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OlieHKa BAMSIHUSI BO3pacTa Ha YacTOTy paaiuallMOHHO-UHAYLUPYEMbIX TPaHCIOKALIU, PETUCTPUPYEMBbIX
metonoMm FISH B mupkynupyromux B T-1muMmdonmnTax B OTIAJICHHBII IIePUO ITOCIe 00TydeHUS, UMEEST KaK
TEOPETUYECKMI1, TaK U MIPAKTUYECKUI MHTEpeC WIS Leaei ouogo3umerpuu. Lleapio Halleil padboThl ObLI
aHaJIN3 1030BOI 3aBUCUMOCTH YaCTOTHI TpaHCIOKanuii B T-1uMdbonuTax nepudeprndeckoil KpoBH Y TOHO-
POB Pa3JIMYHOIO BO3pacTa, IMOABEPTIINXCS 00JIydeHUIO B MPpUOpEKHBIX cenax p. Teda (n = 197). B uiurtore-
HETUYECKUX UCCIIeIOBAHUSIX UCITOIb30BAIU LIETbHO-XPOMOCOMHBIE 30HBI TSI OKpaIllMBaHUSI TPEX Iap
xpomocoM. Bceero 6bu10 mpocuutano 104721 renHom-skBuBaieHToB (GE) u o6HapyxeHo 2540 TpaHcioKa-
i, JIJIst KaKmoro TOHOpa MHAWBUAYaTbHBIE 03I 0O IyYeHHS, MOTIOIIEHHBIE B OpraHaX U TKaHSIX K MO-
MEHTY 3a00pa KpOBU, ObLIN pacCUYMTAHbI C UCOJIb30BaHUEM NO3UMETpUUYecKoil cucteMsl p. Teya. Kpome
TOTO, OBIIM pacCUMTAaHBI A03bI Ha T-TMM@OLMTEI M UX MPEIINIeCTBEHHUKOB C MCIIOJIb30BaHUEM OPUTH-
HaJIbHOTO MOJIEJILHOTO TTOX0/a C Y4eTOM BO3pacTHO# TMHAMUKU T-TMMGOILIMTOB; UMEHHO C 9TUMMU J03a-
MU ObUIY CBSI3aHBI BOSgaCTHLIC 3aBMCUMOCTH YacTOThI TpaHcoKauit. OCHOBHBIMU UCTOUHUKAMU O0JTy-
yeHUs TOHOPOB 6bUIH °-20ST, HaKATUIMBAIOLIMECS B KOCTH M TIPAKTUYECKH JIOKATBHO 00JIydaloIine KOCT-
HbIiA Mo3r. [y OlLIeHKM TmapamMeTpoB 3aBUCUMOCTH 103a—3(@dEeKT WMCIoab30Baad JUHENHYIO
perpeccuoHHylo Monenb. [locie ydyeta ¢hOHOBBIX 3HAUEHWI HaMMEHbIIas 4acToTa TPAHCIOKAIMii Ha
1000 GE na I'p 6bu1a BhIsIBIIEHA y AOHOPOB B Bo3pacte 0—5 jier Ha MoMeHT oburydeHus (9.3 £ 1.3), uto cra-
TUCTUYECKHU 3HAYUMO HMXKe, 4yeM y aeteit 6—18 ster (15.3 £ 1.5), Ho He y B3pocabix (11.9 £ 2.9). 3HavyeHue
IUJTsI B3POCBIX (> 18 J1eT) xapakTepu30BajloCh MAaKCUMaJIbHBIM pa30pocoM, HO 0Ka3ajloCh OJIM3KUM K BEJIU-
YyHaM, MOJYYEHHBIM B MEXIYHAPOIHOM MCCIEIOBaHUU MPO(ECCMOHATIOB TTOC/Ie BHEITHETO OOTyYeHMS
(11.6 £ 1.6). 3HayeHUs (DOHOBBIX YACTOT TPAHCIOKAIINIA, OTIPEIEIEHHBIX B Pa3JIMYHBIX BO3PACTHBIX IPYII-
ax, COOTBETCTBYIOT ONyOJIMKOBAHHBIM 3HAUEHHUSIM, MOJIyYeHHBIM B 00bEAMHEHHOM MEXIYHAPOIHOM MC-
CJIeJOBAaHUU 10 HEOOIIYYeHHBIM JOHOpaM. M bl TaK>Ke TTOATBEPAWUIIM OTCYTCTBUE BIMSIHUE T10J1a HA YaCTOTY
TPAHCJIOKALUMA.
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YyeJIoBeKa, OMOI03UMETPHUSI
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BospacTtHbie 0coOeHHOCTY (DOPMUPOBAHMS pPaI-
allMOHHO-UHAYLIMPYEMBIX TPAHCIOKALIUM B JTUMPO-
muTax rmepudepnieckKoil KpoBU U3yJaanucCh B MyOIm-
Kauusx [1, 2]. CioxXHOCTh NOJyYeHUSI OAHO3HAYHBIX
pe3y/IbTaTOB CBSI3aHa C TeM, YTO C BO3PACTOM YBEJIM-
YUBaETCs YMCIIO (DOHOBBIX TPAHCIOKALIMiA, BO3HUKA-
IOIIMX CIOHTAHHO 3a CYET DHJOTEHHBIX KJIETOYHBIX
IIPOLIECCOB WJIM B pe3yJIbTaTe BO3NEHCTBUS MyTareH-
HBIX areHTOB oKpyxaroueil cpeasl [3]. Ilpu 3toMm
C.E. Rube et al. [4] oTMeUalOT CHIKEHUE C BO3pac-
TOM CITOCOOHOCTH JIMM(MOILIMTOB pernapupoBaTh pa-
IWAaIMOHHO MHAYIHpoBaHHbIe ToBpexnenus JHK,

0COOEHHO BbIpaXXeHHbIE y TOXUIbIX. OTBET Ha BO-
MpOoC, KakK BJIMSET BO3PACT Ha YMCJIO paauallMOHHO
VHAYLMPYEMbIX TPaHCJIOKALMi, pETUCTPUPYEMBIX B
OTAAJIEeHHBbI TepuoN, MUMeeT KaK TeOpeTUYECKMIA,
TaK W MPakKTUYECKUd UHTepecC IS 1iejieit 0Moao3u-
METPUU, TIOCKOJBbKY T-mumMdpouuTsel mnepudepuye-
CKOM KPOBMU SIBJISIIOTCSI OOBEKTOM U3YYEHUSI XpOMO-
COMHBIX abeppalivii, BbI3BAaHHBIX BO3JEUCTBUEM 00-
JIydeHMUsI Ha TeJIO YyeoBeKa.

JIJ1s1 OLIEHOK 4YacTOThl abeppaluii UCIHOJIb3YIOTCS
pazJInuHbIe METO/IbI, B TOM UUCJie U MeTol (hiayopec-
neHTHoM in situ ruopunuzanuu (FISH). Ero nmpume-
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HSIIOT KaK ISl pETPOCTIEKTUBHOM OLIEHKU 103 B CITy-
yae npodeccuoHaJIbHOIo obydeHus [5, 6], Tak u
MpU aBapuiiHOM OOJIyUeHUU, HATIpUMeEDp, XuTelieit
NMpUOpeXHbIX cea p. Tewa, mocTpamaBIIUMX BCe-
CTBHE COPOCOB XUAKUX PAJIUOAKTUBHBIX OTXOAOB B
nepuon 1949—1956 rr. [7—9]. B mocnenneM ciaydae
WMeJI0O MECTO HEepaBHOMEPHOE MHOTOJIETHEE BHYT-
pEHHEE U B MEHbIIIEH CTeNIEeH! BHELIHEE O0IyYyeHuUe,
npudeM Bkiag #-2°Sr, MHKOPIOPUPOBAHHOTO B KOCT-
HYIO TKaHb, ObLJT Onpeae/siioluM B (hOpMUPOBAHUU
03Bl HA KpacHBIit KocTHBI Mo3T (KKM). B curya-
oy Ha p. Tedya o0Iy9eHUTO TIOABEPTIINCH JIMIIA TN -
POKOro BO3pacTHOTO IMana3oHa.

[luToreHeTMYECKHME  MCCIEAOBAaHUSI  XKUTEJCH
npubpexHbix cesl MetogoM FISH naganuce B 1996.
B pesynbrare mMHorosetHeit pabotrel B YHIIL PM
OBLIM HAaKOIJICHBI JaHHbIC, MO3BOJISIONINE OLIEHUTh
3aBUCMMOCTH YaCTOTHI XPOMOCOMHBIX abeppanuii
(TpaHCIOKallMii) OT 1O3bl O0Jy4YEeHNSsI, ONIMCAHHbBIE B
psiae pabot [7—9]. HanGonee BaXXHBIM MOXHO CUU-
TaTh BBIBOO O TOM, YTO IIPU JIOKAJIBHOM OOJIy4YeHUU
KocTHOTO Mo3ra 3299Sr noza Ha KKM, onileHeHHas Ha
OCHOBE YaCTOThI TPAHCIOKAIIMK C MCIOJIb30BaHNEM
CTaHAAPTHBIX KAJIMOPOBOUYHBIX KPUBBIX, ObljIa CyIle-
CTBEHHO HIKe 103bl HAa KKM, ocHOBaHHOI Ha IIps-
MBIX U3MEPEHMUSIX comepxanus *°Sr B opranusme [8].
D10 HaAOJIOAEHHE ITOCTYKIJIO IIPUIMHOM pa3padboT-
KM Moneau ooiaydeHust T-1uM@oOLMTOB U UX Mpe-
IIECTBEHHMKOB Ha OCHOBE KOHIENIUN T-KJIeTOUHO-
ro pona (TG), KOoTopblit 0OBEINHSIET BCEX IOTOMKOB
KOHKPETHOI'O MpeallecTBeHHUKa T-KJIeTOK, JOCTH-
raromero Tumyca [ 10, 11]. JlaHHast MOAeIb II03BOJISIET
OLIEHMBATh J03Y, KOTOpasi XapaKTepU3yeT O0TydeHIE
T-npenmectseHHUKoB B KKM, a Takke obOiydyeHue
OUpKyIupyomux T-1uM@onnTOB IIpU X IIpeObIBa-
HUM B YeThIpeX KomnapTMeHTax Tena: KKM, Tonkmit
KUIIEYHUK, TOJICThI  KUIIEYHUK, OCTaJbHbIE
BHECKeJIeTHbIe JTMM@OUIHbIe TKaHU (H0o3a IJIs HUX
COOTBETCTBYET 03¢ HAa MSTKHE TKaHM, TaKule KakK
Mbibl) [12]. KpoMe Toro, ata Moaeib OLIEHUBAET
OTHOCUTENILHYIO IOJIIO B Ipode KpoBu T-aumdoru-
TOB, YbM IIPOT€HUTOPHI MOJYYMIN BBICOKYIO O3y B
KKM, u T-nuMdbouuToB, OOIYYUMBIIMXCS TOJLKO
IpY UUPKYIILUUN. DTU MOJEIbHEBIE OLICHKH AeJI1aloT -
CsI C YYETOM MHBOJIOLUOHHBIX U3MEHEHUI TUMYCa 1
BO3PAacTHOI'O CHMXKEHMsI ero mponykiuu. Ha Bax-
HOCTb MCIOJIb30BaHUSI MOJEJIILHOIO IIOAXOJIa IIpU
aHa/IM3€ IUTOTeHeTUYECKMX JaHHBIX YKAa3bIBAeTCs, B
YacTHOCTH, U B 0030pe EBporieiicKoii rpyIIsl Mo pa-
muaunonHoi mo3uMmerpun EURADOS [13].

