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BHECOK HOCIVCTBA AJTEJIBHOT'O BAPIAHTA G16914 TEHA
V ®AKTOPY KOATVJIAIIIT B PO3BUTOK TPOMBOTUYHUX
YCKJIATHEHB B OCIB 3 PEAKTUBHUMU 3MIHAMU Y
IMMEPUO®EPIMHIN KPOBI, 1110 3A3HAJIU PAIIAIIIMHOTO
OITPOMIHEHHS4

[lo Tpurepis po3BUTKY TPOMOO3iB, OKPiM «KNacU4HKUX» hakTopis pusnky (PP) cepLeBo-cyanHHUX NOAiN, Hanexarb pe-
aKTWUBHi 3MiHM B NnepucepiiiHiit KpoBi, cnagkosa Tpombotinisa Ta paaiauinHuit aHamHes. MpoTe pe3ynbTatit GinbWwoCTi
BUNpPOOYBaHb NpofeMOHCTPYBany, Wo ®P cnpoMoxHi HiBentoBaT NPOTPOMOOreHHUI MoTEHLian CnafKoBOi TPOM-
600inii Ta iHIWMX, MEHLL NOTYKHUX, NPEAUKTOPiB TpoMOO3iB.
MeTa: BU3HaunTK BNAKB HOCilicTBa anens G16971A reHa npoakuenepuHy Ha po3BUTOK TPOMOO3iB 3 ypaxyBaHHAM CyaMH-
HOTO pycnia iX BUHWKHEHHS, 3aeXHO Bifi cynyTHbOT HasBHOCTI ®P B 0cib 3 peakTMBHUMU 3MiHaMK B nepudepiiHiii
KpoBi (peaKTUBHUM NeKOLMTO30M i TPOMOOLMTO30M, @ TaKOX BTOPUHHUM €PUTPOLUTO30M), K i3 pajiallitHUM aHaM-
HEe30M TaK i 6e3 Hboro.
Marepianu Ta MmeToau. MpoBeieHO aHaNi3 KNiHIYHMX, MONEKYNAPHO-TEHETUYHUX AaHKUX 152 NauieHTIB 3 peakTUBHUMM
3MiHamu B nepudepiiHii kposi, 19 i3 HUX Manu pagiauitHuii aHamHes, 133 — Hi. ¥ 5 (26,31 %) nauieHTiB 3 pagiauii-
HUM aHamHe3oM i 25 (18,79%) 6e3 HbOro BUABNEHT TPOMOOTUYHI yCKNaAHeHHA. G1691A anenb reHa npoakuenepuHy
(ArM) (NlengeHcbky myTauito (JIM)) Bu3Hayanu metofom anenb-cneyndivyHoi nonimepasHoi naHLUOroBoi peakuii.
Pe3synbraTu. Y 3aranbHiit KOropTi NauieHTiB i3 peakTUBHWMK 3MiHamu B nepudepiiHiin kposi JIM 3yctpivanace y
5,92 % (9 HoCiiB) BUNALKiB, Pi3HMLI B i YACTOTi HE BUABNIEHO MiX NallieHTaMu 3 pafiallitHUM aHaMHe30M Ta 6e3 Hbo-
ro (p=0,312). Y rpyni sk i3 pagiauiiinum aHamHe3om (p = 0,017), Tak i 6e3 Hboro (p=0,031), TiNbKN BEHO3Hi TPOM-
603u cnocTepiranach yacrile B Hociie JIM. 3a HassBHOCTI papialiiiHoro aHamHe3y, Hocii GT1691A ATTI, wo Hanexanu oo
nigrpynu 3 HassHicTio ®P manu 6inblwy yactoty (p = 0,008) Ta BUWMIA PiBEHb PU3NKY PO3BUTKY BEHO3HUX TPOMOO3iB
(BigHoCHWMI1 pusnk (BP) = 25,00; A1 95%: 1,56-399,68). Y rpyni 63 pagiauiitHoro aHamHe3y 4acToTa BEHO3HUX TPOM-
603iB y HociiB JIM 6inblwe y monoawii Bikosin nigrpyni (p=0,001), 6e3 ®P (p=0,044) i B oci6 6e3 PP monopwe 60
pokiB (p=0,023). Pusuk BeHo3HUx TpomM603iB y HociiB G1691A Al'Tl rpynu 6e3 pagiauiiiHoro aHamHe3y cknagae 5,78
(95% [AI: 1,58-21,13). Y HociiB JIM 6e3 papiauiiiHoro aHamHe3y Ta ®P, a Takox 3a Biky Monoawe 60 pokis iMOBip-
HiCTb BEHO3HUX TpoM603iB gopiBHioBana 6,85 (95 %A1: 1,86-25,22) i 19,40 (95% Al: 4,64-81,09), BignosigHo; 3a
BigcyTHOCTi 060x kpuTepii — 9,57 (95% AI: 2,49-36,73).
BUCHOBKM. Y nauieHTiB K i3 pagiauiiitHum aHaMHe30M, Tak i 6e3 HbOro, pU3MK CaMe BEHO3HUX TPOMOO3iB 3pOoCTaE 3a
Hocinctea JIM. HasgHicTb G1697A ATTl y nauieHTiB 3 peakTUBHUMMK 3MiHamMu B nepudepiiiHiii KpoBi 6e3 pagialiitHoro
aHaMHe3y 36iblye MMOBIPHiCTb BEHO3HMX TPOMO03iB 3a BigcyTHocTi ®P Ta B migrpyni monopgwe 60 pokis. 3a pagia-
LiliHOro aHaMHe3y YacToTa BEHO3HUX TPOMO03iB y HociiB JIM Ginbwa B nigrpyni 3 ®P, iMoBipHO, 33 paxyHOK 0c06/1K-
BOCTi BMOipKHK, abo npoTpomboreHHoi B3aemoaii Mix JIM i nepeHeceHnm pafiaLiitHO-acoLii0BAHMM MOLWIKOAKEHHAM
eHpgoTenito.
KniouoBi cnoBa: peaktvBHi 3MiHu B nepudepuyHin kposi, G1691A anenb takTopa Koarynsuii V, daktopu pusnky
Tpom603iB.
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CONTRIBUTION OF THE G16914 ALLELE CARRYING OF THE
COAGULATION FACTOR V GENE TO THE DEVELOPMENT OF
THROMBOSES IN RADIATION-EXPOSED PATIENTS WITH
REACTIVE CHANGES IN PERIPHERAL BLOOD

Thrombosis triggers, in addition to «classic» risk factors (RFs) of cardiovascular events, includes the reactive changes
of peripheral blood (RCPB), markers of the hereditary thrombophilia and radiation anamnesis. However, results of
most studies suggest the «classic» RFs are able to neutralize the prothrombogenic potential of the hereditary throm-
bophilia and other, less powerful predictors of thrombosis.
Objective: to determine the influence of the G1691A allele of the proaccelerin gene carrying to the thrombosis devel-
opment, taking into account the vascular type of their occurrence, the presence of RFs in individuals with RCPB (reac-
tive leukocytosis and thrombocytosis, and secondary erythrocytosis), as well as with and without radiation anamnesis.
Material and methods. In general, it was analyzed the results of clinical and molecular-genetic data of 152 patients
with RCPB, 19 patients had radiation anamnesis, 133 — did not have. The thrombotic complications were detected in
5 (26.31 %) of radiation-exposer patients and 25 (18.79 %) patients without radiation anamneses. The carrying of
the G1691A allele proaccelerin gene (APG) (Leiden mutation (LM)) was detected using the allele-specific polymerase
chain reaction.
Results. The LM was found in 5.9 % (9 carriers) of the general cohort (GC) of RPBC patients. There were no difference
in the LM frequency between the groups of patients with and without radiation anamnesis (p=0.312). In the group
of radiation-exposer patients (p=0.017), as well as in the group without its (p=0.031), venous thromboses only were
more frequently in the LM carriers. In the presence of a radiation anamnesis, G1691A APG carriers with RFs have the
higher frequency (p=0.008) and the probability of the occurrence (relative risk [RR] = 25.00; CI 95 %: 1.56-399.68)
of venous thrombosis. In the group without radiation anamnesis, the frequency of venues thrombosis in the LM
carriers is higher in the younger age subgroup (p=0.001), without RFs (p = 0.044) and without RFs under 60 years
(p =0.023). The risk of venous thrombosis in the G1691A APG carriers of the group without radiation anamnesis is
5.78 (95 % CI: 1.58-21.13). In LM carriers without radiation anamnesis and RFs, as well as under the 60 years of age,
the probability of venous thrombosis was 6.85 (95 % CI: 1.86—25.22) and 19.40 (95 % CI: 4.64—81.09), respectively,
and in the absence of both criteria — 9.57 (95 % CI: 2.49-36.73).
Conclusions. In patients with and without radiation anamnesis, the risk of venues thrombosis are observed more
often in carriers of LM. The carrying of the G1691A APG in patients with RPBC and without RA increased the risk of
venues thrombosis development in subjects without FRs and below 60 years of age. In the radiation-exposure group,
the frequency and the risk of venues thrombosis in the G1691A APG carriers was higher in the subgroup with RFs. It is
probably due to the peculiarity of the samples, or prothrombogenic interaction between LM and radiation-associated
endothelial damage.
Key words: reactive changes of peripheral blood, the G1691A4 allele of the coagulation factor V gene, risk factor of
thrombosis.
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BCTYII INTRODUCTION
B ycroMy cBiTi mepiiie Miclie y CTpyKTypi 3axBoproBaHocTi  In the global morbidity and mortality structure,
Ta CMEPTHOCTI 3aiiMaloTh TpOMOOTHYHI emizonu. o Tpu-  thrombotic events occupy one of the leading posi-
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repiB BUHMKHEHHS apTepiaIbHMX Ta BEHO3HMX TPOMOO3iB,
OKpiM (haKTOpiB ceplieBO-cyanHHOTO pu3uKy (PP) i xia-
CUYHMX IIPEIUKTOPIB PO3BUTKY YCKIIAAHEHD Y BEHOZHOMY
pychi, BiAIOBiZHO, NESIKi aBTOPM BiTHOCATH PEaKTHBHI
3MiHM TTOKa3HUKIB mepudepiitHoi kposi (ITK), pamia-
LifHWI aHaMHE3 Ta MapKepu CIaaKOBOI TpoMOOdiTii.

