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IMOPYIIEHHA HUKJIITH D1-3AJTIEXKHOI PETYJIAIIIT
KJIITUHHOTO HUKITY JIMO®OIIUTIB IEPUPEPUYHOI
KPOBI YYACHUKIB JIIKBIZAIIII HACJIIJIKIB ABAPII HA YAEC
Y BIIJAJIEHOMY HEPIOAI ITICJIA OITPOMIHEHHA

MeTa: BU3HauuTM 0co6aMBOCTI NponidepaTuBHOro noTeHuiany nimdouutie nepudepnyHoi KpoBi yyacHuKiB NikBiga-
i Hacnigkie aBapii Ha YAEC 3a piBHem ekcnpecii umkniHy D1 Ta KinbKiCHUMW MOKA3HUKAMK KNiTUHHOTO LUKAIY Y
BifaneHoMy nepioai nicns onpoMiHeHHs.
Marepianu i metoau. 06'ektom pocnigxeHHs 6ynu nimbountn nepudepuyHoi kposi (MK) yyacHukiB niksigauii
Hacnigkis aBapii (JIHA) Ha YAEC y BigaaneHomy nepiogi nicns onpomiHeHHs (> 30 pokis). 06cTexeHo 207 ocib vo-
noBivoi cTarti, i3 HUX 164 yyacHukiB JIHA Ha YAEC, onpomiHeHux y aianasoHi go3 10,43-3623,31 M3B Ta 43 ocobm
KOHTponbHOT rpynu. JocnigxeHHs nponigepatusHoro noteHuiany (iHiLiauia KNiTMHHOTO LMKNY) Ta piBHiB ekcnpecii
umkniny D1y nimcdountax MK nposoaunu in vitro 3 BUKOPUCTAHHAM MiKPOMETOAY KYNbTUBYBAHHA NENKOLUMTIB LiNbHOT
KpoBi 3 diToremarntotuHiHom-P (®rA). MpobonifrotoBKy BUKOHYBaNW 3a CTaHAAPTHOK METOAMKOW iMyHOdyopec-
LeHTHOro 3a6apBieHHs BHYTPilWHbOKNITUHHUX 6iNKiB 3 BUKOpUcTaHHAM pearenTiB FITC Mouse Anti-Human Cyclin D1
Antibody Set (BD, CLLA). MapameTpu KNiTUHHOTO LMKNY [OCNILKYBaNM WASXOM 3abapBieHHs AAep KNiTUH Nponiaito
ogmpom (Sigma, CLUA) y pexxumi JHK-rictorpam 3 BigokpemneHHaM Go/G1-, S- Ta Go/M-perioHiB (tha3n KniTMHHOMO
unkny) Ta Sub-Go/Gi-perioHy (fapa KNiTMH y cTaHi anonto3y). AHani3 NpoBOAMAM HA NPOTOYHOMY LUTOMETPI
FACSCalibur (BD, CLLA).
Pe3ynbTatn Ta BUCHOBKMU. [1poBefieHO KinbKicHY ouiHKy nponicdepatnBHoro noteHuiany nimcbouutis MK yyacHukis
JIHA na YAEC 3a nokasHMKaMu KNiTMHHOTO UMKy i piBHeM ekcnpecii 6inka unknid D1 cnoHTaHHO Ta Y KOPOTKOYaCHi
KynbTypi nimcouuTie in vitro. Y BifAaneHomy nepiodi nicns onpoMiHeHHs BU3HAYEHO MiABULLEHHS PiBHA CMOHTAHHOT
ekcnpecii umkniny D11 nopyweHHs unknin D1-3anexHoi perynauii knituHHoro umkny nimdouunTis MK nicna aktueauii
miToreHoMm. MigBuuieHHs piBHA ekcnpecii umknidy D1 cynpoBomyBanock 36inblieHHAM nyny KNiTuH y S- Ta Go/M-da-
3aX KNITUHHOTO LMKIY, WO XapaKTepU3ye BUCOKMIA nponicdepatusHuin noteHuian nimpounTtie MK. BuseneHo mitoreH-
1HYKOBAHY 3aTPUMKY KNiTUHHOTO UMKy nimdoumnTiB y Gi1/S-KOHTPONbHIN ToYLi, CKOpoueHHs S-basu. [laHi 3miHu €
NposiBOM HeCTabiNbHOCTI reHoMy, 3yMOBAeHi fiieto pafialii Ta 3anexatb Bif 4031 onpoMiHeHHs. OTpUMaHi pesynbra-
TV NiATBEPAKYIOTb rinoTe3y, oL0 3HaYeHHA PiBHiB ekcnpecii unknidy D1, sk KpuTepiiB nposBiB HecTabinbHOCTI re-
HOMY Ta PU3UKiB OHKOreHe3y y BifAaneHoMy nepiofi nicns onpoMiHeHHs.
KntouoBi cnoBa: kniTMHHWIA uMKN, nponidepalis, uuknid D1, HecTabinbHiCTb reHoMy, paaiauiiiHe onpoMiHeHHs, yyac-
HUKKM niKkBigauii Hacnigkie aBapii Ha YAEC.
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CHANGES OF CYCLIN D1-DEPENDENT REGULATION OF CELL
CYCLE IN PERIPHERAL BLOOD LYMPHOCYTES OF CHORNOBYL
CLEAN-UP WORKERS AT A REMOTE PERIOD AFTER RADIATION
EXPOSURE

Objective: To study proliferative potential of peripheral blood lymphocytes of Chornobyl clean-up workers by level
of expression of cyclin D1 and quantitative parameters of cell cycle at a remote period after radiation exposure.
Materials and methods. The research subject was the peripheral blood lymphocytes (PB) of Chornobyl clean-up
workers 30-33 years after radiation exposure. A total of 207 men were surveyed, 164 of them were clean-up work-
ers exposed in the dose range 10.43-3623.31 mSv and 43 persons of the control group. Analysis of proliferation
potential (cell cycle initiation) and cyclin D1 expression in PB lymphocytes were performed in vitro by a micro method
of whole blood leukocytes culture with phytohemagglutinine-P (PHA). Sample preparation was performed by a stan-
dard immunofluorescent assay for intracellular proteins using the FITC labelled Mouse Anti-Human Cyclin D1
Antibody Set. Cell distribution by cell cycle phases studied by propidium iodide DNA staining and analysis on
FACSCalibur laser flow cytometer in histogram mode with separation of Go/G1-, S- and G,/M-regions and Sub-Go/Gs-
region (apoptotic cells).
Results and conclusions. An increase in the level of spontaneous cyclin D1 expression and disturbance of cyclin
D1-dependent regulation of cell cycle of PB lymphocytes after mitogen activation were determined in a remote peri-
od after radiation exposure. An increase in the level of cyclin D1 expression was accompanied by increase in pool of
cells in the S- and Gz/M-phases of cell cycle which characterizes the high proliferative potential of PB lymphocytes.
Mitogen-induced delay of cell cycle of lymphocytes in G1/S check point and reduction of S-phase was revealed.
These changes are a manifestation of genomic instability caused by the effect of radiation and depend on the radi-
ation dose. The results confirm the hypothesis about the significance of levels of cyclin D1 expression, as a criteri-
on for manifestations of genome instability and risks of oncogenesis in a remote period after irradiation.
Key words: cell cycle, cell proliferation, cyclin D1, genome instability, radiation exposure, Chornobyl clean-up workers.
Problems of Radiation Medicine and Radiobiology. 2020;25:430-442. doi: 10.33145/2304-8336-2020-25-430-442

BCTYII

biosnoriyHi edexT BimgaseHUX HACHIIKiB padialliiiHOro
OIPOMiHEHHSI, a TAKOX MEXaHi3MM iX JOBrOCTPOKOBOIO
30epeXXeHHsI HEJOCTaTHbO BMBYEHI Ta 3aJIUIIAIOTHCS
NpiOPUTETHUM HAIPSIMKOM JOCTIIKEeHb Cy4aCcHOI MeIM -
LIMHU i pagiobioorii [1, 2].

