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XAPAKTEPUCTUKA IUKIIIH D1-OITIOCEPEJIKOBAHOI
PECYJIALI KJIITUHHOTO IUKITY JIM®OILIUTIB
INEPU®EPUYHOI KPOBI YYACHUKIB JIIKBIJIALIII HACJIIJIKIB
ABAPII HA YAEC TA OCIB, XBOPUX HA 3JIOSIKICHI
HOBOYTBOPEHHSA IIOPOXHUWUHU POTA, POTOBOI TA
TOPTAHHOI YACTHUH IVIOTKA

Meta. [locnigutu oco6nauBocTi nponidepaTMBHOro noteHuiany nimpouutie nepudepuyHoi KpoBi y4YacHUKiB
nikeipauii Hacnigkie aBapii Ha YAEC Ta oci6, xBopUx Ha 3105KiCHi HOBOYTBOPEHHS NMOPOXHWUHW POTa, POTOBOT Ta rop-
TaHHOT YaCTWUH NOTKK, 32 piBHeM ekcnpecii uukniHy D1 Ta KinbKiCHUMU NOKA3HUKAMU KNITUHHOTO LMKAY.
Marepianu i meToau. 06¢cTexxeHo 294 yonosikis y Biui (58,47 + 7,32) pokis, cepep Hux: 215 yyacHukis nikeigauii
Hacniakis aBapii (JIHA) Ha YAEC 1986-1987 pp., 4031 30BHilWHbOr0 onpoMiHeHHs 10,43-3623,31 M3B; 49 0Cib KOHT-
ponbHOT rpynu Ta 30 XBOPMX HA 3/105KiCHi HOBOYTBOPEHHS MOPOXHUHM POTa, POTOBOT Ta ropTaHHOi YacTuH moTku 111,
IVA Ta IVB cTapiit 3axBoptoBaHHsA. AHani3 napamMeTpiB KNiTMHHOTO LMKNY i nponichepaTMBHOT aKTUBHOCTI NiMdouuTis
nepudepuyHoi kposi (MK) nposoaunu metofom npotoyHoi uutometpii. OuiHoBanu po3nofin KNiTuH no Go/Gi-, S- i
Gz/M-thazax KNiTUHHOrO LMKNY B yMOBAx in vivo Ta in vitro. MponicdepaTMBHWIA NoTeHWian aHanisyBasu 3a piBHeEM
eKkcnpecii uuTonnasmatuyHoro 6inka uukniny D1.
Pesynbratu. lpoBeaeHo ouiHky nponidepatvBHoro noteHuiany nimdouutie MK yyacHukiB nikeigauii Hacnigkis
aBapii Ha YAEC Ta oci6, xBopux Ha 37105IKiCHi HOBOYTBOPEHHSA NMOPOXHUHM poTa. B yuyacHukis JIHA Ha YAEC Bu3Have-
HO MiABULLEHHSA PiBHA CMOHTAHHOT ekcnpecii uukniny D1 Ta nopyweHHs uuknid D1-3anexHoi perynauii KniTMHHOTO
umkny nimcboumtie MK nicns aktmeauii mitoreHom. BusHayeHo 36inblieHHs nyny KNiTUH y S- Ta Gz/M-tasax KniTuH-
HOTO LMKy, WO XapaKTepu3ye BUCOKMI nponicdepatuBHuit noteHuian nimdouutis MK. NaHi 3MiHM Haiibinbw Bupa-
)eHi y nigrpyni oci6, onpomiHeHux B fo3i D > 500 M3B, Ta y NaLieHTiB 3 OHKONOTIYHOI NATOJOrIEI.
BuCHOBKMW. BCTaHOBNEHO MO3UTUBHY NiHIAHY 3aNeXHiCTb MiX L0300 ONPOMiHEHHS Ta KiNbKiCTO KNiTUH S-dasu
KniTMHHOTO LMKy y nigrpyni yyacHukis JIHA Ha YAEC, onpomineHux y po3ax D > 500 m3B. BussneHi 3MiHu ymknin D1-
3aNeXHOT perynauii KNiTMHHOTO UMKAY Ta NpoaicepaTMBHOTO cTatycy NiMGOUMTIB 3anexaTb Bif [LO3M ONPOMiHEHHS,
MOXYTb OyTV NPOABOM HeCTabiNbHOCTI reHOMy i CMPUUYUHATU PU3MKM OHKOTeHe3y y BigaaneHoMmy nepiogi nicns on-
POMiHEHHS.
KniovoBi cnoBa: knituHHMiA umukn, umknid D1, oHkonoriyHa natonoris, pagiauis, YopHobuns.
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CHARACTERISTICS OF CYCLIN D1-MEDIATED REGULATION
OF CELL CYCLE OF PERIPHERAL BLOOD LIMPHOCYTES

OF CHORNOBYL CLEAN-UP WORKERS AND PERSONS WITH
MALIGNANT NEOPLASMS OF THE ORAL CAVITY, OROPHARYNX
AND LARYNGOPHARYNX

Objective: to explore proliferative potential of peripheral blood lymphocytes of Chornobyl clean-up workers and per-
sons with malignant neoplasms of the oral cavity, oropharynx and laryngopharynx by level of expression of cyclin D1
and quantitative parameters of cell cycle.
Materials and methods. A total of 294 men aged (58.47 + 7.32) were surveyed, 215 of them were Chornobyl clean-
up workers (1986-1987), exposed at the dose range 10.43-3623.31 mSv; 49 persons of the control group and 30
persons with malignant neoplasms of the oral cavity, oropharynx and laryngopharynx at III, IVA and IVB stages of
the disease. The analysis of parameters of cell cycle and proliferative activity of peripheral blood (PB) lymphocytes
was performed using the flow cytometry. The evaluation of distribution of cells by Go/G1, S-, G2/M cell cycle phases
was done in vivo and in in vitro. Proliferative potential was analyzed by level of expression of cytoplasmic protein of
cyclin D1.
Results. Proliferative potential of PB lymphocytes of Chornobyl clean-up workers and persons with malignant neo-
plasms of the oral cavity, oropharynx and laryngopharynx was assessed. An increase in the level of spontaneous
cyclin D1 expression and disturbance of cyclin D1-dependent regulation of cell cycle of PB lymphocytes after mito-
gen activation were determined in the Chornobyl clean-up workers. An increase in pool of cells in the S- and G;/M-
phases of cell cycle was detected, which characterizes high proliferative potential of PB lymphocytes. These changes
are most pronounced in the subgroup of persons with a radiation dose of D > 500 mSyv, and in persons with oncolo-
gical pathology.
Conclusions. A positive linear dependence has been established between the radiation dose and the number of cells
in the S-phase of cell cycle in the subgroup of Chornobyl clean-up workers with a radiation dose of D > 500 mSv. The
detected changes of cyclin D1-dependent regulation of cell cycle and proliferative status of lymphocytes depend on
the radiation dose, can be a manifestation of genome instability and be a cause for risks of oncogenesis, in a remote
period after radiation exposure.
Key words: cell cycle, cyclin D1, oncological pathology, radiation, Chornobyl.
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BCTYII INTRODUCTION

OpHuM i3 HalOLIbII 3HAaUYIIKMX OiosoriuHux edexTiB mii  One of the most significant biological effects of
iOHi3yI0UOro BUITPOMIHIOBAHHS € YpaXKeHHSI TEeHETUYHUX  ionizing radiation is damage of genetic structures
CTPYKTYP KIITUHHOTO sI/Ipa, 110 TTPU3BOINTE 10 yTBopeH-  of the cell nucleus, which leads to the formation of
Ha noaBitHnx po3puBiB JJHK. Crymine momkomkenHs  DNA double-strand breaks. The damage rate
3aJIeXKUTh BiJ J03M OINpPOMiHEHHs. XpoMocoMHi abepa-  depends on the dose. Chromosomal aberrations,
1ii, Jenewii, TpaHcaoKallil 30epiraloTbes i micag pena-  deletions and translocations persist after DNA
pawii IHK Tta y BimmajzeHoMy miepiomni micist ormpoMiHeH-  repair and in a remote period after radiation expo-
HS, 110 CBiZ4WUTL TIpo HeedeKTUBHICTH poboTm Me-  sure, which indicates a violation of the control
XaHi3MiB KoHTpoJto penapatiii JHK, curnanbHoi TpaHc-  mechanisms of DNA repair, signal transduction,
TyKI11ii, TTpostichepallii Ta peryssiii KIiTHHHOTO IIAKITY. proliferation and cell cycle regulation.
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Huknin D1, nponykt reHa PRADI/CCNDI (11q13),
KM 32 JOMOMOIOI0 MIiTOTEHHUX CTUMYJiB Ta LMKIiH-
3aJIeKHOI KiHa3W 4 iHIIIIOE peami3alilo KIITUHHOTO
UKy i perymoe dazoBuii niepexia Gi/S KOHTpOJbHOL
TOYKM B HOpPMi Ta Tpu mnatosorii. HecTtabinizauis/mpu-
THiYeHHs ekcrapecii HukiIiHy D1 nepemkoakae nepexo-
Iy KITUH B S-da3y, Toai g9k amruridikaiis CCNDI ta
rinmepekcnpecis UMkiIiHy D1 mpu3BoadaTh 10 akTUBallii
0ijka peTMHOO0JaCTOMMU, 110 MPUCKOPIOE TIPOrpecito ye-
pe3 Gi-(dasy, KIiTUHHY TIposidepallito Ta CIpUsiE 3710-
gKicHilt TpaHcdopmartii. [TopymeHHs MexaHi3MiB pery-
nanii nukiiny D1, #ioro akymyndiii Ta merpanariii,
3BUIBHSIE KJIITUHY BiJl ii TpaAUIiHHOTO KOHTPOJIIO MPOJTi-
depaiii, MPU3BOAUTL OO MPOTPECYBaHHS KJIITMHHOTO
UKy [1], MoxXe BUKJIMKATU HECTAOIIbHICTh TEHOMY Ta
OHKOTpaHcpopMaliito [2].

