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POLYMORPHISMS IN THE GENES
OF REPARATIONS AMONG EMPLOYEES
OF THE ATOMIC INDUSTRY OF KAZAKHSTAN

Abstract. Single nucleotide polymorphisms (SNPs) are the most convenient marker and the widespread subject
of polymorphism testing. To identify the presence or absence of the effects of chronic low-dose radiation on nuclear
industry personnel, the occurrence of single-nucleotide substitutions at the polymorphic sites of the genes of the
repair system 3 and 6 of the introns of the APC gene P53.11 gene, in positions -2549 of the VEGF gene, XPD gene
rs313181 ( Lys751Gln) and rs25487 of the XRCC gene (Arg399GIn) were compared. Analysis of allele frequencies
and distribution of genotypes in the variable regions of the tested genes was performed by the method of polymerase
chain reaction (PCR), followed by determination of restriction fragment length polymorphism (RFLP). When com-
paring the frequencies of alleles and the distribution of genotypes between the second group of miners (11-20 years’
experience) and control, differences in the distribution of genotypes in the rs25487 XRCC plot (2 =7.11, p = 0.028)
were revealed. These differences satisfy the criterion p <0.05 and, accordingly, are statistically significant.

Key words: polymorphism, genes, a nuclear industry.

Introduction. The development of the nuclear industry and the emergence of all new radiation
objects allows a large number of researchers to study the effect of systematic exposure under prolonged
exposure. There are a large number of works devoted to this subject, both domestic and foreign authors,
however, the issue of inducing cancer with "small" doses of radiationremains open. Genotyping of
persons employed in the nuclear industry (mining and processing) and other industries related to potential
genotoxicity seems to be a promising direction in the world, aimed at early detection of mutations and
taking preventive measures before the development of diseases, including cancer. The personnel of the
nuclear industry is exposed to radiation more than the general population, and, accordingly, has a greater
risk of radio-induced DNA damage. Population genetic studies of uranium mineworkers in the United
States, Canada, and Czechoslovakia showed an increase in the incidence of cancer in the studied cohorts
[1, 2]. The problem of the occurrence of genetic defects due to radiation recurrence occurs in the Republic
of Kazakhstan due to the increasing scale of uranium mining and the consequences of tests at the
Semipalatinsk nuclear test site where somatic mutations in AML1 genes (acutemyeloideleukemiya) [3]
and Glycophorin A [4] were found in the adjacent population areas. The genes responsible for the DNA
repair process are vital for the normal functioning of the body, as they prevent the processes of malignant
transformation of cells, which can be PCR and restriction products were separated by electrophoresis in
5
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8% polyacrylamide gel (PAAG) and a current of 60 mA and a voltage of 300 V for 2-3 hours. Tag DNA
polymerase used in PCR, deoxyribonucleoside triphosphates, and restriction endonucleases were
manufactured by SibEnzyme (Novosibirsk, Russia).

Materials and methods. The study included 187 DNA samples isolated from whole venous blood of
male workers of Russian nationality of the Balkashinsky uranium deposit, the village of Shantobe,
Akmola region, 160 DNA samples isolated from the venous blood of practically healthy male donors of
Russian nationality provided by the City Blood Center, Almaty, as a control group. The workers of the
uranium mining industry were divided into 2 groups depending on the duration of radiation exposure in
low doses: group I - 1-10 years (n = 89) and II - 11-20 years (n = 98). The study was conducted in com-
pliance with the anonymity, awareness and voluntary participation of nuclear industry workers, confirmed
in writing during the survey. The biomaterial was collected on a voluntary basis after receiving a written
consent, observing anonymity and informing about the research objectives.

DNA isolation was performed using a Qiagen reagent kit (USA) according to the manufacturer's
protocol. The determination of the allelic variant in the polymorphic sites of the tested genes was carried
out by the method of polymerase chain reaction (PCR), followed by analysis of the restriction fragment
polymorphism (RFLP). The matched restriction endonucleases were used. The sequences of primers
complementary to the test site were compiled using the Primer-Express program [5], according to data
obtained from the Ensembledate PCR and restriction products were separated by electrophoresis in 8%
polyacrylamide gel (PAAG) and a current of 60 mA and a voltage of 300 V for 2-3 hours. Taq DNA poly-
merase used in PCR, deoxyribonucleoside triphosphates, and restriction endonucleases were manufac-
tured by SibEnzyme (Novosibirsk, Russia).