IIutoTrokcuuHa Aisg ioHi3yrwouoi pagiauii (IP) pe-
aJIi3yeThCS yepe3 ypaKeHHSI TeHeTUYHOTO i MeMOpaHHO-
ro anapary KJITUHU, Moauikallii ekcrpecii reHiB i Me-
Ta0OJIiYHOI aKTUBHOCTI 1X MPOAYKTIB, 1110 CYTTEBO ITOPY-
1ye KJITUHHMIA roMmeocTta3 [3—8]. CTymiHb ypaXXeHHs
3aJIeXKUTh Bil 103U onpoMiHEeHHsI. XpOMOCOMHI abepa-
wii, geJiewii, TpaHcJoKallii 30epiraloThbCs i Iicis pera-
pauii JIHK ta y BigmaneHomy repioi micjist onmpoMiHeH-
Hsl, 1O CBiAYMTH MPO MOPYLIEHHS MeXaHi3MiB KOHTPO-
mo penapauii IHK, curnanbHO1 TpaHCAYKIIi1, alTIOIITO3Y,
npomidepatii Ta perysuii KIIiTHHHOTO MUKy [9—11].

DeJ Natalia A. Golyarnik, e-mail: golyarnik@ua.fm

INTRODUCTION

The long-term biological effects of radiation expo-
sure, as well as the mechanisms of their long-term
preservation are insufficiently studied and remain
a priority area of research in medicine and radio-
biology [1, 2].

The cytotoxic effect of ionizing radiation (IR) is
realized through damage of genetic and membrane
apparatus of the cell, alteration of gene expression
and metabolic activity of their products, signifi-
cantly disturbance cell homeostasis [3—8]. The da-
mage rate depends on the dose. Chromosomal aber-
rations, deletions and translocations persist after
DNA repair and in a remote period after irradiation,
which indicates a violation of the control mecha-
nisms of DNA repair, signal transduction, apoptosis,
proliferation and cell cycle regulation [9—11].
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BinoMo, 1110 B perysiii KIiTUHHOTO UMKJTY TTics Aii
iOHi3yl040i pamiallii 3adisiHi A1Ba OCHOBHiI MEXaHi3MU:
OJMH 3a0e3IMeuy€eThbCs IOCIiJOBHOK eKCIpecieto Oii-
KiB — IUKJIiHiB i yTBopeHHsIM KomiuiekciB CDK-1uk-
JIiH, a iHIIWHA TTOB’SI3aHUI 3 €eKCIPECIEI0 T€HIB POIVMHUI
RAS [12].

Huxmin D1 — 6inok, mponykT reHa CCND 1, noxanizo-
BaHoro Ha 11-# xpomocowmi y jokyci 11q13, € yacTuHOO
MOJIEKYJISIPHOTO KOMILJIEKCY, IO PEeryjalo€ KIITMHHUMN
LUK 1ig yac nepexony KiitnH Gi/S-¢a3u. AKTuBailis
ekcrpecii HukiiHy D1 BigOyBa€eTbCs LLISIXOM MiTOr€H-
HOI cuTHaJi3allil i3 3amyuyeHHsIM Ras/Raf 6inkiB Ta miTo-
reH-aKTUBOBaHUX MpoTteinkiHaz (MAPK, mitogen-acti-
vated protein kinase) [13] i peryatoeTbcsl SIK Ha TpaH-
CKPUIILIMHUX, TaK i Ha IOCTTPAHCASLIAHUX PiBHSIX.
Huxnin D1 HakonuuyeThes B siApi B pe3yJibTaTi iHaKTH -
Bauii PI3K (Phosphatidylinositol-3-OH kinase) Ta AKT
(mpoteinkiHaza B) — 3anexHoro gochopuitoBaHHSI
GSK-3B (Glycogen synthase kinase 3 beta) [14]. PiBeHb
mukiiHy D1 B sinpi HecTabiTbHUI, 3MiHIOETBCS TTPOTSATOM
BCHOTO KJIITUHHOTO LIUKJTY; Y HOPMi, piBeHb IUKIiHY D1
30ibIyeTbes Tin yac Go/Gi-has3u i 3HUXKYETbCS, KON
KJIITUHU BCTYIAIOTh ¥ S-da3y [15]. Aucrnpomnopiiiine Ha-
KOMMWYeHHs HUKJiHy D1 B s1api cympoBOMXKYEThCS HaM-
MipHO10 Tposidepalli€lo KIiTUH, 110 MalOThb BKOPOYEHY
G-a3y, Ta BTpaTo0 HUMU 3JaTHOCTI pearyBaTu Ha (pizio-
JIOTiYHI YMHHUKMU pocTy. ['inepexkcnpecist uukiainy D1 mo-
Ke OyTH pe3yJbTaTOM HEKOHTPOJIbOBAHOI aMILTidiKaliii
reHa CCNDI, TpaHciokallii (pparMeHTIB XpOMOCOMU Y
11q13 okyci, BUKJIMKATUCS MiABUILIEHOIO YYTJIMBICTIO HE-
OIUIACTUYHUX KJITUH 10 30BHILIHIX curHaiiB [16] i 6ytu
HaCJIiIKOM MOPYIIEHHS MeXaHi3MiB ioro aerpanarii [17].
PanianiliHo-iHaykoBaHa HeCTaOiJIbHICTh T€HOMY, Tinepe-
kcnpeciss reHa CCND 1, 3MiHa BMICTY OiJIKiB-peTy/IsITOpiB
KJIITUHHOTO LIUKITY, @ TAKOX HAasIBHICTh €K30T€HHUX i €H-
JIOreHHUX YMHHUKIB, 1110 BILIMBAOTh Ha (DYHKIIIOHYBaH-
HSI MeXaHi3MiB BHYTPIIIHBOTO KOHTPOJIIO, BUKJIMKAIOTh
MOPYLIEHHS KJIITUHHOIO FOMEOCTa3y Ta JiexkaTh B OCHOBI
HEeOITAaCTUYHOI TpaHchopMallii KimituH [18, 19].

META

BuzHauut ocobauBOCTI MpoaidhepaTMBHOIO MOTEHLIiATY
nmiMdonnTiB epudeprnIHOi KPOBi YUaCHUKIB JTiKBigallii
HacnigkiB aBapii (JIHA) na YAEC 3a piBHeM ekcripecii
mukiIiHy D1 Ta KiUTbKiCHUMM MOKa3HUKaMU KJIITUHHOTO
LMKJTY Y BilJaJIeHOMY Mepiofi Micsl ONpOMiHEHHS.

MATEPIAJIN TA METOJIH

O0G’eXTOM IOCHiIXEeHHST OYyIu JiM(POUUTH TIepudepud-
Hoi kpoBi (ITK) yuacHukiB JIHA na HAEC y BignaneHo-
My nepiomi micns onpomineHHs (> 30 pokiB). O6cTexe-

It is known that two main mechanisms are
involved in the regulation of cell cycle after radia-
tion exposure. One is provided by sequential
expression of proteins — cyclins and formation of
CDK-cyclin complexes and other is related to
expression RAS family gene [12].

