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HETATUBHA PEI'VJIALIA 1O0B2KNHU TEJIOMEP 'EHAMMWM TERFI
TA TERF2 ITPU KOTHITUBHOMY JE®INUATI ¥ BIJJAJTEHOMY
IHEPIOAI IICJIA OITPOMIHEHHSA Y MAJINX JTO3AX

MeTa: BUBYMTM poNb BNIMBY 10Hi3yl04Oro BUNPOMiHIOBAHHSA Y Aiana3oHi Manux f03 Ha reHHY perynauilo JOBXUHU Te-
JIoOMep Ta natoreHes LepebpoBacKyNspPHOro KOrHiTUBHOMO aediuuty y BigaaneHomy nepiogi nicns aBapii Ha YopHo-
ounbcbkin AEC.
Marepianu i meTogu. lpoBeaeHe nocnimxeHHs ekcnpecii reHis TERFT, TERF2Ta TERT 3a JONOMOTOI0 NONiMepa3Hoi NaH-
LI0roBOi peakLii y peanbHOMy Yaci Ta BIAHOCHOT JOBXMHM TeNOMep 33 JONOMOrolo MeToay hitoopecueHTHOT ribpuam-
3auii in situ Ta npoToyHoi uuToMeTpii. 06CTEXKEHO 258 yyacHUKIB NiKBiAauii HacniaKiB aBapii Ha YopHOOUIbCbKii
AEC, po3nogineHux Ha rpynu B 3aNeXHOCTi Bif [03M onpoMiHeHHs (miana3oH 22-2800 m3B) Ta 78 HeONnpoMiHeHMX
0Ci6 rpynn NOpiBHAHHA 3 CYAMHHUM KOTHITUBHUM fediuuToM. KinbKicHi AaHi npo TAXKICTb KOTHITUBHOrO Aediuuty
BM3HAYaNM 3a AAHUMM NCUXOMETPUYHMX THTEPB'I0.
Pe3ynbratu. byno BCTaHOBNEHE CTAaTUCTUYHO AOCTOBIPHE CKOPOYEHHS JOBXWUHM TeNIOMEp Y Fpynax NikBigaTopis on-
pomiHeHUx y gianasoHax o3 100-250 ta 250-500 m3B (M+SD: 15,8 5+0,27; p < 0,02; 15,89+0,33; p < 0,02; KOHTpOIb:
17,21+0,23). lMokasaHo, Wo BigHOCHA AoBxuHa Tenomep (RTL) 3meHwyBanach i3 3pOCTaHHAM A03M ONPOMiHEHH: Ta
rinepeKkcnpecielo HeraTUBHWUX PerynsaTopiB JOBXUHU Tenomep: reHy TERF2 i, B MeHWii Mipi TERFT; NpoTMNeXHa TeH-
AeHLUis 6yna NpoAeMOHCTPOBAHA ANs eKcnpecii reHy TERT. Y rpyni onpoMiHeHux B Ao3i 6inbw Hix 500 M3B LOCTOBipHA
rinepekcnpecis reHy TERTNO€LHYBaNach i3 3HUKEHHAM eKcnpecii reHis TERFT i TERF2Ta BifCYTHICTIO iCTOTHMX 3MiH RTL
y NOPiBHAHHI i3 rpynoto y4yacHMKiB NiKkBifauii HacnigkiB aBapii, AKi 3a3HaNW BNAMBY HU3bKKUX [,03, WO BKA3ylOTb Ha
NeBHY HE3aNEXHiCTb MiX eKCNpeci€eto reHiB i 3MiHOK AOBXMUHW TeOMEP 1 HAABHICTb MOX/IMBUX NOPOrOBUX ehekTiB Yy
LbOMY Aiana3oHi Ao3. AHani3 faHUX rpynu ONpoMiHEHUX OCi6 NOpPiBHAHO i3 HEOMPOMiHEHMMU 0COBaMU NPOLEMOH-
CTpyBaB 3HauHe 3HMxeHHs (p = 0,03) cepenHix nokasHukis MMSE i RTL, wo imoBipHO MoB'si3aHO 3 nonepegHim on-
POMiHEHHSAM.
BucHoBKuM. [locnigKeHHs NPOAEMOHCTPYBANO NapanenbHi 3MiHW Yy 3HUKEHHT KOTHITUBHUX QYHKLii 1 [OBXUHM Teno-
Mep Ta BiAMiHHOCTi y TERFZ, TERTTa TERF1 reHHin perynauiiy BigaaneHomy nepiofi nicns onpoMiHeHHA y fiana3oHi ma-
NMX [03 Ta Npu pagiauiiHomy onpomiHeHHi noHag 500 m3s..
KniovoBi cnoBa: Tenomepy, pagiallis, KOrHiTMBHI dyHKLIT, ekcnpecis rewis, TERF1, TERF2, TERT, YopHoOunb.
Mpo6nemu padiayiiHoi meduyuru ma padiobionozii. 2014. Bun. 19. C. 170-185.
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TERFI and TERF2 downregulate telomere length in cognitive deficit at the
late period after low-dose exposure

Purpose — to explore the role of radiation dose on gene regulation of telomere length and its influence on the patho-
genesis of cerebrovascular neurocognitive deficit at the remote period of low-dose irradiation as a result of the
Chornobyl accident.

Materials and methods. We performed a study of TERF1, TERF2 and TERT genes expression (GE) by RT-PCR, and relative
telomere length (RTL) by flow-FISH in 258 clean-up workers of Chornobyl accident divided by radiation dose groups
(range 22-2800 mSv) and 78 controls with vascular cognitive deficit. Detailed psychometric interviews were performed
to obtain quantitative data on the stage of cognitive deficit.

Results. Statistically significant telomere shortening was demonstrated in groups of clean-up workers with radiation
doses in 100-250 mSv and 250-500 mSv range (subsequently M + SD: 15.85 + 0.27; p< 0.02; 15.89 + 0,33; p< 0.02; con-
trol: 17.21 + 0,23). A decrease in RTL was in parallel to radiation dose increase and overexpression of negative telomere
length regulators: TERF2 genes and, to a lesser extent TERFI; the opposite tendency was demonstrated for TERT GE. In
exposed over 500 mSv a significant TERT overexpression was combined with decreased TERF1 and TERF2 GE, and absence
of significant RTL changes in comparison with clean-up workers exposed to lower doses indicating a certain independ-
ency between gene expression and telomere length changes and possible threshold effects at this dose range. Analysis
of the group of exposed in comparison with non-exposed demonstrated a significant decrease (p = 0.03) both of the
mean MMSE and RTL parameters suggesting influence of previous exposure.

Conclusion. This study shows parallel changes in decline of cognitive function and telomere length and differences in

TERF2, TERT and TERF1 gene regulation at the late period after low dose and over 500 mSv exposure.
Key words: telomeres, low-dose radiation, cognitive deficit, gene expression, TERF1, TERF2, TERT, Chornobyl.
Problems of radiation medicine and radiobiology. 2014;19:170-185.

BCTVYII

Hist ioHi3yro4oi paniallii Ha 3M0pOB’s JIOAMHU MOXE 3a-
JIeXXaTU Bill 703U OMPOMiHEHHS Ta OyTHM MoaudikoBa-
HOI0 HU3KOI YMHHHKIB, TaKUX SIK IICUXOJIOTiYHUIA
cTpec, a pamialliiiHi epeKTH MiACUITIOIOTHECS 3a paXyHOK
CUHEPTi3My iMYHOJIOTIYHMX, META0OTiYHUX Ta TeHETHUY -
HUX TIpolieciB. BaxiuBy posb B 0iosiorii BUXKMBAHOCTI
KJIITUH, CTapiHHS Ta KJIITUHHOI 3arubei BigirpaloTh Te-
JomMepu — cneuianizoBaHi ctpyktypu JHK, posramio-
BaHi Ha KiHILEBUX [IiISHKax XpoMocoM. TeromepHuUit
KOMILIEKC Oepe y4yacThb y 3aXMCTi XpOMOCOM Bif ITOILI-
komxeHnb JJHK nursgxom akrusauii p53 a6o pl6 INK4a
LIISIXiB, $IKIi B KiHLIEBOMY pPaxyHKy IPU3BOASTH 10
KJIITUHHOTO CTapiHHS i/ab0 amomnrosy [1]. ¥ npoutidepy-
IOUYMX KIITMHAX TEJIOMEpPU ITOCTYIIOBO CKOPOUYYIOTHCS
MOPOTSATOM KOXHOIO MIiTOTMYHOTO TOJiTY, 11O MPU3BO-
JUTb OO KJIITMHHOIO CTapiHHs. TakKuM YMHOM, CKOpPO-
YeHHS JOBXWHU TeJOMEp € He TiJIbKM MapKepoM
0i0JI0TiYHOro CTapiHHS, a I MeXaHi3MOM 3 BaxKJIMBUMMU
¢dyHKIioHaTbHUMU Hachigkamu. Ha mopeni ¢ibpo0-
JIACTiB JIIOJVMHU MOKAa3aHO 3HAYEHHSI MOAYJISILIil TOBXMU-

INTRODUCTION

Health effects after radiation exposure in humans
could be induced by a radiation dose and modified
due to confounding factors like psychological
stress. Ionizing radiation could influence to human
genome via translational or other changes. Effects
could be enhanced through synergism of immuno-
logical, metabolic and genetic processes.
Important role in the biology of cell survival, aging
and death is played by telomeres — specialized
DNA structures located at the terminal ends of
chromosomes. Telomere complex plays an impor-
tant role in protecting the chromosome from DNA
damage, such as “breaks” DNA and activate p53 or
p16 INK4a pathways, which ultimately lead to cel-
lular senescence and apoptosis [1]. In proliferating
cells, telomeres are gradually reduced during each
mitotic division and ultimately cell aging. Thus,
reducing the length of telomeres is recognized not
only as marker of biological aging, but also a mech-
anism with important functional consequences.
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HU TeJIOMEP Y PO3BUTKY HECTAOLTbHOCTI TEHOMY, iHITYKO-
BaHOro ioHi3ywouuM BunpomiHwoBaHHSIM [2]. Tlopsin 3
UM, iHIIMMU JOCHiAHMKAMU OTpUMAaHi BigAMiHHi pe-
3yJbTaTH, a CaMe, HE BCTAHOBJIEHO JOCTOBIPHOTO CKOPO-
YeHHsI TeJoMep Y HaceleHHs 1wtaTy Kepana mpu npo-
JKMBaHHI B YMOBaX BIUIMBY BUCOKOI'O MPUPOIHOTO (hOHY
onpoMiHeHHs. JlaHUX TIpO 3MiHM €eKCIIpecil reHiB,
MOB’s13aHUX 3 (PYHKIIIEIO TeJloMep, He HaBOIMUThCA [3].
CbhorojiHi icHye He3HauHa KiJIbKicTh iH(popMalil 11010
3MiH JOBXWHU TeJIOMEp Yy BidgajlieHOMYy Mepioai miciis
OITPOMiHEHHS Ta OT0 BIUTMBY Ha (h)OpMYyBaHHS Bigaje-
HUX pagialliiHUX HACJiIKiB.