30Kpema, 3TiTHO 3 HU3KOIO JOCIiIKeHb, MaIlieHTH, SIKi
3a3HaJIM TeparieBTUYHOrO OMPOMiHEHHST CEpPedOCTiHHS,
MaloTh MiIBUIIEHUIN PU3UK CEPLIEBO-CYAMHHOI CMepT-
HOCTI Ta B LILJIOMY PO3BUTKY KapAioBaCKYJISIPHUX 3aXBO-
proBaHb. Tak, BimHOCcHMI pu3nk (BP) cepueBo-cymmH-
HOI CMEPTHOCTI, He3aJIeXKHO BijJ BiKy Ta JiarHO3y, 3pOC-
Ta€ B Jiana3oHi Bix 2,2 10 7,2, NOPiBHSHO i3 3arajibHOIO
Koroptoio [1].

LlikaBo, 1110 maTodi3ioJOriYHNI MeXaHi3M, SIKUI Jie-
JKUTb B OCHOBI pafialliifHO-iHAYKOBaHOI KOPOHAPHOI Ta-
TOJIOTIi, 32 CBOEIO CYTTIO TaKMI Xe, 5K i MPU pamialliiiHO
HeacoLiiioBaHil illleMiyHiii XBOpoOi ceplsl i IpeacTan-
JIeHUI Mirpaiieio MakpodariB B iHTUMY CYIMHHOIL
CTiHKM, IO MICTUTH Jimigu, mpoidepalieto Miodid-
po0JIacTiB B Hiil, MPU3BOIASIYM A0 YTBOPEHHS OJISIIIKU,
sIKa 3 yacoM 37aTHa 10 TpoMOyBaHHSI [2].

IHImMM (hakTOpOM pU3NKY CYIMHHMX €ITi30/IiB € peaK-
tuBHi 3MiHu [1K. BignoBinHo 10 6araToiieHTpOBOro BUII-
poOyBaHHSI, 10 SIKOTO BXOAWJIO TToHa 18 Trcsay ocib [3],
JICMKOLIUTO3 1 HEUTPO(dPiIbO3 MPOTIroM ABOX POKiB
30iBITYIOTh PU3MK iIIEMIYHUX iHCYJBTIB, iH(MaPKTY
MioKapja i cepleBO-CyaMHHOI cMepTHOCTI B 1,41 1,5 pa-
3a, BinnoBinHO. KpiM Toro, iCHyIOTh JaHi, 1110 peaKTUB-
HUI TPOMOOLIMTO3, a TAKOX BTOPUHHA TOJIILIMTEMisT aco-
LiIOI0ThCS 3 MiJABUILEHOI BipOTiAHICTIO CYOIMHHUX eMi-
30/1iB y BeHO3HOMY pycii [4, 5].

3HaYHMUI BHECOK y TpOMOOIeHe3 3iiiICHIOE HOCIICTBO
TpoMbodinbHOro reHotuny. Acouiauis IemaTtonoriB Be-
mmkobpuranii, Komiter CrangaprtiB [emaromorii Benn-
KOOpUTaHil peKOMEeHIYIOTh BU3HAYATU HACTYIHI MapKe-
pu TpoMOOGiTii B KOTOPTi 0CiO BUCOKOTO PU3UKY 1X HO-
ciiicTBa: HEIOCTAaTHICTb aHTUTPOMOiHY, mpoTeiHny C Ta S,
Jleiimerncbky myTalito V ¢akropa koaryisiii (G1691A4
ajleJIbHUI BapiaHT TpoakuesiepuHy) Ta G20210A4 anenb
reHa mpoTtpoM0OiHy. Acowiauisgs MenuuHoi [eHeTUKH
CnonydeHux IItaTtiB AMeprKu 0OMexXye KO0 CBOiX pe-
KOMEHJalliii BUKJIOYHO CKpUHIHroM JleiaeHChbKOI My-
Tauii reHa mnpoakuenepuHy ta G20210A anenss reHa
npoTpoM0OiHy [6—8].

Haityacrimoro cnagkoBol MPUYMHOI TpoMOO3y ce-
pell IpeACTaBHUKIB €EBPOIIEOIAHOI pacU € MyTallisi reHa V
daxTop Koaryndiii — MpoakileJepuHy, 110 BUHUKAE
BHACJIiIOK 3aMiHU IyaHiHy Ha afieHiH y KogoHi 1691 [9].
Tak, y ocib 3 TpoMO03aMu Ta cepel ciMelt 3i CagKoBOIO
TpoMOo(inieto HociicTBO G1691A anens reHa mpoakiie-
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tion. In addition to the cardiovascular risk factors
(RFs) and classical venues’ episodes predictors of
arterial and venous thromboses, respectively, some
authors consider reactive changes of peripheral
blood (PB), radiation anamnesis and the heredi-
tary hemophilia also.

Among other things, some studies have shown
that patients treated with mediastinal irradiation
had an increased risk of cardiovascular death and
of cardiovascular disease development in broad
terms. Accordingly, the relative risk estimates
regardless of age and diagnosis rise in diapason
from 2.2 to 7.2 compared with the general popula-
tion [1].

Interestingly, that the pathomorphological
mechanism, that underlying radiation-induced
coronary pathology, is the same, as in not radiation
associated coronary artery disease (CAD). Thus,
the migration of macrophages to the lipid-con-
taining intima along with proliferation of myofi-
broblasts result in the formation of atherosclerotic
plaques that thrombose may eventually [2].

Another risk factor of thrombosis is reactive changes
of peripheral blood (PB). According to the multi-
center study, which included above 18 thousand pa-
tients [3], the leukocytosis and neutrophilosis in-
creased the risk of ischemic strokes, myocardial in-
farctions and cardiovascular death by 1.4 and 1.5 ti-
mes, respectively, during next 2 years. There are also
some data, showing that reactive thrombocytosis, as
well as secondary polycythemia, associated with the
increased frequency of venous vascular events [4, 5].

The genotype of thrombophilia makes a significant
contribution to thrombogenesis. The British Society
of Hematology, British Committee of Standards in
Hematology recommend determining the following
markers of thrombophilia in a cohort of people with
the high risk of their carrying: antithrombin, C- and
S-proteins insufficiency, Leiden mutation of the V
factor coagulation gene (G1691A allele of the proac-
celerin gene) and the G20210A allele of the prothrom-
bin gene. The American Association of Medical
Genetics recommendations are limited only by the
Leiden mutation of the proaccelerin gene and the
G20210A allelic variant of prothrombin gene [6—8].

