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AJIEJTbHUN MMOJIMOP®I3M I'EHA PEITAPAILIT THK XRCC1

Y XBOPHUX HA PAK IIIUTOITIOMIBHOI 3AJI03U, KI 3A3HAJIN
JIIT IOHI3YIOUOT PAOIAIIIT BHACJIIIOK ABAPIT HA
YOPHOBWJIBCBHKIN AEC

MeToto po6oTn 6yno BU3HAUMTK Ta NOPIBHATM 0COONMBOCTI nonimopdismy reHa penapauii XRCCT Arg399GLln y xBopux
Ha pak wutonoaioHoi 3ano3u (PLU3), ski 3a3Hanu fii ioHi3yloyoi paaiayii BHacnigok aBapii Ha YopHobunbckiit AEC,
Ta y XBOpuX 6€3 BNIMBY i0HI3yl0YOr0 BUNPOMiHEHHS B aHaMHe3i.
Marepianu i metopu. BusHauenHs nonimopcismy rena XRCCT Arg399GLn nposogunocsk wasxom MNJIP y 102 xBopux Ha
PLL3: 38 ocib, ki 3a3Hanu Aii ioHi3y40i pagialii BHacnigok aBapii Ha YopHobunbekiit AEC (V/THA, eBakyitoBaHi Ta
MelWKaHLi KOHTPONbOBAHUX TEPUTOPii, 3a0pyLHEHUX pajioHyknigamu) Ta 64 ocobu 6e3 BNAMBY iOHi3yl04Oro BUM-
pOMiHEHHs B aHaMHe3i. [Ins NOpiBHAHHA OTPUMAHMX AaHKX W00 CMOHTAHHOTO Ta pagialiiHo-acouiiosaHoro PLU3 Ta
pO3paxyHKiB BiAMIHHOCTEN YacTOT anenei i pu3nKy BUHUKHEHHA OHKONATONOriT BUKOPUCTOBYBANW AaHi nitepatypu
WOA0 KOHTPObHUX rpyn nonynsuii Pocicbkoi ®Pepepadii Ta benapyci.
Pe3ynbratu. Yactota miHopHoro anento reHa XRCC1 Arg399GLn Ta roMmo3uroTHUX HOCITB Lboro anento y xsopux Ha PLLU3,
fIKi 3a3Hanu Aii ioHi3yloyoi pagiauii BHacnigok aBapii Ha YopHoOunbckin AEC gocToBipHO 6inblua, HiX y XBOpUX 6e3
BNAUBY 10Hi3yl040ro BUNpomiHeHHs B aHamHesi (0,57 1 0,37, p = 0,006 1a 34,211 7,81 % p = 0,001, BignosigHo). Mpw
NOPiBHAHHI 3 AaHWUMWK niTepatypy wWopo nonimopciamy XRCC1 Arg399GLln y paaiaLintHo-eKCnoHOBaHUX 0Cib 6€3 OHKO-
natonorii, pusuk po3sutky PLLU3 y romo3unroTHux Hociis MiHopHoro anento XRCC1 GIn399Gln y oci6, siki 3a3Hanu Bnm-
BY 10Hi3yl040ro BUNPOMiHEHHS, BUABUBCA AOCTOBIpHO nigsuiwerum: OR = 4,14, p = 0,001 (CI 95 % 1,72-9,93).
BucHoBKuU. HoCiiiCTBO roMO3UTOTHMX MiHOPHMX aneneii reHa penapauii JHK XRCC1 GIn399Gln € dakTopom pusuky
po3suTky PLU3 3a ymoB BnauBy IB B gocnimkeHin rpyni ykpaiHcbKoi nonynauii.
KniouoBi cnoBa: nonimopchism reHa XRCC, pak wutonoAi6Hoi 3ano3u, aBapis Ha YopHobunbckiit AEC.
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Allelic polymorphism of DNA repair gene XRCC1 in patients with thyroid
cancer who were exposed to ionizing radiation as a result of the Chornobyl
accident

Objective — to determine and compare the features of DNA repair gene XRCC1 Arg399GLn polymorphisms in patients

with thyroid cancer (TC), who were exposed to ionizing radiation as a result of the Chornobyl disaster, and in patients
without exposure to ionizing radiation in history.
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Materials and methods. Determination of gene XRCC1 Arg399Gln polymorphisms was performed by polymerase chain
reaction (PCR) in 102 patients with thyroid cancer: 38 people, who were exposed to ionizing radiation due to
Chornobyl disaster (clean-up workers, evacuees and residents from controlled areas contaminated with radionuclides)
and 64 individuals without exposure to ionizing radiation in anamnesis. The literature data on control groups of pop-
ulations of Russia and Belarus were used for comparison of the data on spontaneous and radiation-associated thyroid
cancer and calculation of allele frequencies differences and risk of cancer pathology.

Results. Frequency of minor allele Arg399Gln XRCCT gene and homozygous carriers of this allele in patients with thy-
roid cancer, who were exposed to ionizing radiation due to Chornobyl disaster was significantly higher than in
patients without exposure to ionizing radiation in anamnesis (0.57 and 0.37, p = 0.006 and 34.21 % and 7.81 %, p =
0.001, respectively). Comparing to the literature data on XRCC7 Arg399Gln polymorphisms in radiation-exposed indi-
viduals without cancer pathology, the risk of thyroid cancer in homozygous minor allele XRCC7 GLn399GLn carriers, who
were exposed to ionizing radiation was significantly increased: OR = 4.14, p = 0.001 (CI95 % 1.72-9.93).
Conclusions. The carrying of homozygous minor allele GIn399Gln of DNA repair gene XRCC1 is a risk factor for thyroid

cancer under the influence of ionizing radiation in research group of Ukrainian population.
Key words: XRCC1 gene polymorphisms, thyroid cancer, Chornobyl disaster.
Problems of radiation medicine and radiobiology. 2014;19:377-388.

BCTVYII

Pak mmrononionoi 3anos3u (PLL3) ckianae menue 1 %
yCiX BUMAAKiB OHKOIIATOJIOTIi IIOAWHU, ITPOTE BBAXKAETh-
Cs OJTHI€IO0 i3 HAaYaCTIIMX EHIOKPUHHUX HeoTiasziit [1,
2]. AHani3 peTpOoCNeKTUBHUX Ta aHAJITUUYHUX eIligeMi-
OJIOTIYHUX JOCHIIKEeHb BKA3y€ Ha iCHYBaHHSI paaioreH-
Horo PII3 [1—4]. ITpore, sIK1110 3B’5130K MiX aBapi€io Ha
YopHoounbebkiit AEC ta BunukHeHHsM PIII3 y niteit €
0e3CYMHiIBHUM, TO acolliallisl 3 BAHUKHEHHSIM 1Ii€i 1aTo-
JIOTi1 y TOPOCIMX 3aJIMILIAETHCS CylepeunBoio. Bpaxo-
BYIOUH, 1110 IUTONonioHa 3ano3a (LL[3) nopocaux MeHIT
YyTJIMBa 10 [ii pagialii, HiX y JiTei, a TAKOX Te, 1110 Jia-
TeHTHUI Tiepion po3BUTKY panioreHHoro PII3 moxke
ckiagaty Bim 5 mo 35—40 pokiB, HEOOXiTZHO TTOJAJBIIIE
CIIOCTEPEXEeHHSI 32 KOHTMHICHTAMM ITOCTPaXKIaJIux
BHacJIiToK aBapii Ha YopHoOuabckiit AEC.