JoBxXuHa TeoMep Ta iX (PYyHKIiST PEryaioThCs Ipy-
noto reHiB. Cepen Hux TERT, TERFI1, TERF2. Tenome-
pasza CKJIaJa€TbCs i3 TeJOMepa3HOl 3BOPOTHOI TpaH-
ckpunrtazu (TERT), Tenomepasznoi PHK (hTR Ta
TERC) ta nuckepuny. TERT, 3BopoTHST TpaHCKpHUTITa-
3a, € (pepmeHToM, gdkuil ctBoproe PHK Ha marpuii
JAHK. KiHuesa aifisitHKa Teaomep, siKa IMOJ0BXYETbCS
3a JOIOMOIOI0 TeJIoOMepa3yd, Ma€ HEHYKJIEOCOMHY Op-
radizaiito. s ginsiHka — TeocoMa CKIaaa€eThCs 3 Te-
noMepHol JJHK Tta mectu ocHoBHux 0inkiB: TERFI,
TERF2, Rapl i TPP1. OcHoBHolo ¢dyHKuieio TERF]
(telomere repeat binding factor 1) € peryiioBaHHS J10B-
KUHU TejioMep. 30iIbllIeHHs MPOayKIlii MPOTEiHy, pe-
ryaboBaHoro TERFI, npu3BOAUTH OO0 MOCTYHNOBOIO Ta
IPOTPECYI0UYOT0 CKOPOUYCHHSI TeJIOMep Y KIIITHHAX JIIO-
JUHU, TOAi IK 3HUKEHHS MPOAYKIIii IIOro OijKa mpu3-
BOJMTH J0 iX NogoBKeHHs. TakuM unHoM, TERFI € He-
TaTUBHUM PETYJSITOPOM AOBXUHU Tejomep. OcKiabku
He O0yJsio BctaHoBJeHo BIinBY 7TERF 1 Ha piBeHb aKTUB-
HOCTI TeJoMepa3u, JOCAITHUKU MPUITYCTUIU, 110 BiH
iHriOye mito TeloMepas3u Ha KiHLEBUX AiISTHKAX OKpe-
MHUX TejaoMep. € KibKa MOXIMBUX MEXaHi3MiB TaKOTO
ranpMyBaHHS. OnuH 3 HUX — 3pocTaHHs 6inka TERF1
cnpuse OiNblI iHTeHCMBHOMY (popMmyBaHHIO T-metdi,
110 OPU3BOJUTH A0 HEMOXJIMBOCTI MOAOBXEHHS TEJIO-
Mep 3a IOITOMOTIOI0 TeJIOMepa3u Ta iX MOJaJIbIIOT0 CKO-
pouenHd. CyTb iHmoro mexanismy — 11e TERF1-pery-
JIIOBaHHS JOCTYNYy TejoMepa3u 10 TeJoMep uepes
B3a€EMO/III0 3 iHIIMMU TEJIOMEPHUMU OiTKaMU, TAKUMU
ak TIN2, TPP1 i POTI1. BignoBigiHO A0 TPEeThOro Me-
xaHi3My — TERF1 moxe peryjitoBaTh aKTUBHICTb TE€J10-
Mepa3u 3a JOIMOMOTOoI0 B3aemogii 3 OinkoM PinXI,
SIKMI 30aTHUI 3B’I3yBaTM KaTaJliTU4HY CYOOIMHUIIIO
TeJoMepa3yd i TUM caMMM MNOTYXXHO iHriOyBaTH 1i ak-
TUBHICTb.

binox TERF2 (telomere repeat binding factor 2) ta-
KOX pETYJII0€E JOBXWHY TeJIOMEp, aje KpiM IbOTO
Bifirpa€e KJII0OYOBY pOJIb Y 3aXUCTi KiHIIiB TeJOMep IS~
xoM (popmyBaHHs T-nietsi. Pe3ynbsratit mocaigkeHb 10~

The role of telomere length modulation in human
cells is demonstrated in delayed chromosome
instability induced by ionizing radiation [2].
However, studies in human subjects have shown
different results. No significant influence on telom-
ere shortening was demonstrated in Kerala popula-
tion with high natural irradiation [3]. No data was
presented on the expression of genes associated
with telomere function. Few information is avail-
able on the telomere length change at the late peri-
od after exposure and its influence on the forma-
tion of late radiation effects.

Telomere length and function are regulated by a
set of genes. Telomerase is composed of telomerase
reverse transcriptase (TERT), telomerase RNA
(hTR or TERC) and dyskerin. TERT, a reverse
transcriptase, is an enzyme that creates single-
stranded DNA from single-stranded RNA tem-
plate. The end of the telomere, which are elongated
by telomerase have non-nucleosome organization.
Telomere region with non-nucleosome organiza-
tion is called telosoma and includes telomeric
DNA and six major proteins: TERF1, TERF2,
Rapl and TPPI1. The main function of TERFI
(telomere repeat binding factor 1) is regulation of
telomere length. The increased TERF1 production
leads to a gradual and progressive telomere shorten-
ing in human cells, while a decrease in production
leads to their elongation. Thus, TERFI is a negative
regulator of telomere length. As its effect on the
level of telomerase activity was not observed, the
researchers suggested that it inhibits action of
telomerase at the ends of individual telomeres.
There are several possible mechanisms for such
inhibition. One of them — the increase of the
TERFI protein contributes to a more intensive T-
loop formation, which leads to impossibility of
telomere elongation by telomerase and their further
shortening. Content of another mechanism is the
regulation by TERF1 protein access of telomerase
to telomeres through interaction with other telom-
eres proteins such as TIN2, TPP1 and Potl. In
accordance with a third mechanism — TERF1 may
regulate telomerase activity through interaction
with a protein PinX1, which is capable of binding
the catalytic subunit of telomerase and thus inhibit
its activity powerfully.

Protein TERF2 (telomere repeat binding factor
2) like TERFI regulates telomere length, but other
than that, it plays a key role in protecting the ends
of telomeres in the formation of T- loops. Research
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Ka3yloTh, IO 3HWXKEHHS Mpoaykiii 6inka TERF2 y
KJIiITUHAX 31 3HUKEHOIO eKCIIPECi€l0 reHa, SKUil Koaye
el 0i0K, MPU3BOAUTHL OO0 BTpaTU OAHOJAHIIOTOBUX
KiHIIiB TeJIOMEpP i MOXJIMBOTO TMOJAJBIIOIO 3JIUTTS TE-
JIOMEpHUX MISTHOK XpOMOCOM OJHi€i 3 iHIIOl0. Bin-
cytHictb TERF2 mpu3BoauTh A0 LIBUAKOTO 3aIyCcKy
arnonTo3y 3 NoAajbllolo 3arubdeio HuX KIiTuH. Poib
reny TERF2 y ¢opmyBanHi T-metsi 3BOIUTHCS 10 3a-
MycKy CUHTe3y oaHoaHuoroBoi teaomepHoi JHK y
JIBOJAHLIOroBy. TakuM 4YMHOM, caMme 3aBAsIKM y4acTi
TERF2 y cdopmyBanni T-meTsni, BM3HAYaeThCS IHOTO
KJIFOUOBA POJIb Y 3aXMCTi KiHLIEBUX HiASTHOK XPOMOCOM.
binok TERF2 TakoX € peryisiTopoM JOBXWHU TEJI0-
mep. 36inbeHHs npoaykiii TERF2, sk i 30iablueHHs
npoaykuii TERF1 crnipusie nporpecCuBHOMY CKOPOYEH-
HIO TOBXMHMU TEJI0MED.