Among Caucasians, the most frequent inherited
cause of thrombosis is the mutation in the gene cod-
ing the coagulation factor V — the proaccelerin that
had happened due to the substitution guanine to
adenine at 1691 position [9]. Among patients with
thrombosis and families with an thrombophilia, the
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nepuHy Bu3HavyaeTbest y 20 % ta 50 % Bumaakis, Bil-
MOBiIHO, 301/IbIIYIOYM PU3UK BEHO3HUX TMOMii BiA 3,5 1o
7,8 pa3, BigmosigHo [10].

3rigHo 3 OiBLIICTIO TOCTiIKEHb Ta NiIOYUMU CTaHIAp-
TaMu, CKpUHIHT JlelimeHChKOoI MyTallil € TOLUTbHAM 3a
YMOBHU MaHi(ecTalii TpoM003iB y 0Ci0 MOJI0A0TO BiKy 3a
BiZICYTHOCTI B HUX He3alleXXHNX KiracuaHnx @P Ta He pe-
KOMEHIOBaHW y MALIIEHTIB ITOXWJIOro BiKy [6, 11].

OTxe, pe3yabTaTh HU3KW BUIIPOOYBaHb CBiTYaTh, 1110
xiacuuHi @P HamexaTh 10 OUTBII MOTYXKHUX TPUTEPIB
PO3BUTKY CYAMHHUX €Ii30[1iB, HAsSBHICTb SIKUX He-
BIJIIOE MPOTPOMOOTEHHUI MOTEHIIial HOCiiicTBa craj-
KOBOi TpoMOoGiii. 3 iHIIOTO 60KY, iICHYIOTh NaHi, SIKi
JOBOASATH IMAaTOMOP(OJOriyHy iIE€HTUYHICTh pa-
JialiiHO-acoLifioBaHOTrO, KJIAaCUUHOMY YPaXKEHHIO CYy-
JUHHOI CTiHKH 3 11 HACTYITHUM TpoMO030M. ToMy MOXK-
Ha TPUITYCTUTH, IO B TPYIi 3 pafiallilHUM aHaMHe-
30M, BHECOK CHaaKOBOI TPOMOOdiJii Y PO3BUTOK CY-
JUHHUX MOAi Oyae HUXKYKUM, HiX B 3arajbHiii KOropTi
oci0.

Hatenep BiACyTHi AaHi 11070 OLIiIHKM BILTUBY HOCIICTBa
JleiineHchbKoi MyTallil HAa PpO3MOBCIOIXKEHICTh TPOMOOTUY-
HUX YCKJIATHEHb Y KOTOPTi SIK 3 peaKTUBHUMM 3MiHAMU B
I1K, sKi TakOX € TPUTepPOM CYAMHHMX €ITi30/diB, TaK i 3 iX
knacuunumu PP, a Takoxk i3 HasgBHICTIO pafialliiiHoro
aHaMHE3Y.

META

Busnauntn BHecok HociiictBa G16914 aneni reHa V
¢axTopy KoaryJsiii B po3BUTOK TPOMOOTUYHUX YCKJIAI -
HEHb, BPaXOBYIOUM CYIMHHE PYCJIO iX BUHMKHEHHS, 3a-
JIEXKHO Bil HasiBHOCTI KiacuuyHux @P B ocib i3 peakTuB-
Humu 3MiHaMu B I1K (BTOpUHHUM €pUTPOLIMTO30M, pe-
AKTUBHUM JIEMKOLMTO30M 1 TpOMOOLIMTO30M), SIK i3
pamialiiHMUM aHaMHe30M, Tak i 6€3 HbOro.

MATEPIAJIN TA METO/JIN

ITpoBeneHO aHalli3 pe3y/bTaTiB 3arajibHOKJIiHIYHOIO Ta
MOJIEKYJIIPHO-TEHETUYHOTO JTOCTiMKeHHs 152 TamieHTiB
i3 peaktuBHuMu 3MiHamu B 1K TpuBanicTio Bim mBox
MmicsiB i 6inbiie, Bkmodaroun 30 oci6 (19,73 %) 3 TpoM-
OOTMYHUMM YCKJIaIHEHHSIMM B aHaMHe3i. Cepen o3Haue-
HOi Koroptu oci0 19 manu pamianifinuii aHamHe3, 133 —
Hi. CyauHHI emizomm criocrepiraymchk y 5 (26,31 %)
MAali€HTIB 3 pagiauiiHUM aHaMHe30M Ta y 25 (18,79 %)
0cib 6e3 HbOTO.

Jlo rpynu oci0 i3 pagialliiHUM aHAaMHE30M 0YJIO BKITIO-
YeHO yJYaCHUKIB JIiKBigauii HacigkiB aBapii Ha YopHo-
ounbenkiii AEC y 1986—1991 pokax Ta MelIKaHIIiB pa-
JialiifHO 3a0pymdHEHUX TepuTOpik YKpaiHu, 1o Oyio
MigTBEpAXeHO HasiBHICTIO YOpHOOMIBCHKOTO TMOCBIiA-

G1691A allele of the proaccelerin gene was found in
20 % and 50% cases, accordingly, and increased the
risk of venous episodes from 3.5 to 7.8 times [10].

According to most studies and to the current
technical standards, the Leiden mutation testing is
appropriate in the presence of thrombosis in young
age in the absence of independent cardiovascular
RFs, but not in older patients [6, 11].

Therefore, the results of a number of studies sug-
gest, that RFs are among the most powerful triggers
of thrombotic episodes, and their presence reduces
the thrombogenic capacity of hereditary throm-
bophilia. Otherwise, there is information, which
proved the pathomorphological identity of the radi-
ation-associated lesion of vascular wall with throm-
bosis to the classical involvement of vasculat intima.
Therefore, it is possible to assume that in a cohort
with the radiation anamnesis, the contribution of
hereditary thrombophilia to the development of vas-
cular events will be lower vs. in the general cohort.

Currently, there is not exist data regarding the
role of the Leiden mutation in patient cohort with
reactive PB, which are also a trigger for vascular
episodes, as well as with classic RF of thrombotic
complications (TCs) and with radiation anamne-
Sis.

OBJECTIVE

To define the contribution of the G1691A allele of
the coagulation factor V gene to TC development
taking into account the presence of RFs in persons
with reactive changes in PB (secondary erythrocy-
tosis, reactive leukocytosis and thrombocytosis),
who had been either exposed or not exposed to
ionizing radiation.

MATERIALS AND METHODS

It was analyzed the results of clinical and molecu-
lar-genetic investigation of 152 patients with reac-
tive PB changes lasting as long as two months and
more, 30 of them (19.73 %) had the TCs in anam-
neses. The 19 patients had radiation anamnesis,
133 — had not. The vascular episodes were detect-
ed in 5 (26.31 %) of radiation-exposer patients
and 25 (18.79) patients without radiation anam-
nesis.

In to the radiation-exposer group, we included
participants in liquidation of the Chernobyl Nuc-
lear Power Plant (NPP) in 1986—1991 and resi-
dents of the radioactively contaminated territories
of Ukraine. Data were obtained from the Cher-
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yeHHs. JlaHi 11010 iHAMBiAyaJlbHOI JO3UMETpii HA MO-
MEHT Habopy Martepiany He Oyau JOCTYIIHi.

Y rpymi mauieHTiB i3 pagialiiHuM aHamMHe3oM 16
(84,21 %) oci6 manu ®P. TpomMOOTUYHI ycKIamHEHHS
BusiBieHi y 4 (80,00%) i3 16 maiienTiB i3 ®P, a Takox B
1 i3 3 ocib 6e3 Hux.

Y cBo10 yepry, cepen nauieHTiB 6€3 pagiallifHOro aHaMm-
Hesy 55 (41,35 %) nauientiB maau P, 78 (58,65 %) — Hi.
Tpom6o3u crioctepiranack y 19 (34,54 %) mauieHTiB i3
®PT1ab6 (7,69 %) — 6e3 HUX.

JlaHi KJiHiYHOTO0, JIJaOOpPaTOPHOro OOCTEXXKEHHS OCi0
OTPMMAHO TIiJ yac 300py aHaMHe3y Ta aHaJli3y MeJuy-
HOI JOKyMEHTallil, a caMe iCTOpiil XBOpOO, BUMTMCHUX
emikKpu3iB 3 HUX i aMOyJaTOpPHUX KapT OcCi0, SIKUM
npoBoIMIach IudepeHIliiiHa TiarHOCTUKA MiX BTO-
punHuMHU 3MiHamu B IIK Ta XpoHiyHMMHU MieJOTI-
poJibepaTuBHUMU HeoIliaszissMu B JlepxxaBHill Hay-
KOBiii ycTaHOBI «HaykKoBO-NpakKTUYHUU LIEHTP
npodiTakTUYHOI Ta KIIHIYHOI MeaunuHu» epkaB-
HOTO yIpaBiiHHS crnipaBaMu Ta JlepxKaBHiil ycTaHOBI
«HanioHanbHU# HayKOBUI LIEHTP pafialliiHOI Meau-
uuHu HauioHanbHOI akageMii MEAUYHUX HayK YK-
paiHu».