Peakuiist opraHiamy JIIOIMHU Ha pagialliiHUI BIIJIUB BU3-
HayaeTbcsl Oararbma (pakTopamu, B TOMY UMCIIi iHAUBILY-
anpHOIO0 pagiouyTiausicTio (IPY), omHuM 3 KpUTepiiB SIKOi €
PU3BKK PO3BUTKY 30SIKICHUX HOBOYTBOPEHbD, IOB’SI3aHUIA 3
niero ioHizyroyoro BurpomiHeHHs (IB). BBaxkarots, 1o
IPY mae mynsrudakTopialbHy NpUPOIY i, 3HAUHOK Mi-
POI0, BU3HAYAETHCSI TEHETUUHUMUI OCOOJIMBOCTSIMU, CEPE
SIKMX BaXKJIUBY POJIb BilirpatoTh MOJIiIMOPGHI BapiaHTH Te-
HiB-MOIU(piKaToOpiB, e(heKT SIKUX MOMYTIOEThCS (PaKTopa-
MM AOBKULIA [5]. BiTbIIICTb 3 IMX T€HiB MAIOTh HU3bKY T1e-
HETPAHTHICTh MO BiZHOIIEHHIO N0 3JI0SIKiCHUX HOBOYTBO-
pEeHb, aje 4yacToTa MOILIMPEHOCTI iX IMoJiMOpPhHUX Bapi-
aHTIiB B MOMYJISILII MOXe MOCSraTM BUCOKMX 3HAaYeHb. 3a
OCTaHHI POKM iIeHTH(MIKOBAHO IECATKM TOJIMOP(PHMIX
TeHiB-KaHIWAATiB, SIKi MOXYTb OpaTu y4yacTb y (opmy-
BaHHi OHKOJIOTiYHOro pu3KKy. OcobamBe Miclie cepel HUX
MatoTh reHu pemnapatiii JIHK, npomnykTu siKux o0yMOBITIO-
IOTh BiJHOBJIEHHS nouikomkeHb JHK, 1110 BUHMKAIOTh B

INTRODUCTION

Thyroid cancer (TC) is less than 1 % of all cases of
cancer human pathology, but is considered one of
the most common endocrine neoplasia [1, 2]. Ana-
lysis of retrospective and analytical epidemiological
studies suggest existence of radiogenic thyroid can-
cer [1—4]. However, if the relationship between the
Chornobyl disaster and the occurrence of thyroid
cancer in children is unquestionable, the associa-
tion with the occurrence of this disease in adults
remains controversial. Taking into account, that
the adult thyroid is less sensitive to radiation than in
children, and that the latent period of radiogenic
thyroid cancer can be from 5 to 35—40 years, fur-
ther observation should be provided on contingents
affected by the Chornobyl disaster.

The response to radiation exposure is deter-
mined by many factors, including individual
radiosensitivity (IRS), which causes the risk of
malignancies associated with the impact of
ionizing radiation (IR). It is considered, that
IRS is multifactorial and determined by genet-
ic characteristics, including polymorphic vari-
ants of genes modificators, the effect of which
is modulated by environmental factors [5].
Most of these genes have low penetrance in
relation to cancer, but the frequency of their
polymorphic variants in the population can
reach high values. In recent years, several com-
mon low-penetrance genes that cause suscepti-
bility to cancer were identified. The special
place belongs to DNA repair genes, the prod-
ucts of which cause DNA damage restoration,
resulting from external influences (IR, car-
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pe3ybTaTi 30BHilIHiX BruiubiB (IB, kaHlieporeHu, KCeHO-
0ioTHMKM Ta iH.) i BHYTPIlLIHIX MOAiN (IMOMWIKM peruiiKailii),
Ta BUIAJICHHS IIJISIXOM arloNTO3y KIIITUH, TCHETUYHMIA aIl-
napar sIKMX He MOxKe OyTH BiTHOBJIEHUH [6].

Cepen TeHiB, 110 KOAYIOTh OiJIKM €KCUM3iiHOI perna-
paiii ocHoB (base excision repair, BER), mpuBeprae yBa-
ry red XRCC1 (X-ray cross-complementing group 1). Bix
KOJy€E PErylIsITOpHUI OIJIOK pemapallii, IKWil He Mae
¢epMeHTaTUBHOI aKTUBHOCTI, ajie 3AiiICHIOE KOOPAUHY-
ouy GyHKIIO, B3aemomiroun 3 momi-A/ld-monxiMepa-
3010, JIHK-nirazoro 3, IHK-nonimepasoro 3, APEIL [7].
Haii6inpm gocmimkeHumMu mojiMopdizMamMu TreHa
XRCCI € XRCC1I Argl94Trp, XRCC1 Arg280His, XRCC1
Arg399Gin. ITokazaHa acouialist HociiicTBa noaiMopd-
aux aneneit reHa XRCC1 3 pu3nKoM po3BUTKY PSIIY 3710-
SIKICHUX HOBOYTBOpPEHb (pakK MOJIOUHOI 3ajio3U, pak
LITYHKA, KOJIOpPeKTaJbHUM pak, pak jereHn) [8-11]. ITo-
psim 3 TUM, iCHYIOTh pPOOOTH, B SIKMX HE BUSBJICHO
nomioHMX acomialiii. 3a pe3yabTraTaMi MeTa-aHali3y 38
nocnimkenb Z. Hu ta cmiBaBt. [12, 13] npuxonsdaTs 1o
BUCHOBKY, 10 acowdiauii mojiMopdizmy reHa XRCC/
Arg399Gin i Arg280His 3 pr3MKOM pO3BUTKY OHKOITATO-
JIOTi1 3a/IMIIAIOThCS pajllle CylepewInBUMU, HiX Iepe-
KOHJIMBUMM.

META

MeTo10 poO6OTU OYJIO BUBHAYUTHU Ta MOPIBHSTU 0CO0-
JIUBOCTI moaiMopdisMy reHa pemnapanii XRCCI
Arg399GIn y xBopux Ha pak IIUTOIOMIOHOI 3aJ103U, SIKi
3a3HaJM il ioHi3yro4ol paaiailii BHacaigok aBapii Ha
Yopraoomabcwkiit AEC, Ta y xBopux 6e3 BruiuBy IB B
aHaMHe3i.

MATEPIAJIN 1 METOAUN JOCJIII2KEHHSI

Busnauenns nonimopdizmy XRCC1 Arg399GIn npose-
neHo y 102 xBopux Ha PII3: 26 yosioBikiB (25 %) i 76 xi-
HOK (75 %) y BiLli Bix 14 10 78 poKiB Ha MOMEHT JliarHO-
3y (cepenHiii Bik (46,5 + 14,8) poky, MeaiaHa 49 pokiB).
Hiarro3 PLI3 BcraHOBMIOBANN Y BidiACHHIX €HIOKPH-
HoJIori1, Xipyprii pamioiHAyKoBaHOI matoJjorii Jlepxas-
Hoi yctaHoBM “HallioHaabHUII HayKOBUI LIEHTP pa-
HiauiitHoi MenuumHU HalioHanbHO1 akaaeMii MeIUYHUX
Hayk Ykpainn” (HHLIPM). Brus IB B anamne3si 3ax-
BOpioBaHHS OyB HasgBHMI Y 38 xBopux (13 4onoBikiB i 7
XiHOK). Cepen HUX: yJaCHUKM JIiKBimailii HacaiAKiB aBa-
pii Ha YAEC (YJIHA), 10 xBopux, 5 yonosikiB (50 %) Ta
5 xiHok (50 %) y Biui Bix 46 10 64 pokiB, cepeaHiii BiK —
(58%6,4) poky, memiana — 60 pokiB (I ocHoBHa rpyna);
€BaKylOBaHi Ta MeIIKaHIli KOHTPOJIbOBAHUX TEPUTOPIlA,
3a0pyaIHEHMX padioHyKIinaMu, 28 XBOpHUX, 7 YOJOBiKiB
(24 %) ta 21 xinka (76 %) y Biui Big 22 g0 67 pokiB, ce-

cinogens, xenobiotics, etc.) and internal events
(replication errors), and removal by apoptosis
cells, which genetic system can not be restored
[6].