KJ1iHiKO-TIaToIOTiUHiI JOCTiIXKEHHsI ToKa3au, 110 Ti-
nepekcrpecist HUKIiHY D1 Kopestoe 3 MeTacTa3zyBaHHSIM
NyXJIMHU Ta HECHPUSTIMBUM IPOTHO30M B PsIdi BU-
naakiB paky moauHu [3—5]. PiBHi ekcripecii nukiiny D1
0e3nocepeHbO KOPEIIOIOTh 3 PO3MIPOM IMyXJIMHU, Me-
TacTazamMu B JiMMaTUUYHi By3/1 Ta Mi3HIMU KIIIHIYHUMU
CTamisIMM TTIOCKOKJIITUHHOTO paKky TOJOBM Ta Iui [4].
HaykoB1ii migTpuMyoTh BUKOPUCTaHHS MOKa3HUKA PiB-
HsI eKcrpecii HMKIIiHY D1 SIK TpOrHOCTMYHOTO iHIMKaTO-
pa ISl OLIIHKY BMXKMBAHHS MNALIIEHTIB 3 paKOM JIET€HiB Ta
MOJIOUHOI 3ano3u [3]. B myxnmmHax ameHOKapIUHOMM
MiAIUTYHKOBOI 3aJ103M, MEJIaHOMM IIKipu, paKy eHI0-
METpisl, KOJOPEKTaJIbHOI KapLIMHOMM, JdiMGbOMU celie-
3iHKM 3 KJIITUH MaHTiiiHO1 30HM UKJIiH D1 BruiMBae Ha
MicClIeBY iHBa3il0, MeTacTa3yBaHHSI Ta IIPOTHO3 Iepediry
3axBopioBaHHs [5]. BaxnuBy poab nukiiny D1 B oHKO-
reHe3i Mmiakpecitoe eheKTUBHICTh BUKOPUCTAHHS iHTi-
0iTOpiB LMKJIiH-3aJIe>KHOI KiHa3M 1S JIIKYBaHHSI paKy.

TakuM 4yMHOM, BUBHAYEHHSI PiBHIB €KCIIPecil LUKIIiHY
D1 B nimdouurax nepudepuunoi kposi (I1K), anani3
KJIITUHHOTO LMKIY i MpoJlihepaTUBHOI aKTUBHOCTI B
HOPMi, MpU OHKOJIOTYHilA MaTojiorii Ta B y4aCHMKIiB
mikBiganii HacuigkiB aBapii (JIHA) ma YAEC nHagacth
BaXJIMBY JialrHOCTUUYHO-TIPOTHOCTUYHY iH(MOpMaIlilo
TPY OHKOJIOTiYHIN MaToJIorii Ta CIPUSITUME PO3KPUTTIO
JIesKMX acrnekTiB (popMyBaHHS IaTOJIOTIYHUX CTaHIiB y
BiggajeHoMy Iepiofi Iicass ONpOMiHEHHSI, CIIpUYMHE-
HUX pagioreHHUMMU TTOPYIIEHHSIMN MEXaHi3MiB MOJIEKY-
JISPHO-TE€HETUYHOTO KOHTPOJIIO TEHOMHOT CTaOUTbHOCTI.

META

Hocainuti 0coOIMBOCTI MposichepaTUBHOIO ITOTEHIIi-
ajty JiM(OIUTIB TTepudepUIHOi KPOBi YIACHUKIB JIiKBi-
nauii HaciakiB aBapii Ha HAEC ta ocib, XBopuX Ha 3710~
SIKICHI HOBOYTBOPEHHSI TOPOXHWHU POTa, POTOBOI Ta

Cyclin D1 protein is a product of PRAD1/CCND1
(I1q13) gene that with mitogenic stimuli and
cyclin-dependent kinase 4, initiates realization of
cell cycle and regulates the G1/S-phase transition of
the checkpoint in normal and pathology. Destabili-
zation/inhibition of cyclin D1 expression prevents
the transition of cells to S-phase, while the amplifi-
cation of CCNDI and overexpression of cyclin D1
lead to the activation of retinoblastoma protein, that
accelerates the progression through the Gi-phase,
cell proliferation and promotes malignant transfor-
mation. Disturbance of the cyclin DI regulation
mechanisms, its accumulation and degradation,
deprives a cell from its proliferation control, leads to
cell cycle progression [1], can cause a genome insta-
bility and malignant transformation [2].

Clinical and pathological studies have shown
that cyclin D1 overexpression correlates with
tumor metastasis and poor prognosis in some cases
of human cancer [3—5]. Cyclin D1 expression le-
vels are directly correlated with tumor size, lymph
node metastases, and late clinical stages of head
and neck squamous cell carcinoma [4]. Resear-
chers support the use of cyclin D1 expression levels
as a prognostic indicator to assess the survival of
patients with lung and breast cancer [3]. In tumors
of pancreatic adenocarcinoma, skin melanoma,
endometrial cancer, colorectal carcinoma, splenic
lymphoma from cells of the mantle zone cyclin D1
effects local invasion, metastasis and prognosis of
the disease [5]. The important role of cyclin D1 in
oncogenesis emphasizes the efficiency of using
cyclin-dependent kinase inhibitors for cancer
treatment.

So, determination of cyclin D1 expression levels
in peripheral blood (PB) lymphocytes, analysis of
cell cycle and proliferative activity in normal, in
oncology pathology and in Chornobyl clean-up
workers will provide important diagnostic and
prognostic information in oncology pathology and
will contribute to the disclosure of some aspects of
the formation of pathological conditions in a
remote period after radiation exposure, caused by
radiogenic disorders of the mechanisms of molec-
ular genetic control of genomic stability.

OBJECTIVE

To explore proliferative potential of peripheral
blood lymphocytes of Chornobyl clean-up workers
and persons with malignant neoplasms of the oral
cavity, oropharynx and laryngopharynx by level of
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TOPTaHHOI YaCTUH TJIOTKU 3a PiBHEM €KCITpeCil HUKITiHY
D1 Ta KiIbKiCHUMU MOKAa3HUKAMU KJIITUHHOTO LIMKJTY.

MATEPIAJIN TA METOJIN

CTaH KJIITMHHOTO IUKIY Ta IpoJiepaTUBHY akK-
TUBHICTb JIiM(POLIMTIB TOCHIIXYyBaIu B ydacHUKiB JIHA
Ha YAEC y BimmaseHoMmy Tiepiomi Imicist onmpoMiHeHHS
(> 30 pokiB). 3arasiom o6cTexkeHo 294 4OJIOBIKiB y Billi
(58,47 £ 7,32) pokiB. ObctexeHo 215 yyacHukiB JIHA
Ha YAEC (ocHOBHa rpymna), ONpoOMiHEHMX y Mdiara3oHi
103 10,43—3623,31 m38B. Cran 3n0poB’st yyacHukis JIHA
Ha YAEC xapakTtepu3syBaBcs MOJiMOpOigHICTIO. ¥ BCix
JiarHOCTOBAHO Bil ABOX Ta OilblIe 3aXBOPIOBaHb COMa-
TUYHOTO XapaKTepy, 0e3 37105KiCHUX HOBOYTBOpeHb. Oc-
HOBHUI iaTHO3 MOB’SI3yBaBCsl 3 HEMYXJIMHHUMU 3aXBO-
pIOBaHHSMHM OPOHXOJIETEHEBOI CUCTEMH, IepeBaxKHO
xpoHiuHoi ¢opmu. Oo6ctexxeHo 30 ocid, MellKaHLIiB
€KOJIOTiYHO HeOe3IMmeuHUX paifoHiB 3amopi3bKoi 00J1acTi,
XBOPHUX Ha 3J10IKiCHi HOBOYTBOPEHHSI IOPOKHUHU POTa,
poroBoi Ta roptaHHoi yactuH riaotku III, IVA i IVB
CTalilf 3aXBOPIOBaHHS, SIKi OyJIM OOCTEXEHi Ta TPOXOaM -
Ju nikyBaHHsa y KHII «3anopi3bkuili perioHaabHUA
MPOTUNYXJIMHHUN LIEHTp» 3arnopi3bkoi 00J1acHOI pamu.
KpuTtepii BKIIIOYEeHHST XBOPUX Ha 3JI0SIKiCHI HOBOYTBO-
PEHHSI TOPOXHUHM POTa: MAaTOriCTOJOriYHEe IiATBEPa-
JKEHHSI 3JI0SIKICHOTO MPOLECY, MiATBEPIXKEHHS 10JaTKO-
BUMHM MeTOJaMU OOCTEeXEHHSI CTadiil 3axXxBOPIOBAHHS
(I1I, IVA i IVB) 6e3 BigganeHUX MeTacTa3iB, BiICYTHICTh
nonepeaHbOro CleliaJbHOIro JIiIKyBaHHSI, HasBHICTb
iH(pOpMOBaHOI 3rogyM Ha BKJIOYEHHS B JOCIiIKEHHS.
Kputepii BUK/IIOUEHHST XBOPUX 3 JOCTiAXEHHSs: BilICyT-
HiCTh MATOTICTOIOTIYHOIO MiATBEPIKEHHS 3I0SIKICHOTO
npoiiecy, HasgBHicTh | Ta Il cTamiii 3axBoptoBaHHSI abo
BiTaJleHMX MeTacTasiB, HasIBHICTb KOHKYPYIOUOI TSIK-
KOi COMaTUYHOI TTaTOJIOTi1, BPOIKEHOTO iMyHOIEe(DIlInTY,
BiICYTHICTh iH(OPMOBAHOI 3roAyM Ha BKJIIOYEHHS B
nocnigkeHHs1. KonTpoabHy rpyny ckianu 49 ocid, no3a
OIPOMiHEHHSI, SIKMX He IIepeBUIIyBaja MaKCHMaJIbHO
JOITyCTME 3HAaYE€HHSI IIPUPOIHOTO (DOHY.