Cyclin D1 protein is a product of CCNDI gene
that is localized on chromosome 11 at the 11q13
locus and is part of the molecular complex that
regulates cell cycle during G,/S-phase cell transi-
tion. Cyclin D1 expression is activated by mitogen
signaling involving Ras/Raf proteins and mitogen-
activated protein kinases [13] and is regulated at
both transcriptional and post-translational levels.
Cyclin D1 accumulates in the nucleus as a result of
inactivation of PI3K (Phosphatidylinositol-3-OH
kinase) and AKT (protein kinase B) — dependent
phosphorylation of GSK3B (Glycogen synthase
kinase 3 beta) [14]. The level of cyclin DI in the
nucleus is unstable. It changes throughout the cell
cycle; normally, the level of cyclin DI increases
during the Go/Gi-phase and decreases when cells
enter the S-phase [15]. Disproportionate accumu-
lation of cyclin D1 in the nucleus is accompanied
by excessive proliferation of cells that have a short-
ened G-phase and they lose the ability to respond
to physiological growth factors. Overexpression of
cyclin D1 may be the result of uncontrolled ampli-
fication of the CCND1 gene, translocation of chro-
mosome fragments at the 11q13 locus, caused by
hypersensitivity of neoplastic cells to external sig-
nals [16] and be the result of disruption of its
degradation mechanisms [17]. Radiation-induced
genome instability, CCNDI gene overexpression,
changes in cell cycle regulatory proteins and the
presence of exogenous and endogenous factors
that affect the functioning of internal control me-
chanisms, disrupt cellular homeostasis and under-
lie the neoplastic transformation of cells [18, 19].

OBJECTIVE

To study features of proliferative potential of
peripheral blood lymphocytes of Chornobyl clean-
up workers by level of expression of cyclin D1 and
quantitative indicators parameters of cell cycle in a
remote period after radiation exposure.

MATERIALS AND METHODS

The object of study was PB lymphocytes of Chorno-
byl clean-up workers in a remote period after radia-
tion exposure (> 30 years). A study was performed i
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Ho 207 ocib yoJsioBivoi ctati y Biui (58,73 £ 7,14) pokis,
i3 Hux 164 yuyacnukiB JIHA na YAEC, onpoMiHeHUX y
miamasoHi mo3 10,43—3623,31 M3B Ta 43 ocobu KOHT-
POJIbHOI I'PYITH, 1034 OIMPOMiHEHHS IKMX HE TIePEeBUIILY-
Bajia 3HaAUYEHHS MpUupoaHOro (ony. s aHamizy 10303a-
JIEXKHMX e(heKTiB 00CTexXeHi nmaieHT, yuacHuku JIHA
Ha YAEC, Oymm posmofiieHi Ha TpW IArpymu: 1-ma
nigrpymna — 50 yuacHukiB JIHA na YAEC, onpomiHeHux
y aiana3oHi 103 10—100 m3B (10 < D < 100); 2-ra min-
rpyna — 73 ocobu 3 103010 onpomiHeHHs1 103—498 M3B
(100 < D £500); 3-Ts migrpyma — 41 ocoba 3 103010 O1I-
poMiHeHHs 512—3623 M3B (D > 500 M3B).

KpurepisiMu BUKITIOUEHHST TALli€EHTIB 3 OOCTEXXEHHS
OyJii: HasSIBHICTb aljacTUYHUX CTaHiB reMoIoesy, 3J10-
SIKICHUX HOBOYTBOPEHbD, TSLKKMX COMAaTUIHUX 3aXBOPIO-
BaHb Y CTail 3arOCTpeHHs, OOTSKEHUI ajleprooTiuHUi
aHaMHe3, BiIMOBa MAIliEHTIB Bifl y4acTi B 00OCTeXXEHHI.

BusHaueHHs mposidpepaTMBHOro MOTEHIialy Ta €KC-
npecii nukiriny D1 y mimponurax 1K mpoBogunm 3 Bu-
KOPUCTaHHSIM MIKpPOMETONY KYyJbTUBYBaHHS JIeKO-
IIUTIB LWiITbHOT KPOBi. JIEWKOIUTH iIJIbHOT KPOBi CTUMY-
moBanu gpitoreMarmotuHiHOM-P (PIA) B KOHIIeHTpaIlii
10 MKT/MJI i KyJIBTUBYBAJIM Y XUBWIHLHOMY CEpPEIOBUIIIL
RPMI-1640 3 L-riyramiHOM Ta HaTpiio rizpokapOoHaTOM
NaHCOs (Sigma, CIIIA) 3 momaBanuam 10 % emopio-
HaJIbHOI TessT9o0i cupoBatku (Sigma, CLLA), 100 Mkr/mMa
reHTamMiuuHy B iHKyoaropi mpu 5 % CO,, TeMIiepaTypi —
37 °C i 95 % BojorocTti y 96-JIyHKOBUX ILJIOCKOJTOHHUX
KyJIBTYPaJIbHUX TUIAHIIETaX IIPOTSATOM 18 roauH.

CHOHTaHHUM i MiTOreH-iHaIyKOBaHW1 piBHI LMKIiHY D1
y aimdpounTax [1K Br3Havamm 3a craHIapTHOIO, peKO-
MEHJIOBAaHOI0 BUPOOHUKOM, METOAMKOIO iMYyHO(IIyO-
pPECLIEHTHOTO 3a0apBJE€HHS BHYTPIIIHbOKJIITUHHUX
0inkiB 3 BukopuctaHHsiM peareHTiB FITC Mouse Anti-
Human Cyclin D1 Antibody Set (BD, CILIA), 110 BKJTIO-
yae FITC-kon’toratu MKAT muii Anti-Human Cyc-
lin D1 ta IgG1 — i3oTumnoBuii (HeraTUBHUIT) KOHTPOJIb.
AHani3 TpoBOAWAM Ha MPOTOYHOMY ILIMTOMETPI
FACSCalibur (BD, CIIIA) 3a 1ommoMOT0I0 TTIPOrpaMHOTO
3abe3rneueHHs CellQuest Pro (BD, CIIA) misa 20 000
nomiii y pexxumi «Dot Histogram». AHasi3 CHIOHTaHHOTO
ta PIA-iHAYKOBAaHOTO PO3IOAUTY KJITUH 3a (azaMu
KIIITUHHOIO LIMKJIY MPOBOAWJIM i3 3a0apBJICHHSIM SIEp
KJIiTUH mporminito omuaom (Sigma, CIIA) y pobouiit
KOHIIeHTpalii. AHaii3 npoBoaunu y pexumi JHK-
rictorpam 3 BimokpeMiieHHIM Go/G -, S- Ta G2/M-peri-
OHiB ((pa3u KiiTuHHOrO 1KKIy) Ta Sub-Go/G; perioHy
(aapa KJITUH Y CTaHi aronTo3y).

PesynbraT cTaTUCTUYHO OINpAalIOBAIM Y Mporpami
Statistica 10.

on 207 male, aged (58,73 £ 7,14) 164 of them were
Chornobyl accident clean-up workers exposed in
the dose range 10,43—3623,31 mSv and 43 persons
of the control group, radiation dose which did not
exceed the natural background level. To analyze
dose-dependent effect, the examined Chornobyl
clean-up workers were divided into three subgroups:
1* subgroup — 50 Chornobyl clean-up workers, ex-
posed in the dose range 10—100 mSv (10 < D <100);
2" subgroup — 73 people with a dose in the range
103—498 mSv (100 < D < 500); 3™ subgroup — 41
people with dose 512—3623 mSv (D > 500 mSv).
Exclusion criteria of patients from the examina-
tion: the presence of aplastic conditions, malig-
nant neoplasms, severe somatic diseases in the
acute stage, aggravated allergic history, refusal of
patients to participate in the examination.
Analysis of proliferation potential and cyclin D1
expression in PB lymphocytes were performed in
vitro by a micromethod of culture whole blood
leukocytes. PB leukocytes were stimulated with
mitogen phytohemagglutinine-P (PHA) in a con-
centration of 10 pg/ml and cultured in RPMI-1640
Medium supplemented by L-glutamine and natri-
um hydrocarbonate NaHCO; (Sigma, USA) with
10 % of fetal bovine serum (Sigma, USA), 100 ug/ml
of gentamicin in CO; incubator at 37 °C, 5 % of
CO3; and 95 % humidity. Incubation was performed
in 96-well culture plates during 18 hours.
Spontaneous and mitogen-induced levels of
cyclin D1 expression in PB lymphocytes were
studied by a standard immunofluorescent assay
for intracellular proteins using the FITC labelled
Mouse Anti-Human Cyclin D1 Antibody Set
(BD, USA) including FITC Mouse Anti-Human
Cyclin Dland FITC Mouse IgG1l, — Isotype
Control. Analysis was performed on laser flow
cytometer FACSCalibur (BD, USA) using
CellQuest Pro software (BD, USA) collecting
20,000 events in Dot Histogram mode. Analysis of
spontaneous and PHA-induced cell distribution
by phases of cell cycle was performed by staining
cell nucleus of propidium iodide (Sigma, USA) at
working concentration. Analysis was performed in
DNA histograms mode with separation of Go/G-,
S- and Gy/M-regions (cell cycle phase) and Sub-
Go/Gi-region (cell nucleus in a state of apopto-
sis).
Statistical analysis of the data was performed
using the statistical package Statistica 10 using
parametric methods.
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PE3VJIBTATU TA OBTOBOPEHHA

