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IMOPYIIEHHA TEHHOI EKCITIPECII, TEJIOMEP TA
KOTHITUBHUM JE®IIUT IK ®YHKIIII 103U Y
OITPOMIHEHUMX IN UTERO TA B 10POCJIOMY
BILII BHACJIIJIOK ABAPII HA YAEC

MeTa gocnigKeHHA — BUBUUTY MOXKNUBI eheKTU MaNMX 03 i0HI3YI040ro BUNPOMiHIOBAHHS HA KOTHITMBHI QYHKLIT ao-
pOCAKX i ONMPOMiHEHUX BHYTPILIHEOYTPOOHO.
Marepianu i metoau. [poBeaeHO LOCNIAKEHHS KOTHITUBHUX TECTIB, AOBXMWHU TENOMED i eKCnpecii reHis, Wo pery-
notoTh QYHKLUi0 TenomMep B y4acHMKiB NikBigauii Hacnigkis aBapii Ha YopHobunbcbkiit AEC (YTHA), onpomiHeHux y
£03i meHwe 500 mM3B (n = 326) Ta 0ci6, ONPOMiHEHUX BHYTPiWHbLOYTPOOHO B nepwi fHi nicns aBapii y m. Mpu'naTi
(n =104). HeMpOKOrHiTMBHA OLiHKA BK/KOYANA OCHOBHi KOTHITUBHI (YHKLiT: nam’aTb yBary, MOBY, BUKOHaBYi yHKLi
Ta Bi3yaNbHO-NPOCTOPOBE CNPUIHATTA. Y MONOAMX LOPOCAMX MiCAsA MpeHaTaNbHOr0 ONMPOMIHEHHS aHanisyBanu
3B'30K MiX KOTHITUBHUMU QYHKLIAMK i 103010 ONPOMiHEHHSA HA MAifd, MO30K Ta WKUTonoaibHy 3ano3y. AHani3 ncuxo-
HEBPONOTiYHUX TECTiB YYacHWKIB nikBigauii Hacnigkie aBapii Ha YopHobunbcbkii AEC Ta ocib, onpomiHeHux
BHYTPilUHbOYTPOOHO, 3 Pi3HUM PiBHEM KOFHiTMBHMX MOpYLWeEHb NPOBOAUIN B MOPiBHAHHI 3 BHYTPilWHIM KOHTpONEM:
rpynot yyacHukis nikeigauii asapii Ha YAEC onpomiHeHnx B Mexax o 20 m3B, Ta rpynu oci6 BignosigHoOro Biky 3
pafioaKTMBHO 3a0pPYAHEHUX TEPUTOPIiil ANA BHYTPilHBOYTPOOHO ONPOMiHEHUX.
Pesynbratn. KorHitveHi dyHKUii YJIHA nicns onpomiHeHHs B AOpOCAOMY Bili, XapaKTepu3yBanucsa CUMNTOMaMM
NOMipHOro KOrHiTMBHOro fediumnTy 3a ingekcamm MMSE (cepepHiit rpynoBuit iHaekc 25,58 + 2,95) Ta AOCTOBipHO BU-
WM1M [0303aE€XHUM PiBHEM MCUXIYHUX NOpyLleHb 3a wkanoto BPRS. B YJIHA nicns onpomiHeHHs B go3ax > 500 m38
BM3HAYAETbCA OiNbl BUPAXKEHUIA KOTHITUBHMI AedilmnT, NOPiBHAHO 3 rpynamMu onpomiHeHux no 500 m3B Ta, ocobnu-
BO, HEOMPOMiHEHUX NaUieHTIB. Y cy6’eKTiB, onpoMiHeHuX in utero, npu ob6CTexeHHi y Billi 25—27 pokiB AiarHoCTyBanu
3axXBOpIOBAHHA aBTOHOMHOT HepBoBoi cuctemun (ICD-10: G90) Ta AOMiHYBaHHA HEBPONOriYHOT MiKPOCUMNTOMATUKMK,
HEBPOTUYHMX, NOB'A3aHMX 3i CTpecoM Ta comatoopHux nopyuweHb (F40-F48). BctaHoBneHO 3B'A30K MiX ekcnpecieto
reHis TERT, TERF1, TERFZ, BigHOCHOW poBxMHOT Tenomep (RTL), KorHiTuBHuM gediuuTom, LepebpoBaCKyNAPHOIO NaTo-
Nori€to, 40300 ONPOMiHEHHSA Ta BiKOM. BigHoCHa J0BXMHA Tenomep y 3arafibHii KOropTi y4acHMKiB NikBigaLii aBapii
Ha YAEC 3HmxyBanacs nicns 50 pokis (6,1 %) 3 Hanbinbw cyTTEBUM 3HUKEHHAM nicns 70 pokis (11,7 %). HeratusHy
Kopensuito BcTaHoBneHo Mix RTL Ta korHiTuBHuM fediumtom (MMSE), mix BiKOM Ta cTyneHeM KOTHiTUBHOTO aedium-
Ty. ¥ cy6’ekTiB 3 KOrHiTUBHUM aediunTom RTL 6yna 40CTOBIpHO 3HMMKEHOI BiAHOCHO rpyni NOpiBHAHHA. B iHTepBani
Manux 0o3 ckopoyeHHs RTL nos’szaHo 3 rinepekcnpecieto reHa TERT2 npu Hu3bkKi ekcnpecii TERT. MNpu po3ax Bulle
250-500 mM3B npoaeMOHCTpOBaHO rinepekcnpecito reHiB TERFT, TERT Ta 3HMeHHS ekcnpecii reHa TERFZ, acouitoBaHi
3 KOTHITMBHMMU pO371afjamu Ta LeMeHUi€elo. BcTaHOBNEHO HeraTMBHUIA KOPensaLuiiHuMii 38'A30K MiX eKCnpeci€lo reHa
TERF2 Ta eKkcnpecieto npoanonToTuyHoro mapkepa CD95.
BucHOBKM. BcTaHOBIEHO 3aN€XHICTb KOTHITUBHOMO AediunTy v BigaaneHoMy nepiofi nicns onpoMmiHeHHs Bif 403K,
BiKY Ha MOMEHT ONPOMiHEHHS Ta reHHoT perynauii GyHKUii Tenomep.
KnioyoBi cnoBa: Tenomepw, HU3bKi 403W OMPOMiIHEHHSA, KOTHITUBHUI AediuuT, reHHa ekcnpecis, YopHobunb.
Mpobnemu padiayitinoi meduyuru ma padiobionozii. 2015. Bun. 20. C. 283-310.
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Gene expression, telomere and cognitive deficit analysis as a function of
Chornobyl radiation dose and age: from in utero to adulthood

Objective - to estimate the possible effects of low-dose ionizing radiation on human cognitive function in adult-
hood and in utero.
Materials and methods. Cognitive tests, telomere length and expression of genes regulating telomere function were
studied in Chornobyl cleanup workers who were exposed to doses under 500 mSv (n = 326) and subjects exposed in
utero during the first days after the accident Prypiat town (n = 104). The neurocognitive assessment covered mem-
ory, attention, language, executive and visiospatial functions. In young adults after prenatal exposure a relation-
ship was analyzed between a cognitive function and radiation dose to foetus, brain and thyroid gland. Internal con-
trols were used for both groups — the group of Chornobyl cleanup workers exposed in doses less than 20 mSv and an
age-matched comparison group from radioactively contaminated areas for subjects exposed in utero.
Results. Cognitive functions in cleanup workers exposed to ionizing radiation at adulthood are characterized by
symptoms of a mild cognitive impairment according to the MMSE (mean group score 25,58 + 2,95) and a significant-
ly higher level of mental disorders according to the BPRS in a dose-related manner. Cleanup workers exposed to doses
over 500 mSv demonstrate a significant cognitive deficit in comparison with those exposed below 500 mSv and espe-
cially non-exposed patients. Subjects exposed in utero during the check at age of 25-27 years exhibit an excess of the
disorders of autonomic nervous system (ICD-10: G90). Neurological microsymptoms as well as neurotic, stress-relat-
ed and somatoform disorders (F40-F48) dominate. Relationship were revealed between the TERT, TERF1, TERF2 genes
expression, relative telomere length (RTL),cognitive deficit and cerebrovascular pathology, radiation dose and age.
Telomere length in cleanup workers is sreduced after 50 years (6.1 %). The most significant reduction in telomere
length is shown after 70 years (11.7 %). Negative correlation was found between telomere length and degree of cog-
nitive deficit (MMSE scale) and between age and degree of cognitive deficit. The RTL is significantly decreased in
groups of persons with cognitive deficit compared to a comparison group. Telomere length at the late period after low
dose radiation exposure is downregulated by the high TERF2 gene expression combined with low expression of TERT
gene. After exposure to doses over 250-500 mSv a cognitive deficit and dementia were associated with a substantial
increase in TERT gene expression, overexpression of TERF1 and decrease in expression of TERF2 gene. A relationship
was revealed between the TERFZ gene expression and CD95+ cell fraction susceptible to apoptosis.
Conclusions. This study shows that cognitive deficit in humans at a late period after radiation exposure is influ-
enced by dose, age at exposure and gene regulation of telomere function.
Key words: telomeres, low-dose radiation, cognitive deficit, gene expression, Chornobyl.
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BCTYII

BrnimuB ioHi3ytouoi pamiarii Ha 300poB’sT TIONWHU MOXE
3aJIeKaTH Bil 103M ONMPOMiHEHHS Ta OyTu MoauGiKoBa-
HUM HM3KOIO UMHHMKIB, 30KpeMa, TICUXOJOTiUHUM CTpe-
coM. PapianiiiHi echeKTH MiACUIIIOIOTHCS 32 PAXyHOK CH-
HEepri3My iMyHOJIOTIYHUX, METaOOIIYHMX Ta FTEHETUYHUX
npoieciB. BaxiuBy posib y 0iojorii BUXKMBaHOCTI
KJIITUH, CTapiHHS Ta KJIITUMHHOI 3arubei BiairpaioTh Te-
Jlomepu — creuianizoBani ctpyktypu JIHK, posraiio-
BaHi Ha KiHLEBUX IUISIHKAX XpomocoM. TejromepHUit
KOMILIEKC Oepe y4acTh y 3aXMCTi XpOMOCOM Bif TTOIII-
komxkenb JJHK depe3 aktupauito p53 a6o plé INK4a
LIUISIXiB, $IKi BPELUTi-peLUT MPU3BOIITh A0 KJIITUHHOTO
cTapiHHs i/abo amontosy [1].

INTRODUCTION

Health effects after radiation exposure in humans
may depend from radiation dose and could be mod-
ified due to confounding factors such as psycholog-
ical stress. Effects could be enhanced through syn-
ergism of immunological, metabolic and genetic
processes. Important role in the biology of cell sur-
vival, aging and death is played by telomeres — spe-
cialized DNA structures located at the terminal
ends of chromosomes. Telomere complex plays an
important role in protecting the chromosome from
DNA damage, such as “breaks” DNA by activation
of p53 or pl6 INK4a pathways, which ultimately
lead to cellular senescence and/or apoptosis [1].
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YV nponidepyrounx KJIiTMHAX, TEJIOMEPHU ITOCTYIIOBO
CKOPOYYIOTBCS MPOTATOM KOXHOTO MITOTUYHOTO TOJILITY,
110 TIPU3BOAUTH IO KJIITUHHOrO CTapiHHS. BignosigHo,
CKOPOYEHHS TOBXKUHU TeJIOMEP € HEe TUIbKA MapKepoM
0ioJIOriYHOrO CTapiHHS, a i1 MeXaHi3MOM 3 BaXXJIMBUMM
¢dyHKIioHAaTbHUMM Hachaigkamu. Ha mopeni ¢ibpo0-
JIACTiB JIIOAMHU MOKA3aHO 3HAYEHHSI MOIYJISILIIT TOBXKUHU
TeJIOMEep Y PO3BUTKY XPOMOCOMHOI HECTAOiIbHOCTI, iHIy-
KOBaHOI iOHi3yI0uMM BUIIPOMiHIOBaHHSM [2]. B Toil ke
4yac, HE BCTAaHOBJIEHO IOCTOBIPHOTO CKOPOUYEHHS TEJTIOMEDP
y HaceJieHHs1 Taty Kepajia mpu npoxXuBaHHI B yMOBaXx
BILJIUBY BMCOKOTO TIpUPOJHOro oHYy orpomMiHeHHs. [a-
HUX ILOJ0 3MiH eKCIpecii reHiB, MOoB’sI3aHUX 3 (PYHKIIIEIO
TeJoMep, He HaBoauThed [3]. ICHYye He3HauHa KiabKiCTh
iH(opMaLii mpo 3MiHN JOBXWHU TEJIOMEP Y BiIgaTeHOMY
nepioni micass OonmpoOMiHEHHS Ta MOro BIIMB Ha (opMy-
BaHHS BiIJaJeHUX padiallifHUX HACiIKiB.

JoBXuWHa TeToMep COMaTUYHUX KIIITUH CKOPOUYETHCS
3 BIKOM Ta ITi/l BILIMBOM Pi3HUX €HIOT€HHUX Ta €K30I€H-
HUX TaTOTeHETUYHUX ¢akTopiB. JloBXMHA TeaoMmep
JIEMKOUUTIB Mepu(eprnyHOoi KpoBi MOXe 3MiHIOBaTHUCh,
HampuKJIam, Iicjasi MPOMEHEBOl Tepallii, a pamiauiiHui
edeKT, SIK IMpaBUJIO, IPOSIBISIETHCS Y KIITUHAX 3 KOPOT-
MM TeaoMepami [4]. JoBxXuHaA TeaoMep Y JIeHKOIN-
Tax B LJIoMy OyJia MpUifHSITA 32 CTaHAAPT BUMIipy JOB-
KWHU TEJIOMED, i B OCTAaHHE AECATUIITTS OyB BCTAHOBJIE-
HU 3B’S130K 3 JeSIKMMU BiKOBUMHU 3aXBOPIOBAaHHSIMHU, a
came: cepleBO-CyAMHHUMMU, paKOM Ta JeMeHIiero [5].
HoBXWHaA TeJoMep JEUKOIUTIB IIPOIOHYETHCI SK
OioMapKep HasIBHOCTI (DYHKLIOHAJIbHUX Ta CTPYKTYPHUX
npoleciB cTapiHHSI MO3Ky. JloBri TeiloMepu, ILIO €
CBiTYEHHSIM BiZHOCHO HM3bKOi KJIITMHHOI TpoJide-
pallii, 3HaiIeHi TPy 3MEHIIIeHHi 00’eMy Tirmokamiy [6].

JoBxXurHa TejoMmep 3ajeKUThb Bill OaraTbox CEpLEBO-
CYIMHHUX (PAKTOPiB pU3HUKY i € OiomapkepoM BiKy. CKo-
POYEHHS TOBXUHU TEJIOMEP BUSIBJISIOTH Y OLIbII Mi3Hb-
OMy Billi, MPU aTepOCKIEPO3i, TiMEePTOHii, OXHWPiHHI,
LIyKpOBOMY Jaia0eTi, KypiHHi, HU3bKill (Di3MUHiii aKTUB-
HOCTi, ceplLeBiii HeaOCTaTHOCTi, XXOPCTOKOMY MOBOJ-
JKeHHi B IMTUHCTBI, 3a0pyAHEHHi MOBITPsS BHACIIOK
JMIOPOXKHBOTO PYXY, XPOHiUHil iH(eKIlii, y OMMHaKiB Ta
npu IeMeHlii. byio mokaszaHo, 1110 CKOPOYEHHS TeJl0-
Mep IOB’sI3aHE 3 KOTHITUBHUMM MOPYIICHHSIMHU, BKITIO-
yarouu nemMeHl1ito [7]. OgHak 3B’S1I30K MixK CKOPOYECHHSIM
TeJIOMep i KOTHITUBHOIO TUC(YHKIIIEI0 HE MOXHa BBa-
KATW OJHO3HAYHO BcTaHoBAeHUMM [8]. Kpim Toro,
BiJICYTHIi JaHi IIOJ0 B3aEMO3B’SI3KY MiX JOBXKWHOIO TE-
JoMep i 1LepeOpOoBACKYJSIPHUM HEHPOKOTHITUBHUM
JedIlMTOM I/ BIUTMBY MaJvX 103 pajiallii.

€ cBinueHHs, 10 Maii n1o3u onpomiHeHHs (100 mIp)
aKTUBYIOTb T€HM, BiIMiHHI BiJ TUX, SIKi aKTUBYIOTbHCS

In proliferating cells, telomeres are gradually
reduced during each mitotic division and ulti-
mately cell aging. Thus, reducing the length of
telomeres is recognized not only a marker of bio-
logical aging, but also the mechanism with impor-
tant functional consequences. On human fibrob-
lasts the role of telomere length modulation is
demonstrated in the development t of a delayed
chromosome instability induced by ionizing radia-
tion [2]. However, no significant influence on
telomere shortening was demonstrated in Kerala
population with high natural irradiation [3]. No
data was presented on the expression of genes
associated with telomere function. Few informa-
tion is available on the telomere length changes at
the late period after exposure and its influence on
the formation of the late radiation effects.