Among the genes, that encode proteins excisional
repair bases (base excision repair, BER), attracts
attention gene XRCC1 (X-ray cross-complementing
group 1). It encodes a regulatory repair protein, that
has no enzymatic activity, but performs a coordinat-
ing function by interacting with poly-ADP-poly-
merase, DNA ligase 3, DNA polymerase 3, ARE1
[7]. The most studied polymorphism of XRCC/
gene are XRCCI Argl94Trp, XRCC1 Arg280His,
XRCC1I Arg399Gin. Association between polymor-
phic allele carriers of XRCC1 gene with the risk of a
number of malignant tumors (breast cancer, gastric
cancer, colorectal cancer, lung cancer) was shown
[8-11]. At the same time, there are studies, which
did not found similar associations. According to the
results of a meta-analysis of 38 studies, Hu Z. et al.
[12,13] concluded, that the association of polymor-
phisms Arg399GIn and Arg280His of gene XRCC1
with the risk of developing cancer remains more
controversial than convincing.

OBJECTIVE

Objective of this work was to determine and compare
the features of DNA repair gene XRCC/ Arg399GIn
polymorphisms in patients with thyroid cancer
(TC), who were exposed to ionizing radiation as a
result of the Chornobyl disaster, and in patients
without exposure to ionizing radiation in anamnesis.

MATERIALS AND METHODS

Determination of gene XRCCI Arg399Gin poly-
morphisms was performed in 102 patients with
thyroid cancer: 26 men (25 %) and 76 women (75
%) aged 14 to 78 years at the time of diagnosis
(mean age (46.5 £ 14.8) years, median 49 years).
The diagnosis of thyroid cancer set in the
Departments of Endocrinology and Surgery of
Radiation Induced Pathology of NRCRM. Impact
of IR in the disease history was present in 38
patients (13 men and 7 women). Among them 10
clean-up workers of the accident, 5 men (50 %)
and 5 women (50 %) aged 46 to 64 years, mean age
— (58 £ 6.4) years, median — 60 years (I main
group); evacuees and residents from controlled
areas contaminated with radionuclides, 28
patients: 7 men (24 %) and 21 women (76 %) aged
22 to 67 years, mean age — (42.4 £ 15.1) years,
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penHiit Bik — (42,4 = 15,1) poky, meniana — 41 pik (IT
ocHoOBHa rpyna). OcKiJIbK1 BendrHa BUOipku I oCHOB-
HOI rpyny HEJOCTaTHbO pPeIpe3eHTAaTUBHA IJISI OLIiIHKU
4yacToT MoJiMOp(HUX ajeneil i pU3nKiB pO3BUTKY OHKO-
MaToJIOori1, MpKY aHai3i Mu Takox o0 ’eanyBanu 1 i Il oc-
HOBHI rpynu B rpyny xBopux Ha PIII3, ski 3a3Hanu aii
IB BHacnimok aBapii Ha YAEC. [pymy nopiBHIHHS cTa-
HoBwIM xBopi Ha PLLL3 6e3 BriuBy 1B B aHamHe3i — 64
ocobu, 14 yonogikiB (22 %) ta 50 xxiHok (78 %) y Billi Bix
14 no 78 pokiB, cepenHiii Bik — (46,8 £ 14,7) poky,
Meniana — 49,5 poky. [lamientu Oynu Bimibpani aist
JOCJiI;KeHHS BiIMOBIiAHO MO MPUHLIMMIIB [ebCiHKCHKOL
JeKJiapalii micis 3aTBepAXKeHHs JocaiakeHHs KoMite-
TOM 3 MeanuyHoi etuku HHIIPM.

JI1s1 MOpiBHSIHHSI OTPUMAHUX JAaHUX I1OJ0 CIIOHTAaH-
HOro Ta paniauiiiHo-acouiitoBaHoro PIII3 Ta po3spa-
XYHKiB BiIMiHHOCTE 4acTOT ajiejieil i pu3nKy BUHUK-
HEHH$1 OHKOMNATOJIOTi1 BUKOPUCTOBYBAJIM AaHi JiTepaTy-
U 11010 KOHTPOJIBHUX Ipyn nmonyJsiini Pociiicbkoi Pe-
nOepauii Ta benapyci. 3okpema, KUTeTiB YMOBHO YMCTUX
Ta pafialiiiHo-3a0pynHeHUX TepuTopiii Pociiichkoi Pe-
nepauii Ta benapyci 6e3 oHKomaTosorii (pamiauiiiHo-
eKCIMoHOBaHKUX Ta 0e3 BBy IB B aHaMHe3i — 65 4o-
JoBiKiB i 133 xiHKM, cepeaHiit Bik 22,2 poky Ta 180 4o-
JIOBIiKiB i 218 XXiHOK, cepefHiil Bik 45 poKiB BiIIOBIIHO)
[14, 15].

Ienomna JIHK ekcTparyBanach 3 MOHOHYKJIEapiB Iie-
pudepuyHoi KpoBi 3 BUKOPUCTAaHHSIM HaOOpy s
pugineHHs [JJHK NeoPrep DNA Magnet (Neogene, Yk-
paiHa) 3rifHO 3 iHCTPYKIli€l0o BUpoOHUKA. s BU3HA-
yeHHSI XRCC1 Arg399GIn BUKOpUCTOBYBaJIM IIpaiime-
pu: npsamuit (5-TTGTGCTTTCTCTGTGTCCA-3%) i
3popoTHUil (5'-TCCTCCAGCCTTTTCTGATA-3’).
I1JIP 3niiicHioBanu B KiHueBOMY 00’eMi 20 MK, SIKWA
MicTUB TIpuban3Ho 20 HI mOCTiAKXyBaHOTO 3pa3Ka
JAHK, 10,0 mMoab KOXHOTO 3 TpaiiMepiB, 3 BUKOPUC-
TaHHSIM Oydepa, HaZaHOTO BUPOOHMKOM. st aMILTi-
¢ikauii BUKOpUCTOBYBaaM Habip peareHTiB aas1 ITJIP
amrmutipikauii JHK GenPak®PCR Core (Neogene, Yk-
paiHa), 3rigHO 3 iHCTPYyKILi€ BUPOOHUKA. AMILTi(i-
kamisg Ha GeneAmp PCR System 2400 (Perkin Elmer,
CiHranyp) ckianajiacs 3 moyaTtkoBoi aeHaTypatii — 95 °C,
10 xB; 30 umkiiB neHarypauii — 95 °C, 1 xB; Bimxury —
60 °C, 1 xB; enonrauii — 72 °C, 1 xB; i (piHaILHOI €JIOH-
rauii — 72 °C, 10 xB.

ITpoaykT micas ammuticikauii miggaBanu aii 3 10 O/
pectpukrasu Mspl (CvCGG) nipu 37 °C npotsirom 16
roguH. Posmernennii TTJIP npoaykr mingaBanu enexkT-
podope3sy B 3 % arapo3HoMmy rejti. Y BUMTaAKy HasIBHOCTI
noaiMopdizmy B 06ox anessx, npoaykt ITJIP po3mipom
616 1. H. 3ajMIIAETLCS HeposllerieHuM. [Ipu BiacyT-

median — 41 years (I main group). Since the size
of I main group is not representative to assess the
frequency of polymorphic alleles and the risk of
cancer pathology, we combined first and second
main groups of patients with thyroid cancer, who
were exposed to the IR after Chornobyl accident.
The comparison group were patients with thyroid
cancer without impact of IR in anamnesis — 64
people, 14 men (22 %) and 50 women (78 %) aged
14 to 78 years, mean age — (46.8 £ 14.7) years,
median — 49.5 years. The patients were selected
for the study according to the principles of the
Helsinki Declaration after approval by the Ethics
Committee of NRCRM.