3a MopsIAKOM HaIXOMKEHHSI 10 KJTiHIKM, TIALIIEHTIB, IKUM
MiATBEPIKEHO HAsIBHICTh PEAKTUBHUX 3MiH B ITepudepry-
Hili KpOBI, BKJIIOUEHO B JOCJIIIXKEHHSI, 3 1X HACTYITHOIO PaH-
JIOMi3alli€l0 BIiIMNOBIIHO [0 HASBHOCTI B HUX TPOMOO3iB.
HasiBHicTh TpOMOO3iB y MAaIliEHTIB MiATBEPIKYBaIach Bil-
TOBITHMM 3aITMCOM Y TTOMEePENHIi MEIUYHIN JOKYMEHTALlii.
Y nocaimkeHHs BKIoYall 0cio i3 TpoMO03aMu sIK B apTepi-
aJIbHOMY, TaK i BEeHO3HOMY pycii. BuzHavaiu TpuBalicTh
peakTuBHMX 3MiH B 1K Ta (pakT BUHUKHEHHS TPOMOOTHY-
HUX YCKJTATHEHBb ITiCJIs TMOSIBU peakTUBHUX 3MiH B TTK.

V Bcix 0cib peecTpyBain (pakT HasIBHOCTI ab0 BiaCyT-
HOCTI TaKOTO iHTeTPaJbHOTO KJIiHIYHOTO (haKTOpy PO3-
BUTKY CYAMHHUX YCKJIaJHEHb, SIK BiK moHaa 60 poxiB.
Cepen ®P ob6pani Taki: mamiHHSI, HaJIMIIKOBA Maca
TiJla, LyKpOBUii niabeT, apTepiasibHa rinepTeH3isl, Bapu-
KO3Ha XBOpoOa BeH HMXHIiX KiHIIiBOK. Yci XBopi 3 Ha-
SIBHICTIO OyIb-sIKOro (pakTopa 00’€qHaHi B 3arajbHy
rpyny nauieHtiB i3 ®P. 3ayBaxkumo, 110 OIliHKa 4o-
JIOBIYOI CTaTi sIK (haKTOPY PO3BUTKY KapAioBaCKYISIPHUX
eni30/1iB He MPOBOANJIAC.

BusnaueHo HociiictBo G1691A anenst rena dakropa V
KOaryJisiiii 3a 1OMOMOTOI0 aHaTi3y JOBXWH PEeCTPUKILIH-
HUX (pparMeHTiB NPOAYKTiB ajiesib-CrielM(iuHO1 mogime-
pa3HoI JaHLIOTOBOI peakllii, 3 NOAAIbILIOK PECTPUKIIIEID
amrutigikary ennonykieasoro Hind I11 (Fermentas, JIut-
Ba) Ta rejib-ejaekTpodopesy. CreuudiyHi oJliroHyKIeo-
TUIHI OpaiMepy po3po0JIeHO Ha MiACTaBi paHillle oIyo-
JIIKOBAaHWX HYKJIEOTUIHUX TTOCTifoBHOCTEH [12, 13].
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nobyl Identity Card. Individual dosimetry data
were not available.

The radiation-exposed patient cohort included
16 (84.21 %) persons with RFs. Vascular episodes
were detected in 4 (80.00 %) from 16 RFs patients
and in 1 from 3 RF-free subjects.

In turn, 55 (41.35%) patients without radiation
anamnesis had RFs, 78 (58.65%) patients was without
them. Thrombosis was observed in 19 (34.54%) and 6
(7.69%) patients with and without RFs, respectively.

Clinical data and laboratory examination results
were obtained during anamneses taking and med-
ical documentation studies, i. €. case reports, epi-
crises and outpatient cards of persons, whom dif-
ferential diagnostic between secondary PB changes
and chronic myeloproliferative neoplasms (MPNs)
was carried out. Such diagnostics was carried out at
the State Institution of Sciences «Research and
Practical Center of Preventive and Clinical
Medicine» (State Administrative Department) and
the State Institution «National Research Center for
Radiation Medicine of National Academy of
Medical Sciences of Ukraine».

The patients, who arrived to the clinics and have
had reactive PB changes were divided into two
groups including persons with and without throm-
boses. The presence of thromboses was confirmed
by data in medical documentation. The patients
with arterial and venous thromboses were included
to this study. The lasting of reactive changes in PB
was taken into account. In the study was included
the vascular episodes, which developed after the
appearance of minimal RPBC.

The patient’s age was taken into account, the age
above 60 being considered as an integral clinical
factor of cardiovascular complication develop-
ment. For analysis, the following RFs were chosen:
smoking, over-weight, diabetes mellitus, arterial
hypertension, varicose veins. All the patients with
any RFs were united in the common group of RF
patients. It should be noted, the belonging to the
male sex was not examined as a RF of cardiovascu-
lar episode development.

The carrying of the G1691A4 allele of the coagula-
tion factor V gene was detected using the allele-
specific polymerase chain reaction restriction
fragment lengths technique. Restriction of ampli-
fication products was performed by the endonu-
clease Hind III (Fermentas, Lithuania). Specific
oligonucleotide primers were made using previ-
ously published nucleotide sequences [11, 12].
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KareropiaibHi MOKa3HUKU MOPiBHIOBAIN 3a TOITOMO-
roto Kputepiro dDimepa, B3a€EMO3B’SI30K MiXK HUMM BHpa-
Kanu y Burisiai BP 3 BignoBigHUMM 1OBipYMMU iHTErpa-
namu (JI). ¥ Bunankax icHyBaHHS HyJIs1 B MaTpulii 2 x 2
nig yac obuucneHHs: BP 3actocoByBaiin momnpaBky Xai-
neHa. TBepaKeHHs Mpo HasIBHICTh iCTOTHUX PO30ixKHOC-
Tei MPUITYCKaan 3a BiporigHocTi moMuiky MeHme 0,05.
CTaTUCTUYHMIA aHAJIi3 OTPUMAaHMX Pe3yJIbTaTiB 3ilCHIO-
BaJIM 3a TOITOMOTOI0 POrpaMHOr0 3a0e3MeUYeHHS TTaKeTy
Statistica 10,0 (StatSoft, CILIA) Ta 3a JOITOMOT0IO IIPOT-
pamu «Excel» 3 makety «Microsoft office 2010».

PE3VIJIBTATU

Y 3aranbHilt KOropTi o0cTexXeHnx HocilicTBo G 16914 HyK-
JICOTUIHOIO BapiaHTa IeHa MpoaklieJIepuHy CIocTepira-
Jock B 9 ocib (5,92 % BumankiB). Y rpymi 3 pamialiiiHUM
aHaMmHe3oM (n = 19) ta 6e3 Hporo (n = 133) G1691A4 anenn
V (dakropy Koaryjswii BusiBieHo y 2 (10,52% Bumnanxis) i
7 (5,26 % BunanKiB) Nali€HTIB, BiAIOBIAHO.

ITin yac MoOpiBHSIHHS YacTOTU 3ycTpidanbHOCTI Jleri-
JMIEHCHKOI MyTallii pi3HUII MiXK KOrOpTaMy MAalli€HTIB i3
Ta 0e3 pamialiiiHOTO aHaMHe3y, BPaXOBYIOUM BiKOBI
OiArpyny Ta KOrOpTU BiAMNOBiAHO OO0 HasIBHOCTI abo
BincyrHocti ®P, He Oyo BusiBieHo (tadur. 1).

Ta6nuusa 1

The categorical indices were compared using two-
tiled Fisher’s test; the correlation between them was
expressed as relative risk (RR) with corresponding
confident intervals (CI). When zero was present in 2
x 2 matrix during the RR calculation we used the
Haldane’s correction. Significant differences were
assumed in cases of the error probability < 0.05. The
digital data were analyzed using the software of the
program packet Statistica 10.0 (StatSoft, USA) and
the program «Excel» from the package «Microsoft
office 2010».

