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TOCJJIIIZKEHHS ITOJIMOP®I3MY TEHA TOX3/LOC643714

TA PU3UKY BUHUKHEHHA PAKY MOJIOYHOT 3AJI03U Y OCIB,
AKI 3A3HAJIN 11 IOHI3YIOUYOI PAIIAIIIT BHACJIIOK ABAPIT
HA YOPHOBMJIBCHKIN AEC

MeTta. MeToto po6oTn Gyno: BU3HAYMUTU Ta NOPIBHATU 0c06AMBOCTI nonimopciamy rs3803662 reHa TOX3/LOC643714y
XBOPUX Ha pak MonouyHoi 3ano3u (PM3), saki 3a3Hanu fii ioHisytouoi pagiauii BHacnigok aBapii Ha YopHOOUIbCbKIN
AEC, Ta y xBopux 6€3 BNAKBY i0Hi3yto4oro BunpomiHoBaHHs (IB) B aHamHesi.
Marepianu i meTogu. BusHayeHHs nonimopdiamy rs3803662 reHa TOX3/LOC643714 npoBOAMAK WASXOM NofiMepasHoi
naHutorosoi peakuii (MJIP) y 83 xBopux Ha PM3: 42 oci6, ski 3a3Hanu Aii ioHi3ylouoi pagialii BHacnigok asapii Ha
YopHobunbebkiit AEC, 41 ocobu 6e3 BNAKBY i0Hi3yl04Oro BUNPOMiHEHHS B aHaMHe3i Ta 17 0cib KOHTPONbHOT rpynu
MuTenis Ykpainu 6e3 oHkonatonorii. [Ins nopiBHAHHSA OTPMMaHMX IaHUX WOAO0 CMOHTAHHOTO i pafialiiiHo-acoliioBa-
Horo PM3 Ta po3paxyHKy BiAMiHHOCTE 4acTOT aneniB i pu3nKy BUHUKHEHHS OHKONATONOrii BUKOPUCTOBYBANM [aHi
niTepaTypu WOAO KOHTPONbHMX rpyn nonynauin Pociicekoi ®epepauii, Weuii, Benukoi bputanii.
Pe3ynbtatu. py NopiBHAHHI 3 faHWMKM NiTepaTypu Ta rpynoto ocib, ski 3a3Hanu Bnausy IB, y roMo3uroTHUX HOCIiB
MiHOpPHUX anenis reHa TOX3/LOC643714 TT BuABNEHO 36inblIeHHs pu3nKy po3BuTky PM3: OR = 2,89, p = 0,02 (CI 95 %
1,17-7,16).Y oci6 6e3 BnnuBy IB B aHaMHe3i HOCilICTBO rOMO3UIOTHUX MiHOPHUX anenis reHa TOX3/LOC643714TT Takox
acoUilOETbCA 3 PU3NKOM BUHUKHEHHS PM3: OR = 3,83, p = 0,0002 (CI 95 % 0,82—14,14). Y roM03MroTHUX HOCiiB MiHOp-
HUX anenis reHa TOX3/LOC643714, aki 3a3Hanu Bnausy IB, He BUABNEHO 36inbleHHA pu3nKy po3sutky PM3 (OR = 0,65,
p=0,46, CI 95 % 0,21-2,04) NOpiBHAHO 3 KOHTPOJIbHOIO FPYNOt0 YKPATHCBKOT nonynsaii.
BucHOBKM. HOCiiCTBO rOMO3UIOTHUX MiHOPHUX aneniB reHa TOX3/LOC643714 He € dhakTopom pu3mnky po3sutky PLU3 3a
YMOB BM/IMBY 10Hi3yI04YOr0 BUNPOMiHIOBAHHA B AOCAILKEHIN rpyni yKpaiHCbKOT monynauii.
KnioyoBi cnoBa: pak MosI0YHOT 3a1031; reHeTUYHKI nonimopdism; TOX3/LOC643714, aBapis Ha YopHobunbcbkin AEC.
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Reserch of the gene polymorphism TOX3 / LOC643714 and the risk of
breast cancer development in persons exposed to ionizing radiation
after Chornobyl disaster

Objective. The objective of this work was to identify and compare the polymorphism of the rs3803662 polymorphism
of the TOX3/L0OC643714 gene in breast cancer patients who have undergone ionizing radiation due to the Chornobyl
accident and in patients without ionizing radiation (IR) in the history.
Materials and methods. The determination of the rs3803662 polymorphism of the TOX3/L0C643714 gene was per-
formed by polymerase chain reaction (PCR) in 83 patients with breast cancer: 42 subjects who were exposed to ion-
izing radiation due to the Chornobyl accident, 41 people without ionizing radiation in history and 17 controls in
Ukraine without cancer pathology. In order to compare the obtained data on spontaneous and radiation-associated
breast cancer and to calculate the differences in the frequencies of alleles and the risk of oncopathology, data from
literature on control groups of the populations of the Russian Federation, Sweden, and the United Kingdom were
used.
Results. Comparing with the literature data and the group of exposed subjects, the homozygous carriers of the
minor alleles of the TOX3/L0C643714 TT gene revealed an increased risk of developing breast cancer: OR = 2.89, p =
0.02 (CI 95% 1.17-7,16). In subjects without the influence of IR in history, the carrier of homozygous minor axis of
the gene TOX3/LOC643714 TT is also associated with the risk of breast cancer: OR = 3.83, p = 0.0002 (CI 95%
0.82-14.14). In the homozygous carriers of the minor alleles of the TOX3 / LOC643714 gene exposed to IR, there was
no increase in the risk of developing breast cancer (OR = 0.65, p = 0.46, CI 95% 0.21-2.04) compared with the con-
trol group of Ukrainian population.
Conclusions. The carrier of homozygous minor alleles of the TOX3/L0C643714 gene is not a risk factor for the devel-
opment of breast cancer under conditions of exposure to ionizing radiation in the study group of the Ukrainian pop-
ulation.
Key words: breast cancer; genetic polymorphism; TOX3/L0C643714, accident at the Chornobyl Nuclear Power Plant.
Problems of radiation medicine and radiobiology. 2017;22:450-462.

BCTYII
Pak MomnouHoi 3ano3u (PM3) — 1ie mMyabTugakTopHe
3aXBOPIOBAHHSI, BUHUKHEHHSI SKOIO pPO3IJISAaloTh SIK
pe3yabTaT B3a€EMOJil HU3KM TeHETUYHUX (PakTopiB i
YUHHUKIB HAaBKOJMUIIHBOTO CEPEIOBHUINA, BKIIOUYAIOUMN
reorpadiuHi, couianabHi, BUpooHNYi Ta iH. [1]. OcHOBOIO
MNyXJIMHHOTO TIPOlIecy, He3aJIeXHO Bil JioKali3zalii myx-
JIMHU, € 3J105IKicHa TpaHchopMallisi KIITUHU B pe3yJib-
TaTi MOpYILIEHHS peryJsilii KJIITUMHHOTO LUKy Ta
MPUTHIYEeHHS anonTo3y [2]. MojekynsipHuii maToreHes
OHKOJIOTIYHMX 3aXBOPIOBAHb BKIIIOYAE BEIUKY KiIbKiCThb
TEHETUYHUX i eMireHeTUYHUX TTOMIN, SIKi MPU3BOISTH 10
aKTHBallil OHKOIeHiB Ta iHAKTHUBallil IeHiB MyXJIUHHOI
cympecii [3, 4].

