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AkTyanbHOCTh. OTCYTCTBME CBEAEHWUI O 1,03€ BHELIHEro 06/1y4eHns y MHOIMxX JIMKBUAATOPOB NMOCNeaCcTBUM
aBapun Ha YepHoObINbCKOWM aTtoMHOM anekTpocTaHuun (HA3C) onpenensieT HE0OX0AMMOCTb NPOBEAEHUS pe-
TPOCMAEKTUBHON AO3UMETPUN.

Llesib — oueHka BO3MOXHOCTW UCMOJIb30BaHNSA METOA0B LMTOreHETUYECKOM A03NMETPUN A4S onpeneneHns
[,03 BHELLHEro obny4yeHns y MTMKBUAATOPOB nocneacTenii asapum Ha HASC, noaBepriumnxcs BO3OENCTBMIO Ma-
NbIX 4,03 NOHU3UPYIOLLMX U3YYEHWIA, B OTAANIEHHOM NMEPMoaEe BPEMEHN.

MeTtononorus. NMpoBeneHbl UMTOreHeTUYeckas Guonornyeckas MHANKaUms 1 Guonornyeckas 4o03MMeTpus
VIOHU3UPYIOLLNX N3NTYYEHNA Yy NINKBNMOATOPOB nocneactauii asapmm Ha YASC cnycta 27-30 neT nocne yyactus
B NINKBNOAUMOHHbLIX paboTax. MpoaHannanpoBaHbl cTabusibHbIE 1 HECTabUIIbHbIE XPOMOCOMHbIE abeppaunu
B TnMdoumuTax nepndepmnyeckomn KpoBu.

Pesynbratsl v nx aHam3. B xoae aHannsa HecTabuibHbIX XPOMOCOMHbIX HapyLueHui y 45,1 % nukenoatopos
nocneacteuii asapum Ha HASC onpeneneHsl pagvalmMoHHble Mapkepbl C YaCTOTOM, MPEBbILIAOLLEN NoKasaTenm
B FPYnne CpaBHEHUS, YTO CBUAETENbCTBYET O BO3AENCTBUN MOHNIVPYIOLLMX N3nydeHnid. Y 18 % obcnenoBaHHbIX
C NPUMEHEHMEM aHann3a CTabuibHbIX XPOMOCOMHbIX abeppaunii ycTaHOBNEHbI BUonorniyeckne 0o3bl pagva-
LLMOHHOI0O BO3OENCTBUS, KOTOPblE HAaxoaMNUCb B Npeaenax ot 14 oo 48 clp. B xoge nccnenoBaHus BbIIBAEHbI
aHamMHecTu4yeckne GakTopbl, KOTOPbIE HEOOXOAMMO YHNUTLIBATL NPU NPOBEAEHUM BMONOrMYEeCKor 403UMETPUN.

3aknodeHve. B cnydae oTCyTCTBUS MHMOPMALMK O MOJSTyYEHHOW 003€ BHELIHEro obnyyYeHns OLeHka cTa-
OUNBbHBIX XPOMOCOMHbIX abeppaLmii NO3BONSIET PEKOHCTPYMPOBATL [03Y 00YYEHUIA Y NMUKBUAATOPOB NOCNEA-
cTBUIA aBapum Ha HASC, noaBeprunxcs BO3AeNCTBUIO ManbiX 4,03 MOHU3MPYOLLMX U3JTYHEHUIA, 4TO MOXET ObiTb
OCHOBaHWEM [ PELLUEHUS BOMPOCa O BO3MELLEHMM yuiepba, NPUYNHEHHOIO 300POBbLI0 JINKBMAATOPOB, MO-
cnencTBuii aBapumn Ha YepHOObITLCKOW aTOMHOM 3/1EKTPOCTaHLMN.

KnioueBble cnoBa: ypesBblualriHas cutyaums, YepHobbinbckas ASC, nMkBnaaTopbl NOCNEnCTBUIA aBapun,
paaMobnonorus, MOHN3NPYIOLLME U3NTyHeHUs1, Masble J03bl, Bruonoruyeckas nHankaums, bruonornyeckas go3v-
METpUSi, LUTOrEHETUYECKNE UCCef0BaHNs, XDOMOCOMHble abeppaunn.
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Abstract

Relevance. There is a need to evaluate doses retrospectively in Chernobyl nuclear power plant accident re-
covery workers without established external doses.

Intention: To assess the ability of cytogenetic analysis to estimate external radiation doses retrospectively in
Chernobyl nuclear power plant accident recovery workers exposed to low-dose radiation in the remote period.

Methodology. Cytogenetic biological indication and biological dosimetry were performed in Chernobyl nu-
clear power plant accident recovery workers 27-30 years after their participation in recovery works. Stable and
unstable chromosome aberrations were assessed in peripheral blood lymphocytes.
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Results and Discussion. The analysis of unstable chromosome aberrations showed that 45.1 % of Chernobyl
nuclear power plant accident recovery workers had radiation markers more frequently than in the comparison
group. Biological doses were retrospectively evaluated in 18 % of Chernobyl nuclear power plant accident re-
covery workers and ranged within 14-48 cGy. Specific anamnestic factors should be assessed while evaluating

doses retrospectively.

Conclusion. Analysis of stable chromosome aberrations allows retrospective dosimetry after low-dose expo-
sure if external dose is unavailable. Based on this, adverse health effects of low-dose exposure can be assessed
and reimbursed in Chernobyl nuclear power plant accident recovery workers.