JoBxX1Ha TeJIoMep COMAaTUYHUX KJIIITUH CKOPOUYYEThCS
3 BIKOM Ta ITiJI BILIMBOM Pi3HUX €HIOTeHHUX Ta €K30T¢H-
HuX (pakTopiB. JloBXXK1HA TeaoMep JICHKOLUTIB Tepude-
PUYHOI KpPOBi MOXe 3MiHIOBAaTUCh, HaNpUKIad, ITiCJIs
MPOMEHEBOI Teparlii, a pamialliiHui eexT, SIK MpaBuio,
MPOSIBISIETHCS Y KJIITUHAX CKOPOUYEHHIM Tenomep [4]. YV
nepudepnyHiii KpoBi YYaCHUWKIB JiKBimalii HacIinkis
apapii (YJIHA) na YopHoounbcekiit AEC, ki 3a3Hanmn
BIUIMBY MaJIMX 03 iOHi3yI0UOro BUIIPOMiHIOBAHHS, Te-
JIOMEPHi TOCIiTIOBHOCTI CKOpouyloThcs [5]. doBxXuHa
TeJIOMEp Yy JIeMKoLuTax B LiJioMy Oyna MNpUiiHSITA B
SIKOCTi CTaHIAPTY BUMIipY TOBXKUHMU TEJIOMED i B OCTAHHE
JeCSATUJIITTS OyB BCTAHOBJIEHMI 3B’S30K i3 JEsIKHUMU
BiKOBMMU 3aXBOPIOBAaHHSIMM, a caMe: CepLeBO-CyIUHHI
3aXBOPIOBAaHHs, pak Ta cjiaboymcTBo [6]. JoBri Teome-
pM, IO € CBiMUEHHSAM BiIHOCHO HM3bKOI KJIITMHHOIL
npoJtidepaltliii, 3HalAeHI TPpU 3MEHIIEHHI 00’€MY Tillo-
Kammny. JIoBXuHaA TeJoMep JIEMKOLMTIB MPOIMOHYETHCS
K 6ioMapKep HasgsBHOCTI (PYHKIIOHATBHUX Ta CTPYKTYP-
HUX TIPOLIECiB cTapiHHSI MO3KY [7].

JoBxX1Ha TeoMep Moxe OyTH MOTeHILIIHHUM JiarHocC-
TUYHUM BGioMapkepoM y anudepeHLiiHIi AiarHOCTULI e~
TeHEepaTUBHUX Ta CYIMHHUX KOTHITMBHUX IIOPYIIEHbD.
KorHitTuBHiI (yHKIIT 3 BiKOM 3HMXKYIOThCS, i JOBXMHA
TeJIOMep 3MEHIIYEThCS 3 BIKOM TakKoxX. KOrHituBHuit
IeilUT TaKOX CYIPOBOJIKYE IPOLIEC CTAPiHHS a, OTXKE,
MOKe KOpEJTIOBaTH 3 TOBXMWHOIO TetoMmep. Heris et al. [§]
OIMMCAHO 3BOPOTHY KOPESLiI0 MiXXK BepOaJTbHUM iHTE-
JIEKTOM Ta IOBXXUWHOIO TEJIOMED, MPU I[IbOMY HE 3HANEHO
JIOCTOBIPHOTO 3B’S13KY 3 HEBEPOATbHUMM MipKYBaHHSIMM,
BepOaIbHOK JIE€KJIapaTUBHOIO MaMSITTIO Ta JEMEHIIIEI0 Y
MalieHTiB, cTaplIvX 3a 79 poKiB.

ITpotunexHi nani oTpuMani B JociimkeHHsX Valdes et
al. [9], gki y 382 nawieHTiB-XKiHOK, i3 IIMPOKHUM BiKOBUM
criekTpoM (cepenHiii Bik 50 pokiB, miama3oH Big 19 go 78

results show that the decrease of TERF2 protein
production in cells with reduced expression of the
gene encoding this protein, leads to loss of single-
stranded ends of telomere and a possible further
telomere fusions with each other. The lack of
TERF?2 led to quick start of apoptosis with further
elimination of these cells. Role of TERF2 protein
in the formation of T- loop is reduced to the imple-
mentation of the single-stranded telomeric DNA
into double-stranded. Through participation
TERF?2 in the implementation phase formation T-
loops its key role is defined in the protection of
telomeric ends. TERF2 protein is also the regulator
of telomere length. Increased production TERF2,
like increased production TERF1, also contributes
to the progressive shortening of telomere length.

The telomere length of somatic cells shortens
with age and with other endogenous and exoge-
nous pathogenic factors. The telomere length dis-
tribution of peripheral leukocytes could be affect-
ed by radiation therapy, and the effect of radiation
tends to appear in cells with short telomeres [4]. In
peripheral blood samples from the Chornobyl
clean-up workers (clean-up workers) exposed to
low doses of ionizing radiation telomeres were
shortened [5]. Leukocyte telomere length has gen-
erally been accepted as a measurement of systemic
telomere length and has in the last decade been
found to be associated with several age-related dis-
orders and attributes; e.g., cardiovascular disease,
cancer, and dementia [6]. Long telomeres repre-
senting a history of relatively low cellular prolifer-
ation, reflected in smaller hippocampal volumes.
The leukocyte telomere length being used as a bio-
marker for tapping functional and structural
processes of the aging brain [7].

Telomere length can be a potential diagnostic
biomarker for differentiation between the degen-
erative and vascular cognitive impairment. Cog-
nitive functions decline with age, and telomere
length is reduced. Cognitive deficits also accom-
panies the aging process and, therefore, may cor-
relate with telomere length. Heris et al. found an
inverse correlation between the verbal test and the
length of telomeres, but observed no significant
relationships with the tests on non-verbal reason-
ing, verbal declarative memory and screening for
dementia in patients older than 79 [8].

Contrast studies were Valdes et al., where 382
female patients were examined at a wide range of
age (mean age 50 years, range 19 to 78 years) and
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POKiB), BUSBAJIM KOPEJISLIiI0 MiXK JTOBKWHOIO TEJIOMEP Ta
KOTHITUBHUM Je(illUTOM 3a JaHUMU YOTUPHOX 3 LIECTU
3aCTOCOBAHMX KOTHITUBHUX TE€CTiB, 32 BUHSITKOM ITaTTepP-
Hy poO3Ii3HaBaHHSA Ta TpocTopoBoi mam’aTi. Lli Ta inmri
JOCJiIXKEHHS Jal0Th IMiACTaBU MPUITYCTUTH, 1O JOBXKM-
Ha TeJoMep KOPEJIOE 3i CTyIIeHEeM IMOpYIleHb KOTHiTUB-
HUX QYHKIIH, i MOXe OyTH OioMapKepoM KOTHITUBHOTO
CTapiHHS y XBOPUX J0 TovyaTKy aeMeHiii [10].

CKOpOUYEHHSI TEeJIOMEPHUX [IiISIHOK XPOMOCOM €
OioMapkepoM BiKYy i Ha LIel MOK3HUK BIJIMBAIOTh Oara-
TO (haKTOPIB PU3UKY, 30KpeMa CepLeBO-CYINHHI 3aXBO-
proBaHHs1. CKOPOUYEHHSI TOBXUHU TeJIOMEDP BUSIBISIOTH
y OUTBIN TI3HBLOMY Billi, IPU aTEPOCKIIEPO3i, TIMEPTOHIl,
OXUpPiHHI, LYKpoBOMYy niabeTri, KypiHHi, HU3bKii
(i3ngHilt aKTUBHOCTI, CeplieBiil HEIOCTATHOCTI, XOpC-
TOKOMY TIIOBOJXX€HHiI B JOUTUHCTBI, 3a0pyIHEHHi
MOBITPS BHACIIOK TOPOXHBOTO PYyXy, XPOHIYHIM
iH(dek1ii, y onMHaKiB Ta IpU IeMeHI1lii. byj1o moka3aHo,
IO CKOPOYEHHS TeJaoMep OyJIo OB ’sI3aHe 3 KOTHITUB-
HUMM MOPYIIEHHSIMU, BKJIIoYarouu aemeHuito [11]. Tum
He MeHIe, 3B’SI30K MiX CKOpPOYEHHSIM Tejaomep i
KOTHITUBHOIO TUCHYHKIII€EI0 HE MOXHAa BBaxkKaTW BCTa-
HosimeHuM |[12]. Kpim Toro, BigcyTHi maHi mIomo
B3aEMO3B 3Ky MiX JOBXUWHOIO TeJoMep i liepedpoBac-
KYJIIPHUM HEMPOKOTHITUBHUM A€(illUTOM MiCs BILIU-
BY MaJiX A03 panialiii. € cBimYeHHs, 1110 MaJli 103U OIl-
pomineHHs1 (100 mIp) akTWBYIOTH Te€HU, BiAMiHHI Bif
TUX, SIKi aKTUBYIOThCS Mics Aii BUcokux no03 (2 Ip), a
TeHU pearyBaHHs Ha HM3bKi 103U MOB’sI3aHi 3 YHiKab-
HUMM CUTHAJbHUMM LIJIIXaMM Ta (GyHKUisIMU. MoJie-
KyJIsIpHA peakxliiss MO3KY MUILI MPOTITOM AEKiIbKOX ro-
JIUH TICJIs ONPOMiHEHHS B HM3bKHUX J03aX BKIIIOYAE
3HUXKEHHSI aKTUBHOCTI HEMPOHHMX 1JISXiB, TTOB’ I3aHUX
3 KOTHITUBHOIO AUC(PYHKIII€I0, aKTUBHICTb SIKUX 3HU-
XKYETbCSI MMPU HOPMaJIbHOMY CTapiHHi JIIOAUHU Ta XBO-
po0i Anbureiimepa [13]. IoHizyloue BUIIPOMiHIOBAaHHS
BBaXXa€ETHCS TPUTEPOM CTapPiHHS i acolliiioBaHe 3 XBOPO-
0010 Anblrerimepa.

Excnpecis reHiB € 4yTJIMBUM iHAMKATOPOM paiialliii-
Horo BruiuMBY. He3Baxkatouu Ha Te, 1110 3arajibHa cXxeMa
3MiH eKCIpecil TeHiB, TMOB’SI3aHUX 3 OMPOMiHEHHSIM
BiICYTHS, CJ1ifl 3a3HAYUTH, 1110 1Ii 3MiHU € He3aNepeUHU-
MM i 10303a1€KHUMU. TaKUM YMHOM, MU MOXEMO MpPU-
MYCTUTH, 110 TPOo@dilib eKcIpecii TeHiB MoxXe OyTh
iHpopMaTUBHUM MapKepoMm omnpoMiHeHHs. OCHOBHa
MeTa JIOCHiIKEeHHsI MoJisiraja B TOMY, 1100 AOCTiaAUTH
pOJib palialiiiHOTO OINPOMIHEHHSI Ha FeHHY PEryJsiiito
JTOBXWHU TEJIOMEP i OTro BIUIMB Ha MaToreHes Lepedpo-
BAaCKYJISIPHOTO HEMPOKOTHITUBHOTO Ae(ilIUTY y Bifmaie-
HOMY MepioAi micas onpoMiHEHHS Y Aiana30Hi HU3bKUX
03 BHaAcITimok aBapii Ha YopHoounbchkiit AEC.

found a correlation between telomere length and
cognitive function in four of the six cognitive tests,
except for pattern recognition and spatial memo-
ry tasks [9]. These studies and other investigation
suggest that telomere length correlates with differ-
ent degrees of cognitive functions, and may be
biomarkers of cognitive aging in patients before
the onset of dementia [10].