Peakuis opraHizmy JoAMHM Ha pafialiliHWil BILJIUB
BU3HAYa€EThCs OararbMa (pakTopamMu, B T.U. iHAMBIAyalb-
HOIO PafiovyTIMBICTIO, OMHUM i3 KPUTEPIIB SIKO1 € pU3UK

INTRODUCTION
Breast cancer (BC) is a multifactorial disease, the
emergence of which is considered as the result of
the interaction of a number of genetic factors and
environmental factors, including geographical,
social, industrial, etc. [1]. The basis of the tumor
process, regardless of the localization of the tumor,
is the malignant transformation of the cell as a
result of a violation of the regulation of the cell
cycle and inhibition of apoptosis [2]. Molecular
pathogenesis of oncological diseases includes a
large number of genetic and epigenetic events,
which result in the activation of oncogenes and
inactivation of genes of tumor suppression [3, 4].
The response of the human body to radiation is
determined by many factors, including individual
radiosensitivity, one of the criteria of which is the
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PO3BUTKY 3J0sSKiCHUX HOBOYTBOPEHb, MOB’SI3aHUI 3
Ji€ro ioHi3yrouyoro BumpomiHioBaHHs (IB). BBaxaloTb,
IO iHAWBimyadbHA pamioOYyTIWBICTE Ma€ MYJIBTHU(AK-
TOpiaJIbHY TTPUPOY i 3HAYHOIO MipOIO BU3HAYAETHLCS Te-
HETUYHUMMU OCOOJMBOCTSIIMU, Cepell SIKUX BaKJIUBY POJIb
BilirpaloTh MoJiMOp(gHiI BapiaHTU TIeHiB-MoaMdiKa-
TOPIB, e(PeKT IKNX MOIYIIOEThCI (DaKTOpaMU JOBKIJIIS
[5, 6]. BinpuricTh 3 LMX IeHiB MalOTh HU3bKY IEHET-
PaHTHICTh MO BiIHOLIEHHIO 10 3J0SIKICHUX HOBOYTBO-
peHb, ajie 4YacToTa IOIIMPEHOCTI iX MNoJiMOp(HUX
BapiaHTIB y IOMyJIsILil MOXe J0CsIraTh BHUCOKMX 3Ha-
YyeHb. 3a OCTaHHI POKM iAeHTU(IKOBAHO HECATKU
noJaiMop(pHUX TeHiB-KaHAMAATIB, SIKi MOXYThb OpaTu
y4yacTb y (OpMYBaHHiI OHKOJIOTIYHOTO PU3HUKY.

OcobnuBe Micle cepen reHiB-Moau@ikaTopiB MaioTh
reau pemnapauii JHK, mpomyktn gkux oOyMOBIIOIOTH
BimHOBNeHHs nowkomkeHb JJHK, 1110 BUHMKaOTh B pe-
3yabTaTi 30BHilIHiX BruMBiB (IB, KaHleporeHu, Kce-
HOOIOTMKM Ta iH.) i BHYTPIIIHIX TOHil (ITOMWIKHN
perutikailii), Ta BUTaJIeHHS IIUISIXOM aIloNTo3y KIIITUH, Te-
HETUYHUI anapart SKux He Moxke OyTy BiZHOBIeHUI [7].

JdaHuMU emnigeMioNoriYHMX TOCHiIXKEeHb MiATBepIKe-
HO iCHYBaHHSI TIPUYMHHOTO 3B’SI3KYy MiX PO3BUTKOM
PM3 Ta BmIMBOM i0OHi3yIOUOTO BUIIPOMiHIOBAHHS.
OKpiM TOro, 00GroBOPIOETHCS UMOBIPHICTD ITiABUILIEHHS
PU3UKY PO3BUTKY pajialliiHOro paky 3a HasiIBHOCTI Ie-
HETUYHO 3yMOBJIEHOI CXWJIbHOCTiI OO0 MOro BUHUKHEH-
Hs. Po3BUTKOBI pamialliifHOro paky MOXYTh CHPUSITH
HU3bKOMEHETPAHTHI T€HM, MOJIMOPDi3M SKUX MOIIKU-
peHMIi y 3arajibHiil momyssuii [8]. BucioBiaeHo npumy-
MIeHHS, 110 Y po3BUTKY PM3 Moxke OpaTy y4acTb BeIn-
Ka KiJIbKiCTh TeHHUX JOKYCiB, KOXEH 3 IKUX Ma€ cjiad-
KMt eeKT, a TOETHAHHS IEeKiJIbKOX i3 HUX ITPU3BOIUTH
0 BUHMKHEHHSI CHAgKOBOI CXWJIBHOCTI IO 3aXBOPIO-
BaHHI [9].

Jns mepeBipKU rirmore3u 3arjaaHOBaHO Ta IPOBe-
JeHO KilbKa MaclITaOHUX JOCHiIXEeHb 3a YydacTio
0araTbOX KOJEKTHBiB HAyKOBILiB 3 KpaiH 3axigHoi,
Cximnoi €sponu, CIIA ta A3ii, B IKUX BUBYAIN
acouianii PM3 3 pi3HMMM T€eHOMHMMMU BapiallisMu
(Genome-Wide Association Studies — GWAS). V
nux podotax mociigxeHo coTHi Tucguy 'l (omHO-
HYKJICOTUIHWX 3aMiH) Ta BCTAHOBJIEHO 1X acoliamii
3 PM3 y pexinbkox tucsay xsopux [10]. BusBiaeno,
mo noxiMopdizmu rs2981582, rs1219648, rs1078806
rena FGFR2; 1s3803662, 1rs12443621 reHa
TNRC9/TOX3, 16ql12.1; rs889312 rena MAP3KI,
5q11.2; rs3817198 rena LSPI noB’si3aHi 3 pU3UKOM
po3BUTKY PM3.

Ien TOX3/LOC643714, paHillie BioMUil IK TPUHYKJIIC-
otunuuit moBTop 9 (TNRCY), 3HaX0AUTHCS B XpPOMOCOMI
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risk of developing malignant neoplasms associated
with the action of ionizing radiation (IR). It is
believed that individual radiosensitivity has a mul-
tifactorial nature and is largely determined by
genetic features, among which the polymorphic
variants of modifying genes play an important role,
the effect of which is modulated by environmental
factors [5, 6]. Most of these genes have low pene-
trance in relation to malignant neoplasms, but the
prevalence of their polymorphous variants in the
population can reach high values. In recent years,
dozens of polymorphic candidate genes have been
identified that can participate in the oncological
risk formation.

A special place among gene modifiers is the
DNA repair genes whose products cause the repair
of DNA damage caused by external influences
(IR, carcinogens, xenobiotics, etc.) and internal
events (replication errors), and the removal by cell
apoptosis, the genetic apparatus which cannot be
restored [7].

Data from epidemiological studies confirmed the
existence of a causal relationship between the devel-
opment of breast cancer and the influence of ionizing
radiation. In addition, the probability of increasing
the risk of developing radiation cancer in the pres-
ence of a genetically predisposed predisposition to its
occurrence is discussed. Developmental radiation
can be promoted by low-penetrant genes, the poly-
morphism of which is common in the general popu-
lation [8]. It is suggested that a large number of gene
loci may be involved in the development of breast
cancer, each of which has a weak effect, and the com-
bination of several of them leads to the emergence of
hereditary predisposition to the disease [9].