Keywords: emergency situation, Chernobyl nuclear power plant, Chernobyl nuclear power plant accident
recovery workers, radiobiology, ionizing radiation, low doses, biological indication, biological dosimetry, cytoge-

netic analysis, chromosome aberrations.
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BeeneHue

Hencteyowmm B Poccuiickon denepaumn 3ako-
HOOATENLCTBOM OMNPEAENEHO NpaBO rpaxaaH, npu-
HMMAaBLLMX yYacTMe B MMKBUAALMN NOCNEACTBUN aBa-
pun Ha YepHOObLITLCKOM aTOMHOW 31EKTPOCTaHLNN
(HASC), Ha coumanbHylo nopaepxky [4], koTopas
BKJIIOYAET PSA, MEPOMNPUATUIA, B TOM YUCIE N KOMIMEH-
cauuio yuwepba 300poBbio. OOHUM 13 BaXHbIX ¢dak-
TOPOB, UMEIOLLYX 3HAYEHNE NPU MPUHATUN PELLEHNS
O CcouManbHbIX KOMMEHCALMSX, SABASETCS Hannyme
VHpOpMaLMKM O NOy4eHHOW 003€e 001y4eHns.

CBefieHVst 0 NMOMyYeHHbIX A03ax BHelwHero obny-
YeHUs Yy IMKBUOATOPOB nocnencteni asapun (JIMA)
Ha YASC umeloTca B 6a3e HauuoHanbHOro paguva-
LMOHHO-anuaemmonormyeckoro perucrtpa (HPOP),
KOTOPbLIN Obl co3haH AN HABAOEHUS 3a COCTOS-
HMEeM 340pPO0BbS, OKa3aHNa agpecHON MeONLMHCKON
MOMOLLM U MPOrHO3MPOBAHUS MEOVLIMHCKUX Paamno-
JNIOrMYeCKMX NOCNeaCTBUNM Y FrpaxaaH, NnoaBeprinx-
CSl BO3OENCTBUIO MOHU3MPYIOLLLErO mn3nyyeHus. Of-
Hako MHdOpMauMa O [03e BHELHero obyvyeHus
y MHOrux JINA Ha HASC oTcyTcTByeT. Tak, N0 aHHbIM
CeBepo-3anagHoro permoHanbHoro ueHtpa HP3P,
CBefeHMs 0 y4eBON Harpy3ke oTcyTcTBytoTy 32,8 %
3aperncTpupoBaHHbix B 6a3e JIMNA Ha YASC; no naH-
HbiM Bceapmeickoro perncrtpa, chGopMmnMpoBaHHOIO
B 1986, He umeloT oduumanbHO 3aperucTpmpo-
BaHHOW O03bl 11,1% JIMNA Ha YABC, BKIIOYEHHbIX
B Hero [2]. OTcyTcTBME B 0pUrLMaNbHBIX UICTOYHUKAX
CBELEHNIN O Ny4yeBOl Harpyake y 60JbLION rpynnbl
JIMA Ha YASC cBuaeTenbCcTByeT 0 HE0OX0AMMOCTHU
BOCCTaHOBNEHNS MHGOPMALMK O MOJYHEHHbIX 403aX
00nyyeHuns ons 3ToN KaTeropum nuu,

MHOrOYMCNEHHBIMN  UCCNEA0BAHUAMN HEOOHO-
KpaTHO OblIN NPOAEMOHCTPUPOBaHbLI BO3MOXHOCTU
OMONOrNYeCcKor UUTOreHEeTUYEeCcKon O03MMETPUN,
KOTOpas Mo3BOJISET OUEHUTb [03y 00JlydeHUs He

Introduction

According to Russian Federation legis-
lation, citizens, which have been involved in
Chernobyl nuclear power plant (CNPP) ac-
cident recovery works, have a right to social
support [4], which includes compensation
for health damage. The availability of infor-
mation about external radiation dose is one
of the significant factors, impacting the deci-
sion about social compensation.

Information about radiation doses, re-
ceived by CNPP accident recovery workers
(ARW), is stored in the database of National
Radiation Epidemiological Registry (NRER).
NRER has been founded with the aim of
health state monitoring, providing targeted
medical care and prediction of medical radio-
logical effects in citizens, which have been
exposed to radiation. However, many CNPP
ARW have no established external dose. As
stated by the North-West regional center of
NRER, information about radiation load is
missing in 32.8 % of CNPP ARW registered in
its database; according to the Army registry
founded in 1986, 11.1% of CNPP ARW have
no official doses [2]. There is a need to re-
store the information about radiation load in
the group of CNPP ARW without established
dose.

A great number of studies have demon-
strated the ability of cytogenetic dosimetry
to estimate radiation doses not only soon
after the exposure to ionizing radiation, but
also retrospectively [5, 7]. This methodical
approach will potentially allow reconstruc-
tion of external radiation doses in CNPP ARW,
that is relevant in case of causal relationship
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TONbKO B Onuxaliiee BpPeMs nocfie BO34eNCTBUS
VIOHU3UPYIOLLMX U3JTyH4EHWUIA, HO U NPOBOAUTb OLLEHKY
003 0b6y4eHns peTpocnekTMBHO [5, 7]. BeposiTHO,
OaHHbIA MEeTOANYEeCKUIN Noaxod MO3BOJSINT PEKOH-
CTPYyMpOBaTb A03bl BHELUHEr0 061y4eHns ny JINA Ha
YASC, 4TO aBNSieTCa akTyasibHbIM OJ19 9KCMepPTU3bI
NPUYNHHOW CcBA3M yulepba 340POBbLI0 Y AAHHOW Ka-
Teropuu nuuy, [1]. N3BecTHO, 4TO abcosiloTHOE B0sb-
WnHCTBO JIMA KOHTakTMpoBaam ¢ ManbiMu 003amMu
VIOHU3UPYIOLLMX U3TYYEHWNN, OQHAKO, BO3MOXHOCTH
PETPOCNEKTUBHON LIMTOrEHETUYECKON O03UMETPUn
B 0611aCTK MarnbIx 003 MOryT OblTb OrpaHUYeHbl U3-
3a rnopora 4YyBCTBUTESIBHOCTU METOAA, KOTOPbLINA, MO
OaHHbIM nuTepatypsl, coctasnget 10 cl'p [5, 7].