BusznauenHs1 mposipepaTMBHOTO TIOTEHIIially Ta
ekcrpecii mukiainy D1 y nimdorurax 1K npoBoaunu 3
BUKOPHUCTAHHSAM MIKPOMETONY KYyJIBTUBYBaHHS JICHKO-
LIMTiB LiIbHOI KpoBi. JIERKOUMUTH LiJbHOI KPOBi CTUMY-
moBaau ¢itoreMarmoTuHiHOM-P (PIA) B KOHLIEHTpaLlii
10 MKT/MJI Ta KYJIBTUBYBAJIM Y KUBUJIBHOMY CEPEIOBMIII
RPMI-1640 3 L-riayTamiHOM Ta HaTpilo rigpoKapOOHATOM
NaHCOs; (Sigma, CIIIA) 3 gomaBanuam 10 % em6Gpio-
HaJbHOI Tessuoi cuposatku (Sigma, CIHA), 100 Mxr/Mi
reHTaMilHy B iHKyb6aTopi pu 5 % CO,, TeMriepartypi —
37 °C i 95 % Bosorocti y 96-1yHKOBUX IUIOCKOTOHHUX
KyJIBTypaJbHMX IUIAHIIETaX IPOTIroM 18 roguH.

(1) 360

expression of cyclin D1 and quantitative parame-
ters of cell cycle.

MATERIALS AND METHODS
The state of cell cycle and proliferative activity of
lymphocytes were studied in Chornobyl clean-up
workers in a remote period after radiation exposure
(> 30 years). A study was performed on 294 male,
aged (58.47 = 7.32). 215 (main group) of them were
Chornobyl clean-up workers exposed at the dose
range 10.43—3623.31 mSv. The state of health of
Chornobyl clean-up workers is characterized by
polymorbidity. All were diagnosed with two or more
diseases of a somatic nature without malignant neo-
plasms and aplastic transformations. The main diag-
nosis was associated with non-neoplastic diseases of
the bronchopulmonary system, predominantly of a
chronic form. 30 persons, residents of ecologically
dangerous areas of Zaporizhzhia region, were exam-
ined. Persons with malignant neoplasms of the oral
cavity, oropharynx and laryngopharynx at III, IVA
and IVB stages of the disease (group of positive con-
trol), which were examined and treated at the «Zapo-
rizhzhia Regional Antitumor Center». Criteria for
inclusion of persons with malignant neoplasms of the
oral cavity: pathological confirmation of the malig-
nant process, confirmation by additional methods of
examination of locally advanced III, IVA and IVB
stages of the disease without distant metastases, lack
of prior special treatment and informed consent to
inclusion in the study. Criteria for exclusion of per-
sons from the study: no pathological confirmation of
the malignant process, the presence of stage I and 11
of the disease or distant metastases, the presence of
competing severe somatic pathology, congenital im-
munodeficiency, and the lack of informed consent for
inclusion in the study. The control group consisted of
49 people, the radiation dose of which did not exceed
the maximum allowable natural background level.
Analysis of proliferation potential and cyclin D1
expression in PB lymphocytes were performed by
a micromethod of culture whole blood leukocytes.
PB leukocytes were stimulated with mitogen phy-
tohemagglutinine-P (PHA) in a concentration of
10 ug/ml and cultured in RPMI-1640 medium
with L-glutamine and sodium bicarbonate
NaHCOs (Sigma, USA) with 10 % of fetal bovine
serum (Sigma, USA), 100 pg/ml of gentamicin in
CO; incubator at 37 °C, 5 % of CO; and 95 %
humidity in 96-well culture plates during 18
hours.
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CHoHTaHHMI Ta MITOTeH-iHIYKOBAHUI PiBHI LUKIIiHY
D1 y nimpouurax ITK Bu3Hauanm 3a CTaHIApPTHOIO, PEKO-
MEHIOBaHOO BUPOOHUKOM METOAUKOIO iMyHOdIyopeclie-
HTHOTO 3a0apBJIeHHS] BHYTPIITHbOKIITUHHUX OiIKiB 3 BU-
kopuctaHHsIM peareHTiB FITC Mouse Anti-Human Cyclin
D1 Antibody Set (BD, CIIIA), o Bkitouyae FITC-koH 10-
raT¥ MOHOKJIOHAJIBHMX aHTHTI Myt Anti-Human Cyclin
D1 Tta IgG1 — i3oTunoBuii (HeraTUBHUIA) KOHTPOJIb. AHA-
JIi3 mpoBoauan Ha npoToyHomy turometpi FACSCalibur
(BD, CIIIA) 3a 1omoMorow MporpaMHOro 3abe3nedyeHHs
CellQuest Pro (BD, CIHA) mna 20 000 momiit y pexkumi
«Dot Histogram». Anaii3 ciontaHHoro ta ®IA-iHgykoBa-
HOTO PO3MONUTy KJITUH 3a (pazaMy KIIITUHHOTO LIMKITY
MPOBOAWJIM i3 3a0apBACHHSIM SIAeP KIIITUH MPOMiito Homu-
1moM (Sigma, CILIA) y pobouiit KoHIIeHTpallii. AHaJIi3 TIpo-
Boguau B pexkumi JIHK-rictorpam 3 BigoKpeMJIeHHSIM
Go/Gi-, S- Ta Gy/M-perioHiB ((pa3y KIITHHHOTO IIUKITY)
ta Sub-Gy/G perioHy (siapa KIITUH Y CTaHi alloNTO3y).

Pesynbratu cTaTUCTMUYHO oONpalloBajii y Mporpami
Statistica 10.0. 3acTocoBaHO AUCKPUMILIiiHI METOIM CTa-
TUCTUYHOTO aHaji3y, MOPIBHSUIbHUI aHali3 3 BUKOPUC-
TaHHSM f-Kputepito CTbloJeHTa, KOPEJSALiiHUIA aHali3
3a [lipcoHoM.

PE3VYJIBTATU TA OBTOBOPEHHS

IIpoBegeHO AOCHIAXKEHHS CHOHTAHHOTO i MIiTOTEH-
iHAyKOBaHOTo piBHY LUKJIiHY D1 y nimpouutax MK
300pOBUX 0Ci0, 0Ci0 31 310SIKICHUMU HOBOYTBOPEH-
HSMU MOPOKHUHU POTA, POTOBOI Ta rOPTAaHHOI Yac-
TUH r10TKU Ta yyacHukiB JIHA na YAEC y Bignane-
HOMY mepiofi micas onmpoMiHeHHs (tadn. 1, 2). ¥V na-
LI€EHTIB 3 OHKOJIOTIYHOIO MATOJIOTi€EI0 3a CEepelIHBbO-
TpyMOBUM 3HAUYEHHSM BHU3HAYEHO CTAaTUCTUYHO 3Ha-
yyme (p < 0,01) migBuIeHHS PiBHS €KCIpecil HMK-
niny D1. Y 37 % nauieHTiB 1aHOT IpyIIY BU3HAYAETh-
cg HammmiukoBa ekcnpecis (> 20 %) uukiainy D1, ay
27 % BusBieHo rinepekcmnpecito (> 30 %) uukiiny D1.
3Baxkalouyud Ha 0i0oJOTiYHiI BJAACTUBOCTI LUKIAiIHY DI,
oT0o 3HAYHY POJIb Y MeXaHi3MaX KOHTPOJTIO TIpojide-
pallii, TaKuil pe3yJbTaT € OUiKyBaHUM i Y3TrOJXKYEThCS
3 JaHUMHU iHmMUx mochimHukiB [3]. Tak, rimepekc-
npecito uukiIiHy D1 BUSABASIOTH i MOB’I3YIOTh 3 PO3-
BUTKOM Ta IPOrpeci€ero OiIbIIOCTI OHKO3aXBOPIOBAHb
[3, 6—9]. VY BigmaneHoMy mepioi Mic/ast ONPOMiHEHHS
B yuyacHuKiB JIHA na YAEC BigMiueHO MiIBUILEHHS
CITIOHTAHHOTO piBHY HMKJIiHY D1 y miMmdouurax ITK.
OnpHak 3HAYYIIMUX PO30iKHOCTENM MixX MOKa3HUKaMM
eKCIpecii CIIOHTAHHOTO i MIiTOTeH-iHAYKOBaHOTO
piBHg nukiiny D1 y nimdouurax 1K KoHTpoJbHOI
rpynu ta yyacHukiB JIHA Ha HAEC He BCTaHOBJIEHO
(tabm. 1, 2).