The length of telomeres is influenced by many
of the cardiovascular risk factors and is a bio-
marker of age. Many of the cardiovascular risk
factors influence the cellular DNA by telomere
shortening. Reduced telomere length are found
in higher age, atherosclerosis, hypertension, adi-
posities, diabetes, smoking, physical inactivity,
heart failure, maltreatment in childhood, expo-
sure to traffic pollution, chronic infection, single
life and dementia. It has been demonstrated that
telomere shortening has been associated with
cognitive impairment including dementia [11].
However, relationships between telomere short-
ening and cognitive dysfunction are contradicto-
ry [12]. Moreover, there are no available data
concerning relationships 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 after a
high-dose radiation (2 Gy) and low-dose
response genes are associated with unique path-
ways and functions. The molecular response of
the mouse brain within a few hours after low-dose
irradiation involves the down-regulation of neu-
ral pathways associated with cognitive dysfunc-
tions that are also down-regulated in normal hu-
man aging and Alzheimer’s disease [13]. lonizing
radiation is considered to be a trigger for aging
and associated Alzheimer’s disease.

Gene expression is a sensitive indicator of radi-
ation exposure. Despite the fact that overall
scheme of gene expression changes associated
with irradiation is absent, but these changes are
indisputable and dose-dependent. So, we can
assume that the profile of gene expression may be
informative 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.
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MATEPIAJIN TA METOJIN

Juzaiin gociigxKeHHs Ta BuOipka. JlocaimkeHHsT O0y0
pO3p00JIEHO SIK MepeXpecHe 3 BHYTPILLIHIM i 30BHIllIHIM
napajeJbHUM KoHTposieM. Bubipka (n = 258) Bkirouana
YKpalHChKUX YYaCHMKIB JIiKBifallii HAacTiAKiB aBapii Ha
YopHobuibebkiit AEC, sKi mpalfoBajivi Ha iHAYCTpiaib-
HOMY MalilaHUMKy Ta HaWOiIblI 3a0pyIHEHUX TEPUTO-
pisix HaBkoiao YAEC Bim 26 kBitHs 1986 poky 1o 31
rpyaHs 1989 poky, i ais SKUX BCTAaHOBJIEHA 1034 OIMPO-
MiHeHHs (Tabn. 1). Ipyna HeompoMiHeHuX ocid (78)
BKJTIOUaJia B ceOe Tpyny 3 CyOMHHHUM JIETKUM (TIOMip-
HUM) KOTHITUBHUM AeMilIUTOM, TPyMy 3 CYAUHHOIO Jie-

MATERIALS AND METHODS

Study Design and Sample. The study was designed
as a cross-sectional study with both internal and
external parallel control. The sample (n = 258)
included Ukrainian clean-up workers (males) who
worked on the industrial site and in the most con-
taminated areas around the Chornobyl nuclear
power plant between April 26, 1986 and December
31, 1989, and for whom the radiation dose records
are available (Table 1). The non-exposed compar-
ison group (78) included the vascular mild cogni-
tive impairment group, the vascular dementia

Ta6nuusa 1
JlleCKpUNTUBHI XapaKTEPUCTUKU BOCNiAKYBAHUX Tpyn
Table 1
Descriptive characteristics of study groups
I'pynu onpomiHenunx / Groups of exposed KouTponb

1 2 3 4 Controls
Kinbkicts 06¢Texenux / N of subjects 78 92 54 34 78
[1030Bi 0OMEXEHHSI ANS BKIOYEHHS! B rpyny, M3B 20-100 100-250 250-500 > 500
Dose limit for inclusion, mSv
[JlianasoH 103, mSv 22-98 100-250 250490 500-2800
Dose range, mSv
Cepenns no3a, mGy (SD)t 54,1 (20,1) 185,9 (45,8) 316,6 (72,6) 1258,7 (635,8)
Mean dose, mGy (SD)t
Bik, pokiB / age, years
Cepeniit Bik (SD) / mean (SD) 58,2 (6,3) 57 (7,8) 59,1 (7,7) 60,8 (7,1) 57,1 (10,9)
BikoBmii njana3oH / range 46-75 45-76 45-80 47-76 45-82
Bik Ha MomeHT nepLuoi micii B 30-kinomeTpoBy YopHOOMNLCLKY 30HY, POKIB (BiACOTOK)
Age at first mission to the 30-km Chornobyl zone, years (percent )
18-34 62 (79,5 %) 69 (75 %) 35 (64,8 %) 23 (67,7 %)
35-41 10 (12,8 %) 16 (17,4 %) 15 (27,8 %) 5 (14,7 %)
42-49 5(6,4 %) 7(7,6 %) 3(5,6 %) 6(17,6 %)
50-63 1(1,3 %) - 1(1,8 %) -
MpoxuBaHHs HAa MOMEHT onuTyBaHHS / type of residence at the time of interview
Micto / urban 53 (67,9 %) 73 (79,3 %) 45 (83,3 %) 26 (76,5 %) 41 (52,6 %)
Ceno / rural 7(8,9 %) 9 (9,78 %) 1(1,8 %) 1(2,9 %) 16 (20,5 %)
Hesigomo / unknown 18 (23,1 %) 10 (10,9 %) 8 (14,8 %) 7 (20,6 %) 21 (26,9 %)
OcgiTa / education
Buwa / high school 12 (15,3 %) 22 (23,9 %) 14 (25,9 %) 13 (38,2 %) 23 (29,5 %)
CepepHs cnevjanbHa / trade school 21 (26,9 %) 27 (29,3 %) 12 (22,2 %) 12 (35,3 %) 20 (25,6 %)
CepenHsi / college 18 (23,1 %) 14 (15,2 %) 6 (11,1 %) 6 (17,6 %) 19 (24,4 %)
HenosHa cepenHsi / 8 classes or less 1(1,3%) 1(1,1%) - - 4(5,1 %)
Hesigomo / unknown 26 (33,3 %) 28 (30,4 %) 22 (40,7 %) 3(8,8%) 12 (15,3 %)
KorxiTvBHi nopyweHHs / cognitive impairment
370poBi / healthy 17 (21,8 %) 25 (27,2 %) 9 (16,7 %) 5 (14,7 %) 23 (29,5 %)
CymMHHWIA NerkuiA KOrHITMBHUIA AediuuT 52 (66,7 %) 56 (60,9 %) 40 (74,1 %) 22 (64,7 %) 34 (43,6 %)
Vascular mild cognitive impairment
CyauHHa aemeHuis 9(11,5%) 11 (11,9 %) 5(9,2 %) 7 (20,6 %) 21 (26,9 %)

Vascular severe cognitive impairment (dementia)
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MEHIIi€0 Ta 0CiO 0€3 CyTIMHHOIO KOTHITUBHOTO Neil-
Ty. i ocobu Bigmbupanucs cepea HEONPOMiHEHUX
nauieHTtiB HHIIPM BignoBigHO 10 KpUTEpiiB, HaBeAe-
HUX HIDXYE.

Icuxonesponoeciunuii npomokos, eepughikayis oOiacHosie
ma Kpumepii 6KA04eHHS/6UKAIOHeHHs 6 epynu. JliaTHOCTHKA
CYIMHHOTO KOTHITMBHOTO Ae(ilIUTy TTPOBOAMIIACE BiITO-
BiIHO 10 KpUTEPiiB AMEpUKaHCHKOI CepLIeBOi acoliallii Ta
AmepukaHcbKoi acotrianii incynsty (AHA/ASA), Hayko-
BOTO KOHCTAaTyBaHHS CYIMHHOTO BHECKY IO KOTHITUBHUX
nopymeHb i geMmeHuii (Scientific Statement Vascular
Contributions to Cognitive Impairment and Dementia)
[14], KopoTkoi IIKajJW OIIIHKKW IICUXiYHOTO CTaHy
(MMSE) [13], a makoasic kpumepiic MKX-10 ma DSM-1V.

INamienTn (4ostoBiKM) OyIM PO3TOAIICHI B Pi3Hi IPYITH
BiATIOBITHO 10 TSXKKOCTI KOTHITUBHOTO Ae(illMTy Ta Ha-
SIBHOCTI ompoMmiHeHHs. Kputepii BKIIOYEHHS/BUKIIO-
YeHHs mpeacTaBieHi B TabJI. 2.

3eoda ma cxeanenns. IIucbMoOBY iH(POPMOBaAHY 3TOay
JIJII yJacTi B JOCTiIXXEHHI OTpUMYBaJIU, BiIIIOBIAHO, Bi
KOXHOro yuyacHuka. HochigxXeHHsI OyJIO CXBajJeHO
Kowmiterom 3 meaununoi etuku HHIIPM. Ilpoueaypu
TOCHiIXEHHSI MPOBOAWINCS BiAMOBIIHO OO E€TUYHMUX
CTaHIapTiB BiAMOBiTaIbHOTO KOMITETY MO IIPOBEACHHIO
JOCHiIXEeHb 3 JAbMU (IHCTUTYLIiIOHAAbHOTO abo
perioHaabHOI0) Ta XeJbCUHKChKOI Aekaapallii 1975 po-
Ky, B peaakuii 1983 poky.