Llesib — oueHka BO3MOXHOCTU MCMNOJIb30BAHUS
METOOO0B LUUTOreHETUYECKOM [O3MMeTpun  Ons
ornpeneneHns 403 BHELHEro obay4yeHms y nMkemaa-
TOpoOB nocnencTeun asapun Ha HASC, nogseprimx-
Cs BO34ENCTBMIO MasibiX 403 NOHU3UPYIOLMX U3yye-
HUN, B OTOANIEHHOM Nepunoae BPEMEHN.

Matepuan n metogbl

MpoBenu  uuMTOreHeTMyeckoe  obcnenoBaHve
108 JIMA Ha HYASC, B TOM umcne 104 My>X4uH, CnycTs
27-30 neT nocse y4actus B IMKBMOALMOHHbIX paboTax.
O6cnenoBaHHble NMKBUOATOPLI paboTanu B 30He aBa-
pun Ha HASC B 1986-1987 rr. InnTenbHOCTb y4acTust
B JIMKBUOAUMOHHbLIX paboTax cocTaensifia oT 2 AHeWn
[0 HECKONbKMX MecsaLeB, B cpeaHem — 121 oeHb. Bos-
pacT NMKBMAATOPOB HA MOMEHT UCCIeaoBaHus Obln
oT 51 roga oo 88 net. [pynny cpaBHEHNS COCTaBUN
50 yenoBek aHanNOrM4yHOro BO3pacTta, NPOXoAVBLLMNE
MegumumHckoe obcnemoBaHne BO Bcepoccuinckom
LLEHTPE O3KCTPEHHOW W pagnaunMoHHON Meguum-
Hbl M. A.M. Hukndoposa (CaHkT-lMeTepbypr) v He
VIMEBLUVIE KOHTAKTOB C MOHU3VPYIOLLMMU N3NY4EHU-
MM B aHaMHe3e, 3a NCKITIIOYEHMEM ONArHOCTUYECKNX
PEHTIEHONOMMYECKNX UCCNEA0BAHNIA.

ViccnenoBaHuns BbIMOMHANM NO CTAHAAPTHBIM Me-
TOOMKAM, PEKOMEHOO0BAHHbIM MPU BbINOMHEHUN LM-
TOreHeTNn4ecKom BMonornyeckomn no3nmmeTpum [5, 71.
AHannamnposanu ctabunbHele (FISH-TpaHcnokauunm)
1 HecTabwu/ibHble XPOMOCOMHbIE abeppaunn B M-
doumTax nepudeprnyeckor Kposu. AHaNN3 ctabusb-
HbIXx abeppaunin 6bi1 BbinoaHeH y 75 JIMA, HecTa-
OWNbHbIX abeppaunii — y 74 YenoBex.

O6pa3upl kposu B konuyectse 0,5 M nomeLlanu
B CTepuJibHble NMPOBUPKA ONst KYNbTUBUPOBAHUS, CO-
[epxalime CrneayoLylo CMeCh: KynbTypasbHas cpe-
na RPMI 1640 (4 mn), 1 mn aMBpUoHanbHON Tensyb-
e CbIBOPOTKM, UTOreMarriioTUHUH B KOJIMYeCTBe
50 MKr Ha 5 MA KynbTypanbHOW cpenpl, MIOTaAMUH.
Kynstremposanve knetok nposoannn B CO,-uHKy-
6aTtope npu Temnepatype 37 °C. Yepes 46-48 4 ot
Hayana KynsTUBMPOBaHMS B NpoOupky [obaBnsnn
KONMXMUVH B KOHEYHOW KOHUeHTpauun 0,005 mkr/min.

expertise of health damage in this group [1].
Most CMPP ARW are known to be exposed
to low-dose ionizing radiation, though the po-
tential of retrospective cytogenetic dosimetry
to estimate low doses is restricted to the bor-
derline of sensibility which is reported to be
10cGy [5, 7].

Aim of the study is to evaluate the ability
of cytogenetic analysis to estimate external
radiation doses retrospectively in CNPP ARW.

Material and methods

Cytogenetic assay has been made in
108 CNPP ARW (of them, 104 men) 27-30
years after their participation in recovery
works. Examined ARW worked in CNPP ac-
cident zone in 1986-1987. Their participa-
tion in accident recovery works lasted from
2 days to several months, 121 days on av-
erage. CNPP ARW aged between 51 and 88
at the time of the study. Comparison group
included 50 patients of similar age, who un-
derwent medical examination in the Nikiforov
Russian Center of Emergency and Radiation
Medicine and had no history of ionizing radi-
ation exposure except for diagnostic X-ray.

The standard methodology for cytogene-
tic biological dosimetry was used [5, 7]. Sta-
ble and unstable chromosome aberrations
were assessed in peripheral blood lympho-
cytes. The stable chromosome aberrations
analysis was performed in 75 CNPP ARW, un-
stable chromosome aberrations analysis — in
74 CNPP ARW.

Blood samples 0.5 ml were put into ster-
ile vial with the following mixture: RPMI 1640
culture medium (4 ml), fetal bovine serum
(1 ml), phytohemagglutinin (50 ug x 5 ml of
culture medium), glutamine. Cells were cul-
tivated in CO, incubator with the temperature
of 37 °C. In 46-48 h after the start of cultiva-
tion, colchicine with the final concentration
0.005 ug/mlwas added into vials. Metaphase
chromosomes were prepared using the stan-
dard methodology [5] 50-52 h after the start
of cultivation. Specific staining was selected
for respective assessments.

