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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
15313181 ( Lys751Gln) and rs25487 of the XRCC gene (Arg399Gln) 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 (32 = 7.11, p=0.028)
were revealed. These differences satisfy the criterion p <0.05 and, accordingly, are statistically significant.
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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 discases, 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 arcas. 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
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8% polyacrylamide gel (PAAG) and a current of 60 mA and a voltage of 300 V for 2-3 hours. Taqg 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. Tag DNA poly-
merase used in PCR, deoxyribonucleoside triphosphates, and restriction endonucleases were manufac-
tured by SibEnzyme (Novosibirsk, Russia).

Used primers and amplification conditions

Primers :forward — F, reserve - R

F: GGGACTGACTTTCTGCTCTT3?
R: TCAAATCATCCATTGCTTGG3’

Genes, sites Conditions of amplification

95°C - 10 min, 95°C- 1 min , 55°C — 1 min, 72°C - 1 min
(40 cycles ), 72° C - 5 min

94%C — 1 min, 10 cycles 30 sec - 94°C, 30 sec- 60°C, 30
sec - 72°C, 10 cycles 30 sec- 94°C, 30 sec - 58°C, 30 sec
- 72°C, 10 cycles 30 sec - 94°C, 30 sec - 56°C, 30 sec -
72°C, 10 — min - 72°C.

95° C - 6 min, 58° C - 2 min, 72° C — 2 min, 35 cycles 1

Intron 3 gene
P53

F:5"TGGCCATCTACAAGCAGTCA3’
R: TTGCACATCTCATGGGGTTA3’

Intron 6 gene
P53

Exon 11 gene | F:5°GGACTACAGGCCATTGCAGAA3’

APC R: ’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:IS'GTTTCTGACCTGGCTATTTCCAGG3! cycles 2 min 72°C 72°C -10 min.
XPD, F: ATCCTGTCCCTACTGGCCATTCS’ 95°C-5 min, 94°C-30 sec
rs313181 R: "TGTGGACGTGACAGTGACAAATS’ 64°C-30 sec, 72°C-30 sec (35 cycles), 72°C-3 min
XRCC, F: STIGTGCTTTCTCTGTGTCCA3Z’ 94°C-4 min, 94°C-30 sec, 63°C-30 sec, 72°C-30 sec (35
1525487 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 carlier 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 RADS1, 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. lonizing 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.
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KA3AKCTAH ATOM OHAIPICIHAEI'T JKYMBICHIBLIIAPABIH
PENNAPATIMA T'EHAEPIHIH TIOJIUMOP®U3IM/IEPI

AnnoTamust. JKblT 6TKEH CalbIH a1amM3aT 0anacklHA HOHIAY IIBI COYJICICPIiH Kepl ocepi apTomt kexedi. CoHbI-
MCH Karap KONTereH TE3OCTKIINTep OaKbUIaHBIN, atoM OomOamapsl, Tarbl Ja 0acKa COJ CHAKTHI 3HAHABI 3aTTap
aTeLIbIn sKaThIp. O 3aTTapJaH KAHIIAMA 3HAHABI PAIHOAKTHBTI COYIICIICp OOTHIN, axaM aF3achIHBIH OipKaTap aypy-
JapFa YIUBIPAYBIHA ATTBI KEISTi.
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Famsmmmap ocel KyHTe AeHiH «a3 MeMUIEpil» ACM arajaThlH TOMEH HHTCHCHBTI PaJHALMSUIBIK COyJEIEp dce-
PiHIH 103aCHH OipIIamMa TaJIKbLIAM, 3CPTTCTCHIMCH, O TAKBIPHII d1i IS 6TC a3 3CPTTCIIICH 63¢KTI Moceaenepain Oipi
00.IBIIT OTHIP.

B¥Y aToMapIK COYICICHYICPAIH OCCPi KOHIHAC FRUIBIMH KOMHTCTTIH AHBIKTAMACHI OOMBIHING, a3 O3AJIBI
GO KeleTiH pammammsra 200 M-Ka JeHiHTi JO3AHBIH JKHHANYHI, TOMEGH HHTECHCHBTI COyJICTCHYJICPIiH KyII
10" I'p/MuH-HeH a3 GOMMAyhl KaKET. ATOMIBIK COyICICHYJICPAiH OHOMOTHANBIK 3(MEKTiCi sKOHIHACT XambIK-
apamsik komuTTeTRe (ACBKXK) 1990 5KbITHI a3 MO PATHAIMAHBIH T03A06IK MOIIEPi PeTiHae 1 M/ Kbin
emmeMi KaObLITAH/BI skoHE OYIT KOPCETKIM TAOWFH PaauaysuIbIK (DOHIAPIBIH MOJIIICPIHE TCH OOJBIT KEJICS.