3a mociegHue roabl peructp mamepenuit FISH
XKUTEJIEN MPUOPEXKHBIX cel p. Teya OBII ITOITOJTHEH.
Kpowme Toro, 6b111 pa3padboTaHbl HOBbIE MOAXOIbI K
YTOYHEHMIO 103 O0IyYeHUS KUTEJIEid, pOIUBIIMXCS B
nepuoa MakKCMMaJIbHBIX cOpocoB B p. Teua [14]. Ta-
K1M 00pa3oM, LieJIbIo Halllell paboThI SIBISIETCS aHa-
JIN3 1030BOI1 3aBUCUMOCTH YaCTOThI TPAHCIOKAIIN1 B
T-mambonmTax iepudepudecKoii KpOBU y JOHOPOB

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

pazJnyHoro Bo3pacta. Jlo3a Ha TKaHb-MUIIEHb, C
00JlydeHUEM KOTOPOUl MBI CBSI3bIBAJIM TIOSIBJICHUE
TpaHciokaluii B T-mumdonuTax, — 3T0 cymMma A03
Ha IMPOTreHUTOPHI U LIUPKyIAupyoolue T-1uMOonuTsI
(ITLITJI), BK1am KOTOPBIX B3BEIIEH B COOTBETCTBUM C
JIMHAMUKOM BbIxoaa nmporeHuTopoB u3z KKM u noJsi-
Mu T-mumbonuToB, chopMUPOBAHHBIX 10 U MOCTE
Hayaja o0JIydeHMUsI.

JJtst fOCTVKEHUS LI pellaJIuCh CIeAYIONINe 3a-
nauu: 1) olleHKa 1St KaXX10ro JOHOPa UHANBUIY Jlb-
HbIX 103 obmydyeHrss KKM u npyrux auMdouaHbIx
TKaHeli Ha OCHOBE TMOCIAEAHUX T03UMETPUYECKUX
MOJAXOJ0B, a TakKXe OllEHKa Ha MX OCHOBE 03 Ha
IIIITJI; 2) ananu3 3aBUcUMOCTEl 103a—3(PPEKT ISt
YacTOTbI TPAHCIOKAIIMIA B TPEX BO3PACTHBIX TPyMIax:
0—5 met, 6—18 et u crapire 18 jerT.

MATEPHAJIBI U METOINKA

Xapakmepucmuka 00HOpPO8, Jcumenell nPUOPedCcHblX
cen p. Teua, o6caedosannvix memodom FISH

Bribopka moHopoB BKiIodaeT 197 yemoBek, mJjist
KOTOPBIX OBLIIO caeslaHo 212 o6ciienoBaHnit METOIOM
FISH. HekoTopble 1oHOPHI ObLIM 00CIeT0BaHbI ABa-
XKIbI B pa3zHoe BpeMs B riepuon 1994—2021 rr. Hacto-
silasi BBIOOpKa BKIIIOYAeT Jitofieit, paHee ONMCcaHHbIX
B pabotax [11] (n = 178), a Takke JONOJIHUTEIbHOE
yucyio 1oHOpoB (19 denoBek), moacyeT TpaHCIOKa-
Uil KOTOPbIX ObLI MPOBEAEH B MOCJENHUE TOJbI.
Yucno npod MykuuH — 72, keHIIMH — 140. CpenHuii
BO3pacT Ha MOMEHT Havasia obsiydyeHus (B 1950 1.) co-
ctaBuia 11.8 jeT, nuana3oH MUHUMAJIbHBIX 1 MaKCHU-
MajnbHbIX 3HaueHuit: 0—38 net. CpegHuii Bo3pacTt HA
MOMEHT 3abopa kpoBu 11 aHaim3a FISH coctasun
66.9 (42—87) ner.

Lumoecenemuueckue memodst oyeHKuU uucaa
mpaHcAoKayuil

ITpotokonsl FISH 1 noapoGHbIe onucaHus Moj-
cyeTa XPOMOCOMHBIX a0eppauuii OblIM JdaHbl B
nmpenplayiux padorax [7, 15]. Bo Bcex ciayuasix uc-
MOJIb30BaIM  LIeJIbHO-XPOMOCOMHbBIE  30HABI IS
OKpammBaHusI Tpex map xpomocoMm. Ilomcuer adep-
panuii ObLT BBITIOJIHEH B IUTOTeHETUYECKUX Jlabopa-
TOPUSIX HECKOJIBKMX HAyYHBIX LIEHTPOB MPU OKpaIlIn-
BaHUU cieaytolux nap xpomocom: B YHIILL PM (B
TOM YMUCJIE BCE UCCIAEAOBAHUS MOCAECAHUX TISTU JIET)
u n1abopatopum Public Health England (Bennko6pu-
TaHU), napel — 2, 3, 5; B MHCTUTYTE pagmnoOuoioruu
uM. T'enbmronbua (I'epmanust), mapel — 1, 4, 12; a
Takxe B JIeliIeHCKOM YHUBEPCUTETCKOM MEIUIIMH-
ckoMm ueHTtpe (Hunepmannsr), napel — 1, 4, 8. Bcero
obuto npocuuradHo 104721 GE (reHoM-3KBHBajieH-
TOB) U 0OHapyxeHo 2540 TpaHCIOKaIUA.
Ne 2
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Ouyenka 003 0bayuenlUst 0OHOPO8

Bce moHophl mpu NpOXMBAHUKM B MPUOPEKHBIX
cenax p. Teua moaBeprajiMch BHELIHEMY Y-O0JIyye-
HUIO U BHYTpeHHeEMY [3,Y-00JydeHuIo, MOoCieaHee B
ocHoBHOM 3a cuet %St u ¥Cs [16, 17]. [Tomumo
89.90Sr » ¥’Cs yuyuTbpIBaNUCh NO3BI OOJY4EHUS OT
lLI44Ce, 957y, 95Nb, 103:106Ry. Inga MHAMBUAYyAINA3A-
LIMU J03 BHYTPEHHETO O0JIyYeHUsI UCTIOIb30BaI pe-
3yJbTaThl NPUXKU3HEHHBIX U3MEPEHUIN COomepKaHUs
%0Sr B OpraHu3Me Ha CIIEKTPOMETPE U3TyYeHU A YeIo-
Beka (CHMY-9.1), ecniu TakoBble UMENTUCH I KOH-
KpeTHOro MHAWBUIA. JJIsI MHAMBUAyaIM3aluu 103
BHEIIHETo 00JIy4eHUsI ObLIM UCTIOIb30BaHbI TaHHbIE
0 MeCTe IIPOXMBaHUS YeJIOBeKa B KOHKPETHOM Hace-
JICHHOM MYHKTe (paccTOsSHUE I0Ma OT ype3a BOJbI).
Bcero 147 yenoBek (75%) nubo caMu N3MEpSUTUCh Ha
CHNY-9.1, 1160 M3MEepSINCh WICHBI MX ceMeil, mo-
3TOMY JI03bl X BHYTPEHHETO O00JIydYeHUSsT ObLIIU paHee
WHIWBUAYaJTU3UPOBaHbl (OLIEHEHbl WHAWBUIYAb-
HBIE YPOBHHM IIOCTYIUIEHUSI PaguMOHYKIMOOB). [l
14 yenoBek (24% mOHOPOB U3 rpyIiibl 0—>5 JIET) 103bI
BIIEpBbIe ObUIM MHAVMBUIYAIU3UPOBAHbI HA OCHOBA-
HUM M3MEPEeHMI [3-aKTUBHOCTU TEpPEeIHUX 3y0OB C
IMOMOIIbIO 3yOHOTO JaTuuka [14].

Pacuet 103 Ha KKM, TOHKUIA 1 TOJCTBIA KUILIEY-
HUK W Jpyrve BHecKeJieTHble JIUMMOUIHbIE TKaAaHU
(BT, cOOTBETCTBYIOT 103€ Ha MBIIIILIBI) JIST BCEX A0-
HOPOB ObLI MPOBEJICH C UCITOJIb30BAHUEM TTOC/IETHE N
BEpCUM TO3UMETprUecKoil cucteMbl p. Teya (TRDS-
2016) [16]. 1o3bl paccuUTHIBAId ¢ MOMEHTA Hadaia
0o0JIydeHUs 10 AaThl OTOOpa MPoO KPOBU, KPOME TO-
ro, rpu pacuetre 103 Ha ITLTJI ucronp3oBaiu roao-
BbI€ MOIIIHOCTHU 103, KaK 3TO onucaHo Hike. Cieny-
€T OTMETUTB, uTO 60s1ee 70% no3b1l Ha KKM or 39St
OBLITIO MOJIYYE€HO B TeUEHHUE MEPBBIX S5 JIET O0TyUeHMSI.