For FISH translocation analysis, trico-
lor combination of whole chromosome DNA
probes for chromosomes 1, 2 and 4 (yellow,
red and green fluorochromes, respectively)
and FISH technology were used [5]. Speci-
mens were analyzed using fluorescence mi-
croscope. About 800-2500 cells were ana-
lyzed for each patient, or 300—1000 equivalent
cells, according to the DNA quantity in chro-
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MpurotoBneHme npenapatoB MeTadasHbIX XPOMOCOM
MMeoUMTOB nNepndeprnyeckon KpoBsu Npomn3BoanIn
no cTaHaapTHor metoamke [5] yepes 50-52 4 nocne
MOCTaHOBKM KynbTyp kneTok. OkpalumBaHue npenapa-
TOB OCYLLECTBNSA/IN B 3aBUCUMOCTU OT UCCEeL0BaHMS.

Ina ananmnaa FISH-TpaHcnokauuii okpawvBaHme
NPOBOAWSIN C MPUMEHEHMEM TPEXLIBETHO KOMOW-
HauMn NOSIHOXPOMOCOMHbIX JHK-30HO0B Ong Xxpo-
MocoM 1, 2 n 4 (XXenTbii, KPACHbIN, 3eneHbIr Go-
POXPOMbI COOTBETCTBEHHO) 1 TexHonoruu FISH [5].
AHanns npenapaTos BbIMOJIHWN C UCIMOJIb30BAHNEM
GNIOOPECUEHTHOro MUKpockona. [na kaxaooro na-
umeHTa npoaHanmauposanm ot 800 no 2500 kneTok,
41O, yumTbiBas konuyectso JHK (22,2 % OHK reHoma
KNeTKKn), coaepxalleecs B XpOMOCOMax, K KOTOPbIM
OblIN MCNoNb30BaHbl 30HALI, cocTaensano ot 300
00 1000 skBMBANEHTHbIX KNETOK. YUMUTbIBANM peumn-
NPOKTHbIE U HEPELMNPOKTHbIE TpaHcnokauun. AHa-
N3 NPOBOAVAN TOJIbKO B CTabWIIbHBLIX KNEeTkax, T. €.
B KneTkax, B KOTOPbIX OTCYTCTBOBanM HecTabusb-
Hble abeppaumn. Ha oCHOBaHMM FrEHOMHOI 4acToThbl
BbISIBJIEHHbIX TPAHCNOKALMA OCYLLECTBASAIN pacyeT
oronormyeckon [o3bl 06Jy4eHNss C NMPUMEHEHMEM
MeToauYeCcKmnx pekoMmeHgaumin [5] n ncnonb3oBaHu-

emM nporpammbl DoseEstimate.

Ona nccnepoBaHUs HecTabWIbHBIX XPOMOCOM-
HbIX abeppaunini npenapaTbl OKpallMBanM Kpacu-
Tenem Mm3a—PomaHOBCKOro. AHanuM3vpoBasiv He
MeHee 500 meTtadas. YumtbiBanu BCE TuUMbl HECTA-
OUNbHBIX XPOMOCOMHbIX abeppaunin: OAMHOYHbIE
dparMeHThl, XpoMaTUaHble 0OMeHbI, NapHble dpar-
MEHTbI, ANLEHTPUYECKNE U VHbIE MNOJULEHTPUYE-

CKre XpOMOCOMbI, KOJ1bLiEBbIE XPOMOCOMBbI.

Cratuctuyeckyio o6paboTky pe3ysbTaToB Mpo-
BENU C UCMosib3oBaHmeM nporpammbl Statistica 10.0.
Ncnonb3oBanu aHanna MaHHa-YuUTHu (y2-TecT) ans
CpaBHEHUS LUUTOreHeTnyeckmnx nokasarenen y JIMA

W FPYNnbl CPaBHEHUS.

P63yﬂbTaTbl U UX aHanums

B pes3ynbtaTte aHanu3a TpaHcrokauuii  Obinio
YCTaHOBJIEHO, 4YTO Yy OOJNbLUMHCTBA 00CNEea0BaHHbIX
JINA Ha YASC yacToTa cTabuibHbIX HApYLUEHWUA Ha-
xogutcs B npegenax oo 10 tpaHcnokauun Ha 1000
KNIETOK, YTO HEe NPEBbILAET COOTBETCTBYOLLME BO3-
pacTy KOHTponbHble nokasatenu [3, 12]. CpeaHsas
yactoTa TpaHcnokaumn Ha 1000 kneTtok coctaBmna
(10,33 = 1,82) TpaHcnokaumi (NP MUHUMASTLHOM
1 MakcumanbHOM 3HadeHusax ot 0 go 101 cooTBeT-
CTBEHHO). PacnpegeneHne 4actoTbl CTaOWJIbHbIX
abeppauuin npencTaBieHo Ha pucyHke. Y 14 naum-
€HTOB YacToTa TpaHc/okauuii NpeBbiCUIa BO3PacCT-
Hble noka3aTenu, YTo NO3BOJSIUIO NMPOBECTU OLEHKY
003bl 0051y4eHus. bruonornyeckne Oo03bl paguMaum-
OHHOr0 BO34ENCTBUA HAXOAUNCL B npegenax ot 14
0o 48 clp. ¥ 3 nauneHToB yactoTa TpaHCnoKauni

mosomes (22.2% of cell’s genomic DNA).
Reciprocal and nonreciprocal translocations
were considered. Analysis was performed
only in stable cells, i. e. cells without unstable
aberrations. Based on the genomic transloca-
tion frequency, biological irradiation dose was
estimated [5] using DoseEstimate software.

For unstable chromosome aberrations
assessment, specimens were stained using
Giemsa — Romanowsky technique. No less
than 500 metaphases were analyzed. All
types of unstable chromosome aberrations
were considered: single fragments, chroma-
tid exchanges, double fragments, dicentrics
and other polycentrics, centric rings.

Statistical analysis was performed using
Statistica 10. Mann-Whitney test was used to
compare cytogenetic analysis data between
CNPP ARW and comparison group.