Spontaneous and mitogen-induced levels of
cyclin D1 expression in PB lymphocytes were stu-
died 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 con-
centration. Analysis was performed in DNA his-
tograms mode with separation of Go/G;-, S- and
G,/M-regions (cell cycle phases) and Sub-Go/G;
region (cell nucleus in a state of apoptosis).

Statistical analysis of the data was performed
using the statistical package Statistica 10. Applied:
descriptive methods of statistical analysis, compar-
ative analysis using Student's 7-test, Pearson corre-
lation analysis.

RESULTS AND DISCUSSION

A study of spontaneous and mitogen-induced level
of cyclin D1 in PB lymphocytes of healthy individu-
als, persons with malignant neoplasms of the oral
cavity, oropharynx and laryngopharynx, and
Chornobyl clean-up workers in a remote period after
radiation exposure was carried out (Tables 1, 2). A
statistically significant (p < 0.01) increase in the level
of cyclin D1 expression was determined in patients
with oncological pathology, according to the mean
group value. Overexpression (> 20 %) of cyclin D1
was detected in 37 % of patients in this group, and
overexpression (> 30 %) of cyclin D1 was detected in
27 %. Taking into account the biological properties
of cyclin D1, its significant role in the mechanisms
of proliferation control, such a result is expected and
consistent with data of other researchers [3]. Thus,
overexpression of cyclin D1 is detected and associat-
ed with the development and progression of most
oncological diseases [3, 6—9]. An increase of spon-
taneous level of cyclin D1 in PB lymphocytes was
detected in Chornobyl clean-up workers in a remote
period after radiation exposure. However, significant
differences between the expression of spontaneous
and mitogen-induced levels of cyclin D1 in PB lym-
phocytes of the control group and Chornobyl clean-
up workers were not found (Tables 1, 2).
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Ta6nuusa 1

BigHoCHMIN piBeHb cnoHTaHHOT eKcnpecii yuknidy D1 y nimdouutax MK 3g0poeux oci6b, oci6 3i 3noakicHUMM
HOBOYTBOPEHHAMMW NOPOXHUHW POTa, POTOBOT Ta FOPTAHHOT YaCTWH rNOTKM Ta yyacHukis JIHA na YAEC, (M £ SD)

Table 1

Relative level of spontaneous cyclin D1 expression in PB lymphocytes of healthy individuals, persons with
oral, oropharyngeal, laryngopharyneal cancer and Chornobyl clean-up workers, (M + SD)

Moka3Huk

I'pynu o6cTexxeHHs / Groups

KOHTpOnb (n = 49)

Parameter control (n =49)

yyacHuku JIHA na HAEC (n = 215)
Chornobyl clean-up workers (n = 215)

oHkonoriyHa naronoris (n = 30)
cancer (n = 30)

Lknin D1/ Cyclin D1, % 14,7+ 13,1

18,6 + 16,3

23,9 £ 10,7

Mpumitka. *p < 0,01 NOPIBHSIHO 3 KOHTPOMBHOI FPYNOIO.
Note. *p < 0.01 vs control.

Ta6nuusa 2

BigHoCHMI piBeHb MiToreH-iHgyKoBaHoi ekcnpecii yumkniHy D1 y nimcouutax MK 3gopoBux oci6, oci6 3i
3/109KiCHUMM HOBOYTBOPEHHAMM NMOPOXKHUHM POTA, POTOBOT Ta FOPTAHHOT YAaCTMH MNOTKU Ta yyacHuKie JIHA Ha

YAEC, (M = SD)
Table 2

Relative level of mitogen-induced cyclin D1 expression in PB lymphocytes of healthy individuals, persons
with oral, oropharyngeal, laryngopharyneal cancer and Chornobyl clean-up workers, (M x SD)

Moka3Huk

Ipynu o6cTexxeHHs / Groups

KOHTponb (n = 16)

Parameter control (n = 16)

yyacHuku JIHA na YAEC (n = 69)
Chornobyl clean-up workers (n = 69)

OHKOJOriyHa naronorisa (n = 28)
cancer (n = 28)

Uvknin D1 / Cyclin D1, % 19,7 £ 14,3

17,1 £159

16,8 + 12,6

B HopwMmi GinbricTh TiM@OLUTIB He CXUIIBHI IO aK-
TUBHOTO MOy, iX MpoJiidepaliisi TOUMHAETHCS MiCsS
aKTUBalil aHTUT€HHUM YU MITOTEHHUM CTUMYJIOM. Y
OpakTUUYHO 3J0POBUX OCIO CIIOCTEpira€Thcsl IiIBU-
MIeHHS BiTHOCHOTO piBHI IMKIiHy D1 B miMmdornmTax
IK nicnsg crumynsinii @TA. Topsia 3 HyuM, NOpiBHSIIb-
HUI aHaji3 MIiTOreHHO1 CTUMYJsLil JiMdouuTiB [TK
BUSIBMB 3MiHU ekcripecii uukiainy D1 y nimdouuTtax
I1K yuacuwmkiB JIHA na YAEC. Tak, y mepeBaxkHOi
oinpirocTi oocrexkeHnx yyacHukiB JIHA na YAEC Tta
0ci0 3 peasi3oBaHOI OHKOJIOTIYHOIO ITaTOJIOTIEI0
Mic/sl MITOT€HHOI CTUMYJISILIT piBeHb €KCIpecii HUK-
niny D1 3HuxxyBaBcs. i 3MiHM Oy BUpa3HIIIUMU Y
TpyMi MAIli€EHTIB 3i 3J0SIKICHUMU HOBOYTBOPEHHSIMU
MOPOXHUHU POTa, pOTOBOI Ta TOPTAHHOI YACTUH IJIOT-
ku (puc. 1). HagBHicTb 3MiH mnpoJtihepaTUBHUX BJlac-
trBocTelt TiMm@oumTiB B yaacHnKiB JIHA na YAEC tmig-
TBEPIXKYEThCA AAHWMU aHali3y MOKA3HUKIB KIIITHMH-
HOTO LIMKJTY CITOHTAHHOTO i MiTOT€H-iHAYKOBAaHOIO PiB-
HiB JimdouuTiB ITK (Tadma. 3).

Jo iHaykuii MiTOreHoMm, y KOHTPOJIbHIIl rpymi
oinbicte giMdouutie 1K ~ 84 % 3HaxomsiTbes y
Go/Gi-dazax KIITMHHOTO LMKy, TeTPaIrUIOITHUIA
Habip snepHoi JHK (S-¢da3za) maiots ~ 6,0 % nimdbo-
uuTiB; ~ 0,91 % xiituH nponidepyots — Go/M-dasza

Normally, most lymphocytes are not prone to
active division, their proliferation begins after acti-
vation by an antigenic or mitogenic stimulus. There
is an increase in the relative level of cyclin D1 in PB
Iymphocytes after stimulation of PHA in practically
healthy persons. In addition, a comparative analysis
of mitogenic stimulation of PB Iymphocytes
revealed changes in the expression of cyclin D1 in
Chornobyl clean-up workers. Thus, the level of
cyclin D1 expression decreased after mitogenic
stimulation in the vast majority of examined
Chornobyl clean-up workers and persons with rea-
lized oncology pathology. These changes were more
pronounced in group of persons with malignant
neoplasms of the oral cavity, oropharynx and laryn-
gopharynx (Fig. 1). The presence of changes in pro-
liferative properties of lymphocytes in Chornobyl
clean-up workers is confirmed by the analysis of cell
cycle parameters of spontaneous and mitogen-
induced levels of PB lymphocytes (Table 3).