The telomere length of somatic cells shortens with
age and with other endogenous and exogenous
pathogenetic factors. The telomere length in periph-
eral blood leukocytes could be affected by radiation
therapy, and the effect of radiation tends to appear in
cells with short telomeres [4]. Leukocyte telomere
length has generally been accepted as a measure-
ment of systemic telomere length and has in the last
decade been found to be associated with several age-
related disorders and attributes; e.g., cardiovascular
disease, cancer, and dementia [5]. The leukocyte
telomere length being used as a biomarker for tap-
ping functional and structural processes of the aging
brain. Long telomeres representing a history of rela-
tively low cellular proliferation, are associated with
smaller hippocampal volumes [6].

The length of telomeres is influenced by many of
the cardiovascular risk factors and is a biomarker
of age. Reduced telomere length is found in senior
age, atherosclerosis, hypertension, adiposities,
diabetes, smoking, physical inactivity, heart fail-
ure, maltreatment in childhood, exposure to traf-
fic pollution, chronic infection, single life and
dementia. It has been demonstrated that telomere
shortening has been associated with cognitive
impairment including dementia | 7]. However, rela-
tionships between telomere shortening and cogni-
tive dysfunction are contradictory [8]. Moreover,
there are no available data concerning relation-
ships between telomere length and cerebrovascular
neurocognitive deficit following exposure to low-
dose radiation.

There are indications that a low-dose exposure
(100 mGy) activates genes different from those
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micas aii Bucokux no3 (2 Ip), a reHM pearyBaHHSI Ha
HU3bKi 103U MOB’s13aHi 3 iHIIMMU CUTHAJIbHUMMU LIJIsIXa-
MU Ta QYHKIIIMU. MoleKyaspHa peakiliss MO3KY MHUIIT
MPOTSITOM JEKiIbKOX TOAMH IIiCJISI HU3bKMX 103 OIl-
POMiHEHHS BKJIIOYAE 3HMKEHHSI aKTUBHOCTI HEMPOHHMX
LUISIXiB, TIOB’SI3aHMX 3 KOTHITUBHOIO NUC(PYHKIIIEIO, aK-
TUBHICTb SIKMX 3HUXKYEThCS IIPYU HOPMAJILHOMY CTapiHHi
JIIONMHU Ta XBOpoOi AnblreiiMepa [9]. loHizyloue BuIli-
POMIHIOBaHHSI BBaXKa€ThCS TPUIEPOM CTapiHHSI Ta
acoliiioBaHO1 XBOpoOU AJblireiimepa.

Excnpecis reHiB € 4yTIMBUM iHAMKATOPOM pajialliii-
Horo BILUIMBY. He3Baxkarouu Ha Te, 1110 TTOBHA cXeMa 3MiH
€KCIpecii reHiB, OB’ sI3aHUX 3 ONTPOMiHEHHSIM BiZICYTHS,
CJIiZl 3a3HAYMTH, 1110 11i 3MiHU € He3aNePeYHUMMU i 1030-
3aIEXKHUMU. TaKUM YMHOM, MU MOXEMO IPHUITYyCTUTH,
1o Tnpodink ekcrpecii reHiB Moxe Oyt iHDopMaTUB-
HUM MapKepoM OIPOMiHEHHSI.

OcHOBHaA MeTa [JOCJIKEHHSI ToJjsiraja B TOMY, 1100
JIOCIIAUTHY POJIb pafialliiiHOro OIPOMiHEHHSI B TeHHIM pe-
TYJSILi1 JOBXWHU TeJIOMED i ioro BIUIMB Ha MaTOreHe3 11e-
peOpPOBACKYISIPHOIO HEWPOKOTHITUBHOTO AeMIllUTy Y
BimgajgeHOMy Iiepiodi Iiciss ONPOMiHEHHSI B Jiama3oHi
HU3BKMX 103 BHACTIZOK aBapii Ha YopHoomnbebKiit AEC.

MATEPIAJI TA METOJI

Jlu3aiin nocimKeHHs Ta BUOipKa

Yuacnuxu nikeioauii nacniokie aeapii (JIHA) na YAEC.
Yuacnuku JIHA Oynu oOpaHi BUITaAKOBUM METOAOM 3
HepkaBHOIro peecTpy YKpaiHu oci0, Ki MmocTpaxmaiu
BHacyinok aBapii Ha YAEC (IIPY). Penpe3eHTaTBHa
BUOIpKa BKJIIOUajia B cebe yyacHukiB JIHA, sgki npa-
moBanau Ha npommairigaHuuky YAEC ta 30-kimomer-
poBiii 30Hi B mepion 3 26.04.1986 p. mo 31.12.1989 p.
Kpurepisimu paHaomizailii 3 KoropTy Oy TaKi: 40J0-
Biua cTaTh, BiK 45+; HagBHicTh B A PY mo3m ompo-
MiHeHH4. Jlo3u 3Haxomuircs B niana3oHi 0,8-2800 M3B
3 CEpeAHbOrPYITOBMM 3HaUeHHsIM (274,0 = 418,9) m3B
(M £ SD).

INomyk BKITIOYaB imeHTH()IKAIiI0 OCTAHHBLOI aapecH,
HaJACWUJIaHHS JUCTIB-3aMpoOIIeHb, KOHTAKT I10 TeaedoHy
(IKI110 MOXKJIMBO) Ta MEPCOHATBHUIT KOHTAKT. PekpyTo-
BaHa rpymna 3 326 yuacHukiB JIHA Gyna po3noniieHa Ha
5 miarpyn, BiAMOBiIHO 10 031 OMPOMiHEHHS, Ta 00CTe-
JKeHa Ha HasIBHICTh KOTHITMBHOIO Ne(MIilMUTy i MOJIEKY-
JIIpHUX 3MiH. BuBuanu 5 pozoBux rpym: 0,0—-20 m3B
(BHYTpILlIHIK KOHTpOb), 20—100, 100—250, 250—500 M3B
ta Buie 3a 500 M3B. 30BHINIHIT KOHTPOJIH BKIIT0YaB 30
MelkaHiiB M. Kuesa, craHmapTu3oBaHMX 3a BiKOM Ta
cratTio (tabn. 1). CepeaHsi n03a 30BHILLIHHOTO OIl-
poMmiHeHHs miasa MemikaHuiB Kuesa 3a 1986-2011 pp.,
BU3HadyeHa BiggisioMm gosumerpii HHLIPM, — 1,76 m3B.

after a high-dose radiation (2 Gy) and low-dose
response genes are associated with the other path-
ways and functions. The molecular response of the
mouse brain within a few hours after low-dose
irradiation involves the down-regulation of neural
pathways associated with cognitive dysfunctions
that are also down-regulated in normal human
aging and Alzheimer’s disease [9]. lonizing radia-
tion is considered to be a trigger for aging and
associated Alzheimer’s disease.

Gene expression is a sensitive indicator of radia-
tion exposure. Despite the fact that overall scheme
of gene expression changes associated with irradi-
ation isn’t known to date, the presence of these
changes is indisputable and dose-dependent. So,
we can assume that the gene profile may be
informative as a marker of exposure.

The main aim of the study was to explore the role
of radiation dose on gene regulation of telomere
length and its influence on the pathogenesis of
cerebrovascular neurocognitive deficit at the
remote period of low-dose irradiation as a result of
the Chornobyl accident.

MATERIALS AND METHODS
Study Design and Sample
Cleanup workers. Chornobyl cleanup workers were
selected randomly from the State Registry of
Ukraine of Exposed after the Chornobyl Accident
(SRU). The representative sample included cleanup
workers who worked on the industrial site of Chor-
nobyl NPP and in the 30-km zone since April 26,
1986 till December 31, 1989. The sample of cleanup
workers has been randomized from the cohort
according to the criteria of male gender, age 45+, and
individual external radiation dose available in the
SRU. Radiation dose values ranged from 0.8 mSv to
2800 mSv (274.0 + 418.9 mSv) (mean £ SD).
Tracing included identification of the address,
mailing letters, contact by phone (if available), or
door-to-door contact. A group of 326 Chornobyl
cleanup workers was recruited, divided into 5 sub-
groups according to radiation dose and tested for
cognitive dysfunctions and molecular changes. Five
dose groups were studied: 0.0—20 mSv (internal con-
trol), 20—100 mSyv, 100—250 mSy, 250—500 mSy, and
>500 mSv. The control group consisted of 30 age
standardized subjects residing in Kyiv city (table 1).
Mean radiation doses of external exposure for Kyiv
residents for 1986—2011 period were estimated by the
RCRM Department of dosimetry as 1,76 mSv.
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Ta6nuusa 1
Po3nogin Ta gecKkpunTUBHA XapaKTepucTMKa yyacHukiB JIHA 3a fo30BMMU rpynamu
Table 1
Distribution and descriptive characteristics of randomized cleanup workers by dose groups
lpyna Hosa, m38 KinbkicTb cy6’ekTiB Bik / age
Group Dose, mSv Number of subjects M (SD) Jiana3oH / range
1 0—20 (BHYTPILLHIA KOHTPOb) 44 61,97 (6,67) 44-78
2 20-100 85 58,40 (6,18) 46-75
3 100-250 97 56,89 (7,63) 45-76
4 250-500 64 58,95 (7,43) 45-80
5 > 500 36 61,11 (6,99) 47-76
6 30BHiLLHIA koHTPONb (1,76) 30 52,82 (5,96) 45-74

3a cTyrneHeM KOTHITUBHUX MOpyIIeHb yuacHUKiB JIHA
OyJo posnoaineHo Ha 3 rpynu. Kpurepii BKIIIoUeHHS 10
TpyII Oy TAKNMU:
> 3dopoei — ydacHuku JIHA 0e3 KOTHITMBHUX IOpY-
1IeHb, BiACYTHICTb LEepedpOBACKYJSIPHOI IATOJOTi1
MiATBEpIKEHO HEeBPOIaToJIoroM, mokasHuk MMSE 28
abo BullIE;
> nomipHuil KoeHimueHuil deghiuum — yaacauku JIHA 3
NOMIpHUMM KOTHITUBHUMU MOPYILIEHHSIMU, HiATBEP-
JKEHOIO 11epeOpOBaCKYISIPHOIO MAaTOJIOTIEI0, BiAIOBiIa-
I0Th KpuTepisM HaykoBOoro IOJIOXKeHHSI CYAWMHHOTO
BHECKY 10 KOTHITUBHOIO MOPYILIEHHS Ta OeMEHILIil
AHA/ASA 111010 MOXJIMBOTO a00 BipOTiZHOTO CyIMHHO-
ro momipHoro KorHiTuBHoro mnopymeHHs (VaMCI),
iHgekc MMSE B mMexax 24—27;
> demenyis — ydacHUKY JIHA 3 cynmHHOIO TeMeHIIier0
(VaD), minTBepmkeHOI0 I1IepeOpOBACKYISIPHOIO IIaToO-
JIOTi€10, BiIMoBinaoTh KputepisM HaykoBoro monoxeH-
HSI CyIUHHOTO BHECKY A0 KOTHITUBHOTO ITOPYIIEHHS Ta
nemeHmii AHA/ASA momo MoximBoi a00 BiporigHOi cy-
mnaHoi nemenii (VaD), inmexkc MMSE 23 a6o Hmkue.

Posnognin cy0’exTiB 3a rpynaMu KOTHITUBHHUX IIOpY-
1IeHb HaBeJeHO B Ta0JI. 2.

KputepisiMu BUKIIOUEHHSI OyJM HASIBHICTb TSKKUX
3aXBOPIOBaHb LICHTPaJIbHOI HEPBOBOI CUCTEMU HECYIUH-
Horo xapakTepy (iHpeK1iiiHi, 0OMiHHi, ITyXJIMHHI, TpaB-

Also cleanup workers were divided for three groups
due to the level of cognitive impaiment. Inclusion
criteria for each group are presented below.

Healthy Group — Cleanup workers without cog-
nitive disorders; absence of cerebrovascular disease
confirmed by clinical review of neurologist;
MMSE score of 28 or more.

MCI Group — Cleanup workers with mild cogni-
tive impairment (MCI), confirmed cerebro-vascu-
lar disease by clinical review of neurologist; meet
the AHA/ASA Scientific Statement Vascular
Contributions to Cognitive Impairment and
Dementia criteria for probable or possible vascular
mild cognitive impairment (VaMCI); MMSE
score in a range of 24—27.

Dementia Group — Cleanup workers with vascu-
lar dementia (VaD), confirmed cerebrovascular
disease; meet the AHA/ASA Scientific Statement
Vascular Contributions to Cognitive Impairment
and Dementia criteria for probable or possible vas-
cular dementia (VaD); MMSE score of 23 or less.

Distribution of subjects by group of cognitive im-
pairment due to this criteria is presented in table 2.

Exclusion criteria were the next — other then
cerebrovascular severe diseases of the central nerv-
ous system (e.g. infectious, metabolic, tumors’,

Ta6nuusa 2
Po3nopgin ob6cTexxeHux yyacHukis JIHA 3a rpynamu KOrHiTUBHMX nopylueHb
Table 2
Distribution of cleanup workers by the group of cognitive impairment
Fpynu 3a cTyneHeM nopyuueHs / cognitive groups n %
3n0oposi / normal 83 25,46
MomipHuit korHiTBHWA fediumT / mild cognitive impairment 195 59,82
[emeHuis / dementia 48 14,72
Bcboro / total 326 100
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MU TOJIOBU, AeTeHEPAaTUBHI, JEIIPECUBHI 3aXBOPIOBAHHS,
TICUX031), HebaxkaHHS BUKOHYBAaTH BUMOTH IIPOTOKOIY
abo npoueaypu, abo HEe34aTHICTb 3PO3YMITU MOBY IPO-
TOKOJTY, TSIKKi YIIKOIKEHHSI CJIIYXOBOI (PYHKIIil, alKo-
roJjii3aM Ta HapKOTUYHA 3aJIeKHICTh.

Onpomineni in utero. JIPY mictuth iHdopMallilo 111010
1200 miTeit, ompoMiHeHNX BHYTPIITHHOYTpoOHO. Cop-
moBaHa HHIIPM xoroprta ornpomiHeHUX in utero (Ha-
pomxkeHi 3 27.04.1986 p. mo 26.02.1987 p. Ha pamioak-
TMBHO 3a0pyaHeHux Tepurtopisax Ykpainu (P3T), Bkiio-
yaroun YopHOOUJIbCHKY 30HY BiguyXeHHs, Oyjia igeH-
TU(diKOBaHa TIiCaSI MEPEBiPOK SIKOCTi Ta KOHCUCTEHT-
HocTi gaHux JAPY (n = 1037). Cy6’ekTH, sKi 3a3HaIA
BIUIMBY OIIPOMiHEHHSI B MeXaX IPUPOAHOro (hOHY, Ta
HaceneHHs P3T Oynau BKITIOYeHi 1O CTaHIApPTU30BaHUX
3a BIKOM TIpyIl TOpiBHSIHHA. [IpoToKos 3ampolleHHs
MAaLi€HTIB 10 JOCTiI)KEHHSI Ta KPUTEPil BUKITIOUEHHS OYy-
JIM TaKUMHU XK, K i B YJIHA.

PexoHcTpyKIIist iHIMBiAyaaIbHUX A03 HA ILTiI, (heTajb-
HOI 1031 Ha IIUTONOAIOHY 3a103y Ta Ha MO30K IIPOBO-
Juaach 3a JOMOMOTOI0 IBOX MiaxoAdiB: 1) ¢etanbHa no3a
Ha IUTOIOAIOHY 3a7103y MpUiiMaliacsd piBHOIO A03i Ha
IIMTONOAIOHY 3a7103y MaTepi; 2) BiIMOBiTHO 10 MOIeJTi
ITy6nikamii ICRP 88 (2001). Jo3u Oya0 BiZHOBJIEHO
anst giteir 3 M. [Tpum’saTh Ta KOHTPOJILHOI TPYNU 3 M.
Kuega.