Ta6nauusa 2
Kputepii BKNlOYEHHA Ta BUKNIOYEHHA B AOCNiAKEHHSA

Table 2
Inclusion and exclusion criteria for the study

group and subjects without vascular cognitive
deficit. They were selected from the non-exposed
patients of the NRCRM according to the criteria
listed below.

Psychoneurological Protocol, Verification of
Diagnoses, and Group Inclusion/Exclusion Cri-
teria. The diagnostics of vascular cognitive im-
pairment was done according to the criteria of
American Heart Association/American Stroke
Association (AHA/ASA) Scientific Statement
Vascular Contributions to Cognitive Impairment
and Dementia [14], Mini-Mental State Exami-
nation (MMSE) [15], ICD-10 and DSM-1V crite-
ria as well.

Patients (males) were shared to different groups
according to the severity of cognitive deficit and
exposure to ionizing radiation. Inclusion/exclu-
sion criteria are presented at Table 2.

Consent and Approval. Written informed consent
to participate in the study was obtained from each
study subject, as appropriate. The study was
approved by the NRCRM Ethical Review Board.
The procedures followed were in accordance with
the ethical standards of the responsible committee
on human experimentation (institutional or
regional) and with the Helsinki Declaration of
1975, edition 1983.

Kpurepii BknioyeHHs / Inclusion criteria

Kpurepii BuknioueHHs / Exclusion criteria

3poposwii koHTponb / healthy control

IHLWi HiX LepedpPOBACKYNSPHI 3aXBOPIOBAHHS HEPBOBOI CUCTEMU 2B0 MCUXiuHi

> CTapuwi 3a 45 pokis / +45 years old; po3nagu;
> BifICYTHICTb (i3NYHNX Ta NCUXIYHUX PO3NALIB; Any other than cerebrovascular diseases of the nervous system or mental dis-
absence of any physical and mental disorder; order;

> MMSE > 28

CyauHHuiA nerkuii KorHiTuBHui aediumnt (CJIKA)

Vascular mild cognitive impairment (VaMCI)

> cTapLui 3a 45 pokis / +45 years old;

> BepudikoBaHa HEBPONOrOM LiepebpoBacKynsipHa XBopooa;
verified cerebrovascular disease by neurologist

> nauieHT Bianosinae kputepism AHA/ASA ans CNKL;
patients meet the AHA/ASA criteria for VaMCl;

> MMSE = 24-27

CynunHa pemeHuis (CAl) / Vascular dementia (VaD):

> CTapLwi 3a 45 pokis / 45+ years old;

> BepudikoBaHa HEBPOJIOroM LiepebpoBackynsipHa XBopoba;
verified cerebrovascular disease by neurologist;

> nauieHT Bianosinae kputepism AHA/ASA, MKX-10 ta DSM-IV ons CL;
patients meet the AHA/ASA, ICD-10 and DSM-IV criteria for VaD;

> MMSE < 23

>

> HebGaxaHHs BUKOHYBATM BAMOIY MPOTOKOAY abo NpoLeaypy A0CHIKEHHS

ab0 He3aaTHICTb 3PO3YMiTI IHCTPYKL;

unwilling to comply with the protocol or procedures or unable to
understand the language used;

Baxki 30p0Bi @00 CNyXOBi NOPYLLEHHS;

severe visual or auditory disorders;

> a/IKOroniam abo HapkoTUYHA 3aNEXHICTD;

alcoholism or drug dependence.
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Jlo3a onpominenns. 11 KOXKHOI OMPOMiHEHO1 0COOU iH-
JIUBidyallbHA 1032 30BHILIHLOTO OIPOMiHEHHSI OyJ1a OTpU-
MaHa 3 [epxaBHoro peectpy Ykpainn (I PY) (tabm. 1)

Locnioncenns eioHocHoI 0oedicuHu menomep 3a 0ONOMO-
2010 hayopecuyenmuoi eibpuduszauii in situ ma npomo4Hoi
yumomempii. BusHaueHHsI BiTHOCHOI JOBXWHU TEJIOMEDP
npoBoauau 3a goromoroi Telomer PNA Kit/FITC
(DakoCytometration, Denmark). Habip pekoMeHaoBa-
HO IS BU3HAYEHHSI TEJIOMEDP B SIIEPHUX T'eMOITOCTHY-
HUX KJIITUHAX 3 BUKOPUCTAHHSIM 3B’s13aHUX 3 (hIyopec-
LeiHOM 3pa3KiB MNeNTUAHOI HYKJIEeIHOBOI KHUCJIOTU
(PNA). Metoauka NmpoBeAeHHST aHali3y cKjagaaach 3
NEKITbKOX €TalliB, a caMe: MomnepeaHs o0podKa, IeHaTy-
pauis, riopuauzauis (1-it 1eHb); MpoMuBaHHS, (papOy-
Banuga JHK, anani3 (2-i neHp). B IKOCTi KOHTPOJIBHIX
KJIITUH, OyJla BUKOPUMCTaHA JIiHig JISHKeMiYHUX KIITUH
K562, sika Ma€ JOBIy Ta BCTAHOBJIEHY JOBXUHY TEJIOMED.
Anani3 riopuanzoBaHux 3paskiB i3 FITC-miueHoio PNA
OyB IIPOBEICHMII 32 JOIIOMOI'OI0 IIPOTOYHOIO IIMTOMETPA
FACSCalibur. RTL po3paxoByBanu 3a ¢opMyJIoIo:

Radiation Dose. For each exposed study subject,
the individual dose of external irradiation was
available in the State Registry of Ukraine (table 1).

Telomere analysis by fluorescence in situ
hybridization and flow cytometry. The relative
telomere length (RTL) was assessed using the
Telomere PNA Kit / FITC (Dako Cytomation,
Denmark) for hematopoietic cells using PNA
probe labeled with FITC. The Kit is recommend-
ed for determination of telomere in nuclear
hematopoietic cells using fluorescein samples
associated with peptide nucleic acid (PNA). FISH
stage included preprocessing, denaturation,
hybridization (the 1% day), washing, DNA stain-
ing, and analysis (the 2" day). K562 cell line with
long and determined telomere length was used as
control cells. Hybridized samples with FITC-
labelled PNA were counted at FACSCalibur
cytometer. RTL was calculated by the equation as
a follows:

(mean FL1 sample cells with probe — mean FL1 sample cells without probe) x DNA index of control cells

x 100 (D

(mean FL1 control cells with probe — mean FL1 control cells without probe) x DNA index of sample cells

Ouinka 8i0HOCHO20 pieHsA eeHHOI excnpecii (noaimepasna
AAHYH208a peakyis y pexcumi peanvHoeo uacy). BuzHa-
YEeHHS BiJHOCHOTO PiBHSI TeHHOI €KCIIpecil MPOBOAUIN
3a JOMOMOTIOI0 MOoiMepa3Hol JIaHLIOTOBOI peakllil y pe-
aJIbHOMY Yaci 3i 3BOPOTHOIO TpaHCKpUIILi€w. BunineH-
Hs ToTtanbHoi PHK mpoBoauiu 3 nefikolutiB nepude-
PUYHOI KpPOBi 3a JOIMOMOIOI aBTOMATWMYHOI CTaHLil
QIAcube (QIAGENE, Germany) 11 BUIiIJICHHS HYK-
JITHOBUX KHUCJIOT Ta Habopy aig BumineHHs PHK —
NucleoSpinRNAII (Macherey-Nagel, Germany). CuH-
te3 komriemeHTapHoi JIHK (k/IHK) i3 3pa3kiB Buaijie-
Hoi PHK nipoBomguscsg 3 Bukopucrtanusm HighCapacity
cDNA Reverse Transcription Kit (AppliedBiosystems,
USA). Ammigikauis k IHK npoBoauiack Ha 6a3i po-
ootuzoBaHoi ctaHuii 7900 HT Fast Real-Time PCR
System (Applied Biosystems, USA) i3 3acTocyBaHHSIM
HabopiB TagMan nns reniB TERT, TERFI ta TERF2.
AHaJji3 oTpUMaHMX JaHUX TPOBOAMUIN 3a JOMOMOIOIO
nporpaMmHoro 3abesnedyeHHsi SDS 2.3. ITokasHuku
BimHOCHOTO piBHS reHHOI ekcrpecii (RQ) po3paxoByBa-
JI1 3a fornomorolo 224t metony, ne

Real-time polymerase chain reaction (relative
quantification of gene expression). Gene expression
was explored by polymerase chain reaction (PCR)
with real-time reverse transcription. 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 cDNA was
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 comparative method (the expression
ratio is 2AACt), where

AACt = (Ctsample - Ctref )contrl - (Ctsample - Ct ref )irradiated (2)

Cmamucmuxa. CTaTUCTUYHUIN aHali3 MPOBOAUBCS 3
BukopuctanHsaM TmakeTiB MS STATISTICA-7.0-10.0.
CratuctuuHa oOpoOKa BKIKOYaja ASCKPUIITUBHY CTa-
tnctuky, ANOVA, kputepiit CThloneHTa, KpUTEpiil Xi-