3a pesynbraTamMu IOCHIIKEHHS CIOHTAHHOTO Ta MiTO-
reH-iHAYKOBaHOTO piBHiB LuKJiHYy D1 B yyacHukis JIHA
Ha YAEC BinMiueHO TE€HIEHIIit0 10 ITiABUILIEHHS CIIOH-
TaHHOI TpoayKuii mukiiHy D1 y mimdorurax TIK. ¥V
HOpMi mpounidepallig J1iM@POLUTIB BiAOYBAETbCS IiCJIS
aKTuBallil aHTUTEeHHUM YU MITOT€HHUM CTUMYJIOM. Y
3mopoBuX ocib micas ctumyssiii @A crocrepiranaocst
MiIBUILEHHS BiIHOCHOTO PiBHS LUKJiHY D1y mimMmdoru-
tax ITK, Toxi sIK y mepeBakHOi OUIBIIOCTI 0OCTEXKEHUX
ygacHuKiB JIHA na YAEC, micag MiTOreHHOI CTUMY-
JI1il, piBeHb ekcrpecii HukIiHy D1 ta nmpomigepaTuB-
Hoi akTUBHOCTI JiMpouuTiB Y Go/Gi-}a3i KIiTUHHOTO
LIMKJTy 3HUXKYBaBcs (TabJr. 1).

ITopylieHHsT MexaHi3MiB peryJsiii KIITUHHOTO LIUMKITY,
B TOMY YMCJi MpoayKuii mukiainy D1, mpu3BoauTh 10
HEKOHTPOJIBOBAHOI TpoJidepallii KIITUH i KOpesoe 3
oHkoreHe3oM. l'imepekcrpecito HukiiHy D1 moB’g3y-
IOTb 3 PO3BUTKOM Ta IIPOrPeCi€lo OHKO3aXxBOPIOBAHb, Ta-
KMX SIK HEXOJKKiHCBbKi 370sKicHi mimgpomu [20], pak
MOJIOUHOI 3aJI03U, CTPaBOXOJY, CEYOBOro Mixypa i Jie-
reHb [21—24]. HanBucoki piBHi ukJ1iHy D1 npu3BoasTh
JIO TIPUMYCOBOI TTporpecii KIITUHHOTO UKy 10 S-(da3u
Ta iHAyKUii aBoJiaHioroBux pospuBiB JHK B om-
pOMiHEeHUX (padiope3ucTeHTHMX) KiiTuHax [25]. Bom-
HoyYac, iCHYIOTb TOBIZOMJICHHSI, 1O IMiABUILIEHI pPiBHI
nukainy D1 iHOyKyioTh alloNnTo3 i COPUSIIOTH KJIITUHHO-
MY cTapiHHIO [26].

HagBHicTte 3MiH mposidepartii gimbpouutis [1K B
yuyacHukiB JIHA nHa YAEC miaTBepIXyeTbCsl AaHUMU
aHaJli3zy NOKa3HMKIiB KJIIITUHHOTO LUKJIY. Y BiggaJeHOMY
nepiodi Tmiciasg ompoMmiHeHHS B ydacHuKiB JIHA Ha
YAEC xapakTepHUM € HE3HAYHE 3HMUKEHHS BMICTY KJTi-
tiH y Go/G1-ha3ax KILTHHHOTO IUKITY, 10 MO03HAYAETh-
¢S Ha KiJIBKOCTI MpoJTihepyroumnx KIIiTHH Ta KIIITUH 3 TeT-
parutoignuM Habopom saepHoi JAHK. Tak, y rpymi orm-

Ta6nuusa 1

RESULTS AND DISCUSSION

There is a tendency to increase spontaneous pro-
duction of cyclin D1 in PB lymphocytes in
Chornobyl clean-up workers. Normally, most
lymphocytes are not prone to active division; their
proliferation begins after activation by antigenic or
mitogenic stimulus. In almost healthy individuals
increase relative level of cyclin D1 in PB lympho-
cytes after PHA stimulation is observed, whereas
in the overwhelming majority of examined Chor-
nobyl clean-up workers after mitogenic stimula-
tion, level of cyclin D1 expression and proliferative
activity of lymphocytes in Go/G-phase of the cell
cycle decreased (Table 1).

Violation of mechanisms of regulation of cell
cycle including production of cyclin D1 leads to
uncontrolled cell proliferation and correlates with
oncogenesis. Overexpression cyclin D1 has been
associated with development and progression of
cancers such as non-Hodgkin’s malignant lym-
phomas [20], breast, esophageal, bladder and lung
cancers [21—24]. Over high levels of cyclin D1 not
only lead to forced progression of cell cycle to
S-phase, but also disrupt DNA replication, accom-
panied by induction of double-stranded DNA
breaks in exposed (radioresistant) cells [25]. How-
ever, increased levels of cyclin D1 induce apopto-
sis and promote cellular aging [26].

Changes in proliferation of PB Iymphocytes in
Chornobyl clean-up workers are confirmed by
analysis of cell cycle parameters. Insignificant
decrease number of cells in Go/G-phase of cell
cycle which affects number of proliferating cells
and cells with a tetraploid set of nuclear DNA is
observed in Chornobyl clean-up workers in a
remote period after radiation. A statistically signif-

PiBeHb cNOHTaHHOT Ta MiTOreH-iHAyKoBaHOT ekcnpecii uukniny D1 y nimgouutax MK yuacHukis JIHA Ha YAEC,

(M = SD)
Table 1

Level of spontaneous and mitogen-induced cyclin D1 expression in PB lymphocytes of Chornobyl clean-up

workers, (M + SD)

Ekcnpecis unkniny D1 y rpynax o6ctexeHHs, % / cyclin D1 expression in study groups, %

Moka3uuk / Parameter

YyacHuku JIHA Ha YAEC

n KoHnTtponsb / control n Chornobyl accident
clean-up workers
CnoHTaHHa excrpecist 43 15,1 £ 13,5 164 185+ 16,4 T
Spontaneous expression
®rA-iHgykoBaHa excnpecia 9 20,6 = 13,6 69 157+158 1

PHA-induced expression
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pOMiHEHUX OCi0 BCTAHOBJIEHO CTATUCTUYHO 3HAUYIE
MiABUILIEHHSI CIOHTAHHOIO PiBHS JIiM(OLMTIB, 1110 3HA-
XOIsAThbed y S-(asi kinitnHHoro uukiy (12,2 %, p < 0,01);
CepeaHbOrpyIlOBe 3HAUEHHSI CIIOHTAHHOTO PiBHSI MPOJIi-
depyrounx nimdouuriB 1K (G,/M-pa3za KIiTMHHOTO
LIMKITY) cTaHOBUTH 4,4 % Ta Ma€ TeHAEHLIIO 10 IiIBU-
meHHs (p = 0,055); npuBepTae yBary He3HauHe 30iJ1b-
IIEHHS BiTHOCHOTO PiBHS KJIITWMH 3 TTOLIKOIXKEHO/Ti-
nonurioinHoto JHK — 1,2 % (p < 0,22) y nopiBHsHHI 3
KOHTPOJIBbHOIO Tpynolo (Tabdiu. 2).