The literature data on control groups of Russia
and Belarus populations were used for comparison
of the data on spontaneous and radiation-associat-
ed thyroid cancer and settlement of allele frequen-
cies differences and risk of cancer pathology. In
particular, residents of conditionally pure and
radiation-contaminated areas of Russia and
Belarus without cancer pathology (radiation-
exposed and without impact of IR in history — 65
men and 133 women, mean age 22.2 years, and
180 men and 218 women, mean age 45 years
respectively) [14, 15].

Genomic DNA was extracted from peripheral
blood mononuclear cells using DNA isolation kit
NeoPrep DNA Magnet (Neogene, Ukraine) accor-
ding to the manufacturer’s manual. To determine
the XRCC1 Arg399GIn were used primers: direct (5°-
TTGTGCTTTCTCTGTGTCCA-3’) and reverse
(5’-TCCTCCAGCCTTTTCTGATA-3’). PCR was
performed in a final volume of 20 ml, containing
approximately 20 ng of DNA studied, 10.0 pmol of
each primer, using the buffer provided by the manu-
facturer. Reagent kit for polymerase chain reaction
(PCR) of DNA amplification GenPak® PCR Core
(Neogene, Ukraine) was used for amplification ac-
cording to manufacturer’s instructions. Amplifica-
tion in GeneAmp PCR System 2400 (Perkin Elmer,
Singapore) consisted of an initial denaturation —
95 °C, 10 min; 30 cycles of denaturation — 95 °C,
1 min; annealing — 60 °C, 1 min; elongation —
72 °C, 1 min; and final elongation — 72 °C, 10 min.

Product after amplification was exposed to 10
units of restrictase Mspl (Cv CGG) at 37 °C for 16
hours. Split PCR product was subjected to elec-
trophoresis in 3 % agarose gels. In case of poly-
morphism in both alleles, PCR product size of 616
bp remains unsplit. In the absence of polymor-
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HOCTi ToJliMop(di3My, TMPOAYKT PO3IICIUIIOETLCSI Ha 2
dparmenTn posmipom 376 i 240 1. H. PeakuiiiHy cymir
0e3 MaTpulli BUKOPUCTOBYBAJIM B SIKOCTi HEraTMBHOTO
KoHTpomto, nmponykT ITJIP ammnigikanii, skuit He min-
JaBaJIN JIil peCTPUKTA3M — B IKOCTi IIO3UTUBHOTO KOHT-
pomio. leTepo3uroTHMiI BapiaHT MPOSIBISIBCSI IIPUCYT-
HicTIO TpbOX cMyT — 240, 376 Ta 616 11. H.

BusnayeHHs 4YacToTHM TmoJdiMOpdHUX aJieneil Ta
BiIMOBIAHOCTI PO3MOiy T€HOTHUIIIB OILiHIOBAJIOCH 3a
piBHaHHSIM Xapni-BaitnOepra (http://www.oege.org/
software/hwe-mr-calc.shtml). BimMiHHOCTI MixX YacTo-
TaMU ajiejiei B pi3HUX IpyIax Ta B pO3IOIiJi 4acTOT Te-
HOTHUIIIB PO3PaxOBYBaJIM 3 BHKOPHUCTAHHSIM TOYHOTO
IBOCTOPOHHBOTO KpuTepito Dimepa. CTaTUCTUIHY 00-
pOOKYy OTpUMMaHUMX JaHUX 3AiMCHIOBAIM 3 BUKOPUCTAH-
HSIM makeTty mporpaM Statistica Base “Basic Statistical
Analysis Methods”.

PE3VYJIBTATU TA OBI'OBOPEHHS
PesynbpraTin aHanizy po3momilly OKpeMUX T'eHOTHUIIiB
3a nojimopdizmom Arg399GIn rena XRCCI1 y ocib
JOCTiIXEeHUX TPyl MpeAacTaBieHo B Tabauusax 1-2. B
ycix rpymnax po3IoAil TEHOTUIMIB BipOTiZHO He
BiApi3HsSBCS Bin piBHsAHHS Xapnai-BaitHOGepra (ouB.
Taba. 1).

Yacrora IoCimKyBaHOTO BapiaHTHOIO aJIe/II0 BUSIBH-
JIach JOCTOBipHO OiJIBIIOIO B TpyIri xBopux Ha P13, axi

Ta6nuusa 1

phism, the product is split into 2 fragments of size
376 and 240 bp. The reaction mixture without
matrix was used as a negative control, PCR ampli-
fication product, that is not subjected to restriction
— as a positive control. Heterozygous variant man-
ifested by the presence of three bands — 240, 376
and 616 bp.

The determining of polymorphic alleles frequency
and genotypes distribution was assessed according to
Hardy-Weinberg equation (http://www.oege.org/
software/hwe-mr-calc.shtml). The differences
between the alleles frequencies in different groups
and the distribution of genotypes frequency was cal-
culated using the exact two-sided Fisher criterion.
Statistical analysis of the data was performed using
the software package Statistica Base “Basic
Statistical Analysis Methods”.

RESULTS AND DISCUSSION
The results of the distributions analysis of individ-
ual genotypes for polymorphisms Arg399Gin
XRCC1 gene in patients of studied groups are pre-
sented in Tables 1—2. In all groups, the genotypes
distribution did not differ significantly from
Hardy-Weinberg equation (Table 1).

The frequency of variant alleles was significantly
higher in patients with thyroid cancer, who were

Po3snopin okpemux nonimopdismis Arg399GLln rena XRCC1, yactota BapiaHTHoro anento reda XRCC1 (V) Ta Bia-
noBiAaHicTL po3noginy reHoTuniB piBHAHHIO Xapai-BaitHoepra cepen o6cTexeHux oci6, KinbKicTb xBopux (%)

Table 1

Distribution of individual SNPs Arg399Gln gene XRCC1, the frequency of the variant allele of the gene XRCC1
(V) and the genotypes distribution matching equation Hardy-Weinberg among surveyed persons, the number

of patients (%)

lpyna XRCC1 revotun / XRCC1 genotype
Group Arg399 Arg Arg399GIn  GIn 399GIn  Vallele X2, p*
Bci xgopi Ha PLL3, n = 102 30 (29,41) 54 (52,94) 18(17,65) 0,44 0,55; p > 0,05
Al patients with thyroid cancer, n = 102
XBopi Ha PLLI3, ski 3a3Hanu fji IB B aHamHesi, n = 38 8 (21,05) 17 (44,74) 13 (34,21) 0,57 0,30; p > 0,05
Patients with thyroid cancer, who were exposed to the IR n = 38
> xBopi Ha PLLU3, YJIHA, n =10 2 (20) 3(30) 5 (50) 0,65 1,16; p > 0,05
patients with thyroid cancer, clean-up workers, n = 10
> xBopi Ha PLLI3, eBaKyitoBaHi Ta MeLLKaHLLi 6 (21,43) 14 (50) 8 (28,57) 0,54 0,20; p > 0,05
pagiauiiiHo 3a0bpyaHeHuxTepuTopiit Ykpaiiu, n = 28
patients with thyroid cancer, evacuees and residents
of contaminated territories of Ukraine, n = 28
XBopi Ha PLLI3, 6e3 BnnuBy IB B aHamHesi, n = 64 22(34,38) 37(57,81) 5(7,81) 0,37 3,81; p>0,05

Patients with thyroid cancer, without impact of IR in history, n = 64

Mpumitka. * — AMOBIPHICTb BiAXUNEHHS PO3MOAINY reHOTUNIB PiBHSHHIO Xapai-Baiinbepra.
Note. * — probability of deviation of genotypes distribution in Hardy-Weinberg equation.
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3a3Haau BruiuBy IB, HiX B rpyni nmopiBHsHHS, 0,57 Ta
0,37 BinmoBigHO (aAuB. TabJ. 2).

