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BILJIMB XPOHIYHOI BIPYCHOI IH®EKIIII HA TOBXUHY
TEJIOMEP JIIM®OIIUTIB IEPUPEPUYHOI KPOBI YYACHUKIB
JIKBIJIALIIT ABAPII HA YAEC Y BIJIZIAJIEHOMY IEPIOJI ITICJIA
OITPOMIHEHHA

MeTta. OuiHWTM BNAKB XPOHiYHOT BipyCHOT iH(EKLiT Ha NOKa3HMK BiAHOCHOT AOBXWUHM Tenomep nimdoumnTie nepude-
puyHoi kpoei (MK) yyacHukis niksipauii Hacnigkis aapii (JIHA) Ha YAEC y BigaaneHuit nepiog nicna onpoMiHeHHs
(30 pokiB noTomy) Ta BU3HAUYUTW POSb BipyCHOrO HOCIACTBA Y PO3BUTKY NPUCKOPEHOrO KNiTUHHOIO CTApPiHHA.
Marepianu i metogu. OcHoBHa rpyna obcTexeHHs Bkatodana 70 yyacHukis JIHA Ha YAEC YonoBiyoi cTari, y BigaaneHo-
My nepiogi nicns onpomiHeHHs — 30 pokiB noToMy {403a 30BHiWHbLOrO ONPOMiHEHHA cknagana (602,67 + 114,19) m3B
(M + m), Bik (59,75 + 0,82) pokiB}. AHani3 NpoOBOAMIYN 3aNEXHO Bif, HAABHOCTI ab0 BiACYTHOCTi aHTUTIN O XPOHiYHOT
tha3u BipycHOi iHdekLii. BusHaueHHs BigHOCHOT foBxuHKU Tenomep (relative telomere length — RTL) nimcouutis MK
nposoaunun 3a gonomoroio flow-FISH meTopy (npoToyHo-LUTOMETPUYHA yopecLeHTHa ribpuausalis in situ), cybno-
nynauii iMyHOKOMNETEHTHUX KNiTUH AOCAIAXKYBaNU 3 BUKOPUCTaHHAM npoToyHoi uutometpii (FacsCalibur, BD) i cTaH-
AApTHUX KOMOiHaLih MOHOKNOHanbHUX aHTuTin (CD45/14,CD3/19, CD4/8, CD3/HLADR, CD3/16/56, TCRYJ); BU3HAueH-
Hs CTaTyCy NPOTUBIPYCHOrO iMyHIiTETY NPOBOAMIIM 33 AONOMOTO0 iMyHO(EpPMEHTHOrO aHani3y, 30KpeMa BU3Ha4anm aH-
TUTiNa [0 XpOHiYHOT ha3m 3axBoploBaHHSA, a came ao Bipycy renatuty C (BIC), untomeranosipycHoi iHdekuii (LMB),
Tokconnasmu roHaii (TOKC), Bipycy npoctoro repnecy (BINT) Ta Bipycy EnwreitH-bapp (BEB-VCA IgG Ta BEB-NA IgG).
06’ekT pocnigxenHs — MK yyacHukis JIHA Ha YAEC.
Pe3ynbratn. CkopoyeHHs BifHOCHOT JOBXWHM Tenomep noB's3aHe 3 HOCINCTBOM BipycHOi iH(eKUiT Ha rpynoBomy
piBHi. CTaTMCTUYHO BOCTOBipHi 3MiHM noka3Huka RTL 6yno npogeMoHCTpoBaHO Mix gocnigHumu rpynamu (M + SD)
(BIC-HeratusHa 15,27 + 3,35, BIC-no3utueHa 13,09 + 3,05, p < 0,08, n = 12/52) Ta Bu3HayeHo TeHpeHLito (LUMB-Heratus-
Ha 15,99 + 5,41, UMB-no3uTuBHa 14,86 + 3,46 (M + SD), p < 0,57, n = 11/53; BMI-HeratusHa 17,01 + 1,35, BIM-no3utue-
Ha 14,79 + 3,80, p < 0,33, n = 13/51; TOKC-HeraTusHa 15,94 + 3,41, TOKC-no3utneHa 14,30 + 3,81 (M + SD), p < 0,23,
n=27/37). Lli ogHocnpsMOBaHi 3MiHM MOXYTb OyTU NOB’A3aHi 3 NepeAYacHUM CTapiHHAM iIMYHOKOMNETEHTHUX KNiTUH.
Ono3uTHi 3MiHKM Byno npogemoHcTpoBaHo B rpyni yuacHukiB JIHA Ha YAEC 3 HociiictBom BEB-NA. BusHaueHo ctatuc-
TUYHO AOCTOBiIpHE NiABULLEHH:A NoKa3HuKa RTL nopiBHAHO 3 rpynoto yyacHukis JIHA Ha YAEC 3 BigcyTHiCTIO aHTUTIN
B0 xpoHiyHoi a3n BEB-NA (EBV-NA-neratusHa 11,25 + 3,02 (M + SD), EBV-NA-no3utusHa 16,15 + 3,08 (M + SD), p
<0,001, n = 15/49).
BucHoBKuU. [locnigKeHHA NigTBEPAUNO NPUNYLLEHHA NPO 3B'A30K MiX AOBXWHOI Tenomep NiMmpouunTis nepudepuny-
HOT KpPOBi, XPOHIYHOIO BipYCHO iH(eKLi€ Ta Ni3HIMKU pafioiHAYKOBAaHUMU eeKTaMu B iIMyHOKOMNETEHTHUX KNiTu-
Hax. 3MiHM LOBXMHM TenoMmep Ha TNi iMyHHOT AUChYHKLUIT MOXYTb OYTV 03HAKOI KNITUHHOMO CTApiHHA, @ CynyTHA
XPOHiYHa BipycHa iHdekKuin, Taka ak Bipyc renatuty C i Bipyc EnwTeitH-bapp, Moxe cTBOpIOBATU NifIr'pyHTA As «no-
MunkoBoi» penapauii HK, cTeoptotoun yMmoBu ans 3n0sKicHoi TpaHcdopmauii.
KniouoBi cnoBa: pagiais, BifHOCHA LOBXWHA TENIOMEP, XPOHiUHI BipyCHi iHdeKLii.
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Impact of chronic blood viral infection on lymphocyte telomere length in
Chornobyl clean-up workers in a remote period after radiation exposure