3a ponomororo I[lyomikarii 88 ICRP [10] mpoBenero
00uMCIeHHs e(heKTUBHUX 103 Ha TLIiJI, MO30K Ta LIUTO-
noaioHy 3ano3y y 104 cy6’exTiB, HApOIKEHUX B MEPiof,
Mix 26.04.1986 p. Ta 26.02.1987 p. Bim MartepiB, eBa-
KyioBanmx 3 micra Ilpur’gari o Kmepa, ta 78 ix Ko-
JIMIIHIX ogHOKJIacHUKIB 3 KueBa. CepenHsi echeKTUBHA
¢eranbHa g03a y onpoMiHeHux Oyna (59,5 £ 25,3) m3B
(M £ SD B nopiBHsHHi 3 (1,2 £ 0,05) M3B B KOHTPOJIi.
IIpeHarasibHa €KBiBaJIeHTHA 1032 HA MO30K CTaHOBMJIA
(17,1 £ 7,1) Ta (0,8 £ 0,03) M3B BiAMOBIAHO AJIs OI-
POMiHEHHUX Ta KOHTPOJII0. EXBiBaJIeHTHA T03a HA IIIATO-
noaioHy 3amo3y oyna (685,1 £ 548,8) M3B y onpoMiHe-
Hux in utero Tta (34,0 £ 26,8) M3B — B KOHTPOJIbHIl
rpymi. Y 16 cy6’exriB (15,4 %) n03u Ha MMUTOMOMIOHY
3aJ103y 3a mnepiof in utero nmepeBulyBaaun 1 3B, 4 3 HUX
(3,8 %) manu no3y Ha 1in 6inbiie 100 M3B. it rpynu
nopiBHIHHS 3 P3T mo3m He HaBeneHi. JleckpunTuBHa
XapaKTepUCTUKA Cy0’€KTIB, OIMIPOMiHEHMX in utero, Ha-
BeAeHa y Tabu. 3.

Ingpopmosana 3e00a ma yxeana. IlmcbMoBy iHOpMOBa-
Hy 3rojly Ha y4acTb y JOCIiIXeHHI OTpUMaHO BiJl KOX-
Horo cy0’exTa. JlochimkeHHsT oTpuMaio yxBaiy Big Ko-
MmiTeTy 3 6ioeTuku HHIIPM. JloTpumyBaiucs mpouemy-
pU y BiIMOBIIHOCTI 3 ETUMHUMM CTaHIApPTaMU Ta XeJb-
CiHKCBKOIO aekiapatieto 1975 p. (mepersim 1983 p.).

major head trauma, degenerative, major depres-
sion or psychosis); unwilling to comply with the
protocol or procedures or unable to understand
the language used; any severe visual or auditory
disorders; alcoholism or drug dependence.

Exposed in utero. The SRU includes information
on 1,200 prenatally exposed individuals. The
NRCRM cohort of in utero exposed (born
between April 27, 1986 and February 26, 1987 at
the radioactively contaminated area of Ukraine,
including the Chornobyl exclusion zone) has been
identified after range and consistence checks of
the SRU data (n = 1037). Subjects were exposed to
natural radiation levels and population of radioac-
tively contaminated area were included to the age-
matched comparison groups. All of them have
been invited for examinations. Exclusion criteria
were the same as for cleanup workers.

Individual reconstruction of total fetal doses,
fetal thyroid doses and fetal doses on brain has
been carried out using 2 methods: 1) fetal thyroid
dose is assumed to be equal to the mother’s thyroid
dose, and 2) according to the model by ICRP
Publication 88 (2001). Doses were reconstructed
for the exposed children from Pripyat and also for
the control group in Kyiv.

The ICRP Publication-88 [10] was applied for
calculation of effective fetal, brain and thyroid doses
for a sample of 104 individuals born between April
26, 1986 and February 26, 1987 to mothers who had
been evacuated from Pripyat to Kyiv, and their for-
mer 78 classmates from Kyiv. Mean effective fetal
doses (with SD) were 59.5 = 25.3 mSv in the
exposed group and 1.2 £ 0.05 mSv in the control
group. Prenatal equivalent brain doses were 17.1 +
7.1 mSv and 0.8 = 0.03 mSv for the exposed and
control groups respectively. Equivalent thyroid
doses in utero were 685.1 £ 548.8 mSv in the
exposed and 34.0 £ 26.8 mSv in the control group.
There were 16 persons (15.4 %) who had been
exposed in utero to thyroid doses 1 Sv and more, 4 of
these individuals (3.8 %) had fetal doses >100 mSv.
No doses values are available for the radioactively
contaminated area population. Characteristics of
subjects exposed in utero is presented at table 3.

Consent and Approval. Written informed consent to
participate in the study was obtained from each
study subject. The study was approved by the RCRM
Ethical Review Committee. The procedures were
followed in accordance with the ethical standards
and Helsinki Declaration of 1975, as revised in 1983.
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XapakTepucTuKa cy6'eKTiB, ONpOMiHEHUX BHYTPilIPbOYTPOGHO Ta KOHTPONABHUX rpyn

Table 3
Characteristics of cases and controls

XapakrepucTuku OnpomiHeHi BUnagku it 3 P3T Kontponb

Characteristic Cases exposed Contaminated area Controls
n=104 n=23 n=78

Yonogiya ctartb, n (%) 54 (51,9) 10 (43,5) 34 (32,4)

Males, n ( %)

Bik, = MSD, pokis 245+17 247 +1,1 245+ 1,6

Age, mean + SD, in year

ExgiBaneHTHa 1032 Ha M030K, M + SD, m38 17171 N/A 0,8 0,02

Child's equivalent dose on brain, mean + SD, mSv

Child's integral fetal dose, mean £ SD, mSv

IHTerpanbHa go3a Ha nnig, M = SD, m38 59,5+ 25,3 N/A 1,2+ 0,05

ExgiBaneHTHa 103a Ha WwmTonomibHy 3anoay in utero, M £ SD, m3B 685,1 + 548,8 N/A 34,0 + 26,8

Child's equivalent thyroid dose in utero, mean = SD, mSv

Ilcuxonesponoeiitunuii npomokon ma eepughikayis diae-
Ho3ie. HelipoKOTHiTHBHA OlliHKA IPOBOAMIACH (haXiBIIsI-
mu Bigminy micuxoHeBposorii HHIIPM. JliarHoctuka
CYIWHHUX KOTHITUBHUX PO3JIa/iB MPOBOAMIACS 32 KPU-
tepismu AHA/ASA [11], mkanoro MMSE [12], a Takox
ICD-10 i DSM-1V. BuxkopuctoByBajiu IIKadd OMUTY-
BaJIbHUKIB YKPaiHCHKOIO Ta pOCiiicbkolo MoBamMu. BoHun
BKJIIOYAJIM TaKi KOTHITUBHI TECTU:

» lllkama Mini-Mental State Examination (MMSE)
JIJIsI BUBHAUYEHHSI KOTHITUBHOTO IeiluTy;

> TecT Bekciaepa mis OLWIHKM iHTEIEKTY OOPOCIUX
(WAIS) [13], nug ouinku BepOanbHoro (VIQ), HeBep-
o6anpHOro(PIQ) Ta mosHoTO 1Q);

» TeCcT ayIUTOPHOTO BepOajbHOro HaBuaHHSA Pes
(RAVLT) [14], nnst mociigxeHHs BepOaibHOro HaBYaH-
HsI Ta TPUBAJIOI IMaM’sITi.

KiiniyHe HeBpoJioriyHe Ta ncuxiaTpu4yHe JOCJIiIXKEeH-
HS TIPOBOJAMJIOCH 3a CTaHAAPTHUMHU IiaTHOCTUYHUMM
IIKaJIaMU;

» Po31IKMPEHOI0 KO CTaHy iHTEJIEKTYyalIbHOI HECII-
pomoxkHocTi Kurtzke (EDSS) [15], mi1s omiHKi HEeBpoO-
JIoTiyHOTO AeillnuTYy;

» KopoTkoo MncuxiaTpM4yHOIO OI[IHOYHOIO IIIKaJIO0I0
(BPRS) [16], mrs KibKiCHOTO BM3HAYE€HHSI OCHOBHUX
MCUXOMATOJOTIYHUX CUMIITOMIB Ta IICMXOIATOJIOTii B
uiomy;

» Illkanoro BHecky nofiit (1IES) [17], mist oliHKu cy0’eK-
TUBHOT'O IMCTPECY, BUKJIMKAHOTO TPAaBMYIOUOIO ITOII€I0;
» lllxanoio apaTiBMuBOCTI, nerpecii Ta TpuBoru (1DA)
[18], st oLiHKM ApaTiBIMBOCTI;

» 3araJibHUM OIMUTYBaJIbHUKOM 310poB’a-28 (GHQ-
28) [19], niast OUiHKM MCUXOJOTIYHUX ACMHEKTIB SIKOCTI
KUTTS,

Psychoneurological Protocol, Verification of Diagno-
ses. Neurocognitive assessment was performed by the
experts (Psychoneurology dpt., RCRM). Diagnos-
tics of vascular cognitive impairment was done
according to the AHA/ASA criteria [11], MMSE
[12], ICD-10 and DSM-IV criteria as well. Interview
scales were introduced in Russian or Ukrainian ver-
sion. The following ognitive tests were applied:

» Mini-Mental State Examination (MMSE), to
measure cognitive deficit;

» Wechsler Adult Intelligence Scale (WAIS) [13],
to measure Verbal (VIQ), Performance (PIQ) and
Full 1Qs;

» Rey Auditory Verbal Learning Test (RAVLT)
[14], to measure verbal learning and delayed mem-
ory.

Clinical neurological and psychiatric examina-
tion was carried out using standard diagnostic
scales:

» The Kurtzke Expanded Disability Status
Scale (EDSS) [15], to measure the neurologic
deficits;

» Brief Psychiatric Rating Scale (BPRS) [16],
for quantitative estimation of the main psy-
chopathological symptoms and psychopathology
generally;

» The Impact of Event Scale (IES) [17], to meas-
ure subjective distress caused by traumatic event;
» The Irritability, Depression and Anxiety Scale
(IDA) [18], to rate irritability;

» General Health Questionnaire-28 (GHQ-28)
[19], to measure the psychological aspects of qual-
ity of life;
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» lllkanoto aenpecii Zung (SDS) [20], mis ouiHKK
HACTPOIO MAIliEHTA.

Jocaidxcenns eionocrnoi doeéxcunu meaomep 3a 001noOMo2010
hayopecuenmnoi 2ibpudusauii in situ ma npomounoi
yumomempii

BusHaueHHSI BiTHOCHOI JOBXWHU TEJIOMEP MPOBOAUIU
3a nornomororo Telomer PNA Kit/FITC (DakoCytomet-
ration, Denmark). Habip pexomMeHI0BaHO 1S BU3HAa-
YEHHSI TeJIOMEP Y SIASPHUX TeMOITOSTUYHUX KIIITUHAX 3
BUKOPUCTAHHSM 3B’sI3aHUX i3 (pJIyopecleiHOM 3pa3KiB
nenTuaHoi HykjeiHoBoi kucaoTu (PNA). Mertoauka
MpOBEIeHHS aHali3y CKJagaaach 3 JeKiJIbKOX eTarliB, a
came: nornepeaHss odpodka, AeHaTypallis, ridpuau3anis
(1-i1 nenn); mpomuBaHHs, papoyBanug [JHK, anamis (2-
i1 neHb). B IKOCTi KOHTPOJIBHUX KIITHUH, OyJia BUKOPHUC-
TaHa JiHig JeikeMiyHux KiaiTuH K562, sika Mae 1oBry Ta
BCTAHOBJIEHY JOBXWHY TeJaoMep. AHaji3 riopuauzoBa-
Hux 3pa3kiB i3 FITC-miuenoio PNA 0yB mpoBeneHmii 3a
noromororo rpotouyHoro nuromeTpa FACSCalibur. RTL
pOo3paxoByBau 3a (HOPMYJIOIO:

» Zung Depression Scale (SDS) [20], to deter-
mine the mood of the patient.

Telomere analysis (relative length assay)

by fluorescence in situ hybridization

and flow cytometry

The relative telomere length (RTL) was assessed
using the Telomere PNA Kit / FITC (DakoCyto-
mation, Denmark). The kit is recommended for
application in asay of telomere length in nucleat-
ed hematopoietic cells using a peptide nucleic
acid (PNA) probe labeled with FITC. Assay pro-
cedure included several stages, namely prepro-
cessing, denaturation, hybridization (the 1%
day), washing, DNA staining, and analysis (the
2" day). The K562 leukemic cell line with long
and determined telomere length was used as con-
trol cells. Hybridized samples with FITC-
labelled PNA were counted at FACSCalibur
cytometer. The RTL was calculated by the equa-
tion as a follows:

cepeaHe 3HayeHHa FL1 y jocnigHux KnituH i3 3paskoM - cepeaHe 3HadeHHs FL1 y mocnigHux knitu 6e3 3paska
(mean FL1 sample cells with probe - mean FL1 sample cells without probe) x DNA index of control cells

RTL=

x 100

cepenHe 3HadeHHs FL1 y KOHTPOMbHUX KNITUH i3 3pa3koM - cepedHe 3HaueHHs FL1 y KOHTponbHKX KniTuH 6e3 3paska
(mean FL1 control cells with probe - mean FL1 control cells without probe) x DNA index of sample cells

Iloaimepasna aanuyrocoea peaxuis y pexcumi peaabHo20 Hacy
(ouinka 8iOHOCHO20 pi6Hs eeHHOI eKkcnpecii)

Bu3HauyeHHS BiTHOCHOTO piBHSI TeHHOI eKCcIpecil mpo-
BOJMJIU 3a JOMOMOTOI0 MOJIiMEPa3HOI JaHIIOTOBOI pe-
aKlIlii y peaJlbHOMY 4aci i3 3BOPOTHOIO TPAaHCKPUIILII€IO.
Bupinenns toransHoi PHK npoBoaunu 3 neiiKouuTiB
nepudepuyHol KpoBi 3a JOMNOMOTOI0 aBTOMAaTUYHOI
cranuii QIAcube (QIAGENE, Germany) ajig BUugiieH-
HSI HYKJIEIHOBMUX KHUCJIOT Ta HaOOpy sl BUIIJIEHHS
PHK — NucleoSpinRNAII (Macherey-Nagel, Ger-
many). Cunrte3 kommiaemeHTapHoi JHK (xkIHK) i3
3pa3kiB BuaiieHoi PHK npoBoauBcsi 3 BUKOPUCTAH-
HaM HighCapacity ¢cDNA Reverse Transcription Kit
(AppliedBiosystems, USA). Ammigikanis kJIHK mpo-
BoauJach Ha 6a3i podotuszoBaHoi ctaHii 7900 HT Fast
Real-Time PCR System (Applied Biosystems, USA) i3
3acTocyBaHHSIM HaOopiB TagMan pnsa reniB TERT,
TERFI ta TERF2. AHani3 oTpuMaHUX JaHUX ITPOBO-
IUIW 3a JOIOMOTOIO MIPOTPaMHOTO 3a0e3IedeHHS
SDS 2.3 Ta RQManager. [1oka3HUKM BiTHOCHOTO PiBHS
reHHoi excrpecii (RQ) po3paxoByBaiu 3a JOMOMOTOIO
2-hact METony, Ae AACt = (Ctsample - Ctref)contrl - (Ctsample -
Ctref)irradiated~

Real-time polymerase chain reaction

(relative quantification of gene expression)

Gene expression was explored by polymerase
chain reaction (PCR) with real-time reverse tran-
scription. RNA was segregated from peripheral
blood mononuclear by the automated workstation
QIAcube (QIAGENE, Germany) for nucleic
acids segregation with spin-column kit for RNA
segregation — NucleoSpin RNAII (Macherey-
Nagel, Germany) using the DNAse processing.
cDNA was synthesized from segregated RNA
samples with the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, USA).
Amplification of cDNAwas performed using
robotic systems 7900 HT Fast Real-Time PCR
System (Applied Biosystems, USA) with TagMan
sets for TERT, TERFI and TERF2 genes. The data
were analyzed using the SDS 2.3 software and
RQManager. Relative levels of gene expression
(RQ) was calculated according to the AACt com-
parative method, where AACt = (Ctsampie -
Ctrer)contrl - (Ctsampie - Ctrer) irradiated and the
expression ratio is 2AACt.
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3arajibHuii ICHXOHEBPOJIOTIYHMIA CTATYC:

rpyna yuyacuukiB JIHA na HAEC

B niporieci mpoBeneHHST HEBPOJIOTIYHOTO OOCTEKEHHS Y
OiJbILIOCTI TMali€HTIB AiarHOCTYBajacs MepeBaXKHO 1ie-
pebpoBacKyJsipHa MaToJIorisl — LepedpalbHUI aTepOCK-
JIepo3, TilepTeH3MBHA eHliedaorarTis, XpoHiuHa He-
JOCTaTHICTh MO3KOBOro Kpooobiry (XHMK), Haciigku
TMEepeHeCeHUX TOCTPUX IOPYIIEHb MO3KOBOIO KpOBO-
o6iry (I'TTIMK). Po3nonis obcTexkeHUX 3a HeBPOJIOTiu-
HOIO TIATOJIOTIEIO TIpeACTaBIeHUH B Ta0IMIIi 4.