To test the hypothesis, several large-scale studies
have been planned and conducted by many teams
worldwide to expolore associations of breast cancer
with different genomic variations (Genome-Wide
Association Studies — GWAS). In these works, hun-
dreds of thousands of SNPs (single-nucleotide poly-
morphims) have been investigated and their associa-
tion with breast cancer has been established in several
thousands of patients [10]. The polymorphisms
152981582, 151219648, rs1078806 of the FGFR2 gene;
13803662, 1512443621 of the TNRC9/TOX3 gene,
16q12.1; rs889312 of MAP3KI gene, 5qll.2;
rs3817198 of the LSPI gene is associated with the risk
of developing breast cancer.

The TOX3/LOC643714 gene, formerly known as
the tri-nucleotide repeat 9 (TNRCY), is located in a
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16q 12 i Mae TPUHYKJICOTUIHUI TOBTOPHMUIT MOTUB. [eH
BiIMOBiJaB 3a MPOTEIH, 110 MiCTUTh OOKC I'pyIM OiIKIB 3
Brcokoro pyxiusictio (HMG) [11], 1o BKa3ye Ha Te, 1110
BiH TOTEHILIIHHO MOXe BimirpaBaTu poJjib Y Kablliii-3a-
JIEXKHIN TpaHCKpUILi SIK ¢akTop TpaHcKpuiiii [12]. B
OCTaHHi pOKH acolliallii Mi>k FTeHETUYHUMU BapiaHTaMU B
ob6macti TOX3 Ta CIpUHATIMBICTIO paKy MOJIOYHOI 3a-
JIo3n OynaM MiATBepIKeHi 3araJlbHOreHOMHUM Ta
eMiAeMiONOTIYHUMU JOCTIIKEHHSIMU Y MOIMYJSIisIX
€sponu, Asii Ta Appuku [13, 14]. SNPrs3803662 3Haxo-
JINTHLCS Ha BiIcTaHi 8 T. T1. H. Yy 3BOPOTHOMY HAMPSIMKY JI0
TOX3. TOX3 rs3803662 OyB ineHTH(hIKOBaHUI SIK TOM,
1110 TOB’SI3aHUI 3 paKOM MOJIOYHOI 3aJI03U 3a JOIIOMO-
rolo 3araJlLHOreHOMHUX JIOCTiIXKeHb acouiauiit [13-15] 3
OiATBEPIXKEHHSIM acoLialliii y 01X XKiHOK iClaHChKOTO
Ta HeiCmaHCHKOIo MOXOMXKEHHS, TpoBeneHuX Slattery i
crniBaBropamu|[11]. OgHak He OyJIO BUSIBJIEHO XKOIHOI
3Ha4YHOI acouiamii Mix rs3803662 i pU3MKOM 3aXBOPIO-
BaHHSI Ha paK MOJIOYHOI 321031 Y XiHOK a3iiicbKoro ta
adpukaHchKOro noxomkeHHs [16, 17]. A.l. barenea Ta
CHiBaBTOPM IIOKasaJu acolialilo nojdiMopdizmy
1s3803662 rena TOX3/LOC643714 y PM3 (OR=1,30;
95%ClI 1,14-1,45; p=0,002) [18].

META

MeTo1o po60TH OYJ10 BUBHAYUTHU Ta MOPiBHATU OCOOJIM -
BocTi noJjiiMopdizmy rs3803662 rena TOX3/LOC643714y
XBOPHUX Ha paK MoJIoOUHOi 3ano03u (PM3), ki 3a3Hanm aii
ioHi3yl0Uoi papianii BHacaigok aBapii Ha YopHo-
oumnbcbkiit AEC, Tta y xBopux Ha PM3 06e3 BILUIMBY
10Hi3yI04OIr0 BUITPOMiHIOBAHHS B aHAMHE3I.

MATEPIAJIM 1 METOJIN

IMonimopdism rs3803662 rena LOC643714 nocaigniu
y 83 xBopux Ha PM3. BniiuB IB B anamHe3i 0yB HasiB-
Huit y 42 xBopux, gki ckinanu I rpymy. Jdo Il rpynu
BXoauau xBopi Ha PM3 6e3 BrtuBy IB B aHamMHe3i —
41 ocoba. KoHTposbHa rpymna Oyya BigidpaHa B yK-
paiHChBKil oMyl Ta ctaHoBMIa 34 ocobn 0e3 OH-
KormaToJiorii. [as MOopiBHSAHHS OTPUMAaHUX IaHUX
IIOA0 CIIOHTAaHHOrO Ta pajialiiiHO-acoliiloBaHOTO
PM3 i po3paxyHKiB BiAMiHHOCTeil 4acTOT ajeyieil i
PU3UKY BUHUKHEHHS OHKOIIATOJOrii BUKOPUCTOBY-
BaJiM JaHi JiTepaTypU II0J0 KOHTPOJLHUX I'PYIl IMO-
nynsaniit Pociiicbkoi ®@epnepanii, LBewii Ta AHrmii
[19-21].

151 MOIEKYJISIPHO-TEeHETUIHOTO JOCIIKEHHS BUKO-
pUCTOBYBaIM 3pa3Kku rnepudepiitHoi KpoBi. BumineH-
Hga JHK 3gilicHoBanu 3a cTaHAApTHUM METOAOM 3
BUKopucTaHHAM Habopy NeoPrepl00 DNA Magnet
(NeoGene, Ykpaina). Takox reHomHay JIHK excrparyBa-

chromosome 16q 12 and has a tri-nucleotide re-
motive. The gene was responsible for the protein
containing the boxing group of high-mobility group
(HMG) [11], indicating that it could potentially play
a role in calcium-dependent transcription as a tran-
scription factor [12]. In recent years, associations
between the genetic variants in TOX3 and the sus-
ceptibility of breast cancer have been confirmed by
genetic and epidemiological studies in populations
of Europe, Asia and Africa [13, 14]. SNP rs3803662
is at a distance of 8 t.p.n. in the opposite direction to
TOX3. TOX3 rs3803662 has been identified as relat-
ed to breast cancer with the help of generic associa-
tion research [13, 14, 16], with the confirmation of
the associations of white women of Spanish and
non-Hispanic origin conducted by Slattery and co-
authors [11]. However, no significant association
was found between rs3803662 and the risk of breast
cancer in women of Asian and African descent
[15, 17]. Al Batenev and co-authors showed associ-
ations of polymorphism rs3803662 of the
TOX3/L0OC643714 gene in women with breast can-
cer (OR =1.30;95% CI 1.14-1.45; p = 0.002) [18].

OBJECTIVE

The objective of the work was to determine and com-
pare the features of the rs3803662 polymorphism of
the TOX3/LOC643714 gene in breast cancer patients
exposed to ionizing radiation due to the Chornobyl
NPP accident and in breast cancer patients without
ionizing radiation exposure in a history.