Statistics. Statistical analysis we performed using
MS STATISTICA-7.0-10.0 software. Statistical
processing included descriptive statistic, ANOVA,
Student’s ¢ test, the Chi-square test (criterion y2),
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kBaapar (x?), koediuienT kopesauii Ilipcona Ta per-
peciiinuit aHaniz. ITapHuii t TeCT BUKOPUCTOBYBABCS IS
aHaJlizy JaHuX Y BUIAJKax, KOJIU Iapa BUMiploBaHb Oy-
Jla OTpMMaHa BiJ KOXHOiI ocoou. PizHMLIS MixX TpynamMu
BBaxkanach 3Hauyior nmpu o.<0,05 i monpaska boHbep-
POHi BMKOPMUCTOBYBajacs IS 3HUXKEHHS BipOriZHOCTI
TMOMMWJIOK II€PIIOrO TUITY (XMOHOMO3UTUBHUX) IIPU IIPO-
BeAeHHI MHOXWHHMX CTAaTUCTUYHUX TecTiB (p<Lo,/n).
ITpy MHOXWMHHOMY perpeciiHoOMy aHai3i He3aJexkHi
abo MpeAuKTOPHi 3MiHHI CKiaganucs 3: 1) mo3u 30B-
HIIITHBOTO ONIPOMiHEeHHS; 2) BiKy Ha MOMEHT OTJIsay; 3)
BiKy Ha MOMEHT OIPOMiHEHHS; 4) piBHS CYITyTHiX (Tpa-
JULIAHKX, HepaliauiiiHuX, (aKkTopiB); 5) POKiB OCBITH.
3aexHi abo KpuTepiajabHi 3MiHHI BKJIIOYAIU MOJIEKY-
JIIpHI Ta OioyioTiyHI KBaHTU(IKOBaHI ITapaMeTpH.
BignmoBigHO MO MHOXMHHOTO PErpeciiiHoro Ta Kope-
JISILIAHOTO aHali3y, ABOMPOCTOPOBI ab0 MPOCTOPOBO
3MiHHI perpeciitHi MoaeJi, BU3HaUYeHi piBHSIHHSIM

Pearson product-moment correlation and regres-
sion analysis. The paired t test was used to analyze
data when a pair of measurements was obtained on
each individual. The differences between groups
were accepted to be significant at 0.<0.05 and the
Bonferroni correction was used to reduce the prob-
ability of type I (i. e., false-positive) errors when
multiple statistical tests were performed (p < o/n).
In multiple regression analysis the independent or
predictor variables consisted of: 1) doses of external
radiation; 2) current age; 3) age at the time of expo-
sure; 4) the level of confounding (traditional, non-
radiation, factors); 5) years of education. The
dependent or criterion variables included molecu-
lar and biological quantified parameters. Following
the multiple regression and correlation analyses,
the two dimensional or to variable space regression
models, defining by the equation

Y=a+b-X 3)

ne Y — 3ajlexkHa 3MiHHA, a — MOCTiiiHa BeJM4YMHa, b —
HaxuJ JdiHii perpecii, Ta X — He3ajlexxHa 3MiHHa, OyJIu
obumcieHi A 3B’S3Ky no3a-edekT IJisi HaiOinbin
iH(pOpMATUBHUX 3aJIeXKHUX 3MiHHUX, BUKOPUCTOBYIOUU
JlaHi BCiX MalLli€eHTiB ONPOMiHEHUX I'PYI, SIKIIIO HE OYJ10
BKa3aHe iHIle.

PE3VIJIBTATU

JeCKpUNTUBHI XapaKTEepUCTUKU OOCTEeXEHUX OcCid
npenacrabieHi B Ta0. 1. Ipynu 0yau B cepeiHbOMY O/1-
Horo BiKy. He cmocTtepiraioch CyTTEBOI pPi3HMIII MiX
rpynaMu 3 pi3HUMU J03aMU Y BiZICOTKY OCi0 3 ITepBUH-
HUM OIPOMiHEHHSIM Y Billi 10 35 pokiB. B Toii xxe yac,
yacTka ocib 3 nepmoio Mmiciero B YopHoOuab y Bimi 35
poxkiB i cTapie 6ynaa Buiie (p = 0,15) y onpoMiHeHUX B
no3i monan 250 mM3B (36,0 %) y TOpiBHAHHI 3 OT-
pOMiHEHMMM B MeHIIUX no3ax. He Oyno Big3HaueHO
KOAHUX CTAaTUCTUYHO 3HAYYIIMX BIAMIHHOCTEM Mix
rpynaMm OTIPOMiHEHMX 3a MiclleM IIPOXHUBaHHS
(MicTo/ceno) abo 3a piBHEM OCBiTH, 1110 MOTJIO O BILIM-
HYTM Ha OLIHKY KOTHITUBHOro aegiuuty. B KOHT-
pOJIbHIA Trpyni BiICOTOK MeEIIKAHLIB CiJIbCbKUX
paiioniB O0yB BumuMm (p=0,0002), omHaK BiH TaKOX
MPEACTaBISIB MEHIIICTh OCi0, SIK i B TpyIli onmpoMiHe-
Hux. OCBiTHiIli piBeHb HE IOKa3aB 3HAYyLIMX BiJl-
MIHHOCTEeM, OKpiM OLIbILIOI YaCTKHU JiKBiIaTOPiB 3 BU-
11100 OCBITOIO B TPYITi OMPOMiHEHUX 3 103010 TToHaa 500
M3B. YUYaCHUKM JIiKBifallii 3 IeMEHIi€10 OyI1 MOJIOIIIII
32 HEONPOMiHEHUX IMALi€EHTIB 3 LIMM XE IiarHO30M
(M=%SD: (60,5%7,3) poxy mpotu (66,9£11,2); t = -2,5;

where Y — the dependent variable, a — constant
(intercept), b — slope (regression coefficient), and
X — independent variable, were calculated for dose-
effect relationships for the most informative depen-
dent variables, using the data from all patients in the
exposed groups, if other is not specified.

RESULTS

Descriptive characteristics of the examined subjects
is presented at Table 1. Groups were of the same
mean age and its range. There was no significant dif-
ference between the dose groups in percent of sub-
jects with the first exposure at the age below 35 years.
However, the proportion of subjects with first mis-
sion to Chornobyl at age of 35 years and older was
higher (p = 0.15) in exposed over 250 mSv (36.0 %)
in comparison with exposed to lower doses (21.1 %).
The majority of subjects at time of interview lived in
urban areas. There were no statistically significant
differences between the exposed groups in rural/
urban status or educational level that may influence
cognitive function scaling. In a control group the
percentage of inhabitants of rural areas was higher (p
= (0.0002), however representing a minority of sub-
jects like in exposed. Education status showed none
of significant differences except of higher proportion
of clean-up workers with high education in a group
with radiation doses over 500 mSv. Clean-up work-
ers with dementia were younger, than non-exposed
patients with dementia (M £ SD: 60.5 & 7.3 years vs

(1) 178
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p = 0,016, BigmoBinHo). Lle Moxe cBimUnTH ITPO GiNbII
paHHill MoYaToK AeMeHIlii y ompoMiHeHUX ocib, a Ta-
KOX MpO MPUCKOPEHHS MpoLeciB cTapiHHSA y HUX. He
CIOCTEPIraJoch HiIKMX BiIMiHHOCTE# PiBHS KOTHITHUB-
Horo aediuuTy BiamoBigHo Ao O6aniB MMSE Mix or-
POMIiHEHMMMU Ta HEOIIPOMiHEHNMM 3 OHAKOBUMM JIiar-
HO3aMH.

Ananiz RTL Ta ekcnpecii reHiB B 3aj1e3KHOCTi Bia 3 1031
ONpoMiHeHHS
Flow-FISH anamiz RTL y neiikonurax nepudepnaHoi
KpOBi MTOKAa3aB TEHACHIIIO 1O BKOPOYEHHS TEJIOMEp TTiCIIs
orpoMiHeHHsI. 3a¢ikcoBaHi CTATUCTUYHO AOCTOBIPHI Bijl-
miHHocTi B YJIHA, ¢Ki 3a3Hanu orpoMiHeHHs 6iibiie 100
M3B (Tab:. 3). TeHaeHIIisT 3HKEHHS BiTHOCHUX TTOKA3HM-
KiB JOBXUHMU Tejomep y rpymi YJIHA, onpomiHeHuX y 10-
3ax Oinbiie 500 M3B, CTATUCTUYHOI JOCTOBIPHOCTI HE MaJia.

OnHoHarmpaBlieHi 3MiHM B €KCIIpecii TeHiB Oyjau
npoIeMOHCTpoBaHI B ycix rpynax YJIHA (ra6a. 4).
Excnpecis reny TERF1 ctatucTuyHo A40CTOBipHO He
3MiHIOBaJlach B XXOJHill 3 rpym obcTtexeHHs. Ilepe-
KOHJUBIilII nmaHi OyJluM OTpMMaHi 1IOAO0 3MiH B
ekcrpecii reny TERF2, e ogHOro HeraTUBHOTO pe-
ryJsTopa 10BXMHU TeJiomep. byjlo BcTtaHOBJIeHa rine-
pexcnpecisa reny TERF2 y rpynax YJIHA, onpomiHe-
Hux B nianazoHax 100—250 ta 250—500 M3B nopiBHSI-
HO 3 HeonpoMiHEHUMHU ocobamu. IlinBUILIEHHST €KC-
npecii rena TERF2 y BinnaneHoMy mepioni micis ori-
pOMiHEHHS MOXe BKa3yBaTH Ha IMiACUICHHS HeTaTUB-
HOT'0 KOHTPOJIIO aKTUBHOCTI TeJIOMEpPa3y Ta JOBXUHU
tejgomep. Lli gaHi y3romgXyOTbCSI 3 IIPOTUIECKHOIO
TeHaeHLielo 3MiH ekcrpecii reHy TERT — to6T0, TeH,
KU Koaye OinoK, BiAMOBiZaJbHMI 32 MOJAOBXEHHS
TeJI0MeEp.

VY rpymi ocid, onpomineHnx B mo3ax Hkue 100 M3B,
excnpecis reHiB TERT1 i TERT2 ctaTUCTUYHO He 3MiHIO-

66.9 + 11.2; t = -2.5; p = 0.016, correspondingly).
This could testify to the earlier dementia onset in
irradiated persons as well as to an accelerated aging
among them. There were no differences in the cog-
nitive level according to the Mini-Mental State
Examination (MMSE) between exposed and non-
exposed groups with the same diagnosis.

