu UCR1 i UCR2, 3a AONOMOTIOI0 SIKUX BOHA B3aEMOJIIE 3
pi3HMMM OiTKaMKU Ta KOHTPOJIIOE KOHLIEHTpALlil0 BTOPHUH-
HOTO MeCeHIKepa LMKIIYHOTO ameHO3MHMOHOMochaTy
(HAM®) B okpeMuX AUIsTHKaX KinitiHA [22]. CaMe 1M 3y-
MOBJIEHUI BIUTMB aKTUBHOCTI (hocchomiecTepa3u Ha nepedir
0araTbOX BHYTPIiLIHOKTITUHHUX MPOLIECIB.

I1pwu 3umkeHi aktuBHOCTI PDE4D 30iMbITyETHCS aK-
TUBHiCTE HAM®, 110 NIpUTHiUy€e 3aIajJibHUAI Mpolec B
EHIIOTEil i 3aXUIllae KJIITUHHU Bill allONTO3y Yepe3 KiJibKa
MexaHi3MiB [23]. HaBmaku, npu MiaBUILIEHiA aKTHUB-
Hocti PDE4D xonueHtpauiss HAM®P 3HMKeHa, LIO
MPU3BOIMUTE Yepe3 HU3KY OiOXiMIiYHMX peakllii 10 Juc-
(yHK1Iii eHmoTeio.

Binomo, 110 KIIOYOBUMM MOAISIMU aTEPOCKIEPOTUY-
HOTO TIPOIIeCY € eHIoTelanbHa TNChYHKIIISA, 3amajeH-
HS i npouidepallis TageHbKOM I30BUX KIITUH CYIUH
(VSMC — vascular smooth muscle cell) [24, 25]. byio
MOKa3aHo, 110 MpY 3HMXKEHi akKTMBHOCTI (pocdomiec-
Tepas, Hacammepen i3odopMm PDE4D, B KliTHHAX HAKO-
nmuuyyeTbest TAM®, sgxuii nmpurHiyye mnpoJridepaliito
VSMC [26].

B Hamomy nmocnigxeHHi HociiicTBo reHotuny TT
reda PDE4D BipoTigHO acollifoBajgo 3 PU3NKOM pPO3-
BUTKy IM B YJIHA, npuyomy y Tux, ki Oyaum OinbI
MOJIOIOTO BiKY, B mopiBHsHHI 3 reHoTunamu CC i CT.
V¥ ocib, gxi Opanu yyacTh B aBapiilHUX poOoTax, He-
3ajJeXHO Bim ToJiMopdi3My TeHa, CITocTepiraBcs
oinbin panHii nposB IXC i, ocodnuso, IM. ¥V Heon-
poMmiHeHux oci6 pu3uk IM cTaBaB CTaATUCTUYHO 3Ha-
YYIIUM TiJIBKU Y TUX, XTO O0yB cTapiue 60 poxis. [a-
HUN (PakT J03BOJSIE MMPUNYCTUTH, IO BILUITUB IB Mo-
XKe OyTH TUM (PAKTOPOM, IKUI MPUCKOPIOE PO3BUTOK
KOPOHApHOTO aTepPOCKIEpO3y Uyepe3 CKIQAHUN i TMo-
KM 1110 LiJIKOM HE3pO3yMilMil Kackaa MeTabodiuHUX
npoueciB. HocilictBo reHotuny TT, BnjiMBarouu Ha

have shown that the direct determination of genet-
ic risk for 27 and 50 SNPs allows more likely to
determine risk of CHD in humans than studying
his family history [20].

In this respect, the study of polymorphism
SNP§83 gene PDE4D, which is localized in the first
intron promoter of gene and belongs to the group
of SNPs (SNP41-SNP89), is gotten the most
importance. In the presence of these SNPs the
expression of the long isoforms of the enzyme
phosphodiesterase (PDE4D7) is reduced [21].
These data give reason to believe that PDE4D7
activity decreased in the CC genotype carriers
and, conversely, enzyme activity increased in the
TT genotype carriers. Isoforms of PDE4D7
included domains UCRI and UCR2, which inter-
act with various proteins and control the concen-
tration of second messenger cyclic adenosine
monophosphate (cAMP) in some parts of cells
[22]. That is what caused phosphodiesterase activ-
ity impact on the course of many intracellular
processes.

At low PDE4D activity increased activity of
cAMP suppresses inflammation in the endotheli-
um and protects cells from apoptosis through mul-
tiple mechanisms [23]. On the contrary, at
increased activity of PDE4D cAMP concentration
is reduced, which leads to endothelial dysfunction
through a series of biochemical reactions.