MATERIALS AND METHODS
The polymorphism 1s3803662 of the gene
LOC643714 was tested in 83 patients with breast can-
cer. Influence of IR in history was available in 42
patients who made up the I group. The second group
consisted of patients with breast cancer without an IR
effect in history — 41persons. The control group was
selected in the Ukrainian population and constituted
34 without cancer. For comparison of the obtained
data on spontaneous and radiation-related BMD and
calculations of differences in allele frequencies and
the risk of oncopathology, data from literature on
control groups of the populations of the Russian
Federation, Sweden and England [19—21] were used.
For molecular genetic studies, samples of
peripheral blood were used. DNA isolation was
carried out using the standard method using the
NeoPrepl00 DNA Magnet kit (NeoGene,
Ukraine). Also, the genomic DNA was extracted
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Ju 3 ¢dikcoBaHUX (OPMATIHOM i 3aMUTUX MapadiHOM
TKaHWH 3 BUKOPUCTAHHAM Habopy g BuniienHs JJTHK
Quiamp DNA Mini Kit (Quiagen, Hilden, HiMmeuunna).
TenorunysanHs noiMmopdHUX MapkepiB rs3803662 reHa
TOX3/L0C643714 mpoBOAMJIM METONOM ajieb-CIie-
MbiyHOI MmoJjiiMmepa3Ho-JaaHuroBoi peakuii (ITJIP) 3
JIETEKILIIEI0 pe3y/bTaTiB B peXuMi peajbHOro 4acy Ha
amrutigikaropi LightCycler IT (Roche, I1Beiinapist) 3 Bu-
KOPUCTaHHSIM crenndiyHuX MpaiMepiB i 30HIiB. 30HAU
MaloTh (JIyopecleHTHY MoaM@ikallito Ta 6apBHUK-rac-
HUK (KBeHUYEp), SIKMU NPUTHIUYE (DIIOOPECIEHIIII0 IO
tux mip, noku HHK-moniMepasa 3aBasiku CBOill €K30-
HyKJI€a3Hili aKTMBHOCTI HE BUBLIBHUTH (DIYyOPOXpPOM B
npoueci eaoHrattii nponykty ITJIP. KoxeH Kpok cynpo-
BOJIXKYBaBCSI pEeECTpaLli€lo (hIyOPECIIEHTHOTO CUTHAILY B
Jiama3oHax, BiIMOBiZHUX iHTepBaJiaM QIIOOPECLEHIIT
dayopodopis. IIpaitMepu a1 moiaiMepa3HOi JaHLIOIO-
BOI peakuil 11 BM3HAYeHHs MoiaiMopdismy 1s3803662
reHa TOX3/LOC643714, cuntesoBaHi (ipmorwo «TIB-
MOLBIOL» (Himeyuynna), mpeacTtapiieHi B Ta0aui 1.

Ta6nuua 1

from fixed formalin and tissue-wrapped paraffin
using a kit for DNA extraction Quiamp DNA Mini
Kit (Quiagen, Hilden, Germany). The genotyping
of the rs3803662 polymorphic markers of the
TOX3/L0OC643714 gene was performed by allelic-
specific polymerase chain reaction (PCR) with
real-time results detection on the LightCycler I1
amplifier (Roche, Switzerland) using specific
primers and probes. The probe has a fluorescent
modification and a gummy dye (quencher) which
suppresses fluorescence until the DNA poly-
merase, due to its exonuclear activity, does not
release fluorochrome during the process of elonga-
tion of the PCR product. Each step was accompa-
nied by the registration of the fluorescence signal
in the ranges corresponding to fluorescence inter-
vals. Primers for the polymerase chain reaction to
determine the rs3803662 polymorphism of the
TOX3/L0OC643714 gene synthesized by TIB MOL-
BIOL (Germany) are presented in Table 1.

Mpaitmepu ana BusHayeHHa nonimopdisamy rs3803662 reHa TOX3/L0C643714.

Table 1

Primers for determining the rs3803662 polymorphism of the T0X3/L0C643714 gene primer Sequence (5'— 3).

Mpaiimep / primers

MocnipoBHicTb / sequence (5’ — 3’)

Mpsmuii / direct

CTCTCCTTAATGCCTCTATAGCTGTC

3BOpOTHil / reverse

CTTAGCGAAGAATAAAACTGTGGAC

PeakuiitHa cymiln ckiananacs i3 30HAIB, BUTOTOBJIE-
Hux ¢dipmoro Roche Diagnostics (HimeuuunHa).
AmIutidikalito TpoBOAWIM B HACTYIMHMX YMOBax: IO-
yaTkoBa AeHatypauisg 10 xB mpu 95 oC;45 nukiis
amrtidikalii, gKi eKcmoHeHLiaJbHO 30iJbIIYIOTH
KUJIbKICTh aMIUTIKOHIB 11 MOJIEKYJISIPHOTO aHali3y i
BKJIIOUAIOTh AeHaTypamito mpu 95 °C — 10 c, pea-
couiauito nipu 60 °C — 10 ¢, cunre3 npu 72 oC- 15 ¢;
r1aBieHHs 3a teMnepatypu 95 °C — 20 ¢, 40°C —40cta
oxoyiomxkeHHs ripu 40 °C — 30 c.

ITicna 3akiHyeHHs peakuil aMmIuUtidikauii TpoBOAUIN
00K 1 aHami3omep:KaHUX Pe3yNbTaTiB 3TiTHO 3 PEKOo-
MeHJalisMu (pipMU-BUPOOHUKA.

IeHoMHa nocnigoBHicTh HykIeoTuaiB JIHK riopuau-
3YETHCS 3 KOMIUIEMEHTAPHOIO iii INTYIHO CUHTE30BaHOIO
MOCJiAOBHICTIO, MideHOI0 (hiyopodopoM (30HAOM) i ¥
BUMAAKY, SIKILIO Tidpuan3allis BinOynacs, IeTeKTYEThCS
curHan gayopecueHuii. Peakuii ikcyloTbcst ceHcopa-
MM, SIKi TIepefaloTh CUTHAJI 1O KOMII'I0Tepa, IIporpaMHe
3a0e3MeYeHHsT SIKOTO0 KOHBEPTYE CUTHAJIM i BUBOIUTH
JaHi y BUTJSAOI MiKiB, 3 IKUX (POPMYEThCS Iiporpama.

The reaction mixture consisted of probes manu-
factured by Roche Diagnostics (Germany).
Amplification was performed under the following
conditions: initial denaturation of 10 min at 95 °C;
45 amplification cycles that exponentially increase
the number of amplicons for molecular analysis
and include denaturation at 95 °C — 10 s, reoccur-
ring at 60 °C — 10 s, synthesis at 72 °C — 15 s; melt-
ing at a temperature of 95 °C — 20 seconds, 40 °C —
40 seconds and cooling at 40 °C — 30 seconds.

At the end of amplification reaction, the accounting
and analysis of the results were made in accordance
with the recommendations of the manufacturer.

The genomic sequence of DNA nucleotides is
hybridized with an artificially synthesized
sequence labeled with a fluorophor (probe) and, if
hybridization occurs, the fluorescence signal is
detected. Reactions are fixed by sensors that trans-
mit a signal to a computer whose software converts
signals and outputs data in the form of peaks, from
which a pyrogram is formed. The height of each
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BucoTa koXHOro mika mpomopiiifHa KiJbKOCTi iHKOP-
MOpOBaHUX HyKJIeoTuAiB. Kosn mpoiiec mpomoBKyeTh-
cs1, koMmIuieMeHTapHuit naHuior JIHK enoHryetbcs,
¢dopMye MOCTiZOBHICTb HYKJICOTUIIB Ta Y BUTJISIAI CUT-
HaJiB (MiKiB) BizoOpaxkaeThbcs SIK miporpama (puc. 1).

rs3803662 Melting Peaks
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BinMiHHOCTI MixX YacToTaMu aJiejliB y pi3HUX rpymnax i
B PO3MOMIiJi YaCTOT I€HOTUIIIB PO3pax0OByBaiud 3 BUKO-
pUCTaHHAM KpuTepilo ¥’ 3 monpaskolo Merca Ha Gesme-
pepBHicTh Bapialii. BianoBiAHICTh PO3MOALTY YAaCTOTH
reHOTUIiB piBHOBa3i Xapai-BaiiHOepra ouiHoBaiIu 3a
JOTIOMOI0I0 MOPIBHAHHS OYiKyBaHOI Ta €MITipUYHOI
YaCcTOTH T€HOTHUIIB. AHaJTi3 TPOBOAMIN, 06a3yIOUMCh Ha
pO3paxyHKax TEOPETUYHO OUiKyBAHOTO PO3MOIiTY KOX-
HOTO 3 TPHOX F€HOTUIIIB, BUXOIASUN 3 IIPUMYIICHHS, 110
JlaHi iHIIUX IBOX € TOYHUMMU.