Objective. To assess whether telomere length in lymphocytes of Chornobyl clean-up workers at a late period 30 years
after the exposure to ionizing radiation is influenced by a chronic blood viral infection and to determine role of viral
carriage in cellular senescence.
Patients and Methods. Study group included 70 Chornobyl cleanup male workers 30 years after exposure {doses of
external exposure (602.67 + 114.19) mSv (M £ m); age (59.75 + 0.82) yrs}. Relative telomere length (RTL) was
analysed by fluorescence in situ hybridization and flow cytometry, immune cell subsets by standard combinations of
monoclonal antibodies (CD45/14, CD3/19, CD4/8, CD3/HLADR, CD3/16/56, TCRyd) and flow cytometry; antiviral
immunity was performed determining the chronic phase antibodies to viruses: Hepatitis C (HCV), Cytomegalovirus
(CMV), Toxoplasma gondii (TOX), Herpes simplex (HSV) and Epstein-Barr virus (EBV-VCA IgG and EBV-NA IgG). The
object of the study was peripheral blood (PB) of clean-up workers.
Results. RTL changes were associated at the group level with the carrier state of the viral infection. RTL shortening
was demonstrated as a significant difference between the groups (M + SD) (HCV-negative 15.27 + 3.35, HCV-posi-
tive 13.09 + 3.05, p < 0.08, n = 12/52) or as a tendency (CMV-negative 15.99 + 5.41, CMV-positive 14.86 + 3.46
(M +SD), p<0.57, n=11/53; HSV-negative 17.01 + 1.35, HSV-positive 14.79 + 3.80, p < 0.33, n = 13/51; TOX-neg-
ative 15.94 + 3.41, TOX-positive 14.30 + 3.81(M + SD), p < 0.23, n = 27/37). These unidirectional changes can be
associated with premature early cell aging of immune cells. To the contrary the significant RTL elongation was
demonstrated in the group of EBV-NA chronic carriers (EBV-NA-negative 11.25 + 3.02 (M + SD), EBV-NA-positive
16.15 + 3.08 (M + SD), p < 0.001, n = 15/49).
Conclusion. The study confirmed the assumption on a relationship existing between the telomere length, chronic
viralinfection and late effects in immune cells. The changes of telomeres length on the background of immune dys-
function may be a sign of cellular aging, and concomitant chronic blood viral infection such as Hepatitis C, Epstein-
Barr viruses carriage could form a background for an error-prone DNA reparation system as a factor of accumulation
of pathological conditions, including malignant transformation.
Key words: radiation, relative telomere length, chronic blood virus infections.
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BCTVYII
YopHoOuIbCchKa KaTacTpoda CripUuMHUIA HU3KY eheK-
TiB IJI 3M0POB’S TIOAWHU, IIOYUHAIOUM BiJ MOJIEKYJISIp-
HUX i KIITUHHUX 10 HiABUILIEHHS 3aXBOPIOBAHOCTI Hace-
JIEHHsI, OCOOJIMBO B Yy4YaCHUKIB JIiKBigalil HacJiakKiB
apapii (JIHA) na YAEC, ski € Hali0iIbIIIOIO IPYIIOI0 OIT-
poMiHeHMX oci0. [oHi3yIoue BUIPOMiHIOBAaHHS MOXKE MO-
nudikyBaTy GyHKIIiO JiMMOLIUTIB Yepe3 OKCUIATUBHUIA
crpec, po3puBu JJHK i, sk Hac1igoK, IpU3BOAUTHU A0 MO-
pyLIeHb MpoJiihepaTUBHOI aKTUBHOCTI, alTONTO3Y Ta KJTi-
TUHHOTO CTapiHHSI, B SKUX TEJIOMEPO-TeIOMepa3HUM
KOMILJIEKC MOXeE BiflirpaBaTv BUPIlIaIbHY POJIb.
Tenomepu € JIHK-6i1KoBUM KOMITJIEKCOM Y KiHLIEBUX JIi-
JITHKA XPOMOCOM, $SIKi CKOPOYYIOTBCS 3 KOXKHUM TOIiIOM
KJITUHM. Y KIITWHAX KPOBi paHHIX CTamiii audepeHiito-
BaHHS JOBXWHA TEJIOMEP YaCTKOBO BiTHOBTIOETHCS 32 BU-
COKOl aKTHMBHOCTI TeJoMepasu, CIIeLiajli30BaHOIO BHYT-

INTRODUCTION

The Chornobyl (Chernobyl) accident induced a
set of different health effects starting from molec-
ular and cellular to different pathological condi-
tions among the population, especially in clean-up
workers, who represent the largest group of
exposed by the radiation doses. Ionizing radiation
could modify lymphocyte function via oxidative
damage, DNA breaks, and resulting changes of
proliferation, apoptosis and cellular senescence,
where telomere-telomerase complex may play a
critical role.