RESULTS
In the general cohort, the G1691A4 nucleotide variant
of the proaccelerin gene is detected in 9 (5.92 %
cases) person. In the group with (n = 19) and without
(n = 133) radiation anamnesis the G16914 allele of
the coagulation factor V gene was found in 2 (10.52
% cases) and 7 (5.26% cases) persons, accordingly.
During the comparison of the Leiden muta-
tion frequency, the difference between cohort
of patients with and without radiation anamne-
sis in any age and RFs groups was not found
(Table 1).

Yactota G1691A anens Ta anens aukoro tuny reHa V ¢pakropy Koarynsauii B rpynu 3 pagiayitHum aHamHe3oM

Ta 6e3 HbOro
Table 1

The frequency of the G1691A allele and wild-type allele the coagulation factor V in the group with and with-

out radiation anamnesis

MaujeHTn Ge3 papjaujitHoro aHamHesy

MauiexTn 3 papjauiitHum aHaMHe30M

Mpynu Patients without radiation anamnesis Radiation-exposed patients
nauieHTiB n=133 n=19 p
Patient G1691Ano3utuBdi G1691A HeratusHi G1691A no3nTuBHi G1691A HeraTuBHi
subgroups G1691Apositive ~ G1691A negative G1691A positive G1691A negative
n (%) n (%) n (%) n (%)
3aranbHa rpyna 54 (98,18) 1(1,82) 14 (87,50) 2(12,50) 0,125
@ Common subgroup
%ﬂ: Crapuwi 60 pokis 22 (95,65) 1 (4,35) 7 (87,50) 1(12,50) 0,455
© g Above 60
Monogwi 60 pokis 32 (100) 0 7 (87,50) 1(12,50) 0,200
Below 60
3aranbHa rpyna 72 (92,30) 6 (7,70) 3(100) 0 1,000
— Common subgroup
© ..°:’ Crapwi 60 pokis 7 (87,50) 1 (12,50) 0 0 HB/ND
§ &"3 Above 60
Monogwi 60 pokis 65 (92,85) 5(7,15) 3(100) 0 1,000
Below 60
Crapuwi 60 pokis 29 (93,54) 2 (6,46) 7 (87,50) 1(12,50) 0,508
E £ Above 60
2.8 Monoawi 60 pokis 97 (95,09) 5(4,91) 10 (90,90) 1(9,1) 0,460
&8 Below60
S 3aranbHa rpyna 126 (94,73) 7(5,27) 17 (89,47) 2(10,53) 0,312

Common subgroup

Mpumitka. HB — He BU3HAYaETLCS
Note. ND — not detected
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Anenb G1691A reHa V daxkropa KoaryJsiiii, Ha Mexi
cTaTUCTUYHOI 3HauymocTi (p = 0,058), cnocrepiraBcs
YacTillle 32 HasIBHOCTI y NAaLli€HTIB 3 palialliiHUM aHaM-
HE30M TPOMOOTUYHUX YCKJIaTHEHb, IIOPiBHSIHO 3 KOIOp-
TOIO 0Ci0 0e3 CyTIMHHUX Toiil (Tab. 2).

ITpoBeneHo aHani3 BHecKy JleilneHChbKOI MyTallii B
PO3BUTOK TPOMOOTHUHMX YCKJIaJHEHb y IALI€EHTIB 3
pagialliifHMM aHaMHE30M, BKJIIOUAIOYM HAsIBHICTb Y HUX
®P, a Takox Biky oHan 60 pokiB. G1691A anenb reHa V
daxrTopa Koaryndmii cepen maiieHTiB 6e3 @P He BUIB-
nero (0 HociiB), HaTOMIiCcTh YacToTa JleiineHChKOi MyTa-
1ii cepen nauieHTiB 3 HasiBHicTIO @P cranosmia 12,50 %
(2 Hocil).

ITicng crpatudikallii nauieHTIiB 3 pagiallifHUM aHAMHe-
30M, OYJ1I0 BUSIBJIEHO, 1110 Ha MEXi CTATUCTUYHOI 3HAUYLO-
cti e y miarpym 3 @P nommpeHicTe TPOMOOTUYHUX
YCKJIagHeHb OyJia BMINIOIO 3a HociiictBa G1691A BapiaHTa
reHa rnpoaxuenepuny (2 i3 2 npotu 2 i3 14; p = 0,050).

binbil BUCOKUIT piBeHb TPOMOOTUYHUX YCKJIAAHEHb Y
HociiB anenst G1691A4 reHa npoakiieJepyHy 3 pamialiiiHIM
aHaMHE30M, MOPIBHSIHO 3 cy0’eKTamMu 3 ajiejieM IMKOro
TUIy, OyB BU3HAUYeHMI e y miarpyii 3 @P, mo, iiMo-
BipHO, 3yMOBJIEHO OCOOJIMBICTIO BUOIpKHU MaLi€HTiB. Tak,
rpyna 3 pagialiiHuM aHamMHe30M y 84,21 % Buranxis Oy-

Ta6nuusa 2

The G1691A allele of the coagulation factor V gene
was found more often on the significance threshold
(p = 0.058) in case of TC in the patients with radia-
tion anamnesis vs. subjects without thrombotic
events (Table 2).

Then, it was performed the analysis of Leiden mu-
tation contribution to the TC development in radia-
tion-exposer patients with and without RFs, and in
patients above and below 60 also. The G1691A allele
of the coagulation factor V gene frequency among
RF-free patients does not found (0 carriers), the
Leiden mutation frequency among RFs patients
with radiation anamnesis was 12.50 % (2 carriers).

After stratification of radiation-exposer patients, it
was detected, that only in the subgroup with RFs the
TC prevalence was higher in the G1691A variant of
the proaccelerin gene carriers on the statistical signif-
icance threshold (2 from 2 vs. 2 from 14; p = 0.050).

The higher level of TC in the radiation-exposer
carriers of the G1691A4 allele of the proaccelerin
gene, in the comparison of the wild-type allele sub-
jects, was found only in the subgroup with RFs,
probably, due to the specific proportion of patients.
In the group with radiation anamnesis, subjects

Yacrota Tpom603iB y HOCiiB G1691A anensa 1a gMKOro Tuny anens reHa akropy koarynauii V cepep nauieHris

i3 peakTuBHUMM 3miHamm B MK Ta papiauinHum anamHesom

Table 2

Thrombosis frequency in the G1691A allele and wild-type allele the coagulation factor V gene carriers with

reactive PB changes and radiation anamnesis

3aranbHa KinbKiCTb HOCIIB

MauieHTn 3 TpoMGo3amMm

Eg‘l.,l?:mis G1691A anens Patients with thromboses
Patient n Total quantity of the G1691Anosutueni  G1691A HeraTneHi
subgroups G1691A allele carriers G1691A positive G1691A negative
n (%) n (%) n (%)
3aranbHa rpyna 16 2 (12,50) 2 (100) 2(14,28) 0,050
«» Common subgroup
& Crapuwi 60 pokis 8 1(12,50) 1(100) 2 (28,57) 0,375
== Above 60
= Monopuwi 60 pokis 8 1(12,50) 1 (100) 0 0,125
Below 60
3aranbHa rpyna 3 0 0 1(33,33) HB/ND
a o Common subgroup
©.E  Crapuwi 60 pokis 0 0 0 0 HB/ND
3 & Above 60
Monopuwi 60 pokis 3 0 0 1(33,33) HB/ND
Below 60
Crapuwi 60 pokis 8 1(12,50) 1 (100) 2(28,57) 0,375
E£2  Above 60
52 Monoawi 60 pois 11 1(9,09) 1(100) 1(10,00) 0,181
=S Below 60
S< 3aranha rpyna 19 2(10,52) 2(100) 3(17,64) 0,058

Common subgroup

Mpumitka. HB — He B13HA4AETLCS
Note. ND — not detected
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Ja nipenctapieHa cyo’ekramu 3 @P. Jluie tpu ocooun
oymu 6e3 @P, a JlefineHcbKa MyTallist He OyJia IpeacTaB-
JIeHa B HaBeeHiil Koropti. OTxke, BHECOK HOCIHCTBa
G1691A4 anens reHa npoakieJepuHy B PO3BUTOK TPOM-
003iB y rpymi 6e3 ®P HeMOXKJIMBO KOPEKTHO OLIiHUTH.

HactynmHuM KpoKoMm AoCigKeHHS OyJO0 BU3HAUYCH-
H$T yacToTU TpoM003iB y HociiB G1691A aneins Ta ane-
JIs nukoro Tuity V dakTopa Koaryisiii 6e3 pamialiii-
HOTO aHAMHeE3Yy.