Cospumvains! a3 00JaThIH, OIPKENIKI MeNIIEpACri PaJHalsHBIH dCEpl »KOHE OHBIH KEpi 3apIamnTapbl >KCKEIle
TYypaeri acHrekinae esrepic Tabamasl. Connpikran 1a MC-HiH 3apmanTapsl CO3BUIMATEI KEPi 9CCPTE YINBIPAFaH agaM
ar3achIH KAWTa 63 KAJNBIHA KCATIPYl JKOHC JKCKE amaMm OanachiHa OAFbITTAIFAH JHATHOCTHKAJIAPABI TATAI CTCHL.
IeHeTHKANBIK TYTAC KypaMaac OemikTep Oapiaslk OemikTeri My I5TH(AKTOPIIB Ay PyIApPAbIH JAMYBIHAA AaHTAPIBIKTAH
MAaHbI3bI PO aTKAPaAbl. MBICAIBI, KATEPII ICIK ay Py BIHBIH TYKBIM Kyanay bl (pakTOphIHAH maiiza 00Iy MYMKIHZIITI
oprama ecenmeH 30 %-Fa, am ayTOMMMYHIBI 3¢pTTeY Oy3bUIbIcTapaa Oyn kepcetkimrep 50-60%-ra meitinri apa-
JBIKKA SKeTeri. ['eHeTHKANBIK MOMMMOpPPU3MACPAIH TCHIIK KaTapiapAblH HETI3rT MapKEpiIepiMEH OaHIaHBICHII
OTBHIPFAH OHKOJIOTHSUIBIK ayPYJIapIbIH JaMybIHAA 0acTbl OOBEKT OOJIBIN MAWAATAHBIIATHIH JKOHE KAHIICPOTCHACPMEH
aCCOLMALMATIAHATEIH KICTKAHBIH O6MIHYIH PETTEHTIH TSHACPIIH 3epTTEyl Kazipri ke3ae O0samarkl MOJI, MKOFapbl
JKOHE 6TE MAHBI3IBI Macene 00bIn oTeIp. KaHrieporeHes sxoHe reHACpMEH OaHIAaHBICTHI TCHAIK OOBEKTINICD PETIHIC
TMAWJATAHBIIATEIH KATEPI iCIK aypyJapbIHBIH JaMYbIHA KATBICATHIH OIpKATap TEHACPAIH T'CHETHKAIBIK MOIMMOp-
(u3MAL HETi3Ti MapKEPICPTe (COMATHKANBIK MY TAIMATIAPIBIH) KATHICTHI 3¢PTTEY — OYIT Kejemeri O0ap KoHE 3CKTi
OaFbIT OOBIT TAOBLIAMEL

Kazakcran PecrmyOimKach! YIIiH T€HETHKAIBIK AKAyJIapAblH, COMATHKANBIK MY TAIIATIAPAbIH, YPAH OHIIPICIHIH
ayKbIMbI YHEMI 6CIIl KEJIC YKaTKAHIBFbIMEH OAiIAHBICTBI PATHANMSUIBIK TATOIOTHIAPABIH Maiaa 601y MyMKIHAITIH
AHBIKTAy MAHBI3BI JKOHE ©3/CPIiHIH SIPOJIBIK YIHEPTCTUKACHIH JAMBITY IIEPCICKTUBAIAPHI €CEOIHEH apTyaa.