Jlulia, poauBIlIMecs TIocjie Hayajla paauoaKkTHUB-
Horo 3arpsi3HeHus (1tociie 1949 1.), moayyuau Takxke
J103y BHYTpUYTPOOHOro 001ydyeHus (15 yenoBek), Ko-
TOpasi OLIEHMBAJIACh C UCIOJIb30BAHUEM OTIEIbHOIO
610oka TRDS-2016. CpenHss no3a (min-max) Ha
KKM nnst Hux cocraBuna 0.072 (0—0.266) Ip, BHYT-
PUYTPOOHBIE 03Bl HA IPYTMe TKAHU HE YUYUTHIBAIUCH
B pacyeTax, TaK KaK UX BKJIa[l ObUT HECYIIIECTBEHHBIM.

Jo3ber Ha TTHJIT 6ptM paccuymTaHBI ¢ UCITONB30-
BaHUEM mporpaMMbl “JIMM@OUUTHI” 110 aJITOPUTMY,
onucaHHoMmy panee [11]. B Mmogenu Ob1IM OTpakeHbI
cienylliue O0co0eHHOCTH (OpMUpOBaHUS MyJa
uupkyaupyomux T-mumdounron [10]:

1. Bce T-mumdomThl IporucXoasT OT T-KIIETOUHBIX
MPEIIIeCTBEHHUKOB — IIPOreHUTOPOB, KOTOphIE (hop-
mupyiorcss B KKM. Yepes KpoBeHOCHOE PYyCJTO YacTh M3
HUX MEPEXOUT B TUMYC, TJIe TPOMCXOAUT (popMUpOBa-
Hue T-muMdoLmnTOB ¢ YHUKAIbHBIMUA T-KIIETOYHBIMU
peuentopamMu. T-uMdbonnTel B mnepudeprnIecKux
JIUM@MOUTHBIX TKaHSIX 00pa3yloT MHOTOKJIETOYHBIE 1
YacTO JIOJITOKMBYILME KITOHBI KJIETOK C ONMHAKOBBI-
MU T-KJI€TOYHBIMU pelernTopaMu; penepryap T-Kjo-
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HOB (popMUpYyeTCsT B AETCTBE M OCTAeTCSI JOBOJBHO
CTaOMJILHBIM B TeueHUe Ku3Hu (1o 70 jier).

2. IIpu obnyyenuu T-niporenutropa B KKM mno-
TeHILMAIbHBIN IPY3 XPOMOCOMHBIX abeppalivii HeCcyT
BCE €70 MOTOMKM, T.€. LIeJIblii Ha0op T-KJI0HOB € YHU-
KaJbHbIMU T-KJeTOYHBIMM pelenTopamu. Bce mo-
TOMKHU OTHOTO MPOTeHUTOPA U caM TIPOTEHUTOP 00b-
equHsioTcsa B T-knerounslit pon i T-Genus (TG),
KOTOPBIH SIBJISIETCSI 0OBEKTOM MOACIUPOBAHMSI.

IMpunuManocsk, yto npoaykuus TG npsiMo 1po-
MOpLUOHANbHA IIPOAYKINUA TUMYCOM T-1mum@orm-
ToB. Ilotepss TG B TeueHME XM3HU HE OKa3bIBAeT
CYIIECTBEHHOTO BJIMSTHUSI HA BO3PACTHOE COOTHOIIIS-
HUE TpencTaBuTeNeil pa3nuyHbeix TG B nepudepude-
CKOI1 KpOBM, ITOCKOJIBKY IIPEAIIOJIaraaoch, YTO MOTE-
ps TG mpornopuuoHaibHa WX MpoAyKiuu. B cBoio
ouepenb, IS OLEHKU 3aBUCSINCH OT BO3pacTa Mpo-
OYKIIUY TUMyCcoM T-TuM@OIIMTOB, KOTOPOE OIpeae-
JISIeTCSl TIO YKUCIY HEeAaBHUX TUMYCHBIX SMUTPAHTOB
(recent thymus emigrants RTE), ncnonb3oBanu pe-
3yabTaThl MoaeaupoBaHus 1. Bains [18, 19]. DTa mo-
Jesib 0asupyeTcsl Ha BKCIIEPUMEHTATbHBIX TaHHBIX
10 CKOPOCTHU Ipoymdepaliuy pa3IndHbIX (hpaKIuii
T-mamdbonnToB, X KOJIMUYECTBY B eprudepndecKoit
KpPOBH, BO3pacTHOI IMHaAMUKe U T.1. belau Beiaese-
HBI CJICOYIONINE BO3pPacTHHIC MNEPHOABI B COOTBET-
CTBMHU C IIpoayKmuei Tumyca. OT poxaeHus 10 1 ro-
Ja: TIPOAYKLUsS TUMYyCOM T-TUMGOIMTOB YBETUUM-
BaeTcs, IOoCTUrass MakcuMyMa K 1 rogy; ot 1 roga mo
8 JIeT: majmeHue MPOAYKIIMUA TUMYyCa MAET CO CKOPO-
cThio 12% B rom; ot 8 mo 20 eT: mageHue MPOAYKIIUH
co ckopocThio 4% B rom; oT 20 no 70 JIeT: CHIKeHUe
MPOAYKILIMM TUMYyCa CO CKOpOCThbIO 8% B rom. DTu
OLICHKY HCITOJIb30BAJIMCh HAMU KaK MOZEIbHbBIE Ma-
paMeTphl IJIST OLIEHKY Bo3pacTHOI nuHaMuku TGs B
OTHOCHUTENBHBIX enuHuIax (puc. 1).

Hnsg momu TG, chopMupoBaHHBIX 0 Hadaja 00-
aydyeHus (puc. 1, 0, B, JieBasi cBeTJ1asl YaCTh) YYUThI-
BaJIl TOJILKO 03y, HAKOIUICHHYIO JUMQMOLUTAMU U
UX MmoToMKamMu Iipu mupkyisanuu. s nmomm TG,
c(opMUpOBaHHBIX ITOCJIC Hauasia oorydeHus (puc. 1, 0, B,
IpaBasi TEMHasI YacTh) YYUTHIBAJIM IBa KOMIIOHEHTA
00ydeHNs: 103y, HAKOTJIEHHYIO B IIepuo MpeObIBa-
HUs nporeHuTopoB B KKM, 1 103y, HaKOIIEHHYIO
JmMdounTaMu (IIOTOMKaMU IIPOr€HUTOPOB) B IEPU-
O X IMPKYJISIIMK. 1151 ymoOGcTBa pacCUYMTHIBAIIN OT-
JIeJIbHO 03y Ha IMPOTeHUTOPHI U 103y HA TMPKYJIUPY-
[oIIMe JTMMQOIIUTEL.

CpenHeB3BellleHHasI 103a Ha TPOTeHUTOPHI (D, p)
MpeacTaBiIsIeT cO0O0M H03y, HAKOIUIEHHYIO MpEXIe,
yeM IporeHuTopsl NoknHyan KKM u Havanu reHe-
pupoBaTh T-TUMGOLUTHI B TUMYCE, PACCUUTHIBACTCS
Kak cpefHee 3Ha4YeHHeE, B3BEIIIEHHOE B COOTBETCTBUU
C HoJieii MOTOMKOB KasKI0TO ITpOTeHUTOpa B Iiepude-
pUYECKO KpOBM HAa MOMEHT 3abopa MpoOkI:

1,

Dy = —— I f(age) X Dyxys(t,age)ldr; (1)
Prg(age;) !
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0.4F

IIponykuus TG, oTH. en.

(@)

0.8 O6mmas nponykuus TG

0.6 Hauvasno o6nyyeHus

0.4F

0.2F

Iponykuus TG, otH. en.

0 10 20 30

1.0 -

0.6

Hauano o6iyuyeHust
0.4

0.2

[Mponykumsa TG, oTH. ex.

10 20 30

40 50 60 70

(©)

Iponykiust TG no Havana ooaydyeHUs
0.8 B [1poaykuu TG nocine Havasia 00JydeHUsT

40 50 60 70

(8)
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Bospacr, iet

Puc. 1. Bospacthas 3aBucuMocTts npoaykunu TG ruiomiaay 1moa KpUBbIMEM OTpaXkaloT cyMMapHble 3HadeHus TG: a — 3a 1e-
puon ot poxneHus 1o 70 jeT; 6 — a0 U mocje Havaia obyiydeHus: B Bo3pacte 10 JieT; 1 B — 0 M IOCJIe Havyajla o0IydeHus B

Bo3pacte 20 seT.

Fig. 1. Age dependence of TGs production; the areas under the curves reflect the total values of TGs: (a) for the period from birth
to the age of 70; (6) before and after the onset of exposure at 10 years of age; and (B) before and after the onset of exposure at the

age of 20.

I1e ¢ — KajeHIapHoe BpeMsi (Toibl); #, — MePBbIil TON
HaKOIUJIEHUsI 103bl ¢ Havyasa oO0JIy4eHus; ¢, — rof 3a-
0opa mpooBkl; 1, — TON POXIEHUS AOHOpA; age =
=t — t,,,, — BO3PACT IOHOPA (roabl), KOTOPHIA BapbU-

pyeT OT BO3pacTa Ha MOMEHT Hayaja OOJy4eHUs
age, = t, — t,;,,, 1O BO3pacTa HAa MOMEHT 3a00pa KpOBU
age, = t, — ty,u> Prg (age) — obuee yncno T-kierod-
HBIX POZOB, IPOM3BEAECHHBIX B [IEPUOJ, OT POXACHUS

PAAINALITMUOHHAA BUOJIOTUA. PAIMOBKOJIOIUA  tom 63  Ne 2 2023
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IO YKa3aHHOTO BO3pacTa (B OTHOCUTEIHHBIX SIMHU-
11ax), ONpenessieTcs Kak MHTerpa GyHKIUM fr(age),
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KOTOpasl OIMChIBA€T BO3PACTHYIO JTMHAMUKY IIPOU3-
BoactBa TG:

age

Prglage) = [ fro(dr; )
0.5+ 0.5age, 0<age<l
exp(—0.12(age — 1)), 1<age<8
Jrelage) = (3)

Dy (t,age) — normomeHHas nosa Ha KKM, Hakor-
JIeHHas K BO3pacTy age ¢ MOMEHTa Hauaja obiyye-
HUsI, PACCUUTBIBAETCS C YUETOM BO3pacTa U UCTOPUU
00JTydyeHUs1 JoHOpa (TPOXMBAHUS Ha 3arpsi3HEHHbBIX
TEPPUTOPUSIX).