Results and Discussion

Transclocation analysis showed that most
examined CNPP ARW had stable aberra-
tions frequency within 10 translocations per
1000 cells, within the age-based reference
ranges [3, 12]. The average translocation
frequency was (10.33 = 1.82) translocations
per 1000 cells (with minimum and maximum
values from 0 to 101, respectively). The dis-
tribution of stable aberrations frequency is
shown in Figure. In 14 patients, transloca-
tion frequency exceeded age-based rang-
es, that made radiation dose estimation
possible. Biological radiation doses were
within 14-48 cGy. 3 patients had transloca-
tion frequency that noticeably exceeded val-
ues established in other examined patients.

Medical history analysis showed that be-
fore cytogenetic examination the patients
received chemotherapy or radiotherapy for
oncology treatment. Thus, translocation fre-
quency represented accumulated dose af-
ter both CNPP-related ionizing radiation and
treatment. In 2 patients, clonal aberrations,
involving chromosomes 1 and 2, were found.
Each patient had at least 2 types of clonal
aberrations. The presence of this type of ab-
errations was suspected due to detection of
translocated chromosomes with similar mor-
phological features while conducting FISH-
based analysis. In order to prove the clonality
of aberrations, this type of rearrangement
was verified with differential G-staining. At
the moment of examination, these patients
had no oncology diseases and no chemo-
therapy or radiotherapy. However, high clonal
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3HAYUTEsIbHO NpPeBbILLAana noka3artesn, yCTaHOBIIEH-
Hble 011 BCEX OCTaslbHbIX 00CNef0BaHHbIX.

AHanM3 MeaouMUMHCKUX OaHHbIX (McTopuii 6ones-
HU NauVEeHTOoB) NoKasal, 4To paHee, 40 NpoBeaeHUS
LuMTOreHeTn4yeckoro obcnenoBaHunst, B CBA3U C HaMW-
4YMEM OHKOMOrMYECKMX 3ab0osIeBaHNIA OHW MOMy4Yann
XUMUYECKYIO UNU JIy4eBytlo Tepanuio. B pesynbrarte
39TOr0 YactoTa TpaHC/oKauuii CBUAETENbCTBOBANA
O HaKOoMeHHoN fo3e 005yYeHUss He TOSIbKO BCNeA-
CTBUE KOHTaKTOB C MOHU3NPYIOLLMMU UIJTYHEHNAMN
B 30He YepHOoObIILCKOM aBapum, HO 1 B peaynbrate
NPOBEOEHHOro neyveHus. Y 2 naumeHToB Oblnun Bbl-
SIBNIEHbl K/OHaNbHble abeppaunn C BOBIEYEHVEM
xpomocoM 1 u 2. Kaxabii nauyeHT nMen, kak Mu-
HUMYM, 2 TUNa KJIOHAsbHbIX HapyLeHun. Hannuve
OAaHHOro Tuna HapylleHuii 6610 3anofo03peHo Npu
npoeeaeHnn FISH-gmarHoctnkm Ha OCHOBaHWKU Bbl-
ABNEHNA TPaHC/OLMPOBAHHbBIX XPOMOCOM CO CXO[-
HbIMU MOPMOSIOrMYECKNUMU XapakTepucTukamn. ns
[oKazaTesibCTBa KIIOHaJIbHOCTU HapPYLUEHUIA OaHHbIN
TN nepecTpoek O6bin BepudUuMpoBaH C NpUMeHe-
HUem metoga amddepeHumansHoro G-okpalumsa-
HUS. B MOMEHT NpoBeAEHUS UCCNEeoOBaHNN Y 3TUX
nauneHToB He OblM ONarHOCTUPOBaHbI OHKOJIOrnYe-
Cckune 3aboneBaHus, nydeBasi u XumMuoTepanus UM He
MPOBOAMINCH, HO BbICOKAs YacTOTa K/IOHAJIbHbIX Ha-
PYLUEHWNIA HEe NO3BOJIUIIA MPOBECTU OLEHKY [03bl 06-
Ny4eHunin ¢ nomouubio FISH-aHanm3a TpaHcnokauui.

C y4yeToM TOro, 4YTO KOJIMYECTBEHHYIO OLEHKY 06-
Jly4eHnst ObIJI0 BO3MOXHBLIM OMPEeAENUTb TONbKO A1
18 % o06cnemoBaHHbIX, MOXHO MPEANnoNoXnTb, YTO
y OCTaJIbHbIX NaLMEHTOB A03a 00/1yYeHNs okazanach
HUXE rpaHuL, YyBCTBUTENILHOCTM MeToda aHanmsa
TPaHCNOKaLUWii, KOTOPbLIN, MO AAHHbIM IUTEPATYPHI,
HaxoauTca B npegenax ot 10 clp [5, 7]. NpuHumas
BO BHMMaHWE TOT dakT, YTO MEeTOL aHann3a OANLEHT-
PUYECKUX XPOMOCOM SBJISIETCH 4YYyBCTBUTEJIbHbLIM
OVoNorMyeckMmM  MHAMKATOPOM  paguauMOHHOIo
Bo3gelicteus, ons obcneposaHua JIMNA Ha YABC
Obl1 NPYMEHEH 1 3TOT METOANYECKWNIA MOAXOA,

B pesynbrate BbINOSHEHUSA LMUTOreHEeTU4yecko-
ro vccnenoBaHus ammMm@oumToB nepudepnyeckon
kpoBu y JIMA Ha HYASC 6binu BbiSiIBNIEHBI PA3/INYHbIE
TUMbl HECTABUIIbHBIX HAPYLUEHNA XPOMOCOM — XPO-
MOCOMHOIo 1M XpomMatugHoro Ttuna. HapyweHus
XPOMOCOMHOIo Tuna ObiiM npenctaBfieHbl nap-
HbIMU dparmMeHTamMu, a Takke AULEHTPUYECKUMU,
TPULEHTPUYECKUMU,  KOJIbLEBLIMU  XPOMOCOMa-
MW, KOTOpPbIE MPUHATO paccMaTpuBaTb B Ka4eCTBe
paguaumoHHbIX MapKepoB. HacToTa pagnaumOHHbIX
MapKepoB [OOCTOBEPHO MpeBbiCMIa MNokasaTenm
B rpynne cpaBHeHus (Tabnuua).