Prior to mitogen induction, most PB lymphocytes
in the control group (~84 %) are in the Go/Gi-
phases of cell cycle; tetraploid set of nuclear DNA
(S-phase) have ~ 6.0 % of lymphocytes; ~ 0.91 % of
cells proliferative the G,/M-phase of cell cycle; 2.69 %
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Ta6nuusa 3

PucyHoK 1. BigHocHMi1 piBeHb CMOHTAHHOT Ta
miToreH-iHAyKoBaHoi eKkcnpecii uuknidy D1y
nimgouyutax MK ocié rpyn o6cTerkeHHA

1 — KOHTpOJIbHA rpyna, 2 — yq4acHuku JIHA Ha YAEC,
3 - rpyna oci6 3 OHKONOri4YHO NaTosIorieto

Figure 1. Relative level of spontaneous and
mitogen-induced expression of cyclin D1 in PB

lymphocytes of persons in study group
1 — control group, 2 — Chornobyl clean-up workers,
3 — oncological pathology group

NokasHuku KnitTuHHoro uukny nimpouutie MK go Ta nicna iHAYKUiT MmiToreHom y 3p0poBux oci6, ocib 3i
3/10AKiCHUMU HOBOYTBOPEHHAMM NOPOXKHMHKU POTA, POTOBOT Ta FOPTAHHOT YaCTUH FMOTKM Ta yyacHuKiB JIHA Ha

YAEC, (M = SD)
Table 3

Parameters of cell cycle of PB lymphocytes before and after mitogen induction in healthy individuals, persons
with oral, oropharyngeal, laryngopharyngeal cancer and Chornobyl clean-up workers, (M = SD)

Posnopain nimpoumtie 3a pasamu KnNiTMHHOIO uukny, %

Ipyna / Group n Distribution of lymphocytes by cell cycle phases, %
anonto3/apoptosis  Go / G1 S G2/ M
CrOHTaHHO/spontaneous 35 2,7+10,5 84,1+135 6,1 =56 09+1,6
Kokpon / control OTA/PHA 18 44+ 134 78,2+ 20,9 11,7 % 10,7*** 5,6 + 10,7
YyacHukm JIHA Ha HYAEC CrOHTaHHO/spontaneous 167 2,3%8,0 74,0 £ 27,3* M1£117* 10,2 + 24,2*
Chornobyl clean-up workers ®rA/PHA 91 35116 71,7247 12,2+ 10,5 89214
. . CrMOHTaHHO/spontaneous 29 48+54 86,3+ 124 11,1 + 8,6** 29+6,2
OwkonoriyHa naronoris / cancer OrAPHA o8 56+79 80,1 + 22,1 9,5+ 6,6 10,5+ 20,6

Mpumitku. *p < 0,05 NOPIBHAHO 3i CNIOHTAHHUM PIBHEM B KOHTPONbHIiA rpyni; **p < 0,01 NOpIBHSAHO 3i CNOHTAHHWM PIBHEM B KOHTPOLHIiA rpyni; ***p < 0,05 nopiBHAHO 3i

CrMOHTAHHWM DIBHEM B MEXax [OCHIKYBaHOI rpynu

Notes. *p < 0.05 vs spontaneous level in the control group; **p < 0.01 vs spontaneous level in the control group; ***p < 0.05 vs spontaneous level within the study group

KJIITUHHOTO LMKIY; 2,69 % niMdOLUTIB 3 MOIIKOIKE-
Hoo JIHK / rinomumnoimHi (amomTo3). B yyacHmukiB
JIHA na YAEC xapakTepHUM € He3HayHe 3HUKEHHS
BmicTy kmitnH y Go/Gi-¢azax KIITUHHOTO LUKILY, 110
MO3HAYAETHCS Ha KiJbKOCTI mpoaidepyrounx KIIiTUH i
KJIITWH 3 TeTparuioifHuMm Habopowm siaepHoi JJHK. Tak, y
Ipymi OIMpPOMiHEHMX OCi0 BCTAHOBJIEHO CTAaTUCTUYHO
3Ha4yIlle MiIBUILEHHS CIOHTAHHOTO PiBHS JiM(OIIUTIB,
IO 3HAXOIAThCA ¥ S- Ta G2/M-da3ax KIITHHHOTO LUK~
ay (p £0,05). [IpuBepTae yBary, 110 B I'pyIli ITalli€HTIB 3
OHKOJIOTIYHOIO MMaTOJIOTi€I0 CepeIHbOTPYIOBE 3HAUEHHSI
CIOHTAHHOTO PIiBHSI KJIITMH S-(ha3u TaKoX 3HAYHO
ninsuineHe (p < 0,01) MopiBHSIHO 3 KOHTPOJBbHOIO TPy-
roro (Tabm. 3).

of lymphocytes with damaged hypodiploid DNA
(apoptosis). Chornobyl clean-up workers are cha-
racterized by a slight decrease in the content of
cells in the Go/Gi-phases of cell cycle, which
affects the number of proliferating cells and cells
with tetraploid sets of nuclear DNA. Thus, a statis-
tically significant increase in spontaneous level of
lymphocytes in the S- and G,/M-phases of cell
cycle (p < 0.05) was found in the group of exposed
persons. It is noteworhy that in the group of per-
sons with oncology pathology, the mean group
vlue of spontaneous level of S-phase cells is also
significantly increased (p < 0.01) compared with
the control group (Table 3).
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3a TaHWUMU aHaJi3y KJIITUHHOTO LUKITY JiM(OIIUTIB
micjsl iHAYKIiiT MiTOT€HOM CITOCTEpIra€TbCs ITiIBU-
MIeHHS TpoaipepaTUBHOTO MOTEHIIiaNy JTiM(OLIUTIB y
Bcix rpymax pocnimkeHHs. IlpuBeprae yBary, 110
piBeHb aKTUBHO Tipotidepyrounx KiitnH G,/M-daszu
Ma€ TeHACHIIiIO 10 MiABUILEHHS, SIK Y TPYIli yYaCHUKIB
JIHA na YAEC, TaKk i B TpyITi OHKOJIOTIYHUX XBOPUX, B
OCTaHHIN 1LIlell MOKa3HUK Oinbll BUpaxkeHUil. OmHaK
CTaTUCTUYHO 3HAYYIIOI Pi3HULII MIXTPYMOBUX MOKa3-
HUKIB KJIITUHHOTO LIMKJIY TiCJISl iHAYKIIiT MiTOr€HOM
He BUsIBIIeHO (TabI. 3).

ITpoBeneHo MOPiBHSUILHUI aHaJi3 MOKA3HUKIB KIli-
TUHHOTO LUKy diMdouutiB ITK go i micasa iHmykuii
miToreHoM (Tab6:. 3). ITokazaHo, 110 YacTka nposide-
PYIOUMX KJIITUH JOCTOBIPHO 30i/lbLIKIACH JIULIE B OCI0
KoHTposbHOI rpyru (p < 0,01). B yuacHukis JIHA Ha
YAEC piseHb gimMpouuris, 110 nepedyBarots y S-dasi
KJIITUHHOTO LMKy IPaKTUYHO HE 3MIiHIOBaBCS, a
KiIbKicTh KJIiTUH Y G2/M-da3i nemo 3uu3mnace. Ipu-
BepTa€ yBary IiIBUILIEHHS KiJIbKOCTi aKTUBHO ITPOJIi-
depyrouux kiituH G>/M-dazu y rpyri ocid 3 oHKoI0-
riYHOMO MATOJIOTi€l0, OJHAK CTAaTUCTUYHO 3HAYYIIOL
Pi3HULII NOKA3HUKIB KJIITUHHOTO LIMKJIIY Yy Ipynax ydac-
HukiB JIHA na YAEC Ta ocib 3i 37105IKiCHUMHA HOBOYT-
BOPEHHSIMM MOPOXHUHU POTa, POTOBOI Ta TOPTaHHOL
YAaCTUH TJIOTKW HE BM3HAYEHO Y TMOPIBHSIHHI 3i CITOH-
TaHHUM piBHeM (Tadi. 3). PiBenn nimponutis I1K B
S-dasi micng crumyssnii @IA TakoxX CTaTUCTUYHO
3HAYyIIe MiABAIIUBCS B OCIO KOHTPOJIBHOI TPYIH. Y OM-
POMiHEHHUX OCi0 JaHWI MOKA3HUK 3aJUIIAETHCS BUCO-
kuM — 12,2 %. 3Baxkaioun Ha (paKT HAKOITMYCHHSI KJTi-
TUH y S-a3i, 11e Moxe BimoOpaxkaTy HasiBHICTh IMOIII-
komxkeHb JJHK i 3arpumky xititnHHOTO LMKy vy Gi/S
KOHTPOJIbHIN TOULI 1151 3AiMCHEHHS perapaltiii.

st mpoBedeHHs AeTajlbHOTO aHali3y d0303aj1exX-
HUX eeKTiB, o0cTexXeHi nmaieHTH, yaacHuku JIHA Ha
YAEC, Oynu po3rnofiieHi Ha TpU HiArpynu 3a7ekKHO
Big no3u onpomiHeHHs. o 1-i miarpynu yBiau 55
yuacHukiB JIHA na YAEC, ompomMiHeHUX y miara-
30Hi 103 10—100 M3B (10 < D < 100), 2-ry miarpyny
ckianu 85 ocid 3 103010 onpomiHeHHs 103—498 mM3B
(100 < D £500), i, BinnmosigHo, 3-Ti0 — 44 ocobu 3 10-
3010 ornpoMiHeHHs 512—3623 M3B (D > 500 M3B).
AHaJli3 CIMOHTAaHHOI eKCIIpecii LUTOMIa3MaTUYHOTO
mukiainy D1 B niMmdonutax 1K yyacHukiB JIHA Ha
YAEC 3anexHo Bil 103U ONPOMiHEHHSI MOKa3aB
OigBUILEHHS CEPeIHbOIPYIIOBUX 3HAYE€Hb BiZTHOCHOTO
piBHs LHUKIiHY D1 B ycix miarpymnax ocio, siki 0yau omn-
poMiHeHi BHacigok aBapii Ha HAEC, y mopiBHSIHHI 3
KOHTPOJIbHOIO rpynolo (Tadj. 4). 3HauHe NiABUILIEHHS
CIOHTAHHOI €KCIPeCii LUTOIMIA3MAaTUYHOTO LUKITIHY

According to the analysis of cell cycle of lympho-
cytes after induction by mitogen, there is an increase
in proliferative potential of lymphocytes in all study
groups. It is noteworthy that the level of actively pro-
liferating cells of the G,/M-phase tends to increase,
both in the group of Chornobyl clean-up workers
and in the group of oncological patients, in the latter
this indicator is more pronounced. However, statis-
tically significant differences in intergroup parame-
ters of cell cycle after induction by mitogen were not
detected (Table 3).