Cnocrepiranuch AesKi BiZIMIHHOCTI MiX TpYIoIO
BHYTPIIIHBOI'O KOHTPOJIIO Ta iHIIMMU IpyllaMH 3a I10-
Ka3HUKOM “TrinepTeH3MBHa eHledanonatia” (cTaTuc-
TUYHO HEIOCTOBipHi). 3HAYEHHS TPYITM BHYTPIITHHOTO
KOHTPOJIIO TAKOX OYJIM HIDKUMMM Y TIOPiBHSIHHI 3 iHIITN-
MU rpynaMu (okpim rpynu > 500 M3B) 3a MOKa3HUKOM
“Hacninku nepeHeceHux I'TIMK”, omHak Takox 0e3
CTATUCTUYHOI JOCTOBIpHOCTI 3HayeHHS ITOKa3HUWKa
“IepedpalbHUIT aTepOCKIIepo3” He MOKa3ajio iCTOTHUX
BiIMiHHOCTE Y MOPiBHSIHHI 3 TPYMOI0 BHYTPIIlTHHOTO
KoHTpoto. BogHouac, nokazHuk XHMK 3ycrpivaBcs
YaCTIillle B IPYHi BHYTPILLIHLOIO KOHTPOJIIO Y MOPiBHSIHHI
3 no3oBoio rpynoto 20—100 m3B (x2 = 8,03; p < 0,05).
IH1Ia HEeBpoJloriyHa martoJioris Oyia npeacTaBieHa OIu-
HUYHUMM BUITaJKaMU B TPYIax JOCIiIKEeHHS.

Ilpu aHanizi MCUXOMATOJOriYHUX PO3JaAiB CIOC-
Tepirajoch CyTTEBE MepeBakaHHS TIALliEHTIB 3 Op-
FaHiYHUMU TICUXiYHMMM po3jagaMH, IO CIIPOCTOBYE
OpOBiAHY PoOJib Y (POPMyBaHHI MCUXOMNATOJIOTriI B y4yac-
HukiB JIHA nuire mcuxonoriYyHMX Ta IIOB’sS3aHUX 3i

Ta6nuus 4
Po3nopin o6cTexkeHux 3a HeBponoriyHoto naronorieto, %

Table 4

RESULTS

General psychoneurological status:

cleanup workers group

During the conducting of neurological examina-
tion the range of cerebrovascular diseases, namely
cerebral atherosclerosis, hypertensive encephalo-
pathy, chronic cerebral ischaemia, sequelae of
strokes (acute cerebrovascular accidents) was pre-
dominantly diagnosed in most patients. Dis-
tribution of examined subjects by neurological dis-
eases is presented in table 4.

There were some differences between the group
of internal control over other groups for hyper-
tensive encephalopathy (not statistically signifi-
cant).The figures of internal control were lower
in index sequelae of strokes compared to the
other dose groups (except dose group >500
mSv), but also without statistic significance.
Value of cerebral atherosclerosis showed no sig-
nificant differences in comparison to the group’s
internal control. At the same time index of cere-
bral ischaemia (chronic) in internal control
group was higher than in dose group of 20—100
mSv (y? = 8.03; p < 0.05).Other neurologic dis-
orders were presented only by sporadic cases in
studied groups.

In the analysis of psychopathological disorders
was observed marked prevalence of patients with
organic mental disorders, which refutes the lead-
ing role in the development of psychopathology in
cleanup workers only for psychological and stress-

Distribution of examined subjects by diagnosed neurological diseases in per cent

Lo3ogi rpynu, m3B / dose groups, mSv

0-20% 20-100 100-250 250-500 > 500
n=44 n=2385 n=97 n =64 n =36
LiepebpanbHuii atepocknepos (167.2) 30 (68,2) 52 (61,2) 66 (68,0) 47 (73,4) 26 (72,2)
Cerebral atherosclerosis
lnepreH3uBHa eHuedanonaris (167.4) 6 (13,6) 19 (22,3) 25 (25,8) 16 (25,0) 9(25,0)
Hypertensive encephalopathy
XpoHiyHa HeAOCTaTHICTb MO3KOBOTO KpoBooGiry (167.8) 23 (52,3) 23 (27,1)* 40 (41,2) 29 (45,3) 16 (44,4)
Cerebral ischaemia (chronic)
Hacninku neperecennx MMK (163, 169.0-169.4) 2 (4,5) 9(10,6) 10 (10,3) 8 (12,5) 2 (5,6)
Sequelae of strokes
MoniHeiiponarii Ta iHWi 3aXBOPIOBaHHS NepudepiiHoi HepBoBoi cuctemn (G60—64) 2(2,3) 4(4,1)

Polyneuropathies and other disorders of the peripheral nervous system

MpumiTka. # — BHYTPILLHIl KOHTPOAb; * — p < 0,05 y NOPIBHSAHHI 3 rPYNO0 BHYTPILUHBOTO KOHTPOMIO.

Note. # — internal control; * — p < 0.05 compared with internal control group.

291 ‘&



KJTIHIYHI

AOCNIAXKEHHA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2015. Bun. 20.

Taoauuya 5
Po3noain o6cTexxeHnx 3a ncuxiatpuuHolo naronorieo, %

Table 5

Distribution of examined subjects by psychiatric disorders in per cent

Lo3ogi rpynu, m3B / dose groups, mSv

0-20% 20-100 100-250 250-500 > 500
n=44 n=285 n=97 n=64 n =36
be3 ncuxonatonorii 10 (22,7) 10 (11,8) 13 (13,4) 10 (15,6) 1(2,8)*
With no disorders
CynmnHa pemeHuis (FO1) 6 (13,6) 12 (14,1) 14 (14,4) 7(10,9) 7(19,4)
Vascular dementia
OpraHiynuin fenpecvsruin posnap, (F06.32) - - 1(1,0) 1(1,6) 1(2,8)
Organic depressive disorder
OpraHiyHuin emoLiiiHo nabinbHuiA (acTeHiyHnin) poanap, (F06.6) 11 (25,0) 18 (21,2) 28 (28,9) 15(23,4) 5(13,9)
Organic emotionally labile (asthenic) disorder
Jlerkuin korHiTMBHMIA pediumt (F06.7) 13(29,5) 25(29,4) 29 (29,9) 21(32,8) 19(52,8)*
Mild cognitive disorder
OpraHiynuin po3nag, ocobuctocTi (F07.0) 4(9,1) 10 (11,8) 13 (13,4) 7(10,9) 1(2,8)

Organic personality disorder

Mpumitka. # — BHYTPILLHIl KOHTPOMb; * — p < 0,05 y NOpIBHSIHHI 3 FPYMOK0 BHYTPILUHLOrO KOHTPONIO.

Note. # — internal control; * — p < 0.05 compared with internal control group.

crpecom (pakTopiB. Cepen opraHiuYHUX poO3JadiB, Haii-
qacTiie 3ycTpivanmcs JIETKMI KOTHITUBHUN AediluT
(JIKM), opra"iyHuii eMoLiiiHO J1abiIbHUI (ACTEHIYHMIA)
po3faa Ta OpraHiuHW po3aas 0coOOMCTOCTI. 3HAYeHHS
noka3Huka JIK/ y rpymi BHyTpillHbOr0 KOHTPOJIIO OYJ10
CYTTEBO HIKYMM, HiXX B rpyni > 500 mM3B. [1pubnmsHo
OIHAKOBO B YyCiX rpymnax Oyjia TpeiacTaBieHa CyIuWHHA
JeMeHIIis.

IHII giarHOCTUYHI KaTeropii Oy/au IpeacTaBieHi OK-
peMumu Bunagkamu. Li BUnagku cnocTepirajJuch JUIie
B TPbOX OCTaHHIX Tpymnax i OyJau MpencTaBlieHi Aerpe-
CUBHUMM po3jagaMu KOMOPOIAHUMHU 3 OpraHiuYHUMM
MNCUXIYHUMU pO3JagaMu.

BinnosigHo g0 moka3Huka “BigcyTHiCTh mcUXOIaTo-
JIoTii”, ioro 3HaYeHHS B IPYIi BHYTPIIIHBOTO KOHTPOJIIO
MaJIo TEHJACHIII0 MepeBakaHHsS y MOPiBHSIHHI 3 yciMma
IHIIMMU TpynaMu i OyJIO CTaTUCTUYHO OiJbIIUM Y
MOPiBHSAHHI 3 1030BO10 Tpymnoio > 500 M3B (x2 = 6,64; p
<0,05). Po3mnogin obcrexxeHUX 3a MCUXiaTpUUHOIO MaTo-
JIOTIi€10 MpeICTaBICHUI Y TaOIuIIi 5.

3arajibHuii ICUXOHEBPOJIOTIYHMIA CTATYC:

onpomiHeHi in utero

VY onpoMiHeHUX in utero MpeBaIOBald 3aXBOPIOBAHHS
aBToHOMHO1 HepBoBoi cuctemu (ICD-10: G90). B ko-
roprax oIpoMiHeHUX in utero Ta ocio0, sIKi IPOXNUBaIOTh
Ha paJioaKTUBHO 3a0pyIHEHUX TePUTOPisiX, HA BiAMiHY
Bix KoHTpomo, crioctepiramvcsts XHMK (ICD-10: 167.8)
B mectu (5,8 %) ta omnomy (4,3 %) Bumaakax,
BimmmosimHo (p > 0,05). VY rpymi ocib, SKi MpoXXnBaloTh Ha

related factors. Among organic disorders, most
common were observed mild cognitive disorder,
organic emotionally labile (asthenic) disorder and
organic personality disorder. The value of mild
cognitive disorder in internal control group were
significantly lower then in dose group > 500 mSv.
The relatively equally in all groups was represented
the diagnosis of vascular dementia.

Other diagnostic categories were represented by
sporadic cases. These cases were observed only in
the third, fourth and fifth groups and all of these
cases were depressive disorders comorbid with
organic mental disorders.

Regarding the absence of psychopathology, the
figures of internal control have a tendency to be
higher compared to all other groups, and were
statistically different to the dose group >500 mSv
(x> = 6.64; p < 0.05). Distribution of examined
subjects by psychiatric diseases is presented in
table 5.

General psychoneurological status:

exposed in utero

Disorders of autonomic nervous system (ICD-10:
G90) prevailed. In cohort of in utero and in
radioactively contaminated area population
opposite to control the chronic cerebral ische-
mia (ICD-10: 167.8) were found, 6 (5.8 %) and
1 (4.3 %) cases appropriately, p > 0.05, There were
no cases of Episodic and paroxysmal disorders
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3poposi / healthy

Symptoms and signs involving the nervous
and musculoskeletal systems (R25-R29)

Sequelae of injuries of head (T90)

Disorders of trigeminal nerve (G50)

Multiple sclerosis (G35)

Episodic and paroxysmal disorders (G40-G47)

Other disorders of the nervous system (G90-G99)

20 30 40 50 60%

|
0 10

Personality and behavioural disorders due to brain

Other mental disorders due to brain dysfunction

Recurrent depressive disorder, current episode

Neurotic, stress-related and somatoform disorders

Emotionally unstable personality disorder (F60.3)

Abnormal results of function studies of CNS (R94.0)

disease, damage and dysfunction (FO7)
and to physical disease (F06)

Mental and behavioural disorders due to
psychoactive substance use (F10-F19)

moderate (F33.1)

(F40-F48)

Nonorganic sleep disorders (F51)

Accentuation of personality traits (273.1)

3poposi / healthy

ro—
0 10 20 30 40 50 60 70 80 90%

I <oHTposb / control

[ ] onpomiHeHi BHYTPiLIpbOoyTPo6HO / in utero
I velkaHui pagioakTMBHO 3abpyaHeHnx TepuTopiiit / radioactively contaminated area

PucyHoK 1. Crpykrypa 3axsopioBaHb LIHC (1) Ta ncuxiyHux i noseainkoBux po3nagis (2) y pocnigxyBaHux

rpynax

Figure 1. Structure of CNS diseases (1) and of mental and behavioural disorders (2) in investigational

groups

P3T, 6ynu BigcyTHI emi3ognyHi Ta MapOKCU3MaIbHi po3-
nanu (G40—G47). HespoTuuHi, MoB's13aHi 3i CTpecoM Ta
coMatodopMHi posnanu (F40—F48) nominyBanu B ycix
JTOCiIKyBaHUX TIpyrax 0e3 CTaTUCTUYHUX BiIMiHHOC-
teit (puc. 1).

TakuMm yrHOM, pe3ynabTaTH KIiHIYHUX HEBPOJIOTiYHOTO
Ta TMCUXiaTPUYHOTO MOCTIIXKEHb MEePEeBaXHO MOKa3aau
BiACYTHiCTb CTAaTMCTUYHO 3HAYYIIMX BiAMiHHOCTEH Yy
JOCHiIXKyBaHUX TpyIiax.

IIcuxoneiipometpisi: nopiBusuug rpyn YJIHA na YAEC
Ta ONPOMiHEHHMX in utero

byno npoBeneHo aHali3 NMCUXOHEBPOJIOTIYHUX TECTIB
VIIHA na YAEC ta onpoMiHEeHUX BHYTPIIlTHLOYTPOOHO
3 pi3HUM PiBHEM KOTHITUBHOIO Ae(IlIUTY Y MOPiBHSIHHI
3 KOHTpoJsaMHu. Ipyna yyacHukiB JIHA, onpoMiHeHUX B
HagHU3bKNUX go3ax — 0—20 M3B (rpyma 1), BUcTymazia
BHYTPIIlIHIM KOHTPOJIEM AJs TpyIl YYaCHMKIB JIiK-
Bimanii, onpomiHeHux B Mexax 20—100 M3B (rpymna 2),
100—250 m3B (rpyna 3), 250—500 m3B (rpyna 4) ta >
500 M3B (rpyna 5). Iyt onpoMiHeHUX in utero (rpymna 6)
KOHTpOJIEM BUCTyIaja Tpyna HEONMPOMiHEHMX BiJl-
noBigHOTO BiKy (rpyna 7). Takox, sIK Tpyrna HOpiBHSH-
HS 111 TpyIll 6 Ta 7, BUKOPUCTOBYBAlach Ipyma ocio
BIAIIOBIZHOTO BiKY, sIKi TTpoxuBatoTh Ha P3T (rpymna 8).
3BaxkalouM Ha HasIBHi JaHi 11040 MOXJIMBOTO OKPEMOTO
BIUIMBY Ha JOBXWHY TEJOMEpP TSKKOI LiepeOdpoBacKy-
JIIpHOI TaTojorii (iHCYJAbTH) MPOBOAWJIACH OIliHKA
JOCJII)KyBaHUX IPYII sIK 0€3 MOIpaBKU, TaK i 3 MOMpaB-

(G40—G47) in radioactively contaminated area
population. Neurotic, stress-related and somato-
form disorders (F40—F48) were dominated in all
investigational groups without statistical signifi-
cance (Fig. 1).

Thus, the results of clinical neurological and
psychiatric examination mostly testify the absence
of statistical significance between investigational
groups.

Psychoneurometry: comparison of cleanup workers
group and persons exposed in utero

Analysis of psychoneurological tests of Chornobyl
cleanup workers and persons exposed in utero with
varying degrees of cognitive impairment was per-
formed in comparison to the controls. It was a group
of internal control — group of persons exposed in
low doses — 0—20 mSv (group 1) for Chornobyl
cleanup workers exposed in ranges 20—100 mSv
(group 2), 100-250 mSv (group 3), 250—500 mSv
(group 4) and >500 mSv (group 5) For persons
exposed in utero (group 6) it was an age-matched
comparison group consisting of individuals exposed
to natural levels of irradiation (group 7). Also for
exposed in utero was used an age-matched compar-
ison group from radioactively contaminated areas
(group 8). Also, due to data of the possible separate
impact on telomere length of the severe cerebrovas-
cular pathology (strokes) the studied groups were
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Group; LS Means
Current effect: F(7, 354)=8,0172, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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PucyHoK 2. 06ctexeHi 6e3 nonpasku (1) i 3 nonpaBKoio no 3A0poB'lo 6e3 TAXKKOI LepebpoBacKynapHoi

natonorii (2). MMSE (kornitusHui paediumnt). ANOVA.

Figure 2. The examined without adjustment (1) and adjusted on health without severe cerebrovascular

pathology (2). MMSE (cognitive deficite). ANOVA.

KOI0 10 3I0POB'10 0€3 TSIKKOI LiepeOpoBacKyIsIpHOI Ta-
TOJIOTII.

Pesynbrat tecty MMSE B pociigkXyBaHUX rpynax
nokasaju, 110 IepeBakHa OiIbLIiCTh paHAOMi30BaHUX
yuacHuKkiB JIHA 3 Hamoro Peectpy (rpynu 1, 2, 3, 4, 5)
MOTPAIUISIIOTh B paMKH JIETKOT'O KOTHITUBHOTO Je(illnuTy
(JIK) y BianmoBigHOCTI 10 onepaiioHaIbHUX KPUTEPiiB
MMSE (24-27 6aniB), (puc. 2). Takox Oyno BUSBIICHO,
mo rpyna YJIHA, ompomineHux B gozax > 500 mM3B
(group 5), Ma€e CyTTEBE KOTHITUBHE 3HUKEHHS Y MOpPiB-
HSIHHI 3 iHIIMMM Tpymnamu (puc. 3).