OTpuMaHi pe3yabraTi 00pOoOJISIN 3a TOMOMOTOI0 Me-
TOAIB BapialliiHOI CTAaTUCTUKMU, MPUUHATUX s 0io-
JIOTIYHUX NOCHTiIKeHb [22] i peKOMEeHIOBaHUX IJIST 00-
poOKM pe3ynbTaTiB MOJEKYJISIPHO-TEHETUYHUX J0-
caimkenpb [23]. CTaTUCTUYHY OOpPOOKY OTpUMAaHUX Ja-
HUX 3[Oi1ICHIOBAJIM 3 BUKOPUCTAHHSIM ITaKeTy IPOTrpaMu
StatPlus Pro.

PE3VYJIBTATU TA OBTOBOPEHHS
PesynbraTin aHaizy po3nojijly TeHOTHUIIIB 3a IOJIi-
mopdizmom 1s3803662 rena TOX3/LOC643714y ocib
JOCIHIIXXEHUX TPYI TMpeacTaBieHo B TaOAULIX 2—4.
B 3aranpHili Tpymi BCiX 0OCTeXEHHUX, XBOPUX Ha
PM3, He3anexHO Bia paiiauliiHOro aHaMHe3y pO3-
nojiJl TeHOTUIIIB BiANOBigaB piBHSIHHIO Xapai—
Baitnbepra.

AHaJIOTiYHUM YMHOM npoBoauan aHami3 ais [ ta 11
rpyn XBOpHUX. Y3arajibHEHi JaHi aHallidy po3Moainy
OKpEMMX TE€HOTHUITIB 3a mojaiMmopdizmMoMm 1s3803662

peak is proportional to the number of incorporat-
ed nucleotides. When the process continues, the
complementary DNA strand is elongate, forms a
sequence of nucleotides, and in the form of signals
(peaks) is displayed as a pyrogram (Fig. 1).

PucyHoK 1. Intepnpetauisa pesynbrarie MJIP gna BU3HayeHHs
reHotunie: A — nonimopdiam rs3803662 reHa TOX3/L0C643714.

Figure 1. Interpretation of PCR results for genotype determina-
tion: A is polymorphism rs3803662 of the TOX3/L0C643714

The differences between the frequencies of alleles in
different groups and in the distribution of genotype
frequencies were calculated using the Yetts correction
¥’ criterion for the continuity of the variation. The
correspondence of the frequency division of the
Hardy-Weinberg equilibrium genotypes was estimat-
ed by comparing the expected and empirical frequen-
cy of genotypes. The analysis was conducted based on
calculations of the theoretically expected distribution
of each of the three genotypes, based on the assump-
tion that the data of the other two are accurate.

The obtained results were processed using the
methods of variational statistics adopted for bio-
logical research [22] and recommended for pro-
cessing the results of molecular genetic studies
[23]. The statistical processing of the data was car-
ried out using the StatPlus Pro program package.

RESULTS AND DISCUSSION
The results of the analysis of genotype distribution for
1rs3803662 polymorphism of the TOX3/LOC643714
gene in the subjects of the study groups are presented
in tables 2—4. In the general group of all examined,
patients with breast cancer, regardless of radiation
anamnesis, the distribution of genotypes correspond-
ed to the Hardy—Weinberg equation.

Similarly, an analysis was performed for the 1* and
2" groups of patients. Summarized analysis of distri-
bution of individual genotypes according to the poly-
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Ta6nuua 2

Po3nogin nonimopdismy rs3803662 reHa TOX3/L0C643714, aHani3 BipnoBigHOCTI po3nopginy reHoTunis
piBHAHHI0 Xapai-BanH6epra i BU3HaueHHA YyacToTU BapiaHTHOro anens reHa T0X3/L0C643714 cepep Bcix 06c-
TexeHux ocib, xsopux Ha PM3 (n = 83).

Table 2

The distribution of the rs3803662 polymorphism of the T0X3/L0C643714 gene, the analysis of the distribu-
tion of genotypes for the Hardy-Weinberg equation and the determination of the frequency of the variant
allele of the T0X3/L0C643714 gene among all examined patients with breast cancer (n = 83).

FeHoTun ExcnepumenTanbHi  QuikyBaHi 2 p Yacrtora anens p Yacrora anens q (V**)
Genotype Experimental Expected X Frequency of allele p Frequency of allele q (V**)
[omo3urotn CC 47 37,78 21,25

leteposurotn CT 18 36,43 p<0,05 0,67 0,33

[omoaurotn TT 18 8,78

AnanizoBaHi rpynu cc CT BapiaHTu yactoTu anens p Bapiantu yactotu anens q (V**)
Analyzed groups Frequency options of allele p Frequency options of allele q (V**)
cC 4,5* 18 18 0,33 0,67

CT a7 58,17* 18 0,62 0,38

1T 47 18 1,72* 0,84 0,16

MpuMiTKW, * — TEOPETUYHO OYiKyBaHWIA PO3MOAIN FEHOTMMY, 33 YMOBM, LU0 [iaHi iHLIMX ABOX € TOYHMMI (06PaX0BaHO [/1sl KOXHOrO BapiaHTy); ** — yacToTa BapiaHTHOro anens.
Notes, * — the theoretical expected division of the genotype, provided that data of the other two are accurate (calculated for each option); ** — the frequency of the variant allele.

Ta6nuusa 3

Po3noain nonimopdiamy rs3803662 rena TOX3/L0C643714, yactota BapiaHTHOro anens reHa T0X3/L0C643714
i BipnoBiaHicTb po3noainy reHoTunie piBHAHHIO Xapai-BanH6epra cepep o6cTexxeHux oci6 (KinbKicTb xBo-
pux (%)).

Table 3

Distribution of the rs3803662 polymorphism of the T0X3/L0C643714 gene, the frequency of the variant

allele of the gene TOX3/L0C643714 and the distribution of the genotypes of the Hardy-Weinberg equation
among the subjects (number of patients (%)).

TOX3/L0C643714 renotun / genotype

lpyna / grou X2 P

pyna / group cc CT T Vanenb /V allele
Bci xBopi Ha PM3, n=83 47 (56,62) 18 (21,68) 18 (21,68) 0,33 21,25; p<0,05
All patient with BC, n=83
Xeopi Ha PM3, siki 3a3Hanu fii IB B aHamHesi, n=42 21 (50,0) 12 (28,6) 9(21,4) 0,36 5,99; p<0,05
Patient with BC, who were exposed to the IR, n=42
Xsopi Ha PM3, 6e3 Brnmsy IB B aHamHe3i, n=42 26 (63,4) 6 (14,6) 9(22,0) 0,29 17,14; p<0,05
Patient with BC without impact of IR in history, n=42
KoHTponbHa rpyna, Ykpaita, n=42 18 (53,0) 8 (23,5) 8 (23,5) 0,35 7,99; p<0,05

The control group, Ukraine, n=42

Ta6nuusa 4
Emnipu4HuMii Ta ouikyBaHui po3nopgin reHotunie nonimopdiamy rs3803662 reHa TOX3/L0C643714 y xBOpUX Ha
PM3 6e3 Bnnusy IB B aHamHesi.