Telomeres, the DNA-protein complexes at the
end regions of chromosomes, decrease in length
with every cell division. In primary blood cells,
telomeres are partly reconstructed by the activity
of telomerase, a specialized intracellular enzyme
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PIITHBOKJTITUHHOTO (hEPMEHTY, 110 TOJA€E TIEBHI MOBTOPIO-
BaHi (pparmentu JIHK 1o teaomep [1]. He3Baxkarouu Ha ak-
TUBHICTh TEJIOMEpa3u, TeJIOMEPH IIPOIOBXKYIOTh CKOPOUyBa-
THUCh 3 KOKHUM TIOJIIIOM KJTiTHH, 11O TTPU3BOIUTE 0 TTOPY-
IIEHHS 1X (PYHKIIIOHATbHOCTI Ta KJIITUHHOTO CTapiHHA [2].

BBaxaeTbcs, 10 CKOPOYEHHS TEJIOMEp JIEMKOIUTIB
3MiHIOE IMYHHY BiJMOBilb, 110 aCOLIOETHCS 3 MPOLie-
CHMAMHUCHUHTE3y Tpo3anajbHUX LMTOKIiHIB Ta 3 OIbII
CJTa0KOI0 peaklili€lo aHTUTLI Ha BakiuHY [3]. [Ipogemo-
HCTPOBAHO, III0 KOPOTIA JOBXWHA TEJIOMEpP JEWKO-
UTIB MOB’s3aHa 3 PO3BUTKOM 3aXBOPIOBaHb, aCOIili0-
BaHUX 3i CTApiHHSIM, a TaKOX 3 PO3BUTKOM iMyHO-
JIOTIYHUX MATOJOTii, BK/II0Yaoun iH(peKLiliiHi 3aXBOPIO-
BaHHH [4, 5], pakoM [6] i ceplieBO-CYyIMHHUMU 3aXBOPIO-
BaHHsIMU [7].

CepoJioriuHi JocaigKeHHs ToKa3aJu MOIIUPEHiCTh
BipycHUX iHbexuiit y kposi (BI'C, IIMB) cepen pizHux
rpyn noctpaxaanux miciist YopHoOUIbChKO1 KaTacTpo-
¢u B mMoeTHAHHI 3 MiABUIIEHOIO YaCTOTOI0 COMAaTUYHUX
3aXBOpPIOBaHb, HAMpUKJA[, TUPEOITUTOM, 3000M M-
TOMOAiIOHOI 3aJ103M, apTepiaIbHOIO TillepTOHI€O, Tiabe-
ToM | Tumy, XpOHIYHUM TemaTUTOM / TacCTPUTOM.
Haii6inpmroro € yactora HociicrBa LIM B ingexiii Ta ii
3B’S130K 3 XpPOHIYHUMU 3aXBOPIOBAaHHSIMU — racTpuTa-
MU, apTpUTaMu, OpOHXiTaMU y MAliEHTIB ITiCJs1 TOCTPOI
npoMeHeBoi xBopobu. B yuacHukiB JIHA na HAEC
yacToTa MEHIIA, ajie MePEeBUIIYE MOKA3HUKM HEOIIPO-
MiHEHOTO KOHTpoaio. Hes3Baxkawoyum Ha TOCTPOTY
LIMB-indexiiii, Ha AYMKY AesSIKUX aBTOpPiB, iCHYE W
YyiTKa 3aJIeXKHICTh MiX 4aCTOTOO 3aXBOPIOBaHb Ta (hak-
TOM oIlpoMiHeHHd B 1986 p. [8].

META

MeTtoro pociiakeHHs1 OyJO OLIHWMTU BIUIMB HOCiKCTBa
XpOHIUHOI BipycHOI iH(eKIii Ha JOBXWHY TeIoMep y
niMmopouurax nepudepuuHoi kKpoi (I1K) yuacHukis
JIHA na YAEC 4yepe3 30-pokiB micisgd OMpOMiHEHHS i
BU3HAUUTHU POJIb BipyCHOTO HOCIHICTBA y PO3BUTKY IIC-
peaYacHOro KJaiTUHHOIO CTapiHHS.

MATEPIAJI TA METOJIN

OcHoBHa rpymna o0cTexxeHHs Bkitoyana 70 ydyacHUMKiB
JIHA na YAEC 4gonoBivoi craTi, y BizgajaeHOMy Tiepiomi
micas onpomiHeHHs (30 pokiB moromy). CepenHi no3m
30BHIIITHBOTO OINPOMiHEHHsS cTaHoBWwIM (602,67 +
114,19) mM38B (M * m), cepenniit Bik — (59,75 + 0,82)
pokiB (M *+ m). Ipyna yuacuukiB JIHA na YAEC 6yna
po3IoijieHa Ta mpoaHaJjli3oBaHa 3aJeKHO Bil HASBHOCTI
(1) Ta BincytHocTi (0) aHTUTIN 0 XpOHiIYHOI ha3u Bipyc-
Hoi iHdexuii. O6’ekt mocnimkeHHss — ITK ydyacHuKiB
JIHA na YAEC.
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that adds subunit repeats to telomeres [1]. Despite
the activity of telomerase, telomeres continue to
shorten with repeated cell divisions, leading to
disrupted cell function and eventual cell senes-
cence [2].

Leukocyte telomere shortening is supposed to
have implications for immunocompetence and is
associated with increased synthesis of proinflam-
matory cytokines and poorer antibody response to
vaccines [3]. Shorter leukocyte telomere length
also is demonstrated to be associated with aging-
related morbidity and mortality from conditions
with immune system involvement, including
infectious diseases [4, 5], cancer [6], and cardio-
vascular disease [7].