Analysis of RTL and gene expression due to radia-
tion dose

Flow-FISH analysis of RTL in peripheral blood
leukocytes showed a tendency of telomere shorten-
ing in exposed. Differences became statistically sig-
nificant in clean-up workers exposed over 100 mSv
(Table 3). Tendency of mean RTL parameters
decrease in group of clean-up workers exposed over
500 mSyv occurred non-significant.

Unidirectional changes were demonstrated for
gene expression in all the groups of clean-up workers
(Table 4). None of statistically significant changes
were found for TERF1 gene expression. More con-
vincing figures were shown in the expression of
TERF2, being another negative regulator of telom-
ere length. In the groups of clean-up workers irradi-
ated in the ranges of 100—250 mSv and 250—500
mSyv the overexpression of TERF2, compared with
non-exposed group was shown. Increase of the
TERF2 gene expression in the remote period after
irradiation could indicate strengthening of the nega-
tive control of telomerase activity and telomere
length. These data are consistent with the opposite
tendency of changes in TERT gene expression —
that is, the gene encoding the protein responsible for
telomere elongation.

For a group of exposed below 100 mSv no signif-
icant changes were demonstrated both for TERT ]

Ta6nauuysa 3

BigHOCHA AOBXMWHA Tenomep y nenmKouuTax nepucepuyHoi KpoBi ocié gocnigHux rpyn

Table 3

Relative telomere length in peripheral blood leukocytes of examination groups

Fpynn RTL t-value P
Groups by radiation dose M m
1 (20—-100 m38 / mSv) 16,26 0,26 1,55 0,12
2 (100—250 m38 / mSv) 15,89 0,27 2,42 0,02*
3 (250-500 M38 / mSv) 15,85 0,33 2,24 0,02*
4 (> 500 m38 / mSv) 16,36 0,34 1,56 0,12
HeonpomineHi / non-exposed 17,21 0,23

MpuMiTka. * — CTATUCTMYHO BiPOriaHA Pi3HNLS, MOPIBHSHO i3 FPYMOI0 HEONPOMIHEHNX OCIO
Note. * — significant difference in comparison with the non-exposed group
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TaGnuus 4
Moka3HuKu BigHOCHOT eKcnpecii reHiB TERF1, TERF2, TERT
Table 4
Relative quantification of TERF1, TERF2, TERT gene expression
Tpynu FeH / Gene symbol Relative quantification t-value P
Groups (Assay) M m
TERF1 1,04 0,35 1,80 0,07
(Hs00744634 _s1)
20—100 m38 / mSv TERF2 1,10 0,30 -1,25 0,21
(Hs00194619 m1)
TERT 5,74 2,43 -3,01 0,007*
(Hs00972656_m1)
TERF1 1,83 0,49 0,51 0,60
(Hs00744634 s1)
100-250 m38 / mSv TERF2 1,77 0,37 -2,60 0,01*
(Hs00194619_m1)
TERT 2,34 0,86 -2,48 0,02*
(Hs00972656_m1)
TERF1 2,12 0,45 0,12 0,89
(Hs00744634 s1)
250-500 m38 / mSv TERF2 1,78 0,57 -2,17 0,03*
(Hs00194619 m1)
TERT 3,17 1,82 -2,30 0,03*
(Hs00972656_m1)
TERF1 1,16 0,50 1,32 0,19
(Hs00744634 s1)
>500 m3B / mSv TERF2 1,52 0,68 -1,62 0,11
(Hs00194619_m1)
TERT 10,79 3,45 -3,19 0,004*
(Hs00972656_m1)
TERF1 2,20 0,50 - -
(Hs00744634 s1)
HeonpomiHeHi / non-exposed TERF2 0,69 0,17 - -
(Hs00194619_m1)
TERT 0,29 0,11 - -

MpuMiTka. * — CTaTUCTMYHO BipOriaHA Pi3HWLS, MOPIBHSHO i3 rPYMNoi0 HEONPOMIHEHWX OCIO
Note. * — ssignificant difference in comparison with the non-exposed group

BaJlach, TOMi SIK HaMOLIbII BUMCOKi MOKa3HUKU RQ reHy
TERT 6ynu 11oB’s13aHi 3 MiHIMAJIbLHUMU 3MiHaMU Y OKa3-
HMKaX BiIHOCHOI JOBXWHU TenoMep. IlopiBHSIbHUIA
aHaui3 (puc. 1) mokazas, o RTL 3meH1yeTses (puc. 1A)
3i 30LIBIIEHHSIM 103U OMPOMIHEHHS Y JOCTITHUX rpymnax
Ta TIMNEePEeKCIIPECIE0 HETAaTUBHUX PETYJISATOPIB TOBXKWUHU
tenomep TERFIi TERF2 (puc. 1B, C). IlpotunexHi TeH-
JeHIIii Oyau nmpoaeMoHCTpoBaHi 1moao reHa TERT, oco6-
JIMBO y IpyTi 0¢i0, onpoMiHeHUX y Ao3ax oijbiie 500 M3B,
Jle CTaTUCTUYHO JocToBipHa rinepekcnpeciss TERT (puc.
1D) moemnyBanach 3i 3HmKeHHIM RQ rteniB TERFI i
TERF2, nopiBusiHO 3 YJIHA, onpoMiHEHUMM Y HMKUMX
no3ax. Take CriBBiZTHOIIIEHHS B €KCITPECii BKa3aHUX TeHiB,
MOXe€ CBiIUUTU IIPO MEeBHY HE3AJIEKHICTb TeHHOI eKCIpe-
cii Ta PpyHKIIiT TeTOMep i Ma€ HACITIIKOM BiICYTHICTb TOC-

(1) 180

and TERT2while the highest RQ indices for TERT
were associated with minimal changes in RTL.
Comparisons (Fig. 1) have shown that a decrease
in RTL (Fig. 1A) is in parallel to an increase of the
radiation dose by group and overexpression of neg-
ative telomere length regulators TERFI and
TERF2 genes (Fig. 1B, C). The opposite trends
were demonstrated for TERT gene, especially in a
group exposed over 500 mSv, when a significant
TERT overexpression (fig. 1D) was combined with
decreased RQ for TERFI and TERF2, as compar-
ing with clean-up workers exposed to lower doses.
Such gene expression equilibrium demonstrates
certain independency in expression and influence
on telomere function, and results in an absence of
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PucyHok 1. [loBxuHa Tenomep Ta BigHOCHUM piBeHb ekcnpecii reHiB TERF1, TERF2, TERT y neiikoyutax
nepudepuunoi kposi VJIHA Ha YAEC yepe3 25-27 pokiB nicna onpomiHeHHs (M + SD)
A - BigHOCHa AoBXWHa Tenomep; B — 3HaueHHs RQ gna reHy TERF2; C — 3HaueHnHs RQ pns redy TERF1; D — 3HaueHHs RQ pns reHy TERT

Figure 1. Telomere length and gene expression in Chornobyl clean-up workers 25-27 years after radiation

exposure (M+SD)

X—axis — exposure groups; Y—axis: A — relative telomere length; B — RQ for TERF2; C — RQ for TERF1; D — RQ for TERT gene

TOBIPHUX 3MiH X JOBXWHU ITiCJISI OMPOMIHEHHS Y 034X,
Buix 3a 500 M3B.

JloBxXHHA TejoMep, reHHA eKCHpecia Ta KOTHITHBHMIA
Jedimur

He 6y7n0 BUSIBIEHO 3B’SI3KY MiX TSKKICTIO po3/1aiB i oc-
BiTHIM piBHeM (BimmosimHo 11,8+2,1 ta 12,1+1,7 pokiB
OCBiTM) Ta iHIIMMM (aKTOpamMu CHOcoOy XUTTs. B 3a-
ranbHilt rpyni YJIHA crioctepiraBcs CyTTEBUIA 3B’SI30K
MiX 3HWXXEHHSIM TokazHuka MMSE, gkuii cBiquuB Mpo
HapocTalounit KOrTHiTMBHUM AedinnT Ta BikoM (p < 0,001;
puc. 2A). Hafitnmxkui nmokazHuku MMSE Takox Binm-
MOBiIaIM HAMKOPOTILMM TeJIOMepaM, Xoua Xapakrep 3a-
JIEXKHOCTI OyB He HacTiibku mokazoBuM (p < 0,01).
AHaJli3 NoKa3HUKIB IpyNy ONPOMIHEHUX y OPIBHSIHHI 3
HEOIIPOMiHEHMMU IPOJIEMOHCTPYBaB CYTTEBE 3HMXKEH-
H4 (p = 0,03) i cepenuboro 3HaueHHsTs MMSE, i RTL ma-
paMeTpiB, 110 CBiMYUTH IIPO BIUIUB MOIEPEIHBOTO OII-
pomiHeHHd (puc. 3).

significant telomere length changes after exposure
over 500 mSv.