Table 4
Empirical and expected distribution of genotypes of polymorphism rs3803662 of the T0OX3/L0C643714 gene
in patients without breast implantation.

FeHoTun / genotype EmnipuuHi / experimental OuikyBaHi / expected
Fomo3urotn / homozygotes CC 26 20,51
leteposuroTu / heterozygotes CT 6 16,98
Fomoaurotn / homozygotes TT 9 3,51
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rena TOX3/LOC643714 Tta 1ioro BiIITOBIZHOCTI
piBHsAHHI0O Xapnai—BalinOGepra mpeactaBieHO B Tad-
muui 3. B rpymi obcTexxenux, xBopux Ha PM3, gaki
3a3Hanu aii 1B B aHaMHe3i, po3moail TeHOTUIIiB
BiAMOBigaB piBHAHHIO Xapnai—BaitnOGepra. B rpymi
xBopux Ha PM3 6e3 BnauBy IB B aHaMHe3i, ska 3a
yuceabHicTio ckiagaia 49,39 % ob6crexkeHux, pos-
MOAiA TEHOTHUIIIB BiAIMOBigaB piBHIHHIO XapHi—
Baiin6epra.

OtpuMaHi gaHi, SIKi MOpiBHIOBAIU 3 TaHUMM JIiTepaTy-
pyu 1IOAO PO3MOALY BapiaHTHOro ajejsl TreHa
TOX3/L0OC643714 y nociimKeHUxX rpymax, npeacTaBieHi
B Tabauui 5. Pe3yabraTé aHajidy IMOPiBHSIHHS 4acTOT
BapianTHOrO anejsg reHa TOX3/LOC643714 mix nocin-
KEHUMHW TpynaMu Ta JaHUMH JiTepatypu [19—21]
npencTaBieHi B Tabuuugx 6—8. YacTora ToMO3UTOTHUX
HociiB anenst TT y xBopux Ha PM3, ki 3a3Hanu nii 1B,
He BiIpi3HsIach Bil Takoi y XBopux Ha PM3 6e3 BBy
IB B anamue3i (21,4 % ta 22,0 %, BinnosinHo, x> = 0,79).
Yacrora BapianTHoro anens reHa TOX3/LOC643714 y
xBopux Ha PM3, sxi 3a3nanu nii 1B, BiporinHo Binpi3Hsi-
JIach BiJl HOKA3HUKiB KOHTPOJIbHOI rpyny 6€3 OHKOIaTO-
sorii 3 HIsewii (p = 0,03). Pesyasratu mpencraBiieHi B
Tadaui 7.

Yacrora romo3urotHux HociiB ajens CC i retepo3n-
rot CT B ycix 1oCTiIxKeHUX rpyIax Mixk cOO010 BiporiqHO
He BiApi3HsIIaCh.

ITopiBHSIHHSI KOHTPOJBLHOI IPYNU 3 YKpaiHU Ta KOHT-
POJILHUX TPYIT 32 JAaHWMMU JIiTepaTypyd BUSIBUJIO HEIOC-
TOBIpHY Pi3HULIIO:
> MiX rpynoio 3popoBux ocié Pociiicbkoi @Denepairii
Ta KOHTPOJIbHOW Tpymnolo 3 Ykpainu (x> = 0,47, p =
0,49);
> MixX rpynoto ocid 6e3 onkomnaroJjorii (IIBeuist) Ta
KOHTPOJIbHOIO rpynoto 3 Ykpainu (x> = 0,07, p =
0,79);
> MiX rpyroro ocio 6e3 oHkomnarosorii (Benuka bpu-
TaHis) Ta KOHTPOJIBHOIO Tpymolo 3 Ykpainu (y* =0,18,
p =0,67).

I1pu nopiBHSAHHI 3 JAHUMU JiTepaTypHu, Y TOMO3UTOT-
HUX HOCIiB MiHOpHUX aneniB reHa TOX3/LOC643714 TT
Ta IPyNolo, SKi 3a3Halu BILIMBY IB, BUsBIEHO 30i1b-
LIeHHs pu3uKy po3BuTKy PM3: OR = 2,89, p = 0,02
(CI 95 % 1,17-7,16) (anst mOpiBHSIHHS BUKOPUCTaHI
naHi podotu [19]). ¥ oci6 6e3 BriuBy IB B aHaMHe3i
HOCIICTBO TOMO3WTOTHMX MIiHOPHHUX ajieJiei TeHa
TOX3/LOC643714 TT TakoX acoliloeTbCs 3 PUNKOM
BuHUKHeHHss PM3: OR = 3,83, p = 0,0002 (CI 95 %
0,82—14,14). (U1 mOpiBHSIHHSI BUKOPUCTaHi TaHi po0o-
™ [20]).

morphism rs3803662 of the TOX3/LOC643714 gene
and its correspondence to the Hardy—Weinberg
equation is presented in Table 3. In the group of
breast cancer patients IR exposure in a history the
distribution of genotypes corresponded to the
Hardy—Weinberg equation. In the group of breast
cancer patients without IR impact in history (49.39%
of the surveyed), the distribution of genotypes corre-
sponded to the Hardy—Weinberg equation.

The data obtained comparing with the literature
data regarding the distribution of a variant allele of the
TOX3/LOC643714 gene in the study groups are pre-
sented in Table 5. Frequency comparison of the vari-
ant allele of the TOX3/LOC643714 gene between the
study groups and the literature [19—21] are presented
in Tables 6—8. Frequency of homozygous cartilage
carriers in the TT allele in immunocompromised
breast cancer patients did not differ from that in
patients without an IR effect in anamnesis (21.4%
and 22.0%, respectively, x* = 0.79). Frequency of the
variant allele of the TOX3/LOC643714 gene in immu-
nocompromised patients was significantly different
vs. control group without oncopathology from
Sweden (p = 0.03). Results are presented in Table 7.

The frequency of homozygous carriers of the
allele CC and the CT heterozygote in each of the
groups studied was not significantly different.

Comparison of the control group from Ukraine
and the control groups according to the literature
revealed an incorrect difference:
> between a group of healthy persons of the
Russian Federation and a control group from
Ukraine (x> = 0.47, p = 0.49);
> between a group of people without cancer
(Sweden) and a control group from Ukraine (x* =
0.07, p=10.79);
> between a group of people without cancer
(Great Britain) and a control group from Ukraine
(x*=0.18, p=0.67).

When compared with the literature data,
homozygous carriers of the minor alleles of the
TOX3/L0C643714 TT gene and the group exposed
to IV showed an increased risk of developing breast
cancer: OR=2.89,p=0.02 (C195% 1.17-7,16) (for
comparison the data of the work [19]). In subjects
without the influence of IR in history, the carrier of
homozygous minor alleles of the TOX3/LOC643714
TT gene is also associated with the risk of breast can-
cer: OR = 3.83, p = 0.0002 (CI 95% 0.82—14.14),
(for comparison work data [20] is used).
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Taonauua 5

Po3noain nonimopdiamy rs3803662 reHa TOX3/L0C643714, yactota BapiaHTHOro anens reHa T0X3/L0C643714
Ta BiANoBiaHicTL po3noainy reHoTuniB piBHAHHIO XapAai-BanH6epra 3a panumu niteparypu [19-21] (kinbKicTb

xBopux (%))
Table 5

Distribution of rs3803662 of the TOX3/L0C643714 gene polymorphism, frequency of the variant allele of the
T0X3/L0C643714 gene and the distribution of genotypes of the Hardy-Weinberg equation according to liter-

ature [19-21] (number of patients (%)).