Y xoropti 6e3 pamialiiiHOro aHamMHe3y, 4acToTa
TpoM003iB y HOCi1B JIeiigeHChbKOI MyTallii, TOPiBHSIHO 3
ocobamu 3 ajejeM AUKOTro TUITy, Oyjia BHUILOIO Y MO-
Joamiit Bikoii minrpyti (p = 0,006), minrpyri 6e3 @P
(p = 0,004) ta y nauieHTiB Mojioaue 60 pokis 6e3 ®P
(p = 0,001) (tabu. 3). 3a HasiBHOCTI G1691A anens re-
Ha V ¢akTopa 3ropTaHHs Yy MOJIOAIIII Miarpymi 6e3
pamialiifHOro aHaMHe3y PU3UK PO3BUTKY TPOMOOTHY-
HUX yCKJIagHeHb 30iabinyeTbes B 13,80 (BP: 13,80; Al
95 %: 2,60—73,01) pasa, y koropti 6e3 ®P ta 6e3 ®P
moutogme 60 pokiB — B 12,00 (BP: 12,00; I 95%:
3,06—47,0) Ta 19,50 (BP: 19,50; A1 95%: 4,17—91,02)
pa3a, BiIMOBigHO.

BusHaueHo yacToTy apTepiaibHUX Ta BEHO3HUX TPOM-
003iB cepen HOCIiB G1691A anens ta aneias AUKOTO TH-

Ta6nuusa 3

with RFs represented in 84.21 % cases. Only three
persons were RFs-free and the Leiden mutation was
not presented in this cohort. Therefore, the effect of
the G1691A allele on the development of thrombosis
in the RFs-free subgroup cannot be estimated.

The next step of the study was the determination of
the thrombosis frequency in the cohort of the
G1691A allele and wild-type allele the coagulation
factor V gene carriers without radiation anamnesis.

In the cohort without radiation anamnesis, the
thrombosis frequency in cases of the Leiden mutation
carrying, comparing to the wild type allele carriers,
was higher in the younger subgroup (p = 0.006), the
RFs-free subgroup (p = 0.004) and RF-free young
subjects (p = 0.001) (Table 3). In the case of the pres-
ence of the G1691A allele of the coagulation factor V
gene in the younger subgroup without radiation anam-
nesis, the risk of the TC development increases by
13.80 (RR: 13.80; CI 95 %: 2.60—73.01), in the RF-
free subgroup and the young RFs-free subjects — by
12.00 (RR: 12.00; CI 95 %: 3.06—47.0) and 19.50
(RR: 19.50; CI 95 %: 4.17—91.02) times, respectively.

Then, it was determined the frequency of arterial
and venous thromboses among the radiation-expos-

Yacrota Tpom603iB y HOCiiB G1691A anensa 1a gMKOro Tuny anens reHa akropy koarynauii V cepep nauieHris
i3 peaktuBHumu 3miHamm B MK Ta 6e3 papiayinHoro aHamHe3sy

Table 3

Thrombosis frequency in the G1691A allele and wild-type allele the coagulation factor V gene carriers with

reactive PB changes and without radiation anamnesis

Mpynu 3aranbHa KifnbKicTb HOCIIB MauieHTn 3 TpoMOO3amMm
naLieHTie G1691A anens Patients with thromboses
Patient n Total quantity of the G1691Ano3utuedi  G1691A HeraTUBHi
subgroups G1691A allele carriers G1691A positive G1691A negative
n (%) n (%) n (%)
3aranbHa rpyna 55 1(1,81) 0 19 (35,18) 1,000
«» Common subgroup
& Crapuwi 60 pokis 23 1(4,34) 0 14 (60,87) 0,391
== Above 60
= Monopuwi 60 pokis 32 0 0 5(15,62) HB/ND
Below 60
3aranbHa rpyna 78 6 (7,69) 3 (50,00) 3(4,16) 0,004
o o Common subgroup
S £ Crapwi 60 pokis 8 1(12,50) 0 1(14,28) 1,000
2 & Above 60
Monogwi 60 pokis 70 5(7,14) 3 (60,00) 2(3,07) 0,001
Below 60
Crapuwi 60 pokis 31 2 (6,45) 0 15 (51,72) 0,483
=
E£ Above 60
%’—% Monogwi 60 pokis 102 5 (4,90) 3 (60,00) 7(7,21) 0,006
25 Below 60
< 3aranbHa rpyna 133 7 (5,26) 3 (42,85) 22 (17,46) 0,122

Common subgroup

MpumiTtka. HB — He BU3HAuaETLCS
Note. ND — not detected
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ny reHa V ¢dakropa KoaryJsiii B oci0 i3 pamiauiitHum
aHaAMHE30M.

JloBeaeHo, 1110 B I'pyIli NALiEHTIB 3 pagialliiHUM aHaAM-
He30M i peakTuBHMMU 3MiHamu B 1K, Tiabky BeHO3Hi
TPOMOO3U 3yCTpivyaIuCh YacTillle y BUMMAAKY HOCiliCTBa
OpOTPOMOOreHHOrO ajiessi reHa V pakTopa KoaryJsiii
(pp = 0,017). Crparudikallis Imaii€eHTiB IPOIEMOH-
CTpyBaJja, 1110 YacTOTa PO3BUTKY BEHO3HUX TPOMOO3iB
y HociiB G1691A anensi reHa mpoakiieJIeprHY, TOPiBHSI -
HO 3 Malli€HTaMU 3 IUKWUM MOTO TUITOM, Oijbliia B Mifd-
rpyni 3 ®P (p = 0,008) (tabxa. 4). BusHauutn BHECOK
G1691A anenbHOro BapiaHTy reHa V (akTopa Koary-
JISIil Ha PO3BUTOK apTepiaibHOTO a00 BEHO3HOIO
TpoM003y B miarpyiri 6e3 @P KopeKTHO OLiHUTH He-
MOXKJIMBO Uepe3 BiICYTHICTb B Hiil HOCIIB JIelineHChbKO1
MyTallii.

V rpyni 3 pagialiiHUM aHaMHE30M Ta PEaKTUBHUMU
3MmiHaMu B ITIK pu3uK BEeHO3HMX TPOMOO3iB y HOCIiB
Jeiipencbkoi myrtauii craHosutb 21,25 (A1 95%:
1,24—361,63), a B miarpym 3 ®P — 25,00 (J1I 95%:
1,56—399,68).

VY rpyni nauieHTiB 0e3 panialiiHOro aHamHe3y (p =
0,031), Tak caMo, fIK i B TpyIIi 3 HIOTO HASIBHICTIO, BUK-
JIIOYHO BEHO3Hi TPOMOO3M 3yCTpivyajuch vacTille 3a

Ta6nuusa 4

er carriers of the G1691A allele and of the wild-type
allele of the coagulation factor V gene.

It was proved, that in the group of radiation-expos-
er patients with reactive PB changes, only venous
thromboses was more frequently in the cases of the
prothrombogenic allele of the coagulation factor V
gene carrying (p = 0,017). The patients stratification
showed, that the frequency of venous thromboses
development in the G1691A allele carriers, compar-
ing to the patients with the wild-allele, was higher in
the RFs subgroup (p = 0.008) (Table 4). The effect of
the G1691A allele variant of the coagulation factor V
gene on the development of arterial or venous
thrombosis in the RFs-free subgroup cannot be cor-
rectly estimated because of absence the Leiden
mutation carriers.

In the radiation-exposer group, the risk of venous
thromboses in the carriers of the Leiden mutation
with reactive PB changes was 21.25 (CI 95 %: 1.24—
361.63), and in the subgroup with RFs — 25.00 (CI
95 %: 1.56—399.68).