AHann3 HecTabwunbHbIXx abeppauuini  nokasarn,
4YTO paguauMoHHble Mapkepbl OblIM 0OHapPYXeHbI
y 45,1% JIMA. [aHHbIAi TN XPOMOCOMHbIX abep-
paumii OTHOCAT K HecTabuibHbIM XPOMOCOMHbIM

Konwvecteo IMA Ha YASC
Number of CNPP ARW

30

25

20

15

10

1

Ve Tk 48 e

YacTtoTa reHoMHbIX TpaHcnokaumin (Ha 1000 kneTok)
y JINA Ha HA3SC / Genomic translocation frequency
(per 1000 cells) in CNPP ARW.

Genomic translocation frequency (per 1000 cells)
in CNPP ARW.

B

>20

aberrations frequency made it impossible to
evaluate radiation dose using FISH-based
translocation analysis.

As quantitative assessment of irradiation
was possible only in 18% of examined pa-
tients, it can be assumed that the irradiation
dose was below sensitivity limits of transloca-
tion analysis (from 10 cGy, according to pub-
lications) in remaining patients [5, 7]. In view
of the fact that dicentrics analysis is a sensi-
tive biological indicator of radiation exposure,
we also have used that methodical approach
in CNPP ARW examination.

Cytogenetic examination of peripheral
blood lymphocytes has revealed in CNPP
ARW different types of unstable chromo-
some aberrations — chromosome-type and
chromatid-type. Chromosome-type aberra-
tions were represented by double fragments,
dicentrics, tricentrics and centric ring, which
are considered as radiation exposure mark-
ers. Radiation exposure markers frequency
in CNPP ARW was statistically significantly
higher than in the comparison group (see
Table).

Unstable aberrations analysis has re-
vealed radiation exposure markers in 45.1%
of CNPP ARW. This type of chromosome
aberrations is considered unstable as its fre-
quency decreases over time after the irradia-
tion; however, it was reported to persist for a
long time [6, 9, 11, 13], including CNPP ARW
[5, 10]. This phenomenon was registered in
the early years after the CNPP accident al-
ready. There are hypotheses of retention of
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YacTtoTa HecTabusbHbIX XPOMOCOMHbIX abeppaumii y JINA Ha HASC v rpynnel cpaBHeHus (M £ m)
Unstable chromosome aberrations frequency in CNPP ARW and in comparison group (M = m)

XpomMocoMHeble abeppaunn / JINA Ha HABC / pynna cpaBHeHus /
Chromosome aberrations CNPP ARW Comparison group P
O6wee konnyecTtso / Total amount 0,60 £ 0,07 0,55+0,09 0,24
OpumHouHble dparmeHThl / Single fragments 0,30+0,04 0,32+0,07 0,36
XpomatugHele o6meHbl / Chromatid exchanges 0,06 £ 0,02 0,08 £0,03 0,35
MapHble dparmeHTbl / Double fragments 0,12+0,03 0,11+£0,03 0,23
PapuaumoHHblie mapkepsl / Radiation markers 0,11 +0,02 0,04 £0,03 0,0001

abeppaumsm, YacToTa KOTOPbIX CHUXAEeTCs CO Bpe-
MeHeM nocre 0by4eHus, ogHako, B TUTepaTtype He-
O[HOKpaTHO Oblfla NPOLEMOHCTPUPOBaHA ANUTENb-
Has NepCUCTEHUMS 3TOr0 TUMNa HapyLIeHWi nocne
BO3AencTBusa paguaumn [6, 9, 11, 13], B TOM yncne
n 'y JIMA Ha YABC [5, 10]. 310 saBNEHME BbINO OTME-
yeHo y JIMA yxe B nepsble roabl nocie aBapuu Ha
YABC, 1 6bI1n BbicKa3aHbl r’MNOTe3bl 0 COXPaHEeHUM
9TUX HAPYLUEHWA B CTBOJIOBbIX KJIETKAx WAV BCReA-
CTBME PaAMaLMOHHO-MHOYLUMPOBAHHOW HecTabub-
HOCTW reHoma, 0cobOoro COCTOSIHUSA O6Jy4EeHHbIX
KNETOK, B pe3ynbraTe KOTOPOro HapyLleHUs reHeTu-
4eCKOro anmnapara KieToK NpoAo/mKalT BO3SHUKATb
nocne obny4yeHns gaxe B OTCYTCTBME MOBPEXAAl0-
uero ¢akropa. B HacTodwem nccnegosaHnm npo-
OEMOHCTPMPOBAHO HanMuMe pPaguauMoHHbIX Map-
kepoB 1 30 neT cnycTs Nocne y4yactus B aBapuu Ha
YASC npn obnyvyeHnr mManbiMn O003amMu paguvauuu.