3a mTaHUMM MOPIBHIIBHOTO aHali3y MOKAa3HUKIB KJTi-
TUHHOTO LIMKJTY JTiIM(OILIUTIB Mic/sl iHAYKIIil MiTOT€HOM,
BU3HA4YEHO, 110 YacTKa Mpoidhepyrouynx KJIITUH JTOCTO-
BipHO 30i1bIIMJIACH Y BCIX IOCJIIIKYBaHUX Tpynax. B yuac-
aukiB JIHA na YAEC piBeHb 1iMQpOLIUTIB, AKi miepedy-
BaoTh y G»/M-da3i KiiTuHHOro MKy ckiagae 11,6 %
(p £0,05), Tomi SIK y KOHTPOJIbHIN TpyIli TaHWI MOKa3-
HUK 30inbmumBces auire 1o 3,12 % (p < 0,05) y mopis-
HSHHI 3i CHOHTaHHUM piBHEeM (Ta0II. 2).

PiBenn nimpouutis 11K B S-dasi micass crumyssiii
®DIA TakoX CTAaTUCTUYHO 3HAUYyIIe MiABUIIMBCS IO
11,3 % (p < 0,05) B 0ci®6 KOHTPOJILHOI IPyIU. Y OIpo-
MiHEHUX 0Ci0 JaHUl MOKA3HUK MPAKTUUHO HE 3MiHIO-
BaBCs BiTHOCHO CHOHTaHHOro piBHs (Tadha. 2). Ilpu-
BepTa€ yBary Te, IO IiCJasI CTUMYJSLii MiTOT€HOM B
yyacHukiB JIHA Ha YAEC Ha (oHi 30iIbLIEHHS Yy
npoJidepyrounx KINTAH TaKOX 3HAYHO ITiABUIIMBCS
piBeHb TinoguruioinHux KiaituH 4,4 % (p < 0,05), Toxi
SIK Y KOHTPOJIbHI TpyIi iHilialis KJIITHHHOTO TOALTY
CYIPOBOJIXYyBajacsl He3HAYHUM 3HUXXEHHSIM BigcoTKa
aMmoONTOTUYHMX/TIMMOANIIOITHUX KIiTUH (Tadm. 2). Lle

Ta6auusa 2

icant increase in spontaneous level of lymphocytes
in S-phase of cell cycle 12,2 % (p < 0,01) was found
in group of exposed patients; the average group
value of spontaneous level of proliferating PB Iym-
phocytes (G/M-phase of cell cycle) becomes
4,4 % and has tendency to increase (p = 0.055);
there is draws attention insignificant increase in
relative level of cells with damaged / hypodiploid
DNA — 1.2 % (p < 0.22) compared with control
group (Table 2).

According to comparative analysis of parameters
of cell cycle lymphocytes after mitogenic stimula-
tion, it was determined that the proportion of pro-
liferating cells significantly increased in all study
groups. The level of lymphocytes in G,/M-phase
of cell cycle in Chornobyl clean-up workers was
11,6 % (p < 0.05) while in control group this
parameter increased only to 3.1 % (p < 0.05) com-
pared to spontaneous level (Table 2).

The level of PB lymphocytes in S-phase after
PHA stimulation also statistically significant
increased to 11,3 % (p < 0.05) in control group.
This parameter practically did not change relative
to spontaneous level in exposed patients (Table 2).
It is noteworthy that after mitogenic stimulation
the level of hypodiploid cells significantly
increased to 4,4 % (p < 0.05) against the back-
ground of increase in the pool of proliferating cells
in Chornobyl clean-up workers, while in control
group initiation of cell division was accompanied
by insignificant decrease in percentage apoptot-

MNoKa3HUKKU KNiITUHHOIO LMKNY CMOHTAHHOrO Ta MiToreH-iHAyKoBaHoro piBHiB NiMpouutie MK yyacHukis JIHA

Ha YAEC, (M + SD)
Table 2

Parameters of cell cycle of spontaneous and mitogen-induced level of PB lymphocytes in Chornobyl clean-up

workers, (M + SD)

Po3nopain nim¢pouuTie no ¢pasax WIiTMHHOrO LMKy 3aNeXHOCTi Big yyacTi B JIHA

Ta MiTOreHHoi iHayKuii, %

Distribution of lymphocytes by cell cycle phases depending on participation in Chornobyl

MokasHMK KNITUHHOIO LMKy

clean-up work and mitogen induction, %

Parameter of cell cycle

YyacHuku JIHA na YAEC

Koutpons / Control Chornobyl clean-up workers

CMoHTaHHO/spontaneous ®rA/PHA CnoHTaHHo/spontaneous ®rA/PHA
(n =43) (n=9) (n=164) (n = 54)
Sub-Go/G1 0710 06+0,7 1,2+20 44 +134**
Go/Gi 82,4 £13,7 79,3 £12,2 77,3+194 73,7+£26,5
S 6,5+ 5,2 11,3 +£7,9** 12,2 + 12,5* 13,2+ 10,7
Go/M 1,3£2,0 3,1 £2,0"* 44+9,0 11,6 £ 24,2**

MpumiTkn. * — p < 0,01 NOPIBHSHO 3 KOHTPONLHOIO rpyroto; ** — p < 0,05 NOPIBHSHO 3i CMIOHTAHHWM PIBHEM.
Notes. * — p < 0.01 vs the control group; ** — p < 0.05 vs the spontaneous level.
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MoOXe OyTHU IPOSIBOM ITepeIyacHOro CTapiHHS JiMpo-
nutiB ITK.

AHaJi3 crioHTaHHOro piBHS LUKJiHY D1 y niMdpouu-
tax 1K yuachukiB JIHA na YAEC 3anexHo Big go3u
OIPOMiHEHHSI TTOKa3aB MiIBUILICHHS CEPETHbOTPYTOBUX
3HauYeHb y BCiX miarpynax yyacHukiB JIHA, mopiBHSHO 3
KOHTPOJIbHOIO TPYIOI0. 3HaYHE MiIBUIICHHS CIIOHTaH-
Horo piBHs uukiIiHy D1 y mimdponurax MK go 22,8 %
(p £0,01) BcraHoBIeHO y miarpymi yyacHukiB JIHA Ha
YAEC, sxi 6yau onpomiHeHi y no3zax D > 500 m3B.
VY oci6 3 mo3o10 onpomineHHs 10 < D < 100 M3B Ta
100 < D < 500 m3B paHui1 MOKa3HUK OYB JIEIIO MiaBU-
IIEHUM, OHAK HE MaB CYTTEBOI Pi3HMUIIi, TOPiBHSIHO 3
TaKMM y KOHTPOJIbHil Ipymi, puc. 1.

[Micng imimiamii KimiTnHHOTO Moy JdiMdorutiB OIA y
nigrpynax ydacHukiB JIHA na YAEC 3 gosamm om-
pominensst 10 < D < 100 m3B Ta D > 500 M3B crioc-
Tepiranacst TeHAEHLisl 10 3HVKEHHS piBHS HUKIiHY D1y
nimpouuTax I1K, omHak CTaTUCTUYHO 3HAUYLIUX pe-
3yJIBTaTiB TAaHOTO TTOKA3HWKA, TMOPIiBHSIHO 3i CITIOHTaH-
HUM piBHEM, HE BU3HAYEHO, TOMi K Y KOHTPOJIBHIl
Ipyni piBeHb €KCHOpecii LUTOIUIa3MAaTUYHOIO LUKJIIiHY
D1 micasa ctumMyIistiii MiToreHoM 3pocTae (Taom. 3).