Yacrora romo3urotHux HociiB aneno GIn399Gln rena
XRCC1 (cepen BciX iHIIMX TeHOTHUIIIB) y XBOpUX Ha
PII3, gxi 3a3Hanu gii 1B, Oyna BiporigHo Oijbliol0,
nopiBHSHO 3 xBopuMHU Ha PIIL3 6e3 BBy IB B aHaM-
Hesi (34,11 ta 7,81 % BinnmosigHo, 2= 11,43, p=0,001).
Yacrora HociiB anemo GIn399GIn rena XRCCI cepen
xBopux Ha PII[3 YJIHA O6yna nocuth Bucokoro — 50 %,
ajie 3 ypaxyBaHHSIM Majoi YMCEJIbHOCTI BUOiIpKHU, CTa-
TUCTUYHI MMOKA3HUKU He po3paxoByBaiu. YactoTa ocib 3
M reHotunioM B Il ocHoBHili rpymi (eBakyiioBaHi Ta
MENIKaHIli palioaKTMBHO 3a0pyAHEHUX TEpUTOpii YK-
paiHM), TaKOX OyJia AOCTOBIPHO OiMbIION0, HixK Y XBOPUX
Ha PIII3 6e3 BrumBy IB B anamuesi (28,57 ta 7,81 %
BimoBinHo, 2 = 6,92, p = 0,009). YacTora roMO3UroT-
HUX HOCIiB anemo Arg399Arg ta rerepo3urot Arg399Arg
B YCiX AOCHiIXEHUX Tpylax MiX co00I0 BipOrigiHO He
Bipi3HsLIACh.

ITopiBHSIHHST OTpUMAaHUX Pe3yIbTaTiB 3 JAHUMM JIiTe-
paTypu 1100 YaCTOTH BapiaHTHOTO ajento reHa XRCC 1
Arg399GIn y oci6 6e3 OHKOITaTOJIOTii B CIOB'STHCHKUX,
€ppomneiicekoi Ta IliBHIiYHO-AMEpHKaHCHKOI TTOITY-
i mpeacrasieHi B Tadauugx 3—4. YacroTta Bapi-
a"nTHoro ajemto XRCCI Arg399GlIn B rpymi XBOpUX Ha
PIII3 6e3 BriuBy IB B aHaMHe3i JOCTOBIpHO HE Bijl-
pi3HsLIach BiJ TaKoi y 3J0POBUX OCi0 BKa3aHMX IIOITY-
nauiin. TlpoTe B mociimkeHilh HaAMM TPyIi XBOpUX Ha
PII3, saki 3a3Hanu Aii ioHi3yro4oi pagialii BHACTiZOK
aBapii Ha YopHoOunbcebkiit AEC, yacToTa BapiaHTHOTO

Ta6nuusa 2

exposed to the IR, than in the comparison group,
0.57 and 0.37, respectively (Table 2).

The frequency of homozygous carriers of allele
GIn399GIn gene XRCCI (among all other geno-
types) in thyroid cancer patients exposed to IR, was
significantly higher vs. thyroid cancer patients with
no IR impact in history (34.11 and 7.81 %, respec-
tively, x2 = 11.43, p = 0.001). The frequency of allele
GIn399GIn XRCC1 gene carriers among thyroid can-
cer patients, clean-up workers was quite high — 50 %,
but because of small quantity of sampling, statistical
indexes did not count. The frequency of individuals
with this genotype in the II main group (evacuees
and residents of contaminated territories) was also
significantly higher than in thyroid cancer patients
with no IR impact (28.57 and 7.81 %, respectively,
x2=6,92, p=0.009). The frequency of homozygous
carriers of allele Arg399Arg and heterozygotes in all
studied groups did not differ significantly.

Comparison of the results with literature data on
the frequency of the variant allele of the gene
XRCC1 Arg399GIn in patients without cancer
pathology in Slavic, European and North American
populations are presented in Tables 3—4. The fre-
quency of the variant allele XRCCI Arg399GlIn in
patients with thyroid cancer without impact of IR in
history was not significantly different from that of
healthy individuals of these populations. However,
in patients with thyroid cancer, who were exposed
to ionizing radiation as a result of the Chornobyl

BiporigHicTb BigmiHHOCTeit B uactori BapiaHTHoro anenio reHa Arg399Gln reHa XRCC1 mix rpynamu

o6cTexeHux ocib

Table 2
Probability of differences in the frequency of the variant allele of the gene XRCC1 Arg399Gln between tested
groups
I'pynu oGcTexeHnx YacTora BapiaHTHoro anento rena XRCC1 Arg399Gin p*
Tested groups The frequency of the variant allele gene XRCC1 Arg399Gin
Xsopi Ha PLL3, ski 3a3xanm gii IB B aHamHesi, n = 38 0,57 0,009
Patients with thyroid cancer, who were exposed to the IR, n = 38
> xBopi Ha PLL3, YJIHA, n =10 0,65 He pO3paxoByBa/v
> patients with thyroid cancer, clean-up workers, n = 10
> xBopi Ha PLL3, iHwi kaTeropii nocTpaxaanmx 0,54 0,036

(eBakyiiOBaHi Ta MeLLKaHLj pafiaLiiiHo 3abpyaHeHNx TepuTopiit), n = 28
> patients with thyroid cancer, evacuees and residents
of contaminated territories of Ukraine, n = 28

Xsopi Ha PLLI3, 6e3 Bnmsy IB B aHamHesi, n = 64
Patients with thyroid cancer, without impact of IR in history, n = 64

0,37 -

MpuMiTka. * — BiporigHICTb BiAMIHHOCTE! MiX MOKA3HVUKaMK NOPIBHSHO 3 rpyrolo XBopux Ha PLL3 6e3 Bnmsy IB B aHaMHe3i.
Note. * — probability of differences between rates, compared to patients with thyroid cancer without impact of IR in history.
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Ta6nuua 3
BiporigHictb BigmiHHOCTeit B uactori BapiaHTHoro anenio reHa Arg399Gln reHa XRCC1 mix rpynamu
o6cTexkeHnx 0ci6 Ta AaHUMM NiTepaTypy WOAO COB'AHCLKUX nonynauin [14]

Table 3
Probability of differences in the frequency of the variant allele of the gene XRCC1 Arg399Gln between tested
groups and the literature data in Slavic populations [14]

I'pynu oGcTexeHmx YacTora BapiaHTHOro anenio rena XRCC1 Arg399Gin

Tested groups The frequency of the variant allele gene XRCC1 Arg399Gin P

XBopi Ha PLLI3, sii 3a3Hanu aji IB B aHamHesi, n = 38 0,57 p1 = 0,001

Patients with thyroid cancer, who were exposed to the IR, n = 38 p2 = 0,0003
> xBopi Ha PLLU3, YJIHA, n =10 0,65 He pOo3paxoByBau

> patients with thyroid cancer, clean-up workers, n = 10

> xBopi Ha PLL3, iHwwi kaTeropii nocTpaxaanux (esakyiioBaHi 0,54
Ta MeLUKaHUj papjauiiiHo 3abpyaHeHnx TepuTopiii), n = 28

> patients with thyroid cancer, evacuees and residents
of contaminated territories of Ukraine, n = 28

He PO3paxoByBas

p1=0,85
p2 =0,97

l'pyna pagiaLyiiHO-eKCNOHOBaHUX XMTENB HOpPHOOMNLCHKOT 30HU 0,37 -
6e3 oHkonatonorii, benapycb, Pocilicbka PenepaLis,

(ycepenHeHa f03a onpoMiHenHs 41 MIp), n = 197 [14]