Serological studies have shown prevalence of
blood viral infections (HCV, CMV) among different
groups of exposed after Chornobyl with association
of a higher incidence with selected somatic diseases,
for example, thyroiditis, goiter, arterial hyperten-
sion, type 1 diabetes, chronic hepatitis/gastritis, in
the clean-up workers. A similar scenario with
respect to CMV was also seen, i.e., lower prevalence
rates relative to in ARS patients and «association»
between CMYV status and incidence of chronic gas-
tritis, arthritis, and bronchitis, in the clean-up
workers and IR-non-exposed controls. Further,
irrespective of CMV status, to authors opinion there
was a clear delineation between incidence rate(s) of
each of the pathologies and whether or not the per-
son was/was not exposed in 1986 [8].

OBJECTIVE

Aim of the study was to assess whether telomere
length in lymphocytes of Chornobyl clean-up
workers at a late period 30 years after the exposure
to ionizing radiation is influenced by a chronic
blood viral infection and to determine role of viral
carriage in cellular senescence.

MATERIALS AND METHODS

Study group included 70 Chornobyl clean-up male
workers in a remote period after exposure (30 years
later). Doses of external exposure were available in
patients with average external dose exposure of
(602.67 £ 114.19) mSv (M * m) and mean age
59.75 £ 0.82 (M £ m). Study group of Chornobyl
clean-up workers was analyzed due to a the pres-
ence (1) or absence (0) of antibodies to the chron-
ic phase of viruses infection. The object of the
study was PB of clean-up workers.
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Llocnidncenns eionocHoi dosaicuru menomep aimgpoyumie IK
M00unu 3a donomoeoio flow- FISH memody. BuznaueHHs Bif-
HocHoi poBxuHM TesjoMep RTL pimdporuris [TK mpoBomm-
1 3a gonomoroto Habopy Telomere PNA Kit/FITC (Dako
Cytometration, Denmark) i flow-FISH metomy (rmpoTtouHo-
LIMTOMETpUYHA (iIyopecLieHTHA ridopuam3aliid in situ). Ha-
0ip peKOMEeHI0BAHO [JIsI BU3HAUEHHSI TEJIOMEP B SIIEPHUX
TEMOMOETUYHUX KIIITUHAX 3 BUKOPHCTAaHHSIM 3B’SI3aHUX i3
¢yopeclieiHOM 3pa3KiB TENTUAY HYKJIEIHOBOI KUCIOTU
(PNA). B sixocTi KOHTPOIBHUX KJIITUH BUKOPYICTaHA JTiHis
JerikemiyHux kinituH K562. Metonuka nposeneHHsT flow-
FISH ananizy cknamanach 3 JeKiJIbKOX €TalliB, a caMe: T10-
nepeaHs oOpoOKa, AeHaTypallis, riopuauzariist (1-it geHb);
npomuBaHHs, (papoyBaHHs JIHK, ananiz (2-i1 aenn). ¥ pe-
3yJIbTaTi IPOBEISHOI METOAMKHU 3Pa3KU, SIKi NOpUIN3YIOTh-
cs i3 PNA xon’rorosanoro 3 FITC, nemoncTpyBaiu ¢iyo-
pecueHTHuUii curHait no FL1, axuit BUuImii Hixk (GOHOBUIA.
Poboui reiitu Oynu BUAiIEH] SIK 11l JOCHiAHUX (JTiMpoLm-
i [1K), TaK i mast KoHTpoabHux (JtiHis K562) kiaitun. ITo-
ka3Huk RTL 6yB po3paxoBaHuii 3a (popmyiioro 1:

cepenHe 3HadeHHs FL1 y pocnigHux knitud i3 PNA 30Ha0Mm -
cepenHe 3HadeHHs FL1 y pocnigHux knituH 6e3 PNA 3oHay

X
cepenHe 3HaveHHst FL1 y KOHTpnbHUX KniTuH i3 PNA 30HLOM -
cepenHe 3HadeHHst FL1 y koHTpnbHUX kniTuH 663 PNA 30Hay

Ilpomouna yumomempin. AHaniz CyONOMyJISLIAHOTO
CKJIay Ta MOBEPXHEBOTrO (DEHOTUITY iIMyHOKOMITIETEHTHUX
xiituH I1K ydacHukiB JIHA Ha YAEC nocnimkeHo MeTo-
JIOM TTPOTOYHOI LIMTO(IYOPUMETPIi y IPSIMOMY iMyHODITy-
OPECLIECHTHOMY TeCTi 3a JOMNOMOIOK MaHedi MOHOKJIO-
HanbHuX aHTUTI1 (BD, CIIA). [Tanens MKAT Bkitrovana:
CD45/14, CD3/19, CD4/8, CD3/HLADR, CD3/16/56,
TCRy3 (BD, CIIA), siki 6y;11 MiueHi 1BomMa (iryopoxpo-
mamu: diyopecueinizonuanarom (FITC) ta dikoepur-
puHoM (PE). Anani3z nmpoBoauau Ha JJa3epHOMY ITPOTOU-
Homy uTodayopumetpi FACSCalibur (BD, CIIIA).

Imynogepmenmnuii ananiz. BuzHayeHHsI aHTMBiPYCHOTO
iIMYHITETY TIPOBOIMJIM METOJOM iMYHO(EPMEHTHOTO
aHajtizy. ONTUYHY TYCTUHY BHUMIpIOBAJIM 3a JOIOMOTOIO
MikporiaHeTHuX pigepiB «SSUMAL>», «Labline-22» i miar-
HocTnaHUX cucteM Diaprof-Med, Vitrotest. Buznauamm aH-
TUTIJIA 1O XPOHIYHOI (pa3y 3aXBOPIOBAHHS, a caMe 10 Bipycy
renatuty C (BI'C), uuroMeranosipycHoi ingekuii (LIMB),
tokcoruiazmu (TOKC), Bipycy npoctoro repriecy (BIII) ta
Bipycy Emureitn-bapp (BEB-VCA IgG ta BEB-NA IgG).