Used primers and amplification conditions

Genes, sites Primers :forward — F, reserve - R Conditions of amplification
Intron 3 gene | F: ’GGGACTGACTTTCTGCTCTT3’ 95°C - 10 min, 95°C- 1 min, 55°C — 1 min, 72°C - 1 min
P53 R: 5TCAAATCATCCATTGCTTGG3’ (40 cycles ), 72° C - 5 min
94°C — 1 min, 10 cycles 30 sec - 94°C, 30 sec- 60°C, 30
Intron 6 gene | F:5’TGGCCATCTACAAGCAGTCA3’ sec - 72°C, 10 cycles 30 sec- 94°C, 30 sec - 58°C, 30 sec
P53 R: TTGCACATCTCATGGGGTTA3’ - 72°C, 10 eycles 30 sec - 94°C, 30 sec - 56°C, 30 sec -
72°C, 10 — min - 72°C.
Exon 11 gene | F:5’GGACTACAGGCCATTGCAGAA3’ 95°C-6 min, 58°C-2 min, 72°C-2 min, 35 cycles 1
APC R: 5>GGCTACTCTCCAAAAGTCAA-3’ min 95° C, 30 sec - 58° C, 72° C - 30 sec, 72°C - 5 min.
2549 gene | F:5°GCTGAGAGTGGGGCTGACTAGGTA3' | 95° C- 6 min, 94°C- 1min, 57°C- 1.5 min, 2min -35
VEGF R:5'GTTTCTGACCTGGCTATTTCCAGG3' cycles 2 min 72°C 72°C -10 min.
XPD, F: 5>’ ATCCTGTCCCTACTGGCCATTC3’ 95°C-5 min, 94°C-30 sec
rs313181 R: > TGTGGACGTGACAGTGACAAAT3’ 64°C-30 sec, 72°C-30 sec (35 cycles), 72°C-3 min
XRCC, F: TTGTGCTTTCTCTGTGTCCA3’ 94°C-4 min, 94°C-30 sec, 63°C-30 sec, 72°C—30 sec (35
1s25487 R: > TTCTCCAGCCTTTTCTGATA3’ cycles), 72°C - 2 min

PCR and restriction products were separated by electrophoresis in 8% polyacrylamide gel (PAAG)
and a current of 60 mA and a voltage of 300 V for 2-3 hours. Tag DNA polymerase used in PCR,
deoxyribonucleoside triphosphates, and restriction endonucleases were manufactured by SibEnzyme
(Novosibirsk, Russia).

Statistical analysis was performed using STATISTICA, v. 5.0, “Statsoft”, (USA). When comparing
the frequencies of alleles and genotypes, the standard Pearson compliance criterion - ¥2 was used. To
reject the null hypothesis (no differences), the level of statistical significance was assumed to be p <0.05.
The criteria are the odds ratio (oddsratio - OR) and confidence within the 95% interval (confidence
interval - 95% CI). DNA polymorphism can occur as a result of point mutations, microdeletions, and
insertions, as well as large deletions and insertions, transversions, translocations, transpositions of mobile
genetic elements and other changes in the nucleotide sequence.

Results. DNA polymorphism can occur point mutations, microdeletions, and insertions, as well as
large deletions and insertions, transversions, translocations, transpositions of mobile genetic elements and
other changes in the nucleotide sequence.
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The distribution of genotypes and allele frequencies in the polymorphic sites of the p53 (3 intron,
6 intron), APC (11 exon), VEGF (2549), XPD (rs313181) and XRCC (rs25487) genes was analyzed
in the Russian ethnic group of the miners of the uranium mine Balkashinskoe deposit, town of Shantobe
and in the control group. To assess the duration of the influence of low doses of radiation, the workers of
the industry were divided into 2 groups depending on the length of service: the first group of miners has
been working in the nuclear industry for 1-10 years, the experience of the second group ranges from
11-20 years.

When comparing the first group (work experience in the nuclear industry for 1-10 years) with
control, there are no statistically significant differences in allele frequencies and genotype distribution.