Group of radiation-exposed residents of the Chornobyl zone

without cancer pathology, Belarus, Russian Federation

(average dose 41 mGy),n = 197 [14]

Xsopi Ha PLLI3, 6e3 BnnuBy IB B aHamHesi, n = 64 0,37
Patients with thyroid cancer, without impact of IR in history, n = 64

I'pyna oci6 6e3 Brnmsy IB B aHamHe3i, 6e3 OHKONATONOrl, 0,36 -
Benapycb, Pociiickka ®enepatis, n = 398 [14]

Group of persons without impact of IR in history, without cancer

pathology, Belarus, Russian Federation, n = 398 [14]

MpuMiTka. p1 — BIPOriAHICTb BIAMIHHOCTE MiX NOKA3HUKaMK rpyn 06CTexXeHNX oCi6 NOPIBHSHO 3 AaHUMK niTepatypy [14] Wwoao pamiaviiiHo-eKCnoHOBaHWX XUTeNiB YopHOOMNBCHKOT
30HK 6e3 oHkonaronorii, benapycs, Pociiickka deaepauisi; p2 — BIpOriAHICTb BiAMIHHOCTE MiX NokasHUkamu rpyn 06CTeXeHNX 0Ci6 NopiBHIHO 3 AaHuMK niTepatypu [14] wopo ocio
6e3 sy IB B aHamHe3i, 6e3 oHkonatonorii, benapyck, Pociiicbka Peaepallis.

Note. p1 — probability of differences between parameters of tested groups compared with literature data [14] on radiation-exposed residents of the Chornobyl zone without cancer
pathology, Belarus, Russian Federation; po — probability of differences between parameters of tested groups compared with literature data [14] on group of persons without impact

of IR in history, without cancer pathology, Belarus, Russian Federation.

aJjiesiro OyJjia JOCTOBIpPHO OiJIbILIOIO B TTOPiBHSIHHI 13 3a3-
HayeHUMU TpyHaMu.

KinbKicTh TOMO3UTOTHUX HOCiiB BapiaHTHOTO aJIeJlio
GIn399GlIn rena XRCC1 B 1i Il ocHOBHMX Trpymnax OyJia
3HAYHO OiIbIIOI0, HixX B TpyIi nopiBHsHHS (50; 28,57 Ta
7,81 %, BigmoBigHo). OTpUMaHi pe3yJbTaTy BiIpi3HS-
IOThCS Bijl JaHUX JITepaTypu LI0AO0 PO3MOAiIy TOMO3U-
TOTHUX HOCIiB LIbOI'O BapiaHTHOTO ajiejilo B TpyTax 3/10-
poBux oci6. Tak, yacToTa TOMO3MIOTHUX HOCIiB
GIn399GIn cepen 3mopoBux ocio €sponu ta CILA ko-
JIUBAETHCS B Mexkax Bim 7 mo 12 % [16, 17]. 3a naHumMu
JliTepaTypu, HOCIMCTBO MiHOPHMX aJjieJiel IIbOro reHa
30i/IblIYE PU3UK PO3BUTKY PaKy JiereHb, paKy MOJOYHOIL
3ao3u [18—19].

IIpu mopiBHSIHHI 3 HAHWUMU JliTepaTypu IIOAO TIOJIi-
mopdizmy XRCC1 y panialilHo-eKCITOHOBaHUX OCi0 6e3
oHKoraTtoorii [14], Ki MU BUKOPUCTOBYBAJIU B SIKOCTi
KOHTPOJBHOI Tpynu, pu3nk po3BuTtky PILI3 y romo3n-

accident, the frequency of the variant allele was sig-
nificantly higher in comparison with these groups.
Number of homozygous carriers of the variant
allele GIn399GIn XRCC1 gene in I and II main
groups was significantly higher than in the compar-
ison group (50.0; 28.57 and 7.81 %, respectively).
The results differ from the literature data on the
distribution of homozygous carriers of this variant
allele in healthy individuals. Thus, the frequency of
homozygous carriers GIn399GIn among healthy
individuals in Europe and the United States ranges
from 7 to 12 % [16, 17]. According to the literature
data, carriage of minor alleles of this gene increas-
es the risk of lung cancer, breast cancer [18—19].
When compared to the literature data on XRCC/
polymorphisms in radiation-exposed individuals
without cancer pathology [14], which we used as a
control group, the risk of thyroid cancer in carri-
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Ta6auusa 4

BiporigHictb BigmiHHOCTeit B uactori BapiaHTHoro anenio reHa Arg399Gln reHa XRCC1 mix rpynamu
o6cTexkeHnx oci6 Ta gaHMMKM niTepaTypu WoOARO 340poBUX 0Ci6 3 EBponeicbKoi Ta MiBHiIYUHO-AMEpPUKAHCbKOT

nonynauin [16, 17]
Table 4

Probability of differences in the frequency of the variant allele of the gene XRCC1 Arg399Gln between tested
groups and the literature data for healthy individuals of European and North American populations [16, 17]

I'pynun obGcTexeHux

Yacrora BapiaHTHoro anenio rena XRCC1 Arg399Gin

- p*
Tested groups The frequency of the variant allele gene XRCC1 Arg399Gin
XBopi Ha PLLI3, siki 3a3Hanu fji IB B aHamHesi, n = 38 0,57 p1 = 0,002
Patients with thyroid cancer, who were exposed to the IR, n = 38 p2 = 0,001
Xsopi Ha PLLI3, YJTHA, n =10 0,65 He po3paxoByBav
Patients with thyroid cancer, clean-up workers, n = 10
Xsopi Ha PLLL3, eBakyii0BaHi Ta MeLLKaHLi PaioakTMBHO 0,54 p1 =0,03
3a6pyaHeHX TepuTopiid, n = 28 p2 = 0,01
Patients with thyroid cancer, evacuees and residents
of contaminated territories of Ukraine, n = 28
XBopi Ha PLLI3, 6e3 BniwmBy IB B aHamHe3i, n = 64 0,37 p1 =1,00
Patients with thyroid cancer, without impact of IR in history,n = 64 p2=0,65
pyna 3poposux oci6, CLLIA, 6ina paca; n = 169 [16] 0,34
Group of healthy individuals, the USA, the white race; n = 169 [16]
I'pyna 3popoBux ocib, ITanis; n = 124 [17] 0,34

Group of healthy individuals, Italy; n = 124 [17]

MpuMiTka. p1 — BIPOTiAHICTb BIAMIHHOCTEN MiX NoOKasHUKamu rpyn 0BCTexeHux ocié nopieHSHO 3 rpynoio 3noposux oci6, CLUA [16]; p2 — p2 - BiporigHicTb BigMiHHOCTEN Mix

rnokasHukamu rpyn o6CTeXeHux 0cib NopiBHAHO 3 rpynoio 3nopoBuX ocid, ITanis [17].

Note. p1 — probability of differences between parameters of tested groups compared with a group of healthy individuals, the United States [16]; p2 — probability of differences between

parameters of tested groups compared with a group of healthy individuals, Italy [17].

roTHUX HociiB MiHopHoro anento XRCCI GIn399GlIn y
oci0, sgKi 3a3Hanu BIIMBY 1B, B HalmoMmy HOCIiIKeHHi
BUSIBUBCS AOCTOBipHO migBuineHnM: OR = 4,14, p =
0,001 (CI95 % 1,72—9,93). Pazom 3 TuM, IIpu IOPiB-
HSIHHi 3 JaHUMM PO OCi0 0€3 OHKOMAaTOJIOri1, SIKi Mpo-
>KMBaOTh HA YMOBHO UYKMCTHUX TEPUTOPISIX, HABEICHUMU B
Tilt Xe poOOTi, y TOMO3UTOTHUX HOCIIB MiHOPHUX ajieieid
reHa XRCC1 GIn399Gln, saxi He 3a3HaBanu BIuiuBy 1B, B
HallloOMY JOCIiIXKEeHHi He BUSIBIIEHO 301/IbIIEHHST PUBUKY
possutky PIII3: OR = 0,63, p = 0,47 (CI95 %
0,21-1,75).