Telomere length, gene expression and cognitive
deficit

No connection was found between the severity of
disease and education level (subsequently 11.8 *
2.1 and 12.1 = 1.7 years of education), and other
lifestyle factors. In a total group of clean-up work-
ers there was a significant relationship between the
decrease of MMSE, indicating increasing cognitive
deficit, and age (p < 0.001; Fig. 3A). The lowest
MMSE also correspond to the shortest telomeres
(Fig. 3B), however the character of dependency
was not so demonstrative (p < 0.01). Analysis of the
exposed group in comparison with non-exposed
demonstrated a significant decrease (p = 0.03) both
of the mean MMSE and RTL parameters suggest-
ing influence of previous exposure (Fig. 3).
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PUCyHOK 2. 3anexHictb Mix KorHitTusHum pecdiuutom BignosigHo o MMSE, Biky (A) Ta RTL (B) B V/IHA Ha
YAEC

Figure 2. Dependence between cognitive deficit according to the MMSE, age (A) and RTL (B) in clean-up
workers of Chornobyl accident

Wilks lambda=,73509, F(15, 81)=1,9461, p=,03002
Effective hy pothesis decomposition
Vertical bars denote 0,95 confidence interv als

E Mmse

-
-4-- RTL

F'pynu / Groups
1 — YTHA Ha YAEC /exposed Chernobyl liquidators
2 — HeonpomiHeHi / non-exposed

PucyHok 3. CepeaHi 3HaueHHa MMSE 1a RTL B8 V/IHA Ha YAEC Ta y rpyni HeonpomiHeHux 0ci6, cTaHaapTu3o-

BaHux 3a Bikom (M + SD)

Figure 3. Mean MMSE and RTL in clean-up workers vs the age-standardized group of non-exposed (M+SD)

OBI'OBOPEHHA

JOBrocTpOKOBUIA HECTIPUSATAMBUI BILUIMB HOPHOOWIIb-
CBhKOI KaTacTpodu Ha IICUXiYHE 3M0POB’S € MiXKHapOIHO
BU3HAHUM. YOpHOOMILCHKUI (hOPYM IiiIIIOB BUCHOBKY,
11O TICUXiYHE 3I0pOB’S OyJ10 HaAMOiMBII Ccepilo3HOI0
MpoOJEMOI0 OXOPOHU 30POB’Sl HACEJIEHHS, BUKJIUKA-
Hoo aBapieto. LlepedbpoBackyisipHi po3iaaau, opraHiuHe
YpaxKeHHSI FOJIOBHOTO MO3KY i KOTHITHBHI MOPYIIIEHHS €
oIHi€o 3 ocHoBHMX mnarosorii B YJIHA. Pan Hamio-
HaJlbHUX 1 MiKHApOAHMX NOCHIIKEHb MOKa3aad Mpu-
CYTHICTb KOTHITMBHOI aucdyHkiii B YJIHA 3 mepena-

DISCUSSION

The long-term unfavorable impact of the Chor-
nobyl disaster on mental health is internationally
recognized. The Chornobyl Forum concluded that
mental health was the largest public health prob-
lem unleashed by the accident. Cerebrovascular
disorders, organic brain damage and cognitive
impairment are among the main pathology in the
clean-up workers. Several national and interna-
tional studies have demonstrated presence of cog-
nitive dysfunction in clean-up workers with preva-

(1) 182



ISSN 2304-8336. pobnemu pagiauiitHoi Meauumky Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

KJTIHIYHI

AOCNIAXKEHHA

>KaHHSM JENPEeCUBHUX 3MiH, JYMOK IIPO CaMOTyOCTBO
towio [16, 17]. Tum He MeHII, 3B’SI30K CYAMHHOI MMaTo-
JIOTi1 3 10HI3yIOUMM BUIPOMiHIOBaHHSM Iticiss YopHo-
OWJIIO TIOBUHEH OYTU JOBEIEHUM i PO3TJISIIAETHCS B e~
KMX KOMEHTapsx, K aHomalbHuil [18]. HeobOxigHo
BCTAaHOBUTU MEXaHi3MU, 1110 TIOB’SI3YIOTh Ail0 pagiallii Ta
CYIMHHY TIaTOJIOTIIO B JialTa30Hi MaJauX 103. 3aBOaHHIM
JaHOTO JOCHIIKEHHS OyJ0 3’SICyBaTU 3B’SI30K MiX J10-
3010 OINPOMIiHEHHS, JOBXWHOIO TEJIOMEep Ta ii TeHHOIO
peryJsui€elo, i KOrHiTMUBHUM Ae(IillMTOM, K HACIiIKOM
LepeOdpoBaCKyISIPHOI IMATOJIOTil BilJaJeHOro Iepiony
TiCJIsT OTIPOMiHEHHSI.

IcHyl0TH ekcrnepuMeHTalbHi J0Ka3u 3MiH JOBXMHU
TeJIOMEP BHACIAOK [ii iOHi3yl0uOro BUMPOMiHIOBAHHS
[19]. Panimre excriepyMeHTalIbHI TOCIIIKEHHS IT0Ka3a-
M, 1o AUcGYHKILS TeJoMep MOTipIIyeE pernapaliio
HHK i minBuilye 4yTIMBICTH OO iOHi3yIOUOi pamiarlii.
IToniOHi B3a€EMO3B’SI3KM MiXK J03010 OIPOMIiHEHHSI, 1OB-
KMHOIO TeJIoOMep Ta aronTo30M OYyJM OIMCaHi HalloK
HAyKOBOIO TPYyIOI0 Yy paHHbOMY IMepiofi ITicis om-
POMiHEHHS TIepCOHAaIY, IKUI 3a3Ha€ BIUIMBY iOHi3YyI0UO1
paniauii B Manux no3ax Ha YopHoOwnbcbKiih AEC [3].
Iamn mocmimkenHs [20] mokaszanu pi3Hi TEHIEHIT y
3MiHi TOBXUHU TejoMep y 565 YJIHA 3 JlaTsii: moBuui
TeJIOMEPU B YYaCHUKIB JTiKBinallii HacIinkiB aBapii 1986
POKY Ta OHKOJIOTiYHMUX XBOPHUX, Ta OLIbII KOPOTKi TEI0-
mepu B YJIHA 3 papialiiHuMM KaTapakTaMu, OCTEOMNO-
po30M, aTepoCKIepo30oM abo illleMiuHOI0 XBOPOOOIO
cepusd. IHdopMaLis 11040 403 OMPOMIHEHHSI B LIbOMY
JIOCJTiI>KeHHi O0ys1a BiICyTHSI.

Oco0JIUBICTIO JAaHOTO IOCIIIKEHHS € Te, 10 3MiHU
JOBXWHU TeJIOMEp Ta TeHHOI Perysilii TeIOMepO-Ten0-
MEpa3HOro KOMIUIEKCY (hiKCYIOThCS Yy BimmaieHOMY
nepiofi micis pagialiiiHOro ONpoOMiHEHHSI, BKIIIOYaloun
BILUIMB Maiux 103. OCKiJIbKYA CKOPOYEHHS TEJI0MED OIN-
CaHO TpY HU3LI XBOPOO 3 KOTHiTMBHUM Je(illuTOM,
MPUPOIHUM OYyJIO 6 0UiKyBaTH 3B’SI30K MixX TeJIOMEPaAMU
Ta MaToJIOTi€I0, Ta T€, 1110 Oyae 3HAWAECHO acoLialilo MixX
TOBXWHOIO TeJIOMEpP, BIKOM Ta KOTHITUBHUM aediln-
ToM. bBinbmr Toro, Hami gaHi cBigyaTh, IO B3a€E-
MO3B’SI30K MiX 3MiHAMU JOBXUWHU TeJIOMeED i 403010 OIl-
pOMiHEHHS 30epiraeTbcsl MOHaA ABaALATh pokKiB. Hamri
JlaH1 TaKOX TOKa3ylTh, 110 1Ii 3MiHU JOBXUHU TEJIOMEDP
MOB’s13aHi 3 eKCIIpeci€lo TeHiB, 110 MalOTh MO3UTUBHI i
HEraTuBHI €(eKTU peryioBaHHS Ha (DYHKIII Teaomep.
Hamu BcTaHOBJIEHO, 110 iCHYE MEBHA Pi3HUILIST B pery-
Tl TeHiB y 1o3ax Hkue i 6inbme 500 M3B y Bimmaie-
HOMY Tiepioni micist onpoMmiHeHHs. HeoOXigHUM € TIpo-
JOBXEHHSI AOCTIAXKEHHSI 3 BU3HAYEHHS CTaOiIbHOCTI
3MiH eKCIIpecii TeHiB Ha MPOTs3i 3HAYHOTO Mepioay yacy
MicJIs ONPOMiHEHHSI.

lence of depressive changes, suicide ideation etc.
[16, 17]. However, the relationship of the vascular
pathology excess after Chornobyl to ionizing radi-
ation has to be proven and is regarded in some
commentaries as anomalous [18]. Understanding
of the mechanisms bridging radiation and vascular
pathology at low dose range has to be established.
The approach of this study was to find out the con-
nection between the radiation dose, telomere
length and its gene regulation, and cognitive
deficit as a result of the cerebrovascular pathology
of the late period.

The experimental evidence exists on the
changes of telomeres due to ionizing radiation
[19]. Earlier experimental studies have shown
that telomere dysfunction impairs DNA repair
and enhances sensitivity to ionizing radiation.
Similar relationships between the radiation dose,
telomere length and apoptosis have been de-
scribed by our group at the early period after
exposure in staff exposed to low-doses at
Chornobyl NPP [5]. Another study [20] demon-
strated different patterns of telomere length
changes in 565 clean-up workers from Latvia:
longer telomeres in clean-up workers of 1986
working on deactivation and cancer patients and
shorter telomeres in those clean-up workers with
concomitant cataracts, osteoporosis, atheroscle-
rosis, 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 is natural to expect
the relationship between the telomeres and disease
and the connection between the telomere length,
age and cognitive 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 expression of genes having posi-
tive and negative regulation effects on telomere
function. We report that at the late period exists
some difference in gene regulation at doses below
and over 500 mSv. Follow-up study is needed to
determine the stability of gene expression changes
during the substantial time period after radiation
exposure.
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IMongka

HocnimxeHHs MpoBeaeHi 3a ruiaHoM HallioHaibHOT aka-
gemii MeaguuHux Hayk Ykpainu (HAP Ne 492, nomep
nepxaBHoi peectpauii 0110U000180) cminbHO 3 rpaH-
toMm nipoekty CEREBRAD (Ne 295552) €Bponeiicbkoi
pamkoBoi niporpamu FP7 “KorHiTuBHI Ta uepedpoBac-
KyJISpHi eeKTH, BUKJIMKAaHI MaJIMMU J03aMU iOHi3yI0-
YOro BUIMPOMIiHIOBaHHS .
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