TOX3/L0C643714 renotun / genotype

Fpyna / grou

Pyna / group cc CcT T V anenb / V allele
I'pyna oci6 6e3 oHkonatonorii, Benuka bputania, n=373 [21] 217 (58,17) 137 (36,72) 19 (5,09) 0,23 p>0,05
Group of persons without cancer, United Kingdom, n=373 [21]
pyna 3noposux oci6, LLsewis, n=1387 [20] 780 (56,23) 512 (36,91) 95 (6,84) 0,25 p > 0,05
Group of persons without cancer, Sweden, n=1387 [20]
pyna 3popoBux ocib, Pociiickka ®epepats, n=174[19] 77 (44,25) 82 (47,12) 15 (8,62) 0,29 p > 0,05
Group of persons without cancer, Russia, n=174 [19]
KoHTponbHa rpyna,Ykpaita, n=34 18 (53,0) 8 (23,5) 8 (23,5) 0,35 p <0,05

Control group, Ukraine, n=34

Taonauusa 6

BiporigHicTb BigMiHHOCTe vy YacToTi BapiaHTHOro anens reHa T0X3/L0C643714 TT mix rpynamu o6cTeeHUx

ocib.
Table 6

Probability of differences in the frequency of the variant allele of the T0X3/L0C643714 TT gene between the

groups of the examined individuals.

Yacrora BapiaHTHOro anens reHa TOX3/LOC643714

r r . 2
pyna / group Frequency of variant gene allele TOX3/LOC643714 x5P
XBopi Ha PM3, ski 3a3Hanu fii IB B aHamMHe3i, n=42 0,36 x2=0,79; p=10,38
Patient with BC, who were exposed to the IR, n=42
Xsopi Ha PM3 6e3 Bnwsy IB B aHamHesi, n=41 0,29* -
Patient with BC without impact of IR in history, n=41
KoHTponbHa rpyna,YkpaiHa,n=34 0,35 x2=0,62; p=0,43

Control group, Ukraine, n=34

Mpumitka, * — BipOiAHICTb BiAMIHHOCTEN MiX NOKa3HMKaMU MOPIBHSHO 3 rPynok XBopux Ha PM3 6e3 Bnnmy IB B aHamHe3i..
Notes, * — the probability of differences between the indicators in comparison with the group of patients with breast cancer without the influence of IV in the history.

ITpu ropiBHSIHHI 3 KOHTPOJBHOIO TPYITOI0 YKPaiHCHKOI
MOITYJISILIiT Y TOMO3UTOTHUX HOCi1B MiHOPHMX aJie/liB T'eHa
TOX3/L0C643714 TT, sixi 3a3Hanu BBy 1B, He BusB-
JICHO MiNBUILIEHHS pU3UKY po3BUTKY PM3: OR = 0,89,
p=0,83 (CI95 % 0,30—2,62).

ITpu nopiBHSHHI 3 KOHTPOJILHOIO TPYMNOI0 YKPATHCHKOIL
nonyJsiiii y ocié 6e3 BBy 1B B aHaMHe3i HOCIIICTBO
TOMO3MTOTHUX MiHOpHUX ajeniB reHa TOX3/LOC643714
TT He acouitoeTbes 3 pu3ukoM BUHUKHEHHSI PM3: OR
=0,65, p=0,36 (CI195 % 0,26—1,64).

TakyM 4MHOM, MU 3HAMIILIM, 1O YaCTOTa MiHOPHOIO
anenst reHa TOX3/LOC643714 y ocib xBopux Ha PM3,
sIKi 3a3HaJIM BIUIMBY B B aHamMHe3i, Oibla, HixXK B TPYIIi
xBopux Ha PM3 6e3 IB B anamuesi (x*=5,99, p = 0,01).
He 3naiimeHo mimBuIeHOTo pu3MKy pPO3BUTKY PM3 y

Comparing with the control group of the Ukrainian
population in the exposed to the IR homozygous car-
riers of minor alleles of the TOX3/LOC643714 TT
gene no increased risk of breast cancer was found:
OR =10.89, p=10.83 (C195% 0.30—2.62).

Comparing with the control group of the Ukrainian
population with no IR exposure, the carrier of
homozygous minor alleles of the TOX3/LOC643714
TT gene is not associated with the risk of breast can-
cer: OR =10.65, p=10.36 (C195% 0.26—1.64).

Thus, we higher frequency of the minor allele of
the TOX3/LOC643714 gene in patients with breast
cancer who had a history of IR infection than in the
group of patients without breast cancer (> = 5.99,
p =0.01). There was no increased risk of the devel-
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Ta6nuua 7
BiporigHicTb BigMiHHOCTel B yacToTi BapiaHTHOro anens reHa T0X3/L0C643714 TT mix rpynamu o6cTexeHUx
oci6 Ta gaHumu niteparypu.

Table 7
The probability of differences in the frequency of the variant allele of the T0X3/L0C643714 TT gene between
the examined individuals and literature data.

YacTora BapiaHTHOro anensi reHa TOX3/L0C643714

Fpyny oBeTexenwx / group Frequency of variant gene allele TOX3/LOC643714 P

XBopi Ha PM3,5ki 3a3Hanu fji IB B aHamHesi, n=42 0,36 p1 =0,54; p2=0,03
Patient with BC, who were exposed to the IR, n=42

Xsopi Ha PM3, 6e3 Bnwsy IB B aHamHe3i, n=41 0,29 p1 =0,61; pp = 0,42
Patient with BC without impact of IR in history, n=41

Ipyna 3mopoBux ocib, Pocilickka Pepepalis, n=174[8] 0,29 -

Group of persons without cancer, Russia, n=174 [8]

I'pyna 3popoBux ocib, LLsewjs, n=1387[9] 0,25 -

Group of persons without cancer, Sweden, n=1387 [9]

Mpumitku: p1 — BIPOriAHICTb BiAMIHHOCTEN MixX nokasHukamu rpyn obcTexeHux ocib nopiBHsHO 3 rpynoto 3aopoBux,Pociiicbka Penepais [19]; p2 — BiporiAHICTb BiAMIHHOCTEN MiX
rnokasHukamu rpyn o6cTexXeHux ocib nopiBHsHO 3 rpynoio oci6 6e3 oHkonatonorii, LLsewis [20].
Notes: p1 — the probability of differences between the indicators of the groups of surveyed persons compared with the healthy group, the Russian Federation [19]; p2 is the proba-

bility of differences between the indicators of the groups of surveyed persons compared with the group of persons without cancer pathology, Sweden [20].

Taoauuya 8

BiporigHicTb BigMiHHOCTel Y YacToTi BapiaHTHOro anens reHa TOX3/L0C643714 TT mix rpynamu o6cTexKeHux
oci6 Ta gaHumu niteparypu [24, 25] wopno 3p0poBux oci6 Himeuunnu Ta CLUA.

Table 8

The probability of differences in the frequency of the variant allele of the TOX3/L0C643714 TT gene between
the groups of subjects and the literature [24, 25] for healthy persons in Germany and the USA.