PE3VJIBTATU TA OBTOBOPEHHA

IMonepeaHiMKu gocaiIKEeHHSIMU B JabopaTopii iMyHOLIMTO-
Jjori HHIIPM nokazanuii 38’30k Mixk RTL, KmiTMuHHUM
iMyHiTeToM i Bikom ydacHuKiB JIHA na YAEC, ogHak no-

Telomere analysis by fluorescence in situ
hybridization and flow cytometry. The relative
telomere length (RTL) was studied using the
Telomere PNA Kit / FITC (DakoCytomation,
Denmark) for hematopoietic cells using PNA
probe labeled with FITC. The kit is recommend-
ed for determination of telomeres in nuclear
hematopoietic cells using fluorescein-bound
nucleic acid peptide samples (PNA). As control
cells, the line of leukemic cells K562 was used.
FISH stage included several stages, more specifi-
cally the preprocessing, denaturation, hybridiza-
tion (the 1% day), washing, DNA staining, and
analysis (the 2™ day). The 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:

Dopmyaa 1/ Equation 1

mean FL1 sample cells with probe PNA -
] mean FL1 sample cells without probe PNA 100
= X
mean FL1 control cells with probe PNA -
mean FL1 control cells without probe PNA

Flow cytometry study. Investigation of the state of
cellular immunity of the Chornobyl nuclear power
plant accident clean-up workers was performed by
flow cytometry by standard protocol for surface flow
cytometry technology using a combination of mon-
oclonal antibodies: CD45/14, CD3/19, CD4/8,
CD3/HLADR, CD3/16/56, TCRyd (BD, USA),
which were labeled with two fluorochromes, namely
the fluorescein isocyanate (FITC) and phycoery-
thrin (PE). Analysis was performed on laser flow
cytometer FACSCalibur (BD, USA).

Enzyme immunoassay. Determination of antiviral
immunity was performed by the enzyme immunoas-
say. The optical density was measured using
microplate readers «SSUMAL» and «Labline-22» and
diagnostic systems (Diaprof-Med, Vitrotest). We
determined the chronic phase antibodies to viruses:
hepatitis C (HCV), cytomegalovirus (CMV), toxo-
plasma (TOX), herpes simplex (HSV) and Epstein-
Barr virus (EBV-VCA IgG and EBV-NA IgG).

RESULTS AND DISCUSSION

As previous studies have demonstrated connection
between the RTL, cellular immunity and age a
descriptive analysis of possible dependencies was
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Ta6oauuya 1
BikoBa xapaKTepuCTUKa rpyn 06CTeKeHHS.

Table 1
Mean age by study groups.

Fpynu oGcTexxeHHs / Groups

Bik, poku / Age, years (M = SD)

BrC / HCV 0 — HeratueHa / negative 60,66 + 6,45

1 — noautneHa / positive 56,66 + 6,02

TOKC / TOX 0 — HeraTmeHa / negative 60,07 = 6,73

1 — noautmeHa / positive 59,74 + 6,45

LMB / CMV 0 — HeratueHa / negative 57,45 £ 6,37

1 — noautneHa / positive 60,39 + 6,50

BMr / HV 0 — HeratueHa / negative 61,0 + 6,68

1 — noautmeHa / positive 59,62 + 6,52

BEB-VCA / EBV-VCA 0 — HeratueHa / negative 57,0 £ 7,54
1 — noautmeHa / positive 61,80 £ 6,34

BEB-NA / EBV-NA 0 — HeratueHa / negative 60,20 + 8,54
1 — noautueHa / positive 59,78 + 5,84

CJTiIPKEHHST TaKUX 3aJIEXKHOCTEN 3 TOKa3HUKaMU TyMOpaJib-
HOTro iMyHiTeTy He MpoBoAWIMChL. Ha mepiiomy etami g0-
CJTiI>KeHHS1, OyB MPOBEICHUM aHaIi3 cepeHiX 3HaYeHb BiKy
y Ipynax oOCTeXXeHHS (aHTUTLJIO-TIO3UTUBHUX TI0 BiTHO-
IIEHHIO JI0 aHTUTIJIO-HETaTUBHMX TALlIEHTIB) 3 METOIO BUK-
JIIOUEHHS BIUTMBY BiKOBOro ¢haktopy. He BU3HayeHo ctaTuc-
TUYHO 3HAUYILOI Pi3HULI MK cepeIHIMU 3HAUEHHSIMU BiKY
y TpyIIi Bipyc-nmo3utuBHUX yyacHuKiB JIHA Ha YAEC mo-
PIBHSIHO 3 TPYIIOIO BipyC-HEraTUBHOIO KOHTPOIO (TabJ1. 1).

HocnimKeHHs cTaHy KJIITUHHOTO iMyHITETY B y4aCHUKIB
JIHA 1a YAEC 1rokasamno psi CTaTUCTUYHO JOCTOBIPHMX
3MiH (Ta0:1. 2). BusBieHo miaBUILeHHS cepeaHix 3HaYeHb
MOKa3HMKIB BigHOCHOI KinbkocTi CD3719" ta CD478*
nimdouuriB TTIK y rpymi yuyacHukiB JIHA na YAEC i3
BCTaHOBJIEHOIO XpoHiyHOI0 (pa3zoro BIIT y mopiBHSAHHI 3
yuacHukamu JIHA na YHAEC, gki He KOHTaKTyBaJId 3 UM

Ta6auuya 2

performed. To exclude the influence of the age fac-
tor, a descriptive analysis of the mean age by
groups was conducted regarding the virus positive
related to virus negative patients. There was no sta-
tistically significant difference between the mean
age values in the group of virus positive clean-up
workers of the Chornobyl nuclear power plany
accident and the group of virus negative control
(Table 1).