Opyron Tmn XpOMOCOMHbIX HapyLLEHUA — XpoMa-
TUOHble abeppauum ObIIM NpeacTaBfieHbl OOWNHOY-
HbIMU dparmMeHTamMmu 1 XpomMaTuaHbIMM 0OMeHaMW.
YacTtoTa atoro Tvna abeppauuii He NpeBbIana no-
KasaTenu B rpynre cpaBHeHus (CM. Tabnuuy), ogHa-
KO 06MeHbI ObIM 06HapyXeHbl y 27 % JIMNA Ha HASC,
B TO BPEMs Kak B rpynne cpaBHeHUs 0OMeHbI Dbl
BbISIB/IEHbI JOCTOBEPHO pexe — y 12% (y2 = 6,24,
p = 0,013). Hannune xpomaTuaHbIx 0OMEHOB Habo-
nanocb y JIMA paHee Ha NPOTSXXEHUN MHOMMX NeT
umMToreHeTn4yeckoro moHmtopuHra [10]. o gaHHbIM
nuTepatypsbl, 3TOT TN abeppauunii HacTo 0OHaPYXN-
BaeTCs y N1, paboTalowmx C XMMUYECKUMU PakTo-
pamu, 1 XxapakTepeH Ans XMMMUYEeCKOro MytareHesa,
4YTO OOBSACHSIET HanMyYne oOMEHOB U B rpynne cpas-
HEHMVS, KOTOPbIE KOHTAKTUPYIOT C FEHOTOKCUYECKU-
M1 dakTopamMm OKpyXaloLLlen cpeapl B npoLecce
cBoel TpyaoBon geatenbHoctu. OgHako obcneno-
BaHHble Hamn JIMA Ha HADC He MMEIOT KOHTaKTOB
Cc MyTareHamu nogo6bHoro poga. bonee Toro, aTux
nogen He cBsA3bIBaeT Kakoih-nnmbo oblmin dakTop:
NPOV3BOACTBEHHbIV UK obpasa XU3HU, KOTOPbIN
Obl OKasblBasl BAIVSIHME Ha 3Ty rpynny nuL, kak 06-
CNnefoBaHHbIX HAMW B HACTOSILLEM WUCCE0BaHUN,
Tak U B Ooniee paHHUX pabdboTax, 3a UCKIOYEHNEM
BbINOSIHEHNS PabOT B 30He YepHOOLIILCKOKN aBapuun.

MOXHO NpPeanonoXuTb, YTO HaIM4YME XpoMma-
TnaHbiXx 06meHoB y JIMA Ha YASC Takxe cBA3aHO

these aberrations in stem cells or continued
occurrence of aberrations in the absence of
damaging factor impact as a result of radia-
tion-induced genomic instability, the specific
state of exposed to radiation cells. Our study
demonstrates the existence of radiation ex-
posure markers in patients exposed to low-
dose radiation 30 years after their participa-
tion in CNPP accident recovery works.
Another chromosome aberrations type -
chromatid aberrations — were represented by
single fragments and chromatid exchanges.
Its frequency did not differ from rates in the
comparison group (see Table), but exchang-
es were seen in 27 % of CNPP ARW, while in
the comparison group exchanges were sta-
tistically significantly less common — in 12%
of patients (X? = 6.24, p = 0.013). Chromatid
exchanges in CNPP ARW were observed for
many years of cytogenetic monitoring [10].
According to literature, this aberration is often
detected in persons professionally exposed
to chemicals due to chemical mutagenesis;
this can explain the presence of chromatid
exchanges in comparison group patients ex-
posed to genotoxic environment during their
work. However, the examined CNPP ARW are
not exposed to this kind of mutagens. Further-
more, the patients we examined in the present
study and earlier have no common profes-
sional or lifestyle factors, besides their partic-
ipation in CNPP accident recovery works.
Chromatid exchanges in CNPP ARW are
supposed to be also related to radiation ex-
posure and radiation-induced genomic in-
stability or high sensibility of chromosomes
to exogenous and endogenous mutagenic
factors. The hypothesis of high sensibility can
be supported by the fact that chromatid ex-
changes are more common in smoking CNPP
ARW, non-smoking CNPP ARW had almost no
chromatid exchanges, as we reported earli-
er. At the same time, smoking hardly affects
chromosomes in the comparison group, as
opposed to people living in radiocontami-
nated areas [8]. Radiation-induced genomic
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C BO3eNCTBMEM pagnaumm 1 ABNSeTCH CleacTBUEM
BO3HUKLUEN paanaLNOHHO-NHOYLUMPOBAHHOW HecTa-
OUILHOCTM reHoMa UKW NOBbLILUEHHOW YYBCTBUTESb-
HOCTW XPOMOCOMHOrO annapara y 06,y4eHHbIX LY
K AeNCTBUIO MyTareHHbIX GakTOpPOB 3HLOMEHHOM 1N
39K30reHHOM npupodpl. MnoTesy O MNOBbILLEHHON
YyBCTBUTESIBHOCTU MOXET nognepxartb 1 TOT akT,
4YTO paHee HaMu ObINI0 YCTAHOBEHO, YTO XpoMaTua-
Hble 0OMEHbI Yallle BCero Obln OTMEYEHbI Y Kypsi-
wmx JIMA Ha HASC, y HEKYPSLLMX — UX NPAKTUYECKU
He 6b1s10. MNpK 3TOM KypeHVe NPaKTUYECKN He BNUSET
Ha XPOMOCOMHbI annapart KJeTOK rpynnbl CpaBHe-
HUS, HO 3PPEKTbI 0OHAPYXMBAIOTCS Y UL, MPOXN-
BalOLLMX HA TEPPUTOPUSIX C MOBbLILLEHHbIM pagnaLm-
OHHbIM poHOM [8]. PagnaumoHHO-MHAYLMPOBaHHas
HecTabW/bHOCTb FeHoMa CBsi3aHa C OJINTENIbHOWN
NepPCUCTEHLMEN OKNCIIUTESNIBHOIO CTpecca, YTo MO-
XET ABNATbCHA MaToreHeTU4eCkKom OCHOBOW pasBu-
TUS OTAANEHHbIX MOCNEACTBUI 06y4eHMs.