Well known that the key events of the atheroscle-
rotic process is endothelial dysfunction, inflam-
mation and proliferation of smooth muscle cells of
blood vessels (VSMC — vascular smooth muscle
cell) [24, 25]. It was shown that under the low
activity of phosphodiesterases, especially PDE4D
isoforms, cAMP accumulates in cells that inhibits
the proliferation of VSMC [26].

In our study, the TT genotype of 1s966221 PDE4D
gene was likely associated with the risk of MI in EW
and the age of M1 in carriers of the TT genotype was
lower compared with carriers of CC and CT geno-
types. In individuals who participated in emergency
work there was an earlier manifestation of CHD
and, especially, MI regardless of 1s966221 geno-
types. In non-irradiated individuals the risk of MI
became statistically significant only in those who
were older than 60 years. This fact suggests that the
impact of IR can be the factor that accelerates the
development of coronary atherosclerosis through a
difficult and yet quite incomprehensible cascade of
metabolic processes. The TT genotype of 1966221,
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aKTUBHICTb (pocdopaiecTepa3u, BHOCUTb J10JIATKOBUI
BKJIQJ Yy MEXaHi3M ilemMii Miokapjaa i BUHMKHEHHS

iH(papKTy.

BUCHOBKU

1. Ha pusuk po3Butky IXC BiporinHo BIUIMBaiud Hac-
TymHi (akTopn: (akT ydacTi B JiKBimallii HacCIiIKiB
apapii Ha YAEC, TIOTIOHOKYpPiHHS Ta HaJJUIIKOBa Maca
tina. B YJIHA na YAEC pusuk po3sutky IXC 6yB B 3,9
pa3a BHIlle, HiXK y HEONMpOMiHEeHUX oci0. JIBa iHIIMX
¢axTopu BIUIMBY MaJix B 3 pa3u MeHIIW# pu3nuk — 1,37 i
1,33 BignmoBigHO.

2. Ha pusuk po3Butky IM B YJIHA Ta HeonmpoMiHEHO-
My KOHTpPOJi BIUIMBAaB TiJIbKM OOUH (PAKTOp — HOCIiii-
ctBo reHotuny TT rena ¢ocdoniecrepasu 4D. Woro
Hocil Manu pusukK B 1,8 pa3a BUILIMIA, HixK HOCil T€HO-
tunis CC ta CT.

3. V¥V 0cib, sKi He 3a3HajJM BIUIMBY iOHi3yIOYOIro OIM-
POMiHEHHSI, pU3UK pO3BUTKY IM MposIBIISIBCS TiIbKU Ce-
pea xBopux-HociiB reHotuny TT crapme 60 pokiB i
ckinagaB 4,13.

4. B nicngaBapiiiHomy niepioni B YJIHA 3 reHotunom TT
IXC posBuBaiiacst Ha 6 POKiB paHillie, HixK y MaLIi€EHTIB C
reHotunamu CC ta CT (MeniaHa BUKMBaHHS TOPiBHIO-
Bana 14,7 + 3,2 ta 20,7 = 1,3 BinnosinHo). Yepe3 25
micisiaBapiiiHux pokiB IM mepeneciau 16,4 % YJIHA 3
renorunoM CC i CT ta 40,2 % 3 renorurniom TT.
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affecting the activity of phosphodiesterase, making
additional contributions to the mechanism of
myocardial ischemia and infarction occurrence.

CONCLUSIONS

1. The risk of CHD had the significant influence of
the following factors: the involvement in an after-
math of the accident, smoking and overweight. In
the Chernobyl EW risk of CHD was 3.9 times
higher than in non-irradiated individuals. Two
other factors increased the risk of CHD in 1.37
and 1.33 times respectively.

2. In EW and non-irradiated control the risk of MI
was influenced by the only factor, namely the TT
genotype 1s966221 of PHE4D gene. Its carriers had
1.757 times higher risk than the ones with CC and
CT genotypes.

3. In persons, who have not been exposed to IR,
the risk of M1 was equal to 4.133 and revealed only
among patients with the TT genotype over 60 years
old.

4. In the post-emergency period CHD developed 6
years earlier in EW with the TT genotype than with
CC and CT genotypes (median ages were 14.7+3.2
and 20.7%1.3 respectively). In 25 years after the
accident the history of M1 had 16.4% EW with CC
and CT genotypes and 40.2% with the TT genotype.
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