A study of the status of cellular immunity in the
clean-up workers showed a number of statistically
confirmed changes (Table 2). The increase the rel-
ative number of CD3719" and CD47°8" PB lym-
phocytes was determined in the group clean-up
workers with the established chronic phase of the
HCV virus in comparison with clean-up workers

XapaKTepuCcTUKa NOKA3HUKIB KNiTMHHOTO iMyHiTeTy yyacHukie JIHA Ha YAEC 3anexHo Big HOCINCTBA XpOHiYHOT

BipycHOi iH(eKuii.
Table 2

Changes in cellular immunity of Chornobyl clean-up workers, depending on the presence of a chronic viral

infection.

Moka3uukum / Indices

F'pynu o6cTexeHHs / Groups

0 — BIC HerarusHa / 0 — HCV negative

1 — BIC nosautusna / 1 — HCV positive

CD3-19+ (%) 8,29 + 4,51% 11,67 + 5,35%*
CD4-8+ (%) 28,04 = 8,13% 34,95 + 7,65%**
0 — TOKC HeratusHa / 0 — TOX negative 1 — TOKC nosntnsna / 1 — TOX positive
CD3-16+56+ (%) 7,65 £ 5,60* 13,47 + 9,55%**
0 — UMB neratusHa / 0 — CMV negative 1 — LUMB no3utusHa 1 — CMV positive
CD3-19+ (%) 12,47 £ 5,97* 8,20 + 4,27%*
0 — BEB-NA HeratuBHa / 0 — EBV-NA negative 1 — BEb-NA nosutusHa / 1 — EBV-NA positive
TCRYS (%) 6,60 = 3,84* 3,43 + 2,47#**

Mpumitkn. * — p < 0,05; ** — p < 0,001; # — (M = SD).
Notes. * — p < 0.05; ** — p < 0.001; # — (M = SD).
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BipycoM. IMyHHa muMcCOhYHKIliS BUSBAEHAa B TPYIi ydac-
HukiB JIHA na HAEC 3 HociiictBom TOKC, 110 nposiB-
JISII0CH Y MiIBUIIEHHI (PyHKIIIOHAITBLHOI akTUBHOCTI CD3”™
16756" npuponuux kinepis. Ipyna ydacHukis JIHA Ha
YAEC, nosutuBHux Ha LIMB-iHexkl1ito0, XapakTepu3yBa-
Jlach nierpeciero B-KIIITHHHOI TaHKY iMYHITETY (Tab1. 2).

Hagsnicte antn-BEB-NA IgG acoritoBanachk 3i 3HU-
>KeHHsIM piBHSI ekcripecii perienitopa TCRYd. [NonepenHi
JOCJiIXKEHHST TTPOIEMOHCTPYBaAIM 3MEHILIEHHS KiJIbKOCTi
T-xnituH i npurHiveHHss CD3-omnocepeakoBaHOi MPoTi-
¢epatuBHoOi Bigmosimi. Lli gaHi 7eMOHCTPYIOTH 3MiHM 1O
BiITHOIIIEHHIO OO TOIEpPEeIHLOTO eTary iMyHOJOTiYHUX
nJochaimkeHb yaacHukiB JIHA na YAEC, ski mnpoBoAWINCH
yepe3 15 pokiB Mmicist onpoMiHEHHS i MPOAEMOHCTPYBAIU
BiICYTHICTb 3ajiexxHOCTelt MixX HocilicTBoM BED Ta aktu-
Balli€lo MPUPOAHUX Kinepis [9, 10].

IIpoBeneHO MOpiBHSUIbHUIA aHami3 moka3HukiB RTL
Jnimcponutie 1K y rpynax yyacHukiB JIHA na HAEC 3
HOCIMCTBOM XpOHIUHOI BipyCHOI iH(eKLil MOPiBHSIHO 3
IPyIIoI0 Bipyc-HeraTuBHOro KoHTposo (puc. 1). byno

who did not have contact with this virus. Immune
dysfunction manifested in the TOX positive group
in increasing the functional activity of CD3716756"
natural killers. A group of clean-up workers with a
chronic carriage of CMV infection was character-
ized by depression of the B-cell immunity.

Presence of the anti-EBV-NA IgG was associat-
ed with a decrease in the level of expression of the
TCRYS receptor. Previous studies have demon-
strated decreased number of T-cells and CD3-
antigen mediated proliferative immune response.
These findings demonstrate the difference with
previous our studies in clean-up workers 15 years
after exposure, that have shown an absence of
dependencies between EBV and natural killer cells
activation [9, 10].

A comparative analysis of RTL indexes of lympho-
cytes was performed in groups of clean-up workers
with chronic viral carriage vs. clean-up workers
without a viral infection (Figure 1). It was estab-

Vertical bars denote +/- standard errors
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PuUcyHOK 1. CKopoueHHs BigHOCHOT A0BXUHM Tenomep y nimcouutax MK yyacHukis IHA Ha YAEC 3anexHo Big
HociicTBa xpoHiuHOi BipycHoi iHdekuii (I - BIC; IT - TOKC; III - LIMB; IV - BIT).