A comparative analysis of cell cycle parameters of
PB lymphocytes before and after induction by mito-
gen was carried out (Table 3). It was shown that the
proportion of proliferating cells significantly
increased only in the control group (p < 0.01). The
level of lymphocytes in the S- phase of cell cycle did
not change in Chornobyl clean-up workers, and the
number of cells in the Gy/M-phase slightly
decreased. The increase in the number of actively
proliferating cells of the G,/M-phase in the group
with oncological pathology is noteworthy, but no
statistically significant difference in cell cycle
parameters in the groups of Chornobyl clean-up
workers and persons with malignant neoplasms of
the oral cavity, oropharynx and laryngopharynx with
compared to spontaneous level (Table 3). The level
of PB lymphocytes in the S-phase after PHA stimu-
lation also statistically significantly increased in the
control group. This parameter remains high — 12.2 %
in exposed persons. Due to the accumulation of cells
in the S-phase, this may reflect the presence of DNA
damage and the delay of cell cycle at the G/S
checkpoint for repair.

For a detailed analysis of dose-dependent effects,
the examined Chornobyl clean-up workers, were
divided into three subgroups6 depending on the
radiation dose. The 1* subgroup included Chornobyl
55 clean-up workers exposed at the dose range of
10—100mSv (10 < D < 100), 2™ subgroup consisted
of 85 people with a radiation dose of 103—498 mSv
(100 < D <£500), and accordingly, to the 3™ subgroup
of 44 persons with a radiation dose of 512—3623 mSv
(D > 500 mSv). Analysis of spontaneous expression
of cytoplasmic cyclin D1 in lymphocytes of Chor-
nobyl clean-up workers, depending on the radiation
dose showed an increase in the mean group values of
the relative level of cyclin D1 in all subgroups of
exposed persons with the control group (Table 4).
A significant increase in spontaneous expression of
cytoplasmatic cyclin D1 in PB Ilymphocytes, name-
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Ta6nauus 4

BigHOCHMI piBeHb cnoHTaHHOT eKcnpecii uuknidy D1 y nimdouyutax MK 3g0poBux oci6, ocib 3i 3noakicHuMM
HOBOYTBOPEHHAMM NOPOXKHUHU POTA, POTOBOT Ta FOPTAHHOT YaCTUH MIOTKK Ta yyacHukKie JIHA Ha YAEC 3anexHo

BiA 03K onpomiHeHHs, (M + SD)
Table 4

The relative level of spontaneous cyclin D1 expression in PB lymphocytes of healthy individuals, persons with oral,
oropharyngeal, laryngopharyngeal cancer and Chornobyl clean-up workers depending on radiation dose (M + SD)

Fpyna / group n Luknin D1/ Cyclin D1, %
KoHTponb / control 49 14,7 £ 13,1
10 < D < 100 m38 / mSv 55 199+ 175
T | W <D<m0 s, o
D > 500 m38 / mSv 44 22,5+ 153*
OHkonoriyHa natonoris / cancer 30 23,9 +10,7*

Mpumitka. *p < 0,01 NOPIBHSIHO 3 KOHTPOMBHOK FPYNOI0
Note. *p < 0,01 vs control group

D1 y nimpormrax I1K, a came 22,83 % (p < 0,01)
BcTaHOBJIeHO y miarpyni yyacHukiB JIHA na HAEC,
SgKi Oy ompoMiHeHi B miama3oHi 103 Bix 500 M3B 1o
3623 M3B. Y 0cib 3 no3010 onpomiHeHHs 10 < D < 100
m3B Ta 100 < D < 500 M3B naHuii moka3HUK OYB AE110
MiABUILEHUM, OJHAK HE BiAPi3HSIBCS CYTTEBO BiJl TAKO-
To B KOHTPOJBHIM rpymi (puc. 2).

[IpoBeneHO MOPIBHSUIbHUI aHAJTi3 MOKA3HUKIB €KC-
npecii uukitiny D1y nimonntax ITK no i micas inayK-
1ii MiToreHoM (Tab6J. 5). ¥ KOHTPOJbHIl I'pyIli piBeHb
eKkchpecili UMTOIUIa3MaTUYHOTO HMKIiHY D1 micas

ly 22.83 % (p < 0.01) was found in a subgroup of
Chornobyl clean-up workers, exposed at the dose
range from 500 mSv to 3623 mSv. This parameter
was slightly higher in persons with a radiation dose
of 10 <D <100 mSv and 100 < D < 500 mSy, but did
not have a significant difference compared with that
in the control group (Fig. 2).

A comparative analysis of cyclin Dlexpression in
PB lymphocytes before and after induction by mito-
gen was carried out (Table 5). The level of cytoplas-
matic cyclin D1 expression after mitogen stimula-
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PucyHOK 2. BigHocHui1 piBeHb CNOHTaHHOT ekcnpecii umkniny D1y nimdouutax MK oci6 rpyn o6crexxeHHs
0 — koHTponbHa rpyna; 1 — nigrpyna yvyacHuku JIHA na HAEC (10 < D < 100 m3B); 2 — nigrpyna y4acHukn JIHA Ha HAEC
(100 < D £ 500 m3B); 3 — nigrpyna yyacHukm JIHA Ha HYAEC (D > 500 m3B); 4 — rpyna oci6 3 OHKOIOTi4YHOIO NMaTOJorie0

Figure 2. Relative level of spontaneous cyclin D1 expression in PB lymphocytes of persons in study group
0 - control group, 1 — Chornobyl clean-up workers subgroup (10 < D < 100 mSv),
2 — Chornobyl clean-up workers subgroup (100 < D < 500 mSv), 3 - Chornobyl clean-up workers subgroup (D > 500 mSv),

4 — cancer
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Taoauuya 5

Noka3Huku ekcnpecii yukniny D1 B nimpouutax MK go 1a nicna iHAyKuii miToreHom y 3p0poBux oci6, oci6 3i
3/10AKiCHUIMU HOBOYTBOPEHHAMM NOPOXKHUHM POTA, POTOBOT Ta rOPTAHHOT YaCTUH FNOTKM Ta yyacHuKiB JIHA Ha

YAEC 3anexHo Big f03u onpomineHHs, (M x SD)
Table 5

Parameters of cyclin D1 expression of PB lymphocytes before and after mitogen induction in healthy individ-
uals, persons with oral, oropharyngeal, laryngopharyngeal cancer and Chornobyl clean-up workers depending

on the radiation dose, (M £ SD)

Ipyna / group Bmict nimdouuriB 3 ekcnpecieto uukniny D1, %

Distribution of lymphocytes with cyclin D1 expression, %

CMOHTaHHO / spontaneous ®rA / PHA

Kontponb / control 14,7 + 13,1 19,7+ 14,4

10 < D < 100 m38 / mSv 19,97+ 17,5 17,5+ 16,0

pacnn THA 12 1AEC 100 < D < 500 M3s / mSv 16,8+ 146 170+ 165

Y p D > 500 M38 / mSv 225+ 153 185+ 18,6

OHkonoriyHa natonoris / cancer 23,9+10,7 16,8 + 12,6*

Mpumitka. *p < 0,05 NOPIBHAHO 3i CMOHTAHHUM PIBHEM
Note. *p < 0,05 vs spontaneous level