CpenHeB3BellieHHas [03a Ha LUPKYJUPYIOLIUE
JUMGOLUTHL D; - paCCUUTHIBACTCS C YYETOM MX Tpe-
OpIBaHMs B 4deThbipex KommaptMmeHrtax: BT, KKM,
TOJICTBIM KMIIIEYHUK (col), TOHKWI KUIIedHUK (small)
B oTHoeHuu 0.853; 0.10; 0.025; 0.022 [12]:

14

N S j P.o(age)[0.85D,, (1, age) +
PTG (ages) [

+0.1Dy (1, age) + 0.025D,,,(t, age) +
+0.022D,,,,(t,age)\dt,

Dyc =

4

rne Pr;(age) — paccUMTBIBAETCSl COIIACHO ypaBHeE-
HUIO (2) 1 (3) B OTHOCUTENBHBIX €IMHUIIAX;

Dy (,age) — ronoBasi MOIIHOCTD MOIIOLIEHHO
no3sl B KKM, koTopas siisieTcst GyHKIIMEN KaaeH-
JIapHOTO BpEeMEeHH, Bo3pacTa U UCTOPUMU OOTydeHUsI
KOHKPETHOIO JOHOPA;

D,,/(t,age) — TOnOBasi MOLUIHOCTb MONIOLIEHHOMN
IIO3BI B TOJICTOM KHUIIIEIHUKE;

D, (t,age) — ronoBast MOIIHOCTb MONIOLLEHHOMN
J03bl B TOHKOM KUILIEYHUKE.

Taxkum oOpa3om, IoJIHAS CpeaHEB3BEIICHHAS 10~
3a Ha ITLTJI paccuuThiBaeTCsI HA OCHOBE ypaBHeE-
Huii (1) u (4) xkak cymma D, p + D, .

Ecau moHop ObLI OOJy4eH B Tepuod BHYTPU-
YyTpOOHOro pa3BUTHS, T.€. €[0 MaTh B epuoj 6epe-
MEHHOCTM IMpOXMBaja Ha paguOaKTUBHO 3arpsi3-
HEHHBIX TEPPUTOPUSIX, TO 1032 BHYTPUYTPOOHOTO
o6nyueHuss KKM npubasisieTcs K 1o3e Ha T-mpore-
HUTopsl (D p).

Cmamucmuueckas obpabomka 0aHHbIX

BreluncieHUsT cTaHOAPTHBIX MapaMeTpoOB ITPOBO-
VIV ¢ TIOMOIIBIO JIMIIEH3MOHHBIX TporpaMmm Micro-
soft Excel u SigmaPlot Ha nepcoHaTbHOM KOMIbIOTE-
pe. KpoMme aToro, I olleHKH CBSI3M MEXIY CyMMap-
HOoli mo3oit oOmydyenust IILTJI m 4gacroroit

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA

0.4317 exp(—0.04(age —8)), 8 <age <20
0.2671 exp(—0.08 (age — 20)),

20 < age

TpaHCJIOKAaMi OBII McIonb3oBaH Monyiab AMFIT
nporpammHoro nakera EPICURE [20], no3Bosito-
LW IIOCTPOUT JIMHEMHYIO pETPECCUOHHYIO 3aBUCH -
MOCTb, WCIIONIb3YySl pacnpeneienue IlyaccoHa wu
IMyacCOHOBCKOE CpenHee sl TPyIIMUPOBaHHbBIX TaH-
HBIX:

Y (age,, age,, sex, dose) = Y,(age,, sex) + X dose, (5)

rae Y (age,, age,, sex, dose) — oxunaemasi 4actora
tpaHciokanuii Ha GE, 3aBucuT ot Bo3pacra Ha Haya-
Jio 00JTydyeHMUs age,; BO3pacTa HA MOMEHT 3a00pa Kpo-
BU age,, MoJIa SeX U HAKOIUIEHHOU 03bl OOy4YeHUS
dose; Y, (age,, sex) — KoBapuaHTHO-cneuuduyeckas
¢oHoBas yactora TpaHciokanuii Ha GE, 3aBucsias
OT BO3pacTa age, HA MOMEHT 3a00pa KPOBHU U T10J1a Sex;
B — yBenuueHue 4acTOThl TpaHCIOKauuii Ha Ip Ha
GE (yron Hakj10Ha JUHUM PETPECCUM).

INepeMeHHBIE OBLTU pacIpeneeHbl IO CIeAyIo-
UM KaTeropusiM. Bo3pact Ha MOMeHT 3a00pa KpoBU
age, (rombl) — yeThipe Kareropun: <50; 50—60; 60—
70; >70); Bo3pacT Ha HayaJio 00JydyeHUs age; (TOABI)
— T1pu Kareropuu: 0—5; 6—18; >18. Jlo3a dose pac-
cMaTpuBajiach KaK HepepbIBHAs MepeMeHHasl.

Bo Bcex ciyyasix 3HaueHUsI TMapaMeTPOB BbIUMC-
JISUTH ¢ TIOMOIIIBIO MeTOoIa MaKCUMAaJIbHOTO TIPaBIO-
nonodus, a 3HauyeHusi P OlleHWBaJIM HA OCHOBaHUU
JIBYXCTOPOHHMX TeCTOB. Tak Kak B rpyriie JOHOPOB
He OBbLIO JINIT ¢ HYJICBBIMH J103aMU OOJTydeHUsI, 3Ha-
yeHus: (QOHOBOI YaCTOTHI TpaHCIOKalui (TTapaMeTp
Y,;) nosiydanim MeTOIOM 3KCTpANoasIUuU JUHEHHON
perpeccuu K HyJIeBoi mo3e. st KaxXmoro rmapamMeTrpa
OIIpeNeIsUIN  cpedHee 3HaueHWe, CTaHTapTHYIO
omnoKy (SE), ypoBeHb 3HaUNMOCTU (p), 95%-Hblit
noBeputenbHblii uHTepBa (CI).

PE3VYJIbTATDI

Pezyromamer oyenxu unoueudyanvhvix 003 06ayuenus
0oHOpOB

J1st Bcex TOHOPOB ObUIY pacCYUTAaHBI MHINBUITY -
aJIbHbIE M03bl 00ay4YeHUus. B TaGa. 1 mpencTaBieHbI
JI030BBIE XapaKTepUCTUKHN BEIOOpKH. Kak ciemyeT 13
Ta6a. 1, HaubonbiIMe 1036l XapakTepHbl 1151 KKM.
DTO CBSI3aHO C TEM, YTO BKJIaJ M30TOIIOB CTPOHIIVS B
cymMapHyio 103y Ha KKM nj1s MHOTMX TOHOPOB CO-
Ne 2
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Ta6omuna 1. 3HaueHus 103 00ydeHUsT TMM(OUIHBIX OPraHOB/TKaHEet HAa MOMEHT 3a00pa KPOBU B 3aBUCUMOCTH OT BO3-

pacrta, Ip

TOJCTBIX u ap.

Table 1. Values of exposure doses to lymphoid organs/tissues at the time of blood sampling depending on age, Gy

OpraH-MHIIIEHb

J1o3bI B BO3pAaCTHBIX TPYyIIax mo rogam; cpeaxee (95% CI)

0-5

5-18

18—38

BCSI BBIOOpKa

KKM
BT
ToscThIii KMILIEYHUK

ToHkuMii KUIIIEYHUK
TTITII

1.01* (0.07—2.53)
0.27 (0.01—0.80)
0.37 (0.02—0.93)
0.3 (0.01—0.82)

0.83% (0.05—2.08)

1.19 (0.14—2.95)
0.24 (0.01—0.72)
0.33 (0.03—0.9)
0.26 (0.02—0.75)
0.64 (0.08—1.51)

0.61 (0.02—2.28)
0.24 (0.01—0.68)
0.27 (0.01—0.79)
0.23 (0.01—0.67)
0.33 (0.01—0.92)

1.02 (0.04—2.83)
0.25 (0.01—0.73)
0.33 (0.02—0.92)
0.27 (0.01—0.78)
0.62 (0.03—1.51)

ITpumeuanue.* BkimogyaeT BHyTpuyTpoOHYyIo 103y Ha KKM mist o61yduBIIUXCs in utero; # nozana KKM, monyyeHHas in utero, yareHa

Kaxk l'IpI/I6aBKa K 103€ Ha ITPOT€HUTOPHI DLP'

crapistn 6onee 90%. IIpoMeXyTouHOE TIOJOXKEHHE
3anmuMarot 1o3el Ha [T TJI. Bonee Hu3kume cpemnue
JI03bl HA OpraHbl MO CPaBHEHUIO C APYTMMU TpymIia-
MU XapaKTePHBI IJI1 B3POCbIX (ITOYTHU B 2 pa3a HIXKeE,
yeM B rpyriie 6—18 jiet). DTo CBSI3aHO ¢ BO3PACTHbI-
MU OCOOEHHOCTSIMU MeTaboIU3Ma CTPOHIIMS, C IIpe-
UMYIIECTBEHHBIM €ro HaKOIUIEHWEM B pacTylleit
KocTHOI TKaHu. ClemyeT OTMETUTh, YTO BEPXHUE
rpaHuibl 95% CIl B BO3pacTHBIX IpyIIaxX OTINYaiOT-
Cs He CTOJIb 3HAUUTEIIBHO.