AToM eHEpKACiOiHIE (Tay-KCH OHAIPY JKOHC OHICY) JKOHC 0acKa Ja eHIPICTIK canajgapAa >KYMbBIC iCTCHTIH
amaMAapAblH TCHOTHMNTLITI, MYTAUMSHBI CPTEPEK AHBIKTAyFa >KOHE aypyJapAbl, OHBIH INNHAC OHKOJOTHSLUIBIK
aypyIapasl AAMBITYFa Kapchl MPO(PHIAKTHKABIK iC-MIapaiap bl AKYPrisyTe OaFBITTAFAH JJICMACTI TCPCIICKTHBATIBIK
OarpiT Oo;bIm caHamagsl. CO3BIIMANBI 23 MONIUEPIl PATHALMIHBIH aTOM OHEPKACIOl KYMBICIIBUIAPBIHA OCEPiH
AHBIKTAY YINIH perapanus >kyHeciHin PS53zeniniy 3 sxoHe 6 mHTPOHOBL, APC eeniniy 11 3x3ousl, VEGFE reHiHIH -
2549 moszmmusicer, XPD (Lys751Gln) reni rs313181 xome XRCC (Arg399Gln) reni, 1525487 OipHYKICOTHATI
aybICBIMAAP/BIH, KE3ACCY KHIIIKTEPl CalbICTRIPMANBI Typae 3eprrenal. 3eprrey marepuans! peringe JHK komma-
HBIIAABL, COHAANH-aK AKMOIIa OOIBICHIHBIH BalKkamMHCKOE YPaH 6HACHTIH KOCIMOPHBIHBIH KyMbIcbuIapsiHan JTHK
KaH yirinepiaeH (172 opbIc YITH) ajbHFAH 3¢pTTeyicp makmamaneuiael. JJHK Oaxeiiay peTiHae KOTAAHBLUTABL, iC
JKY3IHIAC cay JOHOPIApAaH KYPBUIFAH TONTAH anbiHFaH (160 opeIc) yariiep ipikTemmi.

Annens SKWINITiH Tangay >KOHE CHIHAJFAH TCHIACPAIH AaiHBIMAIGI AMAKTApBIHIAFBI TCHOTHNOTEPAL Oy
nommepasapl Tiz0ekTi peakrmst (I1TP) kefiiHHeH mekTey (parMEeHTTEPiHIH NOTMMOP(HU3MI ApPKBLTBI AHBIKTAWIBL.
Oprypil afiMakTarbl CHIHANATHIH TCHACPAIH AJICIBJACPIHIH KHMITIK CApanTaMackl MEH TCHOTHITCPIHIH Tapalybl
OOUBIHINA PSCTPHKUISIBIK ()parMCHTTIH Y3bIHABIFBI mouMopdu3Muia (IT¥P®) kemeci aHBIKTaMachl O THMOP()THI
1i30ckTi peakmusa ([1TP) omicimen xkypri3ingi. bakpuiay TOOBIMEH aTOM 6HEPKICIOl KYMBICITBLIAPBIHBIH, AJICIIBICD
KHITTiri MEH TEHOTHIITEP/IiH TAPAIyBIH CATBICTHIPMAIB 3epTTerense, 1525487 XRCC (y* = 7,11, p = 0,028) reninin
ayJaHbIHIA MAHBI3IbI CTATHCTHKANBIK AHBIPMAIIBIK AHBIKTAIIIBL.

Tyiiin ce3aep: nommmopdusm, TeHAEP, aTOM OHEPKACIOi.
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HOJUMOP®HU3MbI B 'EHAX PENAPAIIA CPEJIA PABOTHUKOB
ATOMHOU MPOMBIINIVIEHHOCTH KA3ZAXCTAHA

Annorammus. Jletictere nonmupyromeH paxuammn (P) BRICOKOH HHTCHCHBHOCTH B OOJIBIIAX 033X HA Opra-
HH3M YCJIOBCKA MOAPOOHO MCCIACIOBAHO B PE3YIIBTATS H3YUCHUS MOCICACTBHI BOCHHOTO MPHMCHCHHS PATHOAKTHB-
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HBIX MarcpHanoB (Xupocuma, Haracaku) u mOCICACTBHE TCXHOTCHHBIX KATACTPO(d HA YPaHOICPEPadaTHIBAFOIIIX
TIPEANPHATHAX U AaTOMHBIX 3JCKTPOCTAHIUIX

Bmstane P HU3KkOW WHTCHCHBHOCTH B TaK HA3BIBAEMBIX «MAJBIX /1033aX», MOPOTOBAS BEIMUMHA KOTOPBIX
MPOJOJDKACT OCTABAThCA MPEAMETOM OOCY)KIACHHUS, H3YUCHO B 3HAYMTEIBHO MEHbIICH cremeHu. CymecTBYIOT pas-
JMYHBIC, BIUIOTH J0 JHAMETPAIBHO NMPOTHBOMOJIOXKHBIX TOUCK 3PEHHMS M JAHHBIX, CBSI3AHHBIX C BO3MO>KHOCTBIO
HACTICIOBAHMS MPHOOPETECHHBIX PATHOMHIY IHPOBAHHBIX MYy TALIHH.