3umkeHHs1 PIA-iHaykoBaHOro piBHS HUKIiHY DI
Ha Mexi Go/Gi-da3u knituHHOro nukiay (18 rogux
ctumyssiii @IA), 110 epemyciM, BiIMideHO y Miarpy-
ni yuacHukiB JIHA na YAEC 3 103010 orpoMiHEHHS
D > 500 m3B, BKa3zye Ha MOXJTUBICTb 3aTPUMKU KITITUH-
Horo kiy y Gi-da3i ta G;/S-intepBani. OtprMai 1aHi
BKa3yIlOTh, IO MiABUIIEHA CITOHTAHHA EKCIIPECiS IUK-
JiHy D1 o0MexKye MOXKIIMBOCTI pearyBaHHS JTiM(OLINTIB
Ha MITOreHHUM CTUMYJI i € IIPOSIBOM HECTAOLIBHOCTI Te-
HOMY JiM(DOLIMTIB Y BinmaieHOMyY Iepioji Mic/si OmpoMi-
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o N
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ic/hypodiploid cells (Table 2). This may be a mani-
festation of premature aging of PB lymphocytes.

Analysis of spontaneous level of cyclin D1 in PB
Iymphocytes of Chornobyl clean-up workers depend-
ing on radiation dose, showed an increase in the aver-
age group values of this parameter in all subgroups of
exposed patients as compared with control group. A
significant increase in spontaneous level of cyclin D1
in PB lymphocytes to 22.8% (p < 0.01) was found in
the subgroup of Chornobyl clean-up workers, exposed
D > 500 mSv. This parameter was slightly increased in
patients with a radiation dose of 10 < D < 100 and
100 < D < 500 mSy, but did not have significant differ-
ences compared to control group (Fig. 1).

After initiation of cell division of PHA-stimulat-
ed lymphocytes in subgroups of Chornobyl clean-
up workers with radiation doses of 10 <D < 100 and
D > 500 mSy, there is a tendency to decrease the level
of cyclin D1 in PB lymphocytes, but statistically sig-
nificant results of this parameter have been not deter-
mined compared with spontaneous level while as level
of cytoplasmic cyclin D1 expression increases after
stimulation with mitogen in control group (Table 3).

Changes in proliferative potential under the influ-
ence of PHA such as decrease in the level of cyclin
D1 at the boundary of G¢/G-phase of cell cycle (18
hours of PHA stimulation), which is primarily
noted in subgroup of Chornobyl clean-up workers
with a radiation dose D > 500 mSv indicates the
possibility of delays cell cycle in G;-phase and
G /S-interval, which is a manifestation of genome
instability of lymphocyte in a remote period after
radiation exposure. The arrest of cell cycle at G;/S-

PucyHoK 1. BigHocHuit piBeHb CNOHTaHHOT eKcnpecii
umkniny D1y nimdouurax MK oci6é rpyn o6cTexkeHHa

0 — KOHTpOJIbHA Fpyna;

1 — yyacHukm JIHA Ha HAEC (10 < D < 100 m3B);

2 — yyacHukn JIHA Ha YAEC (100 < D < 500 m3B);

3 - yyacHukn JTHA Ha HAEC (D > 500 m3B).

Figure 1. Level of spontaneous cyclin D1 expression
in PB lymphocytes of study group

0 - control group;

1 — Chornobyl clean-up workers (10 < D < 100 mSv);

2 — Chornobyl clean-up workers (100 < D < 500 mSv);

3 — Chornobyl clean-up workers (D > 500 mSv).
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Taoauuya 3

BigHOCHMI piBeHb CMOHTAHHOT Ta MiTOreH-iHAYKOBaHOi ekcnpecii uuknidy D1 y nimpouurax MK B yyacHukis

JIHA Ha YAEC 3anexHo Bia Ao3u onpomiHeHHs, (M + SD)
Table 3

The relative level of spontaneous and mitogen-induced cyclin D1 expression in PB lymphocytes in Chornobyl
clean-up workers depending on the radiation dose, (M + SD)

pyna / Group BipHocHuii piseHb umkniny D1, % / The relative level cyclin D1, %
CMoHTaHHO/spontaneous ®rA/PHA

KonTponk / control 151+ 135 206 13,77

10 < D < 100 m38 195+ 17,4 14,1+£13,90

100 < D < 500 m38 16,3 = 14,6 17,2+ 16,6

D > 500 m38 22,8 + 13,5* 16,8 £20,31

Mpumitka. * — p < 0,01 NOPIBHSIHO 3 KOHTPOMBHOK FPYNOIO.
Note. * — p < 0.01 vs the control group.

HeHHs. bok knitnHHOTO 1IMKITY Y G1/S-KOHTPOJIBHII TOU-
i MOXe 3MiMCHIOBATUCS TIPU JIBOJAHLIIOTOBUX PO3PUBAX
JHK, HeBipHiii cerperaliii XxpoMOCOM, pyliHYBaHHi CUCTEMU
MIiKpOTpyOOUOK ab0 uepe3 He3aBepIIeHICTh MOMnepeaIHbOrO
KJIITUHHOTO LMKy 3 MOPYIIEHHSIM 4YKcia XpoMocoM [27].
KuituHa, gxa mpoifiiia KOHTPOIbHY TOUKY 3allporpaMoBa-
Ha Ha peruliKallito i Oible He 3a7eXXUTh BiJl 30BHIIIIHIX CTHU-
MYJIiB, IO CTOCYEThCS I peakllii Ha OIpOMiHEeHHS.

V BinmaneHuit nepio micyist onpoMiHEHHS B yYaCHUKIB
JIHA na HAEC Ha ¢oHi rinepekcnpecii nukiainy D1, 1o
€ O3HaKo0 ITIiABUIIEHOr0 MpoihepaTUBHOIO II0-
teHuiany giMmpounTiB [1K, BUsSBIEeHO CTAaTUCTUYHO 3HA-
yymie (p < 0,05) 30iIblIEHHS YMcia KJITUH 3 TeTpari-
JoinHuM Habopom JITHK, 1o 3Haxomsatbes y S-dasi y
BCiX JOCHiIXyBaHUX miarpynax. Takox, y BCiX miarpy-
max OIMpPOMiHEHUX OcCi0 crmocTepiragacs TEHIACHIIiS 10
30JIbIIEHHS TIpoihepyounx JiMEPOLUTIB, 110 3HAXO-
nsatbest y Go/M-dasi KIiTHHHOTO IIUKITY, OJHAK CTaTHC-
TUYHO 3Hauywuii pe3ynasrar (p < 0,05) oTpuMaHo JuIie
y rpymi yyacHukiB JIHA na YAEC 3 n1o3010 onpomMiHeH-
Hs D > 500 m3B (Tab6a. 4).