Ha puc. 2 nokazaHo HakoruieHue 1036l Ha TTIITJI
B TeueHue 30 JeT mmocie Hadajaa o0aydeHUsT Ha IIpU-
Mepe foHopa B Bo3pacTte age; = 10, mpoXuWBaBIlIeTro B
cpenHeM TedyeHuHU p. Teua, rae 6oee 90% n03b1 OBLIO
o6yciosieHo $99Sr. Kak mokasblBalOT pacyeThl, K
Bo3pacty 10 JjieT (Hayauio o01ydeHUsI) OKOJIO TTOJIOBU -
Hbl TG, BeIpaOaThIBAEMBIX B TEUCHUU XU3HU TOHO-
pa, yxe cpopmupoBaHo (puc. 1, 0). DTo o3Hayvaer,
YTO OKOJIO IIOJIOBUHBI NPOTCHUTOPOB ITOKUHYJIHU
KKM 1o Havaia paaualliOHHOIO BO3ICUCTBUS U da-
JIM Havajio B TuMyce T-nmumdonuram ¢ pa3sHbIMHA
T-xJyieTouHbIMU penieniTopaMu. PUCYHOK 2, a WiLTIO-
CTpUpYET HaKoIUIeHHe 03kl B 3Toi mojie TG (mo-
TOMCTBO HEOOJyYEHHBIX ITPOT€HUTOPOB), KOTOPHIE
LUPKYJIUPOBAIN U TIPOIUdeprupoBaId B TKAHIX Op-
raHmsMa ¢ Hayaja oOJydeHHUsI OO MOMEHTa 3abopa
kpoBu. CocTtapiagomue 3Ty I0a0 T-a1uM@OoInThl
(nmpenctaButean TG) MOMyYUIU OAMHAKOBYIO HO3Y
D,, xoTopas npeacTapisieT co00ii CyMMY 403, HAKOI -
JIeHHBIX ITpy nupKyasonn yepe3 BT, KKM, ToscTerit
U TOHKUI KUIIEYHHK B COOTBETCTBUU C LlOﬂeﬁ Bp€-
MCHU, TIPOBEICHHOI B 3TUX OpraHax 1 TKaHsax. Ha-
KOIUIeHHAs A03a Wi 9Toi 1oau TG cocTaBiIsIeT 0OKO-
0 90 MIp 3a 30 net (puc. 2, a).

Ha puc. 2, 6 nipeacraBieHO HaKOIUIEHUE A03bl B
npyroit yactu TG, TIpUCyTCTBYIOLINX B 00pa31ie Kpo-
BU noHOopa. Ot TG Mpou301uUIn OT IPOTEeHUTOPOB,
o0yyeHHBIX B KKM, KOTOpBIE MOTEHIIMATIBHO TIEpe-
JlaJid CBOUMM MOTOMKAaM I'py3 XpPOMOCOMHBIX abeppa-
nuit. [Iporenutopsl nokuaanu KKM B paznuyHoe
BpeMsi (7, 1,, ;) TIociie Hauajia obydyeHus. Jocturas
TUMYyCa, OHU B KOPOTKO€ BpeMs JAaBajau Hayalio

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

T-muMmponuramM, NpomoLKaBIIMM OOIydYeHHE MpU
LHUPKYJIsAUMK B Tese. Pesynbrupyoiue 103bl (D, D,,
D;) nipeactapisioT co0oi cyMMy 103 Ha TIPOT€HUTO-
pbl ¥ TUMGOLUUTHI-IOTOMKIY. MaKcumalibHasl 103a
D; (601ee 900 mIp) HabOMANaCh, €CJIU MPOTEHUTO-
pbI poBenu aauteabHoe Bpems (25 net) B KKM. On-
HAKO YMCJIO IPOreHUTOPOB, TOCTUTAIOIINX TUMYCa U
Jaomux Havauo HOBBIM T-muMmdountam (RTE),
PE3KO YMEHBIIAETCS C BO3PACTOM, MOATOMY BKJIAI
MOTOMKOB TaKUX “BBICOKOI030BbIX” MPOreHUTOPOB
B IIyJI HUPKYJIUPYIOIINX TUMPOLIUTOB HE BEJIHK.

Takum oOpa3oM, Ha MOMEHT 3abopa KpOBHU Bce
LUPKYIUpYyIOIIe JTUMGOLUNUTH TIONYIUIU Ty WIU
VHYIO 103y 00JIy4eHUsT, KOTOpasl B3BEILIMBAETCS B CO-
OTBETCTBUM C uX gojeit. C yuyeToM BCeX BKJIAIOB,
cpenHeB3BelneHHast no3a Ha I[TLTJI mist nanHOrO M0-
Hopa coctaBuia 490 mIp, mpu 3TOM pasauYHBbIE
dpakuyu TUMGOLIMTOB MOJyYwIn no3y oT 90 mo
950 mIp.

Bo3pacmHaﬂ 3A6UCUMOCNb YACMOMblL mpanmoxauuﬁ
6 omodaneHHble CPOKU nocae Havaara O5/ly’4€HLlﬂ

B Tabs. 2 mokazaHbl paccuMTaHHbIE HAMU (DOHO-
BBbIC 3HAUCHMS YaCTOTHI TPAHCIOKAIIWiT B 3aBUCUMO-
CTH OT BO3pacTa. YpOBeHb 3HAYMMOCTHU OIIEHKH T1a-
pamMeTpa BO Bcex citydasix 6601 BeicokuMm (p < 0.001).
Hnsa cpaBHeHUS B Ta0J1. 2 MPUBEICHBI BEIMIUHBI, TTO-
JIydeHHBIE B paMKaxX OOIIMPHOTO MEXIyHAapOIHOTO
ucciaeaoBaHus [3], roe Yuciao JOHOPOB MHTEPECYIO-
IIIeTo BO3pacTHOTO AMana3oHa coctaBuio n = 817.

Kaxk cienyeT u3 1abJ. 2, BO Bcex ciIydyasix HaOJro-
JaeTcsl yBeJndeHne (POHOBOM YaCTOTHI C YBETUUESHM -
eM Bo3pacTta. HajimeHHble HaMU OLIEHKU HE OTJIMYa-
IOTCSI OT (DOHOBBIX 3HAYCHUIA 111 HEOOIyYeHHBIX JTO-
HopoB [3] (p > 0.05), uTo roBopUT 00 ameKBaTHOCTU
KUCIOJIb3YEMOI'O MOAEIBHOTO MOAX0Aa.

XOTs HallM Mpeablayle UcciaeaoBaHusl He 00-
Hapy>XWIY BJUSTHUS T10J1a HA YaCTOTY paaualliOHHO-
WHIYyLUMPOBAHHbBIX TpaHcaoKaluii [21], Mbl TpoBeaun
OLIEHKY MapaMeTpOB Perpeccuu OTAEIbHO ST MYX-
YUH U XeHIIMH. B Tab. 3 nmoka3aHbl 3HaUYe€HUS ya-

TOM 63 No 2 2023
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Puc. 2. CxeMa, mokasbIBawoias MpuHIUT (OPMUPOBAHUS TTOTIONIEHHO 1036l K MOMEHTY 3a00pa KpOBU (tsamp) B reTepOTEH-
Hoit monysiuu T-numdouuToB: a — hopMUPOBaHUE FOJOBBIX MONIOLIEHHBIX 103 B T-1uMdouuTax, KOTopble yKe HaXoIu-
JIMCH B TiepudepruecKoM ITyjie B Havaie 00aydeHus (IOTOMKH HeOOIydYeHHBIX IPOreHUTOPOB); OHM IOJIy4Yaad ONMHAKOBYIO
“HUPKyIAUMOHHYI0” 103y (/) U3-3a LIMPKYJISIUMU B OpraHusme; 6 — opmMuposanue 103 B T-mumMbonuTax, KOTOphIE SBIIS-
IOTCSI TOTOMKaMU OOJTy4e€HHBIX TporeHnTopoB, MoknHyBIMX KKM B pasHoe Bpemst (¢, f, #3); 3TH T-TMM@OLMTHI TOTYYUIN
pasnble 1036l (1, A5, /I3), KOTOpbIE SBIAIOTCS CYMMOM “IIPOr€HUTOPHOM 103b1” U “LUPKYJIALUMOHHOMN NO3bI”.

Fig. 2. Scheme showing the principle of the absorbed dose formation at the time of blood sampling (,,,) in a heterogeneous
population of T-lymphocytes: a — formation of annual absorbed doses in T-lymphocytes that have already been in the peripheral
pool at the beginning of exposure (descendants of unexposed progenitors); they received the same dose (D) due to circulation in
the body; b — the formation of doses in T-lymphocytes, which are the descendants of exposed progenitors that left the RBM at
different time (¢, #,, t3); these T-lymphocytes received different doses (D, D,, D3), which are the sum of the “progenitor dose”
and the “circulating dose”.

ctoTel TpaHciaokanmit Ha 1000 GE wa 1 I'p mo3wl ¢ JMUaroTcst, HO HaOmogaeTcs TeHICHIINS 00Jiee BBICO-
y4eTOM 6a30BbIX (DOHOBBIX 3HAUEHMUIA, [UTSI MY>)KUMH M KUX 3HAYCHUI TSI MYXKYKH.
XeHIIMH. Bo Bcex cinyyasx ypoBeHb 3HAYMMOCTH B Tab:1. 4 npencrasieHbl BO3PACTHBIE 3aBUCUMO-

ouenku napamerpap < 0.001. Kax cienyer uztabm. 3,  ctu yactoTb tpaHciokanuii Ha 1000 GE na 1 I'p no-
3Ha4YeHUS 3 y MYXKUMH U KEHIIUH JOCTOBEPHO HE OT- 3Bl C YUeTOM 0a30BbIX (DOHOBBIX 3HAUEHUIA; yPOBEHb

PAOAVMALIMOHHAA BUOJIOTUA. PAAMODKOJIOTUA  tom 63  Ne 2 2023
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TOJCTBIX u ap.

Ta6mmma 2. doHoBast, 3aBUCIIAs OT Bo3pacTta, yactoTa TpaHcyokaiuii Ha 1000 GE B cormoctaBieHUM OIMyOJIMKOBaHHBI-

MU JaHHBIMU

Table 2. Background age-dependent translocation frequency per 1000 GE in comparison to published data

BospacTt, romst cpentee (95% CI),

Hacrosiee uccnenosanue, oda 1oa,

Hanusie [3], o6a moa,
cpennee (95% CI)

<50 9.1 (4.0—11.9)
50—60 9.3 (5.13-11.8)

60—70 14.9 (13.79—18.1)
>70 16.0 (15.4—19.4)

7.9 (7.0—10.4)
8.9 (8.0—13.5)
12.1 (10.5—13.8)
16.1 (13.6—21.4)

3HAYMMOCTU OLIEHKY MapaMeTpa IJIsI BceX Ipyim p <
< 0.001. Kak BugHO, ynciio TpaHciaokanuii Ha 1 Ip
JI03bI B rpyImne gereid 0—5 JieT 3HaUYMMO HIZKE, YeM B
rpyre 6—18 JIeT, Ho He B IpYyIIITe B3POCIbIX. MBI He
MOJIYYMJIN CTATUCTUYECKU 3HAYUMBIX OTJIMIUI MEXK-
Iy 3HayeHusMu B wist nereit 0—5 JieT W JIuiIl cTapiie
18 neT, XOTsI 3HAYEHWE IS B3POCIBLIX OBLIO BHIIIE B
1.3 paza. Takum oOpa3oM, eciii O0JTydeHUEe IIPOU30-
LIJIO B paHHEM BO3pacTe, TO BIIOCIECACTBUU pPEru-
cTpupyeTcsl 6ojiee HU3KAasl 4acToTa TPaHCIOKaI[Uii
OTHOCHTEILHO OCTaJIbHBIX BO3PAaCTOB.