Figure 1. Shortening of the RTL of PB lymphocytes in Chornobyl clean-up workers, depending on the carrier
of the viral infection (I - HCV; II - TOX; III - CMV; IV - HV).
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BCTaHOBJIEHO CKOPOYEHHSI BiIHOCHOI JOBXWHU TeJOMep
JimMdporurtis ITK B yuacHukiB JIHA na HAEC 3anexHo Bin
cTaTycy HociiicTBa BipycHoOI iHdeKii. Taki 3miHm Oy on-
HOCTIpSIMOBAHVMM Ta MOKAa3aHi y rpymnax ocio 3 XpOHIiYHUM
HociiictBoM BipyciB BI'C, TOKC, LIMB, BIII, 1m0 Moxke
OyTu IOB’SI3aHUM 3 MepeayaCHUM CTapiHHSIM iMyHOKOM-
NeTeHTHUX KJiTUH. He BUSIBIIEHO MOOIOHOIO XapakTepy
3MmiH nmokaszuuka RTL y rpymi yuacHukis JIHA na YAEC 3
HociiictBoM xpoHiuHO1 BEB-VCA iHbexuiii.

ITpotunexHi 3miHu nmokadHuka RTL Bu3zHauyeHO y
rpyni yyacHukiB JIHA na YAEC 3 HociiicTBOM Xpo-
HiuHoi BEB-NA IgG indexuii (puc. 2), a came nmokasa-
HO 30inblIeHHsS cepenHboro 3HayeHHss RTL B maHiit
rpymni. IHdexuisa Bipycy EnmreitH-bapp npu3BoauTh 10
IIMPOKOTO CHEKTPY TpojidhepaTUBHUX PO3JIAdiB, Bif
iH(eKIIiIHHOrO MOHOHYKJIEO3y 10 arpeCUBHOI IpoJide-
pauii, HanmpukJaa, reMogarouMTapHOro CUHAPOMY, a
TaKOX IO 3JIOSKiCHOI TpaHcopMalil KIITUH JiM-
¢oigHoi Ta emitemianpHOi TKaHWH [11]. ImyHO-
JedinuTHi ctanu npu Enmreitn-bapp indekiii Mo-
KYTb CYIMPOBOJKYBAaTUCS MiABUILEHOIO YaCTOTOIO PO3-
BUTKY Bipyc-JimMdouuTapHoi JiMmpomu. Hactora aiM-
¢ompomipepaTUBHUX CHUHIPOMIB BiIITOBiZa€ CTyIEeHIO
imyHocynpecii. InrioyBanus ¢yukuii T-miMpouuTis,
0e3CYMHIBHO, 103BOJISIE BipyCy YHMKHYTHU iMYHHOIO
Harsany [12, 13].

BinoMo, 110 TpuBaldy eJOHTALlil0 TeIOMEePHUX
MOCJIiIOBHOCTEl BBaXKarOTh OMHIE€I0 3 O3HAK 3JI0SIKICHO
TpaHCc(OPMOBAHUX KIiTUH. BusiBieHe MOJOBXEHHS Te-
nomep aimgouutie IIK yyachukis JIHA na HAEC,
acotiiioBane 3 HocilictBom xpoHiuHOoi BEB-NA IgG
iHdexkuii Ha T/1i 3HM1KeHoi ekcnpecii TCRYd peuenropa,
MOXe OYyTH OCHOBOIO JUIS 3JI0SIKICHOTO TpaHCdopMmallii,
i, AIMOBIpHO, 1110 XPOHiYHE HOCIICTBO LILOTO Bipycy MO-
Ke 30iJbIUUTA PU3MK OHKOJIOTIYHUX IIePETBOPEHb Y

lished shortening of the relative telomeres length of
PB lymphocytes in Chornobyl clean-up workers,
depending on the carrier state of the viral infection.
Such changes are shown for groups of individuals
with HCV, TOX, CMYV, HSV and were unidirection-
al, that can be associated with premature cell aging
of immune cells. There is no similar character of
changes in the index of RTL in the group of clean-
up workers with EBV-VCA chronic carriers.

Opposite to the directional changes in the index of
RTL are established in the group of clean-up workers
with chronic carrier of the EBV-NA IgG (Figure 2).
It was shown the increase of mean value of RTL in
this group. Epstein-Barr virus infection leads to a
wide spectrum of proliferative disorders, from usually
self-healing benign diseases such as infectious mo-
nonucleosis, to aggressive non-tumor proliferation,
such as hemophagocytic syndrome, and to malignant
tumors from lymphoid and epithelial tissues [11]. A
number of immunodeficiencies are accompanied by
an increased frequency of neoplasms associated with
the Epstein virus-lymphocytic lymphoma. Frequency
of lymphoproliferative syndromes corresponds to the
degree of immunosuppression. Inhibition of T-lym-
phocyte function undoubtedly allows the virus to
evade immune surveillance [12, 13].

It is known that a permanent elongation of
telomeres’ sequences — a sign of malignantly
transformed cells. That fact that telomeres are
lengthened in the PB lymphocytes clean-up work-
ers with a chronic form of the EBV-NA IgG
against a background of reduced expression of the
TCRYS can be the basis for malignant transfoma-
tion and it is likely that the carrier of the virus can
increase the risk of oncological transformation in

Vertical bars denote +/- standard errors

'pynu obcTexenHst (0 — BEB-NA HeratueHi, 1 — BEB-NA no3utusHi)
Groups (0 — negative HerpesVirus, 1 — positive HerpesVirus)

PucyHoK 2. BigHocHa fOBXWHa Tenomep y
nimgouutax MK yyacuukis JIHA na YAEC 3a-
nexHo BiA HocincTtea xpoHiyHoi BEB-NA IgG
BipyCHOT iHpeKuii.

Figure 2. RTL of PB lymphocytes in Chorno-
byl clean-up workers, depending on the car-
riage of the EBV-NA IgG.
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PucyHoK 3. KopenauiitHa 3aneXHicTb MiX BiKOM, BiJHOCHOIO AOBXWHOIO Tesiomep i [03010 30BHilWHbLOrO
onpomiHeHHs B rpyni yyacHukiB JIHA Ha YAEC, onpomiHeHux y fo3ax noHag 500 m3B.