ITo ompeaencanro HKJIAP (HayussIit kOMUTET TIO ACHCTBHIO atoMHON paamanmn) OOH — nanboree xome-
TEHTHOTO MEKIyHAPOTHOTO OPTaHA — K MANBIM J03aM OTHOCATCS HAKOIUICHHBIE 70361 70 200 M° M K HH3KOHHTCH-
CHBHOMY H3JIYUCHHIO — MOIIHOCTH 703 MeHee 10-4 I'p/mume. MexayHapoaubiM KoMuTeTOM 1O OHOIOTHYECKUM
a¢ppexram aromuoii pammammu (UNSCEAR) B 1990 romy B Ka4eCTBS COWHWIBI MAJBIX 103 MPHHATA BCIHIMHA
1 MuTM3MBEPT/TOR M U1 HACEICHHS JOIYCTUMAs 032 HAXOAWTCS B IPECIAX €CTECTBEHHOTO PAaAHOAKTHBHOTO
doma (1 m’/rox) .

YCTaHOBJICHO, YTO MPU XPOHHUYECKOM PAAHALUOHHOM BO3ACHCTBHH HEBBICOKON MOIIHOCTH PEAKLUS TKAHCH Ha
OJMHAKOBBIC O3Bl PAJHALNH, 4 TAKKE TSPKECTh HETATUBHBIX TMOCICACTBHH OONydYCHHS BAPHUPYIOT HA WHIWBH-
IyaTbHOM YpoBHE. B CBA3H ¢ 3THM, BOCTpcOOBaHA pa3padOTKAa HOBBIX METOJO0B K CHIDKCHHIO HCOIATOMPHATHBIX
BO3/ICHCTBUH PAaIMOAKTHBHOTO OOIyYEHHS HA OPTaHM3M YCIOBEKA M PEadWIMTAIUHM XPOHHYCCKH OOIyUEHHBIX
JFOZICH C WCTIONIb30BAHUEM HHIWBHIY AJBHBIX IOJX0J0B K IHATHOCTHKE, OLCHKE PAJAHAIIMOHHBIX PHCKOB M KOPPEK-
MM BBUIBJIEMBIX HAPYIUCHWH. [ eHEeTHUECKas COCTABILIOIAS WIPACT BAKHYIO POJb B PAa3BHTHH BCEX MYJbTH-
(haxTopHBIX 3a001cBaHui. Tak, HAMPHMEP, BOSHHKHOBCHHC 3JTOKAYCCTBCHHBIX HOBOOOpazosanmid (3HO) B cpeanem
Ha 30% 0OyCNOBICHO BIMSHHEM HACJICAYEMBIX (DAKTOPOB, a B CIy4ac C AyTOMMMYHHBIMH HAPYIICHUSIMH 3TOT
mokazarenb gocruraet 50-60%. 310 Mo3BOJMIET MPEATION0KATH BIMSHIE TEHOTHIIA HA PUCK BO3HUKHOBCHUS HETa-
TUBHBIX 3(dekToB OOMyUCHHUS, MPEKAC BCETO, OHKOIATONOTHH, TEM OONEe, YTO MOy IIMHOHHO-TCHETHUCCKHC
HCCIeAoBaHUA padounx ypanoBeiX pyaHukoB B CIIA, Kanmane m UexoCnOBaKHH MOKA3aTH POCT BCTPCUACMOCTH
OHKOJIOTHYECKUX 3a00JICBAHAH B U3y YCHHBIX ITOITY JIIITHSX.

W3yucHHE TCHETHUCCKOTO MOMMMOP(H3MA PsAIa TCHOB MO OCHOBHBIM MapKepaM (COMATHUCCKHX MYTAIHH),
CBSI3aHHBIM C PA3BUTHEM OHKOJOTHYECKHX 3200JICBAHHH C MCIOJIB30BAHUEM B KA4ECTBE OOBEKTOB I€HOB, ACCOLMH-
POBAHHBIX C KAHIECPOTCHE30M U T€HOB — PEIYIATOPOB KICTOYHOTO ACICHHUS SBIICTCH MEPCHCKTUBHBIM H AKTYalIb-
HBIM HAIIPABJICHHUECM.