CTUMYJISILIi MiTOT€HOM 3POCTaE, TOi SIK Y OCi0 3 OHKO-
JIOTIYHOIO MAaTOJIOTI€I0 BiH MTOCTOBIPHO 3HUXXYETHCS
(p £0,05) (Taba. 5). ¥ onpoMiHeHMX OCiO, piBHi JiM-
¢omutiB 1K, mo exkcrnpecyiors nukimia D1, y 0inb-
IIOCTi BUIAJKiB MalOTh TEHACHIIIIO 10 3HWKEeHHS. Taxk,
TEHIIEHIIisT 3HWKEHHS ekcnpecii nukiainy D1 Binmive-
Ha B miarpyni yyacHukiB JIHA na HAEC 3 no3010 on-
poMidenHs 10 < D < 100 m3B Ha 12 % ta D > 500 M3B
Ha 17,5%. Y migrpymi oci6é 3 103010 ONPOMiHEHHS
100 < D < 500 M3B gaHuii MOKa3HUK MPaKTUYHO HE
3MiHIOBaBCsI MMOPiBHSHO 3i CIIOHTAHHWM PiBHEM (Ta0JI. 5).
3minm npoidepatnBHOTO TToTeHIiany i gieto MIA, a
came 3HMKeHHs piBHS HUKJIiHY D1 Ha Mexi Go/G-da-
31 KiaiTmHHOTrO Hukiay (18 rog ctumyssiii @PTA), 1o
nepeayciM BiaMivyaeThcs y miarpyni ydyacHukiB JIHA
Ha YAEC 3 no3o10 onpomideHHsa D > 500 mM3B, BKazy-
0T Ha MOXKJIMBICTb 3aTPUMMKU KJIITUHHOTO IUKJIY B
mexax G nepioay, G1/S KOHTPOIbHOI TOYKU, 1110 MO-
2Ke OyTU MPOSIBOM HECTa0iIbHOCTI reHOMY JTiM(POLIUTIB
Y BiajneHoOMy Hepiojii Micas ONPOMiHEHHSI, OCKiJIbKH
3yNUHKa KIITUHHOTO LUKIY Y Gi/S KOHTpOJbHIil
TOYLlI 3MIMCHIOETbCS B pa3i BUSIBICHHS IMOABIHHUX
pospuBiB JHK, HenmpaBuabHOI cerperaiii XxpoMOCOM,
pyiHYBaHHSI CUCTEMU MiKpPOTpyOOUOK abo uepes Hesa-
BEPILICHICTh TTONEPEAHLOI0 KIIITUHHOTO LUKy — IO~
pyieHHs yucia xpomocoM [10]. Kriituna, sika mipoii-
IIJTa KOHTPOJBHY TOYKY, 3allpOrpamMOBaHa Ha peruli-
Kallilo i Oijblle He 3a/IeKUTh BiJl 30BHIlLLIHIX CTUMYJIIB.
AHaJIoTiuHi 3MiHU, ajie OiNbLI BUpaXKeHi, BUSBIEHI y
TPYITi Mali€HTIB 3 OHKOJOTIYHOIO MaTOJIOTIEO.
ITopiBHSIIBHUI aHaNi3 MOKAa3HUKIB KJIiTUHHOTO
nukiy JimgonutiB 1K micng iHmyKIii MiTOreHOM B

(1) 366

tion increases in the control group, while in persons
with oncological pathology significantly decreases
(p £0.05) (Table 5). The levels of PB lymphocytes
expressing cyclin D1 in most cases tend to decrease
in exposed persons. Thus, the tendency to decrease
cyclin D1 expression was observed in the subgroup of
Chornobyl clean-up workers with a radiation dose of
10 < D <100 mSv by 12 % and D > 500 by 17.5 %.
This parameter did not change in comparison with
the spontaneous level in the subgroup of persons with
a radiation dose of 100 < D < 500 mSv (Table 5).
Changes in proliferative potential under the action
of PHA, namely the decrease in the level of cyclin D1
at the boundary of the Go/G,-phase of cell cycle
(18 h of PHA stimulation), which is observed in a
subgroup of Chornobyl clean-up workers with a
radiation dose of D > 500, indicates the possibility of
delaying cell cycle within the G; period, G,/S
checkpoint, which may be a manifestation of
genome instability of lymphocytes in the remote
period after radiation exposure. Thus, the arrest of
cell cycle at the G,/S checkpoint is carried out in the
case of detection of DNA double-strand breaks,
incorrect segregation of chromosomes, destruction
of the microtubule system or due to incompleteness
of previous cell cycle [10]. The cell that has passed
the checkpoint is programmed for replication and is
more not dependent on external stimulus. Similar
changes but more pronounced were found in the
group of persons with oncological pathology.
Comparative analysis of PB lymphocyte cell cycle
parameters after mitogen induction in the
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yuacHuKiB JIHA nHa YAEC 3ayiexxHo Bifl 1031 OMpOMi-
HEHHsI HaBeleHo y Taoul. 6.

V BigpganeHuii nepion Iicjisl OMIPOMiHEHHSI B y4ac-
HukiB JIHA nHa YAEC Ha ¢oHi 30iablIeHHS eKCIpecii
LUTOIJIa3MaTUYHOTO Oijika uMKAiHy D1, 1o € o3Ha-
KOIO TIJABUIIEHOTO MpoJiepaTUBHOTO MOTEHLIialy
nmimgornntiB 1K, BUABIEHO CTATMCTUYHO 3HAYYIIE
30ibIIEHHS KIITUH 3 TeTparioinHuM HabopoMm JIHK,
10 3HaXoAasaThcsd y S-das3i (aKTUBHOIO CHHTE3Y
0inka), y Bcix gochimkyBaHux miarpynax. HaiiBu-
pa3Hillli 3MiHU JaHOTO MMOKAa3HUKA BUSIBJICHO Yy TPYIIi 3
OHKoOJIOTiYHOI0 MaTonorieto. [Topsa 3 uuMm, y miarpy-
nax ocio, onpomiHeHux B fo3ax 100 < D < 500 m3B Ta
D > 500 m3B, BU3HAYEHO CTATUCTUYHO 3HAYYILE 301/1b-
MIEHHS TTPoJTidepyodnx JiM@OIMUTIB, 110 3HAXOASATh-
ca y Gy/M-da3i KITUHHOTO LMKJY, MOPiBHSHO 3i
CIMIOHTAaHHUM PiBHEM B KOHTPOJBHIN rpyrmi. CTumy-
qsist mimgouutie 11K ®OIA mpusBena mo iHIyKIIii
KIIITUHHOTO TIOAUTY i MiABUILEHHSI KiUJILKOCTI IpO-
Jidepyrounx KJIiTUH Y BCix o0cTexkeHuX ocid. B ocid
KOHTPOJIbHOI TPYIU BM3HAYEHO CTATUCTUYHO 3HAUY-
111 MiABUILEHHS NpodipepaTUBHOIO NOTEHLIiaTy JiM-
(GOLUTIB TTiCAA CTUMYJISLIIT MITOTEHOM, TOMi SIK y OIT-
POMiHEHUX OCi0 MPOCTEXKYETLCS JIUIIE TEHACHIIIS 10
30inbiIeHHs JiMbouuTiB y S- Ta Gy/M-daszax Kii-
TUHHOTO LIMKJIy MOPiBHSIHO 31 CIOHTAHHUM PiBHEM.
Hait6inpury KiabKicTb TiM(MOIINTIB, 110 3HAXOAATHCS Y
Gy/M-da3i, BU3HaUeHO y MiArpymi ocid, onmpoMiHe-
HUX B n03i, mo nepesuinrye 500 mM3B, Ta y IpyIi

Ta6nuusa 6

Chornobyl clean-up workers, depending on the
radiation dose are shown in Table 6.

A statistically significant increase in cells with a
tetraploid set of DNA, which are in the S-phase
(active protein synthesis) found against the back-
ground of increased expression of cytoplasmatic
protein cyclin D1, which is a sign of increased pro-
liferative potential of PB lymphocytes in all studied
subgroups of Chornobyl clean-up workers in a
remote period after radiation exposure. The most
pronounced changes in this parameter were found in
the group of positive control with oncological
pathology. In addition, determined a statistically sig-
nificant increase proliferating lymphocytes, which are
in the G,/M-phase of cell cycle in the subgroups of
persons, exposed at the dose range 100 < D < 500 mSv
and D > 500 mSy, compared to the spontaneous
level in the control group. Stimulation of PHA PB
Iymphocytes led to the induction of cell division and
an increase in the number of proliferating cells in all
surveyed persons. There was a statistically significant
increase in proliferative potential of lymphocytes
after stimulation with mitogen in the control group,
while in irradiated persons, there was only a ten-
dency to increase lymphocytes in the S- and
G,/M-phases of cell cycle compared to spontaneous
level. The highest number of lymphocytes in the
G,/M-phase was found in the subgroup of persons,
exposed at the dose range D > 500 mSv and in the

MokasHuku KnitTuHHoro uukny nimcouutie MK po ta nicna iHAyKuii mitoreHom B yyacHukie JIHA Ha YAEC

3anexHo Bif Ao3n onpomiHeHHsA, (M + SD)
Table 6

Parameters of cell cycle of PB lymphocytes before and after mitogen induction in Chornobyl clean-up workers

depending on the radiation dose, (M x SD)