Figure 3. Correlation between age of clean-up workers, lymphocytes RTL and dose of external irradiation in
group of Chornobyl clean-up workers with dose more than 500 mSv.

BimageHOMY Mepiofi IMicasi OIPOMiHEHHS B IIMPOKOMY
Jliara3oHi J103.

IIpoBeneHe AOCHIIXKEHHSI TaKOX IIPOJEMOHCTPYBAJIO
3aJIEKHICTh MiXX BiKOM, BiTHOCHOIO JOBXWHOIO TEJIOMEP
Ta 103010 30BHIITHBOTO OMIPOMiHEHHS Y TPYITi yYaCHUKIB
JIHA 3 HOCIIiCTBOM XpOHiUHOi BipycHOi iH(MeKIIil y Bia-
JaJIeHOMY TIepioJIi Micyst orpoMiHeHHS y 1o3ax > 500 M3B
(puc. 3). KiituHHe cTapiHHS BiTHOCUTHCS A0 HANOIIBIIT
KOHTpaBepCiliHUX MPOLIECiB, OCKiIbKM, 3 OMHOIO OOKY,
B TaKMX KJiTHMHAX 3MEHIIYETbCS MeTaboJiyHa akK-
TUBHICTbD 1 KJIiTUHA He Oepe aKTUBHY y4acTb B iIMyHHid
BiAmoBigi. 3 iHIIOro OOKy, Taka KJIITMHA MOXE CTaTu
Miclem 30epiraHHsI MyTalliii i Ha TJTi 3MEHIIEeHHS iMyH-
HOTrO HarjsAy 3pOCTa€E PU3MK PO3BUTKY 3J0SKiCHOTO
neperBopeHHs. OTIpoMiHEHHSI, OCOOJMBO B iHTepBali
BUCOKMX 1103, € H0JaTKOBUM (haKTOPOM PHU3UKY, KU
BIUIMBAE SIK HA JOBXUHY TeJIOMepP iMyHOKOMITETEHTHUX
KJIiITMH, TaK i Ha MOKa3HUKU TYMOPAJIbHOIO Ta KIITUH-
HOTO IMYHITETY.

BUCHOBKHA

OTpuMaHi pe3yJabTaTM YacTKOBO ITATBEPAWUIN HaIIe
MPUIMYILIEHHS PO 3B 130K MiXX 3MiHOIO JOBXWHU TEJIO-
mep JdiMmpouunTiB 1K, XpoHiuHOIO BipycHOIO iH(EKIIi€I0
Ta 103010 30BHIIITHBOI'O ONPOMiHEHHS B yyacHMKiB JIHA
Ha YAEC uepe3 30 pokiB miciisg KatacTpodu. 3MiHU TOB-
KMHU TeJiomep Ha HOHI iMyHHOT AUCGYHKIIT MOXYTh OY-

the long-term period after irradiation in a wide
range of doses.

The study shows the influence of radiation factor
in the dose more than 500 mSv on telomere length
of PB lymphocytes and human aging in remote
period after exposure in persons with chronical
virus infection (Figure 3). Multicomponent con-
firmed in the development of cellular senescence
and aging in general. Cellular aging refers to the
most controversial processes, because on the one
hand in such cells decreases metabolic activity and
the cell does not take an active part in the immune
response. On the other hand, such cell can become
a storage of mutations and on the background of a
decrease in immune surveillance, the risk of malig-
nant transformation increases. An additional risk
factor that affects both the length of telomeres and
on the indices of humoral and cellular immunity is
irradiation, especially high-dose.

CONCLUSIONS

Results partly confirmed our assumption about a
relationship between the telomeres length
changes, chronically viral infection and radiation
dose more than 30 years after the exposure. The
changes of telomere length on the background of
immune dysfunction may be a signal to start cell
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TU CUTHAJIOM 151 TIPUCKOPEHOr0 KJIITUHHOTO CTapiHHS,
onokyBaHHs cuctemu penapatii JHK. Takox 1ie Mmoxe
MNPU3BECTU 10 MATOJIOTIYHUX CTaHiB, BKJIIOYAIOUM 3J10-
SIKiCHI TIEpEeTBOPEHHS, i HE OCTAHHIO POJIb Y LIMX TTPOLIe-
cax BiJirpae HOCIiCTBO XpOHIYHUX BipyCHMX iH(EKIIilA,
Ttakux sk rernatut C. Taki acolwiallii Oyju BUSIBCHI JIMILIE
SIK TEHJIEH1Ii1 Y BUIIaJKYy HOCIiCTBa LIMTOMErajaoBipyCHO1
iH(dex11ii, ToKComIa3Mo3y Ta Bipycy IMpPOCTOro reprecy i
MOBUHHI OyTWM MiATBEpIKEHi y MaiiOyTHboMy. Brimus
HociiicTBa xpoHiuHoi EniureitH-bapp BipycHoi iHbeKii
Ha JOBXUHY TeJIOMEp € IPOTWICXKHHUM i MOXE CTaTh
BiIlTpaBHOIO TOUKOIO JIJIsI TpaHCHOpMaLlil KITITUH.
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aging, closed to violations DNA reparation sys-
tem in the remote period after irradiation can
lead to pathological conditions, including malig-
nant transformation, and the possible contribu-
tive role in these processes of chronic viral infec-
tions such as Hepatitis C. For Cytomegalovirus,
Toxoplasma gondii and Herpes Simplex such
associations were revealed only as tendencies and
have to be confirmed in future. The influence of
Epstein-Barr virus carriage on telomere length is
the opposite and could be a starting point for cell
transformation.
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