V¥ Bcix paHgoMizoBaHMX 3 Hallloro Peectpy yyacHUKIB
JIHA (rpynu 1, 2, 3, 4, 5) BinmiuaBcsl CyTTEBO BUILMIA

estimated without adjustment and adjusted on
health without severe cerebrovascular disease.

Estimating of the MMSE values of the studied
groups shows that the all randomized from our
Register cleanup workers (groups 1,2,3,4,5) are at
the frame of Mild Cognitive Impairment (MCI)
according to the operational criteria of the MMSE
(24-27). (see Fig. 2) Also it was found that cleanup
workers exposed to >500 mSv (group 5) have sig-
nificant cognitive decline comparing with other
studied groups (see Fig. 3).

The all randomized from our Register cleanup
workers (groups 1, 2, 3, 4, 5) have significantly

Box & Whisker Plot: MMSE
Include condition: v8=1

27,0

26,5

26,0

25,5

MMSE

25,0

24,5

24,0

23,5 EMean
' [JMean+SE
Group T Mean+1,96*SE

PucyHoK 3. OnpomineHi o 20 m3B npotu > 500 M3B 3 NONpaBKOI0 N0 340POB’I0 6€3 TAXKKOT LLepedbpoBacKy-
napHoi naronorii. MMSE (KorHituBHwuii pediumt). t-tect CTbiofeHTa.

Figure 3. The exposed to 20 vs. 500 mSv without severe diseases. Adjusted on health. MMSE (cognitive
deficit). Student’s t-test.
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PucyHoOK 4. 06ctexxeni 6e3 nonpasku (1) i 3 nonpaBkolo no 340poB'lo 6e3 TAXKKOT LepebpoBacKynapHoi

natonorii (2). EDSS (Hesponoriuuuin gediunt). ANOVA.

Figure 4. The examined without adjustment (1) and adjusted on health without severe cerebrovascular dis-

ease (2). EDSS (neurological deficit). ANOVA.

HEBPOJIOTIYHMN nedilnT 3a mokasHuKaMu tecty EDSS,
HiX y MoJjionux nopociux (rpynu 6, 7, 8). Lli pe3ynsratu
MOXYTb OYyTH TOsicHeHi edekToMm Biky (puc. 4). Om-
pOMiHeHi in utero i3 30HU BimuyxXeHHS (rpyna 6) MaloTh
OiTbIII BUpaXKeHWIT HEBPOJIOTIYHUN Ae(IillnT, HiXX 1X He-
OIMPOMiHEeHi poBeCHUKHU (rpyma 7), i HaBiTh MeIIKaHIIi
P3T (rpyna 8).

ITopiBHsHHS noka3HUKiB EDSS rpynu BHYTpilLIHBOTO
koHTpomio (rpyma 1) i rpynu YJIHA, onmpoMiHeHNX B 10-
3ax 250—500 m3B (rpymna 4) mpoaeMOHCTPYBaJIO CYyTTEBE
HEBPOJIOTiYHE TOTipIIeHHs B ocTaHHi# rpymi. [Ilo cro-
cyetbed rpynu YJIHA, onpomiHeHux B no3ax > 500 m3B
(rpyra 5), To BOoHa mmoKa3ajia HalOiIbIT BUpakeHi opy-
meHHs (puc. 5).

VY Bcix paHgomizoBaHux 3 Hamoro Peectpy YJIHA
(rpynu 1, 2, 3, 4, 5) BiaMiuaBcs 3HaUylle BUILUI piBeHb

higher neurological deficit according to the EDSS,
that young adults (groups 6, 7, 8). These results
could be the effect of the age (see Fig. 4). Exposed
in utero (Chornobyl exclusion zone) (group 6) have
bigger neurological deficit, than the age-matched
non-exposed people (group 7) and even inhabitants
of radioactively contaminated areas (group 8).

Comparing the EDSS scores of the internal
group control (group 1) and group of cleanup
workers exposed to 250—500 mSv (group 4) shows
the significant neurological decline in the last
group. And the most expressed neurological
decline is observed in group of cleanup workers
exposed to >500 mSyv (group 5) (see Fig. 5).

The all randomized from our Register cleanup
workers (groups 1, 2, 3, 4, 5) have significantly

Box & Whisker Plot: EDSS
Include condition: v8=1
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Box & Whisker Plot: EDSS
Include condition: v8=1
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PucyHokK 5. OnpomiHeHni po 20 m38 npotn 250-500 m3B (1) Ta o 20 m38 npotu > 500 m38 (2) 3 nonpaBKoio
no 3a0poB’io 6e3 TAXKKOT LepebpoBackynapHoi naronorii. EDSS (HeBponoriunuit pediumt). t-tect CrolopeHTa.

Figure 5. TThe exposed to 20 vs. 250-500 mSv (1) and 20 vs 500 mSv (2) without severe diseases. Adjusted
on health. EDSS (neurological deficit). Student’s t-test.
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Categ. Box & Whisker Plot: BPRS, 18
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Categ. Box & Whisker Plot: BPRS, 18
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PucyHoK 6. O6cTexkeHi 6e3 nonpasku (1) i 3 nonpaBKol no 340poBlo 6e3 TAXKKOT LepebpoBacKkynapHoi

natonorii (2). BPRS (ncuxiuxi posnaau). ANOVA.

Figure 6. The examined without adjustment (1) and adjusted on health without severe cerebrovascular

pathology (2). BPRS (mental disorders). ANOVA.

MCUXIYHUX PO3JadiB 3a MOKAa3HMKAMM TECTY IOPiBHSIHO
3 MoJoaaio (rpynu 6, 7, 8), Mpu4oM BiH MaB TaKOX J10-
303ajiexkHuit TpeHn (puc. 6). BigmosinHo, 1ie Moxe 0yTh
edeKkToM BiKy Ta OTpMMaHOi JA03U omnpomiHeHHs. Om-
poMiHeHi in utero i3 30HM BimuyxXeHHs (rpyma 6) mMaau
OiNbII BUpAXKEHUI TICUXiaTpUUHUIN OedillnT, HiX IXHi
HeonpoMiHeHi ogHoMITKY (Tpyna 7) ta memkaHui P3T
(rpyma 8).

ITopiBHsHHS 3HayeHHs1 BPRS y rpymi BHYTpillIHbOTO
KoHTpomio (rpyma 1) Ta rpymi YJIHA, onpoMiHeHnX B
no3ax 250—500 m3B (rpyma 4) rmokasajo CyTTEBe IepeBa-
>KaHHS TICUXOIATOJIOTii B ocTaHHil rpyni. OKpiM Toro,
HaiOiNbIl BUpPaXXeHi ICUXOMATOJOTiIYHI MOPYILIEHHS
crnocTepiraaucs B rpyii yuacHukiB JIHA, onpomMiHeHUX
B nmo3ax > 500 m3B (rpyma 5) (puc. 7).

IIpu ananizi nokasHukiB Tecty RAVLI Higkux no30-
3aJeXXHUX e¢eKTiB Ha BepOaJlbHYy KOPOTKOYACHY

higher level of mental disorders according to the
BPRS in dose-related manner, than young adults
(groups 6, 7, 8) (see Fig. 6). This could be the effect
of the age and radiation dose. Exposed in utero
(Chornobyl exclusion zone) (group 6) have bigger
psychiatric deficit, than they age-matched non-
exposed people (group 7) and even inhabitants of
radioactively contaminated areas (group 8).

Comparing the BPRS scores of the internal
group control (group 1) and group of cleanup
workers exposed to 250—500 mSyv (group 4) shows
the significant psychiatric decline in the last group.
And the most significant psychiatric decline have
the cleanup workers exposed to >500 mSv (group
5) (see Fig. 7).

Analyzing the values of the RAVLT test no dose-
related effects on verbal short memory and learn-

Box & Whisker Plot: BPRS, 18
Include condition: v8=1
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Include condition: v8=1
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PucyHoK 7. Onpomineni po 20 m3B npotu 250-500 m3B (1) Ta go 20 m3B npotu > 500 m38 (2) 3 nonpaBKoio
no 340poB’t0 6e3 TAXKKOT LepebpoBackynapHoi nartonorii. t-rect CTblogeHTa.

Figure 7. The exposed to 20 vs. 250-500 mSv (1) and 20 vs >500 mSv (2) without severe diseases. Adjusted

on health. BPRS (mental disorders). Student’s t-test.
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Grou p; LS Means
Current effect: F (7, 367)=29,128, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: v8=1
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PuUcyHOK 8. 06cTexkeHi 3 nonpaBKow no 3A0poB’lo 6e3 TAXKKOI LepebpoBacKynapHoi natonorii. RAVLT

(BepbanbHa KopoTKoyacHa nam’ATb i HaB4aHHA). ANOVA.

Figure 8. The examined without severe diseases. Adjusted on health. RAVLT (verbal short memory and learn-

ing). ANOVA.

nam’sTh i HaBYaHHS cepen ycix onpoMineHux (YJIHA ta
in utero) BusBIeHO He Oyyno (puc. 8). IlopiBHSIHHS in
utero rpyi (rpymu 6, 7, 8) 3 rpynamu YJIHA (rpynu 1, 2,
3, 4, 5) mokasanu 1o MoJoi gopocii (rpynu 6, 7, 8)
MaloTh BHIIi MOKa3HUKMU Asum, IO CBiIUMTH MpPO Te,
1o BoHU “po3ymHii” 3a YJIHA (rpynu 1, 2, 3, 4, 5).
Lleit ouikyBaHMI1 pe3yJbTaT MOXHA BiIHECTU IO BiKO-
BUX e(peKTiB.

Hemae cymHiBIB, 110 IIMpoKOMAacCIITaOHi pamiallifiHi
aBapii IPU3BOIATh IO €KCIeCy IEMPEeCUBHUX PO3JIALIiB,
IITCP Ta iHLIMX cTpec-acolilioBaHUX PO3JadiB y 0ci0,
SKi MaIOTh BiTHOIIEHHS 10 X KaTacTpod. OmHak, moci
He BU3HAUEHMI €TiOJOTiYHUIT BHECOK i10HI3yI0UOTO BUIT-

ing among all exposed (cleanup workers and in
utero) were founded (see Fig. 8). The comparison
of in utero groups (groups 6, 7, 8) with cleanup
workers groups (groups 1, 2, 3, 4, 5) shows that the
young adults (groups 6, 7, 8) have higher Asum
values, which means that they are “clever” than
the cleanup workers (groups 1, 2, 3, 4, 5). This
expected result seems to be an age effect.

There is no doubt that large-scale radiation
emergencies lead to excesses of depressive disor-
ders, PTSD and other stress-related states in peo-
ple drawn into the orbit of such disasters. However,
it is not clear etiological significance of ionizing

Group; LS Means

Current effect: F (7, 376)=12,133, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

Include condition: v8=1

Group

PuUCyHOK 9. 06cTexxeHi 3 nonpaBKow no 340poB’to 6e3 TAXKKOI uepebpoBackynapHoi naronorii. GHQ-28

(camoouiHka 3popoB’sa). ANOVA.

Figure 9. The examined without severe diseases. Adjusted on health. GHQ-28 (health self-estimation).

ANOVA.
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POMiHIOBaHHSI, OCOOJMBO B Jiana3oHi Majaux O03, Y
reHes3i Lux cTaHiB. B HalloMy mociimKeHHi criocTepira-
Jlach TeHIEHIIIsT moao nocwieHHs Ioka3Hukis IITCP,
JeTipecii Ta iHIIMX CTpec-acoliifoBaHUX po3JafdiB (puc.
9—11). 3okpema, MU BBaXaeMO, IO 1€ MOSICHIOEThCS
YiTKMM MCUXOJOTIUHUM e(eKTOM, SIKMiA MA€ BiTHOILIEH-
Hsl 10 cTpec-acouiiioBaHuX posianaiB. Ti ocodu, sKi nmo-
OyBajii B HalfHeOe3MeuHIlInX JiJITHKaX aBapii, BimuyBa-
I0Th ce0e HaWOUTbII YYTAMBUMU i ypaznuBuMu. OTXe,
1le MOXHa Ha3BaTU TICEBIOA030aCOIlifOBaHUM edheK-
TOM, a caMe€ IICUXOJOTIiYHUM e(PeKTOM CIIPUIHSITTS
pagiauiitHoro pu3uky. Kpaili mokasHuKM B rpyrnax Mo-
noni (rpynu 6, 7, 8) nopiBasiHo 3 YJIHA (rpynu 1, 2, 3,
4, 5) MOXYTb OYTU MOSICHEH] iXHIM MEHIINUM (hOKYCYBaH-
HSIM yBaru Ha BIUIMBI aBapii Ta Ha MOTEHLiAHO HeOe3-
neyHux eekTax i0Hi3yrvoi padiallii Ha IXHE 310pPOB’A.
ITonibHi TeHAeHLIT criocTepiraaucs Mpu aHasi3i mokas-
HukiB TecTiB IITCP-IES and IDA (puc. 10). Edekr
COPUMHSITTS padialliiHOTO PU3MKY TaKOX MaB OUIbIINIA
BILJIMB Ha 1Ii TOKA3HUKM B 3aJI€3KHOCTI Bill OTpUMAaHOI 10-
31 onipoMiHeHs1. [Toka3HUKY B rpynax MOJIOi Oy HIK-
yi (Kpaiti), Hixx B rpynax ydyacHukiB JIHA. Li pe3ynbra-
TU TIOSICHIOIOTHCSI MEHIIMM aKIICHTYBAaHHSIM yBaru MO-
Joxi (rpymu 6, 7, 8) mopiBHsIHO 3 yyacHuKamu JIHA (rpy-
nu 1, 2, 3, 4, 5) Ha Hacainkax YopHOOUIBLCHKOI KAaTacT-
podu s iX 3MOpOoB's Ta COLiaTbHOIO (PYHKIIOHYBAaHHSI.
IToniOHi BUCHOBKM MOXHa 3pOOUTH, aHali3yrouu
piBeHb gemnpecii i3 3actocyBaHHSIM Ikanu SDS. 3po-
3yMiJli ICUXOJIOTiYHi e(PeKTU poOIAThH BHECOK Y BUHUK-
HEHHsI Ta iCHyBaHHS NEINPEeCUBHUX CTaHiB. YUYaCHUKU
JIHA, sxi mepeOyBaiyu B HaMOiLIbLl HeOE3MEUHMUX Ta

radiation, especially in the range of low doses in
the genesis of such states. In our study a tendency
of increasing of PTSD, depression and other
stress-related states in proportion to radiation dose
were observed (see Fig. 9-11.). We suggest that this
is a clear psychological effect contributing to
stress-related disorders. Those, who had been in
the most dangerous areas of the disaster, are self-
felling the most sensitive and vulnerable. So, this
seems to be a pseudo-dose-related effect, but it's
rather psychological radiation risk perception
effect. The better scores of young adults (groups 6,
7, 8) comparing cleanup workers (groups 1, 2, 3, 4,
5) could be explained by their lower focusing on
disaster impact and potentially harmful health
effects of ionizing radiation.

Similar trends are observed in the analysis of per-
formance tests PTSD-IES and IDA (Fig. 10).
Psychological radiation risk perception effect also
has greater impact on these indices depending on
obtained irradiation dose. And the values in in-
utero groups were lower (better) than in cleanup
workers. These results connected with lower focus-
ing on health and social consequences of Chor-
nobyl disaster of the young adults (groups 6, 7, 8)
comparing clean-up workers (groups 1, 2, 3, 4, 5).

Similar conclusions can be drawn by analyzing
the level of depression susing the SDS scale.
Understandable psychological effects contribute
to the emergence and existence of depression.
Cleanup workers who were in the most dangerous

Group; LS Means
Current effect: F (7, 362)=29,728, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: v8=1

[1]

30

25

20

PTSD-IES
=) &

PTSD-IDA

Group; LS Means
Current effect: F (7, 360)=6,4588, p =,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: v8=1

[2]

PucyHoK 10. O6crexkeHi 3 nonpaBKolo no 340poB’l0 6e3 TAXKKOi uepebpoBackynapHoi naronorii. 1 - IES

(NTCP); 2 - IDA (MTCP). ANOVA.

Figure 10. The examined without severe diseases. Adjusted on health. A - IES (PTSD); B - IDA (PTSD).

ANOVA.
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Group; LS Means
Current effect: F(7, 356) =10,709, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals

Include condition: v8=1

PucyHok 11. O6crexeHi 3 monpaBKoio no 340poB'lo 6e3 TAXKOI LepebpoBackynAapHoi naronorii. SDS

(Renpecia). ANOVA.

Figure 11. The examined without severe diseases. Adjusted on health. SDS (Depression). ANOVA.