MokasHMK KNiTUHHOTO UMKy, %

F'pyna / Group Parameters of cell cycle, %
anonto3/apoptosis Go / Gi S G2/ M
CMOHTaHHO/Sspontaneous 2,7+105 84,1135 6,1 +5,6 09+16
Kokpone / control ®IA/PHA 44+134 78,2+ 20,9 11,7 2 10,7 5,6+ 10,7
CMOHTaHHO/spontaneous 1,2+2,1 76,6 23,3 12,4 + 14,0* 6,0 = 15,6
10<D <100 w3z / mSv OrAPHA 14£17 76.8 + 232 140+ 11,9 8.6 = 15,4
CMOHTaHHO/Spontaneous 28+49 68,4 + 34,0** 98+11,3* 17,1 £ 32,8**
100 <D <500 ws / mSv OrA/PHA 43159 818+ 23,27 92+9,0 71214
D > 500 m38 / mSv CMOHTaHHO/Spontaneous 3,6£16,3 T75+21,8 10,9 = 10,8* 7,3 +£17,9*
OrA/PHA 08+14 T74+279 11,5117 0,4 £25,6
. . CMOHTaHHO/Spontaneous 48+54 86,3+ 12,4 11,2 £ 8,6 29+6,2
OwkonoriyHa narosoris / cancer OrAPHA 56+79 80,1 + 221 95+6,6 10,5+ 20,6

MpumiTkn. *p < 0,05 NOPIBHAHO 3i CMOHTAHHUM PIBHEM B KOHTPONbHIN rpyni; **p < 0,01 NOPiBHAHO 3i CIOHTAHHUM PIBHEM B KOHTPONbHIiA rpyni; ***p < 0,05 NOPIiBHAHO 3i
CrIOHTaHHWM PIBHEM B MeXax AOCTIIKyBaHOI rpynu
Notes. *p < 0.05 vs spontaneous level in the control group; **p < 0.01 vs spontaneous level in the control group; ***p < 0.05 vs spontaneous level within the study group
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PucyHoK 3. Kopensuis mix po30i0 onpomineHHs Ta piBHem nimcouutie MK (S-dasa) y nigrpyni yuacHukis

JIHA Ha YAEC 3 po3oto onpomiHeHHs D > 500 m3B

Figure 3. Correlation between the radiation dose and the level of PB lymphocytes (S-phase) in a Chornobyl
clean-up workers subgroup with a radiation dose D > 500 mSv

MNAali€EHTIB 3 OHKOJIOTIYHOIO IaTOJIOTi€l0, OJHAaK J10C-
TOBIPHOI Pi3HUIII Y MOPiBHIHHI 3 KOHTPOJbHOIO IPy-
1010 He BUsIBJIEHO (TabJ. 6).

[IpoBeneHO CTaTUCTMYHUI aHaJi3 3aJeXHOCTI J0-
3a—edekT y Beix miarpymnax yyacHukiB JIHA na HAEC.
KopensuiitHuii aHasi3 He BUSIBUB 3aJIEXKHOCTI MiX piB-
HeM ekcrpecii unkiainy D1 B aiMmpoumnTax 1K ta go-
3010 OTMIPOMIHEHHS y BCiX Mmiarpynax yyacHukis JIHA
Ha YAEC. BusiBieHo MO3UTUBHY JiHIHY 3aJ1€XKHICTh
CJ1abKOl CUJIM MiXK 03010 ONMPOMIHEHHS i KiJbKiCTIO
KJIiTUH S-(as3u kinitnHHoro mukiy (= 0,39; p < 0,05)
y nigrpymi yuacHukiB JIHA na YAEC, onpomiHeHuX y
npo3ax D > 500 m3B (puc. 3).

Otxe, y BignajeHOMY Mepiofi Micas ONMPOMiHEHHS,
3a YMOB rinepekcnpecii uukiainy D1, icHye pu3uk He-
KOHTPOJIbOBAHOI TpoJiidepallii JiMGOIUTIB 3 MoaaIb-
11010 OHKOTpaHchopmalieto. JoaaTKoBUM J0Ka30M
BHCOKOTO TpoJliepaTUBHOTO NOTEHLiaTy JTiM(POLIUTIB
I[IK yuacuukiB JIHA wa YAEC € Hakonm4yeHHS
JiM@ouuTiB B S-¢asi 3 mogaabliuM HaAMipHUM piB-
HeM aKTUBHO mpoJjidepyrounx KiitiH y G/M-pasi
KJIITUHHOIO LMKJY. 3 iHIIOro O0KY, BUSIBJEHI 3MiHU
npotipepaTUBHOTO CTATYCY MiCJIS MiTOT€HHOI iHIYKITii
MOXYTh BKa3yBaTH Ha 3aTPUMKY KJIiITUHHOTO LIUKIY Y
Mexax Gi/S KOHTPOJIbHOI TOYKU, CKOpOYEeHHS S-¢a-
34, IO € MPOSIBOM HECTAOiIbHOCTI FeHOMY JiM(pOLM-
TiB, Ta 3ajieXXaTh BiJ 403U OIPOMiHEHHSI.

(1) 368

group of patients with oncological pathology, but no
significant difference compared with the control
group (Table 6).

A statistical analysis of the dose-effect relationship
was performed in all subgroups of Chornobyl clean-up
workers. Correlation analysis did not reveal a relation-
ship between the level of cyclin D1 expression in PB
Iymphocytes and the radiation dose in all subgroups of
Chornobyl clean-up workers. A positive linear depen-
dence of the weak force between the radiation dose and
the number of cells in the S-phase of cell cycle (r= 0.39;
p <0.05) was revealed the Chornobyl clean-up workers,
exposed at the dose range D > 500 mSyv (Fig. 3).

Thus, there is a risk of uncontrolled proliferation of
Iymphocytes under conditions of cyclin D1 overex-
pression in the remote period after radiation exposed
with subsequent malignant transformation. An addi-
tional evidence of high proliferative potential of PB
Iymphocytes of Chornobyl clean-up workers is accu-
mulation of lymphocytes in the S-phase followed by
an excessive level of actively proliferating cells in the
G»/M-phase of cell cycle. On the other hand, detec-
ted changes in proliferative status after mitogenic
induction may indicate cell cycle delay within the
G1/S checkpoint, a reduction in S-phase, which is a
manifestation of lymphocyte genome instability and
depend on the radiation dose.
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BUCHOBKU

1. B yuacHukiB JIHA na YAEC Tta y nauieHTiB 3 OHKO-
JIOT1YHOIO MATOJIOTi€I0 BCTAHOBJICHO MiIBUILIEHHSI CITOH-
TaHHOTO piBHA LMKIiHY D1 Ta mopylueHHS UMKIIiH
D1-3anmexHoi perymsiii KITUHHOTO LMKy JiM@po-
1uTiB 1K micis akTuBallii MiTOre HOM.

2. ¥V BigmaneHuii nepiof Imicjsi OompoMiHEHHS B ydac-
aukiB JIHA sa YAEC Bu3HaueHO 30iIbIICHHS KiJlb-
KOCTi KJIiTUH y S- Ta G2/M-dazax KIITUHHOTO LKLY,
IO € MPOSIBOM MiBUILEHOI MpoJlihepaTUBHOI aKTUB-
HocTi Jim@ouwuTiB ITK. JlaHi 3MiHM HalOiIbII BUpaXe-
Hi y marpyti ocio, ompoMinennx B 103i D > 500 M3B,
Ta 'y Nali€HTIB 31 310IKiCHUMH HOBOYTBOPEHHSIMU MO-
POXHUHU pOTa, POTOBOI Ta FOPTAaHHOI YaCTUH IJIOTKU
III, IVA i IVB craniii 3aXxBoploBaHHSI.

3. BcTtaHOBIIEHO TTO3UTUBHY JIiHIHY 3aJIe3KHICTh CJ1a0-
KOl CUJIM MiX H03010 ONPOMIHEHHSI Ta KiJbKIiCTIO
KJIiTUH S-¢a3u kiaituHHoro Hukiy (= 0,39; p <0,05)
y miarpymi yuacHukiB JIHA na YAEC, onpoMiHEHUX y
noszax D > 500 m3B.

4. Bugsneni 3MiHM umkiaiH DI1-3amexxHoi perymsiii
KJIITUHHOTO LUKJIY i MpoipepaTUBHOIO CTaTyCy JiM-
¢oLUTIB 3aexXaTh Bif 103U OIMPOMIHEHHS Ta € MPOsI-
BOM HECTaOiJIbHOCTI T€HOMY, 1110 MOXE MOTEeHILi0BaTU
PU3MKU OHKOTEHE3y Y BiJJaJIeHUil Iepiof Micjisl om-
POMiHEHHSI.
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CONCLUSIONS

1. Increase spontaneous 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 and in persons
with oncological pathology.

2. An increase in the number of cells in the S- and
Gy/M-phases of the cell cycle was detected in
Chornobyl clean-up workers in a remote period after
irradiation, which is evidence of an increased proli-
ferative activity of PB lymphocytes. These changes
are most pronounced in the subgroup exposed at a
dose D > 500 mSv, and in persons with malignant
neoplasms of the oral cavity, oropharynx and laryn-
gopharynx at III, IVA and IVB stages of the disease.
3. A positive linear dependence of the weak force was
found between the radiation dose and the number of
cells in the S-phase of cell cycle (r = 0.39; p < 0.05)
in the subgroup of Chornobyl clean-up workers,
whith a radiation dose D > 500 mSv.

4. The revealed changes in cyclin DI1-dependent
regulation of cell cycle and proliferative status of
lymphocytes depend on the radiation dose and are a
manifestation of genome instability, which can
enhance risks of oncogenesis in a remote period after
radiation exposure.
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