An earlier experiment in Russia of the association of polymorphisms of the p53 gene with the risk of
developing malignant neoplasms among workers associated with radiation exposure did not detect such a
relationship [7]. A review of the linkage of mutagenesis in the p53 gene with the systematic exposure to
radon [8] also does not provide unambiguous answers to the existing questions.

When comparing the frequencies of alleles and the distribution of genotypes between the second
group of miners (11-20 years’ experience) and control, differences in the distribution of genotypes in the
rs25487 XRCC (32 = 7.11, p = 0.028) were revealed. These differences satisfy the criterion p <0.05 and,
accordingly, are statistically significant.

The data collected as a result of summarizing the results of five studies conducted among workers of
uranium mines showed an increase in their mortality rate associated with cancer. A survey of former
miners of uranium mines at WISMUT, East Germany, revealed a significant increase in lung cancer
among those workers whose total cumulative radiation dose exceeded 800 monthly norms.

The data we obtained earlier that describe differences in allele frequencies and the distribution of
genotypes in the RAD51, XPD, and XRCC1 genes among nuclear industry workers [9], in combination
with those obtained in this study results may indicate the presence of a certain effect of small doses
radiation to the human genetic apparatus.

Scientific opinion differs on the issue of the influence of natural background radiation on humans.
There is a need for additional research to identify effects arising from the action of natural radiation
background [10],

Conclusion. Ionizing radiation is considered a factor of occupational hazards for workers engaged in
production associated with radiation exposure. One of the possible consequences of its action is an
increase in the mutational load among the personnel of radiation-hazardous industries and the population
living next to them, which can be a factor that increases the risk of developing cancer.The preliminary
result presented may be the basis for expanding the scope of research with an increase in the sample size
and the coverage of the categories of persons exposed, due to professional activity or places of residence,
to the chronic effects of low doses of radiation.

JI. M. Bor6aes'?, A. M. Bexkoxaes'?,
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KA3AKCTAH ATOM OHAIPICIHAEI'T )K¥YMbBICIIBIIAPIBIH
PENAPAIIUA TEHAEPIHIH ITOJIMMOP®U3MIEPI

Annotanust. JXKbUT 6TKeH caiiblH ajjamM3ar OanacslHa MOHIAYIBI CoyJIeNepIiH Kepi acepi apThin keneni. CoHbI-
MEH Karap KeITereH Te3/eTKiluTep OakbpUIaHBIN, aToM OoMOanapbl, Tarbl Ja 0acka COJ CHUSIKTBI 3USHIBI 3aTTap
aTBUTBIN >kaTbIp. O 3aTTapaH KaHIIama 3USHIIBI PaAHOAaKTUBTI coyliesep OelniHil, afaM ar3achlHbIH OipKarap aypy-
JlapFa YIIbIpaybIHa allbll KeJe .
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Fanpimpap ocel KyHre JieiiH «a3 MeJILepIi» el aTalaTblH TOMEH MHTEHCHBTI PaMalMsUIbIK COylienep dce-
PiHIH 103aChIH OipiiamMa TaJKbLIAIl, 3¢PTTEreHIMEH, 0J1 TAKBIPBII dJIi I¢ 6TE a3 3ePTTEJINCH 63€KTI MaceeaepIain Oipi
OOJIBIIT OTHIP.

BYY artomubik coyseneHyaepaiH ocepl JKOHiHAe FhUIBIMH KOMHUTETTIH aHBIKTaMachl OOWBIHINA, a3 J103aJIbl
0osbIn KeneTiH pamuarsra 200 M3-I<a JIEWIHT1 JT03aHbIH JKUHATYbl, TOMEH MHTEHCHUBTI COYJEJCHYJIEepAiH Kyl
10* T'p/MuH-HeH a3 GOMMaybl KaxeT. ATOMIBIK COyIeIeHyIepIiH OHOTOrHsuIbK ddexTici KeHiHmeri Xabik-
apansik komurrerke (ACBIXKXK) 1990 sKbutbl a3 MeNIIepIi pagHalisiHbIH T03aIbIK MOIIIEpi peTiHae 1 M /Kbl
eJIIeMi KaObUTIaH Ikl )KOHE OYJT KOPCETKII TAOMFU PaIHalMsUIBIK (OHIAPIBIH MOJIIIEPiHE TEH OO0JIBIT KEIeTi.