3a0pyIHEHUX 30HAaX, TOYYBaIOThCS HAWMOIMBII Jerpe-
cuBHo. CepenHi mokazHuku SDS y rpynax YJIHA, on-
pomiHeHux B Mexax 100—250 m3B (rpyna 3), 250—500
M3B (rpyna 4) ta > 500 M3B (Tpyrma 5) cTaHOBUIN OiJib-
e 50 MyHKTIB, 1110 BiIIOBiAa€ JIETKOMY CTYIICHIO JeIl-
pecii. ¥ Monozi (rpynu 6, 7, 8) 11i MOKa3HUKKM CYTTEBO
Hxyi (kpamti). Kpaini moka3HWKM y MOJOII MOXHa
MOSICHUTY MEHIIIMM aKIIeHTYBaHHSIM yBaru Ha HacCJil-
Kax aBapii.

3aranbHuit 1Q-WAIS (IHTenekTyaabHUIT KoeillieHT
Bexcnepa) y nikBimatopiB, ompoMiHeHMX y 103i > 500
M3B OyB BUIIMM, HiXX B iHIINX HOCTIIKYBaHUX TpyIax.

and contaminated zones feel most depressed.
Average SDS indices the groups of clean up work-
ers exposed within 100—250 mSv (group 3),
250—-500 mSv (Group 4) and> 500 mSv (Group 5)
were more than 50 points, which corresponds to
mild depression. In young people (groups 6, 7, 8)
these figures are significantly lower (better). Best
indices in young people can be explained by a less
focusing on consequences of the accident.

Total 1Q-WAIS (Wechsler’s Intellectual quo-
tient) in liquidators exposed to >500 mSv was
higher comparative to other investigational

Group; LS Means
Current effect: F (7, 119)=2,8292,p=,0091
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: v8=1

Wexler_Gen

PucyHoK 12. 06cTexxeHi 3 nonpaBKoto no 340poB’i0 6e3 TAXKKOT Lepe6bpoBacKynapHoi naronorii. 3aranbHum
IQ-WAIS (InTenektyanbHuii koediuieHT Bekcnepa). ANOVA.

Figure 12. The examined without severe diseases. Adjusted on health. Total IQ-WAIS (Wechsler's Intellectual
quotien). ANOVA.
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Ta6auua 6

XapaKTepuUCTUKA NOKA3HUKIB BiAHOCHOT JOBXKMHM Tenomep y Neikouutax nepudepuyHoi kposi YIIHA Ha YAEC

B rpynax AoCigKeHHA

Table 6
Relative telomere length in peripheral blood leukocytes of examination groups
Fpynu pocnimpkeHHs IHTepBan po3 RTL t p*

Groups of cleanup workers Dose interval M SD t-value
1 0-20 m38 / mSv (BHyTpiLLHii koHTpONb / internal control) 14,16 417 - -
2 20-100 m38 / mSv 16,80 4,21 -2,62 0,01
3 100—250 m38 / mSv 15,92 3,94 -2,02 0,04
4 250-500 m38 / mSv 16,88 3,96 -2,90 0,004
5 > 500 m38 / mSv 17,64 3,64 -3,34 0,001

MpuMiTka. * — CTATUCTMYHO 3HAYYLLA PI3HMLS BIBHOCHO FPYMY BHYTPILLHBOrO KOHTPONIO.
Note. * — significant difference in comparison with the internal control group.

Lleit akT MOXHa MOSICHUTH TaK 3BaHUM e(heKToM “le
professional” — Ti, XTO OTpMMaB BUIIIi JO3K1 OIIPOMiHEH-
HsI, MaJll BUIIWI OCBITHIN piBeHb K MpodecioHann,
3aisTHI HA HAMOLIBII HeOe3NmeuHnX AiistHKax (puc. 12).

JlocnimKeHHs1 JOBKUHM TeJIOMep

Amnamni3 BigHocHO1 noBxuHU TeoMep (RTL) y neiikomnm-
Tax nepudepiiinoi kposi B YJIHA 3 pizHuM piBHeM
KOTHITUBHOTO JeiuTy OyB MPOBEACHUN Y TTOPiBHSHHI
3 BHYTPiLIHIM KOHTpoJsieM. byjlo BCTaHOBIEHO TiIBHU-
1IeHHs cepeaHix nmokasHukiB RTL B mociimxyBaHUX
rpyIax HopiBHSIHO 3 BHYTPILIHIM KOHTpoJieM (Tab1. 6).

OpHak aHaJli3 TOBXWHU TeJIOMEp y TpyIax OolpoMiHe-
HUX TTOPiBHSIHO 3i 3M0POBUM KOHTpOJIEM (CepeaHE 3Ha-
yeaHss RTL — 17,21 £ 2,21 (M = SD)) noka3aB 3BO-
pOTHIli pe3yabTat. bysio BcTaHOBIEHO 3HMXKEHHS TTOKa3-
HukiB RTL y neiikonuTax nepudepirinoi kposi YJIHA B
pi3HMX J030BUX Tpylax BiAIHOCHO KOHTpodwo (p <
0,0006).

Pesynbsratu gociimkeHb BiTHOCHOI JOBXWHU TEJIO-
Mep MOPIBHSIHO 3 KOHTPOJIEM ITiATBE PAMIN TPUYILIECH-
HSI IIPO B3a€EMO3B 130K MixXK 3MiHAMU JOBXKWHU TEJIOMEP
Ta 03010 pamialii OiMbII HixX depe3 OBAgLATH IT SITh
pOKiB miciisl oInpoMiHeHHS. Penykiis TemomepHUX
TITSTHOK XPOMOCOM MOX€ OYTH CUTHAJIOM ISl 3aITyCKY
KJITUHHOIrOo cTapiHH. HasiBHIiCTh penaikaTUBHOTO
CTapiHHS TPU3BOAUTH MO 3HWXEHHS e(pEeKTUBHOCTI
cucTteMu, ika Mae BusHauvaTtu nopymeHHs JHK ta Ge-
pe yyacTthb y pernapauii reHomHoi JIHK. ITomioHi mopy-
meHHs1 cucreMu BigHoBiaeHHs1 JITHK y BigmaneHomy
nepioai Iicjsi ONMPOMIHEHHSI MOXKYTb INMPU3BOAUTHU 10
MaTOJIOTIUHUX CTaHIB, TaKUX SIK 3JI0SIKiCHA TpaHc(Op-
Mallisl, i € 03HAKOI F€HOMHOI HeCTa0iIbHOCTI B yJyac-
HuKiB JIHA na HAEC yepes OuIbII HixK 25 pOKiB Mic/s
ONpPOMiHEHHSI.

(1) 300

groups. It could be an effect of “le professional” —
those exposed to the higher radiation doses had
the higher educational level as a professional (see
Fig. 12).

Telomere length studies

Analysis of RTL in leukocytes of peripheral blood
of Chornobyl cleanup workers with varying
degrees of cognitive impairment was performed in
comparison to the internal controls. It was found
the increase of average RTL indexes in the study
group compared to the internal control (Table 6).

However, analysis of telomere length in dose
group comparison with the healthy control (mean
RTL —17.21 £2.21 (M £ SD)) showed the oppo-
site result. It was established the decline of the
RTL indexes in leukocytes of peripheral blood of
Chornobyl clean-up workers in different dose
ranges relatively of control (p < 0.0006).

The results of studies of telomere length vs. the
control group confirmed our assumption about rela-
tionship between the telomere changes and radiation
dose more than twenty years after the exposure. Our
data suggest the relationship between the telomere
changes and radiation dose more than 20 years after
the exposure. The reduction of telomeric chromoso-
mal sites may be a signal to start cell aging. In the
presence of replicative aging reduces the effective-
ness of the system, which detects DNA violations
and participates in the repair of genomic DNA.
Such violations DNA reparation system in the
remote period after irradiation can lead to patholog-
ical conditions, including malignant transformation,
since shown feature of genome instability in cleanup
workers after 25 years after the Chornobyl accident.
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TakoX HamMy OTpHMMaHi MaHi, SKi AEMOHCTPYIOTh Data demonstrate that longer telomeres are
3B’S130K MiXK CKOPOUYSHHSIM BiTHOCHOI ToBXWHM TejoMep  related to a combined effect disease with cognitive
Ta KoMOiHa1li€ro eeKTiB i0HiI3yI04oTo BUIIPOMiHEHHS 3  impairment and ionizing radiation. Long telom-
HasIBHICTIO KOTHITUBHUX MOpPYLIeHb. JIoBri TenoMepu xa-  eres representing a history of relatively low cellular
paKkTepHi JIJi KJITUH 3 BiIHOCHO HM3bKOIO KJIiTMHHOIO  proliferation wich may be associated with age-
npodidepalii€to, 110 Moxe O0yTH acouiiioBaHo 3 BikoBu-  related changes. We presume, that the longer
MU 3MiHaMu. Mu mpumyckaemo, 1o OijblI J0BTi Teno-  telomeres in persons more heavily exposed to ion-
MepHu B ocib, sKi OyaM onpoMiHeHi y miama3oHi Buinux  izing radiation and the presence of cognitive
1103, Ta 32 HasSIBHOCTI KOTHiITMBHUX PO3JaliB, BiporinHo, impairment probably indicate dose-dependent
CBimyaTh IIpO I0303aJIeXKHY aKTHBAIlilo TeJomepasu (Ha  activation of telomerase (as evidenced by
110 BKa3ye mimBuieHHs ekcrpecii reHa TERT, sxuii pe-  increased TERT gene expression, which regulates
TYJII0E aKTUBHICTh TeIOoMepas3n) sIK XpOMOCOMHOro Me-  telomerase activity — see below) as a chromosome
XaHi3My “penapallii”, IKWAM 3aIyCKa€eThCs Y BIIMOBiAbL HA  “reparative” mechanism that is launched follow-
VIIKOIKEHHSI TCHETUYHOTO MaTtepialy Ta Bimm3epkamoe ing damage and reflect the defects in telomerase
JeeKTH TeJIOMEepa3HOTro pETymioBaHHS, IO cTBopioe  regulation finally predisposing to the onset of car-
YMOBHU 3aITyCKy KaHIIEPOTEHHUX MTPOILIECIB. cinogenic processes.

BcranoBneHo, mo B ocHoBHuUX TIpyrnax YJIHA Ha In the ChNPP accident cleanup workers the
YAEC poBxkuHa TejloMep 3aJleXKUTh Big mo3u ompo-  length of telomeres depends on the dose of expo-
MiHEHHS Ta CTyIleHsI KOTHITMBHUX posnanmiB. HaiiBumii  sure and degree of cognitive disorders. The highest
cepenHi 3HaueHHs TToka3Huka RTL oynu 3apeectpoBani  group RTL values were registered in the group of
B I'PyIi oci0, onmpoMiHeHux y go3ax moHaa 500 M3BTay  persons exposed over 500 mSv and among persons
TPYIIi 0¢i0 3 KOTHITUBHUMM pO3JagaMM BaxkKoro cryme-  with severe degree of cognitive impairment.
Hs. OmHak, Kopensaiauii aHaiz Mixk RTL ta go3oto  Despite of this fact the correlation analysis of rela-
OIIPOMiHEHHSI MPOIEMOHCTPYBaB 3B’ 130K HM3bKOI cuiin  tive telomere length and radiation dose show low
Ta He OYB CTaTUCTUYHO 3HauUywuM (r = 0,13). power correlation (r = 0.13).

Bigmomo, 1110 B cOMaTUYHMX KJIITUHAX HOBXKWHA TEJIO- It is known that the telomere length of somatic
Mep ckopouyeThes 3 BikoM. [IpoBeneno kopensuitinuit  cells shortens with age. It was inspect correlation
aHani3 Mixk mokazHukamMu RTL ta BikoM y 3aranbHiii Ko-  analysis between the relative telomere length and
ropti obcrexxeHux ocid. BcraHoBieHo nuie 3aranbHi — age of the total cohort of persons. Established only
TeHAEHLI, SIKi JEMOHCTPYIOTh 3HWXXKEHHsSI Toka3zHuka a general trend that shows decrease in relative
RTL 3anexwo Bin Biky (puc. 13). telomere length with age (Fig. 13).

BikoBuii giama3oH 3arajbHOiI KOTOPTU OOCTEXKEHUX Age of the total cohort of people examined was
oci0 craHoBuB Big 44 go 80 pokiB. bynu chopmoBaHi 4  in the range of from 44 to 80 years. It was formed

Scatterplot of Relative Telomere Length against Age
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PucyHok 13. KopensuiitHa 3anexHicTb Mixk nokasHukom RTL Ta Bikom B yuacHukis JIHA na YAEC.

Figure 13. Dependence between age and RTL in cleanup workers of Chornobyl accident.
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BiKOBUX Tpynu uisl audepeHliiallii Ta XapaKTepUCTUKU
3MiH JOCHIIXKyBaHUX ITOKA3HUKIB Yy MexXax BiKOBMX
Jiana3oHiB. /o mepiuoi BiKOBOI I'pyy yBIilLIM 0CO0OU,
SKi MaJy BiK Ha MOMeHT obcTtexxeHHs 40—50 pokiB, 1o
2-i rpym — 50—60 pokis, 3-i rpynu — 60—70 pokiB, 4-i
rpynu — 70—80 pokiB. Takuii po3noais npoaeMOHCTPY-
BaB, 1o ckopouyeHHs1 RTL ¢ikcyerbest B rpymi ocid
crapuie 50 pokiB (6,1 %). Halibiabn 3HauyIie cKOpo-
yeHHs RTL 3agikcoBane B rpymi ocid crapmux 3a 70
pokiB (11,7 %). Pe3yasratu HaBeneHi Ha puc. 14.
BinHocHa 1oBXXKMHa Te1OMEp MOXKe OYTU MOTeHUiHHUM
JiaTHOCTUYHUM OioMapKepoM s AudepeHiialii gere-
HEepaTUBHUX Ta CYAMHHUX KOTHITMBHUX ITOPYIIEHbD.
KorHiTuBHi (hyHK1IiT TOCIa0II0I0ThCS 3 BIKOM, SIK i 10B-
JKMHA TEJIOMEPHUX IIOCIiIOBHOCTEN CKOPOYYETHCS 3
BikoM. B pocnimkeHHi Oynu BUSIBIEHiI MOMIOHI 3aiex-
HOCTi. byJlo BCTaHOBJIEHO HEraTWBHY KOPEJSIII0 MiX
BiITHOCHOIO HOBXWHOIO TEJIOMEp i CTYIIeHEM KOTHIiTHB-
Horo aedimuTy (3a mkamoro MMSE) Ta MixX BikoM i CTy-
MeHeM KOTHITUBHOro gediuuty (puc. 15). OgHak, BcTa-
HOBJI€HI 3B’I3K1 CTAaTUCTUYHOI TOCTOBIPHOCTI HE MaJu.
KornHituBHuI nedilUT TakKoX CYHNPOBOMXYE IPOLEC
CTapiHHS 1 TOMY MOXE€ KOPEIBaTU 3 JOBXUHOIO TEIO0-
Mep. B Halmomy mocimkeHHi Oy10 MinTBEpIKEeHO IyMKY,
110 JOBXWHA TEJIOMEP KOPEJIIOE 3 PI3HUMU PiBHIMM
KOTHITMBHMX MOPYILIEHb i MOXe OyTH GioMapKepoM KOr-
HITMBHOTO CTapiHHS Yy MALI€HTIB A0 MOYaTKy KJIIHIYHUX
MposIBiB JeMeHllii. byno BcTaHOBIEHO, IO TMOKA3HUK
RTL migBuiryBaBcs B Ipynax oci® 3 KOTHITUBHUM
nedinutoM i feMenuiero. OnHak, NOPiBHSUIbHUIA aHaTi3

4 age groups to differentiation and characteristics
changes of parameters in different age ranges.
These are: 1 group — 40—50 years, 2 group —
50—60 years, 3 group — 60—70 years, 4 group —
70—80 years. This distribution showed that the rate
of RTL reduced is foung in the group of persons
aged older than 50 years (6.1 %). The most signif-
icant reduction in telomere length was shown at
age over 70 years old (11.7 %). The results are
shown in Figure 14.

The relative telomere length can be a potential
diagnostic biomarker for differentiation between
the degenerative and vascular cognitive impair-
ment. Cognitive functions decline with age, both
as the telomere length is reduced alongside. We
observed this type of dependency in our study.
Negative correlation albeit non-significant statisti-
cally was found between the relative telomere
length and degree of cognitive deficit (MMSE
scale) and also between age and degree of cognitive
deficit (Fig. 15).