YacTorta BapiaHTHOro anensi reHa TOX3/L0C643714

Fpynu / group Frequency of variant gene allele TOX3/LOC643714 P

XBopi Ha PM3, siki 3a3Hanu Aii IB B aHamHesi, n=42 0,36 p1 = 0,05; p. = 0,03
Patient with BC, who were exposed to the IR, n=42

Xsopi Ha PM3, 6e3 Brnmsy IB B aHamHesi, n=41 0,29 p1 =0,0001; p = 0,42
Patient with BC without impact of IR in history, n=41

I'pyna 3p0poBux oci6, HimewunHa, n=960 [24] 0,26 -

Group of persons without cancer, Germany, n=960 [24]

I'pyna 3poposux oci6, CLLUA, n=738 [25] 0,25 -

Group of persons without cancer, USA, n=738 [25]

MpuMmiTkn: p1 — BIPOTIAHICTb BiAMIHHOCTEN MiX MOKa3HWKaMm rpyn 06CTeXeHX 0Ci6 NOPIBHSIHO 3 rpynoto 3A0poBuX ocib, HimewunHa [24]; po — BipOriHICTb BiMIHHOCTEI MiX

nokasHukamu rpyn o6cTexeHnx ocib nopiBHHO 3 rpynoio 3aoposux ocib, CLLIA [25].

Notes: p1 — the probability of differences between the indicators of the groups of surveyed persons compared with the group of healthy persons, Germany [24]; p2 is the probability
of differences between the indices of the groups of surveyed persons compared with the group of healthy persons, the USA [25].

TOMO3UTOTHUX HOCIiB MiHOpHMX ajleJiB TeHa
TOX3/L0C643714 TT, sxi 3a3Hanu BiuBy IB (OR =
0,65, p=0,36).

[linTBEpAXKeHO BHECOK I'€HETUYHOTO MOJIiMOPQi3My
1s3803662 B nokyci TOX3/LOC643714 (inentudikona-
Hux pociimkeHHsM GWAS [13, 26]), no cmagkoBoi
cxunbHOCTI PM3 B ykpaiHceKiii momynsmii. [eHeTnanmi
nosiMopdism rs3803662 B nokyci TOX3/LOC643714
acoltitoBaB 3 PM3 nonyJsilii éBponeichbKoro i a3iaTchb-
KOro ITOXO/I>KeHHSI, ajie He acolliloBaB 3 pu3rukoM PM3y
adpo-amepukaHchKiin momnymsauii  (Black Women’s

opment of breast cancer in homozygous carriers of
the minor alleles of the TOX3/LOC643714TT gene
that were exposed to IR (OR = 0.65, p = 0.36).
Contribution of the genetic polymorphism
153803662 at the locus TOX3/LOC643714 (identified
by the GWAS [13, 26] study), to hereditary predispo-
sition of breast cancer in the Ukrainian population was
confirmed. The genetic polymorphism rs3803662 in
the locus TOX3/LOC643714 associated with the breast
cancer population of European and Asian origin, but
was not associated with the risk of breast cancer in the
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Health Study). ¥V adpo-amepukaHCbKUX XiHOK 3
Multiethnic Cohort Study, T anenb acouiroBaB 3 MEH-
muM pu3nkoM PM3 mopiBHSIHO 3 iHITUMU €THIYHUMU
rpynamu [27].

V nocnimxeHHi Zhengra criiBaBTopiB [28] B appo-amepu-
KaHCBhKMX >KiHOK He BMSIBJICHO acolliallii MiXk TeHETUYHUM
noniMopdizmom 183803662 B nokyci TOX3/LOC643714 i
PU3MKOM pO3BUTKY PM3.

Siew-Kee Lowra cmiBaBTOpu mokaszajau acolliallilo
reHTuYHoOro mnoaiMmopdismy 183803662 B JokKyci
TOX3/LOC643714 3 po3sutkoM PM3 B sIMOHCHKIH T0-
myssii [29].

BUCHOBKU

1. Briepiie B Ykpaini BU3Ha4YeHi 4acTOTH TOJIiIMOP(PHOTO
anenst reHa TOX3/L0OC643714 y xBopux Ha PM3, sxi
3a3HaJM [ii i0Hi3yro4oi pafiallii BHACHiIOK aBapii Ha
Yopnoobunbcebkiit AEC (0,36 ), Ta y xBopux Ha PM3 6e3
BruiuBy 1B B anamue3i (0,29). YacTtoTa MiHOpHOTO aesist
reHa TOX3/L0OC643714y oci6, siki 3a3Hanu BILIUBY 1B B
aHaMHe3i, TOCTOBipHO OisibIlIa, HiX B IPYyIi MOPiBHSIHHS
(p=10,01).

2. Y TOMO3WTOTHMX HOCIiB MIiHOPHMX ajejliB TeHa
TOX3/L0OC643714 TT, saxi 3a3Hanu BriuBy 1B, BusB-
JIeHO 30iTbIIeHHST pu3uKy po3BUTKY PM3: OR = 2,89,
p=0,02 (CI95 % 1,17-7,16) (ni1s1 IOPiBHSIHHSI BUKO-
pucrani gani poootu T. V. Gorodnova).

3. YroMo3UroTHMUX HOCiIB MiHOPHUX aJieliB 0e3 BILJIUBY
IB B anamHuesi reHa TOX3/LOC643714 TT Ttakox
aCOLIIOETHCS 3 pU3UKOM BUHMKHEHHsI PM3: OR = 3,83,
p=10,0002 (CI195 % 0,82—14,14); (1151 MOPiBHSIHHS BU-
KopucTaHi gaHi poooTu S. Butt).

4. TTpu mopiBHSHHI 3 KOHTPOJIBHOIO IPYTOI0 YKPaiHCHKOI
MOITYJISILiT Yy TOMO3UTOTHUX HOCiIB MiHOPHMX aJIe/liB reHa
TOX3/L0C643714 TT, siki 3a3Hanu BBy 1B, He BusB-
JIEHO MiIBUILIEHHS pU3KKY po3BUTKY PM3: OR = 0,65,
p=0,36 (CI195 % 0,26—1,64).
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black American women (Black Women’s Health
Study). In African-American women with the Mul-
tiethnic Cohort Study, T allele was associated with a
lower risk of breast cancer vs. other ethnic groups [27].
In a study by Zheng and co-authors [28], African
American women no association was found between
the genetic polymorphism 1rs3803662 at the locus
TOX3/LOC643714 and the risk of breast cancer.
Siew-Kee Low and co-authors showed the asso-
ciation of the rhizome polymorphism rs3803662 at
the locus TOX3/LOC643714 with the development
of breast cancer in the Japanese population [29].

CONCLUSIONS

1. For the first time in Ukraine, the frequency of poly-
morphic allele of the TOX3/LOC643714 gene in breast
cancer patients exposed to IR due to the Chornobyl
accident (0.36) and in breast cancer patients without
IR history (0.29) were determined. Frequency of the
minor allele of the TOX3/LOC643714 gene in subjects
with a history of IR exposure is significantly higher vs.
the comparator group (p = 0.01).

2. In the homozygous carriers of minor alleles of the
TOX3/L0OC643714 TT gene that were exposed to
IR, an increased risk of breast cancer was detected:
OR=2.89,p=10.02 (CI195% 1.17—7.16) (for com-
parison used data of the work of T.V Gorodnova).
3. Homozygous carrier state of minor alleles of the
TOX3/LOC643714 TT gene with no IR exposure in
the history is also associated with the risk of breast
cancer: OR=3.83, p=0.0002 (C195% 0.82—14.14);
(for comparison the data of S. Butt were used).

4. Comparison with the control group of the
Ukrainian population in the homozygous carriers
of the minor axis of the TOX3/LOC643714 TT
gene, which was exposed to the IR, did not show
an increase in the risk of development of breast
cancer: OR = 0.65, p = 0.36 (CI 95% 0.26—1.64).
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