CospuiManel a3 0onaThiH, OipKeIKi MeJIIepAeri paJIuallusHbIH ocepi kKoHEe OHBIH Kepi 3apIanTapbl JKeKelle
Typaeri aeHreitinge e3repic tadaapl. Conmpikran na VMC-HiH 3apmanTapsl CO3bLIMAIIBI KEPi 9cepre YIIbIparaH agaM
ar3achlH KaliTa ©3 KalIlblHA KEJITIPyl )KOHE JKeKe ajaM OaliachlHa OarbITTaFaH JAMArHOCTHKANIapJbl Taual eTe[i.
I'eneTukansIK TyTac Kypamaac 6emikTep 6apiblK O6TiKTeri MynbTH(HAKTOPIIB aypyIapaslH JaMybIHIa alTapIIbIKTal
MaHBI3/Ibl POJI aTKapabl. MbIcalibl, KATepJIi iCIK aypybIHBIH TYKBIM Kyaliaylibl (JaKTOpbIHAH Maiiga 007y MyMKIHIIT
opramia ecenrien 30 %-ra, all ayTOMMMYH[IbI 3epTTey Oy3bUibicTapaa Oyn kepcerkimrep 50-60%-ra neitinri apa-
JBIKKa Jketeni. ['eHeTHKaIbIK MOMMOPGU3MACPAIH TeHIIK KarapiapiblH HETi3ri MapkepiepiMeH OalIaHbIChIIT
OTBIPFaH OHKOJIOTHSUIBIK aypyJIap/IblH AaMybiHIa 0acThl 0OBEKT OOJIBIN MaliAalaHbUIATHIH JKOHE KaHIIePOreHIePMeH
accolMalMsIIaHAThIH KIIETKAHBIH O6IiHYIH PeTTeTiH TeHAep/iH 3epTTeyi Ka3ipri ke3ie OoJamiarbl MO, KOFaphbl
JKOHE ©T€ MaHBI3IbI Macesie 00ibI OThIp. KaHiieporeHes xoHe reHaepMeH O0ailTlaHbICThI TCHIIK 0OBEKTIIEp peTiHae
maiianaHpIaTRIH KaTepil iCiK aypyJlaphIHBIH JaMybIHAa KaTBICATBHIH OipKaTap TeHICpAiIH T'€HETHKAJBIK MOIUMOp-
¢dusmzai Heri3ri Mapkepiepre (COMaTHKaIbIK MyTalMsIap/blH) KATBICTBI 3epTTey — OyJ1 Kenemieri Oap jkoHe ©3eKTi
OGarbIT OOJIBIT TAOBLIAIBI.

Kazakcran PecryOnukachl yiliH reHETHKAJbIK aKayJIapiblH, COMaTHKAIBIK MYyTaIUsIapIbIH, YPaH OHIIPICIHIH
ayKbIMbI YHEMI OCIIl KeJie KaTKaH/bIFbIMEH OaiJIaHbICThI PaJMaLIMSUIIBIK [TATOJNIOTHSIAP/IBIH Maii1a 001y MYMKIHAITH
aHBIKTAay MaHbI3bI )KOHE ©3/ICPIHIH SIIPOJIBIK JHEPIeTUKACKIH IaMbBITY NEePCIeKTUBANIApHI eceOiHeH apTy/aa.