Cognitive deficits also accompanies the aging
process and, therefore, may correlate with telom-
ere length. In our study was confirmed the sugges-
tion that telomere length correlates with different
degrees of cognitive functions, and may be bio-
markers of cognitive aging in patients before the
onset of dementia. It was established that the RTL
index increased in the group of persons with cog-
nitive deficits and dementia. However, compara-

Relative Telomere Length

1 2

3 4

PucyHoK 14. XapakrepucTuKa BigHOCHOT JOBXUHM Tesiomep 3anexHo Bia Biky B YIHA Ha YAEC yepes 25-27
pokiB nicna onpomiHeHHa (M x SD). Bice X - BikoBi rpynu: 1 - 40-50 pokis, 2 — 50-60 pokis, 3 - 60-70

pokiB, 4 — 70-80 pokiB; Bicb Y — RTL.

Figure 14. The relative telomere length and age in Chornobyl cleanup workers 25-27 years after radiation
exposure (M + SD): X-axis — age groups; Y-axis — RTL. 1 - 40-50 years, 2 - 50-60 years, 3 - 60-70 years,

4 - 70-80 years.

(1) 302
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PucyHoK 15. Kopenauiini 3anexHocTi Mixk ctyneHem KorHitueHoro aediuuty (3a wkanoto MMSE) i RTL (1)
T1a Bikom (2) B YJIHA Ha YAEC y BipaaneHomy nepiofi nicna onpomiHeHHs.

Figure 15. Dependence between cognitive deficit according to the MMSE, age (1) and RTL (2) in cleanup

workers of Chornobyl accident.

BiTHOCHOI TOBXXWHM TeJIOMEep y Ipynax ocid i3 KOTHiTUB-
HUMU PO3JIalaMU Pi3HOTO CTYIEHS TSIXKKOCTi BiZTHOCHO
KOHTPOJIBLHOI TPYIIM IIPOAEMOHCTPYBAaB 3HWKEHHS II0-
kazHuka RTL (p < 0,01). Lle minTBepmxye 3aaeKHICTb
LIbOT'O MapaMeTpa Bill HASIBHOCTi XBOPOOU Ta IEMOHCTPYE
BKJIIOUEHHS Pi3HUX MEXaHi3MiB PETYJIIOBAHHS JTOBXUHU
TeJIOMEp Yy XBOPUX MALli€EHTIB MOPIiBHSHO 3i 3J0POBUMU
ocobaMu, Tak caMo, SIK i B TpyTIi XBOPUX, 3aJI€3KHO BiJl BU-
Pa3HOCTI KOTHITUBHOTO AedinuTy (puc. 16).

tive characteristics of telomere length in groups of
persons with cognitive deficits of varying severity
and in the control group demonstrate a decreased
of RTL (p < 0.01). This confirms the relationships
between RTL and disease, and a switch of the dif-
ferent pathways in telomere length regulation in
disease as compared to healthy, as well as within
the cohort of patients with varying degrees of
severity of cognitive impairment (Fig. 16).

Current effect: F(3, 202)=3,4374, p=,01788
26

24

= N N
© o N

Relative Telomere Length
>

0 1 2 3
Cog_def

PUCyHOK 16. 3MiHM noKa3HMKa BifHOCHOT AOBXUHU TeNIOMEp 3aJIeXKHO Bif CTYNeHA KOrHiTUBHMX po3naais
(M £ SD): X-Bicb — cTyniHb KOrHiTUBHUX po3napiB (0 — KOHTponb; 1 — 3a0poBi (BHYTPilWHIA KOHTPONB); 2 -
KOTHITMBHi po3napm cepefHboro ctyneHs; 3 — pemenuin); Y-sicb — RTL.

Figure 16. Changes of the RTL index due to a stage of cognitive impairment in Chornobyl cleanup workers
25-27 years after radiation exposure (M + SD): X-axis — stage of cognitive impairment (0 — control; 1 - healthy;
2 - mild cognitive impairment; 3 - dementia); Y-axis — RTL.
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Ananis ekcnpecii rediB TERF1, TERF2 ta TERT 3an1exxHo
BiJl 1031 ONMPOMiHEHHS TAa CTYNEHs KOTHITHBHUX PO3Ja/iiB
Amnamni3 excripecii reHiB TERFI, TERF2, TERT BimHOCHO
TPYIIM BHYTPILLIHBOI'O KOHTPOJIIO HE MTOKa3aB CTaTUCTUY-
HO 3HAuylIMX pe3yabTaTiB. byiu BusiBlieHi Juiue AesIKi
teHaeHuil. Excropecig rena TERFI xapakTepusyBajacs
HACTYITHUMM OCOOIMBOCTIMU: 3HaueHHSI RQ excrpecii
reHa TERFI ne Oynu 3Ha4HO 3MiHEHi BiTHOCHO I'PYITH
BHYTPIllITHBOTO KOHTPOJ0. J[OCTOBipHiI 3MiHM OyIMu
3HaliieHi B rpymnax onpomMiHeHux Bule 250 ta 500 M3B
(puc. 17, 1). Excripecig rena TERF2y 2-i1 Ta 3-i rpymax
OyJjla He3HAyHO MpPUTHiYeHa, Tpyma X ocid, ormpoMiHe-
HUX Yy Jo3ax, Bulmx 3a 500 M3B, xapakTepusyBajach
HaBIlAKM TilepekcIripecielo 1uboro reHa (puc. 17, 2).
Haii6iner 3rauHi 3MiHM Oyn 3adikcoBaHi mpy aHami3i
BimHOCHOrO piBHY ekcripecii reHa TERT. CepenHi 3Ha-
yeHHsd RQ TERT 3poctanu 3i 30iUIbIIEHHSIM 03U OIl-
poMiHeHHs. HaliBuilli 3HauyeHHs LbOr0 IMOKAa3HMKA
3aikcoBaHi B IpyIli 0ci0, sIKi OyJI1 OIIpOMiHEHi y 103aX,
oinpmmx 3a 500 mM3B (puc. 17, 3). Takum yuHOM, LIi
JOCJiIKeHHSI JEMOHCTPYIOTh 3aJ€XKHICTh MiX 3MiHOIO
eKCITpecil TeHiB-peryasiTopiB JOBXUHU TeJIOMEpP Ta J0-
3010 30BHIIIHBOTO ONPOMiHEHHSI.

Ha migTBepmkeHHS LMX MPUMNYLIEHb OYyIW 3HaimeHi
cJ1a0Ki, ajie 3HavyIi KOpessaUiiiHi 3aJ1e3KHOCTi MixK 3MiHa-
mu piBHiB RQ reniB TERF1, TERF2, TERT ta 103010 OIl-
pomineHHs. Koediientu kopesmii Ilipcona Oynu Taxi:
r=1,17 (p <0,05),r=0,23 (p <0,05), r=0,48 (p < 0,05),
BinnoBigHO. TakMM 4YMHOM, OTpMMAaHi JaHi IEMOHCTPY-
IOTb HAsSIBHICTb 3B’SI3KiB MiX piBHEM €KCHpeCil reHiB-pe-
TYJISITOPIB JOBXWHU TeJIOMEP-TEJIOMEPA3HOTO0 KOMILICK-
Cy Ta J03010 Yepe3 OiblI SIK ABAAUSTE IT’SITh POKIB ITiCJIsI
ornpoMiHeHHs. BusiBiieHi 0coOIMBOCTI CBiTYaTh Mpo Te,

Analysis TERF1, TERF2 and TERT gene expression
due to radiation dose and cognitive deficit
Analysis of TERFI, TERF2, TERT genes expression
in dose groups exposed below 250 mSv in compari-
son with the internal control group and did not
show statistically significant results. However, there
were some trends and patterns. TERF I gene expres-
sion characterized such features: the index of
TERFI RQ was not significantly altered compared
with the internal control group. The significant
changes were observed in exposed over 250 mSv)
and 500 mSv (Fig. 17, 1). TERF2 gene expression in
groups 2 and 3 was slightly reduced, to the contrary,
a group of subjects, exposed to 500 mSv and more,
was characterized by an overexpression of this gene
(Fig. 17, 2). The most substantial changes are noted
in the analysis of the TERT gene expression. The
mean RQ of TERT grew is ielevated in parallel with
increasing radiation dose. The highest rate was reg-
istered in the group of subjects exposed over 500
mSv (Fig. 17, 3). Thus, there is a clear relationship
between changes in expression of genes — regulators
of telomeres length and radiation dose.
Confirmation of this assumption is the estab-
lished correlation between RQ of TERFI, TERF2,
TERT and radiation dose). The Pearson correla-
tion coefficient were r = 1.17 (p < 0.05), r = 0.23
(p <0.05), r=0.48 (p < 0.05) accordingly. Thus,
these data demonstrate a relationship between the
expression of genes-regulators of telomere-telom-
erase complex and radiation dose at a time period
more than twenty fiveyears after the exposure. The
results suggest that that at the late period there

Box & Whisker Plot

0-2¢Sv 2-10cSv 10-25¢Sv 25-50 cSv >50 cSv
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PucyHoK 17. Xapaktepuctuka BigHocHoro piBHA ekcnpecii reniB TERF1, TERF2 ta TERT B rpynax VJIHA Ha
YAEC 3 pi3HMM [1030BMM HaBaHTAXKeHHAM NOPiBHAHO 3 rpynol BHYTPilWwHbOro KoHTponio (M + SD): X-Bich -
rpynu pocnipxeHHs; Y-icb: 1 - RQ TERF1; 2 - RQ TERF2; 3 - RQ TERT reHis.

Figure 17. Description of TERF1, TERF2 and TERT gene expression in dose group comparative to the internal
control (M + SD): X-axis — exposure groups; Y-axis: RQ for TERF1 (1); RQ for TERF2 (2); RQ for TERT gene (3).
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PucyHok 18. KopensauiitHa 3anexHicTb Mixk BigHOCHUM piBHeM ekcnipecii reHa TERF2 ta CD95+ y neifKouuTax
nepugepuuHoi kposi YJIHA Ha YAEC y nepiog 25-27 pokiB nicna pagiauiiHoro onpomiHeHHs.

Figure 18. Dependence between RQ of TERF2 and expression of CD95 in peripheral blood leukocytes of
cleanup workers of Chornobyl accident 25-27 years after radiation exposure.

IO Y BimymaJieHOMY TIepiofi MicisT onmpoMiHeHHS iCHYIOTh  exists some difference in gene regulation at doses
3MiHM y TeHHil perynsiii mpu go3ax moHan 500 M3s. below and over 500 mSv.

Tenmomepu BifirpaloTb pojb y PEryisiuii CyauHHOIO Telomeres play a role in regulation vascular aging
CTapiHHS, a CKOPOUEHHS JOBXWHU TeaoMep Ha chorogHi  and shorter leukocytes telomere length has been
PO3IIISIIAEThC IK MapKep TpenuKilii KapmioBacKynsip-  demonstrated to predict cardio-cerebrovascular
HUX 3axBOPIOBaHb Ta IMOB'SI3aHOI 3 HUMM cMepTHOCTi.  disease and mortality. It has been postulated that
HoseneHo, mo 7TERFI € onHuM 3 rofoBHUX peryasatopiB  TERFI mainly involved in the regulation of telom-
JTOBXWHU TesaoMep, Toli sk TERF2 nuiie 3anydaetbcst  ere length, whereas TERF2 was implicated in pro-
IO 3axXHUCTy XPOMOCOMHMX KiHIiBOK. HemomaBHiMu  tectin chromosome ends. Recent reports have
JOCIiIKeHHSIMU TIoKa3aHo, 110 oduaBa Oinka Bimirpa-  shown that both proteins play a crucial role in reg-
I0Th 3HAUHY POJib SIK Y PErysiiii JOBXMHU TeJoMep, Tak  ulation telomere length as well as in protecting
i B 3aXMCTi XpOMOCOMHUX 3aKiHUYEHb. chromosome ends.

4,0 1,6 8

RQTERF1
RQ TERF2

PucyHok 19. XapaktepucTuka BigHocHoro piBHa ekcnpecii renis TERF1, TERF2 ta TERT y 3aranbHiit Koropri
VNIHA na YAEC 3anexHo Bia cTyneHa KorHitTuBHux po3napis (M + SD): X-gicb — cTyniHb KOrHiITMBHMX po3napis
(1 - 3popoBi; 2 - KOrHiTMBHMIA aediunT cepefHbOro cTyneHs; 3 - gemeHuin); Y-icb: A — RQ TERF1; b - RQ TERF2;
C - RQ TERT renis.

Figure 19. Description of TERF1, TERF2 and TERT gene expression in total cohort depending on the degree
of cognitive impairment (M x SD): X-axis - stage of cognitive impairment (1 - healthy; 2 - cognitive impair-
ment; 3 - dementia); Y-axis: RQ for TERF1 (1); RQ for TERF2 (2); RQ for TERT gene (3).
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Hamu BUBUEHO iHTEHCUBHICTb €KCITpECii TeHiB “3axuc-
Horo” komruiekcy (TERFI, TERF2) ta TERT 3anexHo
BiJ CTyNeHsI KOTHITUBHUX PO3JialliB. AHali3 0coOJMBOC-
teit TERFI reHHOI eKcripecii MpoaeMOHCTpyBaB Ha-
SIBHICTb TiIIEPEKCITPECii IIOT0 reHa B 0Ci0 3 KOTHITUBHUM
Jediumtom Ta neMmeHuiero (puc. 19, 1). Ha ¢doni 3poc-
TaHHS eKcrpecii reHa TERF 1, BUSBIICHO TIilTOEKCITPECiio
reny TERF2 (puc. 19, 2). IlpurHiyeHHs ekcmpecii
TERF2 mMoxe iHillilOBaTM MeXaHi3MHU Ilepea4yacHOro
CTapiHHS HETATUBHUMM KOPESILIHHNMM 3aJIC3KHOCTSIMU
MiX piBHeM ekcripecii reHa TERF2 ta eKcripecieio amnorr-
totuyHoro mapkepa CD95 (r=-0.25, p <0.05) (puc. 18).
Takox BcraHoBjeHa Trinepekcrnpeciss reHa TERT (puc.
19, 3), 1m0 Y4acTKOBO MOSICHIOE BCTAHOBJIEHUM (akT
eJIOHTalil JOBXWHU TeJoMep 3aJieXXHO Bil CTymHeHs
KOTHITMBHOIO ne(iuuTy abo amorTo3y ILUISIXOM IOopy-
LLIEHHS TeJIOMEPHUX TeTeb. Lle mpunyiieHHs minTBep-
KYETbCS 3HAWICHUMM HETaTUBHUMU KOPENISLiHHUMUI
3aJIEXKHOCTSIMU MixX piBHeM ekcrpecii reny TERF2 Ta
eKcIpeciero anmontoTuyHoro mapkepa CD95 (r=-0,25;
p<0,05) (puc. 18). Takox BCTAaHOBJIEHO TillepeKCIIpecito
reHy TERT (puc. 19, 3), 1110 4aCTKOBO MOSICHIOE BCTAHOB-
JIeHUi (pakT eJIOHTallii TOBXWHU TEJIOMEP B 3aJIe3KHOCTI
BiJl CTYyIIEHIO KOTHITUBHOTO Ie(ilIUTY.

OBI'OBOPEHHA TA BUCHOBKHA
LlepebpoBacKyisipHa MaTOJIOrisl, OpraHiyHI ypakeHHSI ro-
JIOBHOTO MO3KY Ta KOTHITMBHI MOPYILIEHHS — Cepel IPOBi-
HUX TATOJIOrii y mocTpaxkaaanx. YopHOOMIbCbKUI (hopyM
JAIIIOB BUCHOBKY, 1110 TICMXiYHE 300POB’S OYy/10 HAKAOLIbIII
CEPIO3HOI0 MPOOJEMOIO OXOPOHU 3IOPOB’SI HACEICHHS,
BUKJIMKAHOIO aBapi€lo. Pe3ynbratu psimy JOCITimKeHb IToKa-
3aJT1 MMPUCYTHICTh KOTHITUBHOTO fAedinuty B YJIHA 3 riepe-
BaXXaHHSM AENPECUBHUX CHUMITOMIB, CYiLIMOAIbHUX ide-
amiif i .. [21, 22]. OgHak 3B’SI30K eKCliecy CyIMHHOI TTaTo-
JIOTii 3 iOHI3YIOUMM BUTIPOMiHIOBAaHHSIM Miciist YopHoOMITIO
MOBUHEH OyTU YiTKO AoBedeHMi [23]. 3aBOaHHSIM JAHOTO
JTOCIIIKEeHHsI OyJ10 3’CyBaTH 3B’SI30K MiX 03010 OIpO-
MiHEHHSI, TOBXWHOI TeJIoMep Ta 1l TEHHOIO PEryJIsiLiero i
KOTHITUBHUM Ae(illUTOM, SIK HACJiIOK 11epe0poBacKyJIsp-
HOI MaTOoJIOTi1 BiTAJIEHOTO MePiomy ITiCJIst OPOMiHEHHS.
IcHYI0TB eKCrieprMEHTANIbHI 10Ka31 3MiH JOBXWHU Te-
JIOMep BHACIIIOK [Iii i0Hi3yI040T0 BUTTPOMIHIOBaHHS [24].
ExcnepymeHTanbHi JOCTIMKEHHST TIOKa3aiu, IO IMC-
(yHkis Teromep moripiye pernapatito JIHK i migsuiiye
YYTJIMBICTh A0 iOHi3yto4oi pamiauii. B3aeMoO3B 13K MixX
JI03010 OIPOMIHEHHSI, TOBXXMHOIO TEJIOMEP Ta alloITO30M
OyaM omucaHi HaIllOI0 HAyKOBOIO TPYIIOK Y PaHHbOMY
Mepiofi TCAs ONMPOMIHEHHS TMEPCOHAY, SIKW 3a3Ha€
BIUIMBY iOHi3yl04Oi pamiallii B MaJux no3ax Ha YopHo-
omnbcbkiii AEC [25]. Inuni mocaimkeHHs [26] nmokaszaiu

We studied the “shelterin” complex (TERFI,
TERF2) and TERT gene expression depending on the
degree of cognitive impairment. Analysis of features
of TERFI gene expression, showed the presence of
overexpression of TERFI in persons with cognitive
deficits and dementia (Fig. 19, 1). On the background
of increased RQ of TERFI, it was showed decreased
TERF2 gene expression (Fig. 19, 2). Inhibition of
TERF?2 can induce either senescence or apoptosis of
cells by destroying telomere loops. This assumption is
supported by the established negative correlation
between TERF2 gene expression and the expression
of apoptosis marker CD95 (r = -0.25, p<0.05) (figure
18). In addition, we found an increase of TERT gene
expression (Fig. 19, 3), which partly explains the
established fact of elongation of telomere length
depending on the degree of cognitive deficit. This
assumption is supported by the established negative
correlation between TERF2 gene expression and the
expression of apoptosis marker CD95 (r=-0.25,
p<0.05) (figure 18). In addition, we found an increase
of TERT gene expression (figure 19, 3), which partly
explains the established fact of elongation of telomere
length depending on the degree of cognitive deficit.