ITopiBHIOIOUM OTpUMAaHi pe3yJabTaTU 3 JTaHMMMU JIiTepa-
TYpM CJIif 3a3HAaYUTU HacTymnHe. JocaiakeHHs acouiaii
noaiMopdizmy Argl94Trp, Arg280His ta Arg399GIn re-
Ha XRCC] 3 pu3nKOM BUHWUKHEHHS Tu(epeHIIiioBaHOL
KapLMHOMHU LIATOMOAIOHOI 3ajio3u, TIPOBEAeHiI B
IpaHchKiii momynsiuii, BUSBUIM MiABUILIEHUN PUUK BU-
HUKHEHHS 1€l maToJjiorii y roMO3MroT Ta B OCi0 3
JTOMIiHAHTHOIO  O3HAKOI0  ITTOJIMOP(GHOTO  aJieTio
Argl94Trp reHoTUITY, a TAKOXK 3 TOMiHAHTHOIO O3HAKOIO
noaiMopdHoro anento Arg280His renotumny. byno Tta-
KOX ITOKa3aHo, 1110 nojiMopdizm Arg280His moxe po3r-
IgaaThucs, K (pakTop CXUabHOCTI 10 po3BuTKy PLL3 ce-

ers of homozygous minor allele GIn399GlIn
XRCC1 gene, in persons exposed to the IR, in our
study was significantly high: OR =4.14, p = 0,001
(CI95 % 1.72—9.93). However, when compared
with data of individuals without cancer patholo-
gy, living in relatively clean areas, listed in the
same research, in our study we found no
increased risk of thyroid cancer: OR = 0.63, p =
0.47 (CI95 % 0.21—1.75) in homozygous carriers
of the minor allele GIn399GIn XRCCI gene,
which are not exposed to IR.

Comparing these results with the literature data
should be noted following. Research of association
of polymorphisms Argl94Trp, Arg280His and
Arg399GiIn of XRCC1 gene with risk of differenti-
ated thyroid carcinoma held in the Iranian popu-
lation found an increased risk of this disease in
homozygotes and those with dominant feature of
polymorphic allele Arg194Trp genotype, as well as
the dominant feature of polymorphic allele
Arg280His genotype. It was also shown, that the
Arg280His polymorphism may be considered as a
susceptibility factor to thyroid cancer among

(1) 384
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pea KaBKa3oiliB, ajie B TOI XXe Jyac 3a3HaYeHUId BapiaHT
noyiMopdi3My MOXKe 3HIDKYBaTH PU3UK BUHUKHCHHS
3axBOpIOBaHHS cepen asiatiB [20]. BuBueHHS 3B’SI3KYy
Mix noaiMopdizmom XRCCI1 reHa ta po3BUTKOM TIalli-
JIIPHOI KapLUMHOMM IIUTOMOAIOHOI 3aJI03U Y KUTEiB
ITiBnennHoi Kopei cBiguuTh Mpo HE3HAYHUIT PU3UK BU-
HUKHEHHSI NaniJiipHOI KApLIMHOMM Y OCi0 3 TeHOTUIIOM
Argl94Trp Arg/Trp, nopiBHSIHO 3 Arg/Arg reHOTUIIOM
[21]. Y poborti N. M. Akulevich Ta criBaBT. [53] BusBIIC-
HO, 1110, He3aJIeXKHO Bill padialliiHOro BILIMBY, MOJIiMOp-
dizm XRCCI Arg399GIn moB’si3aHuil 3i 3MEHIIEHHSIM
PU3MKY PO3BUTKY HAIIIPHOI KAPUMHOMM B MYJIBTUILITi-
KaTUBHIil Ta JOMiHaHTHi Moxensax. B ornsai Z. Hu Ta
criBaBT. [13] BKa3yeThbcs, 10 HiSIKMX acolialiil ImoJii-
mopdizmiB XRCC1I Arg399Gin, Arg280His, Argl94Trp 3
PU3MKOM PO3BUTKY IUpepeHIlialbHOI KApLIMHOMU I -
TOIOAIOHOI 321031 He 3HalaeHo. OIHi€I0 3 MPUYUH BU-
SBJICHUX B HaLIMX JOCIIKEHHSX BiIMiHHOCTEH, KpiM
BeJIMYMHU BUOIpKU, MOIJIO OYTU ¢ Te, 1110 iCHYIOUI JaHi
JIiTepaTypu MepeBaXkKHO CTOCYIOThCS OCi0 3 MariJIIpHOIO
dopmoro PIII3, a cepen romo3urotr GIn399GIn Ii I1 oc-
HoBHOI rpyn 31 % mauieHTiB (13 oci®) Maau iHIIi, OiIbII
3nosikicHi dopmu PII3 (2 mamieHTH — MemymsipHUI
PII3, 2 mauienty — donikynsapuuii PLL3).

TakuM UMHOM, pOJib 3a3HAUYEHUX MOJIiIMOP(}i3MiB y a-
TOreHe3i 37105IKiCHUX HOBOYTBOPEHb 3aJIUIIIAETHCS HEOI-
Ho3HauHOo00. OfHi # Ti 3K cami ajei oJTiMopOHUX TeHiB
XRCC] MOXyTb MaTH SIK TIPOOHKOTEHHMUI, TaK i MPOTEeK-
TOPHUI e(heKT, B 3aJIeXKHOCTi Bill €eTHIYHOI HaJIEKHOCTI
MOIYJSLIT, TUIY TKAHUHU, 3 IKOI PO3BUBAETHCS MyXJIH-
Ha, BIUTMBY €KOJIOTIYHUX (haKTOPiB JOBKiIA. Pe3ynbra-
TH OLIIHKM CYMiCHOI Jii TeHETUYHUX i pamialliiiHuX daK-
TOpPiB CBiTYaTh, IO iCHYIOTHh PamiOYyTJIMBI T€HOTUIIH,
KOJIM MpPHU BiACYTHOCTI paaialliiiHOro BILIMBY abo0, Oijib-
111e TOTrO, MpU BIiZHOCHO MEHIIMX 103aX ONPOMiHEHHSI,
BOHU He MPOSIBJISIOTH CBOET HecpuATAnUBOi aii [22]. Ha
JYMKY IesIKUX aBTOPiB, HOCII IMKUX ajiejieil i TeHOTUIIiB
3a reHaMM penapailii MOXyTb MaTU HOpMaJibHY (3arajib-
HOITIOMYJISIIAHY) CXMJIbHICTh JO BMHUKHEHHS 3J10-
SIKICHMX HOBOYTBOpEeHb TIiJ BrinBoM IB, Tomi sik Hocii
MYTaHTHUX ajiejieil i TeHOTUITiB MOXYTh OYTU pe3ucTe-
HTHUMHM OO BMHUKHEHHS 3JIOSIKICHUX HOBOYTBOPEHb B
YMOBaX HU3bKOIHTEHCUBHOro onpoMiHeHHs. Lle Moxe
OyTH MOB’SI3aHO 3 SIBUIIIAMU TOpME3MCy ad0 agarTUBHOI
BiamoBiai. Hocii MyTaHTHMX T€HOTUITIB, HE3BAXKAOUM Ha
Te, 10 1X CUCTEeMHU penapallii MeHII aKTHWBHi, MOXYTb
MaTHU OLJIbII HU3bKINM MOpir X akTuBalil mig Bruiiom IB.
3a iHmMX YMOB (MaJiHHS, CIOCiO KUTTS, €KCITO3ULIisT 10
KaHILEPOreHiB), HOCIMCTBO MiHOpPHHUX ajejeil i reHo-
TUIIIB MOXE aCOILIIOBATHUCSI 3 PU3UKOM 3JIOSIKICHMX HO-
BOYTBOpEHb [13].