In the group of patients without radiation anam-
nesis (p = 0.031), as well as in the radiation-exposer
group, only venous thromboses were more frequent

YacroTa apTepianbHux i BeHO3HMX TPOMG03iB y HOCiiB G1691A anensa Ta AMKOro TUNY reHa dakropy Koarynauii
V cepep nauieHriB i3 peaktTuBHuMu 3minamu B MK 1a pagiauiiHum aHamHe3oMm

Table 4

Frequency of arterial and venous thromboses the G1691A allele and wild-type allele the coagulation factor V
gene carriers with reactive PB changes and with radiation anamnesis

lpynun MauieHTn 3 apTepianbHummn TpoMmOo3amm MauieHTn 3 BEHO3HUMM TPOMOO3aMK
nauieHTiB Patients with arterial thromboses Patients with venous thromboses
Patient G1691Ano3utuBdi G1691A HeratueHi G1691Ano3utuBii G1691A HeratusHi
subgroups G1691Apositive ~ G1691A negative P G1691Apositive = G1691Anegative p
n (%) n (%) n (%) n (%)
3aranbHa rpyna 0 2(14,28) 1,000 2 (100) 0 0,0085
« Common subgroup
3 & Crapuui 60 pokis 0 2 (28,57) 1,000 1(100) 0 0,125
o= Above 60
= Monopuwi 60 pokis 0 0 HB/ND 1 (100) 0 0,125
Below 60
3aranbHa rpyna 0 0 HB/ND 0 1(33,33) HB/ND
I Common subgroup
< ..&_’ Crapwi 60 pokis 0 0 HB/ND 0 0 HB/ND
§ &"3 Above 60
Monogwi 60 pokis 0 0 HB/ND 0 1(33,33) HB/ND
Below 60
Crapuui 60 pokis 0 2 (25,00) 1,000 1(100) 0 0,125
E £ Above 60
2.8 Monoawi 60 pokis 0 0 HB/ND 1 (100) 1(10,00) 0,181
&8 Below60
S 3aranbHa rpyna 0 2(11,11) 1,000 2 (100) 1 (5,55) 0,017

Common subgroup

Mpumitka. HB — He BU3HA4aETLCS
Note. ND — not detected
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Ta6nuusa 5

YacroTa apTepianbHux i BeHO3HMX TPOMG03iB y HOCiiB G1691A anensa Ta AMKOro TUNY reHa dakropy Koarynauii
V cepep nauieHTiB i3 peaktuBHumu 3miHamu B MK 6e3 papiayitHoro aHamHesy

Table 5

Frequency of arterial and venous thromboses the G1691A allele and wild-type allele the coagulation factor V
gene carriers with reactive PB changes and without radiation anamnesis

Fpynun MauieHTn 3 apTepianbHummn TpoMO03amm MauieHTn 3 BEHO3HUMKM TPOMOO3aMK
nauieHTiB Patients with arterial thromboses Patients with venous thromboses
Patient G1691Ano3autnedi G1691A HeraTuBHi G1691Ano3utuBii G1691A HeratusHi
subgroups G1691Apositive  G1691A negative P G1691Apositive  G1691Anegative p
n (%) n (%) n (%) n (%)
3aranbHa rpyna 0 10 (18,51) 1,000 0 9 (16,66) 1,000
«» Common subgroup
S & Crapui 60 pokis 0 6 (27,27) 1,000 0 8 (36,36) 1,000
o= Above 60
= Monopuwi 60 pokis 0 4 (12,5) HB/ND 0 1(3,12) HB/ND
Below 60
3aranbHa rpyna 0 0 HB/ND 2 (33,33) 3(4,16) 0,044
o @ Common subgroup
© jl_’ Crapwi 60 pokis 0 0 HB/ND 0 1(14,28) 1,000
é '5':03 Above 60
Monopuwi 60 pokis 0 0 HB/ND 2 (40,00) 2(3,07) 0,023
Below 60
Crapiwi 60 pokis 0 6 (20,68) 1,000 0 9(31,03) 1,000
E £ Above 60
2.2 Monopwi 60 pokis 0 4(4,12) 1,000 3(60,00) 3(3,09) 0,001
&8 Below 60
S=  3aransHa rpyna 0 10 (7,93) 1,000 3 (42,85) 12 (9,52) 0,031

Common subgroup

MpumiTtka. HB — He BU3HA4aETLCS
Note. ND — not detected

HocilictBa JleiimeHchkoi Mytauii. Iliciss crpatm-
¢ikauii JoBeneHO, 110 YacTOTa PO3BUTKY BEHO3HUX
TpoM003iB y HoCiiB G1691A anenst TeHa Ipoakiiesie-
pUHY, TIOPIBHSIHO 3 XBOPHMMU 3 TUKUM MOTO TUIIOM,
BUILIA y miarpymi monoaue 60 pokis (p = 0,001), 6e3
®P (p = 0,044) Ta 6e3 ®P momonie 60 pokiB (p =
0,023) (Tabn. S).

Pusuk BeHO3HMX TpOMOO3iB y HOCIiB G1691A4 aneins
reHa V ¢akropa 3ropraHHs1 6e3 pafiallifHOro aHam-
He3y craHoBuB 5,78 (A1 95%: 1,58—21,13). Y cBoio
Yyepry, MiIpaxoBaHO, IO PU3MK CYIMHHUX MOMIi y
BEHO3HOMY pycJli y HociiB JleiaeHchbKoi MyTallii 6e3
®P cknanas 6,85 (A1 95%: 1,86—25,22), y moJon-
LIKMX BIKOBUX MiATrpyIrax Ta Koropti 6e3 ®P mosoniie
60 pokiB — 19,40 (I 95%: 4,64—81,09) ta 9,57 (Al
95%: 2,49—36,73), BiAnoBiaHO.

OBI'OBOPEHHA

YV Hamomy gocigkKeHHi BU3HAY€HO, 110 B TpyIi na-
LI€HTIB i3 pamialliiHUM aHaMHE30M, TaK caMo, sIK i
0e3 HbOTO, TiJIbKM BEHO3Hi TPOMOO3U 3yCTPiuaroThCs
yacrille 3a HociiicTBa JleliaeHChKOI MyTallii, 110 B
LijoMy 30ira€Tbcs 3 pe3yabraTaMM iHIIMX JOCIifI-
XKeHb [10].

in case of the Leiden mutation carrying. After stratifi-
cation, it was proved, that the frequency of venous
thromboses development in the G1691A allele carriers,
compared to the wild-allele patients, is higher in the
subgroup below 60 (p = 0.001), the RFs-free (p =
0.044) and RFs-free below 60 (p = 0.023) subgroups
(Table. 5).

In the carriers of the G1691A allele the coagulation
factor V gene without radiation anamnesis, the risk of
venous thromboses was 5.78 (CI1 95 %: 1.58—21.13). In
addition, it was estimated, that the risk of venous
thromboses in the Leiden mutation RFs-free carriers
was 6.85 (CI 95 %: 1.86—25.22), in the younger age
subgroups and in the RF-free below 60 subgroup —
19.40 (CI 95 %: 4.64—81.09) and 9.57 (CI 95 %:
2.49-36.73), respectively.

DISCUSSION

Therefore, in our study was confirmed, that in the
group of radiation-exposer patients, as well as in the
group without radiation anamnesis, venous throm-
boses only were more frequently in carriers of the
Leiden mutation. Which generally coincides with the
results of other studies [10].
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V nauieHTiB 6e3 pagialiiiHOro aHaMHe3y 4acToTa po3-
BUTKY BEHO3HHMX TPOoMOO3iB 3a HocilicTBa G1691A anens
reHa mnpoakiejaepruHy Oiibiia B ocid mMoysogmux 3a 60
pokiB Ta 6e3 PP. OTxXKe, onocepeKOBAHO MiATBEPIKE-
HO, 1110 «KJIACUYHi» TPUTEPU PO3BUTKY CEPLIEBO-CYINH-
HUX MO HEBUIIOIOTh BHECOK JlelaeHChbKO1 MyTallii B
3pOCTaHHSI YaCTOTH TPOMOOTMYHMX YCKJIATHEHb CEpel
oci0 3 peakTuBHUMMU 3MiHaMmu B [1K.

3rigHo 3 JaHMMU OiNBIIOCTI JOCJIiIXKEHb, SIKi BKJIIOUA-
JIV MAL[i€HTIB i3 KIOHAJILHUMU ITeéMaTOJOTiYHUMU 3aXBO-
prOBaHHSIMU a00 BiIHOCHO 30POBHUX OCi0 0€3 peakTHB-
Hux 3MiH B [1K, TpoMOOreHHII1 BIJIMB CIaAKOBOI TPOM-
0oinii 3mificHIOBaBCS, y Meplly 4Yepry, 3a BilICYTHOCTI
nomatkoBux @P iX BHUHMKHEHHSI, BpaxoBylouHn BiK. Tak,
Jleiinenceka myranisgs ta G20210A anenb TeHa IIPOT-
poMOiHy € Tpurepom Tpom0O03y B oci0 Momomammx 50
pOKiB 6€3 3HauylIoro KopoHapocreHosy [10], mpote He
BIUIMBAJIM Ha BUHMKHEHHS TPOMOOTUYHUX YCKJIaTHEHD
B 0ci6 moxuioro Biky [11].