ATOM eHepkaciOiHzie (Tay-KeH eHIIpy KOHe OHJeYy) jKoHe 0acka Ja eHMAIPICTIK cananapia KYMbIC iCTeiTiH
ajiaM/Iap/iblH TEHOTHIITUIIN, MYTallMsSHbl EPTEPeK aHbIKTayFa >OHE aypyJiap/bl, OHbIH IIIIHAE OHKOJIOTHUSUIBIK
aypyJsiap/ibl IaMbITyFa Kapchl TPOMUIAKTHKAJIBIK iC-IIapanap/ibl )KYprizyre OarbITTalFaH dJeMIeT] MePCHeKTHBAIBIK
OareiT OoJbil caHanambl. CO3BLIMAIBI a3 MOJIICPI pamdalMsSHbIH aTOM ©HEPKACiOl JKYMBICIIBUIAPBIHA CEPiH
aHBIKTAy YIIIH periapauus xyheciniy P53zenininy 3 xone 6 uHTpoHObl, APC 2eniniy 11 3x30Hb1, VEGF TeHiHIH -
2549 nosunmsicel, XPD (Lys751Gln) reni rs313181 xone XRCC (Arg399Gln) reni, rs25487 OipHyKIeOTHATI
aybICBIMAAP/IBIH KEe31eCy KHUUTIKTEpl calbICThIpMalbl Typae 3eprreiai. 3eprrey marepuainl perinae JJHK konna-
HBUIaIbI, COHJIal-aK AKMOJIa OOJBICHIHBIH bajKkaliMHCKOe ypaH OHICUTIH KOCIHOPHBIHBIH XyMbIciibuiapsiHan JTHK
KaH ynrinepiHeH (172 opsic yiThl) ajbiHFaH 3eprreyiep naipanansuiapl. JJHK OGakpuiay peTiHIe KOJAaHBUIIBI, ic
KY3iH/Ie cay JOHOpIapJaH KYpbUFaH TonTtaH ansiaFal (160 opbic) yariiep ipikTen/i.

Ansienb JKUUTTIH Tanjgay jKOHE ChIHANFAaH TeHJEepAiH aiHbIMallbl aiiMakTapblHIAFbl TEHOTUNTEPIl Oeiy
nojuMepaszabl Ti30ekTi peakiwms (IITP) keitinHeH mekrey ¢parMeHTTepiHiH NoMUMOP(U3MiI apKbUIBI aHBIKTAWUIbI.
OpTypil aiiMakTarbl ChIHANATHIH T'€HAEPIIH alUIeNbICPiHIH KHUUTIK capanTaMachl MEH TeHOTHUITEpPIHIH Tapajysbl
OOMBIHIIIA PECTPUKIUSIIBIK (PArMEHTTIH Y3bIHABIFBI mosuMopdusmMHin (IT¥P®D) keneci aHbBIKTAMAChI TOTMMOP(THI
tiz0ekti peakuus (I1TP) omicimen xyprizingi. bakpuiay ToObIMEH aTOM ©HEPKACIOl )KYMBICIHIBLIAPBIHBIH aJLIENIbACD
KHLTINT MEH TeHOTHUIITEP/IiH TapallyblH CalbICTBIPMAIbI 3epTTereHe, 1s25487 XRCC (x2 = 17,11, p = 0,028) reninin
ayJIaHbIH/1a MaHBI3/Ibl CTATUCTUKAIIBIK AlbIPMAIIbIK aHBIKTAIIIBI.

Tyiiin ce3nep: momumMopdu3m, TeHIep, aTOM OHEPKICIOi.
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HOJMMOP®HU3MbI B TEHAX PEITAPAILIMI CPEJIA PAGOTHUKOB
ATOMHOM MPOMBIIIJIEHHOCTHA KA3AXCTAHA

Annoranus. /leiictBue nonnsupyrouiei paguanuu (MP) BbICOKOI MHTEHCMBHOCTH B OOJIBIIMX J03aX Ha opra-
HHU3M YeJIOBEeKa MoJpOoOHO MUCCIIEOBAHO B PE3yJIbTaTe U3yUYEeHUs MOCIEICTBUH BOGHHOTO IIPUMEHEHUS PaHOAKTUB-
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HBIX MaTepHuanoB (Xupocmma, Haracaku) M mOCIeNCTBUI TEXHOTEHHBIX KaTacTpod Ha ypaHomepepadaThIBAFOIINX
MPEIIPUATHIX U AaTOMHBIX AJIEKTPOCTAHIIUSIX

Brusane VP HH3KOH WHTEHCHMBHOCTH B TaK HAa3BIBAEMBIX «MANbIX J03aX», MOPOTOBas BEIWYMHA KOTOPBIX
MIPOAOIDKAECT OCTABATHCSI MPEIMETOM OOCYKIACHHS, U3yUYeHO B 3HAYMTENBHO MEHbIeH crerneHu. CymecTBYIOT pas-
JUYHBIE, BIUIOTH A0 IWAMETPATbHO MPOTHBOIOIOKHBIX TOYEK 3PEHHS M JTAHHBIX, CBA3aHHBIX C BO3MOXHOCTBIO
HACJIeIOBAHHS TPHOOPETEHHBIX PaTHONHAYIIMPOBAHHBIX MyTaLIUHi.