Caucasian race, but at the same time, these poly-
morphism may reduce the risk of disease among
Asians [20]. Exploring the link between XRCC1
gene polymorphisms and the development of pa-
pillary thyroid carcinoma in South Korea indicates
negligible risk of papillary carcinoma in patients
with genotype Argl94Trp Arg / Trp, compared
with Arg / Arg genotype [21]. N. M. Akulevich et
al. [53] found, that spite of radiation exposure,
XRCC1 Arg399GIn polymorphism is associated
with lower risk of papillary carcinoma in multi-
plicative and dominant models. Z. Hu et al. [13]
indicated, that no associations of polymorphisms
XRCC1 Arg399Gln, Arg280His, Argl94Trp with
risk of differential carcinoma of the thyroid gland
were found. One of the reasons, identified in our
study differences, besides size of the sample, could
be, that the existing literature data mainly concern
on people with papillary thyroid cancer form, and
among homozygotes GIn399GIn in I and 1I main
groups 31 % (13 people) of the patients had other,
more malignant forms of thyroid cancer (2
patients — medullary thyroid cancer, 2 patients —
follicular thyroid cancer).

Thus, the role of these polymorphisms in the
pathogenesis of malignant tumors remains contro-
versial. One and the same alleles of polymorphic
genes XRCC1 may have the oncologically favorable
or protective effect, depending on the ethnicity of
the population, the type of tissue, from which the
tumor develops, the impact of environmental fac-
tors. Evaluation results of joint impact of genetic
and radiation factors indicate, that there are
radiosensitive genotypes, in the absence of radia-
tion exposure or, indeed, at relatively lower doses
without showing its adverse effects [22]. According
to some authors, carriers of wild alleles and geno-
types of repair genes may have normal (like in ge-
neral population) susceptibility to malignant tumors
under the influence of IR, while the mutant allele
and genotypes carriers, may be resistant to the
occurrence of malignancies in the conditions of
low-level radiation. It can be related to the phe-
nomena of hormesis or adaptive response. Carriers
of the mutant genotypes, despite the fact that their
repair systems are less active, may have a lower
threshold of their activation influenced by IR.
Under other conditions (smoking, lifestyle, expo-
sure to carcinogens), minor allele and genotypes
carriers may be associated with the risk of malig-
nant tumors [15].
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ITpoBeneHuit aHaIi3 JO3BOJISIE MIPUITYCTUTH, 11O TIepe-
paxoBaHi Bullle (GakKTOpu MOXYTb, IIEBHOIO MipoOl0, 00Y-
MOBWTHU Te, 110 3a pe3yJbraTaMMi MeTa-aHaji3y 38 mo-
cnimkenb Hu Z. ta cmiBaBTt. [13] acowiauii momimMop-
dizmy rena XRCC1 Arg399GlIn 3 pu3anKOM pO3BUTKY OH-
KOMNATOJIOTi1 3A/IMILAIOThCS pPaAlle CyTepeuTMBUMM, HixXK
nepekoHauBuMu. Pazom 3 TUM, oTpuMaHi B po0OTi 1aHi
CBimyaTh Mpo MiABUILIEHUN piBeHb YaCTOTU MiHOPHOIO
aJIeJTIo Ta HOCiiB TOMO3UTOTHUX MiHOPHUX aJleJiell reHa
XRCCI GIn399GlIn cepen xBopux Ha PII3, gki 3a3Haiu
BILUIMBY IB B gociiaxeHiii rpyIii yKpaiHCbKO1 IOITYJIsILI.

BUCHOBKU

1. BuzHaueHi yacToTu noaiMop@HUX ajeneii reHiB OiIKiB
pemnapauii nomwkomkeHb JHK XRCC1 Arg399GlIn y xBo-
pux Ha PII3, gxi 3a3Hanu nii ioHi3yiouoi pamiallii
BHacaimok aBpapii Ha YopHoounbcekiit AEC (0,57) Ta y
xBopux Ha PII3 6e3 BmiuBy IB B anamuesi (0,37
BiITIOBITHO).

2. Yactota miHopHoro anemto reHa XRCCI y ocib, saxi
3a3Hajuv BIiMBY IB B aHamMHe3i 1oCcTOBipHO OiJiblla, HixX
B rpymi mopiBHsHHSA (p = 0,006). ITpu mopiBHSIHHI 3 1a-
HUMHU JiTepaTypu momo ToxiMmopdizsmy XRCCI y
panialiifHO-eKCITOHOBaHUX 0Ci0 0€3 OHKOIIATOJIOTii, py-
31K po3BUTKY PIII3 y rOMO3MTIOTHUX HOCiiB MiHOPHOTO
anemo XRCCI GIn399GlIn y ocib, sIKi 3a3Ha/IM BIUIMBY
IB, BustBUBCS nmocTOBipHO migBuineHnM: = 4,14, p =
0,001 (CI95 % 1,72 —9,93).

3. 1151 TOMO3UTOTHUX HOCIiB MiHOpHUX aneneii XRCC1
GIn399Gln, ski He 3a3HaBanu BIiMBY 1B B aHamMHe3i, He
BUSIBJICHO 30iMbIlIeHHST pu3nKy po3ButKy PII3: OR =
0,63; p=10,47 (CI95 % 0,21—1,75). HociiicTBo roM031-
TFOTHUX MiHOpHUX ajienieit reHa penapauii JTHK XRCC/
GIn399GIn € ¢dakropom pusuky pos3Butky PII3 3a
yMOB BILU1MBY IB B mociigxeHiil rpyrmi ykpaiHChbKOI MO-
TYJISIIIl.

CMUCOK BUKOPUCTAHOI JIITEPATYPU
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Honoruns, akTopbl M MexaHu3Mbl kaHueporeHesa / J1. M. bepwteitH //
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The analysis suggests, that these factors may, to
some extent specify, that by the results of meta-
analysis of 38 studies Z. Hu et al. [13], association
of gene XRCC1 Arg399GlIn polymorphism with the
risk of cancer pathology remains more controver-
sial than convincing. However, received in this
study data show elevated levels of minor allele fre-
quency and homozygous carriers of the minor
allele GIn399GIn of the gene XRCCI1 among
patients with thyroid cancer, who were exposed to
IR in research group of Ukrainian population.

CONCLUSIONS

1. The frequencies of polymorphic alleles of DNA
repair gene XRCCI Arg399Gin in patients with
thyroid cancer, who were exposed to ionizing radi-
ation due to the Chornobyl disaster (0.57) and in
patients with thyroid cancer without impact of IR
in history (0.37, respectively) were defined.

2. The minor allele frequency of XRCCI gene in
individuals, exposed to IR, was significantly higher
than in the comparison group (p = 0.006). Compa-
ring to the literature data on XRCC polymorphisms
in radiation-exposed individuals without cancer the
risk of thyroid cancer in carriers of homozygous
minor allele GIn399GIn of XRCC1 gene in persons,
who were exposed to IR, was significantly increased:
OR =4.14, p=0.001 (CI95 % 1.72-9.93).

3. Homozygous carriers of the minor alleles
XRCC1 GIn399Gln, who were not exposed to the
IR, showed no increased risk of thyroid cancer:
OR =0.63,p=10,47 (CI95 % 0.21-1.75). The car-
rying of homozygous minor allele GIn399GIn of
DNA repair gene XRCC1 is a risk factor for thyroid
cancer under the influence of ionizing radiation in
research group of Ukrainian population.
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