IToxiGHMi1 pe3yabTaT OTPUMAHO i B KOTOPTi TMAlli€HTIB
i3 KJIOHAJIbHUMM Mi€JONpoipepaTUBHUMU HEOILIa3i-
SIMU, B SIKMX 30iJbILIEHHS PU3UKY BUHUKHEHHST TPOMOO-
TUYHUX YCKJIAagHEeHb 3a HociiictBa G1691A anens reHa
npoakienepuny abo G20210A anena reHa dakropy Il
KOaryJsiiii CrioCTepiraeETbCs TiIIBKUA Y TPYMi Malli€HTIB,
MoJtoamux 3a 60 poxis [ 14].

LlixaBo, 110 BiAMOBiAHO A0 HALIOIO aHali3y Julle B
rpymi MalLi€HTiB i3 pagialifiHUM aHaMHE30M, 4acToTa
PO3BHUTKY BEHO3HUX TpPOMO0O03iB 3a HasiBHOCTI G1691A
ajiels TeHa IIpoakilejepruHy BuIna B Imiarpymi 3 @OP.
binbln BUCOKUIA piBeHb YAaCTOTU PO3BUTKY BEHO3HUX
TpoM003iB y HociiB JlelimeHcbKoi MyTallii BUSIBISHUM
qie y miarpymi 3 ®P, iiMoBipHO, Yepe3 0cOoOIMBICTD
BUOiIpKM mauieHTiB. Tak, malieHTU 3 pamialiiHuUM
aHamMHe30M y 84,21 % BuUmankiB mpeacTaBlieHi cy0’ek-
tamu 3 @P. HatomicTh, 6e3 PP Oyi10 TiJIBKM TpU 0COOM.
Takox, y miarpymi maui€eHTiB 3 pamialliltHUM aHaMHe-
30M 0e3 DP JleiineHchka MyTallist He OyJia mpeacTaBlie-
Ha. Takum ynHOM, BIUIMB BapiaHTy G1691A4 rena V daxk-
TOpa 3ropTaHHSI Ha PO3BUTOK apTepiaJbHOro abo Be-
HO3HOTro TpoM0603y miarpymni 6e3 ®P i3 pamiamiitHUM
aHaMHE30M KOpPEKTHO OILIHUTH HEMOXKJIHMBO 4Yepe3
BiICYTHICTB B Hilf HOCiiB JleiineHchKO1 MyTalrii. 3 iHIITO-
ro OOKy, He BHUSBJICHO Pi3HULI MiX YacTOTOIO HOCIiB
G1691A4 rena V ¢akropa 3ropTaHHs y BCiX MiArpynax
Mali€eHTIiB i3 pamialiiHUM aHaMHE30M Ta 0e3 HbOTO.
OTxe, 3HAXiAKy IIOAO MPEBaJIFOBaHHSI YaCTOTH TPOM-
003iB 3a HassBHOCTI G1691A anenst reHa IpoakleIepuHy
B MAL€HTIB i3 pamiamiiitnnM aHaMHe30M Ta @P, mopis-
HSTHO 3 HOCISIMM aJieJisl IUKOTO TUITY, MOXHA ITOSICHUTH
KYMYJISITUBHOIO B3aEMOJIEI0 MiX TilepKoaryJssii€lo,

In the G1691A allele of the proaccelerin gene carri-
ers without radiation anamnesis, the frequency of
venous thromboses development is higher in individ-
uals below 60, as well as in RFs-free subjects. Thus, it
is indirectly confirmed that the «classic» triggers of
cardiovascular events do not prevent the contribution
of the Leiden mutation in the increase in the frequen-
cy of C among people with reactive changes in PB.

The majority of studies, which included patients
with clonal hematological disorders or healthy
individuals without any PB reactive changes,
proved that the thrombogenic effect of the heredi-
tary thrombophilia was carried out, first of all, in
cases of the absence of additional RFs of their
occurrence. So, the Leiden mutation and the
G20210A allele of the coagulation factor II gene
are more powerful predictors in persons below 50
without coronary stenosis [10], but not in old
patients [11].

Similar results were also obtained from cohorts
of patients with clonal MPNs, in which the risk
of development of thrombotic events/complica-
tions due to the G1691A allele carriership of the
proaccelerin gene or the G20210A allele of coag-
ulation factor II gene was only in patients below
60 [14].

Interesting that, in our study, only in the group of
radiation-exposer patients the frequency of venous
thromboses development dues to the carrying of the
G1691A allele the coagulation factor V gene is higher
in the subgroup with RFs. The higher level of venous
thrombosis in the radiation-exposer carriers of the
Leiden mutation, in comparison of the wild-type
allele subjects, was found only in the RFs subgroup,
probably, due to the specific proportion of patients.
The patients with radiation anamnesis in 84.21 %
cases ware represented by subjects with RFs. Only
three persons were without RFs and the Leiden
mutation was not presented in this cohort. Therefore,
the effect of the G1691A4 variant of the coagulation
factor V gene on the development of arterial or
venous thrombosis in the RFs-free subgroup cannot
be correctly estimated because of the absence of the
Leiden mutation carriers. On the other hand, it was
not found any difference between the frequency of
the G1691A allele of the coagulation factor V gene
carriers in all subgroups of the patients with and with-
out radiation anamnesis. Therefore, in the radiation
anamnesis and RFs subgroup the prevalence of
thrombosis in the G1691A allele of the proaccelerin
gene carriers, in comparison to wild-type allele sub-
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3yMOBJICHOIO HaBeJEeHOIO0 MYTALli€l0 i MepeHeCeHUM
pamialiiiHO-acoL[iiiOBaHUM MOIIKOJKEHHSIM EHIO0-
TEJTIo.

BUCHOBKU

PeakTuBHi 3MiHM B KPOBi HE CIIPOMOXKHi HiBeJIOBaTH
MPOTPOMOOTEHHUI BIUIUB «KjacuyHux» @OP Ta
HociicTBa JleiineHcbkoi MyTauii. Takox, y HaloMmy
JOCTiIKeHHI BUSHAUEHO, 1110 B TPYTi 3 patialliitHUM
aHaMHEe30M, TaK caMo, SK i 6e3 HbOro, CrocTepira-
€TbCS BUIA YACTOTA BEHO3HUX TPOMOO3iB 32 HOCIii-
ctBa JleiineHchkoi MyTaltii. HasBHicTh G1691A4 anens
reHa ¢daxkropy V Koarymsilii y Nali€eHTiB 3 peaKTuB-
Humu 3MiHamu B ITK 0e3 pamiauiiiHoro aHamHe3sy
30iJ1bIIYE PU3UK PO3BUTKY TPOMOO3iB, 32 paxyHOK
BEHO3HMX CYAWHHUX MOMIN TepenyciM y TMalli€eHTiB
6e3 ®P ta monomuie 60 pokiB. Y mauieHTiB 3 pamia-
LifHMM aHaMHE30M YacTOTa BEHO3HUX TPOMOO3iB 3a
HocilicTBa JlefineHCchKO1 MyTallii Oijblua y Digrpymni 3
®DP, 1110 MOXXHA MOSICHUTH SIK OCOOJIMBOCTSIMU BUOIp-
KM, TaK i KyMYJSTUBHOIO B3aEMOJIEI0 MiX TilepKoa-
TYJISIIIEI0, 3yMOBIIeHOIO MyTamieio G1691A anend re-
Ha MOpoakleJepuHy, Ta IepeHeCeHUM padialiiiHO-
acollifOBaHMM ITOIIKOIKEHHSIM €HIOTEiI0.
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jects, can be explained by the cumulative interaction
between hypercoagulation due to Leiden mutation and
radiation-induced damage of the endothelium.

CONCLUSIONS

Reactive changes in the blood are not able to prevent
the prothrombogenic effect of «classic» RFs and the
Leiden mutation carrying. In our study was con-
firmed, that in the group of radiation-exposer
patients, as well as in the group without radiation
anamnesis, only venous thromboses were more fre-
quently in the Leiden mutation carrying. The carrying
of the G1691A allele of the coagulation factor V gene
in the patients with reactive changing of PB increases
the risk of venous thrombosis development, first of all,
in the subjects without FRs and below 60. In the radi-
ation-exposer group, the frequency of venous throm-
boses development in the G1691A allele the coagula-
tion factor V gene carriers, comparing to the patients
with the wild-allele, is higher in the subgroup with
RFs. It is probably because the specific proportion of
patients or prothrombogenic interaction between
hypercoagulation due to the Leiden mutation and
radiation-associated endothelial damage.
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