[To onpenenennto HKJAP (Hayunsrif komurer no aeiicTBuio aromHo# panuannn) OOH — Hambonee komme-
TEHTHOTO MEJKIyHAPOIHOTO OPraHa — K MaJbIM 03aM OTHOCSTCS HAKOIUIEHHBIE 10361 10 200 M° M K HU3KOMHTEH-
CHUBHOMY H3JY4YE€HHIO — MOIIHOCTh 103 MeHee 10-4 I'p/mun. MexayHaponaubiM KoMuTeToM MO OMOJIOTMYECKUM
apdexram aromuoit pamumammu (UNSCEAR) B 1990 romy B KadecTBE €IMHMIBI MajbIX 103 NMPHHATA BEIWYHHA
1 Mumum3uBepT/TON W IS HACETCHUS JOMMyCTUMAs 10332 HAXOIHWTCS B MpeAelax €CTECTBEHHOTO PaJnOaKTUBHOTO
dona (1 M*/rog) .

Y CTaHOBIIEHO, YTO MPU XPOHUUECKOM PAJAMALIMOHHOM BO3JEHCTBUM HEBBICOKOIN MOIIIHOCTU pEaKIusl TKaHEeH Ha
OJIMHAKOBBIE O3Bl PAJAMAIlNN, a TAKXKE TSDKECTh HETAaTHBHBIX IMOCIEICTBHHA OOMydeHHS BapbUPYIOT HA HWHIVBH-
JlyalbHOM ypoBHe. B cBsizu ¢ 3TuMm, BocTpeOoBaHa pa3paboTKa HOBBIX METOIOB K CHM)KEHHIO HEOIArompusiTHBIX
BO3ZCHCTBUII pPaJMOAKTHBHOTO OOMy4YeHHS HA OPTaHU3M 4YeEJIOBEKa M peabWINTAIlMH XPOHHYECKH OO0IydEHHBIX
JOAEH C MCTIONh30BaHUEM WHAWBUAYAIBHBIX MMOJXOA0B K THAarHOCTHKE, OIICHKE PaIHalllOHHBIX PHCKOB M KOPPEK-
UM BBIABISIEMBIX HapymleHnH. ['eHeTWuecKas COCTABIAIONIAs WIPAeT BAXHYIO POJb B Pa3BUTHH BCEX MYJBTH-
(axTopHbIX 3a00seBanuii. Tak, HapuMep, BOZHUKHOBEHHUE 3JI0KaYeCTBEHHBIX HOBooOpazoBanuii (3HO) B cpenHem
Ha 30% 0O0ycIOBIICHO BIWSIHHEM HACJIEAyeMBIX (PAKTOPOB, a B CIy4ae C ayTOMMMYHHBIMHM HapyLICHUSIMU 3TOT
mokazarens gocturaer 50-60%. DTo mO3BONAET MPEANONOKUTh BIMSHUE TEHOTHUIIA Ha PUCK BO3HUKHOBEHUS HETa-
TUBHBIX 3((ekToB 00yueHHs, Mpexae BCEro, OHKOMATOJIOTWH, TeM Ooee, 9TO IMOIMYJISAIHOHHO-TE€HETHYECKHIE
uccienoBanus pabounx ypanoBeix pyaHukoB B CIIA, Kanage m UexocinoBakuu MOKa3add POCT BCTPEYAEMOCTH
OHKOJIOTMYECKUX 3a00JIEBaHNI1 B U3YUCHHBIX MOMYJISIHSIX.

W3yueHne reHeTHYECKOro MojauMopdu3Ma psifa TeHOB MO OCHOBHBIM MapKepaMm (COMaTHYeCKHMX MyTaluii),
CBSI3aHHBIM C Pa3BUTHEM OHKOJOTMYECKHX 3a00JIEBaHUI C MCIOJIb30BAHHEM B KaueCTBE OOBEKTOB I'€HOB, aCCOLIUU-
POBaHHBIX C KaHIIEPOTEHE30M M T€HOB — PETYJISATOPOB KIETOYHOTO JAEICHUS SIBIACTCS MEPCIEKTUBHBIM M aKTyallb-
HBIM HaIpaBJICHHEM.