OBCYXIEHHNE

Ilpumenenue modeau obayuenus T-aumgouyumos
U ux npeduiecmeeHHUK08 os pactemos 0o3vi Ha ITI]T/I

ITpu nHTEpIpeTal HAIIUX [TUTOTEHETUYECKUX
JIaHHBIX MbI CBSA3bIBaeM 3(@deKT (YacToTa TpaHCIO-
Kauuii) ¢ mo3oit Ha I TJI, KoTopast oTpaxaeT BO3-
pacTHyIo TuHaMuKy (popmupoBaHus T-mumMdonuTon
U YUUTHIBAET HEPABHOMEPHOCTh 00JTyUeHUsI OPTaHOB
U TKaHeil OCHOBHBIM UCTOYHMKOM OOJIy4eHUS IOHO-
poB — $-20Sr. Ml BriepBble IPUMEHUIIN pa3pabOTaH-
HYIO HaMU MOoJieib o0ydyeHus: T-TuM@pOLMTOB, 1103~
BOJISIIOIIYIO paccurThiBaTh 403kl Ha TTLITJI, ost uzy-
YEeHUs BO3PACTHBIX 3aBUCUMOCTEl (DOPMUPOBAHUS
TpaHCJOKalUii. YUYTEHBbI CJIEAYIOIIMe KOMIIOHEHTHI
JI03bI — 1032 Ha IPOTreHUTOPHI, IToaydeHHas1 B KKM,
a Takxe 103a, nojayyeHHas T-nuMmdbouutamMu B Mpo-
liecce MX LHUPKYJSILMU B opraHu3me (ImocjaeaHee oT-
HOCHUTCS K TOTOMKaM O0JTyYe€HHBIX K HEOOTy4YeHHBIX
MPOreHUuTOpoB). KpoMe TOro, ydTeH OTHOCUTEIbHbBII
BKJIaJ KaXKJOro KOMIIOHEHTa J03bl, KOTOPbI 3aBU-
cuT oT Bo3dpacrta. C yBeJlMueHUEM Bo3pacTa Ha Haya-
JIo 00JTyuyeHUs1 HabJloIaeTcsl CHUKEHHUE BKJIaaa Mpo-

Ta6auna 3. 3HadyeHUd yIla HaKJIOHa perpeccuu 1o3a—ad-
(PeKT I MYXKYMH U KEHIIVH]|

Table 3. Dose-response regression slope values for men and
women

Tovina Yuco TpaHciokaluii Ha
by 1000 GE Ha 1 Ip B £ SE (95% CI)
My>KUMHBI 14.0 + 1.6 (11.0—17.1)
KeHmmHbt 11.0 £ 1.2 (8.6—13.5)

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

TEHUTOPHOM TO3bI, UYTO KOCBEHHO OTpaXaeT pe3Koe
CHIXKEHME TIPOIYKILIMKU TUMYCa C BO3PACTOM.

B miaHe Bepudukanyu IpeajaoKeHHOro HaMu
MOMEIBHOIO IIOAXOJAa MBI COIIOCTABWJIM YaCTOTY
TpaHcaokauuii Ha 1 I'p m03bI ¢ oNyOJIMKOBAaHHBIMU
JaHHBIMUA MO BHELIHEMY Y-obiyueHuwo. Yactora
TpaHcioKanuii Ha 1 I'p mo3bI SBIISIeTCS BasKHBIM I10-
KazareyneM/KoddPUIMEHTOM, KOTOPbIii IMO3BOJISET
MEpEeiTH OT MOACYNTAHHBIX TPaHCIOKauii B T-1uM-
¢doumrTax KOHKPETHOIO JOHOpa K 03¢ OOIydYeHMS.
[TockonbKy B cilydyae BHEIIHEro Y-oOJy4eHus no3a
Ha T-mumponuTtel 1 KKM mpakTtuyecku coBIIagaer,
TO K02 PUIIMEHT IT03BOJISIET MEPEUTH K 103€ 00JIy-
yenusst KKM. B ciyyae HepaBHOMEPHOTO BHYTpPEH-
Hero oOJIydeHMs paguou30TOIIaMM CTPOHIMS H03a
ga ITHTJI 6mska x no3e oonydeHns KKM Toiapko
JUISL IeTeid MyTaIiero Bo3pacra, AJ1sI CTapllinX Bo3pac-
ToB paznnuusg Mexnay nozamu Ha [THTJT u KKM yxe
BechbMa cyliecTBeHHbI (TabJ. 1). B aToit cBsA3u nipen-
CTaBJISICT UHTEPEC CPAaBHUTD IMOJydeHHbIC HAMU 3Ha-
yeHUs1 B IUTst B3POCIIBIX C Oy 6IMKOBAHHBIMU TaHHbI-
MM 110 BHELIHEMY Y-00ayuyeHuto [5]. Takue naHHble
OBLIY TTOJTyYEHBI B pe3yJIbTaTe MEXIyHapPOIHOIO MUC-
cJIeIOBaHUS II0 OLIEHKE YacTOThl TPaHCJIOKALUil y
paboOTHUKOB sizmepHoTro IIpennpudTtisa B Cennaduiae
(Sellafield nuclear facility, Cumbria, UK; n = 459),
MOABEPraBIINXCS IIPEUMYILECTBEHHO BHEIITHEMY 00-
aydyeHuto [5]. PaboTHukn, Kak 1 B ciIydae ¢ JOHOpa-
MM U3 KOTOPTHI p. Teua, moaBeprajuch MpOJOHTUPO-
BaHHOMY OOJIYYEHUIO C HEOOJIBIIIOI MOIITHOCTHIO JO-
3bl. KpoMe Toro, mpu aHaimse pe3yJbTaToOB B 3TOM
paboTe UCTOIB30BAIM TE K& CTATUCTUYECKHUE TTOIX0-
IIbI, T.e. IJIS pacdyeTOB MapaMETPOB pPerpeccum ObLI
ncrionb3oBaH Moaynb Amfit mporpammel EPICUR n
no3bl Ha KKM. Ha puc. 3 moka3zaHo conocTaBlIeHUE
MOJIy4eHHBIX HAMU 3HAYeHUi B U aHaJIOTMYHOI Be-
JUYUHBL U3 padotse [5]: B = 11.6 = 1.6. Kak cinenyer
13 puc. 3, TIOJlydeHHbIe HaMM 3HAYCHUS, KaK sl
B3pocubix (18—38 er), Tak u mist Beeit Beioopku (0—
38 71er), MpaKTUYEeCKM COBIIANAIOT C 3KCIIEPUMEH-
TaJIbHBIMU JTAHHBIMU 10 BHELITHEMY OOJIYYEHUIO, UYTO
TOBOPUT O IPUEMJIEMOCTH HaIIIC MOIEIIN.

ITpaBOMEPHOCTH MCTOJIB30BAHHOTO MOAEIBLHOTO
MOAX0a TakXe MOATBEPKAAET XOpolliee cornacoBa-
HY€ PaCCUYMTAHHBIX HAMU (POHOBBIX YACTOT TPAHCIIO-
Kalui ¢ ornyO0JIMKOBaHHBIMU TaHHBIMU (TabJI1. 2).

Ne 2
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Tab6muna 4. 3HayeHUs yrijia HaKJIoHa perpeccuu 103a—3¢hdheKT B BO3PACTHBIX IpyTInax
Table 4. Dose-response regression slope values in the age groups

- Bo3spact Ha Havaso " Yucno tpancinokanuii Ha 1000 GE
00JIy4EHMS, TOIBI Ha 1 I'p B £ SE (95% CI)
1 0-5 58 9.3+ 1.3(6.7—11.9)
2 5—18 108 15.3 & 1.5# (12.4—18.3)
3 18—38 46 11.9 £ 2.9 (6.3—17.8)

# CTaTUCTUYECKU 3HAYNMble pas3jinyusg OTHOCUTECIIBHO I'PYIIIbI 0—5 ner.

I[IpuMmeHeHNEe MOAEIBHOIO IIOOXOJa CTaBUT BO-
MpOC O HEOIPEeNeJeHHOCTSIX MO30BbIX OLIEHOK Ha
ITLTJI, onHako »TO sIBisIeTCSl OTIAEJAbHON 3agayeid,
KOTopasi OyaeT pelarbes B JajibHelieM. B HacTos-
miee BpeMsI MBI MOXXEM yKa3aTh Ha OCHOBHBIE MCTOY-
HUKHJ HEOIIpeIeICHHOCTEeH M OOIIIMe MOAX0Ibl K MX
OIIeHKE:

1. Heonpedeaennocmo ouenku 003 Ha opeanvl U mka-
Hu (KKM, mkanu Kuweynuka), paccuumanHvix no Cu-
cmeme TRDS-2016. B HacTosI1LIEM UCCIIETOBAHUM 1C~
MOJIb30BaHbl  JETePMUHUPOBAHHBIE  (TOUYEUYHBIE)
OLICHKY WHAWBUIYAIBLHON 03Bl HA OPTaHbl U TKAaHU
[16] 1 oGememoBaHHBIX JOHOPOB. Co3maHue cToxa-
ctuyeckoil Bepcun TRDS-2016 mo3BoisteT onpene-
JINTh TPaHULBl HEONpeIeICHHOCTH WHIWBUIYAThb-
HBIX OLIEHOK JI03 HAa OCHOBE CTOXAaCTUYECKOTO MOJIE-
JIUPOBAHUSI C WCIIOJBb30BAHUEM XapaKTEPUCTUK
CTaTUCTUYECKOIO pacIipeAeicHUs 3HAaUSHUI KaxKI0-

16

_.
~
T

\]
T

ro napamMetpa [22]. PaboTa Ha cToXacTUYECKOM BEp-
cueii ceiiuac 6y1M3Ka K 3aBEPIIIEHUIO.