[MonyyeHHble pe3ynbTatbl MO OLEHKE TeHeTu-
4eckoro craTryca naumMeHTOB, MOABEPriunxcs Oen-
CTBUIO NMOHU3MPYIOLWEN pagmaunm Bcneacrteme Hep-
HOObIILCKOWN aBapuu, C MOMOLLbIO XPOMOCOMHbIX
abeppaumini CBUOETENbCTBYIOT O HEobXoAMMOCTU
MOHUTOPHOro HabnaeHUs 3a COCTOSIHMEM 3[40pPO0-
Bbsl, B OCOOEHHOCTU Y NNL, C HAJIMYNEM XPOMOCOM-
HbIX HAPYLUEHWI, TaK KaK, HECMOTPS Ha OJINTENbHbIN
nepuog, BPEMEHU rnocne obnyyeHusi, C 4aCcTOTOWM,
MpeBbILAOLLEN KOHTPOJIbHbIE 3HayYeHUd, BbISBISA-
I0TCH pagviauvioHHble MapKepbl, a Takxke U apyrue
HapyLLeHUs1, CBA3aHHbIE C PUCKOM Pa3BUTUSA OHKO-
noruyeckmx 3abonesaHui.

3aknioyeHue

Takum o6pa3om, B pesynbtaTe MpoBeaeHHOro
aHanmMaa HecTabubHbIX XPOMOCOMHbIX abeppauuii
y 45,5% nukBMOATOPOB MOCNEACTBMIA aBapuu Ha
YepHoObblibeckoli ASC yepes 30 neT nocrne ydactus
B JINKBUOAUNOHHbIX paboTax Ha CTaHUMM BbISIBIIEHbI
pagvauMoOHHbIE Mapkepbl, NOATBEPXOAIOLLME KOH-
TakTbl C MOHU3UPYIOLWMMU U3NYYEHUSIMU B aHaM-
Hesde. C npuMeHeHneM aHanmaa ctabusibHbiXx abep-
paumii 6bina onpepeneHa 6Guonoruyeckas [[o3a
00nyyeHns y NMKBMOATOPOB MOCNeACTBUIA aBapum
Ha YepHoObObinbcko ASC 1 NpoaeMOHCTPUpOBaHa
BO3MO>XHOCTb BOCCTAHOB/IEHUS BUONOrMYECKNX 103
y 1L, NOABEPrnxcs BO3AENCTBUIO MasbiX 003 NO-
HU3VPYIOLLMX U3NYYEHU, B OTAAJIEHHOM MNepuone
rnocJsie KOHTaKTOB C paguauue.

B pesynbraTe nccnefoBaHus Takke Oblnn BbiSB-
NeHbl GakTopbl (COCTOAHUE 300P0BbS, HANIMYNE OH-
Konornyeckux 3aboneBaHuin, NPOBEAEHNE pPAONO-
Tepanuu WM XMMWUYECKOW Tepanun), KOTopble
cnegyeT yydumTbiBaTb MpY NPOBEOAEHUN PETPOCMEK-
TUBHOWM OMONOrMYeckor aOo3VMeTpun, CBUOETEIb-
CTBYIOLLME O HEOOXOOMMOCTU y4yeTa 1 aHanmM3a aHa-

instability is related to prolonged persistence
of oxidative stress that can be a pathogenetic
mechanism underlying remote radiation ef-
fects.

Genetic state estimation in patients ex-
posed to ionizing radiation related to the
CNPP accident shows the need of health
state monitoring, especially in patients with
chromosome aberrations, since markers of
radiation exposure and other aberrations as-
sociated with higher oncology risks exceed
reference ranges over a long period of time
after radiation exposure.

Conclusion

Hereby, the unstable chromosome ab-
errations analysis has revealed markers of
radiation exposure in 45.5% of CNPP ARW
30 years after the participation in accident
recovery works. Using stable chromosome
aberrations analysis, the biological radiation
dose was determined in CNPP ARW and the
ability to estimate biological doses in a re-
mote period after exposure to low-dose ion-
izing radiation was demonstrated.

Besides, a number of factors (health state,
oncology diseases, radiotherapy, chemo-
therapy) should be considered while evaluat-
ing radiation doses retrospectively in order to
interpret the obtained results correctly.
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LIUPKYMMNOIAAPHAS
MEULIMHA:

MeTaaHa/n3 0TeveCTBEHHbIX
Hay4HbIX cTateii (2005-2018 rr.)

MpoaHanmanpoBaHbl 3617 0TEHECTBEHHbIX HAYYHbIX CTaTeln, MPOVUHAEKCUPOBaHHbIX
B PoccuiickoM MHOEKCe HayYHOro LMTMPOBaHMS U onybnnkoBaHHbX B 2005-2018 rr.
OTmeyvaeTcst yBennyeHve nybnmkaumoHHOM akTMBHOCTU aBTOPOB. PyTWHHBIM crnoco-
60M cTaTbl COOTHECEHBI C PyOpMKaMmn co3aaHHOro Knaccudurkatopa no Meanko-omo-
P niormyecknum npobnemam HaceneHusi, npoxueaiouwero Ha KpaiiHem Cesepe Poccuw.
Bonblie Bcero crarei 66110 NOCBALLEHO NpobiemMamM aganTtaumm HaceneHms K ycno-
Busim KpaiiHero Cesepa (27,9 %), aTmonorum, nedyexHvs n peabunutaumm 3abonesa-
HWA (23,4 %), KnnHMYeckol nabopaTopHoin anarHocTuku (13,7 %) n rurvensl (11,4 %).
B maccuBe ctaTeit Hanbosiee 4acTo U3yyHanmcb MeamKo-6unonormyeckme npodnemMsl Ko-
peHHoro Hacenexus KpaiiHero Cesepa (16,3 %), aetein (13,6 %), noapocTkos (8,7 %)
1 pabOoTHMKOB BaxTOBOW opraHmsaumn Tpyaa (6 %).

BTopoi1 pasaen KHUrv npeAacTaBnseT TeMaTuiecknin ykasatesib 3617 Hay4HbIX cTa-
Ten, bubnuorpadunyeckas 3anuck KoTopbix npreegeHa no NOCT 7.0.5.-2008.
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