Crumynauisa aiMmbouuTtis ITK miToreHoM npusBena 10
IHAYKLiT KJIITUHHOTO MOALTY Ta MiJABUILEHHS KiJIbKOCTI
npotiepyrounx KIITUH Y BCiX 00CTeKeHUX 0¢i0. Y KOHT-
POJIBHI TPyIli BU3HAYEHO CTaTUCTUYHO 3Hauy1e (p < 0,05)
OiABUILEHHS TpoJiipepaTUBHOrO IOTEeHLiany JiMdpo-
LUTIB IiC/AsT CTUMYJISILiT MIiTOr€HOM, TOIi $IK Y BCIX
nigrpynax yyacHukiB JIHA na YAEC, npoctexyBanacs
JIMIIE TeHJACHLIisI 10 301IbIIEHHST aKTUBHO TpoJlihepyro-
yux JiMponuTiB y S- Ta Go/M-(azax KIITHHHOTO LINKITY
MOPIBHSIHO 31 COOHTAaHHUM piBHeM. Haibinbiny Kinb-
KicTh JiMdouuTiB, 1o 3HaxoaaThes v Gy/M-dasi Kiti-
TUHHOTO LIMKJIY BU3HAYEHO y MiArpymi yyacHukis JIHA
Ha YAEC 3 go3o1o ompominenusg D > 500 m3B, omHaK
3HAYYyIIOI Pi3HULI AAHOrO IOKa3HUKa Yy IOPiBHSIHHI 3

checkpoint can occur with double-stranded
DNA breaks, incorrect chromosome segregation,
destruction of the microtubule system, or due to
incompleteness of the previous cell cycle with a
violation of the chromosome number [27]. A cell
that has passed the «restriction point» is pro-
grammed to replicate and is no longer dependent
on external stimuli.

A statistically significant (p < 0.05) increase was
revealed in cells with a tetraploid DNA in S-
phase (active synthesis protein) with cyclin D1
overexpression, which is a sign of increased pro-
liferative potential of PB lymphocytes in all stud-
ied subgroups of Chornobyl clean-up workers in
remote period after radiation exposure. Also,
there is a tendency to increase proliferating lym-
phocytes in G,/M-phase of cell cycle in all
exposed subgroups; however, statistically signif-
icant result (p < 0.05) was obtained in group
Chornobyl clean-up workers with a radiation
dose D > 500 mSyv (Table 4).

Stimulation of PB lymphocytes by mitogen led
to induction of cell division and increase number
of proliferating cells in all examined patients.
A statistically significant (p < 0.05) increase in
proliferative potential of lymphocytes after mito-
genic stimulation was determined in control
group, while there was a tendency to increase in
actively proliferating lymphocytes in S — and
G»/M-phases of cell cycle by compared to spon-
taneous level in all subgroups of Chornobyl clean-
up workers. The largest number of lymphocytes in
G,/M-phase of cell cycle was determined in expo-
sed subgroup with a radiation dose D > 500 mSy,
however, no significant difference in this parame-
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KOHTPOJILHOIO TPYMOI0 Ta CIIOHTAHHUM PiBHEM HE BU-
SgBJICHO (Tab1. 4).

Takum ynHoM, B yuacHuKiB JIHA na YAEC Bu3Ha-
YyeHO MiABMILEHHS pPiBHSA CIIOHTAHHOI eKCIpecii
mukiainy D1 Ta mopyueHHs uukiiH D1-3anexHoi pe-
ryJsuii KiitTuHHoro uukiy JdiMmdouuTti ITK micas ak-
TuBauii MitoreHoM. IlimBuIllleHHSI piBHSI eKcIIpecii
mukiiny D1 cynmpoBomkyBagocs 30iMbIISHHAM Yy
KJITUH 3 TeTparuioinHuM Habopom JIHK (S-¢a3za) i
MOJAJIBIINM HaAMipHUM BUX0IoM KiIiTuH y G2/M-da-
3y KJIIITUHHOTO noainy. JlaHi 3MiHU HaO1Ib11I BUpaXKeHi
y migrpymi ocio, onpomiHeHux y go3i D > 500 m3B.
IMicng imoykuii mposidepallii MiTOreHOM BiTHOCHUWIA
piBeHb HukKJiHy D1y nimdponurax ITK yyacHukis JIHA
Ha YAEC MaB TeHmeHIi0 10 3HIDKeHHs. KilbKicTh
KJIiTUH y S- Ta Gy/M-(dazax KIITUHHOIO LUKy He3-
Ha4yHO MiABUIIYyBajack. Taki TeHAEHLIIT MPOCTEeXyBaJIU -
cd y miarpynax onpoMiHeHux y no3ax 10 < D < 100 m3B
ta D > 500 m3B. B yuacuwukiB JIHA na HAEC, onrpomi-
HeHux y g03i 100 < D < 500 M3B, piBeHb eKcrpecii
mukiaiHy D1 miciist MiToreHHOT CTUMYJISIILT TPaKTUYHO
He 3MiHIOBaBCsl, piBeHb KJIITUH y S-dasi 3HMKyBaBcs,
npoTe KiAbKicTh KiaiTuH y Gy/M-da3i aKTUBHOTO
MOy TOMITHO MigBuIyBajach. Lle € o3Hako0 CKO-
poueHHs S-da3u, 10 MOXe MPU3BOIUTH 10 HeedeK-
TMBHOI perapaliii Ta HaJJIMIIKY HOIIKOIKEHUX KJIITUH
y G2/M-da3si kiiTuHHOro 1MKIy. BomHouac, ImigBu-
IIEHHs y il Ipyni iHaykoBaHoro uucia cyo-Go/Gi
KJIITUH MOXE CBiIYUTU TIpO TOMWJIKM aKTUBalii 3
eJliMiHaLIi€10 YIIKOMXKEHUX KJIITUH LIJISIXOM arlonTo3y.

Otxe, y BigmaJieHOMY Tepiofi ITiCas ONPOMIiHEHHS,
3a YMOB Tinepekcnpecii uukiiny D1, icHye pu3uk He-

Ta6auus 4

ter was found in comparison with control group and
spontaneous level (Table 4).

Thus, increase the level of spontancous cyclin D1
expression and a violation of cyclin D1-dependent
regulation of cell cycle of PB lymphocytes after acti-
vation by mitogen were found in Chornobyl clean-
up workers. An increase the level of cyclin D1
expression is accompanied by an increase pool of
cells with a tetraploid DNA (S-phase) and subse-
quent excessive release of cells into the G,/M-phase
of cell division. These changes are most pronounced
in subgroup with a radiation dose of D > 500 mSv.
The relative level of cyclin D1 in PB lymphocytes of
Chornobyl clean-up workers after induction of prolif-
eration by mitogen tended to decrease. The number
of cells in S- and G,/M-phases of cell cycle insignifi-
cant increased. Such tendencies can be observed in
subgroups with a radiation dose of 10 < D < 100 and
D > 500 mSv. The level of cyclin D1 expression after
mitogenic stimulation practically did not change,
the level of cells in S-phase decreased, but number
of cells in G,/M-phase of active division increased
markedly in exposed Chornobyl clean-up workers
at a dose of 100 < D < 500 mSv. This is a sign of
S-phase reduction, which can lead to inefficient
repair and an excess of damaged cells in Gy/M-
phase of cell cycle. At the same time, an increase in
the induced number of G(o/G cells in this group may
indicate activation errors with elimination of dam-
aged cells by apoptosis.

Thus, there is a risk of uncontrolled proliferation
of lymphocytes, possibly early oncogenesis under

MoKa3HUKKU KNiITUHHOrO LMKNY CNOHTAHHOrO Ta MiToreH-iHAyKoBaHoro piBHiB NiMpouutie MK yyacHukis JIHA

Ha YAEC 3anexHo Bip ao3u onpomineHHa, (M x SD)
Table 4

Parameters of cell cycle of spontaneous and mitogen-induced level of PB lymphocytes in Chornobyl clean-up

workers depending on the radiation dose, (M + SD)

MokasHuk knitTuHHOTO UMKNy, % / Parameters of cell cycle, %

Fpyna / Group
y Sub-Go/G1 Go/G1 S Gz/M

KoHTpons / control CMOHTAHHO / spontaneous 0,7+1,0 82,4+ 13,6 6,5+5,2 1,3+2,0
®rA / PHA 0,6+0,7 79,3+ 12,1 11,3 +7,8** 3,1+2,0%

10 < D < 100 m38 / mSv CMOHTaHHO / spontaneous 1,0+1,6 76,5 + 20,7 13,3 = 14,6* 45+8.2
®rA / PHA 1,7+1,8 725+ 24,0 16,1 £ 12,2 10,6 = 16,6

100 < D < 500 m38 / mSv CMOHTaHHO / spontaneous 1,4+24 76,8 + 20,9 11,9+ 12,8* 45+908
®rA / PHA 6,0+ 19,0 78,8 + 26,4 9,1+8,1 10,1 £ 254

D > 500 m38 / mSv CMOHTaHHO / spontaneous 08+1,2 78,0+ 17,1 11,9+ 11,1* 52 +10,4*
®rA / PHA 1,014 72,1 30,0 13,4+ 12,8 13,5+ 28,7

MpumiTkn: * — p < 0,05 NOpiBHAHO 3 KOHTPO/LHOIO rPYNoIo; ** — p < 0,05 NOPIBHSAHO 3i CMIOHTAHHUM PIBHEM.