2. Heonpedeaennocmo ucnonv308anHoll mooeau 603-
pacmuoii dunamurku TG, coomeemcmeayrouell OuHamu-
ke (RTE) [18]. OueHKu HeonmpeaeJeHHOCTU BO3pacT -
poit muHamukn RTE ObputM coemaHbl aBTOPOM MOJIE-
mu 1. Bains [18, 19]. CnegyeT Takxke OTMETUTh, YTO
CYIIECTBYIOT U IPYTHAE MOAXOAbI K MOIEIUPOBAHUIO
muHaMuky T-auMmponutoB (HO He nuHaMuku TG),
MpencTaBleHHbIe, K TpuMepy, B padotax [23—25].
IIpeuMyllieCTBO MCITOJIb30BaHHOM Hamu Monenau 1.
Bains [18, 19] B ToM, 4YTO OHa OMUCHIBACT TUHAMUKY
RTE B TeueHue XKMU3HM M XOPOIIO COINIACYETCS C
OOoJBIIMM HAa0OpPOM 3KCHEPUMEHTATBHBIX JTaHHBIX
KOJIMYECTBY HAaMBHBIX T-KJIETOK B KPOBU YEJIOBEKa,
BKJIIOUAS JaHHBIE O MallMeHTax ¢ TuM3KTomueii. Ilo
Mepe HaKOIUUICHUSI 3HaHWi O (OPMUPOBAHUU MM~
MYHHOI1 CUCTEMBI B OHTOT€HE3€e BO3MOXKHO U3MEHEe-

[
S
T

Tpaucnokanuu Ha 1000 GE Ha 1 I'p

——

>18

0-38

B3pocibie
(Tawn et al., 2015)

Bospacr, net

Puc. 3. 3uaveHust B utst TPyl crapie 18 yiet u Beeit BEIGOPKHU (CBETIIbIE CTOIOUKM), & TAKXKe COTTaCHO [5] (TeMHBIH cTO-
6uK). BepTukanbHble JIMHUM OTPAXKAIOT AUAIa30H OILIMOKYU CPEIHETO.

Fig. 3. The values of  for the age group over 18 years and the entire sample (light bars), as well as according to [5] (dark bar).

The error bars show the range of standard error.

PAJUALIMOHHASA BUOJIOTUA. PAAMOSKOJIOI'UA
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HHUE TTapaMeTpOB MOJIEIU M OoJjiee TOUHOE KOJIJe-
CTBEHHOe onucanue fuHaMuku TG.

3. HeonpedeaenHocms, KOmMopyr eHocum Oonyuje-
Hue, umo nomeps TG 6 meuenue xcuzHu He OKA3bIEACM
cyuiecmeentoe eausHue Ha COOTHOIIICHUE ITPEeICTaBU -
tenei pa3mmuHbIXx TG B niepudepuyeckoil KpoBU Ha
MOMEHT ee 3abopa. JpyrumMu caioBaMu, 3TO IPEAIo-
naraet, yto moteps TG Bcerma cocTaBasieT OMMHAKO-
BYIO JIOJIIO OT mpou3BeaeHHbIX TG He3aBUCUMO OT
Bo3pacTa. Mbl ITAHUPYEM CMOJEIMPOBATh BIIUSTHUE
n3MeHeHui ckopocTu motepu TG B pa3HBIe BO3pacT-
HBIE IIEpUOJIbl Ha COOTHOILIEHHUE IIpeacTaBUTEIICH
pasimunbix TG B niepudeprnueckoit KpoBU M, COOT-
BETCTBEHHO, Ha J030BbIC OLICHKM.

4. HeonpedenenHocmes, C643AHHASL C Y4eMOM 8HYMI -
puympo6Ho2o o6ay4enusi. Mbl He paccMaTpUBaIU AU~
HaMUKy pOpMUPOBaHUS LMPKYIUPYIOIIUX T-Ki1eToK
BO BHYTpMYTpPOOHBIl mepuoa. B kauecTBe rpyodoro
MPUOIVKEHUs MPUHUMAJIM, YTO TeHepalusi TUMY-
coM T-nuMbOUMTOB Hayajgach IMOCjie POXICHUS, a
JI0 TOT0 O0JIy4aJIuCh TOJBKO MPOTreHUTOPHI B KOCT-
HOM MO3re Iutoaa. JT1a ImpobiieMa Takxke TpedyeT 60-
Jiee 1eTaIbHOTO PAaCCMOTPEHMUS.

I/[Hmepnpemauuﬂ 603PACMHbIX 3asucumocmeli
uacmomaol mpar—tcxzo;cauuﬁ 6 omdaneHHble CpOKU
nocae 05/ly'4€HUﬂ

I'eTreporeHHOCTh LIMPKYAUPYIOIIUX T-1MM@OLIN-
TOB OCJIOXHSIET TIOHUMaHUue NPUYUH BIUSHUS BO3-
pacTta Ha Havyajio o0JIy4yeHHUsl Ha YaCTOTY TpaHCIOKa-
Ui B OTIaJleHHBIe CPOKH, T.¢. yepe3 60 u 6ojee JeT
rmocJjie Hayajaa ooaydeHusi. ComtacHO HaIllMM OLIeH-
KaM (tabi. 4), B Bo3pacte 0—5 net popmupoBaHue
TpaHcyiokanuii (Ha 1 I'p), KoTophle B TeYeHME ITATEITb-
HOTO BpeMEHU TIPOSIBJISIIOTCS B LIUPKYJIUPYIOLINX
T-mumdponuTax, cylecTBEeHHO HUXKE, UeM B CITeIyIo-
el Bo3pacTtHou rpyrme 5—18 jer. TpaHciokauu
SIBJISIIOTCSL  CJIEJICTBUEM HEBEPHO perapupoOBaHHBIX
nByHuTeBbIX pa3pbiBoB JIHK ([IP), He nmpuBenimx K
rubeynu KJIeTKU, T.e. (popMajbHO OHU MPSMO MpPO-
nopiuoHanbHbl yucay AP mocne o6aydyeHus u 06-
paTHO MpOoNoOpLMOHaIbHBI 3(HEKTUBHOCTHU peria-
paiuu. B aToi CBS3U MPENCTaBasIOT UHTEpEC Onmyo-
JIMKOBaHHbIE BKCIEpUMEHTAIIbHBIE JaHHbIE TIO
BJIMSIHUIO BO3pacTa Ha 3TU Mpoliecchl. Kak mokasan
aHaiu3, 3TU JaHHbIE HEOJHO3HAYHBI.

Ipexne Bcero, MccienoBaHus IO JIOASIM BeCbMa
OTpaHWYECHBI U KacarTcsl OOJIydYeHUs KIETOK in Vitro.
Rube et al., 2011 [4] n3y4yanu ypoBeHb 3HIOT€HHBIX
(¢oHOBBIX) HeperapupPOBaHHBIX IBYHUTEBBIX pa3-
peiBoB JIHK B reMonoaTHYeCcKUX CTBOJOBBIX U MTPO-
reHuTopHEIX KieTkax (I'CK) B 3aBuUCMMOCTHI OT BO3-
pacTa JyejgoBeka, a Takske ynciio JIP uepes 8 1 24 4 110-
clie peHTreHoBcKoro ooaydeHus I'CK in vitro B mo3e
2 I'p. Yucmo HepenmapupoBaHHbIX 1P peructpupoBa-

1o yucny oyaroB YH2AX-foci! Ha kieTky, Bbime-
JIsisl TPYNIY HOBOPOXIEHHBIX (KJIETKU B3AThI U3 IMy-

PAAVUAITMOHHASA BUOJIOTUA. PAAMOBKOJIOI'UA

MOBUHHOI KpoBHU, n = 34) u B3pocibix (16—86 rona,
n = 68). B pesynbrate 66110 MOKa3aHo, yTo 'CK HO-
BOPOXIEHHBIX JTEMOHCTPUPOBaIM OoJiee HUBKMIA
(OTHOCUTENILHO B3pOCIbIX) (POHOBBIIA YPOBEHbL IO-
BpexaeHus JHK (uucno AP) u 3HaunTeapbHO Gojiee
acddexkrtuBHyo penapanuio JJHK mocie obiydyeHus.
To ectb 1 10, 1 noce obaydeHus yncio JP y HoBo-
POXIEHHBIX ObLIO cyliecTBeHHO HUXe. R.J. de Boer
et al. [26], Takxe nsyuyasiue yactory AP mo YH2AX-

foci B T-mumdonuTax nepudepruieckoil KpoBu? Jao-
Jeii, OOHApYXWIM aHAJIOTUYHYIO BO3PACTHYIO 3aBU-
CHUMOCTb, T.€. MaKcUMabHoe yuciio JI P O0n110 B rpyII-
I B3POCJBIX. DTO HAOII0AAI0Ch KaK B HEOOIyUYeH-
HBIX KJIeTKaX, TakK U Iocje obaydyeHus B no3e 1 I'p.
BaxHo, omHaKO, OTMETUTh, YTO MO JAHHBIM [26] unc-
JIO 3apeTUCTPUPOBAHHBIX JULIEHTPUKOB MOCJIE 00Ty~
yeHus1 ObLIO B 1.5 pasa Belle y nereit (2—5 jeT) 1o
cpaBHeHUIO ¢ B3pocabiMu (>20 net). To ecth He 00-
HapyxXeHa IpsiMasi 3aBUCUMOCTh YMCJIa HECTaOMIIb-
HBIX XPOMOCOMHBIX abeppallMii IMocjie pagualoH-
HOTO BO3eiicTBUs OT 4acToThl JIP 1 nx pemapanuu.