Hnst Pecny6nuku KazaxcTaH 3HaYMMOCTh MPOOJIEMbI ONPEIEICHUS] BEPOSTHOCTH BO3HHUKHOBEHUSI TEHETH-
9eCKHX Je(PEeKTOB, COMATUYECKUX MYTAIMi, paAHallMOHHBIX MATOJOTHUH BO3PACTaeT B CBSI3M C IOCTOSHHO PacTy-
UMY MacmTabamMu J0OBIYY YpaHa U MIePCIIeKTUBAMH Pa3BUTHS COOCTBEHHON aTOMHOM SHEPreTHKU.

['eHOTHITMPOBAHKE JIMIl, 3aHATHIX B aTOMHOW MPOMBIILICHHOCTH (IOOBIBAIOIICH W IMepepadaThIBAIOIICH) H
JIPYTUX TPOHU3BOJACTBAX, CBA3AHHBIX C MOTEHIIMAIHHON I'€HOTOKCHYHOCTBIO, MPEACTABIACTCA B MUPE MEPCIECKTUB-
HBIM HaIpaBJICHUEM, HAlleJICHHBIM Ha paHHee OOHApy)KeHHWEe MyTallMid M MPOBEJCHUS MPOPHUIAKTHYECKHX MEpO-
MpUATHI 10 pa3BUTHA 3a00JI€BaHNUH, BKITFOUAs! OHKOJIOTHYECKHe. J{s BBISBIICHUS HAJTMYHS WIIN OTCYTCTBHS BIIHSTHUS
XPOHUYECKOTO BO3ACUCTBUS MAJBIX 03 pagWalliil Ha MEpCOHAN paOOTHUKOB aTOMHOW NMPOMBIIUIEHHOCTH IPOBE-
JICHO CpaBHEHHE BCTPEYaeMOCTH OJTHOHYKJICOTH/IHBIX 3aMEH B MOJMMOPQHBIX caiiTaXx eHOB CHCTEMBbI penaparuu 3
n 6 unrpoHoB reHa P53,11sk30ona rena APC, B nosutmu -2549 rena VEGF, rs313181 rena XPD(Lys751GlIn) u
rs25487 rena XRCC (Arg399Gln). B kadectBe marepuana uccienoBanusi ucnonb3oBaHa JIHK, BeigenenHas w3
obpasioB kpoBu JIHK paGorHukoB (172 pycckoil HAIMOHAIBHOCTH) ypaHOIEpepadaThIBAIOIIEr0 MPEANPHUSTHS
Bankammuckoe. B xadectBe koHTpoins umcrons3oBaHa JIHK, BbimenenHas n3 oOpasmoB, MONyYeHHBIX OT TPYIIIBI
(160 pycckux), chopMUPOBAHHOMN U3 MPAKTHYECKHU 3I0POBBIX JOHOPOB.

AHanmm3 YacToT ayvlelie W paclpefesieHHss TeHOTHUIIOB B BapraOeNbHBIX y4YacTKax TECTHPYEMBIX T'CHOB
MPOBEJICH METOIOM noiinMepasHoi nenHoi peakiuu (ITLP) ¢ mocnenyromum ornpeaesieHreM nojauMoppusMa IIHH
pecrpukironHbix GparmentoB ([1JIP®). [Ipu cpaBHeHUH 4acTOT ayuienedl ¥ pachpeAeieHUs] TeHOTUIIOB MEXIY
BTOpO#l rpymmoi maxrtepoB (cTax padotel 11-20 jeT) ¥ KOHTPOJIEM BBISBICHBI Pa3iM4yus B paclpeieieHUH
TeHOTHIIOB B ydacTke 1s25487XRCC (x2 =7,11, p = 0,028). danHbIe pa3nu4usi yIOBIETBOPSIIOT Kputepuio p < 0,05
U, COOTBETCTBEHHO, SIBJISIOTCS CTATUCTUYECKHA 3HAYUMBIMU.

KioueBbie ciioBa: nosuMophu3m, TeHbl, aTOMHAS TPOMBIIUIEHHOCTb.
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