Notes: * — p < 0,05 vs the control group; ** — p < 0,05 vs the spontaneous level.
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CLINICAL

RESEARCH

KOHTPOJIbOBAaHOI Tposidepaltii JiMPOLIMUTIB, MOXITH-
BO, PAaHHBOTO OHKOTeHe3y. [{ofaTKOBUM TOKa30M BU-
COKOro mpoJjiepaTMBHOIO MOTEHLiany JiM@pOLUTIB
1K yuacnukiB JIHA na YAEC € Hakonmu4yeHHS
JiMdouuTiB B S-¢aszi 3 momgajJbliMM HaAMipHUM
piBHEM aKTHUBHO MpoJtidepyrounx KIitnH y G,/M-dasi
KIITUHHOTO IIMKITY. 3 iHIIOTO OOKY, MicJs MiTOTEHHOL
IHAYKIii BU3HAYEHO 3aTPUMKY KJITUHHOTO ILIUMKIY ¥y
Mexax Gi/S KOHTPOJIbHOI TOYKU, CKOpOYeHHs S-a-
34, IO € MPOSIBOM HEeCTaOiAbHOCTI reHomy JiMdo-
IIUTIB Ta Ma€ 3B 30K 3 703010 OITPOMiHEHHSI.

BUCHOBKU

1. ¥V BimganeHuii mepioa micjisi OMPOMiHEHHS, B ydac-
HukiB JIHA Ha YAEC BcTaHOBIIEHO TTiIBUILIEHHS CTIOH-
TaHHOTO piBHS HUKIiHY D1 i mopymenHs nukiin D1-3a-
JIEXKHOT peTyJIsiiii KJIITUHHOTO HUKITY JiMpouuTis TTK
Mic/isl aKTUBallii MiTOT€HOM.

2. B yuacaukiB JIHA na YAEC BcTaHOBJIEHO ITiIBU-
IIEHHS CIIOHTAHHOI KiJIbKOCTi KJIiTUH B S- Ta Gy/M-
(¢azax KJIITMHHOTO LIUKIY, 1110 € CBITYEHHSM MiABUILIE-
Hoi TpoJjigepatuBHOi akTUBHOCTI JdiMpouuTis 11K y
BIIIIOBiAb Ha eHOOreHHi cTumyau. MaHi 3MiHM
HaMOIMBII BUpaXKeHi y MiArpyIli 0cid, ONMpoMiHEHUX Y
no3i D > 500 m3B.

3. BusiBieHi nmapajieabHi 3MiHM ekcrpecii nukiiny D1
i mpocyBaHH JiMpouuTiB [1K mo dazax kiiTmHHOTO
LUKJTY 3i 30ibIIeHHIM eKrmpecii nukiiny D1y migrpy-
nax yyacHukiB JIHA 3 GibI1o1o 103010 OMpOMiHEHHS
Ta 3HUXXEHOIO MiTOreH-iHAYKOBAaHOIO EKCIpPECi€l 3
HaKONMWYeHHSIM KJIiTUH Y Gy/M-@das3i, 1m0 Moxe 0yTu
MPOSIBOM HECTa01ILHOCTI TeHOMY JIiM(OLIMTIB Y Bifma-
JIEHOMY Tepioi MmicJisl OMpPOMiHEHHSI.

4. OTprMaHi pe3yJibTaTu NiATBEPKYIOTh TiMOTe3y 1110~
JI0 3HAYE€HH$ piBHIB ekcripecili nukiaiHy D1 sk Kpu-
TepiiB MPOSIBIB HECTAOIILHOCTI TEHOMY Ta PU3UKIB OH-
KOreHe3y y BilgajieHoMY Nepioji Micas OnmpOMiHEHHS.

diHaHcyBaHHSA JOCNiAKEHHA

Po6oTa BukoHaHa y pamkax 1miaHoBoi HJIP «BuBueHn-
HS pOJi TPAaHCKPUMLIMHUX Ta TPAHCASIUIMHUX 3MiH
MoJiekynsipHoro kackany ATM/CHEK?2/P53/PUMA
y (opMyBaHHI BigmaJeHMX KaHIEPOTeHHUX edeKTiB
OIMPOMiHEHHS B iIMyHHIiil cMCTeMi Y4aCHMKIB JiKBimaiii
HacmigkiB aBapii Ha YAEC (2019—2021)». Ne mepxk-
peectpauii 0119U100697 3a ¢inancyBanns HAMH
VYkpainu.

CINMUCOK BUKOPUCTAHUX OXKEPEN
1. ICRP Publication 118: ICRP statement on tissue reactions and early
and late effects of radiation in normal tissues and organs — threshold

conditions of cyclin D1 overexpression in a remote
period after radiation exposed. An additional evi-
dence of high proliferative potential of PB lympho-
cytes of Chornobyl clean-up workers is accumula-
tion of lymphocytes in S-phase, followed by an
excessive level of actively proliferating cells in the
G»/M-phase of cell cycle. On the other hand, a
delay in cell cycle within the G;/S-checkpoint, a
reduction in S-phase after mitogen induction is a
manifestation of lymphocyte genome instability and
depend on the radiation dose.

CONCLUSIONS

1. Increase spontancous level of cyclin D1 and dis-
turbance of cyclin D1-dependent regulation of cell
cycle of PB lymphocytes after mitogen activation is
found in Chornobyl clean-up workers in a remote
period after radiation exposure.

2. Increase in the spontaneous number of cells in S-
and G/M-phases of cell cycle was found in
Chornobyl clean-up workers, which is evidence of
an increased proliferative activity of PB lymphocytes
in response to endogenous stimuli. These changes
are most pronounced in the subgroup exposed at a
dose of D > 500 mSv.

3. Revealed parallel changes in the cyclin D1 expression
and the progression of PB lymphocytes through the cell
cycle phases with an increase in the expression of cyclin
D1 in the subgroups of Chornobyl clean-up workers
with a higher radiation dose and decreased mitogen-
induced expression with accumulation of cells in Go/M
phase, could be a manifestation of genome instability of
lymphocyte in a remote period after radiation exposure.
4. Obtained results confirm the hypothesis about the
significance of cyclin D1 expression levels as criteria for
manifestations of genome instability and risks of onco-
genesis in a remote period after radiation exposure.
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lfonapHuk Hatania AHatoniiBHa, kaHauaaT 6ionoriyHmnx
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kniHiyHoi papionorii, Y «HauioHanbHuWii HayKoBMii
LEeHTp papialiiHoi meauuuHu HauioHanbHOi akapgemii
MeauyHMX Hayk Ykpainuy» (HHLUPM), m. Kuis.

Insenko Ipuna MukonaigHa, fokTop 6iONOriYHUX HayK,
CTapwui JocnigHuK, 3asigysay nabopartopii iMyHoLKUTO-
norii BipAiny KniHiyHOT imyHonorii, IHCTUTYT KniHi4HOT
pagionorii, HHUPM, m. Knis.
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po6iTHUK nabopatopii imyHouuTonorii Bigainy KniHiy-
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