MHuTepecHbIe pe3yabTaThl ObUIN TAKXKe OOHApyKe-
HBI B 9KCIiepuMeHTax Ha Mbiax. M. Gomolka et al.
[27] oTMeuaroT, YTO Tocie oOaydeHust B nose 4 Ip
yucnao JAP B I'CK y gereHbIieii ObIJIO JOCTOBEPHO
HIKE, YeM y B3pOCHbIX ocobeit. YBenmuenue P ¢
BO3PaCTOM aBTOPbI CBSI3BIBAIOT C OOIBIIIECH BHIPAKEH-
HOCTBIO XpOHNYECKOTO OKMCIUTEILHOIO CTPECCa MO~
cJie 00JIydeHUsI Y B3POCHIbIX, OOYCIOBJIEHHOIO MpO-
BOCITJIMTEILHBIMUA COCTOSTHUSIMU, I10 CPaBHEHUIO C
neteHblmaMu. B mogpooHoM uccinenoBanum K. Ari-
yoshi et al. [28] u3y4anu paguallMOHHBINA OTBET Kile-
TOK cejle3eHKM (y MBIIIEH 3TO IreMOHo3TUYecKas
TKaHb) 1 OOHApYXWJIM, YTO y JEeTCHEHIIICH U HecTa-
PBIX B3POCJbIX HAOJIOJAIOTCS OIMHAKOBOE YHCJIO
paszpbiBoB JIHK u ckopocTh penapaiivu, oJHaKoO y
JIETEeHbIIIIE HabIoaanach 3HaAUUTENIbHO O0jiee BbI-
coKasl MocTpaauallMoHHas UHIYKIIUS allonTo3a.

151 0ObSICHEHUSI TIOJTyYEHHBIX HAMU Pe3yIbTaTOB
TaK>Ke MPEeNCTaBISIIOT MHTEpeC JaHHbIE O pa3HO pa-
JIMOYYBCTBUTEJIBHOCTU CTBOJIOBBIX KPOBETBOPHBIX
KJIETOK/TIPOTeHUTOPOB U nepudepudeckux T-aum-
¢ouutos. 1.P. Kovalchuk et al. [29], uccienoBaBiime
CTBOJIOBBIE€ KJIETKW U3 MYMOBUHHOI KPOBU, a TaKXe
HupkKyaupywoiue T-mTuM@OoLUTHI B3POCTbIX U HOBO-
DPOXIEHHBIX, OTMEYAIOT, UTO Y HOBOPOXIEHHBIX KaK
B I'CK, tak n B T-kj1eTkax (hopMUpyeTCs OOMHAKO-
Boe uyucio P, HO cKopoCTh pernapaluu BbIlle B
CcTBOJIOBBIX KieTkax. IIpu cpaBHeHuu yactotel P B
T-aumdonuTax HOBOPOXAEHHBIX U B3POCIIbIX aBTO-
pBl OTMEYaIoT 0oJiee BICOKYIO YyacToTy AP B T-mum-
doumrTax HOBOPOXKIECHHBIX, OOBSICHSISI 3TO pa3Inudn-
SIMU B YKJIQJKE SIIEPHOTO XpOMaTHHa.

! Onun us ktouesbix 0eJIKOB, yyacTByIoIIMX B penapauuu JP.

2 ABTOpBI HE YKa3bIBJIM, YTO U3yYalu UMEHHO T-JTMMGOIIUTHI,
HO YKa3aHHbIC METOAMKU MPUMEHSIIOTCS UMEHHO ISl LIUTOTe-
HETUYECKUX rcciienoBauuii T-mum@omToB.
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TakuMm o6pa3om, onMpasch Ha OMyOJIMKOBaHHBIE
JIaHHbIE, MOXHO IPEAIOJ0XKUThb, YTO OOHApYyKEH-
HBIe HaMU 0oJiee HU3KKE 3HAYEHUST YACTOTHI TPAaHC-
Jokanuii B rpynmne 0—5 jet orpaxalorT: 1) 6oJiee BbI-
cokyto ckopocth pernapanuu P B 'CK (ocHOBHOI
WCTOYHUK (DOPMUPOBAHUS TpaHCIOKaLuMii B T-1uM-
¢doumTax mIst 3TOro Bo3pacra) II0 CpaBHEHUIO C T-
JUM@MOLIMTAMHU, BKJIAJ KOTOPBIX PE3KO YBEJIMYMBACT -
cs ¢ BO3pacToM; M/min 2) 0ojiee HU3KYIO YacTOTY
Bo3HMKHOBeHUd /I P B mporenuTopax n T-muMmdponm-
TaX BCJIENCTBUE MEHEE BHIPAXKEHHOTO OKCUIATUBHO-
ro CTpecca U MPOBOCHAIUTEIBHBIX COCTOSIHUI Y HO-
BOPOXIEHHBIX W JeTeil paHHero BO3pacTa; u/WiIn
3) 6oJiee BBICOKYIO MHAYKIIUIO arloIiTo3a B 3TOI BO3-
pacTHOIi TpyIIIe IIoCie OOIyYeHUSs, UTO IIPUBOIUT K
oonee 3(PpPEeKTUBHOMY yIAJTCHUIO KIIETOK C TeHETH -
YEeCKUMU MMOBPEXICHUSIMMU.

Hanpaenenus danvHetiweil pabomut

Mpbl BUAMM JBa OCHOBHBIX HaNpaBjJeHUs Adajlb-
Helilei paboThl. Bo-nepBbIX, 3TO HaAKOTJIEHWUE NaH-
HBIX 10 YaCTOTE XPOMOCOMHBIX abeppaliuii y JOHO-
poB B rpymmax 0—18 j1et Ha MoMeHT oOrydeHus. Clie-
JIyeT OTMETUTh, UTO TPyIlNa B3pPOCJIbIX HA MOMEHT
obnyueHus (18—38 neT) okazanack camoii MajlouucC-
JICHHOI M MMeeT MaKCUMaJIbHBIIT pa30poC 3HAaUCHUIA
yrJjia HakJIoHa perpeccuu. K coxaneHnuto, ata rpyrmnra
HE MOXET ObITh IIOIOJIHEHA, TaK KaK OObEeAMHSET
Juil crapiie 1932 1. p. Bo-BTopbix, 3TO AajbHeiee
YCOBEPIIEHCTBOBaHUE MoJeNu oOnydyeHus: T-aum-
GOLUTOB M Y4YeT HEONpeleIeHHOCTEeH T030BbIX
OILIEHOK.

3AKJIIOYEHHME

bl BbISIBIIEHBI CEAYIONIME BO3PACTHBIE 3aBU-
CUMOCTH 4YacTOThI TpaHcaokKauuii B T-mumMdorumrax
ot no3bl Ha T1ILTJI: HauMeHbIIee YNCIO TpaHCIOKA-
nuif Ha 1000 GE Ha I'p BBISIBIIEHO Y JOHOPOB B BO3-
pacte 0—5 net (9.3 £ 1.3), 4TO CTATUCTUYECKU 3HAUM -
MO HIMXe, 4yeM y geteit 6—18 net (15.3 £ 1.5), HO He y
B3pocibix (11.9 = 2.9). JIns B3pocasix (>18 neT) no-
JIydeHHO€ 3HaYeHMe TT0C/Ie BHEILTHETO XapaKTepu30-
BaJIOCh MaKCUMaJIbHbIM pa3dpocoM, HO OKa3ajloCh
OIM3KMM K BEJIMYMHAM, MOJYYEHHBIM B MeEXAyHa-
POOHOM MCCJIeNOBaHUM TIpodeccCuoHaIoB 00Jyde-
Hug (11.6 £ 1.6). [TomydeHHBIe BO3paCTHBIE 3aBUCH-
MOCTHU TPEOYIOT HaJbHENUIINX TOTOIHUTEIbHBIX UC-
cJielIoBaHU 111 UX MHTepIpeTaluu.

3HauyeHUsT (POHOBBIX YaCTOT TPAHCIOKAIIWA,
OIpelie/IECHHBIX B Pa3jIMYHBIX BO3PACTHBIX IPyIINaXx,
COOTBETCTBYET OITyOJIMKOBAHHBIM JTaHHBLIM, IIOJY-
YeHHBIM B OOBEAMHEHHOM MEXIYHApOIHOM MCCIIE-
JIOBAaHUM IO HEOOIydeHHBIM JOHOpaM. MBbI TakxKe
MOATBEPAMIN OTCYTCTBHUE BIIMSIHUS I10JIa HA YaCTOTY
TpaHCIOKALIWIA.
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Dependence of the Translocation Frequency in Blood Lymphocytes on the Dose
and Age at the Onset of Exposure in Residents of the Techa Riverside Settlements

E. I. Tolstykh**, A. V. Vozilova?, [M. O. Degteval’, and A. V. Akleev**

% Ural Scientific and Practical Center of Radiation Medicine of the Federal Medical and Biological Agency
of the Russian Federation, Chelyabinsk, Russia

b Chelyabinsk State University, Chelyabinsk, Russia
# E-mail: evgenia.tolstykh@yandex.ru

Evaluation of age effect on the frequency of radiation-induced translocations, registered using FISH in cir-
culating T-lymphocytes in the long-term period after exposure, is both of theoretical and practical interest for
the purposes of biodosimetry. The objective of our study was to analyze the dose dependence of the translo-
cation frequency in the peripheral blood T-lymphocytes in donors of different age who were exposed in the
Techa Riverside settlements (n = 197). In cytogenetic studies, whole chromosome painting probes were used
to stain three pairs of chromosomes. A total of 104,721 genome equivalents (GE) were calculated and
2,540 translocations were found. For each donor, the individual absorbed doses in organs and tissues at the
time of blood sampling were calculated using the Techa River Dosimetry System. In addition, doses to
T-lymphocytes and their progenitors were calculated using the innovative modelling approach with due ac-
count of age related-dynamics of T-lymphocytes. The age dependence of the translocation frequency was as-
sociated particularly with these doses. The main sources of donor exposure were 3%-2°Sr, accumulating in
bones and irradiating the bone marrow almost locally. To assess the parameters of the dose-effect relation-
ship, linear regression model was used. After taking into account background values, the lowest frequency of
translocations per 1000 GE per Gy was found in donors aged 0—5 years at the time of exposure (9.3 £ 1.3),
which is statistically significantly lower than in children aged 6—18 years (15.3 £ 1.5), but not in adults
(11.9 &+ 2.9). The value for adults (>18 years) was characterized by the maximum scatter, but was close to the
values obtained in an international study of nuclear enterprise personnel after external exposure (11.6 £ 1.6).
The values of the background translocation frequencies registered in various age groups correspond to the
published data obtained in a joint international study on unexposed donors. We have also confirmed the ab-
sence of sex-effect on the frequency of translocations.

Keywords: circulating T-lymphocytes, chromosomal aberrations, translocations, human age, biodosimetry
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