DISCUSSION AND CONCLUSIONS
Cerebrovascular pathology, organic brain damage
and cognitive impairment are among the main
pathology in the exposed persons. The Chornobyl
Forum concluded that mental health was the largest
public health problem unleashed by the accident.
The results of several studies have demonstrated pres-
ence of cognitive deficite in cleanup workers with
prevalence of depressive symptoms, suicide ideation
etc. [21, 22]. However, the relationship of the vascu-
lar pathology excess after Chornobyl to ionizing radi-
ation has to be distinctly proven [23]. The approach
of this study was to find out the connection between
the radiation dose, telomere length and its gene reg-
ulation, and cognitive deficit as the result of the cere-
brovascular pathology of the late period.

There is some experimental evidence on the
changes of telomeres due to ionizing radiation
[24]. Experimental studies have shown that telom-
ere dysfunction impairs DNA repair and enhances
sensitivity to ionizing radiation. Similar relation-
ships between the radiation dose, telomere length
and apoptosis have been described by our group at
the early period after exposure in staff exposed to
low-doses at Chornobyl NPP [25]. Other study
[26] demonstrated different patterns of telomere
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pi3Hi TeHAEHLIl y 3MiHi TOBXWHU TeJOoMep y 565 ydac-
HUKIB JikBigawii 3 JIaTBii: OBIIi TeIOMEPU B YYaCHMKIB
JIKBiganii HacmiakiB aBapii 1986 poKy Ta OHKOJOTIYHUX
XBOPHX, i OLIbII KOPOTKIi TeJIOMEpH Y JIiKBiIaTopiB i3 pa-
JialliiiHUMM KaTapakTaMu, OCTEONOPO30M, aTePOCKIIEPO-
30M a0o0 ileMiuyHO0 XBOpoOoIo ceplis. ITHhopmallis oao
J103 OTIIPOMiHEHHSI B LIbOMY JIOCJIiI>KeHHi OyJia BilICyTHSI.

OCOOIMBICTIO TAHOTO AOCTIIXKEHHS € Te, 10 3MiHU
JOBXXWHU TEJIOMEpP Ta TeHHOI peryssiii TeJOMepOo-Tea0-
Mepa3HOro KOMILIEKCY (hiKCyIOThCS Y BilgaaeHOMY Iepi-
Oli Ticisl pafialiliHOro ONPOMIHEHHSI, BKJIOYaluu
BIUTMB Maux 103. OCKiJIbKY CKOPOYEHHS TeJIOMED OIU-
CaHO TPY HU3LII XBOPOO 3 KOTHITUBHUM JAeDilIUTOM, TTPU-
poaHuM Oyyio 6 OYiKyBaTU 3B’SI30K MiX TeJlOMepaMu Ta
MaToJIOTi€l0, a TaKOX Te, 110 Oyae 3HaiAeHO acolliallilo
MiX TOBXMHOIO TeJIOMEp, BIKOM i KOTHITUBHUM aeiln-
TOM. biJiblll TOTrO, Hallli JaHi CBiAYaTh, 110 B3AEMO3B’ 30K
MiX 3MiHaAMU JTOBXWHU TEJIOMEp i J03010 OIMPOMiHEHHS
30epiraeTbcsl MOHAA ABAALSATh poKiB. Haii maHi Takox
MOKAa3yloTh, IO 1Ii 3MiHU JTOBXWHU TeJIOMep TOB’s3aHi 3
eKCIIPECi€l0 TeHiB, 110 MaloTh MO3UTUBHI i HEraTUBHI
edekTu peryyoBaHHs Ha (GyHKuii Tenomep. Hamu Bcrta-
HOBJIEHO, 1110 iCHYE MeBHA Pi3HULS B peryJsilii reHiB y
Jo3ax Hkue i 6inpie 500 M3B y BimmaneHoOMy Tiepiomi
micasl onpoMmiHeHHs. HeoOXiZiHMM € TPOJOBXEHHS
JTOCJiIXKEeHHS 3 BUBHAUEHHSI CTa0LIbHOCTI 3MiH eKCITpecil
IeHiB MPOTSATOM TPUBAJIOIO MEPiOAy IMiC/asI OMPOMiHEHHSI.

SK pesyabrar 1bOro MAOCTIIKEHHS MOXHa 3pOO0UTH
HACTYITHI BUCHOBKH:

KorHiTuBHi (pyHKIIi1 3a1eXaTh Bif 103U OIPOMiHEHHS
Ta BiKy Ha MOMEHT ornipoMiHeHHsI. Oco0u, ormpoMiHeHi B
3piJioMy Billi (YYaCHMKM JIiKBigallil HacJliaKiB aBapii Ha
YAEC) neMoOHCTpyBald CUMIITOMM ITOMipHOTO KOTHi-
TUBHOro AeiluTy 3a omnepauiiHUMHU KPUTEPisIMU
MMSE (cepenHi 3Ha4eHHS B Tpymax — 24—27 6ainiB).

Ocobu orpoMiHEeHi in utero MPOTSITOM CITOCTEPEXEHHS
y Billi 25—27 poKiB NpPOJEMOHCTPYBaIMN 30iIbIIIEHHS 3a-
XBOpIOBaHb aBTOHOMHOI HepBOBOi cucteMu (MKX-10:
G90). HeBposoriuHa MiKpOCHMIITOMAaTHKa Ta HEBPO-
TUYHi, ITOB’s13aHi 3i cTpecoM Ta coMaTODOPMHIi po3iaaun
(F40—F48) npesantoBaiu B Lili Tpyri.

YuacHuku JikBigalii HacaiakiB aBapii Ha YAEC nemo-
HCTPYBaIu CYTTEBO BUILUI PiBEHb ICUXiaTPUYHOI I1aTO-
Jiorii BigmoBigHo 10 3HauyeHb BPRS Ta oTpumanoi no3u
MOpPiBHSIHO 3 MoJioAato. Lle MoxXHa MOSICHUTU e(heKTaMu
BiKy Ta 103u. YyacHuku JIHA, onpomiHeHi y no3zax 500
M3B ITOKa3aJIn OiJIbII BUPAKEHUN KOTHITUBHUI TeinT
y TIOPiBHSIHHI 3 OMpOMiHEHUMH Yy Ao3ax Hikue 500 M3B
Ta, 0COOJIMBO, HEOTPOMiHEHUMH TalliEHTAMU.

Cnocrtepiraiach TeHAECHLiSI B MOCUJIEHHI MOKa3HUKIB
IITCP, nenpecii Ta iHIIMX CTpec-acoliiioBaHUX PO3JIaIiB

length changes in 565 cleanup workers from
Latvia: longer telomeres in cleanup workers of
1986 working on deactivation and cancer patients
and shorter telomeres in those cleanup workers
with concomitant cataracts, osteoporosis, athero-
sclerosis, or coronary heart disease. Radiation
doses were not available.

The peculiarity of this study is that the telomere
length its gene regulation changes are found at the
late period after the radiation exposure including
the exposure at low dose. As telomere shortening is
described in a number of diseases with cognitive
impairment, it’s natural to expect the relationship
between the telomeres and disease and the con-
nection between the telomere length, age and cog-
nitive deficit has been revealed. Moreover, our data
suggest the relationship between the telomere
changes and radiation dose more than twenty years
after the exposure. Our data also demonstrate that
these telomere changes are related to the expres-
sion of genes having positive and negative regula-
tion effects on telomere function. We report that at
the late period there exists some difference in gene
regulation at doses below and over 500 mSv.
Follow-up study is needed to determine the stabil-
ity of gene expression changes during the substan-
tial time period after radiation exposure.

As a result of this study several conclusions could
be made:

Cognitive functions is influenced by the radia-
tion dose and age at exposure. Subjects exposed to
ionizing radiation at adulthood as cleanup workers
exhibit symptoms of mild cognitive impairment
according to the operational criteria of the MMSE
(mean group scores range = 24—27).

Subjects exposed in utero during the check at age
of 25—27 years exhibit an excess of the disorders of
autonomic nervous system (ICD-10: G90).
Neurological microsymptoms as well as neurotic,
stress-related and somatoform disorders (F40—
F48) dominate.

The cleanup workers have significantly higher
level of mental disorders according to the BPRS in
dose-related manner, than young adults. This
could be the effect of the age and radiation dose.
Cleanup workers exposed to doses over 500 mSv
demonstrate significant cognitive deficit in com-
parison with exposed below 500 mSv and especial-
ly non-exposed patients.

There was a tendency in increasing of the indices
of PTSD, depression and other stress-associated
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3aJIeXKHO Bil OTpUMaHO1 103U ornpoMiHeHHs. [le MoxHa
MOSICHUTU TUM, 110 O0COOM, sIKi MOoOyBaad B HAMOiMbII
Hebe3IeuHuX AiIsTHKaxX aBapii, BiquyBalOTh ce0e MaKCu-
MaJIbHO YYTJIMBMMU i ypa3nuBuMu. Kpalili MOKa3HUKM B
rpymnax MoJsofi mopiBHsiHO 3 rpymnamMu YJIHA MoxyTs
OyTH TOSICHEHI iXHIM MEHILIMM (DOKYCYBaHHSIM yBaru Ha
MOTEHIIiIHO HeOe3MmeuHnX edeKTax ioHi3yro4uoi pamiarlii
Ha IXHE 3[10pOB’sl.

AHaJti3 BiTHOCHOI TOBXXWHM TEJIOMEP B YYACHUKIB JIiKBi-
nauii HaciinkiB aBapii Ha HAEC y BimmajieHoMy nepioai
micasl aBapii MoKa3aB 3MEHILEHHS BiIIOBIIHUX IOKAa3-
HUKIB y OIIPOMiHEHMX TTOPIBHSIHO 3i 310pOBUM KOHTPOJIEM.

3 BIKOM CITOCTepirajgoch CyTTEBE 3MEHIIEHHS JOBXU-
Hu Tesomep. HosxuHa TeaoMmep B YIIHA 3HMXKyBasiach
micist 50 pokiB (6,1 % ). Haiibinbll CyTTEBE 3HMXKEHHS
JTOBXWHU TeJloMep OyJI0 IoKa3aHo B 0cid crapiux 3a 70
pokiB (11,7 %).

PesynbraTty 11bOTO AOCHIIKEHHS TMOKa3ald HasBHICThb
MOJICKYJISIPHUX MEXaHi3MiB, 10 CIPUSIOTh PO3BUTKY
KOTHITUBHOTO Ne(illuTy y BilgaJeHOMY Iepiofi ITicJist
OINpoMiHeHHs. byia BcTaHOB/IeHa HETaTUBHA KOPEJSLLisT
MiX JOBXWHOIO TeJoMep Ta piBHEM KOTHITMBHOIO
nedinnty (mkaga MMSE), a TakoX MixX BiKOM i piBHEM
KOTHiTUBHOTO aedinuTty. OKpim Toro, iHgekc RTL OyB
CYTTEBO 3HWXEHMUU y 0cCi0 3 Ipyln 3 KOTHITUBHUM
JnediuuTOM y NOPiBHSIHHI 3 KOHTPOJIBHOIO IPYIOIO.

BcraHoBiieHO HACTyIHI OCOOJMBOCTI (PYHKIIIOHYBaHHSI
TEHIB PETYJISITOPiB TEJIOMEPO-TEIOMEPA3HOTO KOMILIEKCY.
BinnocHa excripecis reHiB TERFI ta TERF2 3poctana 3a-
JIeXXHO Bix mo3u ornpomiHeHHs (> 250 m3B). CepenHi mo-
kasunky RQ rena TERT Takox Oy/M ITiABUIIIEHI BiIITOBII-
HO [0 3pOCTaHHSI JO30BOI0 HaBaHTaxkKeHHs. HaiBuinmit
noka3HuK OyB 3acdikcoBanuii y rpyni YJIHA Ha YAEC,
OIPOMiHEHUX Yy 1030BoMY iHTepBai > 500 m3. BctaHoBE-
HO KOpEeJISILifiHI 3aJIeXXHOCTI MiX €KCIIpeci€lo TeHiB
TERFI, TERF2, TERT Ta no3o10 onpoMiHeHHs1. [Tponemo-
HCTPOBAHO HasIBHICTH Tinepekcnpecii reHiB TERFI, TERT
Ta 3HWXKEHHSI eKcnpecii reHy TERF2 B 0ci0 i3 KOTHITUBHU-
MU po3jiajaMM Ta AeMeHlli€l0. BcTaHOBIIEHO HeraTUBHMIA
KOpeJIALiAHNI 3B’I30K MiX ekcripecieto reHa TERF2 Tta
eKCIpecielo mpoarnonTotnyHoro mapkepa CD95, 1o €
HEMNpsSIMMM A0KA30M iHAYKLIi1 3aITporpaMoBaHOl KIIITUHHHOL
3aruOerni y BiAmoBiak Ha AUCHYHKIIIIO TEJIOMEPHOI TTETITi.

IMongxka

HocnimxeHHs mpoBeaeHi 3a rmuiaHoM HallioHanbHOT aka-
nemii MegmaHux HayK Ykpainu (HAP Ne 525) crinbHo 3
rpantom nipoekty CEREBRAD (Ne 295552) €spo-
nericbKoi paMkoBoi riporpamu FP7 “KorHiTuBHI Ta 11e-
peOpoBacKyJIsipHi e(heKTH, BUKIUKAHI MaJIUMU 103aMU
iOHi3yI040TO BUITPOMiHIOBAHHS .
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disorders depending on the radiation dose. This
can be explained by the fact that those who have
visited the most dangerous areas of accident, feel-
ing the most sensitive and vulnerable. Best per-
formance in young groups in comparison with
cleanup workers groups can be explained by their
smaller focus on the potentially harmful effects of
ionizing radiation on their health.

Analysis of relative telomere length in cleanup
workers at the late period after radiation exposure
shows a decrease radiation exposed comparing
with healthy control.

A significant telomere length decrease is demon-
strated with age. Telomere length in cleanup work-
ers is reduced after 50 years (6.1 % ). The most sig-
nificant reduction in telomere length is shown
after 70 years (11.7 %).

This study shows a presence of a molecular
mechanism supporting presence of a cognitive
deficit at a late period after radiation exposure.
Negative correlation was found between telomere
length and degree of cognitive deficit (MMSE
scale) and between age and degree of cognitive
deficit. However, RTL index is significantly
decreased in groups of persons with cognitive
deficits compared to control group.

It was established, following features of function-
ing of the gene regulators of telomere-telomerase
complex. RQ of TERFI and TERF2 was consider-
able increased with higher dose load (> 25 cSv).
Average index of RQ of TERT also grew along with
an increasing radiation dose. The highest rate reg-
istered in the group of persons, exposed within >50
cSv dose interval. There was established a correla-
tion between the TERFI, TERF2, TERT gene
expression and the radiation dose. There was
shown the presence of overexpression of TERFI,
TERT and decreased TERFZ2 genes in persons with
cognitive deficits and dementia. It was established
negative correlation between TERF2 gene expres-
sion and the expression of apoptosis marker CD95
that can induce apoptosis of cells by destroying
telomere loops.
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