Jns PecnyOmmkm KazaxcraH 3HAaYMMOCTH TPOOIEMBI ONMPEACICHHUS BEPOSTHOCTH BO3ZHHKHOBCHHS TCHETH-
YeCKHX AC()EKTOB, COMATHMECKHX MYTALWH, PAJAHANMOHHBIX IATOJOTHH BO3PACTAET B CBS3HM C IIOCTOSHHO PAcTy-
MH MacTadaMu JOOBMHU YPaHA M MEPCTICKTHBAMH PA3BUTHI COOCTBEHHOW aTOMHOH SHEPTETHKH.

'eHOTHIIMPOBAHWE ML, 3aHATHIX B ATOMHOM IMPOMBIIIJICHHOCTH (JOOBIBAOINCH W mepepadaThIBaroIeii) u
JPYTUX TPOM3BOJCTBAX, CBA3AHHBIX C MOTCHIUAIBHOH T€HOTOKCHYHOCTBIO, IPEACTABIICTCS B MHPE IECPCIICKTHB-
HBIM HAIPABJICHUCM, HALCJICHHBIM HA PaHHEEe OOHAPYKCHHE MYTAIMH M IPOBEACHUS NMPO(MHIAKTHICCKHX MEPO-
TIPUATHH 0 PA3BUTHA 3a00IEBAHAH, BKIFOYAS OHKOIOTHUYECKHE. IS BBIIBICHUS HAMYMS WA OTCYTCTBHS BIMSTHIL
XPOHHYECKOTO BO3ACHCTBHSA MANBIX /03 PATMALMU HA TEPCOHAN PAOOTHHKOB aTOMHOW IIPOMBIIUICHHOCTH IIPOBE-
JICHO CPaBHCHHE BCTPEYACMOCTH OJHOHYKJICOTHIHBIX 3aMEH B MOJMMOP(HBIX CaliTaX TeHOB CHCTEMBI peTapaluy 3
" 6 mHTPOHOB TcHa P53, 113k30Ha reHa APC, B mosumun -2549 rena VEGF, 15313181 rena XPD(Lys751Gln) u
1525487 rena XRCC (Arg399Gln). B kauectee marepmana mccrenosanus mcnonb3oBana /IHK, BeraeneHHas w3
oopazuoe kposu JIHK paboTHmkoB (172 pycckoil HAaIMOHAIBHOCTH) YPAHOIECPEPaOATHIBAIOIETO IMPEATPHATHS
Bankammackoe. B kauectse koHTpoms mcmosbzoaHa [IHK, BeimesneHHas w3 00pasnoB, MOIYYECHHBIX OT TPYIIIBI
(160 pycckux), c(hopMHPOBAHHOHM W3 MPAKTHICCKH 3I0POBBIX JOHOPOB.

AHanm3 YacTOT a)encH WM paclpeleNICHHS TSHOTHIIOB B BapHAOCHBHBIX YYACTKAX TECTUPYEMBIX ICHOB
MPOBEACH METOIOM TOIMMEpasHOH nermHoH peakunu ([TL[P) ¢ mocreayrommM onpeacIcHIEM MOMMOP(PH3MA ITHH
pectpukiuoHHbIX (pparmeHToB (ITJIP®). [Ipn cpaBHCHHH YACTOT AJUICACH W PACTIPCIACICHHS TCHOTHIIOB MCXKIY
BTOPOil TPymmol maxtepoB (CTak padothl 11-20 meT) W KOHTPOJICM BBIABICHBI PA3THIMA B PACHPCIACIICHHH
TEHOTHIIOB B y4acTke 1s25487XRCC (x> = 7,11, p = 0,028). JlaHHBIE pa3IHYHsA YIOBIETBOPSIOT KpuTepHIo p < 0,05
U, COOTBETCTBCHHO, SIBJITIOTCSA CTATHCTHUCCKU 3HAYMMBIMH.

Kimouesbie ciioBa: moaruMop(u3M, TEHBI, aTOMHAS IIPOMBIIILICHHOCTb.
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